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CHAPTER - I 

INTRODUCTION 

Maize (Zea mays L.) is one of the most imperative cereal crop of the earth (Zhao and 

Yang, 2018), which is used as a food to humankind since early era and extended use 

of maize in industrial sector give this crop a well-known place in economy of 

agriculture (Fujisao et al., 2018). Maize is a very important crop in the Pakistan 

because it is widely used for food, feed, and fuel production (Abbas et al., 2017). 

Grain of maize is valuable source of proteins content (9.42%), starch (74.31%), lipid 

(4.74%), ash content (1.20%), fiber (7.29%), sugar (0.64%) vitamins and minerals 

like calcium, potassium, phosphorous and iron etc (Nuss and Tanumihardjo, 2010). 

Food industry sector also utilize maize grains as raw material for make maize flake 

product and by-products e.g. glucose, starch, vegetable oil and bio-fuel etc. are 

manufactured. In modern era, high amount of maize grains have been utilized in the 

making of paints, soaps and varnishes etc. (Poku et al., 2018). Agriculture share 

19.5% in GDP (gross domestic product) of Pakistan, while maize share is 2.70% to 

the value added in agriculture sector and 0.51% to GDP. In Pakistan, spring and 

autumn maize as a food crop places third position following wheat and rice crops and 

mostly (95%), it is grown in KPK (Khyber Pakhtunkhwa) and Punjab province     

(Fig. 1.1). Pakistan grows maize on almost 1.32 million hectares with annual 

production of 6.12 million ton of grain and average yield of 4.61 ton ha
-1

 (Fig. 1.2), 

which is enormously less as compare to high yielding countries (GOP, 2017). 

Sowing date is most important management information for obtain maximum 

achievable grain yield (Dobor et al., 2016; Zhou et al., 2017; Abdala et al., 2018). 

Timing of sowing has a significant impact on the growth and development of maize 

due to the variability of weather (time and quantity of wet and dry period, variability 

of temperature) that effectively interacts with crop phonological stages and phases 

and ultimately on grain production (Bonelli et al., 2016; Lu et al., 2017; Huang et al., 

2018). Environmental features such as maximum and minimum temperature, solar 

radiation and rainfall and other resources vary in an unsystematic way surrounding 

their seasonal average trends (Bonelli et al., 2016; Srivastava et al., 2017), which 

resulted in uncertainties in resources use efficiency for the duration of the main maize 

growing season (Mason et al., 2017; Parker et al., 2017). 
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Figure 1.1: Maize growing season during spring and autumn season in Punjab, 

Pakistan 

 

Figure 1.2: Historical area, production, and yield of maize crop from 1960-2018 

in Pakistan (Modified and adapted from Ahmad et al., 2018) 
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The main difficulty is to find out the optimum sowing time either for all type of 

hybrids during spring and autumn seasons, particularly when sowing window period 

is lessened by weather conditions or crop management challenge (Akinseye et al., 

2016; Caubel et al., 2018). Due to variation in physiological maturity and duration of 

crop grown season like spring and autumn, the appropriate sowing times for spring 

and autumn maize hybrids differ among sites and during season within various places         

(Ge et al., 2016; Long et al., 2017; Nyagumbo et al., 2017). 

Climate change and variability has been observed across the worldwide (Lobell and 

Asseng, 2017; Srivastava et al., 2018; Ahmad et al., 2019). Climate change will 

drastically influence on food security in current and upcoming decades, basis on 

research studies carried out at national and international levels (Murray-Tortarolo      

et al., 2018). According to global climate risk index (GCRI), Pakistan ranking is at 7
th

 

amongst the mainly harmfully affected countries due to warming trend (Aslam et al., 

2018). Climate change associated warming trend, increase concentration of CO2 and 

uncertainties in rainfall has profound insinuations on Pakistan agriculture sector 

(Abbas et al., 2018; Amin et al., 2018; Nasim et al., 2018). Increase in average and 

high temperature due to climate change has negative effect on pollen formation, 

pollen tube elongation, grain abortion during anthesis stage, reduction in net 

photosynthesis rate and increase in vapour pressure during duration of spring and 

autumn maize crop (Abbas et al., 2017; Tao et al., 2016; Lizaso et al., 2018). Climate 

change has decreased the theoretical growing season of spring and autumn maize in 

Pakistan, and the average maximum and minimum temperature during the growing 

season have increased (Abbas et al., 2017). From the period of industrial revolution to 

present years, average surface air temperature of the world has enhanced by 0.80 °C. 

It is mentioned in recent research that the hottest decade during all over the previous 

decades was the 2000 s and warmest year was 2014 (IPCC, 2014). Highest thermal 

trend has as well been indicated in Punjab, Pakistan during the previous three decades 

and pre-dominantly in recent decade (Haider et al., 2017; Amber et al., 2018). 

Thermal trend has increased constantly, which have negative impact on all sectors and 

particularly agriculture sector of Pakistan (Ahmad et al., 2016; Ali et al., 2017; Asmat 

et al., 2018). Observed mean thermal tendency in lower and upper Punjab of Pakistan 

has ranging from 0.8 to 1.4 °C for the duration of 1980 to 2017 and it is prediction of 

increase in mean temperature 2 to 4 °C in the upcoming decades (Abbas et al., 2017). 
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Climate warming will be extremely significant threat to the farming system (Ahmad 

et a., 2017a, 2017b). An enhancement in minimum and maximum temperature during 

the spring and autumn season due to climate change has a harmful influence on maize 

phonological stages and phases and ultimately grain yield (Shim et al., 2017; Huang 

et al., 2018). Changes in phenology of maize crop are also sign of variations in crop 

management and climatic circumstances. Increase in man temperature and variablity 

in precipitation effect spring and autumn maize grain production as it is comparatively 

a less hardy plant instead C4 crop like sorghum (Holzkamper et al., 2015). High 

temperature caused early maize phonological stages, doubling mean temperature 

variability could decrease the maize yield up to fifty percent (Tesfaye et al., 2017), the 

net photosynthesis rate lessen when maximum temperature goes above 38°C, changes 

in partitioning of biomass, enhance 50% pollens sterility in high air temperature and 

grains filling rates whereas and less number of grains (Gabaldon-Leal et al., 2016; 

Zhang and Zhang 2016). Enhancement in ambient air temperature caused speed up 

plant’s rate of growth, insisting maize crop to finish its life cycle in less duration of 

time for minimize unfavorable influence on other vital crop physiological processes 

(Abebe et al., 2016; Rezaei et al., 2017). 

Adaptation strategies can reduce the risks of climate change (Challinor et al., 2018; 

Hussain et al., 2018). The objective of adaptation is the approach that decreasing the 

possible negative effects of thermal trend whereas maximizing opportunity for 

adjustment (Castellano and Moroney 2018; Ogutu et al., 2018). Climate change 

without adaptation is predicted to sturdily impact on crop productivity (Yin et al., 

2016; Rolla et al., 2018). Adaptation preference, such as the improving in spring and 

autumn maize cultivars and sowing time change, might lessen the negative influence 

of increasing average air temperature and climate smart agriculture can boost grain 

production (Rahimi-Moghaddam et al., 2018). Grain yield is impacted by various 

reasons, which are related to breeding for climate resilient hybrids, crop management 

practices and climate conditions (Challinor et al., 2016; Navarro et al., 2017). 

Studying these aspects, and their comparative contributions to past grain production 

increases, is very imperative to assist assure that grain yield enhancement in past 

years can persist in the upcoming years (O'Neill et al., 2017; Steward et al., 2018).  

Two significant reasons that can influence resources use efficiencies are optimum 

sowing time and newly evolved varieties having higher thermal time requirements 



5 

 

(Babel and Turyatunga 2015; Hatfield et al., 2018). Adaptation strategy related to 

plant breeding factors consist of improved stay-green characters for the period of the 

dry matter accumulation during grain filling stage, heat stress tolerance enhancement, 

and tolerance to higher plant density with adopting more upright leaves for maximum 

effective radiation absorption and decreased lodging percentage (Roesch-McNally et 

al., 2017; Akumaga et al., 2018). Adaptation strategies against climate change will 

differ with respective to various agricultural systems, regions, and scenarios of 

climate warming (Altieri et al., 2017; Zhang et al., 2018). 

Crop simulation models like DSSAT, which are based on various equations of 

mathematics that illustrate the fundamental flow and conversion procedures of the 

carbon, water and nutrients equilibriums which are assimilated hourly or daily bases 

with the help of computer program (Jones et al., 2003; Hoogenboom et al., 2017; 

Shelia et al., 2018). Crop models are run for simulation of the time course data of 

plant growth, water use and nutrients uptake, and to simulate economical part of crop 

used as a total yield and other yield parameters (Yakoub et al., 2017; Amouzou et al., 

2018). The DSSAT (Decision Support System for Agrotechnology Transfer) model 

assists to agricultural scholars in decisions making with the help of rotational, spatial 

and seasonal analysis components for enhancement of efficiency as well as 

profitability of various cropping system. Cropping system models works on the base 

of interactions between cultivars characteristics, management practices and 

environmental conditions (Jones et al., 2003; Li et al., 2015). Now a days, models are 

so highly developed that they can be employed as a multi-purpose tool for different 

applications, range from decisions support related optimum crop management 

practices at a farm level to perceptive of agriculture research purpose (Basso et al., 

2016; Peng et al., 2018). The Cropping System Model (CSM)–CERES–Maize is the 

core crop model of DSSAT, which is used for the simulation of phonological stages 

and phases, growth and grain yield of spring and autumn maize (Araya et al., 2015; 

Corbeels et al., 2016; Abbas et al., 2017). CSM-CERES (Crop Environment Resource 

Synthesis)-Maize model can be applied to find out how deviations in environmental 

conditions, crop management practices and cultivars characteristics interact with each 

others, and how they influence on phenology, biomass and final grain production 

(Dokoohaki et al., 2016). The CSM-CERES-Maize model have been evaluated at 

local, regional and intercontinental levels (Bao et al., 2017; Abera et al., 2018).          
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It have been used for a range of applications e.g evaluation for find out of optimal 

sowing times (Adnan et al., 2017; Zheng et al., 2017), various crop management 

practices (Mubeen et al., 2016; Hammad et al., 2017), the variability of cultivars 

response to environmental conditions (Ma et al., 2017) and adaptation and mitigation 

strategies against climate change (MacCarthy et al., 2017; Teixeira et al., 2018; Wang 

et al., 2018). 

The present study was, therefore, conduct with the following objectives: 

 To determine the impact of sowing dates and hybrids on phenology, growth, 

yield and radiation-use-efficiency of maize during spring and autumn seasons. 

 To find out the effect of nitrogen levels and hybrids on phenology, growth, 

yield and radiation-use-efficiency of maize during spring and autumn seasons. 

 To evaluate the performance of CSM-CERES-Maize model for simulation of 

phenology, growth and yield of spring and autumn maize hybrids during 

spring and autumn seasons. 

 To evaluate the application of CSM-CERES-Maize model for assessing the 

impact of climate change on maize production during spring and autumn 

seasons. 

 To determine the adaptation strategies for maize crop against climate change 

for future scenario during spring and autumn seasons. 
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CHAPTER - II 

REVIEW OF LITERATURE 

2.1 GRAIN YIELD AND YIELD COMPONENTS 

2.1.1 Effect of Sowing Date 

Beiragi et al. (2010) conducted a study in Iran. In this research, eighteen latest maize 

cultivars that comprising of fifteen imported hybrids of early maturing and mid 

maturing single cross and three local hybrids ʻKSC704ʼ, ʻKSC647ʼ and ʻDC370ʼ were 

sown at two sowing date SD1 5-June and SD2 20-June in Mashhad, Iran during 2009. 

This research illustrated that among all hybrids of maize, hybrid ʻEXP1ʼ (16030 kg 

ha
-1

) and ʻOSSK617ʼ (15510 kg ha
-1

) had the maximum grain production in earlier 

sowing time 5-June and hybrid (16520 kg ha
-1

) and ʻKDC370ʼ (16220 kg ha
-1

) gave 

the maximum production in the delay of sowing date 20-June. Consequences of this 

study also pointed out  that grain yield attributers  like thousand grain weight, number 

of grains per row, grain depth and cob diameter were negatively affected in late 

sowing time circumstance. 

Liu (2010) evaluated that with the delaying of sowing time, the maize grain yield was 

reduced. Sowing to physiological maturity phase was shortened. Number of grains per 

cob, plant height and unit grain weight were reduced as well. Grain yield was declined 

ranging from 25.41% to 30.28% under delaying the sowing time. The appropriate 

sowing window for maize during summer season for hybrid Zhengdan-958 was from 

5 to 24 June in the east areas of Henan State. 

Videnovic et al. (2011) carried out experiments during from 2003 to 2008 in Zemun 

Polje region. Five cultivars were studied in 6 planting dates, which are PD1 5-April, 

PD2 15-April, PD3 25-April, PD4 5-May, PD5 15-May and PD6 25-May. The 

maximum average grain production was attained in PD2 (11.21 t ha
-1

). On the other 

April planting dates, mean grain yield was less: on PD1 11.04 t ha
-1

, on PD3 10.97      

t ha
-1

. The impact of the May planting dates were considerably lesser as compare with 

the PD2: PD4 10.53 t ha
-1

, PD5 10.46 t ha
-1

 and PD6 9.71 t ha
-1

. The maximum grain 

yield was obtained by maize cultivar ʻʻZP-684ʼʼ (11.16 t ha
-1

). Therefore, 15-April 

planting date was the most favorable for maize crop for gain maximum grain yield in 

Serbia. 



8 

 

Dahmardeh (2012) observed that at 05-August sowing date, maize variety SC-704 had 

the maximum total dry matter accumulation, grain yield (8840 kg ha
-1

) and harvest 

index (HI) in Sistan region. Variety SC-704 obtained highest thermal time 

requirement (GDD) as compared to other hybrids. 

Tsimba et al. (2013) studied that in the lower Waikato, highest grain yield was gained 

with early sowing time as compared to Manawatu. Lesser spring season maximum 

temperature resulted of small canopy size in Manawatu areas, which caused reduction 

of grain yield of earlier sowing date. When maize crop was sown earlier, then late 

maturing cultivars usually out yielded to earlier maturing hybrids whereas a good 

balanced source/sink ratio meant that earlier maturing hybrids produced grain yield 

consistently across all planting dates, matching or out yielding delay maturing 

cultivars when both were sown delay. Lower average air temperature during seed 

filling phase (15 vs. 18 °C) and mean solar radiations (11 vs. 20 MJ m
-2 

d
-1

) decreased 

grain yield higher for delay than advance sowing dates. Grain yields were very much 

correlated with number of grains per unit area and grain weight. Lowest number of 

grains, grain weight and grain production values were gained under delaying sowing 

dates, low precipitation or lower solar radiation during grain filling phase. Grain 

weight was higher stable as compare to number of grains under delaying sowing 

circumstances. 

Buriro et al. (2015) determined the impact of three planting dates (PD1 25
th

 October, 

PD2 10
th

 November and PD3 25
th

 November) on three hybrids of maize (Pioneer-

1543, Syngenta-4841 and Monsanto-DK-6142). Grain yield attributers and seed 

quality traits were considerably influenced by various sowing times. It was find out 

from present study that all quantitative and qualitative parameters were enhanced 

when the sowing of maize hybrids was accomplished up till 25
th

 October sowing date. 

After that delaying of the growing of hybrids had harmful influences on the 

quantitative and qualitative traits of maize hybrids. Hybrid cultivar ʻPioneer-1543ʼ 

was performed best as compare to other hybrids, which produced highest grain 

production more than 8.31 t ha
-1

. 

Wolf et al. (2015) observed that planting dates which are recommended on base of 

local expert information’s, can be used for Burkina Faso region and for Western 

Africa. Nevertheless, when predicted data is not existing, then maize crop should be 

planted between 160 and 200 day of year, with the appliance of the subsequent 
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conditions: (a) total precipitation in the planting window is more than 3 cm or 

accessible soil moisture contents is more than 2 cm in the fairly dry middle areas of 

Burkina Faso, (b) total rainwater in this duration is more than 2 cm or obtainable soil 

moisture contents is more than1 cm in the higher humid areas in the south Burkina 

Faso. 

Bonelli et al. (2016) observed from field experiment that grain production was 

influenced by various sowing dates and ranging from 1680 g m
-2 

(earlier sowing 

dates) to 203 g m
-2 

(delay sowing dates). Number of grains per unit area were 

decreased proportionally less as compare to unit grain weight by delaying sowing 

time. Changes in grain production were correlated to the harvest index (HI), and were 

strongly related with biomass production for the duration of after silking stage. The 

variations of source capacity was highest than that of sink capacity in the period of the 

grain-filling phase and the source/sink ratio reduced from advance to delay sowing 

times. Consequences of trial indicated that total dry matter accumulation during the 

grain filling phase was restricted by the sink capacity in advancing of planting dates 

and by the photosynthetic source capability in the delay sowing dates. 

Keerthi et al. (2017) evaluated three cultivars (ʻMadhuriʼ, ʻSugar-75ʼ and ʻMisthiʼ) 

and four sowing dates (October first two weeks, October last two weeks, November 

first two weeks and November last two weeks). With respective to hybrids ʻMisthiʼ 

achieved significantly highest green cob production (17910 kg ha
-1

) with most values 

of biological and grain yield components as compare to other varieties. Maize 

cultivars growing during first two weeks of October produced maximum cob yield 

(28291 kg ha
-1

) with highest growth attributing traits as compared to delaying of 

sowing time. 

Khosravani et al. (2017) studied the effect of two sowing dates SD1 (15-June) and 

SD2 (1-July) and six maize varieties including chase, temptation, challenger, basin, 

obsession and KSC403 in field experiment. Consequences of research revealed 

significantly impact of sowing dates and maize cultivars on phenological stages, 

phases, yield components and grain yield. Average values for comparisons 

demonstrated that the maximum maize production was achieved by hybrid basin and 

it was gained from sowing date SD1 (15-June). Maize plants at most favorable sowing 

time of 15-June presented highest grain production (97701 kg ha
-1

). Cultivar basin 
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produced a maximum seed production (almost 96745 kg ha
-1

), whereas, cultivar 

KSC403 gave the less grain yield (72500 kg ha
-1

). 

Totin (2017) carried out an experiment by applying three various sowing times which 

included earlier, mid and delay sowing time. He confirmed that maize hybrid DKC-

4943 gave the maximum quantity of grain production 13.59 tons ha
-1

 at the 2
nd

 sowing 

time 1
st
 April. The second highest grain production was obtained by the earlier 

planting time 1
st
 April. This was almost equaled to the grain yield produced (13.48 

tons ha
-1

) by planting density of 76 thousand plants ha
-1

. Delay sowing time of 5-May 

has minimum grain production as compare to other sowing times. 

Zhou et al. (2017) evaluated of eight planting dates at 15 to 20-days gap starting from 

15-march to 15-July for the period of 2012 and 2013 in the area of Northern China. 

Results showed that with planting time delaying, grain weight improved firstly and 

then afterward lessened, and the highest grain weight was gained at sowing time 12-

June during 2012 and 2013. The enhanced grain weight at 12-June was endorsed 

mostly to grain growth rate, and effective grains filling duration. Changes in 

maximum and minimum air temperature and solar radiation were the main causes that 

affected grain weight and grain filling parameter. 

Abdala et al. (2018) worked on eighteen cultivars differing in kernal hardness, which 

were grown for the period of two growing seasons and two planting times. Maize total 

grain production varied considerably amongst cultivars, and maize cultivars type of 

semi-dents produced highest grain yields (13110 kg ha
-1

) as compare to hard 

endosperm flints type of cultivars (11463 kg ha
-1

). Earlier sown cultivars yielded 

highest grain yield (12737 kg ha
-1

) and delay sown cultivars gave less grain yield 

(11003 kg ha
-1

). Significantly differences among cultivars were obtained for all seed 

quality and composition parameters. Delaying the sowing time starting from 

September to October and December had lowest influence on physical seed quality 

parameters, only obvious at some cultivars. Interaction between sowing dates and 

genotypes was significantly for mostly attributes. 

Huang et al. (2018) observed that as compare to conventional sowing time, variations 

in maize cultivars sowing time appreciably improved the grain production ranging 

from 21% to 42%, but barely crop influenced the sole maize grain production, as a 

result decreasing the grain yield gap between intercropping and sole cropping of 
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maize. Early sowing dates most supported the intercropped maize cultivars to obtain 

the highest absolute growth rate 11 days in advance, that resulted in maximum total 

dry matter accumulation and highest growth rate during growing phase (sowing to 

harvesting), and thus improved the maize crop adjustment towards size-asymmetric 

competition consequent from the existence of watermelon crop. 

2.1.2 Effect of Hybrids 

Ahmad et al. (2000) studied that varieties and sowing dates had important effect on 

phenology, number of cobs per plant and kernal yield. Among the varieties, ʻSarhad 

whiteʼ had the maximum emergence m
-2

 (10.44), tasseling stage (61 days), 

physiological maturity stage (124.10 days), grain yield (3354 kg ha
-1

), whereas variety 

ʻPS EVʼ yielded lowest grain yield as compare to other varieties. Normally, variety 

ʻSarhad Whiteʼ planting date on 15
th

 July obtained the highest grain yield. Earlier 

growing of maize during mid July gave highest emergence of seedling m
-2

 (12.11), 

plant height (152 cm), number of cobs per plant (1.30), grain yield (4419 kg ha
-1

). 

Late sowing date of 15
th

 August lessened yield and yield components.  

Capristo et al. (2007) studied eleven maize cultivars to determine phenological stages 

and phases, biomass production, grain yield, HI, and sink/source association cultivars 

with various physiological maturities. Sowing to anthesis phase varied ranging from 

537 to 781 GDD (growing degree days) and sowing to maturity phase varied ranging 

from 1221 to 1656 growing degree days. Cumulative dry matter accumulation during 

emergence to maturity phase increased linearly during crop duration. Late maturing 

hybrids attained the maximum cumulative interception of solar radiation but showed 

the least radiation use efficiency for the period of reproductive phase. Total dry matter 

accumulation enhanced from 1624 to 2422 g m
-2

 with respective to hybrid maturity 

group, and grain yield was minimum for early maturing cultivars (832 g m
-2

) and 

almost same among mid and late maturing hybrids (average grain yield, 1256 g m
-2

). 

Enhancement of grain yield in maturity class was due to increasing the number of 

grains (ranged from 2432 to 5078 number of grains m
-2

) and decrease in individual 

grain growth rate (ranged from 4.90 to 9.10 mg grain
-1

 d
-1

). 

Worku et al. (2007) evaluated sixteen varieties under nine various growing conditions 

comprising low, medium and high nitrogen levels during 2003 and 2004 at two 

locations Harare, in Zimbabwe and Kiboko in Kenya. Field experimental results 

showed that all treatments significantly varied in grain yield, nitrogen uptake, 
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nitrogen utilization and nitrogen harvest index. Z03N1 (low-N during 2003 at 

Zimbabwe) was the minimum grain yielding (2.90 t ha
-1

) treatment, whereas, Z03N3 

(high-N during 2003 at Zimbabwe) was the maximum yielding (12.71 t ha
-1

) 

treatment. Interaction between varieties and nitrogen levels were observed 

significantly, that became more prominent as the distinction in stress intensity of 

nitrogen between two locations enhanced. Performance of all maize varieties was 

significantly different at all sites. 

Abdalla et al. (2010) evaluated eight maize cultivars for the period of two consecutive 

growing seasons 2002-3 and 2003-4 at two sites Kadugli and Korgol in the Sudan. 

Two conventional cultivars ʻDalanjʼ and ʻKadugliʼ and six latest cultivars were 

grown. The outcome of experiments indicated that, maize cultivar-113 gained 50% 

tasseling stage in advance. Cultivar Pannar-6568 obtained highest plant height, 

cultivar Hudeiba-II attained maximum number of cobs, number of grain rows cob
-1

, 

cob total weight and grain production, while, the conventional growing cultivar ʻ cob 

tot achieved the lowest grain yield components and overall grain yield.  

Dahmardeh and Dahmardeh (2010) conducted an experiment at Zabol, Iran during 

2005 and 2006. Field trial treatments were: Three maize varieties including SC-I08, 

SC-604 and SC-7041, which were kept under subplots and planting dates including  

5-July, 20-July, 5-August and 20-August which were kept under main plot. Results 

showed that sowing time have significance impact on grain yield and physiological 

parameters in maize varieties. The maximum grain production and highest harvest 

index (HI) was attained on sowing date 5-August. The early planting date (5 July) was 

cause to reduction physiological parameters, therefore SC-704 variety gained the 

maximum gram yield (11.5 t ha
-1

), On the other hand, cultivar SC-108 obtained the 

least grain yield (6.40 t ha
-1

). 

Nazir et al. (2010) carried out field experiment, in which, evaluation of seventeen 

latest and conventional cultivars along with a check “Soan-3” was done at Dera Ismail 

Khan district in Pakistan for the period of 2008. Cultivars ʻSahiwal-2002ʼ and ʻAZC-

3ʼ attained highest days to 50% silking stage (56 days) while cultivar ʻEV-1097ʼ 

gained least days for silking stage (44 days). The maximum plant length (222 cm) was 

obtained through ʻMargalaʼ and ʻSahiwal-2002ʼ against minimum (155 cm) by 

cultivar Agaiti-2002. ʻEV- 5098ʼ achieved high grain yield (5.80 t ha
-1

) while, cultivar 

ʻAZC-3ʼ gained the minimum (3.30 t ha
-1

). Islamabad Gold and Sahiwal-2002 
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attained considerably at par grain production with the control cultivar. The maize 

cultivars presented wide hereditary back ground and therefore grain yield were 

ranging from 3.3 to 5.8 t ha
-1

. 

Ahmad et al. (2011) observed that maize crop phenology and grain yield components 

and ultimately grain yield were considerably influenced by different maize cultivars. 

The days taken to 50% tasseling stage were ranging from 43.00 to 53.33 presented by 

cultivar 24K42 and 2236 respectively, days to taken 50% silking stage from 46.67 to 

55.67 days by cultivar 24K42 and 2234, respectively, plant length from 139.00 to 

230.70 cm through cultivar 25K56 and KT304 respectively, ear height from 68.33 to 

104.33 cm via cultivar 25K56 and 2236, respectively , 100 seed weights from 26.67   

to 35.33 g through cultivar 24K42 and ND6876, respectively, harvest index ranged 

from 0.31 to 0.46 through cultivar CKD933 and 2235, respectively and grain 

production ranged from 5.35 to 12.51 t ha
-1

 through cultivar 24K42 and ND6876, 

correspondingly. Experimental results indicated that cultivar ʻND6876ʼ and cultivar 

ʻ2235ʼ to be the mainly suitable cultivar and their adaptations strategies to the 

environmental growing conditions can get a significant enhancement grain yield in 

maize crop. 

Wang et al. (2011) evaluated various maize hybrids, which were sown at three plant 

densities at four sites during spring and summer seasons. Average rates of 

enhancement in grain yield by genetic potentional of maize cultivar were 52 kg ha
-1

 

during each year when observed at spring season sites, 69 kg ha
-1

 during each year 

when observed at the summer season sites, and 60 kg ha
-1

 yr
-1

 when observed at the 

entire sites. Various planting densities did not affect significantly on grain yield. 

Genetic obtain for increase grain yield has been mostly contributed by enhancement 

grain yield plant
-1

 and this approach was achieved by improvement of morphology of 

maize plant by genetic study. 

Ci et al. (2012) performed field experiments at three regions during 2007 and 2008. 

Twenty seven single cross hybrids, four double-cross hybrids, and four open 

pollinated cultivars, were sown at various plant density at every region during every 

growing season. Results indicated that 56% of whole grain production contribution 

was by plant breeding approach as compare to others factors during 1950 to 2000. 

Latest evolved maize hybrids had higher tolerance to compound stress. Levels of 

impact of all hybrids to under optimum growing conditions were similar, and higher 
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as compare to conventional cultivars. Plant height reduced and resistance to root 

lodging enhanced, which were increased at high plant density. 

Williams et al. (2012) conducted higher than thousand experiments at farmer’s fields 

in every agro-ecological zone of Eastern Timor during 2005 to 2009 growing seasons. 

Average annual grain yield took benefit of the evaluating cultivars ʻSuwan-5ʼ and 

ʻ(2012 over conventional cultivars ranging from 36 to 54%. The most number of 

experiments carried out over a large range of agro-ecological and crop management 

circumstances presented the probability to use analysis of variance for investigation 

the significant contributory factors to grain production. Most important grain yield 

reasons were cultivar, agro-ecological region, soil pH, number of plants per unit area 

at harvesting stage, regularity data of project conducting staff visits and economy 

level of maize crop grower. This integrated approach of each cultivar testing with 

assessment of crop management practices has offered a base for enhancement of 

recommended crop growing practices for maize crop in Eastern Timor state. 

Costa et al. (2016) evaluated three cultivars which are ʻJaboataoʼ, ʻBatiteʼ and ʻAL 

Bandeiranteʼ, and three hybrids which are ʻAG-7098ʼ, ʻAG-7088ʼ and ʻAG-8677ʼ, 

were grown during sowing time 8-June to 14-October, in 2015. The maximum grain 

production was attained by maize hybrid ʻAG-8677ʼ (4.20 t/ha) followed through the 

AG-7098 (3.6 t/ha), with a mean grain yield of 3.0 t/ha for all varieties. Variety ʻ a 

Bandeiranteʼ attained a grain production almost equal to that of hybrid ʻAG-7088ʼ. 

Di Matteo et al. (2016) tested the assumption for Argentinean maize cultivars evolved 

during from 1965 to 2010, that can tolerate to higher plant population per unit area 

and grain yield stability are sturdily correlated,. One set of field trials were carried out 

at Balcarce region of Argentina for the period of five growing seasons, each field trial  

integrated to a combination of number of plants (1.5 to 20 number of plants m
-2

) and 

cultivars evolved in various years during 1965 to 2010. The most favorable number of 

plants m
-2

  to obtain the highest grain production ranging from 9.7 to 16.4 planting 

density m
-2

 and it could not showed a clear tendency with respective to the year of 

cultivar released. Grain yield potential enhanced at a rate of 0.83% and 107 kg ha
-1 

year
-1 

and grain yield augmentation were attributed mostly to attain the number of 

grains m
-2

 and to total dry matter weight constantly increments for the period of the 

1965 to 2010. 
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2.1.3 Effect of Nitrogen Levels  

Dawadi and Sah (2012) conducted a field trial at experimental area of Rampur, 

Chitwan in winter growing season, 2008-09 to determine the effect of three nitrogen 

rates (N-120, N-160 and N-200 kg ha
-1

) on production of grain and yield components 

of hybrid maize cultivars ʻf hybri, and ʻRajkumarʼ. The results indicated that plant 

length enhances with high nitrogen application rate. Likewise, phonological stages 

and phases were also influenced by hybrid and nitrogen application rate had a 

significantly impact on tasseling, silking and physiological maturity stage of maize 

crop. Alike, nitrogen rate 200 kg ha
-1

 yielded a maximum grain production         

(10.90 t ha
-1

) as compared to nitrogen level 120 kg ha
-1

 (9.76 t ha
-1

),                                                                                                  

however it was statistically similar with nitrogen level 160 kg ha
-1

 (10.59 t ha
-1

). The 

grain quality of two maize cultivars had insignificant difference.  

Chen et al. (2015) tested five nitrogen application levels (N0, N60, N120, N180, 

N240 kg nitrogen ha
-1

) in a field trial during from 2010 to 2013. Interaction between 

cultivar, nitrogen and year was highly significant in the quantity of vegetative 

nitrogen remobilization and NRE (nitrogen remobilization efficiency), and residual 

stem nitrogen quantity at harvesting stage. Compared with variety ZD958 having least 

nitrogen remobilization efficiency, variety XY335 attained the similar grain 

production however higher nitrogen amount in grain for the reason that it had high 

nitrogen remobilization during vegetative phase, nevertheless it gained lesser residual 

stem nitrogen amount under the optimum weather circumstance during growing 

season of 2010. The impact of nitrogen concentration in grain by enhancing nitrogen 

rate was the similar between ʻXY335ʼ and ʻZD958ʼ and was not influenced by each 

growing season. The nitrogen rate essential to attain the maximum grain yield was the 

similar in the all varieties. 

Imran et al. (2015) studied the influence of nitrogen rates and various plant densities 

on maize. Highest numbers of days taken to tasseling stage (71 days), silking stage 

(76 days) and physiological maturity stage (108 days) were obtained with the nitrogen 

level at 210 kg ha
-1

. Maximum plant length (202 cm), specific leaf area per plant 

(2757 cm
2
), LAI (2.16), cob length (18.0 cm), cob biomass (150 g), number of grains 

per cob (548), 1000 seed weight (258 g) and grain production (2673 kg ha
-1

) were 

achieved with nitrogen fertilizer level 210 kg ha
-1

 that was statistical at par with 

nitrogen levels 180 and 150 kg ha
-1

. Highest total dry matter (7189 kg ha
-1

) was 
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attained from nitrogen level of 150 kg ha
-1

 which was statistically similar to 210 kg N 

ha
-1

. Application of nitrogen level of 150 kg N ha
-1

 produced highest grain production 

and plant density of eighty thousands plants ha
-1

 produced maximum grain production 

(2551 kg ha
-1

). 

Dhital and Raun (2016) analyzed interaction between maize grain yields, nitrogen 

fertilizer levels and most favorable fertilizer nitrogen rates from already published 

research work in maize sowing zones of USA. Most appropriate nitrogen fertilizer 

levels were find out by evaluating the difference in nitrogen uptake among the 

maximum grain yielding plots and the control plots (without nitrogen application). 

The difference in seed nitrogen uptake among the fertilizer applied plots and 

unfertilized plots was subsequently divided by constant factor of assumed NUE 0.33  

to determine best nitrogen level with respective to  location and growing season. For 

the total 213 location-years of facts incorporated in this research, seed yield in both 

the maximum nitrogen level and without nitrogen application plots were extremely 

erratic. Appropriate nitrogen levels varied between growing seasons at all regions. 

Appropriate nitrogen levels were not well correlated with the highest nitrogen level 

grain yield (R
2
 = 0.20) or without nitrogen applied plots grain yield (R

2
 = 0.16). The 

broad range in appropriate nitrogen levels observed in the entire maize field trials 

suggests the requirement to adjustment of nitrogen levels according to regions and 

growing seasons. 

Than et al. (2016) studied four rates of nitrogen (N-0, N-85, N-114 and N-142 kg 

nitrogen ha
-1

) which were as applied in main-plots and four rates of potassium (K-0, 

K-19, K-37 and K-56 kg ha
-1

) were applied in sub-plots. Basis on the observed data of 

field trials, N rates were considerably difference in grain yield and yield contributing 

parameters during all growing seasons. Interactive results between nitrogen and 

potassium rate was found significantly in grain yield during all growing seasons. The 

nitrogen level (114 kg ha
-1

) and potassium fertilizer level (19 kg ha
-1

) should be 

applied to attain the maximum grain productions of 5.07 and 4.58 t ha
-1

, respectively 

during monsoon season. Optimum nitrogen fertilizer rate of 142 kg ha
-1

 and optimum 

rate of potassium fertilizer 37 kg ha
-1

 should be used to achieve the highest grain 

production of 6.31 t ha
-1

 and 5.25 t ha
-1

 correspondingly during winter growing 

season. 
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Yan et al. (2016) investigated that how grain production and the nitrogen up taking 

necessity were correlated for distinction in optimum nitrogen management. Average 

yield of grain was obtained 9.0 Mg ha
-1

 and ranging value from 1.90 to 16.30 Mg ha
-1

; 

the maximum grain production (9.60 Mg ha
-1

) was attained with appropriate nitrogen 

level. Under optimum nitrogen level, grain yield was increased from 6 to 10 Mg ha
-1

, 

which were interlinked due to enhancement of total dry matter accumulation and 

nitrogen partitioning starting at anthesis stage. Maximum grain yield obtained ranging 

from 8 to 14 Mg ha
-1

, which was correlated with considerable increasing biological 

yield and nitrogen partitioning for the period of grain filling stage. Optimum nitrogen 

application level causing more than 10 Mg ha
-1

 grain production, then maize plant had 

a higher stover nitrogen concentration and sustained a higher green LAI (leaf area 

index), which resulted in higher HI (harvest index), higher number of grains per cob, 

and higher unit grain biomass. 

Pan et al. (2017) evaluated maize grain yield and physiological variations affected by 

in-season nitrogen management with respective to nitrogen fertilization during silking 

to maturity phase. Results showed that the maize grain yield with optimum nitrogen 

level by in-season nitrogen management approach was 10.90 Mg ha
-1

, which was 17% 

maximum as compare to 9.3 Mg ha
-1

 attained with without nitrogen application 

during silking stage. The over dose of nitrogen application during post-silking stage 

did not enhance the grain yield, however, which resulted in a higher residual of 

nitrogen in soil after harvesting stage. The highest seed yield was gained with this 

approach showed obviously total dry matter accumulation and nitrogen accumulation 

after silking stage, with high net photosynthesis rate and higher green area of leaf as 

compared to without nitrogen application after silking stage. Extra nitrogen 

application after silking stage also enhanced root development and growth, as 

indication by the 18.0, 20.1, and 9.0% enhancement in root biomass, root height, root 

surface area as compared to without nitrogen application. 

Zhang et al. (2017) evaluated the different nitrogen application levels during growing 

seasons of 2011 to 2013. Results indicated that appropriate nitrogen level was most 

important when aim for nitrogen uptake quantity that were by maize uptake 240 kg 

ha
-1

 crop, followed by grain production (208 kg ha
-1

 for maize) and economical profit 

(191 kg ha
-1

 for maize). If environment expenses were included, the appropriate 

nitrogen level was more decreased by 20 to 30 percent as compared to those when 
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main objective was to highest economical profit. Nevertheless, the appropriate 

nitrogen level, with environmental expenditures considered, can cause to nutrients 

removal by maize crop, and thus an additional contribution of 43 kg ha
-1

 was required 

for making the soil nitrogen balanced and sustains the soil productivity for a long 

period. For achieve a most suitable condition for both grain production and 

sustainable environment, the appropriate nitrogen level should be applied at 179 kg 

ha
-1

 for maize crop that may obtain more than 99.50% of highest grain yield and have 

an encouraging nitrogen balance. 

Hammad et al. (2018) identified the optimum levels and time of nitrogen application 

for appropriate maize growth, development and highest grain yield. Field trials were 

carried out in the irrigated semiarid environment of Faisalabad district, Pakistan 

during 2009 and 2010. Five nitrogen levels were employed at three various times for 

the period of each sowing season. Photosynthetic efficiency, seed production, 

nitrogen uptake, and nitrogen recovery efficiency were considerably influenced by the 

level and nitrogen application timing. Photosynthetic efficiency, seed yield, and 

nitrogen recovery efficiency with nitrogen level 250 kg ha
-1

. However, the highest 

nitrogen uptake was attained with nitrogen level 300 kg ha
-1

 with insignificant 

increase in seed yield. 

Reddy et al. (2018) evaluated the influence of various rates of nitrogen (N-200, N-250 

and N-300 kg ha
-1

) on the development and grain yield of maize  for the period of two 

successive growing seasons (2014 and 2015) to. During 2014, nitrogen fertilizer 

application rate of N-300 kg ha
-1

 resulted in maximum grain yield, which was 

statistically significant to grain yield obtained by nitrogen levels N-250 kg ha
-1

 and N-

200 kg ha
-1

. The minimum grain production was obtained with nitrogen level N-200 

kg ha
-1

. While, during 2005 growing season, nitrogen employed at N-300 kg ha
-1

 

produced the maximum grain yield that was statistical similar with grain yield gained 

from nitrogen rate N-250 kg ha
-1

. 

Sharma et al. (2018) carried out an field trial at Chitwan areas of Nepal for the period 

of summer growing season in 2014 to evaluate nitrogen rates (N-0, N-60, N-120 and 

N-180 kg ha
-1

) on seed production of two hybrids (ʻRampur-hybrid-2ʼ and 

ʻRML32/RML17ʼ). Growth, grain yield components and grain yield of maize were 

observed. Results showed that the maize hybrids varieties, ʻRampur-hybrid-2ʼ and 

ʻRML32/RML17ʼ, and various tillage techniques, without tillage and conservative 
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tillage, had same response to grain yield (2.90 t ha
-1

). The seed yield attained from 

check plot of without N fertilizer applications (1.64 t ha
-1

) was considerably lowest as 

compare to all nitrogen rates. The grain production  achieved with nitrogen rate N-180 

kg ha
-1

 was significantly maximum (3.57 t ha
-1

) as compared to nitrogen level N-60 

kg ha
-1

 (3.05 t ha
-1

) however, was statistically similar with nitrogen level N120 kg ha
-1

 

(3.44 t ha
-1

). 

2.2 CROP GROWTH MODELING 

Basso et al. (2016) tested more than thirty simulated variables of the CSM-CERES 

model in 43 various countries under different experimental treatments. Under all 

evaluating circumstances, the CSM-CERES models predicted grain yield with a 

RMSE of ≤1400 kg ha
-1

 (10% relative error), 1200 kg ha
-1

 (20% relative error) and 

800 kg ha
-1

 (10% relative error) for maize, wheat, and rice crop, correspondingly. 

Stages and phases of phenology were predicted with ≤7 days difference from field 

observed data in the majority of studies. The CSM-CERES models predicted well 

aboveground total dry matter, HI (harvest index), evapo-transpiration and soil water 

contents. The simulation of number of grains (RMSE value more than 4340 kg ha
-1

), 

grain biomass (relative error more than 22%), intercepted photo-synthetically active 

radiation (IPAR, ≥0.41 MJ plant
-1

), LAI (relative error, up to 31.9%), soil 

temperature, and nitrogen dynamic (relative error more than 80%) were not good 

simulated. 

Li et al. (2015) evaluated the data simulation ability of DSSAT model with the help of 

the CENTURY-based soil module to predict spatial and temporal variability of SOC 

(soil organic C), grain production, and SON (soil organic nitrogen) on the basis of 14 

years data for maize during spring season. Cropping system research was carried out 

in the Loess Plateau region of North and western areas of China. Four treatments were 

applied that comprises without nitrogen application (N0), 90 kg ha
-1

 nitrogen from 

urea (N90), 30 kg ha
-1

 nitrogen obtained from straw plus 90 kgha
-1

 nitrogen from urea 

(SN90), and 40 kg ha
-1

 nitrogen from livestock dung plus 90 kg ha
-1

 nitrogen from 

urea (MN90) were studied in this research. The CSM-CERES-Maize model presented 

a well agreement for simulation of grain yield with model statistical parameters like 

EF value (modeling efficiency) ≥ 0.56, d value (index of agreement) > 0.91 and 

nRMSE (normalized root mean square error) ≤ 19%. 
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Adnan et al. (2017) used CSM-CERES-Maize model in Nigeria. The field trials 

comprised of twenty cultivars sown for the period of the dry and rainy seasons in 16 

various fields of two years (2014 and 2015) in Nigeria. The model precisely simulated 

maize grain production, HI, and biological yield of all cultivars with lower RMSE 

values (less than 5% of average), high d-index (more than 0.8), and high r-square 

value (more than 0.9) during the calibration of model. Model efficiency values more 

than 0.8 were attained for each parameter during model evaluation. Model was 

applied for determine optimum sowing date after calibration and evaluation. Results 

indicated that sowing of too earlier maize cultivars in end of July and earlier maize 

cultivars sowing in mid of June resulted in maximum grain production in the Sudan 

Savanna areas of Nigeria. While, In the North Guinea Savanna areas, sowing of too 

earlier maturing cultivars in mid of July and sowing of earlier maturing cultivars of 

maize in end of July resulted in the maximum grain productions. Delay sowing in 

both zones of Nigeria until end of August resulted in lower grain production. Late 

sowing to 15 August caused 39.2% reduction of grain yield by too earlier maturing 

cultivars and reduction of 74.4% by earlier maturing cultivars in Sudan Savanna areas 

of Nigeria. In the North Guinea Savanna areas nevertheless, late sowing to end of 

August caused in diminution of 66.9% and 94.3% for too earlier maturing and earlier 

maturing cultivars, correspondingly. 

Hammad et al. (2017) compared simulated results with the field observed data from 

research trials that were carried out for the period of 2009 and 2010, in which three 

irrigation levels and 5 N levels were applied during both years. To find out the most 

suitable combination of nitrogen level and irrigation regime, an arrangement of 3 

irrigation levels (without drought stress, water shortage during vegetative and at 

reproductive stage) and 5 nitrogen levels ranged from N100 to N300 kg ha
-1

 were 

simulated for thirty five years of chronological weather data. The CSM-CERES-

Maize model was calibrated with  most advantageous treatment in field trial during 

2010 growing season, whereas, the leftover data were utilized for evaluation of 

model. The results indicated that CSM-CERES-Maize model effectively well 

simulated (index of agreement = 0.98) and moisture contents in soil all over the 

growing period. 5.98, 11.4 and 4.85% was MPD (mean percentage differences) value 

obtained for the number of grains cob
-1

, LAI and biological yield, correspondingly. 

Mean percentage difference value was nil for simulated and observed grain yield, 
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flowering and physiological maturity stage. nRMSE value for grain production was 

10.4% during growing season 2009 and 11.4% during 2010, correspondingly. Basis 

on the economical calculations, the crop management situation with N300 kg ha
-1

 

nitrogen level and total amount of irrigation application 525 mm was prevailing with 

the utmost average grain yield (7972 kg ha
-1

) as well as a gross margin of USA          

$ 547 ha
-1

. 

Jing et al. (2017) applied CSM-CERES-Maize model for simulation of maize grain 

yield levels defined as: yield potential, water-limited, and water and nitrogen limited 

grain yields with nitrogen levels 80 and 160 kg ha
-1

. Main objective was to 

assessment for more enhancement of grain production through analysis of yield gaps 

under water and nitrogen stress conditions. Crop growth model predicted the grain 

yield with nRMSE value less than 20. Crop growth model was capable to detain grain 

yield variability, which was linked with various nitrogen levels, varieties, various soil 

categories and spatial and temporal variations in historical weather data. Seven 

standardized varieties were employed in the trials were separated into three classes 

according to grain yield potential. Model simulated consequences for the thirty years 

duration from 1981-2010 indicated that the averagely grain yield potential was almost 

15 t ha
-1 

for varieties under highest grain yield potential. Grain yield potential is 

normally almost 6 t ha
-1

 higher as compared to the actual grain yield at every trial 

location in East areas of Canada. 2/3 of this grain yield gap between potential grain 

yield and actual grain yield is most likely linked with irrigation shortage, as a grain 

yield gap of almost 4 t ha
-1

 between grain yield under water stress condition and grain 

yield potential was predicted. This grain yield difference might be decreased by best 

crop management practices. Model predicted grain yields showed a grain yield gap of 

almost 1 to 3 t ha
-1

 between grain yield under water stress and grain yield under water 

stress plus 80 kg ha
-1

 nitrogen level for varieties with highest and lowest grain yield 

potential class, correspondingly. The grain yield gap between grain yield under water 

stress and grain yield under water stress plus 80 kg ha
-1

 nitrogen level reduced to less 

than 2 t ha
-1

 for highest grain yield potential varieties with slightly difference for the 

lowest grain yield potential varieties. The various grain production gaps between 

varieties indicate that varieties with highest grain yield potential need higher nitrogen 

levels. 
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MacCarthy et al. (2017) employed the CSM-CERES-Maize model for assessment of 

integrated irrigation as well as soil management approaches, which included 

combination of the pre-season El-Nino-Southern Oscillation (ENSO) based climate 

variability prediction in for decision of appropriate sowing date, at four sites of the 

northern zones of Ghana. It was find out that appropriate sowing time for a respective 

growing season was predictable basis on early February to end of April and surface 

temperature of ocean anomaly for the various sites with R
2
 value ranged 0.52-0.71. 

ENSO-simulated appropriate sowing times in three sites, which caused considerably 

high maize grain yield as compare to the traditional farming community selected 

sowing times. Earlier optimal sowing times were linked with La-Nina and El-Nino 

(Julian Day ranged from 130 to 150 day of year; earlier May to end of  May), while, 

delay sowing time (15-June to 10-July) was connected with the Neutral ENSO phase. 

Singh et al. (2017) carried out field trials in Kashmir during 2012 and 2013 for 

simulation of maize productivity with the help of CSM-CERES-Maize model, in 

which various sowing dates treatments were applied. The sowing time of 15
th

 April 

yielded maximum grain production of 50.60 and 53.81 q ha
-1

 for the period of 2012 

and 2013, correspondingly. Leaf area index, biomass and yield attributers attained 

maximum with sowing time 15
th

 April that had long sowing to anthesis phase as 

compared to delayed sowing times. The model simulation study on time course 

parameters like leaf area index, biomass and grain yield under irrigated situations 

were conducted with the help of soil and field trial data. Calibration of CSM-CERES-

Maize model was done with best performed sowing date 15
th

 April. Simulation results 

showed that early sowing date 15th April simulated maximum grain production for 

the duration of all 27 years (1986-2013). Agreement index (d-index) was above 90. 

The model presented a well agreement for simulation of grain yield with model 

statistical parameters like EF value (modeling efficiency) ≥ 0.86, d value (index of 

agreement) >0.97 and nRMSE (normalized root mean square error) ≤15%. Under 

irrigated circumstances, enhancing rates of nitrogen fertilizer simulated highest grain 

production at nitrogen rate 90 kg ha
-1

. However, under irrigated and mulched 

circumstances produced maximum grain yield at nitrogen rate 120 kg ha
-1

. Maize 

grain production was also predicted at various combination of planting times and 

plants spacing and simulation results indicated that under irrigated situation grain 
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yield was simulated highest at 15
th

 April sowing date and 40 x 20 cm plant spacing 

for the period of 1986 to 2013 in Kashmir. 

Yakoub et al. (2017) evaluated two maize growth models CSM-CERES-Maize and 

CSM-IXIM-Maize with data obtained from two field trials in Almacelles zone of 

Spain, for the duration of three successive years under different nitrogen fertilizer 

management treatments that included both fertilization and residue handling 

approach. Fertilization treatments included two levels of nitrogen fertilizer which 

were N0 and N300 kg ha
-1

. Crop residues treatments included either removal or 

incorporation of nitrogen. The seed yields attained in field trials (less than 14% 

moisture contents) varied, that was depended on the nitrogen fertilization levels, 

ranged from 11.2 to 20.1 Mg ha
-1

. Under maximum grain yielding irrigated 

circumstances, both crop growth models were capable to good simulation of grain 

production and total dry matter precisely, with RRMSE of 9.5 and 11.4% for CSM-

CERES-Maize model and 14.9 and 14.3% for CSM-IXIM-Maize model, 

correspondingly. Assessment of nitrogen uptake was also precise, with RRMSE of 

12.0 and 8.6% for CSM-CERES-Maize model and CSM-IXIM-Maize model, 

correspondingly. 

Amouzou et al. (2018) studied that CSM-CERES-Maize model precisely simulated 

total dry matter with a nRMSE value of 18%, and an index of agreement (d value) of 

0.98 under without stress circumstances. Under depending only rainfall condition and 

rainfall plus with supplementary canal water condition, both with and lack of 

fertilizers application, CSM-CERES-Maize model simulated biological yield with 

nRMSE value ranged from 10 to 22% and agreement of index value ranged from 0.96 

to 0.99. Grain production was predicted with nRMSE (d) of 19% (0.93) and 15% 

(0.89) in research based managed and local farmers community based managed fields, 

correspondingly. CSM-CERES-Maize model simulated convincingly good nutrients 

uptake with nRMSE and d-index value ranged from 14 to 40% and 0.89 to 0.98, 

respectively for nitrogen and raging from 24 to 49% and 0.90 to 0.98, respectively for 

phosphorus. The model predicted well improved soil organic carbon and inorganic 

nitrogen concentration, water and nitrogen use efficiencies, and seed yield with the 

integration of soil and crop management system as compared to without amendment 

of soil and soil amendment with higher nitrogen and phosphorus fertilizer use 

decisions under thirty years of weather conditions. 
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2.3 CLIMATE CHANGE AND ADAPTATION STRATEGIES 

Tao et al. (2016) found that observed maize grain yield had been increased due to 

reduction of solar radiation and average air temperature for the period of 1981 to 

2009, grain yield was positively correlated with main metrological parameters in most 

important maize growing zones in China. Reduction tendency in temperature and 

solar radiation for the duration of maize growing seasons was mostly attributed by the 

growing of late maturity varieties with longer phonological phase anthesis to 

harvesting phase for enhancement of grain yield for the period of the past thirty years. 

The climate change trends through growing season varied between various maize 

growing zones. Reduction in average air temperature, rainfall and solar radiation 

decreased grain production mostly by ranging from 13.2 to 17.3% in southwestern 

China, while, enhancement of main meteorological parameters jointly enhanced grain 

production mostly by ranging from 12.9 to 14.4%  in northwestern China. 

Abbas et al. (2017) studied chronological variations of phonological stages and phases 

for maize (both spring and autumn season) in central and lower Punjab, Pakistan for 

the duration of 34 years (1980–2014). Planting of spring season maize crop was in 

advanced (an averagely of 4.6 days/decade), whereas, autumn season maize crop 

planting dates and emergence dates were belated (an averagely 3.0 and 1.9 

days/decade). Observed flowering and harvesting dates were in advanced (7.1 and 9.2 

days/decade during spring season) and (2.8 and 4.4 days/decade during autumn 

season). Likewise, planting to flowering, planting to harvesting and flowering to 

harvesting phases were reduced on averagely via 2.4, 4.6 and 1.9 days/decade and 5.5, 

7.8 and 2.2 days/decade for spring and autumn season maize crop, correspondingly. 

The changes in phenology of maize crop (both spring and autumn growing seasons) 

had considerable relationship, with the enhancement in average air temperature 

through 34 years (1980-2014). Employment of the CSM-CERES-Maize crop growth 

model utilizing standard cultivar for the entire zones and years demonstrated that 

simulated phonological stages and phases of maize during both spring and autumn 

season has speed up with thermal trend as comparison with  observed phenology in all 

sites of Punjab, Pakistan. These results propose that advancement of planting during 

spring season and late planting during autumn growing season and changes of hybrids 

having higher GDD (growing degree days) through 1980 to 2014 period, have 
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somewhat mitigated the detrimental effect of climate warming on phonological stages 

and phases of maize during spring and fall growing seasons. 

Araya et al. (2017) applied CSM-CERES-Maize  model in combination with various 

GCMs under two RCPs, and one irrigation scenario include full irrigation (450 mm) 

and second irrigation scenario deficit (300)  under 3 sowing times  include early 20th 

April, normal 5th May and late 15th May. Results indicated that maize grain 

production for the period of the mid- century will reduce as comparison to baseline 

period on averagely ranging from 18 to 33% by RCP 4.5 and 37 to 46% by RCP 8.5. 

The grain production reduction was due to shrinking of the sowing to maturity phase 

(9 to 18%) under elevated warming trend. The lessening in transpiration as 

comparison with baseline period attained 15% by RCP 8.5 under water stress 

condition, while, the diminution of grain yield was less ranging from (1 to 7%) under 

without water stress condition. Significantly grain production was reduced as a result 

of combined impacts of water stress condition and shrinking of the sowing to anthesis 

and anthesis to maturity phases. Enhancement of maize productivity due to increased 

CO2 concentration could be masked via negative impact of increasing temperature. 

The present research also indicated high inconsistency in predicted production 

between the different GCMs. Sowing date did not significantly cause the 

improvement in yield however, there was lesser prediction variability among all 

GCMs with early sowing date 20 April in relative to usual and delay sowing date. 

Chen et al. (2017) indicated that warming trend influence on grain yield were 

significantly and a increase of 1 °C warming or a 1 mm reduction in rainfall caused in 

a 150.26 kg/ha or a 1.94 kg/ha reduction in grain production, correspondingly. 

Villages with latitude of not more than 39.83 and longitude of not less than 114.84 in 

Hebei zone suffered grain yield caused by thermal trend. Predicted grain yield for 

future scenarios was reduced under all RCPs scenarios from GCM-MIROC5 and their 

negative impact was higher as compared to MRI-CGCM3. Basis on all RCPs in mid 

of this century, the highest grain yield reduction was as compared baseline period 

(2004 to 2010) and all farming areas were seriously affected due to climate warming 

in future scenarios under all RCPs and GCMs. 

Lin et al. (2017) indicated a tendency of a continuously reduction in maize grain yield 

under various RCP 4.5 and 8.5 scenarios. Reduction of maize grain yield by RCP 8.5 

scenario was simulated to be higher as comparison to RCP 4.5. The impact of CO2 
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was predicted to very little to counterbalance the harmful influences of warming 

trend. Three adaptive approaches like shifting of sowing times, growing late maturing 

varieties, and evolving latest varieties with higher growing degree day’s demands 

might be alleviate the harmful thermal trend influences to changeable extents ; 

growing climate smart varieties can exert the very significantly impact on 

enhancement of  maize grain productions. 

Liu et al. (2017) observed that planting time for maize crop was considerably delayed 

and the delaying of sowing date trend rate was ranging from 9 to 10 days per decades 

due to climate change. But phonological stages emergence, anthesis and physiological 

maturity were advanced in all growing seasons. Phenological phase emergence to 

anthesis was decreased by 0.90 day per decade, whereas, anthesis to physiological 

maturity phase was extended by 1.70 days per decade. Emergence to physiological 

maturity phase was prolonged by 0.41 days per decade in all growing areas. 

Correlation analysis showed that phenological stages and phases were significantly 

correlated with mean air temperature, rainfall, sunshine hours period and thermal 

time. Negative correlation of average temperature and positive correlation of rainfall, 

sunshine hours and thermal time with phonological stages and phases was obtained. 

Tesfaye et al. (2017) applied CSM-CERES-Maize model for quantification the effect 

of climate warming on maize grain yield and the probable profits of incorporation of 

water shortage and acute temperature tolerance into locally grown maize cultivars at 

six locations in Eastern and Southern Africa and one site in South Asia. Model based 

predicted results showed that climate warming and variability will have a negatively 

influence on grain production at all locations studied nevertheless the level of the 

influence of climate change varies with site, degree of thermal and precipitation 

varies. Combination of hot and dry climate change scenario (involving enhances in 

thermal trend with a decrease in precipitation) resulted in higher mean predicted 

maize grain production diminution (21, 33 and 50% under 1, 2 and 4 °C warming, 

correspondingly) as compared with hot only climate change circumstances (11, 21 

and 41%, correspondingly). Including of drought, warming and combined water 

shortage & acute temperature tolerance into benchmark hybrids enhanced predicted 

grain production underneath both the baseline and future climate scenarios. 

Tesfaye et al. (2017) assessed the influence of present and upcoming warming stress 

on grain yield of maize and the advantage of climate resilience cultivars in South 
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Africa. Annual average highest air temperature can be rise ranging from 1.4 to 1.8 °C 

for the period of 2030 and 2.1 to 2.6 °C during 2050, with great month wise, growing 

season, and temporal and spatial variability in all agriculture areas in South Africa. 

The degree of warming stressed sites might be raise through 12% during 2030 and 

21% for the period of 2050 as comparison to baseline period. The effect of warming 

trend and the advantage from climate resilience cultivars change with the extent of 

minimum and maximum air temperature enhancement and sowing seasons. At a 

regional level, warming trend reduced rainfed grain production via an averagely 

ranging from 3.3 to 6.4% during 2030 and 5.2 to 12.2% for the period of 2050 and 

irrigated maize grain production by ranging from 3 to 8% for the duration of 2030 and 

5 to 14% during 2050, if existing cultivars were grown-up in the upcoming climate 

scenario. Under predicted future climate scenario, acute temperature tolerance 

cultivars might be reduction of yield loss (with comparison with existing maize 

cultivars) by till 36 and 93% during 2030 and 33 and 86% for the period of 2050 

under rain-fed and irrigated circumstances, correspondingly. Warm tolerance 

cultivars, hence, have the probable to support the maize growing farming community 

from harsh grain production loss caused by warming stress and assist to adaptation 

strategy against climate warming affects. 

Xu et al. (2017) indicated that maize grain yield was enhanced by almost 0.15 million 

tons in each year for the period of the previous fifty years as a result of an 

enhancement of growing area due to influence of climate change. Relationship 

between average air temperature and solar radiation and grain yield at a regional level 

indicated that 47% of the regions in China were significantly affected due to solar 

radiation changes whereas, 16% of regions were significantly influenced due to 

minimum and maximum air temperature variations. 

Abera et al. (2018) studied the assessment of the affect of climate warming on grain 

yield of maize in three selected locations Bako, Melkassa and Hawassa in Ethiopia. 

DSSAT-CSM-CERES-Maize model was applied for assessment of grain yield under 

present climate and future projections (nineteen GCMs and two RCPs). Duration of 

1980 to 2010 was represented as a baseline scenario, whereas, future projections 

included 3 durations; near-term scenario (2010 to 2039), mid of this century scenario 

(2040 to 2069) and end of this century scenario (2070 to 2099). Results showed that 

grain production will be reduced through until 43 and 24% at the ending of this 
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century at Bako and Melkassa areas, correspondingly due to rainfall variability and 

increasing temperature, whereas, predicted grain yield in Ethopian location Hawassa 

showed an enhancement of 51% due to enhancement of rainfall in future scenario. 

Murray-Tortarolo et al. (2018) evaluated the relationship to rainfall inconsistency and 

maize grain yield in various areas of Mexico across three various time durations: the 

current, the historical thirty years and future period with various RCPs scenarios. 

Results indicated that rainfall depended agriculture was categorized as a function of 

the period of dry days, happening in all zones with a 4 to 9 months dry season, 

therefore climate warming  can be  change not only various crops productivity, 

however also the temporal division of land exploits. Linear relationship (r = 0.45) was 

obtained between average annual rainfall and rainfed grain yield countrywide during 

32 years (1980-2012). The relationship was well (r = 0.91) for the duration of 7 years 

(2005-2012), while, higher resolution based data were accessible for the investigation. 

In the upcoming decades scenarios, grain productions were simulated to either not 

vary or to reduce through as much as 10%. The greatest harmful effects were 

forecasted crosswise the Northern and the Southern areas of Mexico, where grain 

production was reduced through up to 30% in the entire scenarios. 

Rahimi-Moghaddam et al. (2018) indicated that for the mid of 21th century, the mean 

maize grain production in approximately all studied zones excluding Masjed 

Soleyman reduced as compared to baseline period at 13.70% and 22.81% for RCP 4.5 

and 8.5, correspondingly mostly due to reason that the duration of the higher risk 

period for severe temperature had prolonged from 18.8 to 26.3 days for RCP 4.5 and 

8.5, correspondingly, in comparison to baseline period. The majority of farmers have 

not understood that they are presently planting maize crop for the period of a highly 

risky window for acute temperature in several growing years. If farming community 

do not adopt climate smart decisions for their zones (mainly adaptive option is sowing 

time x variety), the possibility of cost-effective grain production will be ≤50% for 

average economical production of 8.92 t ha
-1

. 

Srivastava et al. (2018) studied climate change impact for three time-slices, which 

were 2000 (baseline), 2030 (near future) and 2080 (end century climate). Moreover, 

two RCPs (RCP 4.5 and 8.5) from the three GCMs models like GFDL-ESM2M, 

GISS-E2-H, and HadGEM2-ES were chosen. Predictions based on the model 

LINTUL5 were employed for estimation of the crop response. There is a average 
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enhancement in the grain yield and total dry matter in the estimated scenarios through 

57.1% and 59.3% correspondingly under RCP 8.5 of HadGEM2-ES in time period of 

2030. Nevertheless, variations in the estimated averagely grain yield and total dry 

matter as comparison to the baseline period, was ranged from 183.61 kg ha
-1

 under 

RCP 8.5 of  HadGEM2-ES for time period of 2080 to a highest of 1326.80 kg ha
-1

 

under RCP 8.5 of HadGEM2-ES by 2030 and a lowest enhance of 169.91 kg ha
-1

 

under RCP 8.5 of GFDL-ESM2M through time slice of 2080 to a highest augment of 

2386.13 kg ha
-1

 under RCP 8.5 of HadGEM2-ES via time period of 2000 to 2030. 
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CHAPTER - IV 

MATERIALS AND METHODS 

3.1 EXPERIMENTS  SITE  

Field research trials were carried out during both spring and autumn seasons for maize 

crop during 2016 and 2017 at Agriculture Research Farm of Bahauddin Zakariya 

University, Multan (Latitude: 30° 15´ N, Longitude: 71° 52´ E, Altitude: 122 m, 

Climatic zone: irrigated arid), Punjab, Pakistan. Effect of various sowing dates and 

nitrogen levels on phenology, yield and yield components of spring and autumn maize 

hybrids was studied by field experiments. DSSAT-CSM-CERES-Maize model    

(version 4.7) was applied for determine the impact of climate change on spring and 

autumn maize grain yield after calibration and evaluation from field trials results.  

3.2 SOIL 

ʻʻMianiʼʼ is the dominated soil series in research area. USDA classification of miani is 

fine silty, mixed, hyerthermic fluventic haplocambids. Before sowing of maize crop, 

eight soil samples from experiments field with the help of soil auger were taken at 

depth of 0-15, 15-30 and 30-45 cm. All soil samples of particular depth were mixed 

thoroughly for obtain composite soil sample. Lab analysis of composite soil samples 

of particular soil depth was done for determine physico-chemical characteristics. 

3.2.1 Mechanical Analysis  

Bouyoucos hydrometer method by using one percent dispersing agent (sodium hexa- 

metaphosphate) was adopted to determine the sand, silt and clay percentage. Then 

standard textural triangle was used for find out soil texture class.  

3.2.2 Chemical Analysis  

Various soil chemical properties of soil samples were measured with the help of 

method described by Table 3.1. Soil pH and EC value was little bit high. 

Macronutrients available N, extractable P and K were found deficient in soil. Organic 

matter was very low during both year 2016 and 2017.  
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Table 3.1: Physical and chemical analysis of experimental soil  

Soil characteristics 
Spring season Autumn season 

2016 2017 2016 2017 

Physical analysis     

Sand (%) 18 17 16 18 

Silt (%) 56 58 55 58 

Clay (%) 26 25 29 24 

Bulk density 1.35 1.32 1.29 1.32 

Texture class Silty loam Silty loam Silty loam Silty loam 

Chemical analysis     

pH 8.14 8.17 8.07 8.19 

EC (dS m
-1

) 1.58 1.65 1.49 1.70 

Organic matter (%) 0.45 0.41 0.48 0.39 

Total nitrogen (%) 0.043 0.041 0.039 0.042 

Available phosphorus (ppm) 6.82 6.41 6.25 6.39 

Available potassium (ppm) 85.28 78.43 89.42 91.24 

 

Table 3.2: Weather data during 2016 and 2017  

Months 

Max. 

Temperature 

(°C) 

Min. 

Temperature 

(°C) 

Solar 

radiation 

(MJ m
-2

 day
-1

) 

Rainfall 

(mm) 

2016 2017 2016 2017 2016 2017 2016 2017 

January 16.42 16.95 6.74 9.81 9.52 8.51 0.90 0.75 

February 20.91 22.51 10.87 11.29 14.42 14.78 17.10 2.50 

March 27.12 28.92 15.26 17.61 16.30 15.49 7.52 17.90 

April 34.40 35.32 20.93 21.43 21.43 21.98 9.10 6.10 

May 36.01 38.16 26.42 28.29 20.94 23.29 9.78 4.03 

June 38.56 40.15 28.90 30.07 17.48 20.12 4.07 19.22 

July 35.07 37.29 28.16 29.58 22.10 20.14 48.20 102.85 

August 33.85 35.06 27.20 28.39 21.56 20.51 91.04 60.21 

September 32.33 34.97 25.59 26.57 21.17 17.92 34.96 17.92 

October 30.26 30.59 20.05 22.01 17.28 15.35 3.42 0.00 

November 25.13 26.60 14.93 12.98 9.48 11.38 0.00 0.00 

December 20.47 22.18 9.56 10.84 9.72 7.81 7.21 7.81 
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3.3 FIELD EXPERIMENTS  

Two field experiments were conducted in spring season and two field trials were 

carried out during autumn season during 2016 and 2017.   

Experiment-I: Effect of sowing dates and spring maize hybrids on phenology, 

growth, yield and radiation use efficiency of spring maize  

Experiment-II: Effect of nitrogen levels and spring maize hybrids on phenology, 

growth, yield and radiation use efficiency of spring maize 

Experiment-III: Impact of sowing dates and autumn maize hybrids on phenology, 

growth, yield and radiation use efficiency of autumn maize 

Experiment-IV: Impact of nitrogen levels and autumn maize hybrids on phenology, 

growth, yield and radiation use efficiency of autumn maize 

3.3.1 Design and Treatments of Experiments during Spring Season 

The experiment-I and II for spring season was laid out in RCB (randomized complete 

block design) design along with split plot arrangement keeping spring maize hybrids 

in main plots in both experiments and sowing dates treatments for experiment-I and 

nitrogen levels treatments for experiment-II in sub plots (Fig. 3.1-2). Each field trial 

was replicated three times. The net plot size was 4.2 m x 5.8 m in each experiment.  

Experiment-I                                                     Experiment-II                    

A) Spring maize hybrids (main plot)              A) Spring maize hybrids (main plot)                                                      

H1 = Pioneer-33M15                                           H1 = Pioneer-33M15                                                                 

H2 = Monsanto-DK6525                                     H2 = Monsanto-DK6525                                   

H3 = Syngenta-NK8441                                      H3 = Syngenta-NK8441  

B) Sowing dates (sub plot)                               B) Nitrogen levels (sub plot)                                           

SD1 = 15-January                                                N0 = 0 Kg ha
-1

                                            

SD2 = 05-February                                              N1 = 80 Kg ha
-1

                                                    

SD3 = 25-February                                              N2 = 160 Kg ha
-1

 

SD4 = 15-March                                                  N3 = 240 Kg ha
-1

                                                      

SD5 = 05-April                                                    N4 = 320 Kg ha
-1
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3.3.2 Design and Treatments of Experiments during Autumn Season 

The field experiment-III and IV for autumn season was also laid out in RCB 

(randomized complete block design) design along with split plot arrangement keeping 

autumn maize hybrids in main plots in both experiments and sowing dates treatments 

for experiment-III and nitrogen levels treatments for experiment-IV in sub plots     

(Fig. 3.1-2). Each field trial was replicated three times. The net plot size was 4.2 m x 

5.8 m in each experiment. Following treatments were applied. 

 Experiment-III                                                Experiment-IV                   

A) Autumn maize hybrids (main plot)         A) Autumn maize hybrids (main plot)                                                      

H1 = Pioneer-30R50                                           H1 = Pioneer-30R50                                                                 

H2 = Monsanto-DK6714                                    H2 = Monsanto-DK6714                                   

H3 = Syngenta-NK6621                                     H3 = Syngenta-NK6621  

B) Sowing dates (sub plot)                             B) Nitrogen levels (sub plot)                                           

SD1 = 15-June                                                     N0 = 0 Kg ha
-1

                                            

SD2 = 05-July                                                      N1 = 80 Kg ha
-1

                                                    

SD3 = 25- July                                                     N2 = 160 Kg ha
-1

 

SD4 = 15- August                                                N3 = 240 Kg ha
-1

                                                      

SD5 = 05- September                                           N4 = 320 Kg ha
-1

 

3.4 CROP HUSBANDRY  

Sowing of spring maize hybrids for experiment-I and autumn maize hybrids for 

experiment-III were done according to sowing dates treatments during both years. 

Spring maize hybrids were sown at 02-February for experiment-II and autumn maize 

hybrids were sown at 18-July for experiment-IV during 2016 and 2017. Crop 

management practices other than treatments were kept standard according to Pakistan 

agriculture department recommendations for all experiments during spring and 

autumn seasons during 2016 and 2017. Preparation of seed bed was performed with 

the help of one deep ploughing by chisel plough and three cultivations along with 

planking at field capacity for both experiments. Ridge sowing method was adopted, in 

which row to row and plant to plant space was maintained 75 and 20 cm, respectively.  
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Figure 3.1: Layout plan in experiment-I during spring season and experiment-III during autumn season 
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Figure 3.2: Layout plan in experiment-II during spring season and experiment-IV during autumn season 
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Seed rate of 25 kg ha
-1

 was utilized in each experiment. Gap filling was accomplished 

for control plant population in all treatments. Fifteen days after germination, thinning 

was done to maintain plant to plant distance. Recommended dose of 250 kg ha
-1

 for 

N, 170 kg ha
-1

 for P and 120 kg ha
-1

 for K was applied for experiment-I and III. 

While, nitrogen fertilizer for experiment-II and IV was applied according to nitrogen 

levels treatments. 1/4 dose of N and whole dose of P and K was applied at the sowing 

time of each treatment for all experiments during spring and autumn seasons. 

Remaining each 1/4 doses of nitrogen were applied at almost 18 and 35 days after 

sowing and before anthesis stage. Urea, di-ammonium-phosphate (DAP), and sulphate 

of potash (SOP) were used as a source of fertilizer for N, P and K, respectively during 

both years. Well water was applied as a source of irrigation. Weed management was 

done with chemical and mechanical method at various stages of crop. Pesticides and 

fungicides were applied for control of pests and diseases.  

3.5 OBSERVATIONS  

Growth and development data from maize crop for all experiments during spring and 

autumns seasons were gained from half area of plot during 2016 and 2017. While, 

remaining half area of plot was used for obtain final data at harvesting stage. 

Following data were recorded for all experiments during spring and autumn seasons.   

3.5.1 Crop Development  

Time of occurrence of phenological stages like emergence, silking, tasseling and 

physiological maturity days were observed from two central rows. For this purpose, 

randomly ten maize plants were selected from middle two ridges from each plot, then 

tagging was done around stem of ten plants of maize.  

Growing degree days was computed as suggested by Bonhomme (2000) 

    
            

 
    

GDD is growing degree days, Tmax is maximum temperature of a day, Tmin is 

minimum temperature of a day and Tb is base temperature taken as 8 °C for spring 

and autumn maize (Jones et al., 2003).  
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Following phonological stages were measured. 

3.5.1.1 Days to emergence 

After two days of sowing, emergences of seedlings were observed daily from each 

plot from selected middle two ridges. The same ridges in every plot were remained 

under observations. Then seedling emergence from each treatment was recorded and 

average days to emergence were calculated.  

3.5.1.2 Days to 50% silking 

To determine the 50% days to silking stage, the same tagged ten maize plants were 

kept under inspection and mean numbers of days to silking were calculated from date 

of sowing. 

3.5.1.3 Days to 50% tasseling 

The same ten tagged plants from inner two ridges in each experimental unit were kept 

under examination and observed their 50% tasseling date and average days to 

tasseling stage were computed from sowing of crop.  

3.5.1.4 Days to physiological maturity 

The number of days to physiological maturity was observed from the similar ten 

tagged plants in each experimental plot. The average days to physiological maturity 

were calculated from sowing time.  

3.5.2 Growth Parameters 

Following growth parameters were obtained. 

3.5.2.1 Total dry matter (kg ha
-1

) 

Five plants from each plot from central rows were uprooted after almost eighteen days 

interval. Electric balance was used to weigh the fresh and dry weight of components 

fractions of each maize plant. Furthermore, A sub sample of constant weight of stem, 

leaf, tassel and cob (when tassel and cob developed) in every component fraction was 

obtained for the purpose of dry at 70 °C in oven. After that, dry weight of all 

components was summed for determine total dry matter at each interval.  
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3.5.2.2 Leaf area index 

Same five uprooted plants were used for gain sub sample of green leaf lamina for 

measure leaf area. Leaf area was measured with the help of leaf area meter          

(Licor model 3100, LI- COR Inc. Lincoln, NE). Leaf area index (LAI) was computed 

as the ratio of leaf area to land area with the help of the subsequent formula specified 

by Breda (2003). 

Leaf area index 
area Land

area Leaf
  LAI   

3.5.2.3 Leaf area duration (days)  

LAD (leaf area duration) for every sampling day was computed with the help of 

described formula given by Hunt (2012). 

                                                
                   

 
 

Where, leaf area index LAI1 was at T1 and LAI2 was at T2.  

 3.5.2.4 Net assimilation rate (g m
-2

 d
-1

)  

The mean net assimilation rate (NAR) was computed with the help of employing the 

formula mentioned by Hunt (2012). 

                                              
                      

                        
 

3.5.2.5 Crop growth rate (g m
-2

 d
-1

) 

Crop growth rate (CGR) was calculated with the help of proposed formula of by Hunt 

(2012). 

                       
     

     
 

    In this formula, W1 and W2 represented to weight of total dry matter at time T1 and 

T2, correspondingly. Average crop growth rate was computed through averages of all 

crop growth rates obtained at every destructive harvesting.     
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3.5.3 Radiation Interception  

Fi value representing to fraction of intercepted radiation through green areas of maize 

canopy, was computed after eighteen days intervals from each plot with help of 

following Beer, s law 

Fi = 1-exp (-k × LAI) 

In formula, an extinction coefficient for total solar radiation is represented by k.         

k value was 0.70 for both spring and autumn maize (Lindquist et al., 2005).  

Sa value representing to amount of intercepted PAR was find out with the help of 

multiplication between Fi and Si (daily incident PAR) values  

                                                       Sa = Fi × Si  

The amount of total PAR intercepted by the maize crop was determined by 

multiplication between Fi and 50% PAR of incident radiation. 

3.5.4 Radiation use efficiency  

Radiation use efficiency for total dry matter (RUETDM) and grain yield (RUEGY) was 

determined by following formula  




Sa

TDM
 TDMRUE  

             



Sa

yieldGrain
 GYRUE  

Where, ∑Sa is indicated to cumulative intercepted PAR (Lindquist et al., 2005). 

3.5.5 Final harvesting data   

Final harvesting was done from half area of each plot. Ten plants were taken as a sub 

sample from final harvesting. Grain yield and yield components were determined 

from each plant of sub sample. Mechanical threshing of all plants was executed for 

determination of each plot grain yield and converted into kg ha
-1

.  
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According to standard procedure, following final harvesting data was gained. 

3.5.5.1 Plant population m
-2

 at harvesting  

Total number of plants m
-2

 were counted from each plot during final harvesting stage 

and it was divided to whole plot area for obtain number of plants m
-2

. 

3.5.5.2 Plant height (cm) 

From each plot, harvesting of randomly selected ten plants from land level was done 

and their plant height was measured with the assist of measuring tape and then their 

mean plant height was computed. 

3.5.5.3 Cob length (cm) 

Randomly ten cobs were obtained from each plot. Their length was measured by 

measuring tape and subsequently, average length was calculated. 

3.5.5.4 Cob girth (cm)  

Ten cobs were randomly taken and their cob girth was measured with the assist of 

girth measuring instrument vernier caliper and after that, average was computed. 

3.5.5.5 Number of grain rows cob
-1

 

Randomly ten cobs were taken from each plot. Their number of grains per cob was 

counted and then, average was calculated. 

3.5.5.6 Number of grains cob
-1

 

Ten cobs were randomly were chosen from each plot and in each cob, the number of 

grains per cob was counted and then, the average number of grains per cob was 

determined. 

3.5.5.7 Thousand grain weight (g) 

From each plot, grains were separated manually from air dried cobs and their sub 

sample of thousand grains was taken. Then, their weight was done with the help of 

electric balance and subsequently, average was calculated and expressed in grams. 
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3.5.5.8 Grain yield (kg ha
-1

) 

The grains from the air dried cobs from half area of each plot were separated, cleaned 

and dried to attain almost 13% moisture content. Weight of grains of each plot was 

find out separately and then converted grain yield into kg ha
-1

. 

3.5.5.9 Total dry matter (kg ha
-1

) 

Half area of each plot was harvested for estimation of total dry matter. Sub sample 

from components of each plant was taken and oven dried at 70 °C temperature. Then, 

weighed and converted into kg ha
-1

. 

3.5.5.10 Harvest index (%) 

Harvest index value is obtained as the ratio of grain yield to the total dry matter yield. 

It is computed with the help of following formula (Hunt, 2012). 

                                 
                

                      
      

3.6 STATISTICAL ANALYSIS 

All observed data gained from all field experiments during spring and autumn seasons 

were analyzed with the help of ʻʻMSTATCʼʼ statistical software by employing split 

plot design during 2016 and 2017.  When F-values were significant, then LSD (Least 

significance difference) statistical test at 5% level was applied for determine 

significance among all treatments means (Steel and Torrie, 1984). 

3.7 WEATHER DATA  

During 2016 and 2017, all standard weather data (maximum and minimum 

temperature, rainfall, sunshine hours and relative humidity) were attained from 

nearest weather station to experimental site. Daily solar radiation (MJ m
-2

 day) was 

calculated from daily sunshine hours. Thirty five years (1980 to 2015) historical 

weather data was also attained from PMD (Pakistan meteorological department). 

Weather data from 1980 to 2017 was used as an input data in weather file of CSM-

CERES-Maize model during spring and autumn seasons experiments (Table 3.2). 

Figure 3.3 shows the summary of weather variables during 2016 and 2017.  
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Figure 3.3: Daily maximum and minimum temperature during 2016 (a) and 2017 

(c), solar radiation and rainfall during 2016 (b) and 2017 (d) for spring and 

autumn maize seasons at Multan, Pakistan. 
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3.8 CROP GROWTH MODELING 

3.8.1 Model Description 

The Cropping System Model (CSM)-CERES-Maize is the embedded crop growth 

model in DSSAT v 4.7 (Decision Support System for Agro-technology Transfer). 

DSSAT has widely been employed as a research tool for comparing the performance 

of various cropping systems and crop production technologies (Jones et al., 2003; 

Hoogenboom et al., 2017; Shelia et al., 2018). The DSSAT is a software package that 

encompasses the Cropping System Model (CSM) for over 25 different crops. The 

CSM-CERES-Maize model model was developed with the help of scientists working 

in project IBSNAT (International Benchmark Sites Network). The CSM-CERES-

Maize model works on a process-based system that simulates crop growth and 

development on a daily time step (Yakoub et al., 2017; Amouzou et al., 2018). This 

model is used to find out simulation results about that how variations in 

environmental circumstances, crop management decisions and cultivars genetics 

interact with each others, and how they influence on spring and autumn maize 

phenology, yield components and grain yield (Jones et al., 2003; Li et al., 2015). This 

model require various input files like file-X (experimental file contains data on 

treatments, field conditions, crop management and simulation controls), file-W 

(weather data contains like maximum and minimum temperature, rainfall, daily solar 

radiation and relative humidity), file-S (soil profile data contains like soil physical and 

chemical properties), file-C (cultivars genetic coefficients), file-E (crop ecotype 

coefficients), file-G (crop species specific coefficients), file-A (average observed final 

data of field) and file-T (Time course observed data) (Hoogenboom et al., 2017; 

Basso et al., 2016; Peng et al., 2018).  

3.8.2 Model Calibration  

Calibration and evaluation are two important steps prior to the application of the 

CSM-CERES-Maize model. Model calibration is a process of adjustment of various 

model simulation results according to the field experimental results. The calibration is 

also necessary for obtaining genetic coefficients for new hybrids used in the study. 

Spring and autumn maize hybrids coefficients were find out consecutively starting 

from genetic coefficients P1, P2, P5 and PHINT which deals with vegetative growth 

and phonological stages and phases of maize plant following by G2 and G3 that 

illustrate to grain numbers per cob and grain filling rate, respectively.  
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For choose the proper set of genetic coefficients, an iterative method was used as 

projected by Jones et al., 2003. The CSM-CERES-Maize model for spring maize 

hybrids was calibrated with best perform sowing date treatment 05-February for 

spring hybrids during 2016 for experiment-I. The CSM-CERES-Maize model for 

autumn maize hybrids was calibrated with 25-July sowing date treatment, which 

performed best during 2016 for experiment-III.  

3.8.3 Model Evaluation 

Evaluation of the CSM-CERES-Maize model performance with the field observed 

data is very essential before application for assessment of climate change impact on 

grain yield. Accuracy of the model simulations and performance of spring and autumn 

maize hybrids genetic coefficients were assessed by model evaluation for all 

experiments. After calibration, the CSM-CERES-Maize model was evaluated with 

observed data for remaining sowing dates during 2016 and all sowing dates during 

2017 of spring and autumn maize hybrids in experiment-I and experiment-III, 

respectively. Model evaluation was also done with observed results of experiment-II 

(treatments nitrogen levels and spring hybrids) conducted during spring season and 

experiment-IV (treatments nitrogen levels and autumn hybrids) carried out during 

autumn season during both years 2016 and 2017.  

3.8.4 Model Statistics 

Statistical evaluation is considered as the key method for comparing model simulated 

results with the field observed data for determine the model performance. Model 

performance for simulation output was evaluated with the help of calculating various 

model statistics like mean percentage difference (MPD) and root mean square error 

(RMSE) for all experiments during spring and autumn seasons. For individual sowing 

dates and nitrogen levels, error (%) between model predicted and field observed data 

was also computed. The time course data like total dry matter (TDM) production and 

leaf area index (LAI) between simulate and observe was evaluated with the help of 

index of agreement (Yang et al., 2014). The model statistics were calculated as 

following equations: 
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Where, n indicate to the number of field observations taken while, Oi and Pi represent 

to field observed and model predicted values, respectively for various crop 

parameters. Performance of CSM-CERES-Maize is increased as values of R
2
 and     

d-index approach to unity while, RMSE, MPD and error values approaches to zero. 

3.9 MODEL SENSITIVITY OF CTWN-ANALYSIS 

After calibration and evaluation, CSM-CERES-Maize model was applied for 

sensitivity of CTWN-analysis about CO2, temperature, water and nitrogen. The 

response of the calibrated model to carbon dioxide (CO2), temperature, water and 

nitrogen was assessed to quantify model sensitivity. Baseline weather data from 1980 

to 2017 was used for model sensitivity analysis. 

3.10 CLIMATE CHANGE IMPACT ASSESSMENT AND ADAPTATION 

STRATEGIES 

Five GCMs (CCSM4, GFDL-ESM2M, HadGEM2-ES, MIROC5 and MPI-ESM-MR) 

at RCP 8.5 were used for determine climate change impact during spring and autumn 

seasons for mid century scenario (2039-2069). CSM-CERES-Maize model was used 

to determine the assessment of climate change impact for maize crop during spring 

and autumn growing seasons. When the model evaluation process was successful, the 

model was used for sensitivity and seasonal analysis for determine climate change 

impact on base line (1980 to 2017) and future scenario for mid century (2039-2069). 

Adaptation strategies for spring and autumn maize were also made to reduce the 

negative impact of climate warming in future scenario. 
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CHAPTER - IV 

RESULTS 

4.1   EXPERIMENT-I   (SPRING SEASON) 

         EFFECT OF SOWING DATES AND HYBRIDS ON PHENOLOGY   

         GROWTH, GRAIN YIELD AND RADIATION-USE-EFFICIENCY      

         OF SPRING MAIZE  

4.1.1 CROP DEVELOPMENT 

4.1.1.1 Plant height (cm) 

Plant height of spring maize was affected statistically significant by various hybrids 

and sowing dates in 2016 and 2017 (Table 4.1.1). Statistically maximum plant height 

was attained 226.41 cm by hybrid Pioneer-33M15 and followed 218.98 cm by 

Monsanto-DK6525 and 212.59 cm by Syngenta-NK8441 during 2016. Maximum 

plant height was gained during 2016 as compare to 2017. 219.82, 212.43 and 205.79 

cm plant height was recorded for Pioneer-33M15, Monsanto-DK6525 and Syngenta-

NK8441, respectively during 2017. Mean values over the hybrids for plant height 

were observed 223.12, 215.71 and 209.19 cm by Pioneer-33M15, Monsanto-DK6525 

and Syngenta-NK8441, respectively during both years.  

Plant height was more affected at late sowing dates as compared to early sowing 

dates. Sowing date 05-February produced statistically highest plant height that was 

239.28 cm and lowest plant height 198.71 cm was obtained by sowing date 05-April 

during 2016. For other sowing dates 15-January, 25-February and 15-March, plant 

height was 230.65, 218.99 and 209.02 cm, respectively during first year. Plant height 

was also statistically significant affected during second year 2017 that was 224.31, 

232.67, 212.03, 202.70 and 191.65 cm by 15-January, 05-February, 25-February, 15-

March and 05-April, respectively. On average over the sowing dates during 2016 and 

2017, maximum plant height was 235.98 cm at 05-February and minimum was 

observed 195.18 cm at 05-April. Interactive effect between spring maize hybrids and 

sowing dates was statistically non significant during both years. Overall, mean value 

for all spring maize hybrids and sowing dates was highest 219.34 cm during 2016 and 

minimum 212.66 cm during 2017. Strong positive correlation between plant height 

and grain yield was obtained during both years and pool data (R
2
 = 0.97) (Fig. 4.1.1). 
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4.1.1.2 Days to 50% tasseling 

Data in table 4.1.1 indicated that days to 50% tasseling of spring maize were affected 

statistically significant by hybrids and sowing dates during 2016 and 2017. 

Statistically maximum days to 50% tasseling were taken 52.61 days by hybrid 

Pioneer-33M15 and followed 50.42 days by Monsanto-DK6525 and 49.59 days by 

Syngenta-NK8441 during 2016. Maximum days to 50% tasseling were gained during 

2016 as compare to 2017. 51.38, 48.81 and 47.63 days to 50% tasseling were 

recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during 2017. Mean values over the hybrids for days to 50% tasseling 

were observed 52.00, 49.62 and 48.61 days by Pioneer-33M15, Monsanto-DK6525 

and Syngenta-NK8441, respectively during both years. Sowing dates also influenced 

on spring maize for taking days to 50% tasseling during both years. Days to 50% 

tasseling were more affected at late sowing dates as compare to early sowing dates. 

Sowing date 15-January took statistically highest days to 50% tasseling that were 

62.34 days and lowest days to 50% tasseling 38.98 days were acquired by sowing date 

05-April during 2016. For other sowing dates 05-February, 25-February and 15-

March, days to 50% tasseling were took 57.02, 53.29 and 42.67 days, respectively 

during first year. Days to 50% tasseling were also statistically significant affected 

during second year 2017 that were  60.62, 54.99, 52.32, 41.02 and 37.35 days by 15-

January, 05-February, 25-February, 15-March and 05-April, respectively. On average 

over the sowing dates during 2016 and 2017, maximum days to 50% tasseling were 

took 61.48 days at 15-January and minimum were observed 38.17 days at 05-April 

sowing date. Interactive effect between spring maize hybrids and sowing dates on 

days to 50% tasseling was statistically non significant during both years. Overall, 

average value for all spring maize hybrids and sowing dates was highest 50.87 days 

during 2016 and lowest was 49.25 days during second year.  Fig. 4.1.2 indicated that 

good positive correlation between days to 50% tasseling and grain yield was gained 

during both years and pool data (R
2
 = 0.79). 

4.1.1.3 Days to 50% silking 

Results in table 4.1.2 showed that days to 50% silking of spring maize were affected 

statistically significant by various hybrids and sowing dates in both years 2016 and 

2017. Statistically maximum days to 50% silking were taken 56.47 days by hybrid 

Pioneer-33M15 and followed 54.25 days by Monsanto-DK6525 during 2016.  
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Table 4.1.1: Effect of hybrids and sowing dates on plant height (cm) at maturity 

and days to 50% tasseling  

Treatments 
        Plant height (cm) Days to 50% tasseling 

2016 2017 Mean 2016 2017 Mean 

A) Spring hybrids       

Pioneer-33M15 226.41 a 219.82 a 223.12 52.61 a 51.38 a 52.00 

Monsanto-DK6525 218.98 b 212.43 b 215.71 50.42 b 48.81 b 49.62 

Syngenta-NK8441 212.59 c 205.79 c 209.19 49.59 c 47.63 c 48.61 

LSD 5% 1.83 2.36  0.39 1.05  

Significance ** **  ** **  

B) Sowing dates       

15-January 230.65 b 224.31 b 227.48 62.34 a 60.62 a 61.48 

05-February 239.28 a 232.67 a 235.98 57.02 b 54.99 b 56.01 

25-February 218.99 c 212.03 c 215.51 53.29 c 52.32 c 52.81 

15-March 209.02 d 202.70 d 205.86 42.67 d 41.02 d 41.85 

05-April 198.71 e 191.65 e 195.18 38.98 e 37.35 e 38.17 

LSD 5% 3.73 4.81  0.80 2.13  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 219.34 212.66 216 50.87 49.25 50.06 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.1.1: Relationship between plant height and grain yield of spring maize 
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Figure 4.1.2: Relationship between days to 50% tasseling and grain yield of 

spring maize 
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Statistically minimum days to 50% silking 53.61 days were obtained by Syngenta-

NK8441 during 2016. Maximum days to 50% silking were gained during 2016 as 

compare to 2017. 54.93, 52.82 and 51.29 days to 50% silking were recorded for 

hybrid Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively 

during 2017. Mean values over the hybrids for days to 50% silking were observed 

55.70, 53.54 and 52.45 days by Pioneer-33M15, Monsanto-DK6525 and Syngenta-

NK8441, respectively during both years.  

Sowing dates also influenced on spring maize for taking days to 50% silking during 

both years. Days to 50% silking were more affected at late sowing dates as compare 

to early sowing dates. Sowing date 15-January took statistically highest days to 50% 

silking that were 65.89 days and lowest days to 50% silking 43.11 days were acquired 

by sowing date 05-April during 2016. For other sowing dates 05-February, 25-

February and 15-March, days to 50% silking were took 61.02, 57.34 and 46.56 days, 

respectively during first year. Days to 50% silking were also statistically significant 

affected during second year 2017 that were  64.44, 58.68, 56.14, 45.03 and 40.91 days 

by 15-January, 05-February, 25-February, 15-March and 05-April, respectively. On 

average over the sowing dates during 2016 and 2017, maximum days to 50% silking 

were took 65.17 days at 15-January and minimum were observed 42.01 days at 05-

April sowing date. Interactive effect between spring maize hybrids and sowing dates 

on days to 50% silking was statistically non significant during both years. Overall, 

mean value for days to 50% silking for all spring maize hybrids and sowing dates was 

highest 54.78 days during 2016 and minimum was 53.02 days during 2017. Strong 

positive correlation between days to 50% silking and grain yield was attained during 

2016 (R
2
 = 0.81), 2017 (R

2
 = 0.77) and pool data (R

2
 = 0.80) 2017 (Fig. 4.1.3).  

4.1.1.4 Days to 50% maturity 

Days to 50% physiological maturity of spring maize were affected statistically 

significant by various hybrids and sowing dates in 2016 and 2017 (Table 4.1.2). 

Statistically maximum days to 50% physiological maturity were taken 111.62 days by 

hybrid Pioneer-33M15 and followed 109.19 days by Monsanto-DK6525 and 107.58 

days by Syngenta-NK8441 during 2016. Maximum days to 50% physiological 

maturity were gained during 2016 as compare to 2017. Days to 50% physiological 

maturity 110.58, 107.43 and 106.02 days were recorded for hybrid Pioneer-33M15, 

Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017.  



51 

 

Table 4.1.2: Effect of hybrids and sowing dates on days to 50% silking and days 

to 50% maturity 

Treatments 
Days to 50% silking         Days to 50% maturity 

2016 2017 Mean 2016 2017 Mean 

A) Spring hybrids       

Pioneer-33M15 56.47 a 54.93 a 55.70 111.62 a 110.58 a 111.10 

Monsanto-DK6525 54.25 b 52.82 b 53.54 109.19 b 107.43 b 108.31 

Syngenta-NK8441 53.61 c 51.29 c 52.45 107.58 c 106.02 c 106.80 

LSD 5% 0.48 0.82  0.78 0.52  

Significance ** **  ** **  

B) Sowing dates       

15-January 65.89 a 64.44 a 65.17 124.01 a 122.65 a 123.33 

05-February 61.02 b 58.68 b 59.85 117.62 b 116.31 b 116.97 

25-February 57.34 c 56.14 b 56.74 111.02 c 108.98 c 110.00 

15-March 46.56 d 45.03 c 45.80 99.71 d 98.04 d 98.88 

5-April 43.11 e 40.91 d 42.01 95.03 e 94.00 e 94.52 

LSD 5% 1.07 2.65  1.59 1.07  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 54.78 53.02 53.90 109.47 107.98 108.73 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.1.3: Relationship between days to 50% silking and grain yield of spring 

maize 
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Figure 4.1.4: Relationship between days to 50% maturity and grain yield of 

spring maize 
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Mean values over the hybrids for days to 50% physiological maturity were observed 

111.10, 108.31 and 106.80 days by Pioneer-33M15, Monsanto-DK6525 and 

Syngenta-NK8441, respectively during both years. Sowing dates also influenced on 

spring maize for taking days to 50% physiological maturity during both years. Days to 

50% physiological maturity were more affected at late sowing dates as compare to 

early sowing dates. Sowing date 15-January took statistically highest days to 50% 

physiological maturity that were 124.01 days and lowest days to 50% physiological 

maturity 95.03 days were acquired by sowing date 05-April during 2016. For other 

sowing dates 05-February, 25-February and 15-March, days to 50% physiological 

maturity were took 117.62, 111.02  and 99.71 days, respectively during first year. 

Days to 50% physiological maturity were also statistically significant affected during 

second year 2017 that were 122.65, 116.31, 108.98, 98.04 and 94.00 days by 15-

January, 05-February, 25-February, 15-March and 05-April respectively. On average 

over the sowing dates during 2016 and 2017, maximum days to 50% physiological 

maturity were took 123.33 days at 15-January and minimum were observed 94.52 

days at 05-April sowing date. Overall, average value for days to 50% physiological 

maturity for all spring maize hybrids and sowing dates was highest 109.47 days 

during 2016 and lowest was 107.98 days for the period of 2017.  Interactive effect 

between spring maize hybrids and sowing dates on days to 50% physiological 

maturity was statistically non significant during both years. Fig. 4.1.4 showed that a 

good positive correlation between days to 50% maturity and grain yield was obtained 

during both years and pool data (R
2
 = 0.81). 

4.1.2 GROWTH PARAMETRES 

4.1.2.1 Maximum leaf area index 

Data in table 4.1.3 showed that maximum LAI of spring maize was affected 

statistically significant by spring hybrids and sowing dates during 2016 and 2017. 

Statistically highest maximum leaf area index was attained 3.96 by hybrid Pioneer-

33M15 and followed 3.74 by Monsanto-DK6525 and 3.53 by Syngenta-NK8441 

during 2016. Highest maximum leaf area index was gained during 2016 as compare to 

2017. 3.68, 3.51 and 3.34 maximum leaf area index was recorded for hybrid Pioneer-

33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017.  
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Table 4.1.3: Effect of hybrids and sowing dates on maximum leaf area index 

Treatments 2016 2017 Mean 

A) Spring hybrids    

Pioneer-33M15 3.96 a 3.68 a 3.82 

Monsanto-DK6525 3.74 b 3.51 b 3.63 

Syngenta-NK8441 3.53 c 3.34 c 3.44 

LSD 5% 0.04 0.11  

Significance ** **  

B) Sowing dates    

15-January 4.13 b 3.94 b 4.04 

05-February 4.38 a 4.18 a 4.28 

25-February 3.64 c 3.37 c 3.51 

15-March 3.43 d 3.12 d 3.28 

5-April 3.13 e 2.90 d 3.02 

LSD 5% 0.07 0.21  

Significance ** **  

Interaction (A x B) NS NS  

Mean 3.74 3.51 3.63 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant  
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Figure 4.1.5: Relationship between maximum leaf area index and grain yield of 

spring maize 
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Mean values over the hybrids for maximum leaf area index were observed 3.82, 3.63 

and 3.44 by Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively 

during both years. Sowing dates also influenced on spring maize maximum leaf area 

index during both years. Maximum leaf area index was more affected at late sowing 

dates as compare to early sowing dates. Sowing date 05-February gave statistically 

highest maximum leaf area index that was 4.38 and lowest maximum leaf area index 

3.13 was obtained by sowing date 05-April during 2016. For other sowing dates 15-

January, 25-February and 15-March, maximum leaf area index was 4.38, 3.64 and 

3.43, respectively during first year. Maximum leaf area index was also statistically 

significant affected during second year 2017 that was 3.94, 4.18, 3.37, 3.12 and 2.90 

cm by 15-January, 05-February, 25-February, 15-March and 05-April, respectively. 

On average over the sowing dates during 2016 and 2017, maximum leaf area index 

was 4.04 at 05-February and minimum was observed 3.02 at 05-April. Interactive 

effect between spring maize hybrids and sowing dates was statistically non significant 

during both years. Overall, mean value for all spring maize hybrids and sowing dates 

was highest 3.74 during 2016 and lowest 3.51 during 2017. A strong positive 

correlation between maximum leaf area index and grain yield was obtained during 

2016 (R
2
 = 0.96), 2017 (R

2
 = 0.94) and pool data (R

2
 = 0.95) (Fig. 4.1.5). 

4.1.2.2 Cob girth (cm)  

Cob girth of spring maize was affected statistically significant by various hybrids and 

sowing dates in both years 2016 and 2017 (Table 4.1.4). Statistically highest cob girth 

was attained 3.88 cm by hybrid Pioneer-33M15 and followed 3.59 cm by Monsanto-

DK6525 and 3.30 cm by Syngenta-NK8441 during 2016. Highest cob girth was 

gained during 2016 as compare to 2017. 3.74, 3.45 and 3.19 cm cob girth was 

recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during 2017. Mean values over the hybrids for cob girth were observed 

3.81, 3.52 and 3.25 cm by Pioneer-33M15, Monsanto-DK6525 and Syngenta-

NK8441, respectively during both years.  

Sowing dates also influenced on spring maize cob girth during both years. Cob girth 

was more affected at late sowing dates as compare to early sowing dates. Sowing date 

05-February gave statistically highest cob girth that was 4.08 cm and lowest cob girth 

2.98 cm was obtained by sowing date 05-April during 2016.  
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For other sowing dates 15-January, 25-February and 15-March, cob girth was 3.91, 

3.66 and 3.31 cm, respectively during first year. Cob girth was also statistically 

significant affected during second year 2017 that was 3.77, 3.96, 3.53, 3.17 and 2.88 

cm by 15-January, 05-February, 25-February, 15-March and 05-April, respectively. 

On average over the sowing dates during 2016 and 2017, cob girth was 4.02 cm 

maximum at 05-February and minimum was observed 2.93 cm at 05-April. Overall, 

mean value for all hybrids and sowing dates was highest 3.59 cm during 2016 and 

lowest 3.47 cm during 2017.  Interactive effect between spring maize hybrids and 

sowing dates was statistically non significant during both years. Fig. 4.1.6 indicated 

that a strong positive correlation between cob girth and grain yield was obtained 

during 2016, 2017 and pool data. 

4.1.2.3 Cob length (cm)  

Table 4.1.4 showed that cob length of spring maize was affected statistically 

significant by various hybrids and sowing dates in both years 2016 and 2017. 

Statistically highest cob length was attained 18.30 cm by hybrid Pioneer-33M15 and 

followed 16.69 cm by Monsanto-DK6525 and 15.86 cm by Syngenta-NK8441 during 

2016. Highest cob length was gained during 2016 as compare to 2017. 17.32, 15.74 

and 14.59 cm cob length was recorded for hybrid Pioneer-33M15, Monsanto-DK6525 

and Syngenta-NK8441, respectively during 2017. Mean values over the hybrids for 

cob length were observed 17.81, 16.22 and 15.23 cm by Pioneer-33M15, Monsanto-

DK6525 and Syngenta-NK8441, respectively during both years.  

Sowing dates also influenced on spring maize cob length during both years. Cob 

length was more affected at late sowing dates as compare to early sowing dates. 

Sowing date 05-February gave statistically highest cob length that was 20.06 cm and 

lowest cob length 13.85 cm was obtained by sowing date 05-April during 2016. For 

other sowing dates 15-January, 25-February and 15-March, cob length was 18.29, 

16.95 and 15.62 cm, respectively during first year. Cob length was also statistically 

significant affected during second year 2017 that was 17.18, 18.93, 15.91, 14.59 and 

12.82 cm by 15-January, 05-February, 25-February, 15-March and 05-April, 

respectively. On average over the sowing dates during 2016 and 2017, cob length was 

19.50 cm maximum at 05-February and minimum was observed 13.34 cm at 05-April.  
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Table 4.1.4: Effect of hybrids and sowing dates on cob girth and cob length (cm) 

Treatments 
Cob girth (cm)   Cob length (cm)  

2016 2017 Mean 2016 2017 Mean 

A) Spring hybrids       

Pioneer-33M15 3.88 a 3.74 a 3.81 18.30 a 17.32 a 17.81 

Monsanto-DK6525 3.59 b 3.45 b 3.52 16.69 b 15.74 b 16.22 

Syngenta-NK8441 3.30 c 3.19 c 3.25 15.86 c 14.59 c 15.23 

LSD 5% 0.07 0.09  0.26 0.37  

Significance ** **  ** **  

B) Sowing dates       

15-January 3.91 b 3.77 b 3.84 18.29 b 17.18 b 17.74 

05-February 4.08 a 3.96 a 4.02 20.06 a 18.93 a 19.50 

25-February 3.66 c 3.53 c 3.60 16.95 c 15.91 c 16.43 

15-March 3.31 d 3.17 d 3.24 15.62 d 14.59 d 15.11 

5-April 2.98 e 2.88 e 2.93 13.85 e 12.82 e 13.34 

LSD 5% 0.16 0.19  0.53 0.75  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 3.59 3.47 3.53 16.95 15.89 16.42 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.1.6: Relationship between cob girth and grain yield of spring maize 
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Figure 4.1.7: Relationship between cob length and grain yield of spring maize 
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Interactive effect between spring maize hybrids and sowing dates was statistically non 

significant during both years. Overall, mean value for all spring maize hybrids and 

sowing dates was highest 16.95 cm during 2016 and lowest 15.89 cm during 2017.    

A strong positive relationship between cob length and grain yield was attained during 

both years and pool data (R
2
 = 0.96) (Fig. 4.1.7). 

4.1.3 ANALYSIS OF GROWTH 

4.1.3.1 Leaf area duration (days)  

Leaf area duration of spring maize was affected statistically significant by various 

hybrids and sowing dates in both years 2016 and 2017 (Table 4.1.5). Statistically 

highest leaf area duration was attained 274.81 days by hybrid Pioneer-33M15 and 

followed 265.38 days by Monsanto-DK6525 and 253.62 days by Syngenta-NK8441 

during 2016. Highest leaf area duration was gained during 2016 as compare to 2017. 

266.76, 257.43 and 245.57 days leaf area duration was recorded for hybrid Pioneer-

33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017. Mean 

values over the hybrids for leaf area duration were observed 270.79, 261.41 and 

249.60 days by Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during both years.  

Sowing dates also influenced on spring maize leaf area duration during both years. 

Leaf area duration was more affected at late sowing dates as compare to early sowing 

dates. Sowing date 05-February gave statistically highest leaf area duration that was 

292.31 days and lowest leaf area duration 234.32 days was obtained by sowing date 

05-April during 2016. For other sowing dates 15-January, 25-February and 15-March, 

leaf area duration was 279.02, 266.27 and 250.99 days, respectively during first year. 

Leaf area duration was also statistically significant affected during second year 2017 

that was 270.98, 284.29, 258.34, 243.03 and 226.25 days by 15-January, 05-February, 

25-February, 15-March and 05-April, respectively. On average over the sowing dates 

during 2016 and 2017, leaf area duration was 288.30 days maximum at 05-February 

and minimum was observed 230.29 days at 05-April. Overall, mean value for all 

spring maize hybrids and sowing dates was highest 264.62 days during 2016 and 

lowest 256.57 days during 2017. Interactive effect between spring maize hybrids and 

sowing dates was statistically non significant during both years. Fig. 4.1.8 showed 

that a strong positive correlation between leaf area duration and grain yield was 

gained during 2016 (R
2
 = 0.97), 2017 (R

2
 = 0.98) and pool data (R

2
 = 0.97). 
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4.1.3.2 Net assimilation rate (g m
-2

 d
-1

)  

Table 4.1.5 indicated that net assimilation rate of spring maize was affected 

statistically significant by various hybrids and sowing dates in both years 2016 and 

2017. Statistically highest net assimilation rate was attained 6.68 g m
-2

 d
-1

 by hybrid 

Pioneer-33M15 and followed 6.48 g m
-2

 d
-1

 by Monsanto-DK6525 and 6.31 g m
-2

 d
-1

 

by Syngenta-NK8441 during 2016. Highest net assimilation rate was gained during 

2016 as compare to 2017. 6.64, 6.32 and 6.16 g m
-2

 d
-1

 net assimilation rate was 

recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during 2017.  

Mean values over the hybrids for net assimilation rate were observed 6.66, 6.40 and 

6.24 g m
-2

 d
-1

 by Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during both years. Sowing dates also influenced on spring maize net 

assimilation rate during both years. Net assimilation rate was more affected at late 

sowing dates as compare to early sowing dates. Sowing date 05-February gave 

statistically highest net assimilation rate that was 6.86 g m
-2

 d
-1

 and lowest net 

assimilation rate 6.10 g m
-2

 d
-1

 was obtained by sowing date 05-April during 2016. 

For other sowing dates 15-January, 25-February and 15-March, net assimilation rate 

was 6.69, 6.60 and 6.21 g m
-2

 d
-1

, respectively during first year. Net assimilation rate 

was also statistically significant affected during second year 2017 that was 6.54, 6.81, 

6.52, 6.05 and 5.96 g m
-2

 d
-1

 by 15-January, 05-February, 25-February, 15-March and 

05-April, respectively. On average over the sowing dates during 2016 and 2017, net 

assimilation rate was 6.84 g m
-2

 d
-1

 maximum at 05-February and minimum was 

observed 6.03 days at 05-April. Interactive effect between spring maize hybrids and 

sowing dates was statistically non significant during both years. Overall, mean value 

for all spring maize hybrids and sowing dates was highest 6.49 days during first year 

and lowest 6.37 g m
-2

 d
-1

 during 2017. Strong positive correlation between net 

assimilation rate and grain yield was obtained during years and pool data (Fig. 4.1.9).  

4.1.3.3 Crop growth rate (g m
-2

 d
-1

)  

Crop growth rate of spring maize was affected statistically significantly by various 

hybrids and sowing dates in both years (Table 4.1.6). Statistically highest crop growth 

rate was attained 17.50 g m
-2

 d
-1

 by Pioneer-33M15 and followed 16.81 g m
-2

 d
-1

 by 

Monsanto-DK6525 and 15.98 g m
-2

 d
-1

 by Syngenta-NK8441 during 2016.  
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Table 4.1.5: Effect of hybrids and sowing dates on leaf area duration (days) and 

net assimilation rate (g m
-2 

d
-1

) 

Treatments 

Leaf area duration  

(days) 

Net assimilation rate     

(g m
-2

 d
-1

) 

2016 2017 Mean 2016 2017 Mean 

A) Spring hybrids       

Pioneer-33M15 274.81 a 266.76 a 270.79 6.68 a 6.64 a 6.66 

Monsanto-DK6525 265.38 b 257.43 b 261.41 6.48 b 6.32 b 6.40 

Syngenta-NK8441 253.62 c 245.57 c 249.60 6.31 c 6.16 c 6.24 

LSD 5% 5.23 6.54  0.03 0.06  

Significance ** **  ** **  

B) Sowing dates       

15-January 279.02 b 270.98 b 275.00 6.69 b 6.54 b 6.62 

05-February 292.31 a 284.29 a 288.30 6.86 a 6.81 a 6.84 

25-February 266.27 c 258.34 b 262.31 6.60 c 6.52 b 6.56 

15-March 250.99 d 243.03 c 247.01 6.21 d 6.05 c 6.13 

5-April 234.32 e 226.25 d 230.29 6.10 e 5.96 c 6.03 

LSD 5% 10.65 13.32  0.06 0.11  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 264.62 256.57 260.60 6.49 6.37 6.43 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Table 4.1.6: Effect of hybrids and sowing dates on crop growth rate (g m
-2

 d
-1

) 

Treatments 2016 2017 Mean 

A) Spring hybrids    

Pioneer-33M15 17.50 a 17.09 a 17.30 

Monsanto-DK6525 16.81 b 16.23 b 16.52 

Syngenta-NK8441 15.98 c 15.39 c 15.69 

LSD 5% 0.16 0.13  

Significance ** **  

B) Sowing dates    

15-January 16.21 c 15.62 d 15.92 

05-February 18.05 a 17.66 a 17.86 

25-February 16.89 b 16.52 b 16.71 

15-March 16.62 b 16.01 c 16.32 

5-April 16.05 c 15.39 d 15.72 

LSD 5% 0.32 0.27  

Significance ** **  

Interaction (A x B) NS NS  

Mean 16.76 16.24 16.50 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.1.8: Relationship between leaf area duration and grain yield of spring 

maize 
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Figure 4.1.9: Relationship between net assimilation rate and grain yield of spring 

maize 
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Figure 4.1.10: Relationship between crop growth rate and grain yield of spring 

maize 
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Highest crop growth rate was gained during 2016 as compare to 2017. 17.09, 16.23 

and 15.39 g m
-2

 d
-1

 crop growth rate was recorded for hybrid Pioneer-33M15, 

Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017. Mean values 

over the hybrids for crop growth rate were observed 17.30, 16.52 and 15.69 g m
-2

 d
-1

 

by Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 

both years. Sowing dates also influenced on spring maize crop growth rate during 

both years. Crop growth rate was more affected at late sowing dates as compare to 

early sowing dates.  

Sowing date 05-February gave statistically highest crop growth rate that was 18.05 g 

m
-2

 d
-1

 and lowest crop growth rate 16.05 g m
-2

 d
-1

 was obtained by sowing date 05-

April during 2016. For other sowing dates 15-January, 25-February and 15-March, 

crop growth rate was 16.21, 16.89 and 16.62 g m
-2

 d
-1

, respectively during first year. 

Crop growth rate was also statistically significant affected during second year 2017 

that was 15.62, 17.66, 16.52, 16.01 and 15.39 g m
-2

 d
-1

 by 15-January, 05-February, 

25-February, 15-March and 05-April, respectively. On average over the sowing dates 

during 2016 and 2017, crop growth rate was 17.86 g m
-2

 d
-1

 maximum at 05-February 

and minimum was observed 15.72 g m
-2

 d
-1

 at 05-April. Overall, mean value for all 

spring maize hybrids and sowing dates was highest 16.76 g m
-2

 d
-1

 during 2016 and 

lowest 16.24 g m
-2

 d
-1

 during 2017. During both years, Interactive effect between 

spring maize hybrids and sowing dates was statistically non significant. Fig. 4.1.10 

indicated that a fairly good positive correlation between crop growth rate and grain 

yield was gained during both years and pool data (R
2
 =  0.56). 

4.1.4 COMPONENTS OF GRAIN YIELD 

4.1.4.1 Number of plants m
-2

 at harvesting 

Data in table 4.1.7 showed that effect of spring maize hybrids on number of plants m
-2

 

was statistically non significant during 2016 and 2017. Range value of number of 

plants m
-2

 was 7.12 to 7.14 during 2016 and 7.14 to 7.15 during 2017. Impact of 

sowing dates on spring maize plant population m
-2

 was also statistically non 

significant. Number of plants m
-2

 for sowing dates was ranged from 7.13 to 7.16 and 

7.14 to 7.15 during 2016 and 2017, respectively. Interaction between spring maize 

hybrids and sowing dates was also statistically non significant during both years. 

Overall, grand mean value for plant population m
-2 

of maize was 7.15 during spring 

season. 
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4.1.4.2 Number of grain rows cob
-1

  

Numbers of grain rows per cob of spring maize were affected statistically significant 

by various hybrids and sowing dates in both years 2016 and 2017 (Table 4.1.7). 

Statistically highest numbers of grain rows per cob were attained 15.22 by hybrid 

Pioneer-33M15 and followed 14.80 by Monsanto-DK6525 and 14.32 by Syngenta-

NK8441 during 2016. Highest Numbers of grain rows per cob were gained during 

2016 as compare to 2017. 14.79, 14.28 and 13.67 numbers of grain rows per cob were 

recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during 2017. Mean values over the hybrids for numbers of grain rows per 

cob were observed 15.01, 14.54 and 14.00 by Pioneer-33M15, Monsanto-DK6525 

and Syngenta-NK8441, respectively during both years.  

Sowing dates also influenced on spring maize numbers of grain rows per cob during 

both years. Numbers of grain rows per cob were more affected at late sowing dates as 

compare to early sowing dates. Sowing date 05-February produced statistically 

highest numbers of grain rows per cob that was 15.81 and lowest number of grain 

rows per cob 13.40 was obtained by sowing date 05-April during 2016. For other 

sowing dates 15-January, 25-February and 15-March, numbers of grain rows per cob 

were 15.32, 14.93 and 14.43, respectively during first year. Numbers of grain rows 

per cob were also statistically significant affected during second year 2017 that were 

14.85, 15.29, 14.45, 13.91 and 12.75 by 15-January, 05-February, 25-February, 15-

March and 05-April, respectively. On average over the sowing dates during 2016 and 

2017, Number of grain rows per cob was 15.55 maximum at 05-February and 

minimum was observed 13.08 at 05-April. Interactive effect between spring maize 

hybrids and sowing dates was statistically non significant during both years. Overall, 

mean value for all spring maize hybrids and sowing dates was highest 14.78 during 

2016 and lowest 14.25 during 2017. Strong correlation between number of grain rows 

cob
-1

 and grain yield was obtained during 2016, 2017 and pool data (Fig. 4.1.11).   

4.1.4.3 Number of grains cob
-1 

Results in table 4.1.8 showed that numbers of grains cob
-1

 of spring maize were 

affected statistically significantly by hybrids and sowing dates in both years 2016 and 

2017. Statistically highest were attained 408.65 by Pioneer-33M15 and followed 

394.23 by Monsanto-DK6525 and 380.67 by Syngenta-NK8441 during 2016.  
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Table 4.1.7: Effect of hybrids and sowing dates on number of plants m
-2

 at 

harvesting and number of grain rows cob
-1

 

Treatments 
  Number of plants m

-2
    Number of grain rows cob

-1
 

2016 2017 Mean 2016 2017 Mean 

A) Spring hybrids       

Pioneer-33M15 7.12 7.15 7.14 15.22 a 14.79 a 15.01 

Monsanto-DK6525 7.14 7.15 7.15 14.80 b 14.28 b 14.54 

Syngenta-NK8441 7.14 7.14 7.14 14.32 c 13.67 c 14.00 

LSD 5% 0.03 0.01  0.12 0.15  

Significance NS NS  ** **  

B) Sowing dates       

15-January 7.14 7.15 7.15 15.32 b 14.85 b 15.09 

05-February 7.16 7.15 7.16 15.81 a 15.29 a 15.55 

25-February 7.15 7.14 7.15 14.93 c 14.45 c 14.69 

15-March 7.14 7.14 7.14 14.43 d 13.91 d 14.17 

5-April 7.13 7.14 7.14 13.40 e 12.75 e 13.08 

LSD 5% 0.05 0.02  0.25 0.31  

Significance NS NS  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 7.14 7.15 7.15 14.78 14.25 14.52 

Means sharing different letters in a column differ significantly at P = 0.05 

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.1.11: Relationship between number of grain rows cob
-1

 and grain yield 

of spring maize 
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Highest Numbers of grains per cob were gained during 2016 as compare to 2017. 

397.01, 377.69 and 367.35 numbers of grains per cob were recorded for hybrid 

Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 

2017. Mean values over the hybrids for numbers of grains per cob were observed 

402.83, 385.96 and 374.01 by Pioneer-33M15, Monsanto-DK6525 and Syngenta-

NK8441, respectively during both years.  

Sowing dates also influenced on spring maize numbers of grains per cob during both 

years. Numbers of grains per cob were more affected at late sowing dates as compare 

to early sowing dates. Sowing date 05-February produced statistically highest number 

of grains per cob that was 447.17 and lowest number of grains per cob 344.39 was 

obtained by sowing date 05-April during 2016. For other sowing dates 15-January, 

25-February and 15-March, numbers of grains per cob were 382.94, 430.61 and 

367.50, respectively during first year. Numbers of grains per cob were also 

statistically significant affected during second year 2017 that were 367.78, 433.22, 

416.33, 354.94 and 331.17 by 15-January, 05-February, 25-February, 15-March and 

05-April, respectively. On average over the sowing dates during 2016 and 2017, 

Numbers of grains per cob was 440.20 maximum at 05-February and minimum was 

observed 337.78 at 05-April. Overall, mean value for all spring maize hybrids and 

sowing dates was highest 394.52 during 2016 and lowest 380.69 during 2017. 

Interactive effect between hybrids and sowing dates was statistically non significant 

during both years. Fig. 4.1.12 indicated that a good positive linear correlation between 

number of grains per cob and grain yield was obtained during 2016 (R
2
 = 0.73), 2017 

(R
2
 = 0.71) and pool data (R

2
 = 0.72). 

4.1.4.4 Number of grains m
-2

  

Numbers of grains m
-2

 of spring maize were affected statistically significant by 

various hybrids and sowing dates in both years 2016 and 2017 (Table 4.1.8). 

Statistically highest numbers of grains m
-2

 were attained 2452.01 by hybrid Pioneer-

33M15 and followed 2365.40 by Monsanto-DK6525 and 2283.97 by Syngenta-

NK8441 during 2016. Highest Numbers of grains m
-2

 were gained during 2016 as 

compare to 2017. 2381.98, 2266.21 and 2204.18 numbers of grains m
-2

 were recorded 

for hybrid Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively 

during 2017.  
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Table 4.1.8: Effect of hybrids and sowing dates on number of grains cob
-1

 and 

number of grains m
-2

 

Treatments 
Number of grains cob

-1
         Number of grains m

-2
 

2016 2017 Mean 2016 2017 Mean 

A) Spring hybrids       

Pioneer-33M15 408.65 a 397.01 a 402.83 2452.01 a 2381.98 a 2417.00 

Monsanto-DK6525 394.23 b 377.69 b 385.96 2365.40 b 2266.21 b 2315.81 

Syngenta-NK8441 380.67 c 367.35 c 374.01 2283.97 c 2204.18 c 2244.08 

LSD 5% 2.62 4.45  11.52 18.32  

Significance ** **  ** **  

B) Sowing dates       

15-January 382.94 c 367.78 c 375.36 2297.68 c 2206.72 c 2252.20 

05-February 447.17 a 433.22 a 440.20 2683.03 a 2599.30 a 2641.17 

25-February 430.61 b 416.33 b 423.47 2583.71 b 2497.99 b 2540.85 

15-March 367.50 d 354.94 d 361.22 2205.04 d 2129.70 d 2167.37 

5-April 344.39 e 331.17 e 337.78 2066.29 e 1987.01 e 2026.65 

LSD 5% 5.32 9.06  23.45 37.30  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 394.52 380.69 387.61 2367.10 2283.97 2325.54 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significan 
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Figure 4.1.12: Relationship between number of grains per cob and grain yield of 

spring maize 
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Figure 4.1.13: Relationship between number of grains (m

-2
) and grain yield of 

spring maize 
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Mean values over the hybrids for numbers of grains m
-2

 were observed 2417.00, 

2315.81 and 2244.08 by Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during both years. Sowing dates also influenced on spring maize numbers 

of grains m
-2

 during both years. Numbers of grains m
-2

 were more affected at late 

sowing dates as compare to early sowing dates. Sowing date 05-February produced 

statistically highest number of grains m
-2

 that was 2683.03 and lowest number of 

grains m
-2

 2066.29 was obtained by sowing date 05-April during 2016. For other 

sowing dates 15-January, 25-February and 15-March, numbers of grains m
-2

 were 

2297.68, 2583.71 and 2205.04, respectively during first year. Numbers of grains m
-2

 

were also statistically significant affected during second year 2017 that were 2206.72, 

2599.30, 2497.99, 2129.70 and 1987.01 by 15-January, 05-February, 25-February, 15-

March and 05-April, respectively. On average over the sowing dates during 2016 and 

2017, numbers of grains m
-2

 was 2641.17 maximum at 05-February and minimum 

was observed 2026.65 at 05-April. Interactive effect between spring maize hybrids 

and sowing dates was statistically non significant during both years. Overall, average 

value for all hybrids and sowing dates was highest 2367.10 during first year and 

lowest 2283.97 during second year of study. A good positive relationship between 

number of grains m
-2

 and grain production was attained during 2016 (R
2
 = 0.73), 2017 

(R
2
 = 0.71) and pool data (Fig. 4.1.13).   

4.1.4.5 Thousand grain weight (g)  

Data in table 4.1.9 showed that thousand grain weight of spring maize was affected 

statistically significant by various hybrids and sowing dates in both years 2016 and 

2017. Statistically maximum thousand grain weight was attained 287.62 g by hybrid 

Pioneer-33M15 and followed 271.58 g by Monsanto-DK6525 and 253.81 g by 

Syngenta-NK8441 during 2016. Maximum thousand grain weight was gained during 

2016 as compare to 2017. 280.98, 262.21 and 241.60 g thousand grain weight was 

recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during 2017. Mean values over the hybrids for thousand grain weight 

were observed 284.30, 266.90 and 247.71 g Pioneer-33M15, Monsanto-DK6525 and 

Syngenta-NK8441, respectively during both years. Sowing dates also influenced on 

spring maize thousand grain weight during both years. Thousand grain weight was 

more affected at late sowing dates as compare to early sowing dates.  
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Sowing date 15-January produced statistically highest thousand grain weight that was 

320.65 g and lowest thousand grain weight 223.60 g was obtained by sowing date 05-

April during 2016. For other sowing dates 05-February, 25-February and 15-March, 

thousand grain weight was 311.98, 259.31 and 239.28 g, respectively during first 

year. Thousand grain weight was also statistically significant affected during second 

year 2017 that was  312.30, 304.67, 247.65, 227.34 and 215.99 g by 15-January, 05-

February, 25-February, 15-March and 05-April, respectively. On average over the 

sowing dates during 2016 and 2017, maximum thousand grain weight was 316.48 g at 

15-January and minimum was observed 219.80 g at 05-April. Overall, mean value for 

all spring maize hybrids and sowing dates was highest 271.02 g during 2016 and 

minimum 261.59 g during 2017. During both years, Interactive effect between spring 

maize hybrids and sowing dates was statistically non significant. Fig. 4.1.14 indicated 

that a strong positive linear correlation between thousand grain weight and grain yield 

was obtained during both years and pool data (R
2
 = 0.87). 

4.1.4.6 Grain yield (kg ha
-1

) 

Grain yield of spring maize was affected statistically significant by various hybrids 

and sowing dates in both years 2016 and 2017 (Table 4.1.9). Statistically maximum 

grain yield was attained 7099.23 kg ha
-1

 by hybrid Pioneer-33M15 and followed 

6478.01 kg ha
-1

 by Monsanto-DK6525 and 5853.12 kg ha
-1

 by Syngenta-NK8441 

during 2016. Maximum grain yield was gained during 2016 as compare to 2017. 

6737.69, 5994.58 and 5382.47 kg ha
-1

 grain yield was recorded for hybrid Pioneer-

33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017. Mean 

values over the hybrids for grain yield were observed 6918.4, 6236.30 and 5617.80 kg 

ha
-1

 Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 

both years. Sowing dates also influenced on spring maize grain yield during both 

years. Grain yield was more affected at late sowing dates as compare to early sowing 

dates. Sowing date 05-February produced statistically highest grain yield that was 

8378.98 kg ha
-1

 and lowest grain yield 4631.13 kg ha
-1

 was obtained by sowing date 

05-April during 2016. For other sowing dates 15-January, 25-February and 15-March, 

grain yield was 7375.40, 6709.03 and 5289.28 kg ha
-1

, respectively during first year. 

Grain yield was also statistically significant affected during second year 2017 that was 

6899.62, 7927.51, 6202.18, 4861.49 and 4300.37 kg ha
-1

 by 15-January, 05-February, 

25-February, 15-March and 05-April, respectively.  
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Table 4.1.9: Effect of hybrids and sowing dates on thousand grain weight (g) and 

grain yield (kg ha
-1

) 

Treatments 
Thousand grain weight (g) Grain yield (kg ha

-1
) 

2016 2017 Mean 2016 2017 Mean 

A) Spring hybrids       

Pioneer-33M15 287.62 a 280.98 a 284.30 7099.23 a 6737.69 a 6918.46 

Monsanto-DK6525 271.58 b 262.21 b 266.90 6478.01 b 5994.58 b 6236.30 

Syngenta-NK8441 253.81 c 241.60 c 247.71 5853.12 c 5382.47 c 5617.80 

LSD 5% 2.88 3.67  130.88 104.71  

Significance ** **  ** **  

B) Sowing dates       

15-January 320.65 a 312.30 a 316.48 7375.40 b 6899.62 b 7137.51 

05-February 311.98 b 304.67 b 308.33 8378.98 a 7927.51 a 8153.25 

25-February 259.31 c 247.65 c 253.48 6709.03 c 6202.18 c 6455.61 

15-March 239.28 d 227.34 d 233.31 5289.28 d 4861.49 d 5075.39 

5-April 223.60 e 215.99 e 219.80 4631.13 e 4300.37 e 4465.75 

LSD 5% 5.87 7.46  266.45 213.16  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 271.02 261.59 266.31 6476.81 6038.23 6257.52 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively;  

NS = Non-significant 
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Figure 4.1.14: Relationship between 1000-grain weight and grain yield of spring 

maize 
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On average over the sowing dates during 2016 and 2017, maximum grain yield was 

8153.25 kg ha
-1

 at 05-February and minimum was observed 4465.75 kg ha
-1

 at 05-

April. Interactive effect between spring maize hybrids and sowing dates was 

statistically non significant during both years. Overall, mean value for all spring 

maize hybrids and sowing dates was highest 6476.81 kg ha
-1

 during 2016 and 

minimum 6038.23 kg ha
-1

 during 2017. A strong positive correlation between yield 

parameters and grain yield was gained during years and pool data (Figs. 4.1.1-20). 

4.1.4.7 Total dry matter (kg ha
-1

)  

Biomass of spring maize was affected statistically significant by various hybrids and 

sowing dates in both years 2016 and 2017 (Table 4.1.10). Statistically maximum total 

dry matter was attained 16659 kg ha
-1

 by hybrid Pioneer-33M15 and followed 15558 

kg ha
-1

 by Monsanto-DK6525 and 14445 kg ha
-1

 by Syngenta-NK8441 during 2016. 

Maximum total dry matter was gained during 2016 as compare to 2017. 16055, 14692 

and 13617 kg ha
-1

 total dry matter was recorded for hybrid Pioneer-33M15, 

Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017. Mean values 

over the hybrids for biomass were observed 16357, 15125 and 14031 kg ha
-1

 Pioneer-

33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during both years.  

Sowing dates also influenced on spring maize total dry matter during both years. Total 

dry matter was more affected at late sowing dates as compare to early sowing dates. 

Sowing date 05-February produced statistically highest total dry matter that was 

18194 kg ha
-1

 and lowest total dry matter 12803 kg ha
-1

 was obtained by sowing date 

05-April during 2016. For other sowing dates 15-January, 25-February and 15-March, 

total dry matter was 16895, 15881 and 13997 kg ha
-1

, respectively during first year. 

Total dry matter was also statistically significant affected during second year 2017 

that was 15984, 17543, 15195, 13169 and 12048 kg ha
-1

 by 15-January, 05-February, 

25-February, 15-March and 05-April, respectively. On average over the sowing dates 

during 2016 and 2017, maximum total dry matter was 17869 kg ha
-1

 at 05-February 

and minimum was observed 12426 kg ha
-1

 at 05-April. Overall, mean value for all 

spring maize hybrids and sowing dates was highest 15554 kg ha
-1

 during 2016 and 

minimum 14788 kg ha
-1

 during 2017. Interactive effect between spring maize hybrids 

and sowing dates was statistically non significant during both years. Fig. 4.1.15 

indicated that a strong positive relationship between total dry matter and grain yield 

was obtained during 2016 (R
2
 = 0.99), 2017 (R

2
 = 0.98) and pool data (R

2
 = 0.99). 
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4.1.4.8 Harvest index (%)  

HI of spring maize was affected statistically significant by various hybrids and sowing 

dates in both years 2016 and 2017 (Table 4.1.10). Statistically maximum harvest 

index was attained 42.22% by hybrid Pioneer-33M15 and followed 41.19% by 

Monsanto-DK6525 and 40.03% by Syngenta-NK8441 during 2016. Maximum 

harvest index was gained during 2016 as compare to 2017. 41.57, 40.30 and 38.96% 

harvest index was recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and 

Syngenta-NK8441, respectively during 2017. Mean values over the hybrids for 

harvest index were observed 41.90, 40.75 and 39.50 kg ha
-1

 Pioneer-33M15, 

Monsanto-DK6525 and Syngenta-NK8441, respectively during both years.  

Sowing dates also influenced on spring maize harvest index during both years. 

Harvest index was more affected at late sowing dates as compare to early sowing 

dates. Sowing date 05-February produced statistically highest harvest index that was 

46.03% and lowest harvest index 36.08% was obtained by sowing date 05-April 

during 2016. For other sowing dates 15-January, 25-February and 15-March, harvest 

index was 43.61, 42.19 and 37.71%, respectively during first year. Harvest index was 

also statistically significant affected during second year 2017 that was 43.12, 45.15, 

40.72, 36.78 and 35.61% kg ha
-1

 by 15-January, 05-February, 25-February, 15-March 

and 05-April, respectively. On average over the sowing dates during 2016 and 2017, 

maximum harvest index was 45.59% at 05-February and minimum was observed 

35.85% at 05-April. Interactive effect between spring maize hybrids and sowing dates 

was statistically non significant during both years. Overall, mean value for all spring 

maize hybrids and sowing dates was obtained highest 41.13% during 2016 and 

minimum 40.28% during 2017. A strong positive linear correlation between harvest 

index and grain yield was attained for the period of year 2016, 2017 and pool data   

(R
2
 = 0.98) (Fig. 4.1.16).  

4.1.5 GROWTH AND INTERCEPTED RADIATION 

4.1.5.1 Fraction of intercepted radiation (Fi)  

Results in table 4.1.11 indicated that fraction of intercepted radiation (Fi) of spring 

maize was affected statistically significant by various hybrids and sowing dates in 

both years 2016 and 2017. Statistically maximum Fi value was attained 0.934 by 

hybrid Pioneer-33M15 and followed 0.923 by Monsanto-DK6525 and 0.911 by 

Syngenta-NK8441 during 2016. Maximum Fraction of intercepted radiation (Fi) was 

gained during 2016 as compare to 2017.  
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Table 4.1.10: Effect of hybrids and sowing dates on total dry matter (kg ha
-1

) and 

harvest index (%) 

Treatments 
Total dry matter (kg ha

-1
)       Harvest index (%) 

2016 2017 Mean 2016 2017 Mean 

A) Spring hybrids       

Pioneer-33M15 16659 a 16055 a 16357 42.22 a 41.57 a 41.90 

Monsanto-DK6525 15558 b 14692 b 15125 41.19 b 40.30 b 40.75 

Syngenta-NK8441 14445 c 13617 c 14031 40.03 c 38.96 c 39.50 

LSD 5% 79 131  0.52 0.79  

Significance ** **  ** **  

B) Sowing dates       

15-January 16895 b 15984 b 16440 43.61 b 43.12 b 43.37 

05-February 18194 a 17543 a 17869 46.03 a 45.15 a 45.59 

25-February 15881 c 15195 c 15538 42.19 c 40.72 c 41.46 

15-March 13997 d 13169 d 13583 37.71 d 36.78 d 37.25 

5-April 12803 e 12048 e 12426 36.08 e 35.61 d 35.85 

LSD 5% 160 267  1.07 1.61  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 15554 14788 15171 41.13 40.28 40.71 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.1.15: Relationship between total biomass and grain yield of spring 

maize 

(a)

4000

5000

6000

7000

8000

9000

(b)

G
ra

in
  y

ie
ld

  (
kg

  h
a-1

)

4000

5000

6000

7000

8000

(c)

Total  biomass  (kg  ha
-1

)

12000 14000 16000 18000

4000

5000

6000

7000

8000

Pool 1;1 Lines20172016

y = 6160.71 + 1.45x

R
2
 = 0.99

y = 5648.95 + 1.51x

R
2
 = 0.98

y = 5839.61 + 1.49x

R
2
 = 0.99



85 

 

 

Figure 4.1.16: Relationship between harvest index and grain yield of spring 

maize 
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Fi values were 0.920, 0.909 and 0.898 recorded for hybrid Pioneer-33M15, 

Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017. Mean values 

over the hybrids for Fi were observed 0.927, 0.916 and 0.905 Pioneer-33M15, 

Monsanto-DK6525 and Syngenta-NK8441, respectively during both years.  

Sowing dates also influenced on spring maize fraction of intercepted radiation (Fi) 

during both years. Fraction of intercepted radiation (Fi) was more affected at late 

sowing dates as compare to early sowing dates. Sowing date 05-February gave 

statistically highest fraction of intercepted radiation (Fi) that was 0.953 and lowest 

fraction of intercepted radiation (Fi) 0.887 was obtained by sowing date 05-April 

during 2016. For other sowing dates 15-January, 25-February and 15-March, Fi was 

0.944, 0.921 and 0.909, respectively during first year. Fraction of intercepted 

radiation (Fi) was also statistically significant affected during second year 2017 that 

was 0.937, 0.946, 0.905, 0.887 and 0.871 by 15-January, 05-February, 25-February, 

15-March and 05-April, respectively. On average over the sowing dates during 2016 

and 2017, maximum Fi value was 0.950 at 05-February and minimum was observed 

0.879 at 05-April. Overall, mean value for all spring maize hybrids and sowing dates 

was highest 0.923 during 2016 and minimum 0.909 during 2017. Interactive effect 

between hybrids and sowing dates was statistically non significant during both years 

of study. Fig. 4.1.17 showed that a strong positive linear correlation between fraction 

of intercepted radiation and grain yield was obtained during 2016 (R
2
 = 0.96), 2017 

(R
2
 = 0.96) and pool data (R

2
 = 0.93). 

4.1.5.2 Cumulative intercepted PAR (MJ m
-2

)  

Cumulative intercepted PAR of spring maize was affected statistically significant by 

various hybrids and sowing dates in both years 2016 and 2017 (Table 4.1.11). 

Statistically maximum cumulative intercepted PAR value was attained 644.21 MJ m
-2

 

by hybrid Pioneer-33M15 and followed 631.57 MJ m
-2

 by Monsanto-DK6525 and 

615.83 by Syngenta-NK8441 during 2016. Maximum cumulative intercepted PAR 

was gained during 2016 as compare to 2017. 633.18, 620.62 and 604.79 MJ m
-2 

values were recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and Syngenta-

NK8441, respectively during 2017. Mean values over the hybrids for cumulative 

intercepted PAR were observed 638.70, 626.10 and 610.31 MJ m
-2 

by Pioneer-

33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during both years.  
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Table 4.1.11: Effect of hybrids and sowing dates on fraction of intercepted 

radiation (Fi) and cumulative intercepted PAR (MJ m
-2

) 

Treatments 

Fraction of intercepted 

radiation (Fi) 

Cumulative intercepted PAR  

(MJ m
-2

) 

2016 2017 Mean 2016 2017 Mean 

A) Spring hybrids       

Pioneer-33M15 0.934 a 0.920 a 0.927 644.21 a 633.18 a 638.70 

Monsanto-DK6525 0.923 b 0.909 b 0.916 631.57 b 620.62 b 626.10 

Syngenta-NK8441 0.911 c 0.898 c 0.905 615.83 c 604.79 c 610.31 

LSD 5% 0.004 0.005  3.67 1.83  

Significance ** **  ** **  

B) Sowing dates       

15-January 0.944 b 0.937 a 0.941 648.65 b 637.68 b 643.17 

05-February 0.953 a 0.946 a 0.950 663.01 a 651.99 a 657.50 

25-February 0.921 c 0.905 b 0.913 632.70 c 621.65 c 627.18 

15-March 0.909 d 0.887 c 0.898 611.34 d 600.28 d 605.81 

5-April 0.887 e 0.871 d 0.879 596.98 e 586.01 e 591.50 

LSD 5% 0.008 0.011  7.46 3.73  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 0.923 0.909 0.916 630.54 619.48 625.01 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.1.17: Relationship between fraction of intercepted radiation and grain 

yield of spring maize 
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Figure 4.1.18: Relationship between cumulative PAR and grain yield of spring 

maize 
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Sowing dates also influenced on spring maize cumulative intercepted PAR during 

both years. Cumulative intercepted PAR was more affected at late sowing dates as 

compare to early sowing dates. Sowing date 05-February gave statistically highest 

cumulative intercepted PAR that was 663.01 MJ m
-2 

and lowest cumulative 

intercepted PAR 596.98 MJ m
-2 

was obtained by sowing date 05-April during 2016. 

For other sowing dates 15-January, 25-February and 15-March, cumulative 

intercepted PAR was 648.65, 632.70 and 611.34 MJ m
-2

, respectively during first 

year. Cumulative intercepted PAR was also statistically significant affected during 

second year 2017 that was 637.68, 651.99, 621.65, 600.28 and 586.01 MJ m
-2 

by 15-

January, 05-February, 25-February, 15-March and 05-April, respectively. On average 

over the sowing dates during 2016 and 2017, maximum cumulative intercepted PAR 

value was 657.50 MJ m
-2 

at 05-February and minimum was observed 591.50 MJ m
-2 

at 05-April. Interactive effect between spring maize hybrids and sowing dates was 

statistically non significant during both years. Overall, mean value for all hybrids and 

sowing dates was maximum 630.54 MJ m
-2

 during 2016 and minimum 619.48 MJ m
-2

 

during 2017. A strong positive linear correlation between cumulative intercepted PAR 

and grain yield was obtained during both years and pool data (R
2
 = 0.99) (Fig. 4.1.18).  

4.1.5.3 Radiation use efficiency for TDM (g MJ
-1

)  

RUETDM of spring maize was affected statistically significant by various hybrids and 

sowing dates in both years 2016 and 2017 (Table 4.1.12). Statistically maximum 

RUETDM value was attained 2.59 g MJ
-1

 by hybrid Pioneer-33M15 and followed 2.46 

g MJ
-1

 by Monsanto-DK6525 and 2.34 g MJ
-1 

by Syngenta-NK8441 during 2016. 

Maximum RUETDM was gained during 2016 as compare to 2017. 2.53, 2.36 and 2.25 

g MJ
-1 

values were recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and 

Syngenta-NK8441, respectively during 2017. Mean values over the hybrids for 

RUETDM were observed 2.56, 2.41 and 2.30 g MJ
-1 

by Pioneer-33M15, Monsanto-

DK6525 and Syngenta-NK8441, respectively during both years.  

Sowing dates also influenced on spring maize RUETDM during both years. RUETDM 

was more affected at late sowing dates as compare to early sowing dates. Sowing date 

05-February gave statistically highest RUETDM that was 2.74 g MJ
-1 

and lowest 

RUETDM 2.14 g MJ
-1 

was obtained by sowing date 05-April during 2016. For other 

sowing dates 15-January, 25-February and 15-March, RUETDM was 2.60, 2.51 and 

2.29 g MJ
-1

, respectively during first year.  
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RUETDM was also statistically significant affected during second year 2017 that was 

2.51, 2.69, 2.44, 2.19 and 2.05 g MJ
-1 

by 15-January, 05-February, 25-February, 15-

March and 05-April, respectively. On average over the sowing dates during 2016 and 

2017, maximum RUETDM value was 2.72 g MJ
-1 

at 05-February and minimum was 

observed 2.10 g MJ
-1 

at 05-April. Overall, mean value for all spring maize hybrids and 

sowing dates was highest 2.46 g MJ
-1

 during 2016 and minimum 2.40 g MJ
-1

 during 

2017. Interactive effect between spring maize hybrids and sowing dates was 

statistically non significant during both years of research. Strong positive correlation 

between RUETDM and grain yield was gained during years and pool data (Fig. 4.1.19). 

4.1.5.4 Radiation use efficiency for grain yield (g MJ
-1

)  

RUEGY of spring maize was affected statistically significant by various hybrids and 

sowing dates in both years 2016 and 2017 (Table 4.1.12). Statistically maximum 

RUEGY value was attained 1.09 g MJ
-1

 by hybrid Pioneer-33M15 and followed 1.02 g 

MJ
-1

 by Monsanto-DK6525 and 0.94 g MJ
-1 

by Syngenta-NK8441 during 2016. 

Maximum RUEGY was gained during 2016 as compare to 2017. 1.06, 0.96 and 0.88 g 

MJ
-1 

values were recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and 

Syngenta-NK8441, respectively during 2017. Mean values over the hybrids for 

RUEGY were observed 1.08, 0.99 and 0.91 g MJ
-1 

by Pioneer-33M15, Monsanto-

DK6525 and Syngenta-NK8441, respectively during both years.  

Sowing dates also influenced on spring maize RUEGY during both years. RUEGY was 

more affected at late sowing dates as compare to early sowing dates. Sowing date 05-

February gave statistically highest RUEGY that was 1.26 g MJ
-1 

and lowest RUEGY 

0.77 g MJ
-1 

was obtained by sowing date 05-April during 2016. For other sowing 

dates 15-January, 25-February and 15-March, RUEGY was 1.14, 1.06 and 0.86 g MJ
-1

, 

respectively during first year. RUEGY was also statistically significant affected during 

second year 2017 that was 1.08, 1.21, 1.01, 0.80 and 0.73 g MJ
-1 

by 15-January, 05-

February, 25-February, 15-March and 05-April, respectively. On average over the 

sowing dates during 2016 and 2017, maximum RUEGY value was 1.24 g MJ
-1 

at 05-

February and minimum was observed 0.75 g MJ
-1 

at 05-April. Interactive effect was 

statistically non significant during both years. Overall, average value for hybrids and 

sowing dates was highest 1.02 g MJ
-1

 during 2016 and minimum 0.97 g MJ
-1

 during 

2017. Fig. 4.1.20 indicated that a strong positive linear correlation between RUEGY 

and grain yield was obtained during 2016, 2017 and pool data (R
2
 = 0.99).   
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Table 4.1.12: Effect of hybrids and sowing dates on radiation use efficiency for 

final total dry matter and grain yield (g MJ
-1

) 

Treatments 
         RUETDM  (g MJ

-1
)          RUEGY  (g MJ

-1
) 

2016 2017 Mean 2016 2017 Mean 

A) Spring hybrids       

Pioneer-33M15 2.59 a 2.53 a 2.56 1.09 a 1.06 a 1.08 

Monsanto-DK6525 2.46 b 2.36 b 2.41 1.02 b 0.96 b 0.99 

Syngenta-NK8441 2.34 c 2.25 c 2.30 0.94 c 0.88 c 0.91 

LSD 5% 0.03 0.05  0.02 0.04  

Significance ** **  ** **  

B) Sowing dates       

15-January 2.60 b 2.51 b 2.56 1.14 b 1.08 b 1.11 

05-February 2.74 a 2.69 a 2.72 1.26 a 1.21 a 1.24 

25-February 2.51 c 2.44 b 2.48 1.06 c 1.01 b 1.04 

15-March 2.29 d 2.19 c 2.24 0.86 d 0.80 c 0.83 

5-April 2.14 e 2.05 d 2.10 0.77 e 0.73 d 0.75 

LSD 5% 0.05 0.11  0.04 0.07  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 2.46 2.40 2.43 1.02 0.97 1.00 

Means sharing different letters in a column differ significantly at P = 0.05 

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.1.19: Relationship between RUETDM and grain yield of spring maize 
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Figure 4.1.20: Relationship between RUEGY and grain yield of spring maize 
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4.2  EXPERIMENT-II  (SPRING SEASON) 

         EFFECT OF NITROGEN LEVELS AND HYBRIDS ON PHENOLOGY   

         GROWTH, GRAIN YIELD AND RADIATION-USE-EFFICIENCY OF  

         SPRING MAIZE 

4.2.1 CROP DEVELOPMENT 

4.2.1.1 Plant height (cm) 

Plant height of spring maize was affected statistically significant by various hybrids 

and nitrogen levels in both years 2016 and 2017 (Table 4.2.1). Statistically maximum 

plant height was attained 197.58 cm by hybrid Pioneer-33M15 and followed 191.02 

cm by Monsanto-DK6525 and 183.19 cm by Syngenta-NK8441 during 2016. 

Maximum plant height was gained during 2016 as compare to 2017. 192.23, 185.40 

and 177.62 cm plant height was recorded for hybrid Pioneer-33M15, Monsanto-

DK6525 and Syngenta-NK8441, respectively during 2017. Mean values over the 

hybrids for plant height were observed 194.91, 188.20 and 180.41 cm              

Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during both 

years.  

Nitrogen levels also influenced on spring maize plant height during both years. Plant 

height was more affected negatively at low nitrogen levels as compare to high 

nitrogen levels. Nitrogen treatment N4 (320 kg ha
-1

) produced statistically highest 

plant height that was 243.59 cm and lowest plant height 120.97 cm was obtained by 

nitrogen level N0 (0 kg ha
-1

) during 2016. For other nitrogen levels N1 (80 kg ha
-1

), N2 

(160 kg ha
-1

) and N3 (240 kg ha
-1

), plant height was 168.01, 193.70 and 226.66 cm, 

respectively during first year. Plant height was also statistically significant affected 

during second year 2017 that was 115.02, 162.65, 188.32, 221.28 and 238.03 cm by 

N0, N1, N2, N3 and N4, respectively. On average over the nitrogen levels during 2016 

and 2017, maximum plant height was 240.81 cm at N4 treatment and minimum was 

observed 118.00 cm at N0 treatment. Interactive effect between spring maize hybrids 

and nitrogen levels was statistically non significant during both years. Overall, mean 

value for all spring maize hybrids and nitrogen levels was highest 190.60 cm during 

2016 and minimum 185.07 cm during 2017. Fig. 4.2.1 indicated that a strong positive 

linear correlation between plant height and grain yield was obtained during year 2016 

(R
2
 = 0.99), 2017(R

2
 = 0.98) and pool data (R

2
 = 0.99).   
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4.2.1.2 Days to 50% tasseling   

Data in table 4.2.1 indicated that days to 50% tasseling of spring maize was affected 

statistically significant by various hybrids and nitrogen levels in both years 2016 and 

2017. Statistically maximum days to 50% tasseling were attained 55.40 days by 

hybrid Pioneer-33M15 and followed 54.19 days by Monsanto-DK6525 and 52.82 

days by Syngenta-NK8441 during 2016. Maximum days to 50% tasseling were 

gained during 2016 as compare to 2017. 54.01, 52.78 and 51.61 days to 50% tasseling 

was recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during 2017. Mean values over the hybrids for days to 50% tasseling 

were observed 54.71, 53.49 and 52.22 days Pioneer-33M15, Monsanto-DK6525 and 

Syngenta-NK8441, respectively during both years.  

Nitrogen levels also influenced on spring maize days to 50% tasseling during both 

years. Days to 50% tasseling was more affected negatively at low nitrogen levels as 

compare to high nitrogen levels. Nitrogen treatment N4 (320 kg ha
-1

) took statistically 

highest days to 50% tasseling that was 56.64 days and lowest days to 50% tasseling 

51.65 days was obtained by nitrogen level N0 (0 kg ha
-1

) during 2016. For other 

nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), days to 50% 

tasseling was 53.01, 53.97 and 55.32 days, respectively during first year. Days to 50% 

tasseling was also statistically significant affected during second year 2017 that was 

50.02, 51.98, 53.00, 54.02 and 54.99 days by N0, N1, N2, N3 and N4, respectively. On 

average over the nitrogen levels during 2016 and 2017, maximum days to 50% 

tasseling was 55.82 days at N4 treatment and minimum was observed 50.84 days at N0 

treatment. Overall, mean value for all spring maize hybrids and nitrogen levels was 

highest 54.13 days during 2016 and minimum 52.80 days during 2017. Interactive 

effect was statistically non significant. A strong positive correlation between days to 

tasseling and grain yield was gained during both years and pool data (Fig. 4.2.2). 

4.2.1.3 Days to 50% silking    

Results in table 4.2.2 showed that days to 50% silking of spring maize was affected 

statistically significant by various hybrids and nitrogen levels in both years 2016 and 

2017. Statistically maximum days to 50% silking were attained 59.41 days by hybrid 

Pioneer-33M15 and followed 58.19 days by Monsanto-DK6525 and 56.78 days by 

Syngenta-NK8441 during 2016.  
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Table 4.2.1: Effect of hybrids and nitrogen levels on plant height (cm) at       

maturity and days to 50% tasseling 

Treatments 
Plant height (cm) Days to 50% tasseling 

2016 2017 Mean 2016 2017 Mean 

A) Spring Hybrids       

Pioneer-33M15 197.58 a 192.23 a 194.91 55.40 a 54.01 a 54.71 

Monsanto-DK6525 191.02 b 185.40 b 188.20 54.19 b 52.78 b 53.49 

Syngenta-NK8441 183.19 c 177.62 c 180.41 52.82 c 51.61 c 52.22 

LSD 5% 2.62 3.14  0.21 0.31  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 120.97 e 115.02 e 118.00 51.65 e 50.02 e 50.84 

N1 = 80 Kg ha
-1

 168.01 d 162.65 d 165.33 53.01 d 51.98 d 52.50 

N2 = 160 Kg ha
-1

 193.70 c 188.32 c 191.01 53.97 c 53.00 c 53.49 

N3 = 240 Kg ha
-1

 226.66 b 221.28 b 223.97 55.32 b 54.02 b 54.67 

N4 = 320 Kg ha
-1

 243.59 a 238.03 a 240.81 56.64 a 54.99 a 55.82 

LSD 5% 5.33 6.41  0.43 0.64  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 190.60 185.07 187.84 54.13 52.80 53.47 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively  

NS = Non-significant 

 

  



98 

 

 

Figure 4.2.1: Relationship between plant height and grain yield of spring maize 
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Figure 4.2.2: Relationship between days to 50% tasseling and grain yield of 

spring maize 
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Maximum days to 50% silking was gained during 2016 as compare to 2017. 57.80, 

56.62 and 54.93 days to 50% silking was recorded for hybrid Pioneer-33M15, 

Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017. Mean values 

over the hybrids for days to 50% silking were observed 58.61, 57.41 and 55.86 days 

Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during both 

years.  

Nitrogen levels also influenced on spring maize days to 50% silking during both 

years. Days to 50% silking was more affected negatively at low nitrogen levels as 

compare to high nitrogen levels. Nitrogen treatment N4 (320 kg ha
-1

) took statistically 

highest days to 50% silking that was 60.67 days and lowest days to 50% silking 55.67 

days was obtained by nitrogen level N0 (0 kg ha
-1

) during 2016. For other nitrogen 

levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), days to 50% silking was 

57.00, 57.99 and 59.32 days, respectively during first year. Days to 50% silking was 

also statistically significant affected during second year 2017 that was 53.51, 55.48, 

56.83, 57.81 and 58.50 days by N0, N1, N2, N3 and N4, respectively. On average over 

the nitrogen levels during 2016 and 2017, maximum days to 50% silking was 59.60 

days at N4 treatment and minimum was observed 54.59 days at N0 treatment. 

Interactive effect between spring maize hybrids and nitrogen levels was statistically 

non significant during both years. Overall, mean value for all spring maize hybrids 

and nitrogen levels was highest 58.15 days during first year and lowest 56.43 days 

during second year of study. A good positive linear correlation between days to 50% 

silking and grain yield was attained during 2016 (R
2
 = 0.81), 2017 (R

2
 = 0.86) and 

pool data (R
2
 = 0.70) (Fig. 4.2.3). 

4.2.1.4 Days to 50% maturity     

Days to 50% physiological maturity of spring maize was affected statistically 

significant by various hybrids and nitrogen levels in both years 2016 and 2017 (Table 

4.2.2). Statistically maximum days to 50% physiological maturity were attained 

116.97 days by hybrid Pioneer-33M15 and followed 115.03 days by Monsanto-

DK6525 and 113.80 days by Syngenta-NK8441 during 2016. Maximum days to 50% 

physiological maturity was gained during 2016 as compare to 2017. 115.61, 113.82 

and 112.99 days to 50% physiological maturity was recorded for hybrid Pioneer-

33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017.  
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Table 4.2.2: Effect of hybrids and nitrogen levels on days to 50% silking and 

days to 50% maturity 

Treatments 
Days to 50% silking Days to 50% maturity 

2016 2017 Mean 2016 2017 Mean 

A) Spring Hybrids       

Pioneer-33M15 59.41 a 57.80 a 58.61 116.97 a 115.61 a 116.29 

Monsanto-DK6525 58.19 b 56.62   b 57.41 115.03 b 113.82 b 114.43 

Syngenta-NK8441 56.78 c 54.93 c 55.86 113.80 c 112.99 c 113.40 

LSD 5% 0.22 0.29  0.39 0.26  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 55.67 e 53.51 e 54.59 112.98 e 111.32 e 112.15 

N1 = 80 Kg ha
-1

 57.00 d 55.48 d 56.24 114.35 d 113.29 d 113.82 

N2 = 160 Kg ha
-1

 57.99 c 56.83 c 57.41 115.27 c 114.35 c 114.81 

N3 = 240 Kg ha
-1

 59.32 b 57.81 b 58.57 116.31 b 115.27 b 115.79 

N4 = 320 Kg ha
-1

 60.67 a 58.50 a 59.60 117.29 a 116.02 a 116.68 

LSD 5% 0.45 0.59  0.80 0.53  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 58.15 56.43 57.29 115.26 114.07 114.67 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.2.3: Relationship between days to 50% silking and grain yield of spring 

maize 
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Figure 4.2.4: Relationship between days to maturity and grain yield of spring 

maize 
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Mean values over the hybrids for days to 50% physiological maturity were observed 

116.29, 114.43 and 113.40 days Pioneer-33M15, Monsanto-DK6525 and Syngenta-

NK8441, respectively during both years.  

Nitrogen levels also influenced on spring maize days to 50% physiological maturity 

during both years. Days to 50% physiological maturity was more affected negatively 

at low nitrogen levels as compare to high nitrogen levels. Nitrogen treatment N4 (320 

kg ha
-1

) took statistically highest days to 50% physiological maturity that was 117.29 

days and lowest days to 50% physiological maturity 112.98 days was obtained by 

nitrogen level N0 (0 kg ha
-1

) during 2016. For other nitrogen levels N1 (80 kg ha
-1

), N2 

(160 kg ha
-1

) and N3 (240 kg ha
-1

), days to 50% physiological maturity was 114.35, 

115.27 and 116.31 days, respectively during first year. Days to 50% physiological 

maturity was also statistically significant affected during second year 2017 that was 

111.32, 113.29, 114.35, 115.27 and 116.02 days by N0, N1, N2, N3 and N4, 

respectively. On average over the nitrogen levels during 2016 and 2017, maximum 

days to 50% physiological maturity was 116.68 days at N4 treatment and minimum 

was observed 112.15 days at N0 treatment. Overall, mean value for all spring maize 

hybrids and nitrogen levels was highest 115.26 days during 2016 and minimum 

114.07 days during 2017. During both years, interactive effect was statistically non 

significant. Fig. 4.2.4 showed that a good positive correlation between days to 50% 

maturity and grain yield was obtained during both years and pool data (R
2
 = 0.72). 

4.2.2 GROWTH PARAMETRES 

4.2.2.1 Maximum leaf area index  

Data in table 4.2.3 showed that maximum leaf area index of spring maize was affected 

statistically significant by various hybrids and nitrogen levels in both years 2016 and 

2017. Statistically maximum leaf area index was attained 3.12 by hybrid Pioneer-

33M15 and followed 2.91 by Monsanto-DK6525 and 2.74 by Syngenta-NK8441 

during 2016. Maximum leaf area index was gained during 2016 as compare to 2017. 

2.75, 2.60 and 2.54 maximum leaf area index was recorded for hybrid Pioneer-

33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017. Mean 

values over the hybrids for maximum leaf area index were observed 2.94, 2.76 and 

2.64 Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 

both years.  
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Table 4.2.3: Effect of hybrids and nitrogen levels on maximum leaf area index 

Treatments 2016 2017 Mean 

A) Spring Hybrids    

Pioneer-33M15 3.12  a 2.75  a 2.94 

Monsanto-DK6525 2.91 b 2.60 b 2.76 

Syngenta-NK8441 2.74 c 2.54 c 2.64 

LSD 5% 0.13 0.05  

Significance ** **  

B) Nitrogen Levels    

N0 = 0 Kg ha
-1

 0.83 e 0.75 e 0.79 

N1 = 80 Kg ha
-1

 2.87 d 2.42 d 2.65 

N2 = 160 Kg ha
-1

 3.19 c 2.86 c 3.03 

N3 = 240 Kg ha
-1

 3.68 b 3.38 b 3.53 

N4 = 320 Kg ha
-1

 4.04 a 3.74 a 3.89 

LSD 5% 0.27 0.11  

Significance ** **  

Interaction (A x B) NS NS  

Mean 2.92 2.63 2.78 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.2.5: Relationship between maximum leaf area index and grain yield of 

spring maize 
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Nitrogen rates also influenced on maximum leaf area index of spring maize during 

both years. Maximum leaf area index was more affected negatively at low nitrogen 

levels as compare to high nitrogen levels. Nitrogen treatment N4 (320 kg ha
-1

) 

produced statistically highest maximum leaf area index that was 4.04 and lowest leaf 

area index 0.83 was obtained by nitrogen level N0 (0 kg ha
-1

) during 2016. For other 

nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), maximum leaf 

area index was 2.87, 3.19 and 3.68, respectively during first year. Maximum leaf area 

index was also statistically significant affected during second year 2017 that was 0.75, 

2.42, 2.86, 3.38 and 3.74 by N0, N1, N2, N3 and N4, respectively. On average over the 

nitrogen levels during 2016 and 2017, maximum leaf area index was 3.89 at N4 

treatment and minimum was observed 0.79 at N0 treatment. Interactive effect between 

spring maize hybrids and nitrogen levels was statistically non significant during both 

years. Overall, mean value for all spring maize hybrids and nitrogen levels was 

highest 2.92 during 2016 and lowest 2.63 during 2017. A strong positive linear 

correlation between maximum leaf area index and grain yield was obtained during 

2016 (R
2
 = 0.96), 2017 (R

2
 = 0.98) and pool data (R

2
 = 0.97) (Fig. 4.2.5). 

4.2.2.2 Cob girth (cm)   

Cob girth of spring maize was affected statistically significant by various hybrids and 

nitrogen levels in both years 2016 and 2017 (Table 4.2.4). Statistically maximum cob 

girth was attained 3.61 cm by hybrid Pioneer-33M15 and followed 3.42 cm by 

Monsanto-DK6525 and 3.17 cm by Syngenta-NK8441 during 2016. Maximum cob 

girth was gained during 2016 as compare to 2017. 3.39, 3.22 and 3.01 cm cob girth 

was recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during 2017. Mean values over the hybrids for cob girth were observed 

3.50, 3.32 and 3.09 cm Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during both years.  

Nitrogen levels also influenced on spring maize cob girth during both years. Cob girth 

was more affected negatively at low nitrogen levels as compare to high nitrogen 

levels. Nitrogen treatment N4 (320 kg ha
-1

) produced statistically highest cob girth 

that was 4.08 cm and lowest cob girth 2.35 cm was obtained by nitrogen level N0 (0 

kg ha
-1

) during 2016. For other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and 

N3 (240 kg ha
-1

), cob girth was 3.21, 3.54 and 3.80 cm, respectively during first year. 
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Cob girth was also statistically significant affected during second year 2017 that was 

2.06, 3.05, 3.39, 3.63 and 3.89 cm by N0, N1, N2, N3 and N4, respectively. On average 

over the nitrogen levels during 2016 and 2017, maximum cob girth was 3.99 cm at N4 

treatment and minimum was observed 2.21 cm at N0 treatment. Overall, mean value 

for all spring maize hybrids and nitrogen levels was highest 3.40 cm during 2016 and 

minimum 3.21 cm during 2017. Interactive effect between spring maize hybrids and 

nitrogen levels was statistically non significant during both years. Fig. 4.2.6 indicated 

that a strong positive linear correlation between cob girth and grain yield was 

obtained during 2016 (R
2
 = 0.97), 2017 (R

2
 = 0.98) and pool data (R

2
 = 0.96). 

4.2.2.3 Cob length (cm)   

Table 4.2.4 showed that cob length of spring maize was affected statistically 

significant by various hybrids and nitrogen levels in both years 2016 and 2017. 

Statistically maximum cob length was attained 17.18 cm by hybrid Pioneer-33M15 

and followed 16.22 cm by Monsanto-DK6525 and 15.28 cm by Syngenta-NK8441 

during 2016. Maximum cob length was gained during 2016 as compare to 2017. 

16.62, 15.56 and 14.66 cm cob length was recorded for hybrid Pioneer-33M15, 

Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017. Mean values 

over the hybrids for cob length were observed 16.90, 15.89 and 14.97 cm Pioneer-

33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during both years.  

Cob length was more affected negatively at low nitrogen levels as compare to high 

nitrogen levels. Nitrogen treatment N4 (320 kg ha
-1

) produced statistically highest cob 

length that was 19.37 cm and lowest cob length 11.24 cm was obtained by nitrogen 

level N0 (0 kg ha
-1

) during 2016. For other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg 

ha
-1

) and N3 (240 kg ha
-1

), cob length was 15.04, 17.04 and 18.45 cm, respectively 

during first year. Cob length was also statistically significant affected during second 

year 2017 that was 10.55, 14.49, 16.48, 17.82 and 18.73 cm by N0, N1, N2, N3 and N4, 

respectively. On average over the nitrogen levels during 2016 and 2017, maximum 

cob length was 19.05 cm at N4 treatment and minimum was observed 10.90 cm at N0 

treatment. Interactive effect was statistically non significant. Overall, mean value for 

all spring maize hybrids and nitrogen levels was highest 16.23 cm and lowest 15.60 

cm during 2016 and 2017, respectively. A strong positive linear correlation between 

cob length and grain yield was obtained during both years and pool data (Fig. 4.2.7). 
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Table 4.2.4: Effect of hybrids and nitrogen levels on cob girth (cm) and cob 

length (cm) 

Treatments 
          Cob girth (cm)            Cob length (cm) 

2016 2017 Mean 2016 2017 Mean 

A) Spring Hybrids       

Pioneer-33M15 3.61 a 3.39 a 3.50 17.18 a 16.62 a 16.90 

Monsanto-DK6525 3.42 b 3.22 b 3.32 16.22 b 15.56 b 15.89 

Syngenta-NK8441 3.17 c 3.01 c 3.09 15.28 c 14.66 c 14.97 

LSD 5% 0.08 0.11  0.18 0.31  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 2.35 e 2.06 e 2.21 11.24 e 10.55 e 10.90 

N1 = 80 Kg ha
-1

 3.21 d 3.05 d 3.13 15.04 d 14.49 d 14.77 

N2 = 160 Kg ha
-1

 3.54 c 3.39 c 3.47 17.04 c 16.48 c 16.76 

N3 = 240 Kg ha
-1

 3.80 b 3.63 b 3.72 18.45 b 17.82 b 18.14 

N4 = 320 Kg ha
-1

 4.08 a 3.89 a 3.99 19.37 a 18.73 a 19.05 

LSD 5% 0.17 0.23  0.37 0.64  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 3.40 3.21 3.31 16.23 15.60 15.92 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.2.6: Relationship between cob girth and grain yield of spring maize 
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Figure 4.2.7: Relationship between cob length and grain yield of spring maize 
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4.2.3 ANALYSIS OF GROWTH  

4.2.3.1 Leaf area duration (days)    

Leaf area duration of spring maize was affected statistically significant by various 

hybrids and nitrogen levels in both years 2016 and 2017 (Table 4.2.5). Statistically 

maximum leaf area duration was attained 242.41 days by hybrid Pioneer-33M15 and 

followed 237.00 days by Monsanto-DK6525 and 230.59 days by Syngenta-NK8441 

during 2016. Maximum leaf area duration was gained during 2016 as compare to 

2017. 238.39, 232.98 and 226.62 days leaf area duration was recorded for hybrid 

Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 

2017. Mean values over the hybrids for leaf area duration were observed 240.40, 

234.99 and 228.61 days Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during both years.  

Nitrogen levels also influenced on spring maize leaf area duration during both years. 

Leaf area duration was more affected negatively at low nitrogen levels as compare to 

high nitrogen levels. Nitrogen treatment N4 (320 kg ha
-1

) produced statistically 

highest leaf area duration that was 285.02 days and lowest leaf area duration 125.67 

days was obtained by nitrogen level N0 (0 kg ha
-1

) during 2016. For other nitrogen 

levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), leaf area duration was 

236.65, 260.28 and 275.71 days, respectively during first year. Leaf area duration was 

also statistically significant affected during second year 2017 that was 121.70, 232.68, 

256.32, 271.65 and 280.98 days by N0, N1, N2, N3 and N4, respectively. On average 

over the nitrogen levels during 2016 and 2017, maximum leaf area duration was 

283.00 days at N4 treatment and minimum was observed 123.69 days at N0 treatment. 

Interactive effect between spring maize hybrids and nitrogen levels was statistically 

non significant during both years. Overall, mean value for all spring maize hybrids 

and nitrogen levels was highest 236.71 days during first year and minimum 232.65 

days during second year of study. A strong positive correlation between LAD and 

grain yield was gained during years and pool data (R
2
 = 0.93) (Fig. 4.2.8).   

4.2.3.2 Net assimilation rate (g m
-2

 d
-1

)  

Table 4.2.5 indicated that net assimilation rate of spring maize was affected 

statistically significant by various hybrids and nitrogen levels in both years 2016 and 

2017.  
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Statistically maximum net assimilation rate was attained 5.82 g m
-2

 d
-1

 by hybrid 

Pioneer-33M15 and followed 5.76 g m
-2

 d
-1

 by Monsanto-DK6525 and 5.65 g m
-2

 d
-1

 

by Syngenta-NK8441 during 2016. Maximum net assimilation rate was gained during 

2016 as compare to 2017. 5.75, 5.67 and 5.52 g m
-2

 d
-1

 net assimilation rate was 

recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during 2017. Mean values over the hybrids for net assimilation rate were 

observed 5.79, 5.72 and 5.59 g m
-2

 d
-1

 Pioneer-33M15, Monsanto-DK6525 and 

Syngenta-NK8441, respectively during both years.  

Nitrogen levels also influenced on spring maize net assimilation rate during both 

years. Net assimilation rate was more affected negatively at low nitrogen levels as 

compare to high nitrogen levels. Nitrogen treatment N4 (320 kg ha
-1

) produced 

statistically highest net assimilation rate that was 6.75 g m
-2

 d
-1

 and lowest net 

assimilation rate 3.38 g m
-2

 d
-1

 was obtained by nitrogen level N0 (0 kg ha
-1

) during 

2016. For other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), 

net assimilation rate was 5.79, 6.17 and 6.63 g m
-2

 d
-1

, respectively during first year. 

Net assimilation rate was also statistically significant affected during second year 

2017 that was 3.32, 5.68, 6.06, 6.49 and 6.68 g m
-2

 d
-1

 by N0, N1, N2, N3 and N4, 

respectively. On average over the nitrogen levels during 2016 and 2017, maximum 

net assimilation rate was 6.72 g m
-2

 d
-1

 at N4 treatment and minimum was observed 

3.35 g m
-2

 d
-1

 at N0 treatment. Overall, mean value for all spring maize hybrids and 

nitrogen levels was highest 5.74 g m
-2

 d
-1

 during 2016 and minimum 5.65 g m
-2

 d
-1

 

during 2017. During both years, Interactive effect between spring maize hybrids and 

nitrogen levels was statistically non significant. Fig. 4.2.9 indicated that a strong 

positive linear correlation between net assimilation rate and grain yield was obtained 

during 2016 (R
2
 = 0.93), 2017 (R

2
 = 0.92) and pool data (R

2
 = 0.93). 

4.2.3.3 Crop growth rate (g m
-2

 d
-1

)   

Crop growth rate of spring maize was affected statistically significant by various 

hybrids and nitrogen levels in both years 2016 and 2017 (Table 4.2.6). Statistically 

maximum crop growth rate was attained 12.59 g m
-2

 d
-1

 by hybrid Pioneer-33M15 and 

followed 12.41 g m
-2

 d
-1

 by Monsanto-DK6525 and 12.05 g m
-2

 d
-1

 by Syngenta-

NK8441 during 2016. Maximum crop growth rate was gained during 2016 as 

compare to 2017.  
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Table 4.2.5: Effect of hybrids and nitrogen levels on leaf area duration (days) 

and net assimilation rate (g m
-2

) 

Treatments 

Leaf area duration  

(days) 

Net assimilation rate  

(g m
-2

 d
-1

) 

2016 2017 Mean 2016 2017 Mean 

A) Spring Hybrids       

Pioneer-33M15 242.41 a 238.39 a 240.40 5.82 a 5.75 a 5.79 

Monsanto-DK6525 237.00 b 232.98 b 234.99 5.76 b 5.67 b 5.72 

Syngenta-NK8441 230.59 c 226.62 c 228.61 5.65 c 5.52 c 5.59 

LSD 5% 2.36 1.91  0.04 0.05  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 125.67 e 121.70 e 123.69 3.38 e 3.32 e 3.35 

N1 = 80 Kg ha
-1

 236.65 d 232.68 d 234.67 5.79 d 5.68 d 5.74 

N2 = 160 Kg ha
-1

 260.28 c 256.32 c 258.30 6.17 c 6.06 c 6.12 

N3 = 240 Kg ha
-1

 275.71 b 271.65 b 273.68 6.63 b 6.49 b 6.56 

N4 = 320 Kg ha
-1

 285.02 a 280.98 a 283.00 6.75 a 6.68 a 6.72 

LSD 5% 4.80 3.89  0.08 0.11  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 236.71 232.65 234.68 5.74 5.65 5.70 

Means sharing different letters in a column differ significantly at P = 0.05;  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.2.8: Relationship between leaf area duration and grain yield of      

spring maize 
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Figure 4.2.9: Relationship between net assimilation rate and grain yield of spring 

maize 
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Table 4.2.6: Effect of hybrids and nitrogen levels on crop growth rate (g m
-2

 d
-1

) 

Treatments 2016 2017 Mean 

A) Spring Hybrids    

Pioneer-33M15 12.59 a 12.39 a 12.49 

Monsanto-DK6525 12.41 b 12.16 b 12.29 

Syngenta-NK8441 12.05 c 11.67 c 11.86 

LSD 5% 0.11 0.19  

Significance ** **  

B) Nitrogen Levels    

N0 = 0 Kg ha
-1

 03.76 e 03.64 e 3.70 

N1 = 80 Kg ha
-1

 11.98 d 11.65 d 11.83 

N2 = 160 Kg ha
-1

 13.93 c 13.59 c 13.76 

N3 = 240 Kg ha
-1

 15.70 b 15.29 b 15.50 

N4 = 320 Kg ha
-1

 16.39 a 16.18 a 16.29 

LSD 5% 0.21 0.43  

Significance ** **  

Interaction (A x B) NS NS  

Mean 12.35 12.07 12.21 

Means sharing different letters in a column differ significantly at P = 0.05;  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.2.10: Relationship between crop growth rate and grain yield of spring 

maize 
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12.39, 12.16 and 11.67 g m
-2

 d
-1

 crop growth rate was recorded for hybrid Pioneer-

33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017. Mean 

values over the hybrids for crop growth rate were observed 12.49, 12.29 and 11.86 g 

m
-2

 d
-1

 Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively 

during both years.  

Nitrogen levels also influenced on spring maize crop growth rate during both years. 

Crop growth rate was more affected negatively at low nitrogen levels as compare to 

high nitrogen levels. Nitrogen treatment N4 (320 kg ha
-1

) produced statistically 

highest crop growth rate that was 16.39 g m
-2

 d
-1

 and lowest crop growth rate 03.76 g 

m
-2

 d
-1

 was obtained by nitrogen level N0 (0 kg ha
-1

) during 2016. For other nitrogen 

levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), crop growth rate was 

11.98, 13.93 and 15.70 g m
-2

 d
-1

, respectively during first year. Crop growth rate was 

also statistically significant affected during second year 2017 that was 03.64, 11.65, 

13.59, 15.29 and 16.18 g m
-2

 d
-1

 by N0, N1, N2, N3 and N4, respectively. On average 

over the nitrogen levels during 2016 and 2017, maximum crop growth rate was 16.29 

g m
-2

 d
-1

 at N4 treatment and minimum was observed 3.70 g m
-2

 d
-1

 at N0 treatment. 

Interactive effect between spring maize hybrids and nitrogen levels was statistically 

non significant during both years. Overall, mean value for all spring maize hybrids 

and nitrogen levels was highest 12.35 g m
-2

 d
-1

 during 2016 and lowest 12.07 g m
-2

 d
-1

 

during 2017. Fig. 4.2.10 indicated that a strong positive correlation between crop 

growth rate and grain yield was gained during both years and pool data (R
2
 = 0.95). 

4.2.4 COMPONENTS OF GRAIN YIELD 

4.2.4.1 Number of plants m
-2

 at harvesting   

Data in table 4.2.7 showed that effect of spring maize hybrids on number of plants m
-2

 

was statistically non significant during both years. Range value of number of plants 

m
-2

 was 7.14 to 7.16 during 2016 and 7.14 to 7.15 during 2017. Impact of nitrogen 

levels on spring maize plant population m
-2

 was also statistically non significant. 

Number of plants m
-2

 for nitrogen levels was ranged from 7.14 to 7.16 and 7.13 to 

7.17 during 2016 and 2017, respectively. Interaction between spring maize hybrids 

and nitrogen levels was also statistically non significant during both years. Overall, 

grand mean value for plant population m
-2 

for spring season for maize was 7.15. 
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4.2.4.2 Number of grain rows cob
-1

  

Number of grain rows per cob of spring maize was affected statistically significant by 

various hybrids and nitrogen levels in both years 2016 and 2017 (Table 4.2.7). 

Statistically maximum number of grain rows per cob was attained 13.32 by hybrid 

Pioneer-33M15 and followed 12.72 by Monsanto-DK6525 and 12.08 by Syngenta-

NK8441 during 2016. Maximum number of grain rows per cob was gained during 

2016 as compare to 2017. 12.86, 12.24 and 11.65 number of grain rows per cob was 

recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during 2017. Mean values over the hybrids for number of grain rows per 

cob were observed 13.09, 12.48 and 11.87 for Pioneer-33M15, Monsanto-DK6525 

and Syngenta-NK8441, respectively during both years. Nitrogen levels also 

influenced on spring maize number of grain rows per cob during both years. Number 

of grain rows per cob was more affected negatively at low nitrogen levels as compare 

to high nitrogen levels. Nitrogen treatment N4 (320 kg ha
-1

) produced statistically 

highest number of grain rows per cob that was 15.98 and lowest number of grain rows 

per cob 7.60 was obtained by nitrogen level N0 (0 kg ha
-1

) during 2016. For other 

nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), number of grain 

rows per cob was 11.76, 13.27 and 14.93, respectively during first year. Number of 

grain rows per cob was also statistically significant affected during second year 2017 

that was 7.17, 11.26, 12.96, 14.58 and 15.30 by N0, N1, N2, N3 and N4, respectively. 

On average over the nitrogen levels during 2016 and 2017, maximum number of grain 

rows per cob was 15.64 at N4 treatment and minimum was observed 7.39 at N0 

treatment. Overall, mean value for all spring maize hybrids and nitrogen levels was 

highest 12.71 during 2016 and minimum 12.25 during 2017. Interactive effect 

between spring maize hybrids and nitrogen levels was insignificant during both years. 

A strong positive linear correlation between number of grain rows cob
-1

 and grain 

yield was obtained during 2016, 2017 and pool data (R
2
 = 0.99) (Fig. 4.2.11).   

4.2.4.3 Number of grains cob
-1

   

Results in table 4.2.8 showed that numbers of grains cob
-1

 of spring maize was 

affected statistically significant by hybrids and nitrogen levels in 2016 and 2017. 

Statistically maximum was attained 329.80 by hybrid Pioneer-33M15 and followed 

322.57 by Monsanto-DK6525 and 308.70 by Syngenta-NK8441 during 2016.  
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Table 4.2.7: Effect of hybrids and nitrogen levels on number of plants m
-2

 at 

harvesting and number of grain rows cob
-1

 

Treatments 
Number of plants m

-2
 Number of grain rows cob

-1
 

2016 2017 Mean 2016 2017 Mean 

A) Spring Hybrids       

Pioneer-33M15 7.16 7.15 7.16 13.32 a 12.86 a 13.09 

Monsanto-DK6525 7.15 7.14 7.15 12.72 b 12.24 b 12.48 

Syngenta-NK8441 7.14 7.14 7.14 12.08 c 11.65 c 11.87 

LSD 5% 0.05 0.09  0.31 0.18  

Significance NS NS  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 7.14 7.13 7.12 7.60 e 7.17 e 7.39 

N1 = 80 Kg ha
-1

 7.15 7.14 7.15 11.76 d 11.26 d 11.52 

N2 = 160 Kg ha
-1

 7.15 7.15 7.15 13.27 c 12.96 c 13.12 

N3 = 240 Kg ha
-1

 7.16 7.17 7.17 14.93 b 14.58 b 14.76 

N4 = 320 Kg ha
-1

 7.16 7.14 7.15 15.98 a 15.30 a 15.64 

LSD 5% 0.11 0.15  0.64 0.37  

Significance NS NS  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 7.15 7.14 7.15 12.71 12.25 12.48 

Means sharing different letters in a column differ significantly at P = 0.05;  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.2.11: Relationship between number of grain rows per cob and grain 

yield of spring maize 
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Maximum number of grains cob
-1

 was gained during 2016 as compare to 2017. 

321.23, 312.92 and 297.04 number of grains cob
-1

 was recorded for hybrid Pioneer-

33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017. Mean 

values over the hybrids for number of grains cob
-1

 were observed 325.52, 317.75 and 

302.87 for Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively 

during both years.  

Number of grains cob
-1

 was more affected negatively at low nitrogen levels as 

compare to high nitrogen levels. Nitrogen treatment N4 (320 kg ha
-1

) produced 

statistically highest number of grains cob
-1

 that was 425.11 and lowest number of 

grains cob
-1

 104.00 was obtained by nitrogen level N0 (0 kg ha
-1

) during 2016. For 

other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), number of 

grains cob
-1

 was 298.89, 363.00 and 410.78, respectively during first year. Number of 

grains cob
-1

 was also statistically significant affected during second year 2017 that 

was 97.72, 287.67, 351.67, 398.11 and 416.83 by N0, N1, N2, N3 and N4, respectively. 

On average over the nitrogen levels during 2016 and 2017, maximum number of 

grains cob
-1

 was 420.97 at N4 treatment and minimum was observed 100.86 at N0 

treatment. Interactive effect between spring maize hybrids and nitrogen levels was 

statistically non significant during both years. Overall, mean value for all spring 

maize hybrids and nitrogen levels was highest 320.36 and lowest 310.40 during 2016 

and 2017, respectively. Fig. 4.2.12 indicated that a strong positive linear correlation 

between number of grains per cob and grain yield was obtained during 2016            

(R
2
 = 0.98), 2017 (R

2
 = 0.97) and pool data (R

2
 = 0.97). 

4.2.4.4 Number of grains m
-2

   

Number of grains m
-2

 of spring maize was affected statistically significant by various 

hybrids and nitrogen levels in both years 2016 and 2017 (Table 4.2.8). Statistically 

maximum number of grains m
-2

 was attained 1978.81 by hybrid Pioneer-33M15 and 

followed 1935.43 by Monsanto-DK6525 and 1852.19 by Syngenta-NK8441 during 

2016. Maximum number of grains m
-2

 was gained during 2016 as compare to 2017. 

1927.39, 1877.57 and 1782.21 number of grains m
-2

 was recorded for hybrid Pioneer-

33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017. Mean 

values over the hybrids for number of grains m
-2

 were observed 1953.10, 1906.53 and 

1817.20 for Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively 

during both years.  
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Table 4.2.8: Effect of hybrids and nitrogen levels on number of grains cob
-1

 and 

number of grains (m
-2

) 

Treatments 
   Number of grains cob

-1
 Number of grains m

-2
 

2016 2017 Mean 2016 2017 Mean 

A) Spring Hybrids       

Pioneer-33M15 329.80 a 321.23 a 325.52 1978.81 a 1927.39 a 1953.10 

Monsanto-DK6525 322.57 b 312.92 b 317.75 1935.43 b 1877.57 b 1906.53 

Syngenta-NK8441 308.70 c 297.04 c 302.87 1852.19 c 1782.21 c 1817.20 

LSD 5% 3.40 2.62  9.4236 14.659  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 104.00 e 97.72 e 100.86 623.98 e 586.32 e 605.15 

N1 = 80 Kg ha
-1

 298.89 d 287.67 d 293.28 1793.31 d 1726.02 d 1759.67 

N2 = 160 Kg ha
-1

 363.00 c 351.67 c 357.34 2178.01 c 2109.97 c 2143.99 

N3 = 240 Kg ha
-1

 410.78 b 398.11 b 404.45 2464.72 b 2388.69 b 2426.71 

N4 = 320 Kg ha
-1

 425.11 a 416.83 a 420.97 2550.69 a 2501.03 a 2525.86 

LSD 5% 6.94 5.33  19.18 29.84  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 320.36 310.40 315.38 1922.14 1862.38 1892.26 

Means sharing different letters in a column differ significantly at P = 0.05;  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.2.12: Relationship between number of grains per cob and grain yield of 

spring maize 
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Figure 4.2.13: Relationship between number of grains (m
-2

) and grain yield of 

spring maize 
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Nitrogen levels influenced on number of grains m
-2

 during both years. Number of 

grains cob-1 was more affected negatively at low nitrogen levels as compare to high 

nitrogen levels. Nitrogen treatment N4 (320 kg ha
-1

) produced statistically highest 

number of grains m
-2

 that was 2550.69 and lowest number of grains m
-2

 623.98 was 

obtained by nitrogen level N0 (0 kg ha
-1

) during 2016. For other nitrogen levels N1 (80 

kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), number of grains m
-2

 was 1793.31, 

2178.01 and 2464.72, respectively during first year. Number of grains m
-2

 was also 

statistically significant affected during second year 2017 that was 586.32, 1726.02, 

2109.97, 2388.69 and 2501.03 by N0, N1, N2, N3 and N4, respectively. On average 

over the nitrogen levels during 2016 and 2017, maximum number of grains m
-2

 was 

2525.86 at N4 treatment and minimum was observed 605.15 at N0 treatment. Overall, 

mean value for all spring maize hybrids and nitrogen levels was highest 1922.14 

during 2016 and minimum 1862.38 during 2017. Interactive effect between spring 

maize hybrids and nitrogen levels was statistically non significant during both years. 

A strong positive linear relationship between number of grains m
-2

 and grain 

production was attained during 2016 (R
2
 = 0.97), 2017 (R

2
 = 0.96) and pool data     

(R
2
 = 0.97) (Fig. 4.2.13). 

4.2.4.5 Thousand grain weight (g)   

Data in table 4.2.9 showed that thousand grain weight of spring maize was affected 

statistically significant by various hybrids and nitrogen levels in both years 2016 and 

2017. Statistically maximum thousand grain weight was attained 309.40 g by hybrid 

Pioneer-33M15 and followed 297.98 g by Monsanto-DK6525 and 287.57 g by 

Syngenta-NK8441 during 2016. Maximum thousand grain weight was gained during 

2016 as compare to 2017. 300.02, 292.37 and 277.42 g thousand grain weight was 

recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during 2017. Mean values over the hybrids for thousand grain weight 

were observed 304.71, 295.18 and 282.50 g Pioneer-33M15, Monsanto-DK6525 and 

Syngenta-NK8441, respectively during both years.  

Nitrogen levels also influenced on spring maize thousand grain weight during both 

years. Thousand grain weight was more affected negatively at low nitrogen levels as 

compare to high nitrogen levels. Nitrogen treatment N4 (320 kg ha
-1

) produced 

statistically highest thousand grain weight that was 357.32 g and lowest thousand 

grain weight 213.01 g was obtained by nitrogen level N0 (0 kg ha
-1

) during 2016.  
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For other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), 

thousand grain weight was 273.98, 309.71 and 337.68 g, respectively during first 

year. Thousand grain weight was also statistically significant affected during second 

year 2017 that was 205.34, 265.67, 304.02, 327.66 and 346.97 g by N0, N1, N2, N3 

and N4, respectively. On average over the nitrogen levels during 2016 and 2017, 

maximum thousand grain weight was 352.15 g at N4 treatment and minimum was 

observed 239.36 g at N0 treatment. Interactive effect between spring maize hybrids 

and nitrogen levels was statistically non significant during both years. Overall, mean 

value for all spring maize hybrids and nitrogen levels was highest 298.34 g during 

2016 and minimum 289.91 g during 2017. Fig. 4.2.14 indicated that a very strong 

positive linear correlation between thousand grain weight and grain yield was 

obtained during both years and pool data (R
2
 = 0.99).  

4.2.4.6 Grain yield (kg ha
-1

)    

Grain yield of spring maize was affected statistically significant by various hybrids 

and nitrogen levels in both years 2016 and 2017 (Table 4.2.9). Statistically maximum 

grain yield was attained 6461.58 kg ha
-1

 by hybrid Pioneer-33M15 and followed 

6109.60 kg ha
-1

 by Monsanto-DK6525 and 5696.47 kg ha
-1

 by Syngenta-NK8441 

during 2016. Maximum grain yield was gained during 2016 as compare to 2017. 

6122.01, 5826.09 and 5293.62 kg ha
-1

 grain yield was recorded for hybrid Pioneer-

33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 2017. Mean 

values over the hybrids for grain yield were observed 6291.79, 5967.85 and 5495.04 

kg ha
-1

 Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively 

during both years.  

Nitrogen levels also influenced on spring maize grain yield during both years. Grain 

yield was more affected negatively at low nitrogen levels as compare to high nitrogen 

levels. Nitrogen treatment N4 (320 kg ha
-1

) produced statistically highest grain yield 

that was 9117.25 kg ha
-1

 and lowest grain yield 1334.18 kg ha
-1

 was obtained by 

nitrogen level N0 (0 kg ha
-1

) during 2016. For other nitrogen levels N1 (80 kg ha
-1

), N2 

(160 kg ha
-1

) and N3 (240 kg ha
-1

), grain yield was 4918.52, 6748.98 and 8327.34 kg 

ha
-1

, respectively during first year. Grain yield was also statistically significant 

affected during second year 2017 that was 1208.61, 4590.70, 6420.42, 7834.15 and 

8682.38 kg ha
-1

 by N0, N1, N2, N3 and N4, respectively.  
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Table 4.2.9: Effect of hybrids and nitrogen levels on thousand grain weight (g) 

and grain yield (kg ha
-1

) 

Treatments 

Thousand grain weight (g)          Grain yield (kg ha
-1

) 

2016 2017 Mean 2016 2017 Mean 

A) Spring Hybrids       

Pioneer-33M15 309.40 a 300.02 a 304.71 6461.58 a 6122.01 a 6291.79 

Monsanto-DK6525 297.98 b 292.37 b 295.18 6109.60 b 5826.09 b 5967.85 

Syngenta-NK8441 287.57 c 277.42 c 282.50 5696.47 c 5293.62 c 5495.04 

LSD 5% 1.83 2.62  73.56 112.04  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 213.01 e 205.34 d 239.36 1334.18 e 1208.61 e 1271.40 

N1 = 80 Kg ha
-1

 273.98 d 265.67 d 269.82 4918.52 d 4590.70 d 4754.61 

N2 = 160 Kg ha
-1

 309.71 c 304.02 c 306.87 6748.98 c 6420.42 c 6584.70 

N3 = 240 Kg ha
-1

 337.68 b 327.66 b 332.67 8327.34 b 7834.15 b 8080.75 

N4 = 320 Kg ha
-1

 357.32 a 346.97 a 352.15 9117.25 a 8682.38 a 8899.82 

LSD 5% 3.73 5.34  149.74 228.06  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 298.34 289.91 294.13 6089.23 5747.35 5918.29 

Means sharing different letters in a column differ significantly at P = 0.05;  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 

  



130 

 

 

Figure 4.2.14: Relationship between 1000-grain weight and grain yield of spring 

maize 
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On average over the nitrogen levels during 2016 and 2017, maximum grain yield was 

8899.82 kg ha
-1

 at N4 treatment and minimum was observed 1271.40 kg ha
-1

 at N0 

treatment. Overall, mean value for all spring maize hybrids and nitrogen levels was 

highest 6089.23 kg ha
-1

 during 2016 and minimum 5747.35 kg ha
-1

 during 2017.  

During both years, interactive effect between hybrids and nitrogen levels was 

statistically non significant. A strong positive linear correlation between yield 

parameters and grain yield was gained during years and pool data (Figs. 4.2.1-20).  

4.2.4.7 Total dry matter (kg ha
-1

)    

Total dry matter of spring maize was affected statistically significant by various 

hybrids and nitrogen levels in both years 2016 and 2017 (Table 4.2.10). Statistically 

maximum total dry matter was attained 14791 kg ha
-1

 by hybrid Pioneer-33M15 and 

followed 14332 kg ha
-1

 by Monsanto-DK6525 and 13794 kg ha
-1

 by Syngenta-

NK8441 during 2016. Maximum total dry matter was gained during 2016 as compare 

to 2017. 14387, 13910 and 13235 kg ha
-1

 total dry matter was recorded for hybrid 

Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively during 

2017. Mean values over the hybrids for total dry matter were observed 14589, 14121 

and 13514 kg ha
-1

 Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during both years. Nitrogen levels were also influenced on spring maize 

total dry matter during both years. Total dry matter was more affected negatively at 

low nitrogen levels as compare to high nitrogen levels. Nitrogen treatment N4 (320 kg 

ha
-1

) produced statistically highest total dry matter that was 19234 kg ha
-1

 and lowest 

total dry matter 4254 kg ha
-1

 was obtained by nitrogen level N0 (0 kg ha
-1

) during 

2016. For other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), 

total dry matter was 13707, 16067 and 18266 kg ha
-1

, respectively during first year. 

Total dry matter was also statistically significant affected during second year 2017 

that was 4052, 13219, 15537, 17643 and 18766 kg ha
-1

 by N0, N1, N2, N3 and N4, 

respectively. On average over the nitrogen levels during 2016 and 2017, maximum 

total dry matter was 19001 kg ha
-1

 at N4 treatment and minimum was observed 4153 

kg ha
-1

 at N0 treatment. Interactive effect between spring maize hybrids and nitrogen 

levels was statistically non significant during both years. Overall, mean value for all 

spring maize hybrids and nitrogen levels was highest 14306 kg ha
-1

 and lowest 13841 

kg ha
-1

 during 2016 and 2017, respectively. A very strong correlation between total 

dry matter and grain yield was obtained during both years and pool data (Fig. 4.2.15).   



132 

 

4.2.4.8 Harvest index (%)     

Harvest index of spring maize was affected statistically significant by various hybrids 

and nitrogen levels in both years 2016 and 2017 (Table 4.2.10). Statistically 

maximum harvest index was attained 41.57% by hybrid Pioneer-33M15 and followed 

40.50% by Monsanto-DK6525 and 39.18% by Syngenta-NK8441 during 2016. 

Maximum harvest index was gained during 2016 as compare to 2017. 40.38, 39.66 

and 37.76% kg ha
-1

 harvest index was recorded for hybrid Pioneer-33M15, Monsanto-

DK6525 and Syngenta-NK8441, respectively during 2017. Mean values over the 

hybrids for harvest index were observed 40.98, 40.09 and 38.47% Pioneer-33M15, 

Monsanto-DK6525 and Syngenta-NK8441, respectively during both years.  

Nitrogen levels also influenced to harvest index during both years. Harvest index was 

more affected negatively at low nitrogen levels as compare to high nitrogen levels. 

Nitrogen treatment N4 (320 kg ha
-1

) produced statistically highest harvest index that 

was 47.39% and lowest harvest index 31.34% was obtained by nitrogen level N0 (0 kg 

ha
-1

) during 2016. For other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 

(240 kg ha
-1

), harvest index was 35.85, 41.98 and 45.56%, respectively during first 

year. Harvest index was also statistically significant affected during second year 2017 

that was 29.74, 34.69, 41.29, 44.36 and 46.25% by N0, N1, N2, N3 and N4, 

respectively. On average over the nitrogen levels during 2016 and 2017, maximum 

harvest index was 46.82% at N4 treatment and minimum was observed 30.54% at N0 

treatment. Overall, mean value for all spring maize hybrids and nitrogen levels was 

highest 40.42% during 2016 and lowest 39.26% during 2017. Interactive effect 

between hybrids and nitrogen levels was statistically non significant during both 

years. A strong positive linear correlation between harvest index and grain yield was 

attained for the period of year 2016, 2017 and pool data   (R
2
 = 0.97) (Fig. 4.2.16). 

4.2.5 GROWTH AND INTERCEPTED RADIATION 

4.2.5.1 Fraction of intercepted radiation (Fi)     

Results in table 4.2.11 indicated that Fi value of spring maize was affected 

statistically significant by various hybrids and nitrogen levels in both years 2016 and 

2017. Statistically maximum Fi value was attained 0.829 by hybrid Pioneer-33M15 

and followed 0.812 by Monsanto-DK6525 and 0.795 by Syngenta-NK8441 during 

2016.  
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Table 4.2.10: Effect of hybrids and nitrogen levels on total dry matter (kg ha
-1

) 

and harvest index (%) 

Treatments 
Total dry matter (kg ha

-1
)       Harvest index (%) 

2016 2017 Mean 2016 2017 Mean 

A) Spring Hybrids       

Pioneer-33M15 14791 a 14387 a 14589 41.57 a 40.38 a 40.98 

Monsanto-DK6525 14332 b 13910 b 14121 40.50 b 39.66 b 40.09 

Syngenta-NK8441 13794 c 13235 c 13514 39.18 c 37.76 c 38.47 

LSD 5% 105 196  0.79 0.52  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 4254 e 4052 e 4153 31.34 e 29.74 e 30.54 

N1 = 80 Kg ha
-1

 13707 d 13219 d 13463 35.85 d 34.69 d 35.27 

N2 = 160 Kg ha
-1

 16067 c 15537 c 15802 41.98 c 41.29 c 41.64 

N3 = 240 Kg ha
-1

 18266 b 17643 b 17955 45.56 b 44.36 b 44.96 

N4 = 320 Kg ha
-1

 19234 a 18766 a 19001 47.39 a 46.25 a 46.82 

LSD 5% 213 397  1.60 1.07  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 14306 13841 14074 40.42 39.26 39.84 

Means sharing different letters in a column differ significantly at P = 0.05 

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.2.15: Relationship between total biomass and grain yield of spring 

maize 
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Figure 4.2.16: Relationship between harvest index and grain yield of spring 

maize 

 

(a)

0

2000

4000

6000

8000

10000

(b)

G
ra

in
  y

ie
ld

  (
kg

  h
a-1

)

0

2000

4000

6000

8000

(c)

Harvest  index
30 35 40 45

0

2000

4000

6000

8000

y = 27.41 + 0.01x

R
2
 = 0.97

y = 26.04 + 0.01x

R
2
 = 0.96

y = 26.69 + 0.01x

R
2
 = 0.97

Pool 1:1 Lines20172016



136 

 

Maximum Fi value was gained during 2016 as compare to 2017. 0.801, 0.781 and 

0.771 kg ha
-1

 Fi value was recorded for hybrid Pioneer-33M15, Monsanto-DK6525 

and Syngenta-NK8441, respectively during 2017. Mean values over the hybrids for Fi 

value were observed 0.815, 0.797 and 0.783 Pioneer-33M15, Monsanto-DK6525 and 

Syngenta-NK8441, respectively during both years.  

Nitrogen levels also influenced to spring maize Fi value during both years. Fi value 

was more affected negatively at low nitrogen levels as compare to high nitrogen 

levels. Nitrogen treatment N4 (320 kg ha
-1

) produced statistically highest Fi value that 

was 0.940 and lowest Fi value 0.440 was obtained by nitrogen level N0 (0 kg ha
-1

) 

during 2016. For other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 

kg ha
-1

), Fi value was 0.865, 0.892 and 0.923, respectively during first year. Fi value 

was also statistically significant affected during second year 2017 that was 0.406, 

0.820, 0.865, 0.906 and 0.927 by N0, N1, N2, N3 and N4, respectively. On average over 

the nitrogen levels during 2016 and 2017, maximum Fi value was 0.934 at N4 

treatment and minimum was observed 0.423 at N0 treatment. Interactive effect 

between spring maize hybrids and nitrogen levels was statistically non significant 

during both years. Overall, mean value for all spring maize hybrids and nitrogen 

levels was highest 0.812 during 2016 and lowest 0.784 during 2017. Fig. 4.2.17 

showed that a strong positive linear correlation between fraction of intercepted 

radiation and grain yield was obtained during 2016, 2017 and pool data (R
2
 = 0.85).  

4.2.5.2 Cumulative intercepted PAR (MJ m
-2

)     

Cumulative intercepted PAR of spring maize was affected statistically significant by 

various hybrids and nitrogen levels in both years 2016 and 2017 (Table 4.2.11). 

Statistically maximum cumulative intercepted PAR was attained 605.61 MJ m
-2 

by 

hybrid Pioneer-33M15 and followed 594.37 MJ m
-2

 by Monsanto-DK6525 and 

583.44 MJ m
-2

 by Syngenta-NK8441 during 2016. Maximum cumulative intercepted 

PAR was gained during 2016 as compare to 2017. 597.58, 586.43 and 575.38 MJ m
-2

 

cumulative intercepted PAR was recorded for hybrid Pioneer-33M15, Monsanto-

DK6525 and Syngenta-NK8441, respectively during 2017. Mean values over the 

hybrids for Cumulative intercepted PAR were observed 601.60, 590.40 and 579.41 

MJ m
-2 

Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively 

during both years.  
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Table 4.2.11: Effect of hybrids and nitrogen levels on Fraction of intercepted 

radiation (Fi) and cumulative intercepted PAR (MJ m
-2

) 

Treatments 

Fraction of intercepted 

radiation (Fi) 

Cumulative intercepted PAR 

(MJ m
-2

) 

2016 2017 Mean 2016 2017 Mean 

A) Spring Hybrids       

Pioneer-33M15 0.829 a 0.801 a 0.815 605.61 a 597.58 a 601.60 

Monsanto-DK6525 0.812 b 0.781 b 0.797 594.37 b 586.43 b 590.40 

Syngenta-NK8441 0.795 c 0.771 c 0.783 583.44 c 575.38 c 579.41 

LSD 5% 0.007 0.009  4.97 7.85  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 0.440 e 0.406 e 0.423 384.97 e 377.04 e 381.01 

N1 = 80 Kg ha
-1

 0.865 d 0.820 d 0.843 586.01 d 578.03 d 582.02 

N2 = 160 Kg ha
-1

 0.892 c 0.865 c 0.879 632.72 c 624.65 c 628.69 

N3 = 240 Kg ha
-1

 0.923 b 0.906 b 0.915 674.99 b 667.04 b 671.02 

N4 = 320 Kg ha
-1

 0.940 a 0.927 a 0.934 693.65 a 685.73 a 689.69 

LSD 5% 0.013 0.019  10.13 15.99  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 0.812 0.784 0.798 594.47 586.47 590.47 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.2.17: Relationship between fraction of intercepted radiation and grain 

yield of spring maize 
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Figure 4.2.18: Relationship between cumulative PAR and grain yield of spring 

maize 
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Nitrogen levels also influenced on spring maize Cumulative intercepted PAR during 

both years. Cumulative intercepted PAR was more affected negatively at low nitrogen 

levels as compare to high nitrogen levels. Nitrogen treatment N4 (320 kg ha
-1

) 

produced statistically highest cumulative intercepted PAR that was 693.65 MJ m
-2

 and 

lowest cumulative intercepted PAR 384.97 MJ m
-2

 was obtained by nitrogen level N0 

(0 kg ha
-1

) during 2016. For other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and 

N3 (240 kg ha
-1

), cumulative intercepted PAR was 586.01, 632.72 and 674.99 MJ m
-2

, 

respectively during first year. Cumulative intercepted PAR was also statistically 

significant affected during second year 2017 that was 377.04, 578.03, 624.65, 667.04 

and 685.73 MJ m
-2

 by N0, N1, N2, N3 and N4, respectively. On average over the 

nitrogen levels during 2016 and 2017, maximum cumulative intercepted PAR was 

689.69 MJ m
-2

 at N4 treatment and minimum was observed 381.01 MJ m
-2

 at N0 

treatment. Interactive effect between spring maize hybrids and nitrogen levels was 

statistically non significant during both years. Overall, mean value for all spring 

maize hybrids and nitrogen levels was highest 594.47 MJ m
-2

 during 2016 and 

minimum 586.47 MJ m
-2

 during 2017. A strong positive linear relationship between 

cumulative intercepted PAR and grain yield was obtained during 2016 (R
2
 = 0.95), 

2017 (R
2
 = 0.94) and pool data (R

2
 = 0.95) (Fig. 4.2.18).   

4.2.5.3 Radiation use efficiency for TDM (g MJ
-1

)  

The RUETDM of spring maize was affected statistically significant by various hybrids 

and nitrogen levels in both years 2016 and 2017 (Table 4.2.12). Statistically 

maximum RUETDM was attained 2.34 g MJ
-1 

by hybrid Pioneer-33M15 and followed 

2.30 g MJ
-1

 by Monsanto-DK6525 and 2.24 g MJ
-1

 by Syngenta-NK8441 during 

2016. Maximum RUETDM was gained during 2016 as compare to 2017. 2.30, 2.26 and 

2.18 g MJ
-1

 RUETDM was recorded for hybrid Pioneer-33M15, Monsanto-DK6525 

and Syngenta-NK8441, respectively during 2017. Mean values over the hybrids for 

RUETDM were observed 2.32, 2.28 and 2.21 g MJ
-1 

Pioneer-33M15, Monsanto-

DK6525 and Syngenta-NK8441, respectively during both years.  

RUETDM was more affected negatively at low nitrogen levels as compare to high 

nitrogen levels. Nitrogen treatment N4 (320 kg ha
-1

) produced statistically highest 

RUETDM that was 2.77 g MJ
-1

 and lowest RUETDM 1.10 g MJ
-1

 was obtained by 

nitrogen level N0 (0 kg ha
-1

) during 2016.  



141 

 

For other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), 

RUETDM was 2.34, 2.54 and 2.71 g MJ
-1

, respectively during first year. RUETDM was 

also statistically significant affected during second year 2017 that was 1.07, 2.29, 

2.48, 2.65 and 2.74 g MJ
-1

 by N0, N1, N2, N3 and N4, respectively. On average over 

the nitrogen levels during 2016 and 2017, maximum RUETDM was 2.76 g MJ
-1

 at N4 

treatment and minimum was observed 1.09 MJ m
-2

 at N0 treatment. Overall, mean 

value for all spring maize hybrids and nitrogen levels was highest 2.29 g MJ
-1

 during 

2016 and lowest 2.25 g MJ
-1

 during 2017. During both years, interactive effect 

between hybrids and nitrogen levels was statistically non significant. A strong 

positive linear correlation between RUETDM and grain yield was gained during years 

and pool data (R
2
 = 0.91) (Fig. 4.2.19). 

4.2.5.4 Radiation use efficiency for grain yield (g MJ
-1

)  

The RUEGY of spring maize was affected statistically significant by various hybrids 

and nitrogen levels in both years 2016 and 2017 (Table 4.2.12). Statistically 

maximum RUEGY was attained 1.00 g MJ
-1 

by hybrid Pioneer-33M15 and followed 

0.96 g MJ
-1

 by Monsanto-DK6525 and 0.91 g MJ
-1

 by Syngenta-NK8441 during 

2016. Maximum RUEGY was gained during 2016 as compare to 2017. 0.96, 0.93 and 

0.86 g MJ
-1

 RUEGY was recorded for hybrid Pioneer-33M15, Monsanto-DK6525 and 

Syngenta-NK8441, respectively during 2017. Mean values over the hybrids for 

RUETDM were observed 0.98, 0.95 and 0.89 g MJ
-1 

Pioneer-33M15, Monsanto-

DK6525 and Syngenta-NK8441, respectively during both years.  

Nitrogen levels also influenced on spring maize RUEGY during both years. RUEGY 

was more affected negatively at low nitrogen levels as compare to high nitrogen 

levels. Nitrogen treatment N4 (320 kg ha
-1

) produced statistically highest RUEGY that 

was 1.31 g MJ
-1

 and lowest RUEGY 0.35 g MJ
-1

 was obtained by nitrogen level N0 (0 

kg ha
-1

) during 2016. For other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and 

N3 (240 kg ha
-1

), RUEGY was 0.84, 1.07 and 1.23 g MJ
-1

, respectively during first 

year. RUEGY was also statistically significant affected during second year 2017 that 

was 0.32, 0.79, 1.03, 1.17 and 1.27 g MJ
-1

 by N0, N1, N2, N3 and N4, respectively. On 

average over the nitrogen levels during 2016 and 2017, maximum RUEGY was 1.29 g 

MJ
-1

 at N4 treatment and minimum was observed 0.34 MJ m
-2

 at N0 treatment.  
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Interactive effect between spring maize hybrids and nitrogen levels was statistically 

non significant during both years. Overall, mean value for all spring maize hybrids 

and nitrogen levels was highest 0.96 g MJ
-1

 during first year and lowest 0.92 g MJ
-1

 

during second year of study. Fig. 4.2.20 indicated that a strong positive linear 

correlation between RUEGY and grain yield was obtained during 2016 (R
2
 = 0.99), 

2017 (R
2
 = 0.99) and pool data (R

2
 = 0.99). 
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Table 4.2.12:  Effect of hybrids and nitrogen levels on radiation use efficiency for 

final total dry matter and grain yield (g MJ
-1

) 

Treatments 
RUETDM  (g MJ

-1
)         RUEGY  (g MJ

-1
) 

2016 2017 Mean 2016 2017 Mean 

A) Spring Hybrids       

Pioneer-33M15 2.34 a 2.30 a 2.32 1.00 a 0.96 a 0.98 

Monsanto-DK6525 2.30 b 2.26 b 2.28 0.96 b 0.93 b 0.95 

Syngenta-NK8441 2.24 c 2.18 c 2.21 0.91 c 0.86 c 0.89 

LSD 5% 0.03 0.02  0.01 0.02  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 1.10 e 1.07 e 1.09 0.35 e 0.32 e 0.34 

N1 = 80 Kg ha
-1

 2.34 d 2.29 d 2.32 0.84 d 0.79 d 0.82 

N2 = 160 Kg ha
-1

 2.54 c 2.48 c 2.51 1.07 c 1.03 c 1.05 

N3 = 240 Kg ha
-1

 2.71 b 2.65 b 2.68 1.23 b 1.17 b 1.20 

N4 = 320 Kg ha
-1

 2.77 a 2.74 a 2.76 1.31 a 1.27 a 1.29 

LSD 5% 0.05 0.04  0.02 0.04  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 2.29 2.25 2.27 0.96 0.92 0.94 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.2.19: Relationship between RUETDM and grain yield of spring maize 
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Figure 4.2.20: Relationship between RUEGY and grain yield of spring maize 
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4.3  EXPERIMENT-III  (AUTUMN SEASON) 

         EFFECT OF SOWING DATES AND HYBRIDS ON PHENOLOGY  

         GROWTH, GRAIN YIELD AND RADIATION-USE-EFFICIENCY   

         OF AUTUMN MAIZE 

4.3.1 CROP DEVELOPMENT 

4.3.1.1 Plant height (cm) 

Plant height of autumn maize during both years 2016 and 2017 was influenced 

statistical significantly by different sowing dates and hybrids (Table 4.3.1). Pioneer-

30R50 produced 214.18 cm statistically highest plant height and lowest plant height 

was gained 200.78 cm by Syngenta-NK6621 during 2016. While, plant height 207.22 

cm was recorded by Monsanto-DK6714 during first year. Plant height was obtained 

maximum for the growing season of 2016 instead 2017. During 2017 second year, 

208.61, 201.43 and 195.37 cm plant height was observed by Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively. 211.40, 204.33 and 198.08 

cm plant height was recorded as a mean value over the hybrids during 2016 and 2017 

for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively.  

Plant height was also affected statistical significantly by various sowing times for 

autumn maize during 2016 and 2017. Effect of early sowing dates was more on plant 

height as compare to late sowing times. Statistically highest plant height 228.29 cm 

was attained at sowing date 25-July and at 15-June sowing date, 185.02 cm was 

lowest plant height during 2016. While, 196.31, 219.04 and 208.36 cm plant height 

was gained at other sowing dates 05-July, 15-August and 05-September, respectively 

during 2016. At sowing dates 15-June, 05-July, 25-July, 15-August and 05-September 

during 2017, plant height was recorded statistical significantly 179.65, 190.67, 

223.01, 212.99 and 202.71 cm, respectively. On mean value over the years 2016 and 

2017 for sowing date, 225.65 cm was highest plant height at 25-July and 182.34 cm 

was lowest plant height at 15-June during autumn season. During both 2016 and 2017 

years, statistically non significant results were obtained by interactive effect of sowing 

dates and autumn maize hybrids. Overall, average value for all sowing dates and 

autumn maize hybrids during 2016 and 2017 was 207.39 and 201.81 cm, respectively. 

A strong positive linear correlation between plant height and grain yield was obtained 

during 2016 (R
2
 = 0.97), 2017 (R

2
 = 0.96) and pool data (R

2
 = 0.97) (Fig. 4.3.1). 
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4.3.1.2 Days to 50% tasseling  

Data in table 4.3.1 showed that days to 50% tasseling of Autumn maize during both 

years 2016 and 2017 was influenced statistical significantly by different sowing dates 

and hybrids. Pioneer-30R50 took 51.78 days statistically highest days to 50% 

tasseling and lowest days to 50% tasseling was gained 47.23 days by Syngenta-

NK6621 during 2016. While, days to 50% tasseling 49.41 days was recorded by 

Monsanto-DK6714 during first year. Days to 50% tasseling was obtained maximum 

for the growing season of 2016 instead 2017. During 2017 second year, 49.95, 46.60 

and 45.58 days to 50% tasseling was observed by Pioneer-30R50, Monsanto-DK6714 

and Syngenta-NK6621, respectively. 50.87, 48.01 and 46.41 days to 50% tasseling 

was recorded as a mean value over the hybrids during 2016 and 2017 for Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively.  

Days to 50% tasseling was also affected statistical significantly by various sowing 

times for autumn maize during 2016 and 2017. Effect of early sowing dates was more 

on days to 50% tasseling as compare to late sowing times. Statistically highest days to 

50% tasseling 51.67 days was attained at sowing date 05-September and at 15-June 

sowing date, 47.01 days was lowest days to 50% tasseling during 2016. While, 47.65, 

50.03 and 50.97 days to 50% tasseling was gained at other sowing dates 05-July, 25-

July and 15-August, respectively during 2016. At sowing dates 15-June, 05-July, 25-

July, 15-August and 05-September during 2017, days to 50% tasseling was recorded 

statistical significantly 44.98, 46.34, 48.04, 48.59 and 49.02 days, respectively. On 

mean value over the years 2016 and 2017 for sowing date, 50.35 days was highest 

days to 50% tasseling at 05-September and 46.00 days was lowest days to 50% 

tasseling at 15-June during autumn season. Overall, average value for all sowing dates 

and autumn maize hybrids during 2016 and 2017 was 49.45 and 47.38 days, 

respectively. During both 2016 and 2017 years, statistically non significant results 

were obtained by interactive effect of sowing dates and autumn maize hybrids.       

Fig. 4.3.2 indicated that fairly good positive linear correlation between days to 50% 

tasseling and grain yield was gained during year 2016 (R
2
 = 0.52), 2017 (R

2
 = 0.54) 

and pool data (R
2
 = 0.53). 
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Table 4.3.1: Effect of hybrids and sowing dates on plant height (cm) at maturity 

and days to 50% tasseling 

Treatments 
Plant height (cm)       Days to 50% tasseling 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 214.18 a 208.61 a 211.40 51.78 a 49.95 a 50.87 

Monsanto-DK6714 207.22 b 201.43 b 204.33 49.41 b 46.60 b 48.01 

Syngenta-NK6621 200.78 c 195.37 c 198.08 47.23 c 45.58 c 46.41 

LSD 5% 2.09 2.88  0.79 0.45  

Significance ** **  ** **  

B) Sowing dates       

15-June 185.02 e 179.65 e 182.34 47.01 c 44.98 d 46.00 

05-July 196.31 d 190.67 d 193.49 47.65 c 46.34 c 47.00 

25-July 228.29 a 223.01 a 225.65 50.03 b 48.04 b 49.04 

15-August 219.04 b 212.99 b 216.02 50.97 ab 48.59 ab 49.78 

05-September 208.36 c 202.71 c 205.54 51.67 a 49.02 a 50.35 

LSD 5% 4.26 5.85  1.60 0.91  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 207.39 201.81 204.60 49.45 47.38 48.42 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 

 

  



149 

 

 

Figure 4.3.1: Relationship between plant height and grain yield of autumn maize 
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Figure 4.3.2: Relationship between days to 50% tasseling and grain yield of 

autumn maize 
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4.3.1.3 Days to 50% silking  

Results in table 4.3.2 showed that days to 50% silking of autumn maize during both 

years 2016 and 2017 was influenced statistical significantly by different sowing dates 

and hybrids. Pioneer-30R50 took 55.79 days statistically highest days to 50% silking 

and lowest days to 50% silking was gained 50.22 days by Syngenta-NK6621 during 

2016. While, days to 50% silking 53.38 days were recorded by Monsanto-DK6714 

during first year. Days to 50% silking was obtained maximum for the growing season 

of 2016 instead 2017. During 2017 second year, 54.03, 50.62 and 48.59 days to 50% 

silking was observed by Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively. 54.91, 52.00 and 49.41 days to 50% silking was recorded as a mean 

value over the hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 

and Syngenta-NK6621, respectively.  

Days to 50% silking was also affected statistical significantly by various sowing times 

for autumn maize during 2016 and 2017. Effect of early sowing dates was more on 

days to 50% silking as compare to late sowing times. Statistically highest days to 50% 

silking 55.29 days was attained at sowing date 05-September and at 15-June sowing 

date, 50.65 days was lowest days to 50% silking during 2016. While, 51.33, 53.69 and 

54.71 days to 50% silking was gained at other sowing dates 05-July, 25-July and 15-

August, respectively during 2016. At sowing dates 15-June, 05-July, 25-July, 15-

August and 05-September during 2017, days to 50% silking was recorded statistical 

significantly 48.71, 50.04, 51.67, 52.30 and 52.64 days, respectively. On mean value 

over the years 2016 and 2017 for sowing date, 53.97 days was highest days to 50% 

silking at 05-September and 49.68 days was lowest days to 50% silking at 15-June 

during autumn season. During both 2016 and 2017 years, statistically non significant 

results were obtained by interactive effect of sowing dates and autumn maize hybrids. 

Overall, average value for all sowing dates and autumn maize hybrids during 2016 

and 2017 was 53.14 and 51.07 days, correspondingly. A fairly good positive linear 

correlation between days to 50% silking and grain yield during autumn season was 

attained for the period of year 2016 (R
2
 = 0.58), 2017 (R

2
 = 0.55) and pool data of 

both study years (R
2
 = 0.56) (Fig. 4.3.3).  
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4.3.1.4 Days to 50% maturity   

Days to 50% physiological maturity of autumn maize during both years 2016 and 

2017 was influenced statistical significantly by different sowing dates and hybrids 

(Table 4.3.2). Pioneer-30R50 took 103.81 days statistically highest days to 50% 

physiological maturity and lowest days to 50% physiological maturity was gained 

98.39 days by Syngenta-NK6621 during 2016. While, days to 50% physiological 

maturity 101.02 days were recorded by Monsanto-DK6714 during first year. Days to 

50% physiological maturity was obtained maximum for the growing season of 2016 

instead 2017. During 2017 second year, 102.18, 99.83 and 96.58 days to 50% 

physiological maturity were observed by Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively. 103.00, 100.43 and 97.49 days to 50% physiological 

maturity was recorded as a mean value over the hybrids during 2016 and 2017 for 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively.  

Days to 50% physiological maturity was also affected statistical significantly by 

various sowing times for autumn maize during 2016 and 2017. Effect of early sowing 

dates was more on days to 50% physiological maturity as compare to late sowing 

times. Statistically highest days to 50% physiological maturity 115.04 days was 

attained at sowing date 05-September and at 15-June sowing date, 90.68 days was 

lowest days to 50% physiological maturity during 2016. While, 91.65, 97.58 and 

110.32 days to 50% physiological maturity was gained at other sowing dates 05-July, 

25-July and 15-August, respectively during 2016. At sowing dates 15-June, 05-July, 

25-July, 15-August and 05-September during 2017, days to 50% physiological 

maturity were recorded statistical significantly 89.02, 89.96, 96.35, 108.99 and 113.27 

days, respectively. On mean value over the years 2016 and 2017 for sowing date, 

114.16 days was highest days to 50% physiological maturity at 05-September and 

89.85 days was lowest days to 50% physiological maturity at 15-June during autumn 

season. Overall, average value for all sowing dates and autumn maize hybrids during 

2016 and 2017 was 101.06 and 99.53 days, respectively. Statistically non significant 

results were obtained by interactive effect between sowing dates and hybrids during 

2016 and 2017. Fig. 4.3.4 showed that a fairly good positive linear correlation 

between days to 50% maturity and grain yield during autumn season was obtained 

during both years 2016, 2017 and pool data (R
2
 = 0.28). 
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Table 4.3.2: Effect of hybrids and sowing dates on days to 50% silking and days 

to 50% maturity 

Treatments 
      Days to 50% silking Days to 50% maturity 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-33M15 55.79 a 54.03 a 54.91 103.81 a 102.18 a 103.00 

Monsanto-DK6525 53.38 b 50.62 b 52.00 101.02 b 99.83 b 100.43 

Syngenta-NK8441 50.22 c 48.59 c 49.41 98.39 c 96.58 c 97.49 

LSD 5% 0.73 0.42  1.57 1.83  

Significance ** **  **   

B) Sowing dates       

15-January 50.65 c 48.71 d 49.68 90.68 d 89.02 d 89.85 

05-February 51.33 c 50.04 c 50.69 91.65 d 89.96 d 90.81 

25-February 53.69 b 51.67 b 52.68 97.58 c 96.35 c 96.97 

15-March 54.71 ab 52.30 ab 53.51 110.32 b 108.99 b 109.66 

5-April 55.29 a 52.64 a 53.97 115.04 a 113.27 a 114.16 

LSD 5% 1.48 0.85  3.19 3.73  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 53.14 51.07 52.11 101.06 99.53 100.30 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 

 

  



154 

 

 

Figure 4.3.3: Relationship between days to 50% silking and grain yield of 

autumn maize 
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Figure 4.3.4: Relationship between days to maturity and grain yield of autumn 

maize 
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4.3.2 GROWTH 

4.3.2.1 Maximum leaf area index  

Data in table 4.3.3 showed that maximum leaf area index of autumn maize during 

both years 2016 and 2017 was influenced statistical significantly by different sowing 

dates and hybrids. Pioneer-30R50 produced 3.65 statistically highest maximum leaf 

area index and lowest maximum leaf area index was gained 3.15 by Syngenta-

NK6621 during 2016. While, maximum leaf area index 3.41 was recorded by 

Monsanto-DK6714 during first year. Maximum leaf area index was obtained 

maximum for the growing season of 2016 instead 2017. During 2017 second year, 

3.47, 3.26 and 2.99 maximum leaf area index was observed by Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively. 3.56, 3.34 and 3.07 

maximum leaf area index was recorded as a mean value over the hybrids during 2016 

and 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively.  

Maximum leaf area index was also affected statistical significantly by various sowing 

times for autumn maize during 2016 and 2017. Effect of early sowing dates was more 

on maximum leaf area index as compare to late sowing times. Statistically highest 

maximum leaf area index 4.69 was attained at sowing date 25-July and at 15-June 

sowing date, 1.81 was lowest maximum leaf area index during 2016. While, 3.87, 

4.69 and 3.98 maximum leaf area index was gained at other sowing dates 05-July, 15-

August and 05-September, respectively during 2016. At sowing dates 15-June, 05-

July, 25-July, 15-August and 05-September during 2017, maximum leaf area index 

was recorded statistical significantly 1.73, 3.71, 4.40, 3.86 and 2.50, respectively. On 

mean value over the years 2016 and 2017 for sowing date, 4.55 was maximum leaf 

area index at 25-July and 1.77 was lowest maximum leaf area index at 15-June during 

autumn season. During both 2016 and 2017 years, statistically non significant results 

were obtained by interactive effect of sowing dates and autumn maize hybrids. 

Overall, average value for all sowing dates and autumn maize hybrids during 2016 

and 2017 was 3.41 and 3.24, respectively. A good positive linear correlation between 

maximum leaf area index and grain yield was attained during 2016 (R
2
 = 0.71), 2017 

(R
2
 = 0.75) and pool data (R

2
 = 0.72) (Fig. 4.3.5). 
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Table 4.3.3: Effect of hybrids and sowing dates on maximum leaf area index 

Treatments 2016 2017 Mean 

A) Autumn hybrids    

Pioneer-30R50 3.65 a 3.47 a 3.56 

Monsanto-DK6714 3.41 b 3.26 b 3.34 

Syngenta-NK6621 3.15 c 2.99 c 3.07 

LSD 5% 0.17 0.14  

Significance ** **  

B) Sowing dates    

15-June 1.81 d 1.73 d 1.77 

05-July 3.87 b 3.71 b 3.79 

25-July 4.69 a 4.40 a 4.55 

15-August 3.98 b 3.86 b 3.92 

05-September 2.65 c 2.50 c 2.58 

LSD 5% 0.35 0.26  

Significance ** **  

Interaction (A x B) NS NS  

Mean 3.41 3.24 3.31 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.3.5: Relationship between maximum leaf area index and grain yield of 

autumn maize 
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4.3.2.2 Cob girth (cm)   

Cob girth of autumn maize during both years 2016 and 2017 was influenced statistical 

significantly by different sowing dates and hybrids. Pioneer-30R50 produced 3.58 cm 

statistically highest cob girth and lowest cob girth was gained 3.11 cm by Syngenta-

NK6621 during 2016 (Table 4.3.4). While, cob girth 3.33 cm was recorded by 

Monsanto-DK6714 during first year. Cob girth was obtained maximum for the 

growing season of 2016 instead 2017. During 2017 second year, 3.40, 2.98 and 2.74 

cm cob girth was observed by Pioneer-30R50, Monsanto-DK6714 and Syngenta-

NK6621, respectively. 3.49, 3.16 and 2.93 cm cob girth was recorded as a mean value 

over the hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively.  

Cob girth was also affected statistical significantly by various sowing times for 

autumn maize during 2016 and 2017. Effect of early sowing dates was more on cob 

girth as compare to late sowing times. Statistically highest cob girth 3.79 cm was 

attained at sowing date 25-July and at 15-June sowing date, 2.85 cm was lowest cob 

girth during 2016. While, 3.15, 3.56 and 3.37 cm cob girth was gained at other sowing 

dates 05-July, 15-August and 05-September, respectively during 2016. At sowing 

dates 15-June, 05-July, 25-July, 15-August and 05-September during 2017, cob girth 

was recorded statistical significantly 2.50, 2.87, 3.50, 3.28 and 3.05 cm, respectively. 

On average value over the years 2016 and 2017 for sowing date, 3.65 cm was cob 

girth at 25-July and 2.68 cm was lowest cob girth at 15-June during autumn season. 

Overall, average value for all sowing dates and autumn maize hybrids during 2016 

and 2017 was 3.34 and 3.05 cm, respectively. During 2016 and 2017, statistically non 

significant results were gained by interactive effect of hybrids and sowing dates.     

Fig. 4.3.6 indicated that a strong positive correlation between cob girth and grain yield 

was obtained during 2016, 2017 and pool data (R
2
 = 0.87). 

4.3.2.3 Cob length (cm)   

Table 4.3.4 showed that cob length of autumn maize during both years 2016 and 2017 

was influenced statistical significantly by different sowing dates and hybrids. Pioneer-

30R50 produced 17.14 cm statistically highest cob length and lowest cob length was 

gained 14.65 cm by Syngenta-NK6621 during 2016. While, cob length 15.91 cm was 

recorded by Monsanto-DK6714 during first year.  
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Table 4.3.4: Effect of hybrids and sowing dates on cob girth and cob length (cm) 

Treatments 
     Cob girth (cm)       Cob length (cm)  

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 3.58 a 3.40 a 3.49 17.14 a 16.22 a 16.68 

Monsanto-DK6714 3.33 b 2.98 b 3.16 15.91 b 15.01 b 15.46 

Syngenta-NK6621 3.11 c 2.74 c 2.93 14.65 c 13.27 c 13.96 

LSD 5% 0.08 0.03  0.24 0.18  

Significance ** **  ** **  

B) Sowing dates       

15-June 2.85 e 2.50 e 2.68 12.49 e 11.45 e 11.97 

05-July 3.15 d 2.87 d 3.01 14.30 d 13.17 d 13.74 

25-July 3.79 a 3.50 a 3.65 19.01 a 17.94 a 18.48 

15-August 3.56 b 3.28 b 3.42 17.36 b 16.32 b 16.84 

05-September 3.37 c 3.05 c 3.21 16.33 c 15.29 c 15.81 

LSD 5% 0.14 0.07  0.49 0.38  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 3.34 3.05 3.20 15.91 14.83 15.37 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.3.6: Relationship between cob girth and grain yield of autumn maize 
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Figure 4.3.7: Relationship between cob length and grain yield of autumn maize 
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Cob length was obtained maximum for the growing season of 2016 instead 2017. 

During 2017 second year, 16.22, 15.01 and 13.27 cm cob length was observed by 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. 16.68, 15.46 

and 13.96 cm cob length was recorded as a mean value over the hybrids during 2016 

and 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621.  

Cob length was also affected statistical significantly by various sowing times for 

autumn maize during 2016 and 2017. Effect of early sowing dates was more on cob 

length as compare to late sowing times. Statistically highest cob length 19.01 cm was 

attained at sowing date 25-July and at 15-June sowing date, 12.49 cm was lowest cob 

length during 2016. While, 14.30, 17.36 and 16.33 cm cob length was gained at other 

sowing dates 05-July, 15-August and 05-September, respectively during 2016. At 

sowing dates 15-June, 05-July, 25-July, 15-August and 05-September during 2017, 

cob length was recorded statistical significantly 11.45, 13.17, 17.94, 16.32 and 15.29 

cm, respectively. On mean value over the years 2016 and 2017 for sowing date, 18.48 

cm was cob length at 25-July and 11.97 cm was lowest cob length at 15-June during 

autumn season. During both 2016 and 2017 years, statistically non significant results 

were obtained by interactive effect of sowing dates and autumn maize hybrids. 

Overall, average value for all sowing dates and autumn maize hybrids during 2016 

and 2017 was 15.91 and 14.83 cm, respectively. Strong positive relationship between 

cob length and grain yield was attained during years and pool data (Fig. 4.3.7). 

4.3.3 ANALYSIS OF GROWTH 

4.3.3.1 Leaf area duration (days)  

Leaf area duration in 2016 and 2017 was influenced statistical significantly by 

different sowing dates and hybrids. Pioneer-30R50 took 267.42 days statistically 

highest leaf area duration and lowest leaf area duration was gained 248.01 days by 

Syngenta-NK6621 during 2016 (Table 4.3.5). While, leaf area duration 256.57 days 

were recorded by Monsanto-DK6714 during first year. Leaf area duration was 

obtained maximum for the growing season of 2016 instead 2017. During 2017 second 

year, 259.37, 248.64 and 239.98 days leaf area duration was observed by Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. 263.40, 252.61 and 

244.00 days LAD was recorded as a mean value over the hybrids during 2016 and 

2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively.  
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Leaf area duration was also affected statistical significantly by various sowing times 

for autumn maize during 2016 and 2017. Effect of early sowing dates was more on 

leaf area duration as compare to late sowing times. Statistically highest leaf area 

duration 283.01 days was attained at sowing date 25-July and at 15-June sowing date, 

219.98 days was lowest leaf area duration during 2016. While, 241.00, 275.30 and 

267.28 days leaf area duration was gained at other sowing dates 05-July, 15-August 

and 05-September, respectively during 2016. At sowing dates 15-June, 05-July, 25-

July, 15-August and 05-September during 2017, leaf area duration was recorded 

statistical significantly 212.03, 233.05, 274.97, 267.34 and 259.31 days, respectively. 

On mean value over the years 2016 and 2017 for sowing date, 278.99 days was leaf 

area duration at 25-July and 216.01 days was lowest leaf area duration at 15-June 

during autumn season. Overall, average value for all sowing dates and autumn maize 

hybrids during 2016 and 2017 was 257.37 and 249.28 days, respectively. During both 

years 2016 and 2017, statistically non significant results were obtained by interactive 

effect of sowing dates and hybrids. Fig. 4.3.8 showed that a strong positive correlation 

between LAD and grain yield was gained during years and pool data (R
2
 = 0.96). 

4.3.3.2 Net assimilation rate (g m
-2

 d
-1

)  

Table 4.3.5 indicated that net assimilation rate of autumn maize during both years 

2016 and 2017 was influenced statistical significantly by different sowing dates and 

hybrids. Pioneer-30R50 obtained 5.95 g m
-2

 d
-1

 statistically highest net assimilation 

rate and lowest net assimilation rate was gained 5.75 g m
-2

 d
-1

 by Syngenta-NK6621 

during 2016. While, net assimilation rate 5.89 g m
-2

 d
-1

 were recorded by Monsanto-

DK6714 during first year. During 2017 second year, 5.89, 5.78 and 5.59 g m
-2

 d
-1

 net 

assimilation rate was observed by Pioneer-30R50, Monsanto-DK6714 and Syngenta-

NK6621, respectively. 5.92, 5.84 and 5.67 g m
-2

 d
-1

 net assimilation rate was recorded 

as a mean value over the hybrids during 2016 and 2017 for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively.  

Net assimilation rate was also affected statistical significantly by various sowing 

times for autumn maize during 2016 and 2017. Effect of early sowing dates was more 

on net assimilation rate as compare to late sowing times. Statistically highest net 

assimilation rate 6.11 g m
-2

 d
-1

 was attained at sowing date 25-July and at 15-June 

sowing date, 5.43 g m
-2

 d
-1

 was lowest net assimilation rate during 2016.  
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Table 4.3.5: Effect of hybrids and sowing dates on leaf area duration (days) and 

net assimilation rate (g m
-2

) 

Treatments 

Leaf area duration  

(days) 

Net assimilation rate     

(g m
-2

 d
-1

) 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 267.42 a 259.37 a 263.40 5.95 a 5.89 a 5.92 

Monsanto-DK6714 256.57 b 248.64 b 252.61 5.89 b 5.78 b 5.84 

Syngenta-NK6621 248.01 c 239.98 c 244.00 5.75 c 5.59 c 5.67 

LSD 5% 3.67 5.24  0.04 0.05  

Significance ** **  ** **  

B) Sowing dates       

15-June 219.98 e 212.03 d 216.01 5.43 e 5.26 d 5.35 

05-July 241.00 d 233.05 c 237.03 5.93 c 5.89 b 5.91 

25-July 283.01 a 274.97 a 278.99 6.11 a 6.03 a 6.07 

15-August 275.30 b 267.34 ab 271.32 6.04 b 5.94 b 5.99 

05-September 267.28 c 259.31 b 263.30 5.82 d 5.62 c 5.72 

LSD 5% 7.46 10.65  0.07 0.09  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 257.37 249.28 253.33 5.86 5.75 5.81 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.3.8: Relationship between leaf area duration and grain yield of autumn 

maize 
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Figure 4.3.9: Relationship between net assimilation rate and grain yield of 

autumn maize 
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While, 5.93, 6.04 and 5.82 g m
-2

 d
-1

 net assimilation rate was gained at other sowing 

dates 05-July, 15-August and 05-September, respectively during 2016. At sowing 

dates 15-June, 05-July, 25-July, 15-August and 05-September during 2017, net 

assimilation rate was recorded statistical significantly 5.26, 5.89, 6.03, 5.94 and 5.62 g 

m
-2

 d
-1

, respectively. On mean value over the years 2016 and 2017 for sowing date, 

6.07 g m
-2

 d
-1

 was net assimilation rate at 25-July and 5.35 g m
-2

 d
-1

 was lowest net 

assimilation rate at 15-June during autumn season. During both 2016 and 2017 years, 

statistically non significant results were obtained by interactive effect of sowing dates 

and autumn maize hybrids. Overall, average value for all sowing dates and hybrids 

was 5.86 g m
-2

 d
-1 

during 2016 and 5.75 g m
-2

 d
-1

 during 2017. A strong positive linear 

correlation between net assimilation rate and grain yield was obtained during 2016 

(R
2
 = 0.87), 2017(R

2
 = 0.81) and pool data (R

2
 = 0.83) (Fig. 4.3.9).  

4.3.3.4 Crop growth rate (g m
-2

 d
-1

)  

Crop growth rate was influenced statistical significantly by different sowing dates and 

hybrids during both years 2016 and 2017. Pioneer-30R50 obtained 15.40 g m
-2

 d
-1

 

statistically highest crop growth rate and lowest crop growth rate was gained 14.57 g 

m
-2

 d
-1

 by Syngenta-NK6621 during 2016 (Table 4.3.6). While, crop growth rate 

15.06 g m
-2

 d
-1

 were recorded by Monsanto-DK6714 during first year. Crop growth 

rate was obtained maximum for the growing season of 2016 instead 2017. During 

2017 second year, 15.02, 14.49 and 13.96 g m
-2

 d
-1

 crop growth rate was observed by 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. 15.21, 14.78 

and 14.27 g m
-2

 d
-1

 crop growth rate was recorded as a mean value over the hybrids 

during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively.  

Crop growth rate was also affected statistical significantly by various sowing times 

for autumn maize during 2016 and 2017. Effect of early sowing dates was more on 

crop growth rate as compare to late sowing times. Statistically highest crop growth 

rate 17.71 g m
-2

 d
-1

 was attained at sowing date 25-July and at 15-June sowing date, 

13.17 g m
-2

 d
-1

 was lowest crop growth rate during 2016. While, 15.59, 15.06 and 

13.52 g m
-2

 d
-1

 crop growth rate was gained at other sowing dates 05-July, 15-August 

and 05-September, respectively during 2016.  
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Table 4.3.6: Effect of hybrids and sowing dates on crop growth rate (g m
-2

 d
-1

) 

Treatments 2016 2017 Mean 

A) Autumn hybrids    

Pioneer-30R50 15.40 a 15.02 a 15.21 

Monsanto-DK6714 15.06 b 14.49 b 14.78 

Syngenta-NK6621 14.57 c 13.96 c 14.27 

LSD 5% 0.13 0.18  

Significance ** **  

B) Sowing dates    

15-June 13.17 e 12.56 d 12.87 

05-July 15.59 b 15.23 b 15.41 

25-July 17.71 a 17.22 a 17.47 

15-August 15.06 c 14.57 c 14.82 

05-September 13.52 d 12.86 d 13.19 

LSD 5% 0.27 0.37  

Significance ** **  

Interaction (A x B) NS NS  

Mean 15.01 14.49 14.75 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.3.10: Relationship between crop growth rate and grain yield of autumn 

maize 
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At sowing dates 15-June, 05-July, 25-July, 15-August and 05-September during 2017, 

crop growth rate was recorded statistical significantly 12.56, 15.23, 17.22, 14.57 and 

12.86 g m
-2

 d
-1

, respectively. On mean value over the years 2016 and 2017 for sowing 

date, 17.47 g m
-2

 d
-1

 was crop growth rate at 25-July and 12.87 g m
-2

 d
-1

 was lowest 

crop growth rate at 15-June during autumn season. During both 2016 and 2017 years, 

statistically non significant results were obtained by interactive effect of sowing dates 

and autumn maize hybrids. Overall, average value for all sowing dates and autumn 

maize hybrids during 2016 and 2017 was 15.01 and 14.49 g m
-2

 d
-1

, respectively.    

Fig. 4.3.10 indicated that a fairly good positive correlation between crop growth rate 

and grain yield was gained during both years 2016, 2017 and pool data (R
2
 = 0.59). 

4.3.4 COMPONENTS OF GRAIN YIELD 

4.3.4.1 Number of plants m
-2

 at harvesting 

Data in table 4.3.7 showed that effect of autumn maize hybrids on number of plants 

m
-2

 was statistically non significant during both years. Range value of number of 

plants m
-2

 was 7.18 to 7.19 during 2016 and 7.18 to 7.20 during 2017. Impact of 

sowing dates on autumn maize plant population m
-2

 was also statistically non 

significant. Number of plants m
-2

 for sowing dates was ranged from 7.17 to 7.21 and 

7.19 to 7.23 during 2016 and 2017, respectively. Interaction between spring maize 

hybrids and sowing dates was also statistically non significant during both years. 

Overall, grand mean value for plant population m
-2 

for autumn season for maize      

was 7.20. 

4.3.4.2 Number of grain rows cob
-1

  

Number of grain rows per cob of autumn maize during both years 2016 and 2017 was 

influenced statistical significantly by different sowing dates and hybrids. Pioneer-

30R50 obtained 14.20 statistically highest number of grain rows per cob and lowest 

number of grain rows per cob was gained 12.54 by Syngenta-NK6621 during 2016 

(Table 4.3.7). While, number of grain rows per cob 13.98 were recorded by 

Monsanto-DK6714 during first year. Number of grain rows per cob was obtained 

maximum for the growing season of 2016 instead 2017. During 2017 second year, 

13.72, 13.04 and 11.54 number of grain rows per cob was observed by Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively.  
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Table 4.3.7: Effect of hybrids and sowing dates on number of plants m
-2

 at 

harvesting and number of grain rows cob
-1

 

Treatments 
Number of plants m

-2
  Number of grain rows cob

-1
 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 7.18 7.19 7.19 14.20 a 13.72 a 13.96 

Monsanto-DK6714 7.19 7.20 7.20 13.98 b 13.04 b 13.51 

Syngenta-NK6621 7.19 7.18 7.19 12.54 c 11.54 c 12.04 

LSD 5% 0.03 0.02  0.10 0.18  

Significance NS NS     

B) Sowing dates       

15-June 7.19 7.20 7.20 12.30 e 11.53 d 11.92 

05-July 7.17 7.22 7.20 13.12 d 12.36 c 12.75 

25-July 7.21 7.23 7.22 14.66 a 13.87 a 14.27 

15-August 7.18 7.20 7.19 14.10 b 13.34 b 13.72 

05-September 7.19 7.19 7.19 13.67 c 12.73 c 13.20 

LSD 5% 0.08 0.07  0.19 0.37  

Significance NS NS  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 7.18 7.21 7.20 13.58 12.75 13.17 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.3.11: Relationship between number of grain rows per cob and grain 

yield of autumn maize 
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Number of grain rows per cob 13.96, 13.51 and 12.04 were recorded as a mean value 

over the hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively.  

Number of grain rows per cob was also affected statistical significantly by various 

sowing times for autumn maize during 2016 and 2017. Effect of early sowing dates 

was more on number of grain rows per cob as compare to late sowing times. 

Statistically highest number of grain rows per cob 14.66 was attained at sowing date 

25-July and at 15-June sowing date, 12.30 was lowest number of grain rows per cob 

during 2016. While, 13.12, 14.10 and 13.67 number of grain rows per cob was gained 

at other sowing dates 05-July, 15-August and 05-September, respectively during 

2016. At sowing dates 15-June, 05-July, 25-July, 15-August and 05-September during 

2017, number of grain rows per cob was recorded statistical significantly 11.53, 

12.36, 13.87, 13.34 and 12.73, respectively. On mean value over the years 2016 and 

2017 for sowing date, 14.27 was number of grain rows per cob at 25-July and 11.92 

was lowest number of grain rows per cob at 15-June during autumn season. Overall, 

average value for all sowing dates and autumn maize hybrids during 2016 and 2017 

was 13.58 and 12.75, respectively. During both 2016 and 2017 years, statistically non 

significant results were obtained by interactive effect of sowing dates and hybrids.    

A strong correlation between number of grain rows cob
-1

 and grain yield was obtained 

during 2016 (R
2
 = 0.82), 2017 (R

2
 = 0.78) and pool data (R

2
 = 0.78) (Fig. 4.3.11). 

4.3.4.3 Number of grains cob
-1

 
 

Results in table 4.3.8 showed that numbers of grains cob
-1

 of autumn maize during 

both years 2016 and 2017 was influenced statistical significantly by different sowing 

dates and hybrids. Pioneer-30R50 obtained 378.75 statistically highest numbers of 

grains cob
-1

 and lowest number of grains cob
-1

 was gained 355.87 by Syngenta-

NK6621 during 2016. While, number of grains cob
-1

 366.10 was recorded by 

Monsanto-DK6714 during first year. Number of grains cob
-1

 was obtained maximum 

for the growing season of 2016 instead 2017. During 2017 second year, 368.60, 

355.13 and 345.10 number of grains cob
-1

 was observed by Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively.  
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Number of grains cob
-1

 373.68, 360.62 and 350.49 was recorded as a mean value over 

the hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively.  

Number of grains cob
-1

 was also affected statistical significantly by various sowing 

times for autumn maize during 2016 and 2017. Effect of early sowing dates was more 

on number of grains cob
-1

 as compare to late sowing times. Statistically highest 

number of grains cob
-1

 424.50 was attained at sowing date 25-July and at 15-June 

sowing date, 328.72 was lowest number of grains cob-1 during 2016. While, 362.89, 

380.94 and 337.50 number of grains cob
-1

 was gained at other sowing dates 05-July, 

15-August and 05-September, respectively during 2016. At sowing dates 15-June, 05-

July, 25-July, 15-August and 05-September during 2017, number of grains cob
-1

 was 

recorded statistical significantly 324.06, 352.61, 410.78, 371.72 and 322.21, 

respectively. On mean value over the years 2016 and 2017 for sowing date, 417.64 

was number of grains cob
-1

 at 25-July and 326.39 was lowest number of grains cob
-1

 

at 15-June during autumn season. Overall, average value for all sowing dates and 

hybrids during 2016 and 2017 was 366.91 and 356.28, respectively. During 2016 and 

2017, statistically non significant results were obtained by interactive effect of hybrids 

and sowing dates Fig. 4.3.12 indicated that a good positive linear correlation between 

number of grains per cob and grain yield was obtained during 2016 (R
2
 = 0.70), 2017 

(R
2
 = 0.69) and pool data (R

2
 = 0.70). 

4.3.4.4 Number of grains m
-2

 
 

Number of grains m
-2

 of autumn maize during both years 2016 and 2017 was 

influenced statistical significantly by different sowing dates and hybrids (Table 4.3.8). 

Pioneer-30R50 obtained 2272.58 statistically highest numbers of grains m
-2

 and 

lowest number of grains m
-2

 was gained 2135.19 by Syngenta-NK6621 during 2016. 

While, number of grains m
-2

 2196.60 was recorded by Monsanto-DK6714 during first 

year. Number of grains m
-2

 was obtained maximum for the growing season of 2016 

instead 2017. During 2017 second year, 2211.6, 2130.78 and 2070.59 number of 

grains m
-2

 was observed by Pioneer-30R50, Monsanto-DK6714 and Syngenta-

NK6621, respectively. 2242.10, 2163.69 and 2102.89 number of grains m
-2

 was 

recorded as a mean value over the hybrids during 2016 and 2017 for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively.  
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Table 4.3.8: Effect of hybrids and sowing dates on number of grains cob
-1

 and 

number of grains (m
-2

) 

Treatments 
Number of grains cob

-1
 Number of grains m

-2
 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 378.75 a 368.60 a 373.68 2272.58 a 2211.62 a 2242.10 

Monsanto-DK6714 366.10 b 355.13 b 360.62 2196.60 b 2130.78 b 2163.69 

Syngenta-NK6621 355.87 c 345.10 c 350.49 2135.19 c 2070.59 c 2102.89 

LSD 5% 5.73 4.97  34.03 49.74  

Significance ** **  ** **  

B) Sowing dates       

15-June 328.72 d 324.06 d 326.39 1972.30 d 1944.28 d 1958.29 

05-July 362.89 c 352.61 c 357.75 2177.27 c 2115.72 c 2146.50 

25-July 424.50 a 410.78 a 417.64 2547.01 a 2464.69 a 2505.85 

15-August 380.94 b 371.72 b 376.33 2285.73 b 2230.29 b 2258.01 

05-September 337.50 d 322.21 d 329.86 2024.98 d 1933.28 d 1979.13 

LSD 5% 11.72 10.13  69.28 101.25  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 366.91 356.28 361.60 2201.52 2137.69 2169.61 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.3.12: Relationship between number of grains per cob and grain yield of 

autumn maize 
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Figure 4.3.13: Relationship between number of grains (m

-2
) and grain yield of 

autumn maize 
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Number of grains m
-2

 was also affected statistical significantly by various sowing 

times for autumn maize during 2016 and 2017. Effect of early sowing dates was more 

on number of grains cob
-1

 as compare to late sowing times. Statistically highest 

number of grains m
-2

 2547.01 was attained at sowing date 25-July and at 15-June 

sowing date, 1972.30 was lowest number of grains m
-2

 during 2016. While, 2177.27, 

2285.73 and 2024.98 number of grains m
-2

 was gained at other sowing dates 05-July, 

15-August and 05-September, respectively during 2016. At sowing dates 15-June, 05-

July, 25-July, 15-August and 05-September during 2017, number of grains m
-2

 was 

recorded statistical significantly 1944.28, 2115.72, 2464.69, 2230.29 and 1933.28, 

respectively. On mean value over the years 2016 and 2017 for sowing date, 2505.85 

was number of grains m
-2

 at 25-July and 1958.29 was lowest number of grains m
-2

 at 

15-June during autumn season. During both 2016 and 2017 years, statistically non 

significant results were obtained by interactive effect of sowing dates and autumn 

maize hybrids. Overall, average value for all sowing dates and autumn maize hybrids 

was gained 2201.52 during 2016 and 2137.69 during 2017. A good positive linear 

relationship between number of grains m
-2

 and grain production was attained during 

2016 (R
2
 = 0.70), 2017 (R

2
 = 0.68) and pool data (R

2
 = 0.70) (Fig. 4.3.13).  

 

4.3.4.5 Thousand grain weight (g) 
 

Data in table 4.3.9 showed that thousand grain weight of autumn maize during both 

years 2016 and 2017 was influenced statistical significantly by different sowing dates 

and hybrids. Pioneer-30R50 obtained 289.81 g statistically highest thousand grain 

weight and lowest thousand grain weight was gained 268.60 g by Syngenta-NK6621 

during 2016. While, thousand grain weight 277.38 g was recorded by Monsanto-

DK6714 during first year. Thousand grain weight was obtained maximum for the 

growing season of 2016 instead 2017. During 2017 second year, 280.79, 266.23 and 

254.41 g thousand grain weight was observed by Pioneer-30R50, Monsanto-DK6714 

and Syngenta-NK6621, respectively. 285.30, 271.81 and 261.51 g thousand grain 

weight was recorded as a mean value over the hybrids during 2016 and 2017 for 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively.  

Thousand grain weight was also affected statistical significantly by various sowing 

times for autumn maize during 2016 and 2017. Effect of early sowing dates was more 

on thousand grain weight as compare to late sowing times.  
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Statistically highest thousand grain weight 313.29 g was attained at sowing date 05-

September and at 15-June sowing date, 214.99 g was lowest thousand grain weight 

during 2016. While, 260.32, 297.65 and 306.67 g thousand grain weight was gained at 

other sowing dates 05-July, 25-July and 15-August, respectively during 2016. At 

sowing dates 15-June, 05-July, 25-July, 15-August and 05-September during 2017, 

thousand grain weight was recorded statistical significantly 201.01, 252.00, 289.32, 

295.98 and 297.35 g, respectively. On mean value over the years 2016 and 2017 for 

sowing date, 305.32 g was thousand grain weight at 05-September and 208.00 g was 

lowest thousand grain weight at 15-June during autumn season. During both 2016 and 

2017 years, statistically non significant results were obtained by interactive effect of 

sowing dates and autumn maize hybrids. Overall, average value for all sowing dates 

and autumn maize hybrids during 2016 and 2017 was 278.60 g and 267.12 g, 

respectively. Fig. 4.3.14 indicated that a strong positive linear correlation between 

thousand grain weight and grain yield was obtained during both years and pool data 

(R
2
 = 0.80). 

4.3.4.6 Grain yield (kg ha
-1

)   

Grain yield of autumn maize during both years 2016 and 2017 was influenced 

statistical significantly by different sowing dates and hybrids. Pioneer-30R50 

produced 6616.48 kg ha
-1

 statistically highest grain yield and lowest grain yield was 

gained 5776.40 kg ha
-1

 by Syngenta-NK6621 during 2016 (Table 4.3.9). While, grain 

yield 6129.53 kg ha
-1

 was recorded by Monsanto-DK6714 during first year. Grain 

yield was obtained maximum for the growing season of 2016 instead 2017. During 

2017 second year, 6237.24, 5712.32 and 5301.27 kg ha
-1

 grain yield was observed by 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. 6426.86, 

5920.93 and 5538.84 kg ha
-1

 grain yield was recorded as a mean value over the 

hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-

NK6621, respectively. Grain yield was also affected statistical significantly by 

various sowing times for autumn maize during 2016 and 2017. Effect of early sowing 

dates was more on grain yield as compare to late sowing times. Statistically highest 

grain yield 7589.04 kg ha
-1

 was attained at sowing date 25-July and at 15-June sowing 

date, 4247.81 kg ha
-1

 was lowest grain yield during 2016. While, 5675.22, 7013.12 

and 6345.60 kg ha
-1

 grain yield was gained at other sowing dates 05-July, 15-August 

and 05-September, respectively during 2016.  
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Table 4.3.9: Effect of hybrids and sowing dates on thousand grain weight (g) and 

grain yield (kg ha
-1

) 

Treatments 
Thousand grain weight (g)         Grain yield (kg ha

-1
) 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 289.81 a 280.79 a 285.30 6616.48 a 6237.24 a 6426.86 

Monsanto-DK6714 277.38 b 266.23 b 271.81 6129.53 b 5712.32 b 5920.93 

Syngenta-NK6621 268.60 c 254.41 c 261.51 5776.40 c 5301.27 c 5538.84 

LSD 5% 3.14 2.09  178.01 198.94  

Significance ** **  ** **  

B) Sowing dates       

15-June 214.99 e 201.01 d 208.00 4247.81 e 3914.38 e 4081.10 

05-July 260.32 d 252.00 c 256.16 5675.22 d 5339.92 d 5507.57 

25-July 297.65 c 289.32 b 293.49 7589.04 a 7142.01 a 7365.53 

15-August 306.67 b 295.98 a 301.33 7013.12 b 6602.94 b 6808.03 

05-September 313.29 a 297.35 a 305.32 6345.60 c 5752.08 c 6048.84 

LSD 5% 6.40 4.26  362.37 405.03  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 278.60 267.12 272.86 6174.12 5750.17 5962.15 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.3.14: Relationship between 1000-grain weight and grain yield of autumn 

maize 
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At sowing dates 15-June, 05-July, 25-July, 15-August and 05-September during 2017, 

grain yield was recorded statistical significantly 3914.38, 5339.92, 7142.01, 6602.94 

and 5752.08 kg ha
-1

, respectively. On mean value over the years 2016 and 2017 for 

sowing date, 7365.53 kg ha
-1

 was highest grain yield at 25-July and 4081.10 kg ha
-1

 

was lowest grain yield at 15-June during autumn season. Overall, average value for all 

sowing dates and autumn maize hybrids during 2016 and 2017 was 6174.12 and 

5750.17 kg ha
-1

, respectively. During both years of experiments, statistically non 

significant results were obtained by interactive effect of sowing dates and hybrids. A 

strong positive linear correlation between yield parameters and grain yield was gained 

during years 2016, 2017 and pool data (Figs. 4.3.1-20). 

4.3.4.7 Total dry matter (kg ha
-1

)  

TDM of autumn maize during both years 2016 and 2017 was influenced statistical 

significantly by different sowing dates and hybrids. Pioneer-30R50 produced 15951 

kg ha
-1

 statistically highest total dry matter and lowest total dry matter was gained 

14313 kg ha
-1

 by Syngenta-NK6621 during 2016 (Table 4.3.10). While, total dry 

matter 15175 kg ha
-1

 was recorded by Monsanto-DK6714 during first year. Total dry 

matter was obtained maximum for the growing season of 2016 instead 2017. During 

2017 second year, 15310, 14428 and 13451 kg ha
-1

 total dry matter was observed by 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. 15630, 

14802 and 13882 kg ha
-1

 total dry matter was recorded as a mean value over the 

hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-

NK6621, respectively.  

Effect of early sowing dates was more on total dry matter as compare to late sowing 

times. Statistically highest total dry matter 17308 kg ha
-1

 was attained at sowing date 

25-July and at 15-June sowing date, 11947 kg ha
-1

 was lowest total dry matter during 

2016. While, 14303, 16627 and 15547 kg ha
-1

 total dry matter was gained at other 

sowing dates 05-July, 15-August and 05-September, respectively during 2016. At 

sowing dates 15-June, 05-July, 25-July, 15-August and 05-September during 2017, 

total dry matter was recorded statistical significantly 11195, 13725, 16601, 15884 and 

14581 kg ha
-1

, respectively. On mean value over the years 2016 and 2017 for sowing 

date, 16955 kg ha
-1

 was highest total dry matter at 25-July and 11571 kg ha
-1

 was 

lowest total dry matter at 15-June during autumn season.  
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During both 2016 and 2017 years, statistically non significant results were obtained 

by interactive effect of sowing dates and autumn maize hybrids. Overall, average 

value for all sowing dates and autumn maize hybrids during 2016 and 2017 was 

15146 and 14397 kg ha
-1

, respectively. A strong positive correlation between total dry 

matter and grain yield was obtained during both years and pool data (Fig. 4.3.15). 

4.3.4.8 Harvest index (%)   

Harvest index of autumn maize during both years 2016 and 2017 was influenced 

statistical significantly by different sowing dates and hybrids. Pioneer-30R50 

produced 41.17% statistically highest harvest index and lowest harvest index was 

gained 39.95% by Syngenta-NK6621 during 2016 (Table 4.3.10). While, harvest 

index 40.03% was recorded by Monsanto-DK6714 during first year. Harvest index 

was obtained maximum for the growing season of 2016 instead 2017. During 2017 

second year, 40.39, 39.22 and 38.91% kg ha
-1

 harvest index was observed by Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. 40.78, 39.63 and 

39.43% harvest index was recorded as a mean value over the hybrids during 2016 and 

2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively.  

Harvest index was also affected statistical significantly by various sowing times for 

autumn maize during 2016 and 2017. Effect of early sowing dates was more on 

harvest index as compare to late sowing times. Statistically highest harvest index 

43.82% was attained at sowing date 25-July and at 15-June sowing date, 35.50% was 

lowest harvest index during 2016. While, 39.65, 42.16 and 40.82% harvest index was 

gained at other sowing dates 05-July, 15-August and 05-September, respectively 

during 2016. At sowing dates 15-June, 05-July, 25-July, 15-August and 05-September 

during 2017, harvest index was recorded statistical significantly 34.91, 38.87, 42.96, 

41.56 and 39.43%, respectively. On mean value over the years 2016 and 2017 for 

sowing date, 43.39% was highest harvest index at 25-July and 35.21% was lowest 

harvest index at 15-June during autumn season. Overall, average value for all sowing 

dates and autumn maize hybrids during 2016 and 2017 was 40.39 and 39.55%, 

respectively. Statistically non significant results were gained by interactive effect of 

sowing dates and autumn maize hybrids during both 2016 and 2017 years. A strong 

positive linear correlation between harvest index and grain yield was attained for the 

period of year 2016, 2017 and pool data (R
2
 = 0.98) (Fig. 4.3.16).  
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Table 4.3.10: Effect of hybrids and sowing dates on total dry matter (kg ha
-1

) and 

harvest index (%) 

Treatments 
Total dry matter (kg ha

-1
)       Harvest index (%) 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 15951 a 15310 a 15630 41.17 a 40.39 a 40.78 

Monsanto-DK6714 15175 b 14428 b 14802 40.03 b 39.22 b 39.63 

Syngenta-NK6621 14313 c 13451 c 13882 39.95 b 38.91 b 39.43 

LSD 5% 181 152  0.34 0.31  

Significance ** **  ** **  

B) Sowing dates       

15-June 11947 e 11195 e 11571 35.50 e 34.91 d 35.21 

05-July 14303 d 13725 d 14014 39.65 d 38.87 c 39.26 

25-July 17308 a 16601 a 16955 43.82 a 42.96 a 43.39 

15-August 16627 b 15884 b 16256 42.16 b 41.56 b 41.86 

05-September 15547 c 14581 c 15064 40.82 c 39.43 c 40.13 

LSD 5% 368 310  0.70 0.64  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 15146 14397 14772 40.39 39.55 39.97 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 

 



186 

 

 
Figure 4.3.15: Relationship between total biomass and grain yield of autumn 

maize 
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Figure 4.3.16: Relationship between harvest index and grain yield of autumn 

maize 
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4.3.5 GROWTH AND INTERCEPTED RADIATION 

4.3.5.1 Fraction of intercepted radiation (Fi)  

Results in table 4.3.11 indicated that fraction of intercepted radiation of Autumn 

maize during both years 2016 and 2017 was influenced statistical significantly by 

different sowing dates and hybrids. Pioneer-30R50 gave 0.892 statistically highest Fi 

value and lowest was gained 0.863 by Syngenta-NK6621 during 2016. While, Fi 

value 0.879 was recorded by Monsanto-DK6714 during first year. Fi value was 

obtained maximum for the growing season of 2016 instead 2017. During 2017 second 

year, 0.883, 0.869 and 0.850 Fi value was observed by Pioneer-30R50, Monsanto-

DK6714 and Syngenta-NK6621, respectively. 0.889, 0.874 and 0.857 Fi value was 

recorded as a mean value over the hybrids during 2016 and 2017 for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively.  

Fi value was also affected statistical significantly by various sowing times for autumn 

maize during 2016 and 2017. Effect of early sowing dates was more on Fi value as 

compare to late sowing times. Statistically highest Fi value 0.962 was attained at 

sowing date 25-July and at 15-June sowing date, 0.718 was lowest Fi value during 

2016. While, 0.933, 0.936 and 0.843 Fi value was gained at other sowing dates 05-

July, 15-August and 05-September, respectively during 2016. At sowing dates 15-

June, 05-July, 25-July, 15-August and 05-September during 2017, Fi value was 

recorded statistical significantly 0.702, 0.925, 0.954, 0.930 and 0.826, respectively. 

On mean value over the years 2016 and 2017 for sowing date, 0.958 was highest Fi 

value at 25-July and 0.710 was lowest harvest index at 15-June during autumn season. 

During both 2016 and 2017 years, statistically non significant results were obtained 

by interactive effect of sowing dates and autumn maize hybrids. Overall, average 

value for all sowing dates and autumn maize hybrids during 2016 and 2017 was 0.878 

and 0.865, correspondingly. Strong correlation between fraction of intercepted 

radiation and grain yield was obtained during both years and pool data (Fig. 4.3.17). 

4.3.5.2 Cumulative intercepted PAR (MJ m
-2

)  

Cumulative intercepted PAR of autumn maize during both years 2016 and 2017 was 

influenced statistical significantly by different sowing dates and hybrids (Table 

4.3.11). Pioneer-30R50 gave 627.38 MJ m
-2

 statistically highest and lowest was 

gained 603.97 MJ m
-2 

by Syngenta-NK6621 during 2016.  
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Table 4.3.11: Effect of hybrids and sowing dates on fraction of intercepted 

radiation (Fi) and cumulative intercepted PAR (MJ m
-2

) 

Treatments 

Fraction of intercepted 

radiation (Fi) 

Cumulative intercepted PAR 

(MJ m
-2

) 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 0.892 a 0.883 a 0.889 627.38 a 622.42 a 624.90 

Monsanto-DK6714 0.879 b 0.869 b 0.874 614.01 b 608.99 b 611.51 

Syngenta-NK6621 0.863 c 0.850 c 0.857 603.97 c 599.02 c 601.49 

LSD 5% 0.007 0.006  2.88 1.83  

Significance ** **  ** **  

B) Sowing dates       

15-June 0.718 d 0.702 d 0.710 580.65 e 575.71 e 578.18 

05-July 0.933 b 0.925 b 0.929 599.29 d 594.35 d 596.82 

25-July 0.962 a 0.954 a 0.958 649.31 a 644.27 a 646.79 

15-August 0.936 b 0.930 b 0.933 632.29 b 627.38 b 629.84 

05-September 0.843 c 0.826 c 0.835 614.02 c 608.97 c 611.50 

LSD 5% 0.014 0.011  5.86 3.72  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 0.878 0.865 0.872 615.18 610.12 612.65 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 

 



190 

 

 

Figure 4.3.17: Relationship between fraction of intercepted radiation and grain 

yield of autumn maize 
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Figure 4.3.18: Relationship between cumulative PAR and grain yield of autumn 

maize 
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While, cumulative intercepted PAR 614.01 MJ m
-2 

was recorded by Monsanto-

DK6714 during first year. Cumulative intercepted PAR was obtained maximum for 

the growing season of 2016 instead 2017. During 2017 second year, 622.42, 608.99 

and 599.02 MJ m
-2 

cumulative intercepted PAR was observed by Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively. 624.90, 611.51 and 601.49 

MJ m
-2 

cumulative intercepted PAR was recorded as a mean value over the hybrids 

during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively.  

Cumulative intercepted PAR was also affected statistical significantly by various 

sowing times for autumn maize during 2016 and 2017. Effect of early sowing dates 

was more on cumulative intercepted PAR as compare to late sowing times. 

Statistically highest Cumulative intercepted PAR 649.31 MJ m
-2 

was attained at 

sowing date 25-July and at 15-June sowing date, 580.65 MJ m
-2 

was lowest 

cumulative intercepted PAR during 2016. While, 599.29, 632.29 and 614.02 MJ m
-2 

cumulative intercepted PAR was gained at other sowing dates 05-July, 15-August and 

05-September, respectively during 2016. At sowing dates 15-June, 05-July, 25-July, 

15-August and 05-September during 2017, cumulative intercepted PAR was recorded 

statistical significantly 575.71, 594.35, 644.27, 627.38 and 608.97 MJ m
-2

, 

respectively. On mean value over the years 2016 and 2017 for sowing date, 646.79 

MJ m
-2 

was highest Cumulative intercepted PAR at 25-July and 578.18 MJ m
-2 

was 

lowest at 15-June during autumn season. Overall, average value for all sowing dates 

and autumn maize hybrids during 2016 and 2017 was 615.18 and 610.12 MJ m
-2

, 

respectively. During 2016 and 2017, statistically non significant results were obtained 

by interactive effect between sowing dates and hybrids. A strong positive linear 

correlation between cumulative intercepted PAR and grain yield was obtained during 

2016 (R
2
 = 0.96), 2017 (R

2
 = 0.97) and pool data (R

2
 = 0.96) (Fig. 4.3.18). 

4.3.5.3 Radiation use efficiency for final TDM (g MJ
-1

)    

Autumn maize, s RUETDM during both years 2016 and 2017 was influenced statistical 

significantly by different sowing dates and hybrids. Pioneer-30R50 gave 2.54 g MJ
-1

 

statistically highest RUETDM and lowest was gained 2.36 g MJ
-1 

by Syngenta-NK6621 

during 2016 (Table 4.3.12). While, RUETDM 2.42 g MJ
-1 

was recorded by Monsanto-

DK6714 during first year.  
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RUETDM was obtained maximum for the growing season of 2016 instead 2017. 

During 2017 second year, 2.45, 2.34 and 2.24 g MJ
-1 

RUETDM was observed by 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. 2.50, 2.38 

and 2.30 g MJ
-1 

RUETDM was recorded as a mean value over the hybrids during 2016 

and 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively.  

RUETDM was also affected statistical significantly by various sowing times for autumn 

maize during 2016 and 2017. Effect of early sowing dates was more on RUETDM as 

compare to late sowing times. Statistically highest RUETDM 2.66 g MJ
-1 

was attained 

at sowing date 25-July and at 15-June sowing date, 2.06 g MJ
-1 

was lowest RUETDM 

during 2016. While, 2.39, 2.63 and 2.52 g MJ
-1 

RUETDM was gained at other sowing 

dates 05-July, 15-August and 05-September, respectively during 2016. At sowing 

dates 15-June, 05-July, 25-July, 15-August and 05-September during 2017, RUETDM 

was recorded statistical significantly 1.94, 2.31, 2.58, 2.51 and 2.39 g MJ
-1

, 

respectively. On mean value over the years 2016 and 2017 for sowing date, 2.62 g 

MJ
-1 

was highest RUETDM at 25-July and 2.00 g MJ
-1 

was lowest RUETDM at 15-June 

during autumn season. During both 2016 and 2017 years, statistically non significant 

results were obtained by interactive effect of sowing dates and autumn maize hybrids. 

Overall, average value for all sowing dates and hybrids was obtained 2.42 g MJ
-1 

during 2016 and 2.34 g MJ
-1 

during 2017. A strong positive correlation between 

RUETDM and grain yield was gained during years and pool data (Fig. 4.3.19). 

4.3.5.4 Radiation use efficiency for grain yield (g MJ
-1

)    

Autumn maize, s RUEGY during both years 2016 and 2017 was influenced statistical 

significantly by different sowing dates and hybrids. Pioneer-30R50 gave 1.05 g MJ
-1

 

statistically highest RUEGY and lowest was gained 0.95 g MJ
-1 

by Syngenta-NK6621 

during 2016 (Table 4.3.12). While, RUETDM 0.99 g MJ
-1 

was recorded by Monsanto-

DK6714 during first year. RUEGY was obtained maximum for the growing season of 

2016 instead 2017. During 2017 second year, 1.01, 0.93 and 0.88 g MJ
-1 

RUEGY was 

observed by Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. 

1.03, 0.96 and 0.92 g MJ
-1 

RUEGY was recorded as a mean value over the hybrids 

during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively.  
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RUEGY was also affected statistical significantly by various sowing times for autumn 

maize during 2016 and 2017. Effect of early sowing dates was more on RUEGY as 

compare to late sowing times. Statistically highest RUEGY 1.17 g MJ
-1 

was attained at 

sowing date 25-July and at 15-June sowing date, 0.73 g MJ
-1 

was lowest RUEGY 

during 2016. While, 0.95, 1.11 and 1.03 g MJ
-1 

RUEGY was gained at other sowing 

dates 05-July, 15-August and 05-September, respectively during 2016. At sowing 

dates 15-June, 05-July, 25-July, 15-August and 05-September during 2017, RUEGY 

was recorded statistical significantly 0.68, 0.89, 1.12, 1.05 and 0.94 g MJ
-1

, 

respectively. On mean value over the years 2016 and 2017 for sowing date, 1.15 g 

MJ
-1 

was highest RUEGY at 25-July and 0.71 g MJ
-1 

was lowest RUEGY at 15-June 

during autumn season. Overall, average value for all sowing dates and autumn maize 

hybrids during 2016 and 2017 was 0.99 and 0.94 g MJ
-1

, respectively. During both 

2016 and 2017 years, statistically non significant results were obtained by interactive 

effect of sowing dates and hybrids. Fig. 4.3.20 indicated that a strong positive linear 

correlation between RUEGY and grain yield was obtained during 2016 (R
2
 = 0.99), 

2017 (R
2
 = 0.99) and pool data (R

2
 = 0.99). 
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Table 4.3.12: Effect of hybrids and sowing dates on radiation use efficiency for 

final total dry matter and grain yield (g MJ
-1

) 

Treatments 
         RUETDM (g MJ

-1
) RUEGY (g MJ

-1
) 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 2.54 a 2.45 a 2.50 1.05 a 1.01 a 1.03 

Monsanto-DK6714 2.42 b 2.34 b 2.38 0.99 b 0.93 b 0.96 

Syngenta-NK6621 2.36 c 2.24 c 2.30 0.95 c 0.88 c 0.92 

LSD 5% 0.01 0.02  0.02 0.02  

Significance ** **  ** **  

B) Sowing dates       

15-June 2.06 e 1.94 e 2.00 0.73 e 0.68 e 0.71 

05-July 2.39 d 2.31 d 2.35 0.95 d 0.89 d 0.92 

25-July 2.66 a 2.58 a 2.62 1.17 a 1.12 a 1.15 

15-August 2.63 b 2.51 b 2.57 1.11 b 1.05 b 1.08 

05-September 2.52 c 2.39 c 2.46 1.03 c 0.94 c 0.99 

LSD 5% 0.03 0.04  0.04 0.03  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 2.42 2.34 2.38 0.99 0.94 0.97 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.3.19: Relationship between RUETDM and grain yield of autumn maize 
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Figure 4.3.20: Relationship between RUEGY and grain yield of autumn maize 
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4.4  EXPERIMENT-IV  (AUTUMN SEASON) 

         EFFECT OF NITROGEN LEVELS AND HYBRIDS ON PHENOLOGY   

         GROWTH, GRAIN YIELD AND RADIATION-USE-EFFICIENCY OF  

         AUTUMN MAIZE  

4.4.1 CROP DEVELOPMENT 

4.4.1.1 Plant height (cm) 

Plant height of autumn maize during both years 2016 and 2017 was influenced 

statistical significantly by different nitrogen levels and hybrids. Pioneer-30R50 

produced 189.4 cm statistically highest plant height and lowest plant height was 

gained 175.02 cm by Syngenta-NK6621 during 2016 (Table 4.4.1). While, plant 

height 183.38 cm was recorded by Monsanto-DK6714 during first year. Plant height 

was obtained maximum for the growing season of 2016 instead 2017. During 2017 

second year, 183.85, 177.64 and 168.79 cm plant height was observed by Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. 186.63, 180.51 and 

171.91 cm plant height was recorded as a mean value over the hybrids during 2016 

and 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively.  

Plant height was also affected statistical significantly by various nitrogen levels for 

autumn maize during 2016 and 2017. Statistically highest plant height 235.99 cm was 

attained at nitrogen level N4 (320 kg ha
-1

) and at N0 (0 kg ha
-1

) nitrogen level, 110.98 

cm was lowest plant height during 2016. While, 160.65, 186.33 and 219.01 cm plant 

height was gained at other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 

(240 kg ha
-1

), respectively during 2016. At N0, N1, N2, N3 and N4 nitrogen levels 

during 2017, plant height was recorded statistical significantly 105.47, 154.93, 

180.25, 212.92 and 230.28 cm, respectively. On mean value over the years 2016 and 

2017 for nitrogen levels, 233.14 cm was highest plant height at N4 (320 kg ha
-1

) and 

108.23 cm was lowest plant height at without nitrogen application during autumn 

season. During both 2016 and 2017 years, statistically non significant results were 

obtained by interactive effect of different nitrogen levels and autumn maize hybrids. 

Overall, average value for all sowing dates and autumn maize hybrids during 2016 

and 2017 was 182.60 and 176.77 cm, respectively. Strong correlation between plant 

height and grain yield was gained during years and pool data (R
2
 = 0.99) (Fig. 4.4.1). 
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4.4.1.2 Days to 50% tasseling   

Data in table 4.4.1 indicated that days to 50% tasseling of autumn maize during both 

years 2016 and 2017 was influenced statistical significantly by different nitrogen 

levels and hybrids. Pioneer-30R50 took 47.80 days statistically highest days to 50% 

tasseling and lowest days to 50% tasseling was gained 43.82 days by Syngenta-

NK6621 during 2016. While, days to 50% tasseling 45.59 days was recorded by 

Monsanto-DK6714 during first year. Days to 50% tasseling was obtained maximum 

for the growing season of 2016 instead 2017. During 2017 second year, 46.61, 44.62 

and 42.58 days to 50% tasseling was observed by Pioneer-30R50, Monsanto-DK6714 

and Syngenta-NK6621, respectively. 47.21, 45.11 and 43.20 days to 50% tasseling 

was recorded as a mean value over the hybrids during 2016 and 2017 for Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively.  

Days to 50% tasseling was also affected statistical significantly by various nitrogen 

levels for autumn maize during 2016 and 2017. Statistically highest days to 50% 

tasseling 47.72 days was attained at nitrogen level N4 (320 Kg ha
-1

) and at N0 (0 Kg 

ha
-1

) nitrogen level, 43.00 days was lowest days to 50% tasseling during 2016. 44.98, 

46.03 and 47.02 days to 50% tasseling was gained at other nitrogen levels N1 (80 kg 

ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), respectively during 2016. At N0, N1, N2, 

N3 and N4 nitrogen levels during 2017, days to 50% tasseling was recorded statistical 

significantly 41.32, 44.01, 44.99, 46.01 and 46.67 days, respectively. On mean value 

over the years 2016 and 2017 for nitrogen levels, 47.20 days was highest days to 50% 

tasseling at N4 (320 kg ha
-1

) and 42.16 days was lowest days to 50% tasseling at 

without nitrogen application during autumn season. Overall, average value for all 

sowing dates and autumn maize hybrids during 2016 and 2017 was 45.73 and 44.60 

days, respectively. Interactive effect was non-significant. Fig. 4.4.2 indicated that 

good positive linear correlation between days to 50% tasseling and grain yield was 

gained during 2016 (R
2
 = 0.71), 2017 (R

2
 = 0.76) and pool data (R

2
 = 0.69). 

4.4.1.3 Days to 50% silking    

Results in table 4.4.2 showed that days to 50% silking of autumn maize during both 

years 2016 and 2017 was influenced statistical significantly by different nitrogen 

levels and hybrids. Pioneer-30R50 took 51.39 days statistically highest and lowest 

days to 50% silking was gained 47.57 days by Syngenta-NK6621 during 2016.  
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Table 4.4.1: Effect of hybrids and nitrogen levels on plant height (cm) at  

maturity and days to 50% tasseling 

Treatments 
        Plant height (cm) Days to 50% tasseling 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 189.41 a 183.85 a 186.63 47.80 a 46.61 a 47.21 

Monsanto-DK6714 183.38 b 177.64 b 180.51 45.59 b 44.62 b 45.11 

Syngenta-NK6621 175.02 c 168.79 c 171.91 43.82 c 42.58 c 43.20 

LSD 5% 1.83 2.88  0.24 0.33  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 110.98 e 105.47 e 108.23 43.00 e 41.32 e 42.16 

N1 = 80 Kg ha
-1

 160.65 d 154.93 d 157.79 44.98 d 44.01 d 44.50 

N2 = 160 Kg ha
-1

 186.33 c 180.25 c 183.29 46.03 c 44.99 c 45.51 

N3 = 240 Kg ha
-1

 219.01 b 212.92 b 215.97 47.02 b 46.01 b 46.52 

N4 = 320 Kg ha
-1

 235.99 a 230.28 a 233.14 47.72 a 46.67 a 47.20 

LSD 5% 3.73 5.86  0.48 0.67  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 182.60 176.77 179.69 45.73 44.60 45.17 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.4.1: Relationship between plant height and grain yield of autumn maize 
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Figure 4.4.2: Relationship between days to 50% tasseling and grain yield of 

autumn maize 
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While, days to 50% silking 49.62 days were recorded by Monsanto-DK6714 during 

first year. Days to 50% silking was obtained maximum for the growing season of 

2016 instead 2017. During 2017 second year, 50.01, 48.58 and 46.40 days to 50% 

silking was observed by Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively. 50.70, 49.10 and 46.99 days to 50% silking was recorded as a mean 

value over the hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 

and Syngenta-NK6621, respectively.  

Days to 50% silking was also affected statistical significantly by various nitrogen 

levels for autumn maize during 2016 and 2017. Statistically highest days to 50% 

silking 51.41 days was attained at nitrogen level N4 (320 kg ha
-1

) and at N0 (0 kg ha
-1

) 

nitrogen level, 46.57 days was lowest days to 50% silking during 2016. 48.89, 49.92 

and 50.88 days to 50% silking were gained at other nitrogen levels N1 (80 kg ha
-1

), N2 

(160 kg ha
-1

) and N3 (240 kg ha
-1

), respectively during 2016. At N0, N1, N2, N3 and N4 

nitrogen levels during 2017, days to 50% silking was recorded statistical significantly 

44.85, 47.91, 48.85, 49.87 and 50.18 days, respectively. On mean value over the years 

2016 and 2017 for nitrogen levels, 50.80 days was highest days to 50% silking at N4 

(320 kg ha
-1

) and 45.71 days was lowest days to 50% silking at without nitrogen 

application during autumn season. During both 2016 and 2017 years, statistically non 

significant results were obtained by interactive effect of different nitrogen levels and 

autumn maize hybrids. Overall, average value for all sowing dates and hybrids was 

49.51 days during 2016 and 48.29 days 2017. A strong positive linear correlation 

between days to 50% silking and grain yield was attained during 2016 (R
2
 = 0.74), 

2017 (R
2
 = 0.79) and pool data (R

2
 = 0.72) (Fig. 4.4.3). 

4.4.1.4 Days to 50% maturity     

Days to 50% physiological maturity of autumn maize during both years 2016 and 

2017 was influenced statistical significantly by different nitrogen levels and hybrids. 

Pioneer-30R50 took 99.59 days statistically highest days to 50% physiological 

maturity and lowest days to 50% physiological maturity was gained 91.22 days by 

Syngenta-NK6621 during 2016 (Table 4.4.2). While, days to 50% physiological 

maturity 94.78 days were recorded by Monsanto-DK6714 during first year. Days to 

50% physiological maturity was obtained maximum for the growing season of 2016 

instead 2017.  
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During 2017 second year, 97.62, 93.81 and 90.00 days to 50% physiological maturity 

were observed by Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively. 98.61, 94.30 and 90.61 days to 50% physiological maturity was recorded 

as a mean value over the hybrids during 2016 and 2017 for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively.  

Days to 50% physiological maturity was also affected statistical significantly by 

various nitrogen levels for autumn maize during 2016 and 2017. Statistically highest 

days to 50% physiological maturity 96.98 days was attained at nitrogen level N4 (320 

kg ha
-1

) and at N0 (0 kg ha
-1

) nitrogen level, 93.35 days was lowest days to 50% 

physiological maturity during 2016, while, 94.28, 95.33 and 96.02 days to 50% 

physiological maturity were gained at other nitrogen levels N1 (80 kg ha
-1

), N2 (160 

kg ha
-1

) and N3 (240 kg ha
-1

), respectively during 2016. At N0, N1, N2, N3 and N4 

nitrogen levels during 2017, days to 50% physiological maturity was recorded 

statistical significantly 91.32, 92.65, 94.01, 94.97 and 96.01 days, respectively. On 

mean value over the years 2016 and 2017 for nitrogen levels, 96.50 days was highest 

days to 50% physiological maturity at N4 (320 kg ha
-1

) and 92.34 days was lowest 

days to 50% physiological maturity at without nitrogen application during autumn 

season. Overall, average value for all sowing dates and autumn maize hybrids during 

2016 and 2017 was 95.20 and 93.82 days, respectively. During both 2016 and 2017 

years, statistically non significant results were obtained by interactive effect between 

hybrids and nitrogen levels. Fig. 4.4.4 showed that a fairly good positive linear 

correlation between days to 50% maturity and grain yield was obtained during both 

years and pool data (R
2
 = 0.41). 

4.4.2 GROWTH 

4.4.2.1 Maximum leaf area index     

Data in table 4.4.3 showed that maximum leaf area index of autumn maize during 

both years 2016 and 2017 was influenced statistical significantly by different nitrogen 

levels and hybrids. Pioneer-30R50 gave 2.73 statistically highest maximum leaf area 

index and lowest maximum leaf area index was gained 2.40 by Syngenta-NK6621 

during 2016. While, maximum leaf area index 2.55 were recorded by Monsanto-

DK6714 during first year. Maximum leaf area index was obtained maximum for the 

growing season of 2016 instead 2017.  
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Table 4.4.2: Effect of hybrids and nitrogen levels on days to 50% silking and 

days to 50% maturity 

Treatments 
Days to 50% silking Days to 50% maturity 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 51.39 a 50.01 a 50.70 
99.59 a 

 
97.62 a 98.61 

Monsanto-DK6714 49.62 b 48.58 b 49.10 94.78 b 93.81 b 94.30 

Syngenta-NK6621 47.57 c 46.40 c 46.99 91.22 c 90.00 c 90.61 

LSD 5% 0.21 0.16  0.31 0.24  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 46.57 e 44.85 e 45.71 93.35 e 91.32 e 92.34 

N1 = 80 Kg ha
-1

 48.89 d 47.91 d 48.40 94.28 d 92.65 d 93.47 

N2 = 160 Kg ha
-1

 49.92 c 48.85 c 49.39 95.33 c 94.01 c 94.67 

N3 = 240 Kg ha
-1

 50.88 b 49.87 b 50.38 96.02 b 94.97 b 95.50 

N4 = 320 Kg ha
-1

 51.41 a 50.18 a 50.80 96.98 a 96.01 a 96.50 

LSD 5% 0.43 0.32  0.64 0.48  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 49.51 48.29 48.90 95.20 93.82 94.51 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.4.3: Relationship between days to 50% silking and grain yield of 

autumn maize 
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Figure 4.4.4: Relationship between days to maturity and grain yield of autumn 

maize 
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Table 4.4.3: Effect of hybrids and nitrogen levels on maximum leaf area index 

Treatments 2016 2017 Mean 

A) Autumn hybrids    

Pioneer-30R50 2.73 a 2.45 a 2.59 

Monsanto-DK6714 2.55 b 2.33 b 2.44 

Syngenta-NK6621 2.40 c 2.16 c 2.28 

LSD 5% 0.08 0.11  

Significance ** **  

B) Nitrogen Levels    

N0 = 0 Kg ha
-1

 0.74 e 0.67 e 0.71 

N1 = 80 Kg ha
-1

 1.99 d 1.76 d 1.88 

N2 = 160 Kg ha
-1

 2.85 c 2.51 c 2.68 

N3 = 240 Kg ha
-1

 3.46 b 3.10 b 3.28 

N4 = 320 Kg ha
-1

 3.76 a 3.52 a 3.64 

LSD 5% 0.16 0.21  

Significance ** **  

Interaction (A x B) NS NS  

Mean 2.56 2.31 2.44 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively  

NS = Non-significant 
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Figure 4.4.5: Relationship between maximum leaf area index and grain yield of 

autumn maize 
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During 2017 second year, 2.45, 2.33 and 2.16 maximum leaf area index was observed 

by Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. 2.59, 

2.44 and 2.28 maximum leaf area index was recorded as a mean value over the 

hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-

NK6621, respectively.  

Maximum leaf area index was also affected statistical significantly by various 

nitrogen levels for autumn maize during 2016 and 2017. Statistically highest 

maximum leaf area index 3.76 was attained at nitrogen level N4 (320 kg ha
-1

) and at 

N0 (0 kg ha
-1

) nitrogen level, 0.74 was lowest maximum leaf area index during 2016. 

1.99, 2.85 and 3.46 maximum leaf area index were gained at other nitrogen levels N1 

(80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), respectively during 2016. At N0, 

N1, N2, N3 and N4 nitrogen levels during 2017, maximum leaf area index was 

recorded statistical significantly 0.67, 1.76, 2.51, 3.10 and 3.52, respectively. On 

mean value over the years 2016 and 2017 for nitrogen levels, 3.64 was highest 

maximum leaf area index at N4 (320 kg ha
-1

) and 0.71 was lowest maximum leaf area 

index at without nitrogen application during autumn season. During both 2016 and 

2017 years, statistically non significant results were obtained by interactive effect of 

different nitrogen levels and autumn maize hybrids. Overall, average value for all 

sowing dates and autumn maize hybrids during 2016 and 2017 was 2.56 and 2.31, 

correspondingly. A strong positive linear correlation between maximum leaf area 

index and grain yield was obtained during years and pool data (R
2
 = 0.99) (Fig. 4.4.5). 

4.4.2.2 Cob girth (cm)  

Cob girth of Autumn maize during both years 2016 and 2017 was influenced 

statistical significantly by different nitrogen levels and hybrids. Pioneer-30R50 

produced 3.43 cm statistically highest cob girth and lowest cob girth was gained 2.95 

cm by Syngenta-NK6621 during 2016 (Table 4.4.4). While, cob girth 3.21 cm was 

recorded by Monsanto-DK6714 during first year. Cob girth was obtained maximum 

for the growing season of 2016 instead 2017. During 2017 second year, 3.32, 3.10 and 

2.84 cm cob girth was observed by Pioneer-30R50, Monsanto-DK6714 and Syngenta-

NK6621, respectively. 3.38, 3.16 and 2.90 cm cob girth was recorded as a mean value 

over the hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, correspondingly.  
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Cob girth was also affected statistical significantly by various nitrogen levels for 

autumn maize during 2016 and 2017. Statistically highest cob girth 3.82 cm was 

attained at nitrogen level N4 (320 Kg ha
-1

) and at N0 (0 Kg ha
-1

) nitrogen level, 2.17 

cm was lowest cob girth during 2016. 3.03, 3.34 and 3.61 cm cob girth was gained at 

other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), 

respectively during 2016. At N0, N1, N2, N3 and N4 nitrogen levels during 2017, cob 

girth was recorded statistical significantly 2.06, 2.92, 3.23, 3.50 and 3.71 cm, 

respectively. On mean value over the years 2016 and 2017 for nitrogen levels, 3.77 

cm was highest cob girth at N4 (320 kg ha
-1

) and 2.12 cm was lowest cob girth at 

without nitrogen application during autumn season. During both 2016 and 2017 years, 

statistically non significant results were obtained by interactive effect of different 

nitrogen levels and autumn maize hybrids. Overall, average value for all sowing dates 

and autumn maize hybrids during 2016 and 2017 was 3.20 and 3.09 cm, respectively. 

Fig. 4.4.6 indicated that strong positive correlation between cob girth and grain yield 

was obtained during 2016 (R
2
 = 0.95), 2017 (R

2
 = 0.96) and pool data (R

2
 = 0.95). 

4.4.2.3 Cob length (cm)  

Table 4.4.4 showed that cob length of autumn maize during both years 2016 and 2017 

was influenced statistical significantly by different nitrogen levels and hybrids. 

Pioneer-30R50 produced 16.25 cm statistically highest cob length and lowest cob 

length was gained 14.45 cm by Syngenta-NK6621 during 2016. While, cob length 

15.33 cm was recorded by Monsanto-DK6714 during first year. Cob length was 

obtained maximum for the growing season of 2016 instead 2017. During 2017 second 

year, 15.84, 14.69 and 13.81 cm cob length was observed by Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively. 16.05, 15.01 and 14.13 cm 

cob length was recorded as a mean value over the hybrids during 2016 and 2017 for 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively.  

Cob length was also affected statistical significantly by various nitrogen levels for 

autumn maize during 2016 and 2017. Statistically highest cob length 18.56 cm was 

attained at nitrogen level N4 (320 kg ha
-1

) and at N0 (0 kg ha
-1

) nitrogen level, 10.75 

cm was lowest cob length during 2016. 14.12, 16.19 and 17.10 cm cob length was 

gained at other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), 

respectively during 2016.  
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Table 4.4.4: Effect of hybrids and nitrogen levels on cob girth (cm) and cob 

length (cm) 

Treatments 
Cob girth (cm) Cob length (cm) 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 3.43 a 3.32 a 3.38 16.25 a 15.84 a 16.05 

Monsanto-DK6714 3.21 b 3.10 b 3.16 15.33 b 14.69 b 15.01 

Syngenta-NK6621 2.95 c 2.84 c 2.90 14.45 c 13.81 c 14.13 

LSD 5% 0.05 0.10  0.18 0.29  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 2.17 e 2.06 e 2.12 10.75 e 10.22 e 10.49 

N1 = 80 Kg ha
-1

 3.03 d 2.92 d 2.98 14.12 d 13.55 d 13.84 

N2 = 160 Kg ha
-1

 3.34 c 3.23 c 3.29 16.19 c 15.62 c 15.91 

N3 = 240 Kg ha
-1

 3.61 b 3.50 b 3.56 17.10 b 16.53 b 16.82 

N4 = 320 Kg ha
-1

 3.82 a 3.71 a 3.77 18.56 a 17.98 a 18.27 

LSD 5% 0.11 0.20  0.37 0.59  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 3.20 3.09 3.15 15.35 14.78 15.07 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.4.6: Relationship between cob girth and grain yield of autumn maize 
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Figure 4.4.7: Relationship between cob length and grain yield of autumn maize 
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At N0, N1, N2, N3 and N4 nitrogen levels during 2017, cob length was recorded 

statistical significantly 10.22, 13.55, 15.62, 16.53 and 17.98 cm, respectively. On 

mean value over the years 2016 and 2017 for nitrogen levels, 18.27 cm was highest 

cob length at N4 (320 kg ha
-1

) and 10.49 cm was lowest cob length at without nitrogen 

application during autumn season. Overall, average value for all sowing dates and 

autumn maize hybrids during 2016 and 2017 was 15.35 and 14.78 cm, respectively. 

Statistically non significant results were obtained by interactive effect of different 

nitrogen levels and autumn maize hybrids during 2016 and 2017. A strong positive 

relationship linear between cob length and grain yield was attained during 2016 (R
2
 = 

0.98), 2017 (R
2
 = 0.97) and pool data (R

2
 = 0.97) (Fig. 4.4.7). 

4.4.3 ANALYSIS OF GROWTH 

4.4.3.1 Leaf area duration (days)   

Leaf area duration of autumn maize during both years 2016 and 2017 was influenced 

statistical significantly by different nitrogen levels and hybrids. Pioneer-30R50 

produced 233.40 days statistically highest leaf area duration and lowest leaf area 

duration was gained 221.62 days by Syngenta-NK6621 during 2016 (Table 4.4.5). 

While, leaf area duration 227.96 days were recorded by Monsanto-DK6714 during 

first year. Leaf area duration was obtained maximum for the growing season of 2016 

instead 2017. During 2017 second year, 231.35, 226.01 and 219.57 days leaf area 

duration was observed by Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively. 232.38, 226.99 and 220.60 days leaf area duration was recorded as a 

mean value over the hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-

DK6714 and Syngenta-NK6621, respectively.  

Leaf area duration was also affected statistical significantly by various nitrogen levels 

for autumn maize during 2016 and 2017. Statistically highest leaf area duration 

275.96 days was attained at nitrogen level N4 (320 kg ha
-1

) and at N0 (0 kg ha
-1

) 

nitrogen level, 116.71 days was lowest leaf area duration during 2016. 227.69, 251.34 

and 266.67 days leaf area duration was gained at other nitrogen levels N1 (80 kg ha
-1

), 

N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), respectively during 2016. At N0, N1, N2, N3 and 

N4 nitrogen levels during 2017, leaf area duration was recorded statistical 

significantly 114.65, 225.73, 249.29, 264.71 and 274.00 days, respectively.  
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On an average value over the years 2016 and 2017 for nitrogen levels, 274.98 days 

was highest leaf area duration at N4 (320 kg ha
-1

) and 115.68 days was lowest leaf 

area duration at without nitrogen application during autumn season. During both 2016 

and 2017 years, statistically non significant results were obtained by interactive effect 

of different nitrogen levels and autumn maize hybrids. Overall, average value for all 

sowing dates and autumn maize hybrids was obtained 227.68 days during first year 

and 225.72 days during second year of study. Fig. 4.4.8 showed that a strong positive 

linear correlation between leaf area duration and grain yield was gained during 2016 

(R
2
 = 0.92), 2017 (R

2
 = 0.91) and pool data (R

2
 = 0.90). 

4.4.3.2 Net assimilation rate (g m
-2

 d
-1

)  

Table 4.4.5 indicated that net assimilation rate of autumn maize during both years 

2016 and 2017 was influenced statistical significantly by different nitrogen levels and 

hybrids. Pioneer-30R50 produced 5.61 g m
-2

 d
-1

 statistically highest net assimilation 

rate and lowest net assimilation rate was gained 5.47 g m
-2

 d
-1

 by Syngenta-NK6621 

during 2016. While, net assimilation rate 5.53 g m
-2

 d
-1

 were recorded by Monsanto-

DK6714 during first year. Net assimilation rate was obtained maximum for the 

growing season of 2016 instead 2017. During 2017 second year, 5.48, 5.40 and 5.26 g 

m
-2

 d
-1

 net assimilation rate was observed by Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively. 5.54, 5.48 and 5.37 g m
-2

 d
-1

 net assimilation rate 

was recorded as a mean value over the hybrids during 2016 and 2017 for Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621, correspondingly.  

Net assimilation rate was also affected statistical significantly by various nitrogen 

levels for autumn maize during 2016 and 2017. Statistically highest net assimilation 

rate 6.50 g m
-2

 d
-1

 was attained at nitrogen level N4 (320 Kg ha
-1

) and at N0 (0 Kg ha
-

1
) nitrogen level, 3.30 g m

-2
 d

-1
 was lowest net assimilation rate during 2016. 5.54, 

6.02 and 6.30 g m
-2

 d
-1

 net assimilation rate was gained at other nitrogen levels N1 (80 

kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), respectively during 2016. At N0, N1, 

N2, N3 and N4 nitrogen levels during 2017, net assimilation rate was recorded 

statistical significantly 3.13, 5.31, 5.87, 6.21 and 6.41 g m
-2

 d
-1

, respectively. On mean 

value over the years 2016 and 2017 for nitrogen levels, 6.46 g m
-2

 d
-1

 was highest net 

assimilation rate at N4 (320 kg ha
-1

) and 3.22 g m
-2

 d
-1

 was lowest net assimilation rate 

at without nitrogen application during autumn season.  
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Table 4.4.5: Effect of hybrids and nitrogen levels on leaf area duration (days) 

and net assimilation rate (g m
-2

) 

Treatments 

Leaf area duration  

(days) 

      Net assimilation rate     

(g m
-2

 d
-1

) 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 233.40 a 231.35 a 232.38 5.61 a 5.48 a 5.54 

Monsanto-DK6714 227.96 b 226.01 b 226.99 5.53 b 5.40 b 5.48 

Syngenta-NK6621 221.62 c 219.57 c 220.60 5.47 b 5.26 c 5.37 

LSD 5% 1.83 2.88  0.06 0.07  

Significance ** **  * **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 116.71 e 114.65 e 115.68 3.30 e 3.13 e 3.22 

N1 = 80 Kg ha
-1

 227.69 d 225.73 d 226.71 5.54 d 5.31 d 5.43 

N2 = 160 Kg ha
-1

 251.34 c 249.29 c 250.32 6.02 c 5.87 c 5.95 

N3 = 240 Kg ha
-1

 266.67 b 264.71 b 265.69 6.30 b 6.21 b 6.26 

N4 = 320 Kg ha
-1

 275.96 a 274.00 a 274.98 6.50 a 6.41 a 6.46 

LSD 5% 3.73 5.86  0.13 0.15  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 227.68 225.72 226.70 5.54 5.38 5.46 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.4.8: Relationship between leaf area duration and grain yield of autumn 

maize 
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Figure 4.4.9: Relationship between net assimilation rate and grain yield of 

autumn maize 
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Overall, average value for all sowing dates and autumn maize hybrids during 2016 

and 2017 was 5.54 and 5.38 g m
-2

 d
-1

, respectively. During both 2016 and 2017 years, 

statistically non significant results were obtained by interactive effect of different 

nitrogen levels and hybrids. A strong positive linear correlation between net 

assimilation rate and grain yield was obtained during years and pool data (Fig. 4.4.9). 

4.4.3.3 Crop growth rate (g m
-2

 d
-1

)  

Crop growth rate of autumn maize during both years 2016 and 2017 was influenced 

statistical significantly by different nitrogen levels and hybrids. Pioneer-30R50 

produced 13.95 g m
-2

 d
-1

 statistically highest crop growth rate and lowest crop growth 

rate was gained 13.79 g m
-2

 d
-1

 by Syngenta-NK6621 during 2016 (Table 4.4.6). 

While, crop growth rate 13.91 g m
-2

 d
-1

 were recorded by Monsanto-DK6714 during 

first year. Crop growth rate was obtained maximum for the growing season of 2016 

instead 2017. During 2017 second year, 13.68, 13.63 and 13.47 g m
-2

 d
-1

 crop growth 

rate was observed by Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively. 13.82, 13.77 and 13.63 g m
-2

 d
-1

 crop growth rate was recorded as a 

mean value over the hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-

DK6714 and Syngenta-NK6621, respectively.  

Statistically highest crop growth rate 18.49 g m
-2

 d
-1

 was attained at nitrogen level N4 

(320 kg ha
-1

) and at N0 (0 kg ha
-1

) nitrogen level, 4.11 g m
-2

 d
-1

 was lowest crop 

growth rate during 2016. 13.41, 15.91 and 17.52 g m
-2

 d
-1

 crop growth rate was gained 

at other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), 

respectively during 2016. At N0, N1, N2, N3 and N4 nitrogen levels during 2017, crop 

growth rate was recorded statistical significantly 3.92, 12.92, 15.58, 17.30 and 18.26 g 

m
-2

 d
-1

, respectively. On mean value over the years 2016 and 2017 for nitrogen levels, 

18.38 g m
-2

 d
-1

 was highest crop growth rate at N4 (320 kg ha
-1

) and 4.02 g m
-2

 d
-1

 was 

lowest crop growth rate at without nitrogen application during autumn season. During 

both 2016 and 2017 years, statistically non significant results were obtained by 

interactive effect of different nitrogen levels and autumn maize hybrids. Overall, 

average value for all sowing dates and autumn maize hybrids during 2016 and 2017 

was 13.89 and 13.58 g m
-2

 d
-1

, correspondingly. Fig. 4.4.10 indicated that a strong 

positive correlation between crop growth rate and grain yield was gained during 2016 

(R
2
 = 0.94), 2017 (R

2
 = 0.93) and pool data (R

2
 = 0.94). 
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Table 4.4.6: Effect of hybrids and nitrogen levels on crop growth rate (g m
-2

 d
-1

) 

Treatments 2016 2017 Mean 

A) Autumn hybrids    

Pioneer-30R50 13.95 a 13.68 a 13.82 

Monsanto-DK6714 13.91 a 13.63 a 13.77 

Syngenta-NK6621 13.79 b 13.47 b 13.63 

LSD 5% 0.08 0.11  

Significance * *  

B) Nitrogen Levels    

N0 = 0 Kg ha
-1

 4.11 e 3.92 e 4.02 

N1 = 80 Kg ha
-1

 13.41 d 12.92 d 13.17 

N2 = 160 Kg ha
-1

 15.91 c 15.58 c 15.75 

N3 = 240 Kg ha
-1

 17.52 b 17.30 b 17.41 

N4 = 320 Kg ha
-1

 18.49 a 18.26 a 18.38 

LSD 5% 0.16 0.21  

Significance ** **  

Interaction (A x B) NS NS  

Mean 13.89 13.58 13.74 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.4.10: Relationship between crop growth rate and grain yield of autumn 

maize 

 

(a)

0

2000

4000

6000

8000

(b)

G
ra

in
  y

ie
ld

  (
kg

  h
a-1

)

0

2000

4000

6000

8000

(c)

Crop  growth  rate  (g  m
-2

  d
-1

)

4 6 8 10 12 14 16 18 20

0

2000

4000

6000

8000

y = 3.32 + 0.01x

R
2
 = 0.94

y = 3.28 + 0.01x

R
2
 = 0.93

y = 3.34 + 0.01x

R
2
 = 0.94

Pool 1:1 Lines20172016



223 

 

4.4.4 COMPONENTS OF GRAIN YIELD 

4.4.4.1 Number of plants m
-2

 at harvesting 

Data in table 4.4.7 showed that effect of autumn maize hybrids on number of plants 

m
-2

 was statistically non significant during both years. Range value of number of 

plants m
-2

 was 7.11 to 7.12 during 2016 and 7.10 to 7.13 during 2017. Impact of 

nitrogen levels on autumn maize plant population m
-2

 was also statistically non 

significant. Number of plants m
-2

 for nitrogen levels was ranged from 7.06 to 7.14 and 

7.08 to 7.13 during 2016 and 2017, respectively. Interaction between autumn maize 

hybrids and nitrogen levels was also statistically non significant during both years. 

Overall, grand mean value for plant population m
-2 

for autumn season was 7.11. 

4.4.4.2 Number of grain rows cob
-1

  

Number of grain rows cob
-1

 of autumn maize during both years 2016 and 2017 was 

influenced statistical significantly by different nitrogen levels and hybrids. Pioneer-

30R50 produced 12.36 statistically highest numbers of grain rows cob
-1

 and lowest 

number of grain rows cob
-1

 was gained 11.19 by Syngenta-NK6621 during 2016 

(Table 4.4.7). While, number of grain rows cob
-1

 11.78 was recorded by Monsanto-

DK6714 during first year. Number of grain rows cob
-1

 was obtained maximum for the 

growing season of 2016 instead 2017. During 2017 second year, 11.88, 11.24 and 

10.64 number of grain rows cob
-1

 was observed by Pioneer-30R50, Monsanto-

DK6714 and Syngenta-NK6621, respectively. 12.13, 11.51 and 10.92 number of grain 

rows cob
-1

 was recorded as a mean value over the hybrids during 2016 and 2017 for 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively.  

Number of grain rows cob
-1

 was also affected statistical significantly by various 

nitrogen levels for autumn maize during 2016 and 2017. Statistically highest number 

of grain rows cob
-1

 14.87 was attained at nitrogen level N4 (320 kg ha
-1

) and at N0 (0 

kg ha
-1

) nitrogen level, 6.40 was lowest number of grain rows cob
-1

 during 2016. 

While, 11.07, 12.56 and 13.95 number of grain rows cob-1 was gained at other 

nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), respectively 

during 2016. At N0, N1, N2, N3 and N4 nitrogen levels during 2017, number of grain 

rows cob
-1

 was recorded statistical significantly 5.93, 10.50, 11.93, 13.37 and 14.53, 

respectively.  



224 

 

Table 4.4.7: Effect of hybrids and nitrogen levels on number of plants m
-2

 at 

harvesting and number of grain rows cob
-1

 

Treatments 
Number of plants m

-2
  Number of grain rows cob

-1
 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 7.12 7.13 7.13 12.36 a 11.88 a 12.13 

Monsanto-DK6714 7.11 7.12 7.12 11.78 b 11.24 b 11.51 

Syngenta-NK6621 7.12 7.10 7.11 11.19 c 10.64 c 10.92 

LSD 5% 0.03 0.04  0.11 0.16  

Significance NS NS  **   

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 7.06 7.08 7.07 6.40 e 5.93 e 6.17 

N1 = 80 Kg ha
-1

 7.12 7.10 7.11 11.07 d 10.50 d 10.79 

N2 = 160 Kg ha
-1

 7.11 7.13 7.12 12.56 c 11.93 c 12.25 

N3 = 240 Kg ha
-1

 7.14 7.12 7.13 13.95 b 13.37 b 13.66 

N4 = 320 Kg ha
-1

 7.13 7.10 7.12 14.87 a 14.53 a 14.70 

LSD 5% 0.05 0.12  0.21 0.34  

Significance NS NS  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 7.11 7.10 7.11 11.78 11.27 11.53 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.4.11: Relationship between number of grain rows per cob and grain 

yield of autumn maize 
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On mean value over the years 2016 and 2017 for nitrogen levels, 14.70 was highest 

number of grain rows cob
-1

 at N4 (320 kg ha
-1

) and 6.17 was lowest number of grain 

rows cob
-1

 at without nitrogen application during autumn season. During both 2016 

and 2017 years, statistically non significant results were obtained by interactive effect 

of different nitrogen levels and autumn maize hybrids. Overall, average value for all 

sowing dates and autumn maize hybrids during 2016 and 2017 was 11.78 and 11.27, 

respectively. A strong positive linear correlation between number of grain rows cob
-1

 

and grain yield was obtained during years and pool data (R
2
 = 0.98) (Fig. 4.4.11). 

4.4.4.3 Number of grains cob
-1

  

Results in table 4.4.8 showed that numbers of grains cob
-1

 of autumn maize during 

both years 2016 and 2017 was influenced statistical significantly by different nitrogen 

levels and hybrids. Pioneer-30R50 produced 320.48 statistically highest numbers of 

grains cob
-1

 and lowest number of grains cob
-1

 was gained 307.61 by Syngenta-

NK6621 during 2016. While, number of grains cob
-1

 314.03 was recorded by 

Monsanto-DK6714 during first year. Number of grains cob
-1

 was obtained maximum 

for the growing season of 2016 instead 2017. During 2017 second year, 315.52, 

307.37 and 297.58 number of grains cob
-1

 was observed by Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively. 318.00, 310.70 and 302.60 

number of grains cob
-1

 was recorded as a mean value over the hybrids during 2016 

and 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively.  

Number of grains cob
-1

 was also affected statistical significantly by various nitrogen 

levels for autumn maize during 2016 and 2017. Statistically highest number of grains 

cob
-1

 418.33 was attained at nitrogen level N4 (320 kg ha
-1

) and at N0 (0 kg ha
-1

) 

nitrogen level, 98.94 was lowest number of grains cob
-1

 during 2016. While, 287.61, 

366.12 and 399.28 number of grains cob
-1

 was gained at other nitrogen levels N1 (80 

kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), respectively during 2016. At N0, N1, 

N2, N3 and N4 nitrogen levels during 2017, number of grain rows cob
-1

 was recorded 

statistical significantly 93.44, 275.83, 356.23, 394.78 and 413.83, respectively. On 

mean value over the years 2016 and 2017 for nitrogen levels, 416.08 was highest 

number of grain rows cob
-1

 at N4 (320 kg ha
-1

) and 96.19 was lowest number of grain 

rows cob
-1

 at without nitrogen application during autumn season.  
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Overall, average value for all sowing dates and autumn maize hybrids during 2016 

and 2017 was 314.06 and 306.82, respectively. During both 2016 and 2017 years, 

statistically non significant results were obtained by interactive effect between hybrids 

and nitrogen levels. A strong positive linear correlation between number of grains 

cob
-1

 and grain yield was gained during years and pool data (R
2
 = 0.96) (Fig. 4.4.12). 

4.4.4.4 Number of grains per m
-2

  

Number of grains m
-2

 of autumn maize during both years 2016 and 2017 was 

influenced statistical significantly by different nitrogen levels and hybrids. Pioneer-

30R50 produced 1922.98 statistically highest numbers of grains m
-2

 and lowest 

number of grains m
-2

 was gained 1845.80 by Syngenta-NK6621 during 2016 (Table 

4.4.8). While, number of grains m
-2

 1884.23 was recorded by Monsanto-DK6714 

during first year. Number of grains m
-2

 was obtained maximum for the growing 

season of 2016 instead 2017. During 2017 second year, 1893.01, 1844.19 and 1785.62 

number of grains m
-2

 was observed by Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively. 1908.00, 1864.21 and 1815.71 number of grains m
-2

 

was recorded as a mean value over the hybrids during 2016 and 2017 for Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively.  

Number of grains m
-2

 was also affected statistical significantly by various nitrogen 

levels for autumn maize during 2016 and 2017. Statistically highest number of grains 

m
-2

 2510.02 was attained at nitrogen level N4 (320 kg ha
-1

) and at N0 (0 kg ha
-1

) 

nitrogen level, 593.71 was lowest number of grains m
-2

 during 2016. 1725.66, 

2196.70 and 2395.73 number of grains m
-2

 was gained at other nitrogen levels N1 (80 

Kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), respectively during 2016. At N0, N1, 

N2, N3 and N4 nitrogen levels during 2017, number of grain rows m
-2

 was recorded 

statistical significantly 560.68, 1654.97, 2137.32, 2368.71 and 2482.98, respectively. 

On mean value over the years 2016 and 2017 for nitrogen levels, 2496.50 was highest 

number of grain rows m
-2

 at N4 (320 kg ha
-1

) and 577.20 was lowest number of grain 

rows m
-2

 at without nitrogen application during autumn season. Overall, average 

value for all sowing dates and autumn maize hybrids during 2016 and 2017 was 

1884.31 and 1840.89, respectively. Interactive effect of different nitrogen levels and 

autumn maize hybrids was insignificant. A strong correlation between number of 

grains per m
-2

 and grain yield was obtained during years and pool data (Fig. 4.4.13). 
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Table 4.4.8: Effect of hybrids and nitrogen levels on number of grains cob
-1

 and 

number of grains (m
-2

) 

Treatments 
Number of grains cob

-1
 Number of grains m

-2
 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 320.48  a 315.52 a 318.00 1922.98 a 1893.01 a 1908.00 

Monsanto-DK6714 314.03 b 307.37 b 310.70 1884.23 b 1844.19 b 1864.21 

Syngenta-NK6621 307.61 c 297.58 c 302.60 1845.80 c 1785.62 c 1815.71 

LSD 5% 3.93 2.88  32.20 18.06  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 98.94 e 93.44 e 96.19 593.71 e 560.68 e 577.20 

N1 = 80 Kg ha
-1

 287.61 d 275.83 d 281.72 1725.66 d 1654.97 d 1690.32 

N2 = 160 Kg ha
-1

 366.12 c 356.22 c 361.17 2196.70 c 2137.32 c 2167.01 

N3 = 240 Kg ha
-1

 399.28 b 394.78 b 397.03 2395.73 b 2368.71 b 2382.22 

N4 = 320 Kg ha
-1

 418.33 a 413.83 a 416.08 2510.02 a 2482.98 a 2496.50 

LSD 5% 7.99 5.86  65.54 36.77  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 314.06 306.82 310.44 1884.31 1840.90 1862.61 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.4.12: Relationship between number of grains per cob and grain yield of 

autumn maize 

 

(a)

0

2000

4000

6000

8000

(b)

G
ra

in
  y

ie
ld

  (
kg

  h
a-1

)

0

2000

4000

6000

8000

(c)

Number  of  grains  cob
-1

100 200 300 400

0

2000

4000

6000

8000

y = 73.67 + 0.05x

R
2
 = 0.96

y = 71.25 + 0.05x

R
2
 = 0.95

y = 73.01 + 0.05x

R
2
 = 0.96

Pool 1:1 Lines20172016 



230 

 

 
Figure 4.4.13: Relationship between number of grains (m

-2
) and grain yield of 

autumn maize 
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4.4.4.5 Thousand grains weight (g) 

Data in table 4.4.9 showed that thousand grains weight of autumn maize during both 

years 2016 and 2017 was influenced statistical significantly by different nitrogen 

levels and hybrids. Pioneer-30R50 produced 275.61 g statistically highest thousand 

grains weight and lowest thousand grains weight was gained 252.39 g by Syngenta-

NK6621 during 2016. While, thousand grains weight 264.18 g was recorded by 

Monsanto-DK6714 during first year. Thousand grains weight was obtained maximum 

for the growing season of 2016 instead 2017. During 2017 second year, 266.79, 

255.58 and 241.62 g thousand grains weight was observed by Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively. 271.20, 259.88 and 247.01 g 

thousand grains weight was recorded as a mean value over the hybrids during 2016 

and 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively.  

Thousand grains weight was also affected statistical significantly by various nitrogen 

levels for autumn maize during 2016 and 2017. Statistically highest thousand grains 

weight 323.01 g was attained at nitrogen level N4 (320 kg ha
-1

) and at N0 (0 kg ha
-1

) 

nitrogen level, 182.29 g was lowest thousand grains weight during 2016. 236.33, 

272.30 and 306.28 g thousand grains weight was gained at other nitrogen levels N1 

(80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), respectively during 2016. At N0, 

N1, N2, N3 and N4 nitrogen levels during 2017, thousand grains weight was recorded 

statistical significantly 175.35, 227.27, 262.36, 295.31 and 312.98 g, respectively. On 

mean value over the years 2016 and 2017 for nitrogen levels, 318.00 g was highest 

thousand grains weight at N4 (320 kg ha
-1

) and 178.82 g was lowest thousand grains 

weight at without nitrogen application during autumn season. During both 2016 and 

2017 years, statistically non significant results were obtained by interactive effect of 

different nitrogen levels and autumn maize hybrids. Overall, average value for all 

sowing dates and hybrids was attained 264.10 g during 2016 and 254.68 g during 

2017. Fig. 4.4.14 indicated that a strong positive linear correlation between thousand 

grain weight and grain yield was obtained during both years 2016 (R
2
 = 0.99), 2017 

(R
2
 = 0.98) and pool data (R

2
 = 0.99). 
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4.4.4.6 Grain yield (kg ha
-1

)  

Grain yield of autumn maize during both years 2016 and 2017 was influenced 

statistical significantly by different nitrogen levels and hybrids. Pioneer-30R50 

produced 5655.12 kg ha
-1

 statistically highest grain yield and lowest grain yield was 

gained 4996.23 kg ha
-1

 by Syngenta-NK6621 during 2016 (Table 4.4.9). While, grain 

yield 5310.87 kg ha
-1

 was recorded by Monsanto-DK6714 during first year. Grain 

yield was obtained maximum for the growing season of 2016 instead 2017. During 

2017 second year, 5396.79, 5043.53 and 4645.07 kg ha
-1

 grain yield was observed by 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. 5525.96, 

5177.20 and 4820.65 kg ha
-1

 grain yield was recorded as a mean value over the 

hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-

NK6621, correspondingly.  

Grain yield was also affected statistical significantly by various nitrogen levels for 

autumn maize during 2016 and 2017. Statistically highest grain yield 8111.07 kg ha
-1

 

was attained at nitrogen level N4 (320 kg ha
-1

) and at N0 (0 kg ha
-1

) nitrogen level, 

1084.51 kg ha
-1

 was lowest grain yield during 2016. 4081.83, 5984.77 and 7341.62 kg 

ha
-1

 grain yield was gained at other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) 

and N3 (240 kg ha
-1

), respectively during 2016. At N0, N1, N2, N3 and N4 nitrogen 

levels during 2017, grain yield was recorded statistical significantly 985.60, 3769.98, 

5612.18, 6998.59 and 7775.86 kg ha
-1

, respectively. On mean value over the years 

2016 and 2017 for nitrogen levels, 7943.47 kg ha
-1

 was highest grain yield at N4 (320 

kg ha
-1

) and 1035.06 kg ha
-1

 was lowest grain yield at without nitrogen application 

during autumn season. Overall, average value for all sowing dates and autumn maize 

hybrids during 2016 and 2017 was 5320.75 and 5028.42 kg ha
-1

, respectively. During 

2016 and 2017, statistically non significant results were obtained by interactive effect 

of nitrogen levels and hybrids. A strong positive correlation between yield parameters 

and grain yield was gained during years and pool data (Figs. 4.4.1-20). 

4.4.4.7 Total dry matter (kg ha
-1

)   

Total dry matter of autumn maize during both years 2016 and 2017 was influenced 

statistical significantly by different nitrogen levels and hybrids. Pioneer-30R50 

produced 13792 kg ha
-1

 statistically highest total dry matter and lowest total dry 

matter was gained 12759 kg ha
-1

 by Syngenta-NK6621 during 2016 (Table 4.4.10).  
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Table 4.4.9: Effect of hybrids and nitrogen levels on thousand grain weight (g) 

and grain yield (kg ha
-1

) 

Treatments 
Thousand grain weight (g) Grain yield (kg ha

-1
) 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 275.61 a 266.79 a 271.20 5655.12 a 5396.79 a 5525.96 

Monsanto-DK6714 264.18 b 255.58 b 259.88 5310.87 b 5043.53 b 5177.20 

Syngenta-NK6621 252.39 c 241.62 c 247.01 4996.23 c 4645.07 c 4820.65 

LSD 5% 2.64 3.40  144.49 189.26  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 182.29 e 175.35 e 178.82 1084.51 e 985.60 e 1035.06 

N1 = 80 Kg ha
-1

 236.33 d 227.27 d 231.80 4081.83 d 3769.98 d 3925.91 

N2 = 160 Kg ha
-1

 272.30 c 262.36 c 267.33 5984.77 c 5612.18 c 5798.48 

N3 = 240 Kg ha
-1

 306.28 b 295.31 b 300.80 7341.62 b 6998.59 b 7170.11 

N4 = 320 Kg ha
-1

 323.01 a 312.98 a 318.00 8111.07 a 7775.86 a 7943.47 

LSD 5% 5.33 6.94  294.16 385.28  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 264.10 254.68 259.39 5320.75 5028.42 5174.59 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.4.14: Relationship between 1000-grain weight and grain yield of autumn 

maize 
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While, total dry matter 13285 kg ha
-1

 was recorded by Monsanto-DK6714 during first 

year. Total dry matter was obtained maximum for the growing season of 2016 instead 

2017. During 2017 second year, 13392, 12914 and 12191 kg ha
-1

 total dry matter was 

observed by Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. 

13592, 13100 and 12475 kg ha
-1

 total dry matter was recorded as a mean value over 

the hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively.  

Total dry matter was also affected statistical significantly by various nitrogen levels 

for autumn maize during 2016 and 2017. Statistically highest total dry matter 17932 

kg ha
-1

 was attained at nitrogen level N4 (320 kg ha
-1

) and at N0 (0 kg ha
-1

) nitrogen 

level, 3836 kg ha
-1

 was lowest total dry matter during 2016. 12646, 15165 and 16813 

kg ha
-1

 total dry matter was gained at other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg 

ha
-1

) and N3 (240 kg ha
-1

), respectively during 2016. At N0, N1, N2, N3 and N4 

nitrogen levels during 2017, total dry matter was recorded statistical significantly 

3581, 11980, 14645, 16429 and 17527 kg ha
-1

, respectively. On mean value over the 

years 2016 and 2017 for nitrogen levels, 17730 kg ha
-1

 was highest total dry matter at 

N4 (320 kg ha
-1

) and 3709 kg ha
-1

 was lowest total dry matter at without nitrogen 

application during autumn season. During both 2016 and 2017 years, statistically non 

significant results were obtained by interactive effect of different nitrogen levels and 

autumn maize hybrids. Overall, average value for all sowing dates and autumn maize 

hybrids during 2016 and 2017 was 13278 and 12833 kg ha
-1

, correspondingly.       

Fig. 4.4.15 indicated that a strong positive relationship between total dry matter and 

grain yield was obtained during 2016 (R
2
 = 0.96), 2017 (R

2
 = 0.95) and pool data. 

4.4.4.8 Harvest index (%)   

HI of autumn maize during both years 2016 and 2017 was influenced statistical 

significantly by different nitrogen levels and hybrids. Pioneer-30R50 produced 

38.80% statistically highest harvest index and lowest harvest index was gained 

36.71% by Syngenta-NK6621 during 2016 (Table 4.4.10). While, harvest index 

37.77% was recorded by Monsanto-DK6714 during first year. Harvest index was 

obtained maximum for the growing season of 2016 instead 2017. During 2017 second 

year, 38.09, 36.81 and 35.54% harvest index was observed by Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively.  
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Table 4.4.10: Effect of hybrids and nitrogen levels on total dry matter (kg ha
-1

) 

and harvest index (%) 

Treatments 
Total dry matter (kg ha

-1
) Harvest index (%) 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 13792 a 13392 a 13592 38.80 a 38.09 a 38.45 

Monsanto-DK6714 13285 b 12914 b 13100 37.77 b 36.81 b 37.29 

Syngenta-NK6621 12759 c 12191 c 12475 36.71 c 35.54 c 36.13 

LSD 5% 141 197  0.54 0.81  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 3836 e 3581 e 3709 28.22 e 27.45 e 27.84 

N1 = 80 Kg ha
-1

 12646 d 11980 d 12313 32.25 d 31.40 d 31.83 

N2 = 160 Kg ha
-1

 15165 c 14645 c 14905 39.45 c 38.29 c 38.87 

N3 = 240 Kg ha
-1

 16813 b 16429 b 16621 43.64 b 42.58 b 43.11 

N4 = 320 Kg ha
-1

 17932 a 17527 a 17730 45.20 a 44.34 a 44.75 

LSD 5% 286 405  1.09 1.59  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 13278 12833 13056 37.75 36.81 37.28 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.4.15: Relationship between total biomass and grain yield of autumn 

maize 
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Figure 4.4.16: Relationship between harvest index and grain yield of autumn 

maize 
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Harvest index values 38.45, 37.29 and 36.13% were obtained as a mean value over 

the hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively. Harvest index was also affected statistical 

significantly by various nitrogen levels for autumn maize during 2016 and 2017. 

Statistically highest harvest index 45.20% was attained at nitrogen level N4 (320 kg 

ha
-1

) and at N0 (0 kg ha
-1

) nitrogen level, 28.22% was lowest harvest index during 

2016. While, 32.25, 39.45 and 43.64% harvest index was gained at other nitrogen 

levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), respectively during 

2016. At N0, N1, N2, N3 and N4 nitrogen levels during 2017, harvest index were 

recorded statistical significantly 27.45, 31.40, 38.29, 42.58 and 44.34%, respectively. 

On mean value over the years 2016 and 2017 for nitrogen levels, 44.75% was highest 

harvest index at N4 (320 kg ha
-1

) and 27.84% was lowest harvest index at without 

nitrogen application during autumn season. Overall, average value for all sowing 

dates and autumn maize hybrids during 2016 and 2017 was 37.75 and 36.81%, 

respectively. Statistically non significant results were obtained by interactive effect of 

different nitrogen levels and hybrids during 2016 and 2017. A strong positive linear 

correlation between harvest index and grain yield was attained for the period of year 

2016 (R
2
 = 0.96), 2017 (R

2
 = 0.97) and pool data (R

2
 = 0.97) (Fig. 4.4.16). 

4.4.5 GROWTH AND INTERCEPTED RADIATION  

4.4.5.1 Fraction of intercepted radiation (Fi)   

Results in table 4.4.11 indicated that Fi value of autumn maize during both years 2016 

and 2017 was influenced statistical significantly by different nitrogen levels and 

hybrids. Pioneer-30R50 produced 0.791 statistically highest Fi value and lowest Fi 

value was gained 0.752 by Syngenta-NK6621 during 2016. While, Fi value 0.769 was 

recorded by Monsanto-DK6714 during first year. Fi value was obtained maximum for 

the growing season of 2016 instead 2017. During 2017 second year, 0.760, 0.745 and 

0.720 Fi value was observed by Pioneer-30R50, Monsanto-DK6714 and Syngenta-

NK6621, respectively. 0.776, 0.757 and 0.736 Fi value was recorded as a mean value 

over the hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, correspondingly.  
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Fi value was also affected statistical significantly by various nitrogen levels for 

autumn maize during 2016 and 2017. Statistically highest Fi value 0.927 was attained 

at nitrogen level N4 (320 kg ha
-1

) and at N0 (0 kg ha
-1

) nitrogen level, 0.402 was 

lowest Fi value during 2016. 0.750, 0.863 and 0.911 Fi value was gained at other 

nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), respectively 

during 2016. At N0, N1, N2, N3 and N4 nitrogen levels during 2017, Fi value were 

recorded statistical significantly 0.373, 0.708, 0.827, 0.885 and 0.914, respectively. 

On mean value over the years 2016 and 2017 for nitrogen levels, 0.921 was highest Fi 

value at N4 (320 kg ha
-1

) and 0.388 was lowest Fi value at without nitrogen 

application during autumn season. During both 2016 and 2017 years, statistically non 

significant results were obtained by interactive effect of different nitrogen levels and 

autumn maize hybrids. Overall, average value for all sowing dates and autumn maize 

hybrids during 2016 and 2017 was 0.771 and 0.742, respectively. A strong positive 

linear correlation between fraction of intercepted radiation and grain yield was 

obtained during both years and pool data (R
2
 = 0.94) (Fig. 4.4.17).  

4.4.5.2 Cumulative intercepted PAR (MJ m
-2

)  

Cumulative intercepted PAR of autumn maize during both years 2016 and 2017 was 

influenced statistical significantly by different nitrogen levels and hybrids. Pioneer-

30R50 produced 579.45 MJ m
-2

 statistically highest cumulative intercepted PAR and 

lowest cumulative intercepted PAR was gained 561.82 MJ m
-2

 by Syngenta-NK6621 

during 2016 (Table 4.4.11). While, cumulative intercepted PAR 574.03 MJ m
-2

 was 

recorded by Monsanto-DK6714 during first year. Cumulative intercepted PAR was 

obtained maximum for the growing season of 2016 instead 2017. During 2017 second 

year, 571.37, 565.98 and 553.79 MJ m
-2

 cumulative intercepted PAR was observed by 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. 575.41, 

570.01 and 557.81 MJ m
-2

 cumulative intercepted PAR was recorded as a mean value 

over the hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively.  

Cumulative intercepted PAR was also affected statistical significantly by various 

nitrogen levels during 2016 and 2017. Statistically highest cumulative intercepted 

PAR 672.35 MJ m
-2

 was attained at nitrogen level N4 (320 kg ha
-1

) and at N0 (0 kg ha
-

1
) nitrogen level, 361.96 MJ m

-2
 was lowest cumulative intercepted PAR during 2016.  
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Table 4.4.11: Effect of hybrids and nitrogen levels on Fraction of intercepted 

radiation (Fi) and cumulative intercepted PAR (MJ m
-2

) 

Treatments 

Fraction of intercepted radiation 

(Fi) 

Cumulative intercepted PAR 

(MJ m
-2

) 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 0.791 a 0.760 a 0.776 579.45 a 571.37 a 575.41 

Monsanto-DK6714 0.769 b 0.745 b 0.757 574.03 b 565.98 b 570.01 

Syngenta-NK6621 0.752 c 0.720 c 0.736 561.82 c 553.79 c 557.81 

LSD 5% 0.008 0.011  3.67 4.45  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 0.402 e 0.373 e 0.388 361.96 e 354.01 e 357.99 

N1 = 80 Kg ha
-1

 0.750 d 0.708 d 0.729 560.04 d 551.99 d 556.02 

N2 = 160 Kg ha
-1

 0.863 c 0.827 c 0.845 613.64 c 605.71 c 609.68 

N3 = 240 Kg ha
-1

 0.911 b 0.885 b 0.898 650.73 b 642.65 b 646.69 

N4 = 320 Kg ha
-1

 0.927 a 0.914 a 0.921 672.35 a 664.28 a 668.32 

LSD 5% 0.016 0.021  7.46 9.10  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 0.771 0.742 0.757 571.72 563.68 567.70 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.4.17: Relationship between fraction of intercepted radiation and grain 

yield of autumn maize 

 

(a)

0

2000

4000

6000

8000

(b)

G
ra

in
  y

ie
ld

  (
kg

  h
a-1

)

0

2000

4000

6000

8000

(c)

Fraction  of  intercepted  radiation

0.4 0.5 0.6 0.7 0.8 0.9 1.0

0

2000

4000

6000

8000

y = 0.36 + 0.01x

R
2
 = 0.94

y = 0.35 + 0.01x

R
2
 = 0.95

y = 0.37 + 0.01x

R
2
 = 0.93

Pool 1:1 Lines20172016



243 

 

 
Figure 4.4.18: Relationship between cumulative PAR and grain yield of autumn 

maize 
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While, 560.04, 613.64 and 650.73 MJ m
-2

 cumulative intercepted PAR was gained at 

other nitrogen levels N1 (80 Kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), 

respectively during 2016. At N0, N1, N2, N3 and N4 nitrogen levels during 2017, 

cumulative intercepted PAR were recorded statistical significantly 354.01, 551.99, 

605.71, 642.65 and 664.28 MJ m
-2

, respectively. On mean value over the years 2016 

and 2017 for nitrogen levels, 668.32 MJ m
-2

 was highest cumulative intercepted PAR 

at N4 (320 kg ha
-1

) and 357.99 MJ m
-2

 was lowest cumulative intercepted PAR at 

without nitrogen application during autumn season. Overall, average value for all 

sowing dates and autumn maize hybrids during 2016 and 2017 was 571.72 and 563.68 

MJ m
-2

, respectively. During both 2016 and 2017 years, statistically non significant 

results were obtained by interactive effect of nitrogen levels and hybrids. Fig. 4.4.18 

indicated that a strong positive linear correlation between cumulative intercepted PAR 

and grain yield was obtained during both years and pool data (R
2
 = 0.94).  

4.4.5.3 Radiation use efficiency for TDM (g MJ
-1

)  

The RUETDM of autumn maize during both years 2016 and 2017 was influenced 

statistical significantly by different nitrogen levels and hybrids. Pioneer-30R50 

produced 2.26 g MJ
-1

 statistically highest RUETDM and lowest RUETDM was gained 

2.16 g MJ
-1

 by Syngenta-NK6621 during 2016 (Table 4.4.12). While, RUETDM 2.20 g 

MJ
-1

 was recorded by Monsanto-DK6714 during first year. RUETDM was obtained 

maximum for the growing season of 2016 instead 2017. During 2017 second year, 

2.23, 2.16 and 2.09 g MJ
-1

 RUETDM was observed by Pioneer-30R50, Monsanto-

DK6714 and Syngenta-NK6621, respectively. 2.25, 2.18 and 2.13 g MJ
-1

 RUETDM 

was recorded as a mean value over the hybrids during 2016 and 2017 for Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively.  

RUETDM was also affected statistical significantly by various nitrogen levels for 

autumn maize during 2016 and 2017. Statistically highest RUETDM 2.67 g MJ
-1

 was 

attained at nitrogen level N4 (320 kg ha
-1

) and at N0 (0 kg ha
-1

) nitrogen level, 1.06 MJ 

m
-2

 was lowest RUETDM during 2016. 2.26, 2.47 and 2.58 g MJ
-1

 RUETDM was gained 

at other nitrogen levels N1 (80 kg ha
-1

), N2 (160 kg ha
-1

) and N3 (240 kg ha
-1

), 

respectively during 2016. At N0, N1, N2, N3 and N4 nitrogen levels during 2017, 

RUETDM were recorded statistical significantly 1.01, 2.17, 2.42, 2.56 and 2.64 g MJ
-1

, 

respectively.  
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On mean value over the years 2016 and 2017 for nitrogen levels, 2.65 MJ m
-2

 was 

highest RUETDM at N4 (320 kg ha
-1

) and 1.04 g MJ
-1

 was lowest RUETDM at without 

nitrogen application during autumn season. During both 2016 and 2017 years, 

statistically non significant results were obtained by interactive effect of different 

nitrogen levels and autumn maize hybrids. Overall, average value for all sowing dates 

and autumn maize hybrids was obtained 2.21 g MJ
-1 

during 2016 and 2.16 g MJ
-1 

during 2017. A strong positive linear correlation between RUETDM and grain yield 

was gained during 2016 (R
2
 = 0.88), 2017 (R

2
 = 0.89) and pool data (Fig. 4.4.19). 

4.4.5.4 Radiation use efficiency for grain yield (g MJ
-1

)  

The RUEGY of autumn maize during both years 2016 and 2017 was influenced 

statistical significantly by different nitrogen levels and hybrids. Pioneer-30R50 

produced 0.91 g MJ
-1

 statistically highest RUEGY and lowest RUETDM was gained 

0.83 g MJ
-1

 by Syngenta-NK6621 during 2016 (Table 4.4.12). While, RUEGY 0.86 g 

MJ
-1

 was recorded by Monsanto-DK6714 during first year. RUETDM was obtained 

maximum for the growing season of 2016 instead 2017. During 2017 second year, 

0.88, 0.83 and 0.78 g MJ
-1

 RUEGY was observed by Pioneer-30R50, Monsanto-

DK6714 and Syngenta-NK6621, respectively. 0.90, 0.85 and 0.81 g MJ
-1

 RUEGY was 

recorded as a mean value over the hybrids during 2016 and 2017 for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, correspondingly.  

RUEGY was also affected statistical significantly by various nitrogen levels during 

2016 and 2017. Statistically highest RUEGY 1.21 g MJ
-1

 was attained at nitrogen level 

N4 (320 kg ha
-1

) and at N0 (0 Kg ha
-1

) nitrogen level, 0.30 MJ m
-2

 was lowest RUEGY 

during 2016. 0.73, 0.98 and 1.13 g MJ
-1

 RUEGY was gained at other nitrogen levels N1 

(80 Kg ha
-1

), N2 (160 Kg ha
-1

) and N3 (240 kg ha
-1

), respectively during 2016. At N0, 

N1, N2, N3 and N4 nitrogen levels during 2017, RUEGY were recorded statistical 

significantly 0.28, 0.68, 0.93, 1.09 and 1.17 g MJ
-1

, respectively. On mean value over 

the years 2016 and 2017 for nitrogen levels, 1.19 MJ m
-2

 was highest RUEGY at N4 

(320 kg ha
-1

) and 0.29 g MJ
-1

 was lowest RUEGY at without nitrogen application 

during autumn season. Overall, average value for all sowing dates and autumn maize 

hybrids during 2016 and 2017 was 0.87 and 0.83 g MJ
-1

, respectively. Interactive 

results were insignificant. Fig. 4.4.20 indicated that a strong positive linear correlation 

between RUEGY and grain yield was obtained during 2016 (R
2
 = 0.99), 2017           

(R
2
 = 0.99) and pool data (R

2
 = 0.99). 
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Table 4.4.12: Effect of hybrids and nitrogen levels on radiation use efficiency for 

final total dry matter and grain yield (g MJ
-1

) 

Treatments 
RUETDM (g MJ

-1
) RUEGY (g MJ

-1
) 

2016 2017 Mean 2016 2017 Mean 

A) Autumn hybrids       

Pioneer-30R50 2.26 a 2.23 a 2.25 0.91 a 0.88 a 0.90 

Monsanto-DK6714 2.20 b 2.16 b 2.18 0.86 b 0.83 b 0.85 

Syngenta-NK6621 2.16 c 2.09 c 2.13 0.83 c 0.78 c 0.81 

LSD 5% 0.02 0.03  0.01 0.01  

Significance ** **  ** **  

B) Nitrogen Levels       

N0 = 0 Kg ha
-1

 1.06 e 1.01 e 1.04 0.30 e 0.28 e 0.29 

N1 = 80 Kg ha
-1

 2.26 d 2.17 d 2.22 0.73 d 0.68 d 0.71 

N2 = 160 Kg ha
-1

 2.47 c 2.42 c 2.45 0.98 c 0.93 c 0.96 

N3 = 240 Kg ha
-1

 2.58 b 2.56 b 2.57 1.13 b 1.09 b 1.11 

N4 = 320 Kg ha
-1

 2.67 a 2.64 a 2.65 1.21 a 1.17 a 1.19 

LSD 5% 0.04 0.05  0.02 0.03  

Significance ** **  ** **  

Interaction (A x B) NS NS  NS NS  

Mean 2.21 2.16 2.19 0.87 0.83 0.85 

Means sharing different letters in a column differ significantly at P = 0.05  

*, ** = Significant at 5% and 1%, respectively 

NS = Non-significant 
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Figure 4.4.19: Relationship between RUETDM and grain yield of autumn maize 
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Figure 4.4.20: Relationship between RUEGY and grain yield of autumn maize 
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4.5 CROP GROWTH MODELING  (SPRING SEASON) 

4.5.1 Spring Hybrids Genetic Coefficients  

DSSAT-CSM-CERES-Maize model require a set of six eco-physiological coefficients 

for simulation of phenology, growth and grain yield of spring hybrids (Table 4.5.1). 

Since such data were not available, the genetic coefficients of different hybrids were 

estimated by repeated interactions until a close match between simulated and 

observed phenology, growth and yield was obtained. P1 (growing degree days from 

seedling emergence to the end of the juvenile phase) value for Pioneer-33M15, 

Monsanto-DK6525 and Syngenta-NK8441 was attained 241.0, 219.0 and 203.0 °C d, 

respectively. Maximum P2 (extent to which development is delayed for each hour 

increase in photoperiod above the longest photoperiod at which development proceeds 

at a maximum rate) was obtained 0.40 day for Pioneer-33M15 and minimum was 

gained 0.39 day for Syngenta-NK8441, while Monsanto-DK6525 gained 0.38 day P2 

value. P5 (growing degree days from silking to physiological maturity) value was 

achieved 839.0, 812.0 and 789.0 °C d for Pioneer-33M15, Monsanto-DK6525 and 

Syngenta-NK8441, respectively. Highest and lowest G2 (highest possible number of 

kernels per plant) value was gained 869.0 and 832.0 for Pioneer-33M15 and 

Syngenta-NK8441, respectively. 9.73, 10.00 and 9.97 mg d
-1

 was G3 (grain filling 

rate during the linear grain filling stage and under optimum conditions) value for 

Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively. PHINT (the 

interval in growing degree days between successive leaf tip appearances) value for 

Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441 was attained 30.0, 35.2 

and 28.5 °C d, respectively. 

 
4.5.2 Model Calibration 

CERES-Maize model for spring maize hybrids was calibrated with best perform 

sowing date treatment 5-February during 2016 (Table 4.5.2). Difference between 

simulated and observed anthesis and maturity day was 0 day for Pioneer-33M15 and 

Monsanto-DK6525, while 1 day difference was gained for Syngenta-NK8441. Error 

value 0, 0 and 1.79% for anthesis and 0, 0 and 0.86% for maturity was obtained for 

Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively. Maximum 

leaf area index simulated was 4.70, 4.56 and 4.42 and observed was 4.59, 4.37 and 

4.19 for Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively.  
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Table 4.5.1: Genetic coefficients of spring maize hybrids  

Spring hybrids 
P1 P2 P5 G2 G3 PHINT 

(°C d) (d) (°C d)  (mg d
-1

) (°C d) 

Pioneer-33M15 241.0 0.40 839.0 869.0 9.73 30.0 

Monsanto-DK6525 219.0 0.38 812.0 856.0 10.05 35.2 

Syngenta-NK8441 203.0 0.39 789.0 832.0 9.97 28.5 

 

P1: Thermal time from seedling emergence to the end of the juvenile phase 

(expressed in degree days, 
°
C day, above a base temperature of 8 °C) during which the 

plant is not responsive to changes in photoperiod. 

P2: Extent to which development (expressed as days) is delayed for each hour 

increase in photoperiod above the longest photoperiod at which development proceeds 

at a maximum rate (which is considered to be 12.5 h). 

P5: Thermal time from silking to physiological maturity (expressed in degree days 

above a base temperature of 8 °C). 

G2: Maximum possible number of kernels per plant. 

G3: Kernel filling rate during the linear grain filling stage and under optimum 

conditions (mg d
-1

). 

PHINT: Phyllochron interval; the interval in thermal time (degree days) between 

successive leaf tip appearances (Hoogenboom et al., 2017). 

  



251 

 

Table 4.5.2: Summary of observed and simulated results during model 

calibration with data recorded sowing date 5
th

 February in 2016 

Variable Unit Hybrids 
a
Sim. 

b
Obs. Error (%) 

Anthesis day 

Pioneer-33M15 58 58 0.00 

Monsanto-DK6525 57 57 0.00 

Syngenta-NK8441 57 56 1.79 

Maturity day 

Pioneer-33M15 119 119 0.00 

Monsanto-DK6525 118 118 0.00 

Syngenta-NK8441 117 116 0.86 

Max. LAI  

Pioneer-33M15 4.70 4.59 2.40 

Monsanto-DK6525 4.56 4.37 4.35 

Syngenta-NK8441 4.42 4.19 5.49 

Grain yield kg ha
-1

 

Pioneer-33M15 9383 9018 4.05 

Monsanto-DK6525 8876 8377 5.95 

Syngenta-NK8441 8452 7742 9.18 

Dry matter kg ha
-1

 

Pioneer-33M15 19874 19310 2.92 

Monsanto-DK6525 18993 18273 3.94 

Syngenta-NK8441 17983 16998 5.79 

Harvest index % 

Pioneer-33M15 47.21 46.70 1.10 

Monsanto-DK6525 46.73 45.84 1.93 

Syngenta-NK8441 47.00 45.54 3.20 

a
Simulated                                               

b
Observed 
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Error value for maximum leaf area index was found 2.40, 4.35 and 5.49% for Pioneer-

33M15, Monsanto-DK6525 and Syngenta-NK8441, respectively. Highest simulated 

and observed grain yield was acquired 9383 and 9018 kg ha
-1

, respectively, while 

error value was 4.05% for Pioneer-33M15. Lowest predicted and observed grain yield 

was acquired 8452 and 7742 kg ha
-1

, respectively, while error value was 9.18% for 

Syngenta-NK8441. Error value between observed and simulated grain yield was 

attained 5.95% for Monsanto-DK6525. Pioneer-33M15, Monsanto-DK6525 and 

Syngenta-NK8441 produced 19310, 18273 and 16998 kg ha
-1

, respectively observed 

total dry matter and simulated total dry matter was gained 19874, 18993 and 17983 kg 

ha
-1

, respectively. 2.92, 3.94 and 5.79% was error value between observed and 

simulated total dry matter for Pioneer-33M15, Monsanto-DK6525 and Syngenta-

NK8441, respectively. Lowest and highest error value between simulated and 

observed harvest index was 1.10% for Pioneer-33M15 and 3.20% for Syngenta-

NK844. Harvest index simulated was 47.21, 46.73 and 47.00% and observed was 

46.70, 45.84 and 45.54% for Pioneer-33M15, Monsanto-DK6525 and Syngenta-

NK8441, respectively.  

4.5.3 Model Evaluation with Experiment-I 

After calibration, CSM-CERES-Maize model was evaluated with observed data for 

sowing dates treatments of spring maize during 2016 and 2017. Model performance 

about time course data was well during both years (Fig. 4.5.1-2). Accuracy of the 

model simulations and performance of spring maize hybrids genetic coefficients were 

assessed by model evaluation.  The corresponding results are explained as following.  

4.5.3.1 Days to anthesis 

Data in Table 4.5.3 showed that error value between simulated and observed days to 

anthesis for Pioneer-33M15 was attained 1.54, 0.00, 1.82, 2.27 and 2.44% for 15-

January, 5-February, 25-February, 15-March and 5-April, respectively during 2016. 

RMSE and MPD value was gained 0.89 day and 1.61%, respectively for Pioneer-

33M15 during 2016. Model performance for days to anthesis was well for hybrid 

Pioneer-33M15 and sowing date treatment 05-February during both 2016 and 2017. 

Error value between simulated and observed days to anthesis was maximum achieved 

by hybrid Syngenta-NK8441 for all sowing dates as compare to Pioneer-33M15 and 

Monsento-DK6525 during both years.  
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Figure 4.5.1: Effect of hybrids and sowing dates on leaf area index and biomass 

of spring maize during 2016. 
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Figure 4.5.2: Effect of hybrids and sowing dates on leaf area index and biomass 

of spring maize during 2017.
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Table 4.5.3: Comparison of simulated and observed days to anthesis for spring hybrids and sowing dates 

Sowing dates 
Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441      Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-January 66 65 1.54 63 62 1.61 62 60 3.33 64 62 2.14 

05-February 58 58 0.00 57 57 0.00 57 56 1.79 57 57 0.58 

25-February 56 55 1.82 54 53 1.89 53 52 1.92 54 53 1.88 

15-March 45 44 2.27 43 42 2.38 43 42 2.38 44 43 2.34 

05-April 42 41 2.44 40 38 5.26 40 38 5.26 41 39 4.27 

RMSE
c
 (days) 0.89  1.18  1.48  1.15  

MPD
d
 1.61  2.23  2.94  2.24  

2017 
            

15-January 65 64 1.56 61 60 1.67 60 58 3.45 62 61 2.20 

05-February 57 57 0.00 55 54 1.85 55 54 1.85 56 55 1.21 

25-February 55 54 1.85 53 52 1.92 52 51 1.96 53 52 1.91 

15-March 45 44 2.27 42 41 2.44 40 38 5.26 42 41 3.25 

05-April 40 38 5.26 39 37 5.41 39 37 5.41 39 37 5.36 

RMSE (days) 1.18  1.26  1.67  1.34  

MPD 2.19  2.66  3.59  2.79  

a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference  
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Error value was ranged from 1.79 to 5.26% for Syngenta-NK8441 during first year of 

study. Average error value for all hybrids was acquired 2.14, 0.58, 1.88, 2.34 and 

4.27% for 15-January, 5-February, 25-February, 15-March and 5-April, respectively 

during 2016. Average days to anthesis simulated for all hybrids was gained 64, 57, 54, 

44 and 41 days and observed was 62, 57, 53, 43 and 39 days for 15-January, 5-

February, 25-February, 15-March and 5-April, respectively for the duration of 2016. 

RMSE and MPD value was gained 1.48 day and 2.94%, respectively for Syngenta-

NK8441 during 2016. Error value was obtained lowest at 5-February and highest at 5-

April during both years. Average RMSE and MPD value was 1.15 day and 2.24%, 

respectively for all hybrids and sowing dates during 2016. Error value between model 

predicted and field observed was obtained 1.56, 0.00, 1.85, 2.27 and 5.26% for 15-

January, 5-February, 25-February, 15-March and 5-April, respectively by Pioneer-

33M15 during 2017. RMSE value was found 1.18, 1.26 and 1.67 day for Pioneer-

33M15, Monsento-DK6525 and Syngenta-NK8441, respectively for all sowing date 

treatments during second year. During 2017, error ranged value was achieved from 

1.67 to 5.41% for Monsento-DK6525 and 1.85 to 5.41% for Syngenta-NK8441. 2.19, 

2.66 and 3.59% was MPD value during 2017 for Pioneer-33M15, Monsento-DK6525 

and Syngenta-NK8441, respectively. Overall, 1.34 day and 2.79% was RMSE and 

MPD, respectively value was gained for all hybrids and sowing dates for the period of 

2017. Average error value during 2017 was obtained 2.20, 1.21, 1.91, 3.25 and 5.36% 

for 15-January, 5-February, 25-February, 15-March and 5-April, respectively. 

Average days to anthesis simulated for all hybrids was attained 62, 56, 53, 42 and 39 

days and field observed was 61, 55, 52, 41 and 37 days for 15-January, 5-February, 

25-February, 15-March and 5-April, respectively for the duration of 2017. 

4.5.3.2 Days to maturity   

Error value between simulated and observed days to maturity for Pioneer-33M15 was 

attained 0.79, 0.00, 0.88, 0.98 and 2.04% for 15-January, 5-February, 25-February, 

15-March and 5-April, respectively during 2016 (Table 4.5.4). RMSE and MPD value 

was gained 1.18 day and 0.94%, respectively for Pioneer-33M15 during 2016. Model 

performance for days to maturity was well for hybrid Pioneer-33M15 and sowing date 

treatment 05-February during both 2016 and 2017. Error value between simulated and 

observed days to maturity was highest achieved by Syngenta-NK8441 for all sowing 

dates as compare to Pioneer-33M15 and Monsento-DK6525 during both years.  
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Table 4.5.4: Comparison of simulated and observed days to maturity for spring hybrids and sowing dates 

Sowing dates 
Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-January 127 126 0.79 125 124 0.81 123 122 0.82 125 124 0.81 

05-February 119 119 0.00 118 118 0.00 117 116 0.86 118 118 0.28 

25-February 114 113 0.88 112 110 1.82 111 110 0.91 112 111 1.20 

15-March 103 102 0.98 101 99 2.02 100 98 2.04 101 100 1.67 

05-April 100 98 2.04 98 95 3.16 96 92 4.35 98 95 3.16 

RMSE
c
 (days) 1.18  1.90  2.14  1.71  

MPD
d
 0.94  1.56  1.80  1.42  

2017 
            

15-January 126 125 0.80 124 122 1.64 123 121 1.65 124 123 1.36 

05-February 119 118 0.85 117 116 0.86 116 115 0.87 117 116 0.86 

25-February 113 112 0.89 111 108 2.78 111 107 3.74 112 109 2.45 

15-March 102 101 0.99 100 97 3.09 100 96 4.17 101 98 2.72 

05-April 99 97 2.06 97 94 3.19 96 91 5.49 97 94 3.55 

RMSE (days) 1.26  2.53  3.52  2.41  

MPD 1.12  2.31  3.18  2.19  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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Error value was ranged from 0.82 to 4.35% for Syngenta-NK8441 during first year of 

study. Average error value for all hybrids was acquired 0.81, 0.28, 1.20, 1.67 and 

3.16% for 15-January, 5-February, 25-February, 15-March and 5-April, respectively 

during 2016. Average days to maturity simulated for all hybrids was gained 125, 118, 

112, 101 and 98 days and observed was 124, 118, 111, 100 and 95 days for 15-

January, 5-February, 25-February, 15-March and 5-April, respectively for the 

duration of 2016. RMSE and MPD value was gained 2.14 day and 1.80%, 

respectively for Syngenta-NK8441 during 2016. Error value was obtained lowest at 5-

February and highest at 5-April during both years. Average RMSE and MPD value 

was 1.71 day and 1.42%, respectively for all hybrids and sowing dates during 2016. 

Error value between model predicted and field observed was obtained 0.80, 0.85, 

0.89, 0.99 and 2.06% for 15-January, 5-February, 25-February, 15-March and 5-April, 

respectively by Pioneer-33M15 during 2017. RMSE value was found 1.26, 2.53 and 

3.52 day for Pioneer-33M15, Monsento-DK6525 and Syngenta-NK8441, respectively 

for all sowing date treatments during second year. During 2017, error ranged value 

was achieved from 0.86 to 3.19% for Monsento-DK6525 and 0.87 to 5.49% for 

Syngenta-NK8441. 1.12, 2.31 and 3.18% was MPD value during 2017 for Pioneer-

33M15, Monsento-DK6525 and Syngenta-NK8441, respectively. Overall, 2.41 day 

and 2.19% was RMSE and MPD, respectively value was gained for all hybrids and 

sowing dates for the period of 2017. Average days to maturity simulated for all 

hybrids was attained 124, 117, 112, 101 and 97 days and field observed was 123, 116, 

109, 98 and 94 days for 15-January, 5-February, 25-February, 15-March and 5-April, 

respectively for the duration of 2017. Average error value during 2017 was obtained 

1.36, 0.86, 2.45, 2.72 and 3.55% for 15-January, 5-February, 25-February, 15-March 

and 5-April, correspondingly. 

4.5.3.3 Maximum leaf area index   

Results in Table 4.5.5 indicated that error value between simulated and observed 

maximum leaf area index for Pioneer-33M15 was attained 3.48, 2.40, 4.05, 5.82 and 

7.76% for 15-January, 5-February, 25-February, 15-March and 5-April, respectively 

during 2016. RMSE and MPD value was gained 0.19 and 4.70%, respectively for 

Pioneer-33M15 during 2016. Model performance for maximum leaf area index was 

well for hybrid Pioneer-33M15 and sowing date treatment 05-February during both 

2016 and 2017.  
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Table 4.5.5: Comparison of simulated and observed maximum leaf area index for spring hybrids and sowing dates 

Sowing dates 
Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441         Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-January 4.46 4.31 3.48 4.38 4.14 5.80 4.26 3.94 8.12 4.37 4.13 5.73 

05-February 4.7 4.59 2.40 4.56 4.37 4.35 4.42 4.19 5.49 4.56 4.38 4.03 

25-February 4.11 3.95 4.05 3.82 3.6 6.11 3.69 3.36 9.82 3.87 3.64 6.51 

15-March 3.82 3.61 5.82 3.67 3.45 6.38 3.56 3.23 10.22 3.68 3.43 7.39 

05-April 3.61 3.35 7.76 3.38 3.12 8.33 3.24 2.92 10.96 3.41 3.13 8.95 

RMSE
c
 0.19  0.23  0.31  0.24  

MPD
d
 4.70  6.19  8.92  6.52  

2017 
            

15-January 4.25 4.07 4.42 4.23 3.98 6.28 4.09 3.78 8.20 4.19 3.94 6.26 

05-February 4.51 4.36 3.44 4.42 4.21 4.99 4.22 3.97 6.30 4.38 4.18 4.86 

25-February 3.63 3.47 4.61 3.55 3.36 5.65 3.6 3.28 9.76 3.59 3.37 6.63 

15-March 3.58 3.32 7.83 3.35 3.09 8.41 3.25 2.94 10.54 3.39 3.12 8.88 

05-April 3.45 3.18 8.49 3.15 2.89 9.00 3.06 2.73 12.09 3.22 2.93 9.77 

RMSE 0.21  0.24  0.31  0.25  

MPD 5.76  6.87  9.38  7.28  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference 
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Error value between simulated and observed maximum leaf area index was maximum 

achieved by hybrid Syngenta-NK8441 for all sowing dates as compare to Pioneer-

33M15 and Monsento-DK6525 during both years. Error value was ranged from 5.49 

to 10.96% for Syngenta-NK8441 during first year of study. Average error value for 

all hybrids was acquired 5.73, 4.03, 6.51, 7.39 and 8.95% for 15-January, 5-February, 

25-February, 15-March and 5-April, respectively during 2016. Average maximum 

leaf area index simulated for all hybrids was gained 4.37, 4.56, 3.87, 3.68 and 3.41 

and observed was 4.13, 4.38, 3.64, 3.43 and 3.13 for 15-January, 5-February, 25-

February, 15-March and 5-April, respectively for the duration of 2016. RMSE and 

MPD value was gained 0.31 and 8.92%, respectively for Syngenta-NK8441 during 

2016. Error value was obtained lowest at 5-February and highest at 5-April during 

both years. Average RMSE and MPD value was 0.24 and 6.52%, respectively for all 

hybrids and sowing dates during 2016. Error value between model predicted and field 

observed was obtained 4.42, 3.44, 4.61, 7.83 and 8.49% for 15-January, 5-February, 

25-February, 15-March and 5-April, respectively by Pioneer-33M15 during 2017. 

RMSE value was found 0.21, 0.24 and 0.31 for Pioneer-33M15, Monsento-DK6525 

and Syngenta-NK8441, respectively for all sowing date treatments during second 

year. During 2017, error ranged value was achieved from 4.99 to 9.00% for 

Monsento-DK6525 and 6.30 to 12.09% for Syngenta-NK8441. 5.76, 6.87 and 9.38% 

was MPD value during 2017 for Pioneer-33M15, Monsento-DK6525 and Syngenta-

NK8441, respectively. Average error value during 2017 was obtained 6.26, 4.86, 

6.63, 8.88 and 9.77% for 15-January, 5-February, 25-February, 15-March and 5-April, 

respectively. Average maximum leaf area index simulated for all hybrids was attained 

4.19, 4.38, 3.59, 3.39 and 3.22 and field observed was 3.94, 4.18, 3.37, 3.12 and 2.93 

for 15-January, 5-February, 25-February, 15-March and 5-April, respectively for the 

duration of 2017. Overall, 0.25 and 7.28% was RMSE and MPD, respectively value 

was gained for all hybrids and sowing dates during 2017. 

4.5.3.4 Mean grain weight (g)   

Error value between simulated and observed mean grain weight for Pioneer-33M15 

was attained 4.15, 3.72, 5.43, 6.61 and 8.16% for 15-January, 5-February, 25-

February, 15-March and 5-April, respectively during 2016 (Table 4.5.6). RMSE and 

MPD value was gained 0.016 g and 5.62%, respectively for Pioneer-33M15 during 

2016.  
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Model performance for mean grain weight was well for hybrid Pioneer-33M15 and 

sowing date treatment 05-February during both 2016 and 2017. Error value between 

simulated and observed mean grain weight was maximum achieved by hybrid 

Syngenta-NK8441 for all sowing dates as compare to Pioneer-33M15 and Monsento-

DK6525 during both years. Error value was ranged from 5.65 to 11.45% for 

Syngenta-NK8441 during first year of study. Average error value for all hybrids was 

acquired 5.51, 4.49, 6.56, 7.10 and 9.54% for 15-January, 5-February, 25-February, 

15-March and 5-April, respectively during 2016. Average mean grain weight 

simulated for all hybrids was gained 0.338, 0.326, 0.276, 0.256 and 0.245 g and 

observed was 0.321, 0.312, 0.259, 0.239 and 0.224 g for 15-January, 5-February, 25-

February, 15-March and 5-April, respectively for the duration of 2016. RMSE and 

MPD value was gained 0.019 g and 7.76%, respectively for Syngenta-NK8441 during 

2016. Error value was obtained lowest at 5-February and highest at 5-April during 

both years. Average RMSE and MPD value was 0.018 g and 6.64%, respectively for 

all hybrids and sowing dates during 2016. Error value between model predicted and 

field observed was obtained 5.78, 3.76, 6.69, 7.54 and 7.63% for 15-January, 5-

February, 25-February, 15-March and 5-April, respectively by Pioneer-33M15 during 

2017. RMSE value was found 0.017, 0.021  and 0.021 g for Pioneer-33M15, 

Monsento-DK6525 and Syngenta-NK8441, respectively for all sowing date 

treatments during second year. During 2017, error ranged value was achieved from 

4.89 to 11.01% for Monsento-DK6525 and 7.14 to 10.82% for Syngenta-NK8441. 

6.28, 8.35 and 9.11% was MPD value during 2017 for Pioneer-33M15, Monsento-

DK6525 and Syngenta-NK8441, respectively. Overall, 0.020 g and 7.84% was RMSE 

and MPD, respectively value was gained for all hybrids and sowing dates for the 

period of 2017. Average mean grain weight simulated for all hybrids was attained 

0.333, 0.321, 0.268, 0.248 and 0.237 g and field observed was 0.312, 0.305, 0.248, 

0.227 and 0.216 g for 15-January, 5-February, 25-February, 15-March and 5-April, 

respectively for the duration of 2017. Average error value during 2017 was obtained 

6.51, 5.36, 8.34, 9.24 and 9.72% for 15-January, 5-February, 25-February, 15-March 

and 5-April, respectively. 
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Table 4.5.6: Comparison of simulated and observed mean grain weight (g) for spring hybrids and sowing dates 

Sowing dates 
Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441         Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-January 0.351 0.337 4.15 0.338 0.319 5.96 0.326 0.306 6.54 0.338 0.321 5.51 

05-February 0.335 0.323 3.72 0.325 0.312 4.17 0.318 0.301 5.65 0.326 0.312 4.49 

25-February 0.291 0.276 5.43 0.279 0.261 6.90 0.259 0.241 7.47 0.276 0.259 6.56 

15-March 0.274 0.257 6.61 0.258 0.241 7.05 0.237 0.220 7.73 0.256 0.239 7.10 

05-April 0.265 0.245 8.16 0.246 0.225 9.33 0.224 0.201 11.45 0.245 0.224 9.54 

RMSE
c
 (g) 0.016  0.018  0.019  0.018  

MPD
d
 5.62  6.68  7.76  6.64  

2017 
            

15-January 0.348 0.329 5.78 0.335 0.314 6.69 0.315 0.294 7.14 0.333 0.312 6.51 

05-February 0.331 0.319 3.76 0.322 0.307 4.89 0.310 0.288 7.64 0.321 0.305 5.36 

25-February 0.287 0.269 6.69 0.271 0.249 8.84 0.247 0.225 9.78 0.268 0.248 8.34 

15-March 0.271 0.252 7.54 0.246 0.223 10.31 0.228 0.207 10.14 0.248 0.227 9.24 

05-April 0.254 0.236 7.63 0.242 0.218 11.01 0.215 0.194 10.82 0.237 0.216 9.72 

RMSE (g) 0.017  0.021  0.021  0.020  

MPD 6.28  8.35  9.11  7.84  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference 
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4.5.3.5 Number of grains m
-2

   

Table 4.5.7 showed that error value between simulated and observed number of grains 

m
-2

 for Pioneer-33M15 was attained 1.60, 0.32, 1.73, 2.39 and 2.72% for 15-January, 

5-February, 25-February, 15-March and 5-April, respectively during 2016. RMSE and 

MPD value was gained 44.79 and 1.75%, respectively for Pioneer-33M15 during 

2016. Model performance for number of grains m
-2

 was well for hybrid Pioneer-

33M15 and sowing date treatment 05-February during both 2016 and 2017. Error 

value between simulated and observed number of grains m
-2

 was maximum achieved 

by hybrid Syngenta-NK8441 for all sowing dates as compare to Pioneer-33M15 and 

Monsento-DK6525 during both years. Error value was ranged from 3.24 to 4.99% for 

Syngenta-NK8441 during first year of study. Average error value for all hybrids was 

acquired 2.34, 1.75, 2.68, 2.93 and 3.58% for 15-January, 5-February, 25-February, 

15-March and 5-April, respectively during 2016. Average number of grains m
-2

 

simulated for all hybrids was gained 2351, 2730, 2653, 2270 and 2140 and observed 

was 2298, 2683, 2584, 2205 and 2066 for 15-January, 5-February, 25-February, 15-

March and 5-April, respectively for the duration of 2016. RMSE and MPD value was 

gained 88.40 and 3.88%, respectively for Syngenta-NK8441 during 2016. Error value 

was obtained lowest at 5-February and highest at 5-April during both years. Average 

RMSE and MPD value was 62.54 and 2.66%, respectively for all hybrids and sowing 

dates during 2016.  

Error value between model predicted and field observed was obtained 2.45, 1.26, 

2.31, 2.46 and 3.54% for 15-January, 5-February, 25-February, 15-March and 5-April, 

respectively by Pioneer-33M15 during 2017. RMSE value was found 57.20, 81.47 

and 116.11 for Pioneer-33M15, Monsento-DK6525 and Syngenta-NK8441, 

respectively for all sowing date treatments during second year. During 2017, error 

ranged value was achieved from 2.96 to 4.33% for Monsento-DK6525 and 3.25 to 

6.81% for Syngenta-NK8441. 2.41, 3.63 and 5.17% was MPD value during 2017 for 

Pioneer-33M15, Monsento-DK6525 and Syngenta-NK8441, respectively. Overall, 

84.39 and 3.69% was RMSE and MPD, respectively value was gained for all hybrids 

and sowing dates for the period of 2017. Average error value during 2017 was 2.98, 

2.51, 4.00, 4.12 and 4.86% for 15-January, 5-February, 25-February, 15-March and 5-

April, respectively.  
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Table 4.5.7: Comparison of simulated and observed number of grains m
-2

 for spring hybrids and sowing dates 

Sowing dates 
Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441         Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-January 2409 2371 1.60 2349 2298 2.22 2296 2224 3.24 2351 2298 2.34 

05-February 2801 2792 0.32 2731 2685 1.71 2658 2572 3.34 2730 2683 1.75 

25-February 2702 2656 1.73 2651 2587 2.47 2606 2508 3.91 2653 2584 2.68 

15-March 2361 2306 2.39 2255 2199 2.55 2193 2110 3.93 2270 2205 2.93 

05-April 2193 2135 2.72 2122 2058 3.11 2106 2006 4.99 2140 2066 3.58 

RMSE
c 
 44.79  56.65  88.40  62.54  

MPD
d
 1.75  2.41  3.88  2.66  

2017 
            

15-January 2338 2282 2.45 2258 2187 3.25 2221 2151 3.25 2272 2207 2.98 

05-February 2731 2697 1.26 2646 2570 2.96 2617 2531 3.40 2665 2599 2.51 

25-February 2654 2594 2.31 2604 2515 3.54 2536 2385 6.33 2598 2498 4.00 

15-March 2331 2275 2.46 2182 2097 4.05 2139 2017 6.05 2217 2130 4.12 

05-April 2135 2062 3.54 2047 1962 4.33 2069 1937 6.81 2084 1987 4.86 

RMSE 57.20  81.47  116.11  84.39  

MPD 2.41  3.63  5.17  3.69  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference 

 



265 

 

Average number of grains m
-2

 simulated for all hybrids was attained 2272, 2665, 

2598, 2217 and 2084 and field observed was 2207, 2599, 2498, 2130 and 1987 for 15-

January, 5-February, 25-February, 15-March and 5-April, respectively during second 

year.  

4.5.3.6 Grain yield (kg ha
-1

)   

Error value between simulated and observed grain yield for Pioneer-33M15 was 

attained 5.82, 4.05, 7.26, 9.16 and 11.10% for 15-January, 5-February, 25-February, 

15-March and 5-April, respectively during 2016 (Table 4.5.8). RMSE and MPD value 

was gained 502.98 kg ha
-1

 and 7.46%, respectively for Pioneer-33M15 during 2016. 

Model performance for grain yield was well for hybrid Pioneer-33M15 and sowing 

date treatment 05-February during both 2016 and 2017. Error value between 

simulated and observed grain yield was maximum achieved by hybrid Syngenta-

NK8441 for all sowing dates as compare to Pioneer-33M15 and Monsento-DK6525 

during both years. Error value was ranged from 9.18 to 17.00% for Syngenta-NK8441 

during first year of study. Average error value for all hybrids was acquired 7.93, 6.26, 

9.35, 10.19 and 13.36% for 15-January, 5-February, 25-February, 15-March and 5-

April, respectively during 2016. Average grain yield simulated for all hybrids was 

gained 7960, 8904, 7336, 5828 and 5250 kg ha
-1

 and observed was 7375, 8379, 6705, 

5289 and 4631 kg ha
-1

 for 15-January, 5-February, 25-February, 15-March and 5-

April, respectively for the duration of 2016. RMSE and MPD value was gained 

669.70 kg ha
-1

 and 11.96%, respectively for Syngenta-NK8441 during 2016. Error 

value was obtained lowest at 5-February and highest at 5-April during both years. 

Average RMSE and MPD value was 580.27 kg ha
-1

 and 9.42%, respectively for all 

hybrids and sowing dates during 2016. Error value between model predicted and field 

observed was obtained 8.37, 5.07, 9.16, 10.19 and 11.43% for 15-January, 5-

February, 25-February, 15-March and 5-April, respectively by Pioneer-33M15 during 

2017. RMSE value was found 573.50, 700.03 and 762.23 kg ha
-1

 for Pioneer-33M15, 

Monsento-DK6525 and Syngenta-NK8441, respectively for all sowing date 

treatments during second year. During 2017, error ranged value was achieved from 

7.99 to 15.82% for Monsento-DK6525 and 10.63 to 18.38% for Syngenta-NK8441. 

8.84, 12.29 and 14.77% was MPD value during 2017 for Pioneer-33M15, Monsento-

DK6525 and Syngenta-NK8441, respectively.  
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Table 4.5.8: Comparison of simulated and observed grain yield (kg ha
-1

)
 
for spring hybrids and sowing dates 

Sowing dates 
Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-January 8456 7990 5.82 7940 7331 8.31 7485 6805 9.98 7960 7375 7.93 

05-February 9383 9018 4.05 8876 8377 5.95 8452 7742 9.18 8904 8379 6.26 

25-February 7863 7331 7.26 7396 6752 9.54 6750 6044 11.67 7336 6705 9.35 

15-March 6469 5926 9.16 5818 5300 9.78 5197 4642 11.96 5828 5289 10.19 

05-April 5811 5231 11.10 5220 4631 12.73 4717 4032 17.00 5250 4631 13.36 

RMSE
c
 (kg ha

-1
) 502.98  574.59  669.70  580.27  

MPD
d
 7.46  9.26  11.96  9.42  

2017 
            

15-January 8136 7508 8.37 7564 6867 10.15 6996 6324 10.63 7566 6903 9.65 

05-February 9040 8603 5.07 8520 7890 7.99 8113 7289 11.30 8557 7928 7.95 

25-February 7617 6978 9.16 7057 6262 12.69 6264 5366 16.73 6979 6202 12.53 

15-March 6317 5733 10.19 5368 4676 14.79 4877 4175 16.81 5521 4862 13.56 

05-April 5423 4866 11.43 4954 4277 15.82 4448 3758 18.38 4942 4298 14.91 

RMSE (kg ha
-1

) 573.50  700.03  762.23  676.71  

MPD 8.84  12.29  14.77  11.72  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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Average error value during 2017 was obtained 9.65, 7.95, 12.53, 13.56 and 14.91% 

for 15-January, 5-February, 25-February, 15-March and 5-April, respectively. 

Average grain yield simulated for all hybrids was attained 7566, 8557, 6979, 5521 

and 4942 kg ha
-1

 and field observed was 6903, 7928, 6202, 4862 and 4298 kg ha
-1

 for 

15-January, 5-February, 25-February, 15-March and 5-April, respectively for the 

duration of 2017. Overall, 676.71 kg ha
-1

 and 11.72% was RMSE and MPD, 

respectively value was gained for all hybrids and sowing dates during 2017. 

4.5.3.7 Total dry matter (kg ha
-1

)   

In table 4.5.9 showed that error value between simulated and observed total dry 

matter for Pioneer-33M15 was attained 3.18, 2.92, 4.55, 4.98 and 5.79% for 15-

January, 5-February, 25-February, 15-March and 5-April, respectively during 2016. 

RMSE and MPD value was gained 701.85 kg ha
-1

 and 4.28%, respectively for 

Pioneer-33M15 during 2016. Model performance for total dry matter was well for 

hybrid Pioneer-33M15 and sowing date treatment 05-February during both 2016 and 

2017. Error value between simulated and observed total dry matter was maximum 

achieved by hybrid Syngenta-NK8441 for all sowing dates as compare to Pioneer-

33M15 and Monsento-DK6525 during both years. Error value was ranged from 5.79 

to 9.38% for Syngenta-NK8441 during first year of study. Average error value for all 

hybrids was acquired 4.82, 4.16, 5.73, 5.90 and 7.10% for 15-January, 5-February, 

25-February, 15-March and 5-April, respectively during 2016. Average total dry 

matter simulated for all hybrids was gained 17710, 18950, 16791, 14823 and 13712 

kg ha
-1

 and observed was 16895, 18194, 15881, 13997 and 12803 kg ha
-1

 for 15-

January, 5-February, 25-February, 15-March and 5-April, respectively for the 

duration of 2016. RMSE and MPD value was gained 979.04 kg ha
-1

 and 6.91%, 

respectively for Syngenta-NK8441 during 2016. Error value was obtained lowest at 5-

February and highest at 5-April during both years. Average RMSE and MPD value 

was 845.19 kg ha
-1

 and 5.54%, respectively for all hybrids and sowing dates during 

2016. Error value between model predicted and field observed was obtained 4.68, 

3.01, 4.84, 5.80 and 5.97% for 15-January, 5-February, 25-February, 15-March and 5-

April, respectively by Pioneer-33M15 during 2017. RMSE value was found 768.10, 

1094.37 and 1128.76 kg ha
-1

 for Pioneer-33M15, Monsento-DK6525 and Syngenta-

NK8441, respectively for all sowing date treatments during second year.  
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Table 4.5.9: Comparison of simulated and observed total dry matter (kg ha
-1

)
 
for spring hybrids and sowing dates 

Sowing dates 
Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-January 18399 17832 3.18 17835 16889 5.60 16895 15964 5.83 17710 16895 4.82 

05-February 19874 19310 2.92 18993 18273 3.94 17983 16998 5.79 18950 18194 4.16 

25-February 17745 16973 4.55 16897 15942 5.99 15731 14729 6.80 16791 15881 5.73 

15-March 15942 15186 4.98 14820 13963 6.14 13708 12843 6.74 14823 13997 5.90 

05-April 14805 13995 5.79 13541 12721 6.45 12789 11692 9.38 13712 12803 7.10 

RMSE
c
 (kg ha

-1
) 701.85  863.97  979.04  845.19  

MPD
d
 4.28  5.62  6.91  5.54  

2017 
            

15-January 17746 16952 4.68 17138 15983 7.23 15896 15018 5.85 16927 15984 5.90 

05-February 19263 18701 3.01 18576 17557 5.80 17441 16371 6.54 18427 17543 5.04 

25-February 17395 16592 4.84 16272 15084 7.88 15254 13908 9.68 16307 15285 6.69 

15-March 15682 14823 5.80 13950 12872 8.37 12997 11812 10.03 14210 13169 7.90 

05-April 13993 13205 5.97 12985 11964 8.53 12089 10976 10.14 13022 12048 8.08 

RMSE (kg ha
-1

) 768.10  1094.37  1128.76  974.17  

MPD 4.86  7.56  8.45  6.72  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference 
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During 2017, error ranged value was achieved from 5.80 to 8.53% for Monsento-

DK6525 and 5.85 to 10.14% for Syngenta-NK8441. 4.86, 7.56 and 8.45% was MPD 

value during 2017 for Pioneer-33M15, Monsento-DK6525 and Syngenta-NK8441, 

respectively. Overall, 974.17 kg ha
-1

 and 6.72% was RMSE and MPD, respectively 

value was gained for all hybrids and sowing dates for the period of 2017. Average 

error value during 2017 was obtained 5.90, 5.04, 6.69 and 7.90 and 8.08% for 15-

January, 5-February, 25-February, 15-March and 5-April, respectively. Average total 

dry matter simulated for all hybrids was attained 16927, 18427, 16307, 14210 and 

13022 kg ha
-1

 and field observed was 15984, 17543, 15285, 13169 and 12048 kg ha
-1

 

for 15-January, 5-February, 25-February, 15-March and 5-April, respectively for the 

duration of 2017.  

4.5.3.8 Harvest index (%)   

Error value between simulated and observed harvest index for Pioneer-33M15 was 

attained 2.56, 1.10, 2.59, 3.98 and 5.02% for 15-January, 5-February, 25-February, 

15-March and 5-April, respectively during 2016 (Table 4.5.10). RMSE and MPD 

value was gained 1.32 and 3.05%, respectively for Pioneer-33M15 during 2016. 

Model performance for harvest index was well for hybrid Pioneer-33M15 and sowing 

date treatment 05-February during both 2016 and 2017. Error value between 

simulated and observed harvest index was maximum achieved by hybrid Syngenta-

NK8441 for all sowing dates as compare to Pioneer-33M15 and Monsento-DK6525 

during both years. Error value was ranged from 3.20 to 6.96% for Syngenta-NK8441 

during first year of study. Average error value for all hybrids was acquired 3.01, 2.07, 

3.48, 4.09 and 5.94% for 15-January, 5-February, 25-February, 15-March and 5-April, 

respectively during 2016. Average harvest index simulated for all hybrids was gained 

44.93, 46.98, 43.66, 39.25 and 38.23% and observed was 43.61, 46.03, 42.19, 37.71 

and 36.09% for 15-January, 5-February, 25-February, 15-March and 5-April, 

respectively for the duration of 2016. RMSE and MPD value was gained 1.86 and 

4.71%, respectively for Syngenta-NK8441 during 2016. Error value was obtained 

lowest at 5-February and highest at 5-April during both years. Average RMSE and 

MPD value was 1.53 and 3.72%, respectively for all hybrids and sowing dates during 

2016. Error value between model predicted and field observed was obtained 3.52, 

2.00, 4.12, 4.15 and 5.16% for 15-January, 5-February, 25-February, 15-March and 5-

April, respectively by Pioneer-33M15 during 2017.  
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Table 4.5.10: Comparison of simulated and observed harvest index (%)
 
for spring hybrids and sowing dates 

Sowing dates 
Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-January 45.96 44.81 2.56 44.52 43.40 2.56 44.30 42.63 3.92 44.93 43.61 3.01 

05-February 47.21 46.70 1.10 46.73 45.84 1.93 47.00 45.54 3.20 46.98 46.03 2.07 

25-February 44.31 43.19 2.59 43.77 42.35 3.35 42.91 41.04 4.56 43.66 42.19 3.48 

15-March 40.58 39.03 3.98 39.26 37.95 3.43 37.92 36.14 4.90 39.25 37.71 4.09 

05-April 39.25 37.38 5.02 38.55 36.40 5.91 36.89 34.49 6.96 38.23 36.09 5.94 

RMSE
c 
 1.32  1.44  1.86  1.53  

MPD
d
 3.05  3.44  4.71  3.72  

2017 
            

15-January 45.85 44.29 3.52 44.14 42.97 2.73 44.01 42.11 4.52 44.67 43.12 3.58 

05-February 46.93 46.01 2.00 45.87 44.94 2.06 46.52 44.53 4.47 46.44 45.16 2.83 

25-February 43.79 42.06 4.12 43.37 41.52 4.46 41.06 38.58 6.43 42.74 40.72 4.96 

15-March 40.28 38.68 4.15 38.48 36.33 5.92 37.52 35.35 6.16 38.76 36.78 5.37 

05-April 38.75 36.85 5.16 38.15 35.75 6.71 36.80 34.24 7.48 37.90 35.61 6.42 

RMSE            1.58  1.79  2.24  1.86  

MPD            3.79  4.38  5.81  4.64  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference 
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During 2017, error ranged value was achieved from 2.06 to 6.71% for Monsento-

DK6525 and 4.47 to 7.48% for Syngenta-NK8441. 3.79, 4.38 and 5.81% was MPD 

value during 2017 for Pioneer-33M15, Monsento-DK6525 and Syngenta-NK8441, 

respectively. Overall, 1.86 and 4.64% was RMSE and MPD, respectively value was 

gained for all hybrids and sowing dates for the period of 2017. Average error value 

during 2017 was obtained 3.58, 2.83, 4.96, 5.37 and 6.42% for 15-January, 5-

February, 25-February, 15-March and 5-April, respectively. Average harvest index 

simulated for all hybrids was attained 44.67, 46.44, 42.74, 38.76 and 37.90% and field 

observed was 43.12, 45.16, 40.72, 36.78 and 35.61% for 15-January, 5-February, 25-

February, 15-March and 5-April, respectively for the duration of 2017. RMSE value 

was found 1.58, 1.79 and 2.24 for Pioneer-33M15, Monsento-DK6525 and Syngenta-

NK8441, respectively for all sowing date treatments during second year. 
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4.5.4 MODEL EVALUATION WITH EXPERIMENT - II 

CSM-CERES-Maize model was also evaluated with observed data for nitrogen levels 

treatments of spring maize during 2016 and 2017. Model performance about time 

course data was well during both years (Fig. 4.5.3-4). Accuracy of the model 

simulations and performance of spring maize hybrids genetic coefficients were 

assessed by model evaluation.  The corresponding simulation results are explained as 

following.  

4.5.4.1 Days to anthesis 

Data in table 4.5.11 indicated that error value between simulated and observed days to 

anthesis for Pioneer-33M15 was attained 9.43, 7.41, 5.45, 1.75 and 0.00% for N0 (0 

kg ha
-1

), N1 (80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), 

respectively during 2016. RMSE and MPD value was gained 3.19 days and 4.81%, 

respectively for Pioneer-33M15 during 2016. Model performance for days to anthesis 

was well for hybrid Pioneer-33M15 and nitrogen level treatment N4 (320 kg ha
-1

) 

during both 2016 and 2017. Error value between simulated and observed days to 

anthesis was maximum achieved by hybrid Syngenta-NK8441 for all nitrogen levels 

as compare to Pioneer-33M15 and Monsento-DK6525 during both years. Error value 

was ranged from 1.82 to 12.00% for Syngenta-NK8441 during first year of study. 

Average error value for all hybrids was acquired 10.32, 7.55, 5.56, 3.01 and 0.59% N0 

(0 kg ha
-1

), N1 (80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), 

respectively during 2016. Average days to anthesis simulated for all hybrids was 

gained 57, 57, 57, 57 and 57 days and observed was 52, 53, 54, 55 and 57 days for N0, 

N1, N2, N3 and N4, respectively for the duration of 2016. RMSE and MPD value was 

gained 3.62 day and 6.17%, respectively for Syngenta-NK8441 during 2016. Error 

value was obtained lowest at N4 and highest at N0 nitrogen level during both years. 

Average RMSE and MPD value was 3.37 days and 5.41%, respectively for all hybrids 

and nitrogen levels during 2016. Error value between model predicted and field 

observed was obtained 12.00, 7.69, 5.66, 3.70 and 1.82% for nitrogen levels N0, N1, 

N2, N3 and N4, respectively by Pioneer-33M15 during 2017. During 2017, error 

ranged value was achieved from 1.82 to 12.00% for Monsento-DK6525 and 1.85 to 

14.58% for Syngenta-NK8441. 5.63, 6.17 and 6.76% was MPD value during 2017 for 

Pioneer-33M15, Monsento-DK6525 and Syngenta-NK8441, respectively. 
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Figure 4.5.3: Effect of hybrids and nitrogen levels on leaf area index and biomass 

of spring maize during 2016 
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Figure 4.5.4: Effect of hybrids and nitrogen levels on leaf area index and biomass 

of spring maize during 2017
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Table 4.5.11: Comparison of simulated and observed days to anthesis for spring hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0  58 53 9.43 57 52 9.62 56 50 12.00 57 52 10.32 

N1 = 80  58 54 7.41 57 53 7.55 56 52 7.69 57 53 7.55 

N2 = 160 58 55 5.45 57 54 5.56 56 53 5.66 57 54 5.56 

N3 = 240 58 57 1.75 57 55 3.64 56 54 3.70 57 55 3.01 

N4 = 320 58 58 0.00 57 57 0.00 56 55 1.82 57 57 0.59 

RMSE
c
 (days) 3.19  3.29  3.62  3.37  

MPD
d
 4.81  5.27  6.17  5.41  

2017 
            

N0 = 0  57 52 9.62 56 50 12.00 55 48 14.58 56 50 12.00 

N1 = 80  57 53 7.55 56 52 7.69 55 51 7.84 56 52 7.69 

N2 = 160 57 54 5.56 56 53 5.66 55 52 5.77 56 53 5.66 

N3 = 240 57 55 3.64 56 54 3.70 55 53 3.77 56 54 3.70 

N4 = 320 57 56 1.79 56 55 1.82 55 54 1.85 56 55 1.82 

RMSE (days) 3.32  3.63  3.97  3.64  

MPD 5.63  6.17  6.76  6.17  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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Overall, 3.64 days and 6.17% was RMSE and MPD, respectively value was gained 

for all hybrids and nitrogen levels for the period of 2017. Average error value during 

2017 was obtained 12.00, 7.69, 5.66, 3.70 and 1.82% for N0, N1, N2, N3 and N4, 

respectively. Average days to anthesis simulated for all hybrids was attained 56, 56, 

56, 56 and 56 days and field observed was 50, 52, 53, 54 and 55 days for N0, N1, N2, 

N3 and N4, respectively for the duration of 2017. 

4.5.4.2 Days to maturity  

Error value between simulated and observed days to maturity for Pioneer-33M15 was 

attained 3.48, 2.59, 1.71, 0.85 and 0.00% for N0 (0 kg ha
-1

), N1 (80 kg ha
-1

), N2 (160 

kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively during 2016 (Table 

4.5.12). RMSE and MPD value was gained 2.45 days and 1.72%, respectively for 

Pioneer-33M15 during 2016. Model performance for days to maturity was well for 

hybrid Pioneer-33M15 and nitrogen level treatment N4 (320 kg ha
-1

) during both 2016 

and 2017. Error value between simulated and observed days to maturity was 

maximum achieved by hybrid Syngenta-NK8441 for all nitrogen levels as compare to 

Pioneer-33M15 and Monsento-DK6525 during both years. Error value was ranged 

from 0.86 to 5.41% for Syngenta-NK8441 during first year of study. Average error 

value for all hybrids was acquired 4.42, 3.21, 2.31, 1.43 and 0.57% N0 (0 kg ha
-1

), N1 

(80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively 

during 2016. Average days to maturity simulated for all hybrids was gained 118, 118, 

118, 118 and 118 days and observed was 113, 114, 115, 116 and 117 days for N0, N1, 

N2, N3 and N4, respectively for the duration of 2016. RMSE and MPD value was 

gained 3.60 days and 2.84%, respectively for Syngenta-NK8441 during 2016. Error 

value was obtained lowest at N4 and highest at N0 nitrogen level during both years. 

Average RMSE and MPD value was 3.12 days and 2.39%, respectively for all hybrids 

and nitrogen levels during 2016. Error value between model predicted and field 

observed was obtained 4.42, 2.61, 1.72, 0.85 and 0.85% for nitrogen levels N0, N1, 

N2, N3 and N4, respectively by Pioneer-33M15 during 2017. RMSE value was found 

2.81, 3.63 and 3.63 days for Pioneer-33M15, Monsento-DK6525 and Syngenta-

NK8441, respectively for all sowing date treatments during second year. During 2017, 

error ranged value was achieved from 0.86 to 5.41% for Monsento-DK6525 and 0.87 

to 5.45% for Syngenta-NK8441. 2.09, 2.84 and 2.86% was MPD value during 2017 

for Pioneer-33M15, Monsento-DK6525 and Syngenta-NK8441, respectively.  
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Table 4.5.12: Comparison of simulated and observed days to maturity for spring hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

       Pioneer-33M15 Monsento-DK6525       Syngenta-NK8441         Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0  119 115 3.48 118 113 4.42 117 111 5.41 118 113 4.42 

N1 = 80  119 116 2.59 118 114 3.51 117 113 3.54 118 114 3.21 

N2 = 160 119 117 1.71 118 115 2.61 117 114 2.63 118 115 2.31 

N3 = 240 119 118 0.85 118 116 1.72 117 115 1.74 118 116 1.43 

N4 = 320 119 119 0.00 118 117 0.85 117 116 0.86 118 117 0.57 

RMSE
c
 (days) 2.45  3.32  3.60  3.12  

MPD
d
 1.72  2.62  2.84  2.39  

2017 
            

N0 = 0  118 113 4.42 117 111 5.41 116 110 5.45 117 111 5.09 

N1 = 80  118 115 2.61 117 113 3.54 116 112 3.57 117 113 3.24 

N2 = 160 118 116 1.72 117 114 2.63 116 113 2.65 117 114 2.33 

N3 = 240 118 117 0.85 117 115 1.74 116 114 1.75 117 115 1.45 

N4 = 320 118 117 0.85 117 116 0.86 116 115 0.87 117 116 0.86 

RMSE (days) 2.81  3.63  3.63  3.36  

MPD 2.09  2.84  2.86  2.59  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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Overall, 3.36 days and 2.59% was RMSE and MPD, respectively value was gained 

for all hybrids and nitrogen levels for the period of 2017. Average days to maturity 

simulated for all hybrids was attained 117, 117, 117, 117 and 117 days and field 

observed was 111, 113, 114, 115 and 116 days for N0, N1, N2, N3 and N4, respectively 

for the duration of 2017. Average error value during 2017 was obtained 5.09, 3.24, 

2.33, 1.45 and 0.86% for N0, N1, N2, N3 and N4, respectively. 

4.5.4.3 Maximum leaf area index  

Table 4.5.13 showed that error value between simulated and observed maximum leaf 

area index  for Pioneer-33M15 was attained 6.59, 5.57, 4.72, 4.11 and 3.23% for N0 (0 

kg ha
-1

), N1 (80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), 

respectively during 2016. RMSE and MPD value was gained 0.14 and 4.85%, 

respectively for Pioneer-33M15 during 2016. Model performance for maximum leaf 

area index was well for hybrid Pioneer-33M15 and nitrogen level treatment N4 (320 

kg ha
-1

) during both 2016 and 2017. Error value between simulated and observed 

maximum leaf area index was maximum achieved by hybrid Syngenta-NK8441 for 

all nitrogen levels as compare to Pioneer-33M15 and Monsento-DK6525 during both 

years. Error value was ranged from 5.32 to 9.33% for Syngenta-NK8441 during first 

year of study. Average error value for all hybrids was acquired 8.03, 7.09, 6.59, 4.62 

and 3.96% N0 (0 kg ha
-1

), N1 (80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 

(320 kg ha
-1

), respectively during 2016. Average maximum leaf area index  simulated 

for all hybrids was gained 0.90, 3.07, 3.40, 3.85 and 4.20 and observed was 0.83, 

2.87, 3.19, 3.68 and 4.04 for N0, N1, N2, N3 and N4, respectively for the duration of 

2016. RMSE and MPD value was gained 0.20 and 7.32%, respectively for Syngenta-

NK8441 during 2016. Error value was obtained lowest at N4 and highest at N0 

nitrogen level during both years. Average RMSE and MPD value was 0.17 and 

6.04%, respectively for all hybrids and nitrogen levels during 2016. Error value 

between model predicted and field observed was obtained 8.24, 6.94, 5.70, 4.83 and 

4.55% for nitrogen levels N0, N1, N2, N3 and N4, respectively by Pioneer-33M15 

during 2017. RMSE value was found 0.16, 0.18 and 0.21 for Pioneer-33M15, 

Monsento-DK6525 and Syngenta-NK8441, respectively for all sowing date 

treatments during second year. During 2017, error ranged value was achieved from 

3.77 to 12.16% for Monsento-DK6525 and 6.46 to 16.92% for Syngenta-NK8441.  
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Table 4.5.13: Comparison of simulated and observed maximum leaf area index for spring hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441         Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0  0.97 0.91 6.59 0.90 0.83 8.43 0.82 0.75 9.33 0.90 0.83 8.03 

N1 = 80  3.22 3.05 5.57 3.08 2.87 7.32 2.91 2.68 8.58 3.07 2.87 7.09 

N2 = 160 3.55 3.39 4.72 3.4 3.16 7.59 3.24 3.01 7.64 3.40 3.19 6.59 

N3 = 240 4.05 3.89 4.11 3.81 3.66 4.10 3.69 3.49 5.73 3.85 3.68 4.62 

N4 = 320 4.48 4.34 3.23 4.15 4.01 3.49 3.96 3.76 5.32 4.20 4.04 3.96 

RMSE
c
 0.14  0.17  0.20  0.17  

MPD
d
 4.85  6.19  7.32  6.04  

2017 
            

N0 = 0  0.92 0.85 8.24 0.83 0.74 12.16 0.76 0.65 16.92 0.84 0.75 12.05 

N1 = 80  2.62 2.45 6.94 2.63 2.37 10.97 2.64 2.43 8.64 2.63 2.42 8.83 

N2 = 160 3.15 2.98 5.70 3.03 2.81 7.83 3.01 2.79 7.89 3.06 2.86 7.11 

N3 = 240 3.69 3.52 4.83 3.51 3.36 4.46 3.5 3.27 7.03 3.57 3.38 5.42 

N4 = 320 4.14 3.96 4.55 3.85 3.71 3.77 3.79 3.56 6.46 3.93 3.74 4.90 

RMSE 0.16  0.18  0.21  0.18  

MPD 6.05  7.84  9.39  7.66  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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Overall, 0.18 and 7.66% was RMSE and MPD, respectively value was gained for all 

hybrids and nitrogen levels for the period of 2017. Average error value during 2017 

was 12.05, 8.83, 7.11, 5.42 and 4.90% for N0, N1, N2, N3 and N4, respectively. 

Average maximum leaf area index simulated for all hybrids was attained 0.84, 2.63, 

3.06, 3.57 and 3.93 and field observed was 0.75, 2.42, 2.86, 3.38 and 3.74 for N0, N1, 

N2, N3 and N4, respectively for the duration of 2017. 6.05, 7.84 and 9.39% was MPD 

value during 2017 for Pioneer-33M15, Monsento-DK6525 and Syngenta-NK8441, 

respectively. 

4.5.4.4 Mean grain weight (g)  

Error value between simulated and observed mean grain weight  for Pioneer-33M15 

was attained 5.70, 3.51, 3.14, 2.01 and 1.63% for N0 (0 kg ha
-1

), N1 (80 kg ha
-1

), N2 

(160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively during 2016 (Table 

4.5.14). RMSE and MPD value was gained 0.01 g and 3.20%, respectively for 

Pioneer-33M15 during 2016. Model performance for mean grain weight was well for 

hybrid Pioneer-33M15 and nitrogen level treatment N4 (320 kg ha
-1

) during both 2016 

and 2017. Error value between simulated and observed mean grain weight was 

maximum achieved by hybrid Syngenta-NK8441 for all nitrogen levels as compare to 

Pioneer-33M15 and Monsento-DK6525 during both years. Error value was ranged 

from 2.87 to 6.63% for Syngenta-NK8441 during first year of study. Average error 

value for all hybrids was acquired 6.26, 4.26, 3.98, 3.06 and 2.24% N0 (0 kg ha
-1

), N1 

(80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively 

during 2016. Average mean grain weight simulated for all hybrids was gained 0.226, 

0.286, 0.322, 0.348 and 0.365 g and observed was 0.213, 0.274, 0.310, 0.338 and 

0.357 g for N0, N1, N2, N3 and N4, respectively for the duration of 2016. RMSE and 

MPD value was gained 0.013 g and 4.81%, respectively for Syngenta-NK8441 during 

2016. Error value was obtained lowest at N4 and highest at N0 nitrogen level during 

both years. Average RMSE and MPD value was 0.011 g and 3.96%, respectively for 

all hybrids and nitrogen levels during 2016. Error value between model predicted and 

field observed was obtained 5.96, 4.71, 3.88, 2.92 and 2.54% for nitrogen levels N0, 

N1, N2, N3 and N4, respectively by Pioneer-33M15 during 2017. RMSE value was 

found 0.012, 0.014 and 0.015 g for Pioneer-33M15, Monsento-DK6525 and 

Syngenta-NK8441, respectively for all sowing date treatments during second year.  
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Table 4.5.14: Comparison of simulated and observed mean grain weight (g) for spring hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0  0.241 0.228 5.70 0.229 0.215 6.51 0.209 0.196 6.63 0.226 0.213 6.26 

N1 = 80  0.295 0.285 3.51 0.284 0.273 4.03 0.278 0.264 5.30 0.286 0.274 4.26 

N2 = 160 0.328 0.318 3.14 0.321 0.309 3.88 0.317 0.302 4.97 0.322 0.310 3.98 

N3 = 240 0.356 0.349 2.01 0.347 0.337 2.97 0.341 0.327 4.28 0.348 0.338 3.06 

N4 = 320 0.373 0.367 1.63 0.364 0.356 2.25 0.359 0.349 2.87 0.365 0.357 2.24 

RMSE
c
 (g) 0.010  0.011  0.013  0.011  

MPD
d
 3.20  3.93  4.81  3.96  

2017 
            

N0 = 0  0.231 0.218 5.96 0.225 0.209 7.66 0.203 0.189 7.41 0.220 0.205 6.98 

N1 = 80  0.289 0.276 4.71 0.279 0.266 4.89 0.272 0.255 6.67 0.281 0.266 5.40 

N2 = 160 0.321 0.309 3.88 0.327 0.312 4.81 0.309 0.291 6.19 0.319 0.304 4.93 

N3 = 240 0.352 0.342 2.92 0.341 0.327 4.28 0.328 0.314 4.46 0.340 0.328 3.87 

N4 = 320 0.364 0.355 2.54 0.361 0.348 3.74 0.351 0.338 3.85 0.359 0.347 3.36 

RMSE (g) 0.012  0.014  0.015  0.014  

MPD 4.00  5.07  5.71  4.91  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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During 2017, error ranged value was achieved from 3.74 to 7.66% for Monsento-

DK6525 and 3.85 to 7.41% for Syngenta-NK8441 4.00, 5.07 and 5.71% was MPD 

value during 2017 for Pioneer-33M15, Monsento-DK6525 and Syngenta-NK8441, 

respectively. Overall, 0.014 g and 4.91% was RMSE and MPD, respectively value 

was gained for all hybrids and nitrogen levels for the period of 2017. Average error 

value during 2017 was 6.98, 5.40, 4.93, 3.87 and 3.36% for N0, N1, N2, N3 and N4, 

respectively. Average mean grain weight simulated for all hybrids was attained 0.220, 

0.281, 0.319, 0.340 and 0.359 g and field observed 0.205, 0.266, 0.304, 0.328 and 

0.347 g for N0, N1, N2, N3 and N4, respectively during 2017. 

4.5.4.5 Number of grains m
-2  

 

Error value between simulated and observed number of grains m
-2

 for Pioneer-33M15 

was attained 2.71, 2.32, 2.30, 2.18 and 1.20% for N0 (0 kg ha
-1

), N1 (80 kg ha
-1

), N2 

(160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively during 2016 (Table 

4.5.15). RMSE and MPD value was gained 42.10 and 2.14%, respectively for 

Pioneer-33M15 during 2016. Model performance for number of grains m
-2

 was well 

for hybrid Pioneer-33M15 and nitrogen level treatment N4 (320 kg ha
-1

) during both 

2016 and 2017. Error value between simulated and observed number of grains m
-2

 

was maximum achieved by hybrid Syngenta-NK8441 for all nitrogen levels as 

compare to Pioneer-33M15 and Monsento-DK6525 during both years. Error value 

was ranged from 1.84 to 4.73% for Syngenta-NK8441 during first year of study. 

Average error value for all hybrids was acquired 3.53, 3.22, 3.12, 2.95 and 1.52% N0 

(0 kg ha
-1

), N1 (80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), 

respectively during 2016. Average number of grains m
-2

 simulated for all hybrids was 

gained 646, 1851, 2246, 2537 and 2589 and observed was 624, 1793, 2178, 2465 and 

2551 for N0, N1, N2, N3 and N4, respectively for the duration of 2016. RMSE and 

MPD value was gained 68.13 and 3.71%, respectively for Syngenta-NK8441 during 

2016. Error value was obtained lowest at N4 and highest at N0 nitrogen level during 

both years. Average RMSE and MPD value was 55.14 and 2.87%, respectively for all 

hybrids and nitrogen levels during 2016. Error value between model predicted and 

field observed was obtained 4.12, 3.98, 3.60, 2.61 and 1.36% for nitrogen levels N0, 

N1, N2, N3 and N4, respectively by Pioneer-33M15 during 2017. RMSE value was 

found 58.79, 60.92 and 71.59 for Pioneer-33M15, Monsento-DK6525 and Syngenta-

NK8441, respectively for all sowing date treatments during second year.  
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Table 4.5.15: Comparison of simulated and observed number of grains m
-2

 for spring hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0  682 664 2.71 658 637 3.30 598 571 4.73 646 624 3.53 

N1 = 80  1896 1853 2.32 1871 1812 3.26 1786 1715 4.14 1851 1793 3.22 

N2 = 160 2308 2256 2.30 2258 2191 3.06 2172 2087 4.07 2246 2178 3.12 

N3 = 240 2583 2528 2.18 2548 2475 2.95 2481 2391 3.76 2537 2465 2.95 

N4 = 320 2624 2593 1.20 2601 2562 1.52 2543 2497 1.84 2589 2551 1.52 

RMSE
c
 42.10  55.25  68.13  55.14  

MPD
d
 2.14  2.82  3.71  2.87  

2017 
            

N0 = 0  657 631 4.12 619 592 4.56 574 536 7.09 617 586 5.17 

N1 = 80  1854 1783 3.98 1824 1761 3.58 1729 1634 5.81 1802 1726 4.42 

N2 = 160 2273 2194 3.60 2197 2124 3.44 2086 2012 3.68 2185 2110 3.57 

N3 = 240 2517 2453 2.61 2496 2419 3.18 2372 2294 3.40 2462 2389 3.06 

N4 = 320 2611 2576 1.36 2543 2492 2.05 2495 2435 2.46 2550 2501 1.95 

RMSE 58.79  60.92  71.58  63.42  

MPD 3.13  3.36  4.49  3.61  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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Error ranged value was achieved from 2.05 to 4.56% for Monsento-DK6525 and 2.46 

to 7.09% for Syngenta-NK8441 during 2017. 3.13, 3.36 and 4.49% was MPD value 

during 2017 for Pioneer-33M15, Monsento-DK6525 and Syngenta-NK8441, 

respectively. Average error value during 2017 was 5.17, 4.42, 3.57, 3.06 and 1.95% 

for N0, N1, N2, N3 and N4, respectively. Average number of grains m
-2

 simulated for 

all hybrids was attained 617, 1802, 2185, 2462 and 2550 and field observed 586, 

1726, 2110, 2389 and 2501 for N0, N1, N2, N3 and N4, respectively for the duration of 

2017. Overall, 63.42 and 3.61% was RMSE and MPD, respectively value was gained 

for all hybrids and nitrogen levels for the period of 2017. 

4.5.4.6 Grain yield (kg ha
-1

)  

In table 4.5.16 showed that rrror value between simulated and observed grain yield for 

Pioneer-33M15 was attained 8.57, 5.91, 5.52, 4.23 and 2.85% for N0 (0 kg ha
-1

), N1 

(80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively 

during 2016. RMSE and MPD value was gained 311.02 kg ha
-1

 and 5.41%, 

respectively for Pioneer-33M15 during 2016. Model performance for grain yield was 

well for hybrid Pioneer-33M15 and nitrogen level treatment N4 (320 kg ha
-1

) during 

both 2016 and 2017. Error value between simulated and observed grain yield was 

maximum achieved by hybrid Syngenta-NK8441 for all nitrogen levels as compare to 

Pioneer-33M15 and Monsento-DK6525 during both years. Error value was ranged 

from 4.76 to 11.67% for Syngenta-NK8441 during first year of study. Average error 

value for all hybrids was acquired 9.93, 7.57, 7.19, 6.07 and 3.78% N0 (0 kg ha
-1

), N1 

(80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively 

during 2016. Average grain yield simulated for all hybrids was gained 1467, 5291, 

7235, 8832 and 9462 kg ha
-1

 and observed was 1334, 4918, 6749, 8327 and 9117 kg 

ha
-1

 for N0, N1, N2, N3 and N4, respectively for the duration of 2016. RMSE and MPD 

value was gained 475.72 kg ha
-1

 and 8.71%, respectively for Syngenta-NK8441 

during 2016. Error value was obtained lowest at N4 and highest at N0 nitrogen level 

during both years. Average RMSE and MPD value was 391.28 kg ha
-1

 and 6.91%, 

respectively for all hybrids and nitrogen levels during 2016. Error value between 

model predicted and field observed was obtained 10.33, 8.89, 7.62, 5.61 and 3.93% 

for nitrogen levels N0, N1, N2, N3 and N4, respectively by Pioneer-33M15 during 

2017.  
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Table 4.5.16: Comparison of simulated and observed grain yield (kg ha
-1

)
 
for spring hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0  1644 1514 8.57 1507 1370 10.02 1250 1119 11.67 1467 1334 9.93 

N1 = 80  5593 5281 5.91 5314 4947 7.42 4965 4528 9.66 5291 4918 7.57 

N2 = 160 7570 7174 5.52 7248 6770 7.06 6885 6303 9.24 7235 6749 7.19 

N3 = 240 9195 8823 4.23 8842 8341 6.00 8460 7819 8.21 8832 8327 6.07 

N4 = 320 9788 9516 2.85 9468 9121 3.80 9129 8715 4.76 9462 9117 3.78 

RMSE
c
 (kg ha

-1
) 311.02  388.09  475.72  391.28  

MPD
d
 5.41  6.86  8.71  6.91  

2017 
            

N0 = 0  1518 1376 10.33 1393 1237 12.57 1165 1013 15.02 1359 1209 12.40 

N1 = 80  5358 4921 8.89 5089 4684 8.64 4703 4167 12.87 5051 4592 10.00 

N2 = 160 7296 6779 7.62 7184 6627 8.41 6446 5855 10.09 6975 6420 8.64 

N3 = 240 8860 8389 5.61 8511 7910 7.60 7780 7203 8.01 8384 7834 7.02 

N4 = 320 9504 9145 3.93 9180 8672 5.86 8757 8230 6.40 9147 8682 5.35 

RMSE (kg ha
-1

) 407.14  472.90  504.09  460.34  

MPD 7.27  8.61  10.48  8.68  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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RMSE value was found 407.14, 472.90 and 504.09 kg ha
-1

 for Pioneer-33M15, 

Monsento-DK6525 and Syngenta-NK8441, respectively for all sowing date 

treatments during second year. During 2017, error ranged value was achieved from 

5.86 to 12.57% for Monsento-DK6525 and 6.40 to 15.02% for Syngenta-NK8441. 

7.27, 8.61 and 10.48% was MPD value during 2017 for Pioneer-33M15, Monsento-

DK6525 and Syngenta-NK8441, respectively. Overall, 460.34 kg ha
-1

 and 8.68% was 

RMSE and MPD, respectively value was gained for all hybrids and nitrogen levels for 

the period of 2017. Average grain yield simulated for all hybrids was attained 1359, 

5051, 6975, 8384 and 9147 kg ha
-1

 and field observed 1209, 4592, 6420, 7834 and 

8682 kg ha
-1

 for N0, N1, N2, N3 and N4, respectively for the duration of 2017. Average 

error value during 2017 was 12.40, 10.00, 8.64, 7.02 and 5.35% for N0, N1, N2, N3 

and N4, respectively. 

4.5.4.7 Total biomass (kg ha
-1

)  

Error value between simulated and observed total biomass for Pioneer-33M15 was 

attained 5.44, 4.09, 3.80, 3.14 and 2.62% for N0 (0 kg ha
-1

), N1 (80 kg ha
-1

), N2 (160 

kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively during 2016 (Table 

4.5.17). RMSE and MPD value was gained 531.70 kg ha
-1

 and 3.82%, respectively for 

Pioneer-33M15 during 2016. Model performance for total biomass was well for 

hybrid Pioneer-33M15 and nitrogen level treatment N4 (320 kg ha
-1

) during both 2016 

and 2017. Error value between simulated and observed total biomass was maximum 

achieved by hybrid Syngenta-NK8441 for all nitrogen levels as compare to Pioneer-

33M15 and Monsento-DK6525 during both years. Error value was ranged from 3.44 

to 6.62% for Syngenta-NK8441 during first year of study. Average error value for all 

hybrids was acquired 6.17, 4.35, 4.13, 3.61 and 3.03% N0 (0 kg ha
-1

), N1 (80 kg ha
-1

), 

N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively during 2016. 

Average total biomass simulated for all hybrids was gained 4517, 14304, 16730, 

18925 and 19817 kg ha
-1

 and observed was 4254, 13707, 16067, 18266 and 19234 kg 

ha
-1

 for N0, N1, N2, N3 and N4, respectively for the duration of 2016. RMSE and MPD 

value was gained 606.57 kg ha
-1

 and 4.64%, respectively for Syngenta-NK8441 

during 2016. Error value was obtained lowest at N4 and highest at N0 nitrogen level 

during both years. Average RMSE and MPD value was 572.50 kg ha
-1

 and 4.26%, 

respectively for all hybrids and nitrogen levels during 2016.  
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Table 4.5.17: Comparison of simulated and observed total biomass (kg ha
-1

)
 
for spring hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0  4982 4725 5.44 4684 4394 6.60 3884 3643 6.62 4517 4254 6.17 

N1 = 80  14774 14193 4.09 14320 13744 4.19 13817 13184 4.80 14304 13707 4.35 

N2 = 160 17193 16564 3.80 16732 16073 4.10 16265 15563 4.51 16730 16067 4.13 

N3 = 240 19385 18795 3.14 18863 18164 3.85 18527 17839 3.86 18925 18266 3.61 

N4 = 320 20192 19676 2.62 19872 19284 3.05 19386 18742 3.44 19817 19234 3.03 

RMSE
c
 (kg ha

-1
) 531.70  580.43  606.57  572.50  

MPD
d
 3.82  4.36  4.64  4.26  

2017 
            

N0 = 0  4695 4464 5.17 4467 4151 7.61 3791 3542 7.03 4318 4052 6.55 

N1 = 80  14376 13751 4.55 13794 13132 5.04 13481 12774 5.53 13884 13219 5.03 

N2 = 160 16705 16086 3.85 16631 15862 4.85 15395 14662 5.00 16244 15537 4.57 

N3 = 240 18998 18362 3.46 18459 17631 4.70 17597 16937 3.90 18351 17643 4.01 

N4 = 320 19841 19274 2.94 19464 18772 3.69 18962 18252 3.89 19422 18766 3.50 

RMSE (kg ha
-1

) 557.34  677.33  638.57  623.55  

MPD 3.99  5.18  5.07  4.73  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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Error value between model predicted and field observed was obtained 5.17, 4.55, 

3.85, 3.46 and 2.94% for nitrogen levels N0, N1, N2, N3 and N4, respectively by 

Pioneer-33M15 during 2017. RMSE value was found 557.34, 677.33 and 638.57 kg 

ha
-1

 for Pioneer-33M15, Monsento-DK6525 and Syngenta-NK8441, respectively for 

all sowing date treatments during second year. During 2017, error ranged value was 

achieved from 3.69 to 7.61% for Monsento-DK6525 and 3.89 to 7.03% for Syngenta-

NK8441. 3.99, 5.18 and 5.07% was MPD value during 2017 for Pioneer-33M15, 

Monsento-DK6525 and Syngenta-NK8441, respectively. Overall, 623.55 kg ha
-1

 and 

4.73% was RMSE and MPD, respectively value was gained for all hybrids and 

nitrogen levels for the period of 2017. Average total biomass simulated for all hybrids 

was attained 4318, 13884, 16244, 18351 and 19422 kg ha
-1

 and field observed 4052, 

13219, 15537, 17643 and 18766 kg ha
-1

 for N0, N1, N2, N3 and N4, respectively for the 

duration of 2017. Average error value during 2017 was 6.55, 5.03, 4.57, 4.01 and 

3.50% for N0, N1, N2, N3 and N4, correspondingly. 

4.5.4.8 Harvest index (%)   

Table 4.5.18 showed that error value between simulated and observed harvest index  

for Pioneer-33M15 was attained 2.97, 1.75, 1.66, 1.05 and 0.22% for N0 (0 kg ha
-1

), 

N1 (80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively 

during 2016. RMSE and MPD value was gained 0.65 and 1.53%, respectively for 

Pioneer-33M15 during 2016. Model performance for harvest index was well for 

hybrid Pioneer-33M15 and nitrogen level treatment N4 (320 kg ha
-1

) during both 2016 

and 2017. Error value between simulated and observed harvest index was maximum 

achieved by hybrid Syngenta-NK8441 for all nitrogen levels as compare to Pioneer-

33M15 and Monsento-DK6525 during both years. Error value was ranged from 1.28 

to 4.75% for Syngenta-NK8441 during first year of study. Average error value for all 

hybrids was acquired 3.63, 3.12, 2.98, 2.40 and 0.74% N0 (0 kg ha
-1

), N1 (80 kg ha
-1

), 

N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively during 2016. 

Average harvest index simulated for all hybrids was gained 32.45, 36.97, 43.23, 46.66 

and 47.74% and observed was 31.30, 35.85, 41.98, 45.56 and 47.39% for N0, N1, N2, 

N3 and N4, respectively for the duration of 2016. RMSE and MPD value was gained 

1.53 and 3.88%, respectively for Syngenta-NK8441 during 2016. Error value was 

obtained lowest at N4 and highest at N0 nitrogen level during both years.  
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Table 4.5.18: Comparison of simulated and observed harvest index (%)
 
for spring hybrids and nitrogen levels 

Nitrogen levels 

(kg ha
-1

) 

Pioneer-33M15 Monsento-DK6525 Syngenta-NK8441        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0 32.99 32.04 2.97 32.17 31.17 3.21 32.18 30.72 4.75 32.45 31.30 3.63 

N1 = 80 37.86 37.21 1.75 37.11 35.99 3.10 35.93 34.34 4.64 36.97 35.85 3.12 

N2 = 160 44.03 43.31 1.66 43.32 42.12 2.84 42.33 40.50 4.53 43.23 41.98 2.98 

N3 = 240 47.44 46.94 1.05 46.87 45.92 2.08 45.66 43.83 4.19 46.66 45.56 2.40 

N4 = 320 48.47 48.37 0.22 47.64 47.30 0.73 47.09 46.50 1.28 47.74 47.39 0.74 

RMSE
c
 0.65  0.97  1.53  1.04  

MPD
d
 1.53  2.39  3.88  2.57  

2017 
            

N0 = 0 32.33 30.81 4.90 31.18 29.81 4.60 30.74 28.60 7.47 31.42 29.74 5.62 

N1 = 80 37.27 35.79 4.15 36.89 35.67 3.43 34.89 32.62 6.95 36.35 34.69 4.78 

N2 = 160 43.68 42.15 3.64 43.20 41.78 3.40 41.87 39.93 4.85 42.91 41.29 3.95 

N3 = 240 46.64 45.69 2.07 46.11 44.86 2.77 44.21 42.53 3.96 45.65 44.36 2.91 

N4 = 320 47.90 47.45 0.96 47.17 46.20 2.10 46.18 45.09 2.41 47.08 46.25 1.81 

RMSE 1.26  1.27  1.87  1.45  

MPD 3.14  3.26  5.13  3.81  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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Average RMSE and MPD value was 1.04 and 2.57%, respectively for all hybrids and 

nitrogen levels during 2016. Error value between model predicted and field observed 

was obtained 4.90, 4.15, 3.64, 2.07 and 0.96% for nitrogen levels N0, N1, N2, N3 and 

N4, respectively by Pioneer-33M15 during 2017. RMSE value was found 1.26, 1.27 

and 1.87% for Pioneer-33M15, Monsento-DK6525 and Syngenta-NK8441, 

respectively for all sowing date treatments during second year. During 2017, error 

ranged value was achieved from 2.10 to 4.60% for Monsento-DK6525 and 2.41 to 

7.47% for Syngenta-NK8441. 3.14, 3.26 and 5.13% was MPD value during 2017 for 

Pioneer-33M15, Monsento-DK6525 and Syngenta-NK8441, respectively. Overall, 

1.45 and 3.81% was RMSE and MPD, respectively value was gained for all hybrids 

and nitrogen levels for the period of 2017. Average error value during 2017 was 5.62, 

4.78, 3.95, 2.91 and 1.81% for N0, N1, N2, N3 and N4, respectively. Average harvest 

index simulated for all hybrids was attained 31.42, 36.35, 42.91, 45.65 and 47.08% 

and field observed was 29.74, 34.69, 41.29, 44.36 and 46.25% for N0, N1, N2, N3 and 

N4, respectively during second year of study. 
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4.6 CROP GROWTH MODELING  (AUTUMN SEASON) 

4.6.1 Genetic Coefficients of Autumn Hybrids 

DSSAT-CSM-CERES-Maize model require a set of six eco-physiological coefficients 

for simulation of phenology, growth and grain yield of autumn maize hybrids (Table 

4.6.1). Since such data were not available, the genetic coefficients of different hybrids 

were estimated by repeated interactions until a close match between simulated and 

observed phenology, growth and yield was obtained. P1 (growing degree days from 

seedling emergence to the end of the juvenile phase) value for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621 was attained 185.0, 176.0 and 168.0 °C d, 

respectively. Maximum P2 (extent to which development is delayed for each hour 

increase in photoperiod above the longest photoperiod at which development proceeds 

at a maximum rate) was obtained 0.31 day for Pioneer-30R50 and minimum was 

gained 0.28 day for Syngenta-NK6621, while Monsanto-DK6714 gained 0.30 day P2 

value. P5 (growing degree days from silking to physiological maturity) value was 

achieved 778.0, 762.0 and 745.0 °C d for Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively. Highest and lowest G2 (highest possible number of 

kernels per plant) value was gained 875.0 and 812.0 for Pioneer-30R50 and Syngenta-

NK6621, respectively. 7.05, 7.05 and 7.00 mg d
-1

 was G3 (grain filling rate during the 

linear grain filling stage and under optimum conditions) value for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively. PHINT (the interval in 

growing degree days between successive leaf tip appearances) value for Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621 was attained 49.0, 47.0 and 51.0 

°C d, respectively. 

4.6.2 Model Calibration  

CERES-Maize model for autumn maize hybrids was calibrated with best perform 

sowing date treatment 25-July during 2016 (Table 4.6.2). Difference between 

simulated and observed anthesis was 0 day for Pioneer-30R50 and Syngenta-NK6621, 

while 1 day difference was gained for Monsanto-DK6714. Error value 0, 2.04 and 0% 

for anthesis and 0, 1.03 and 1.06% for maturity was obtained for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively. Simulated and observed 

physiological maturity day difference was 0 day for Pioneer-30R50.  
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Table 4.6.1: Genetic coefficients of autumn maize hybrids  

Autumn hybrids 
P1 P2 P5 G2 G3 PHINT 

(°C d) (d) (°C d)  (mg d
-1

) (°C d) 

Pioneer-30R50 185.0 0.31 778.0 875.0 7.05 49.0 

Monsanto-DK6714 176.0 0.30 762.0 854.0 7.05 47.0 

Syngenta-NK6621 168.0 0.28 745.0 812.0 7.00 51.0 

 

P1: Thermal time from seedling emergence to the end of the juvenile phase 

(expressed in degree days, 
°
C day, above a base temperature of 8 

°
C) during which the 

plant is not responsive to changes in photoperiod. 

P2: Extent to which development (expressed as days) is delayed for each hour 

increase in photoperiod above the longest photoperiod at which development proceeds 

at a maximum rate (which is considered to be 12.5 h). 

P5: Thermal time from silking to physiological maturity (expressed in degree days 

above a base temperature of 8 °C). 

G2: Maximum possible number of kernels per plant. 

G3: Kernel filling rate during the linear grain filling stage and under optimum 

conditions (mg d
-1

). 

PHINT: Phyllochron interval; the interval in thermal time (degree days) between 

successive leaf tip appearances (Hoogenboom et al., 2017). 
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Table 4.6.2: Summary of observed and simulated results during model 

calibration with data recorded sowing date 25-July 2016 

Variable Unit Hybrids Sim.
a
 Obs.

b
 Error (%) 

Anthesis day 

Pioneer-30R50 53 53 0.00 

Monsanto-DK6714 50 49 2.04 

Syngenta-NK6621 48 48 0.00 

Maturity day 

Pioneer-30R50 102 102 0.00 

Monsanto-DK6714 98 97 1.03 

Syngenta-NK6621 95 94 1.06 

Max. LAI  

Pioneer-30R50 5.11 4.95 3.23 

Monsanto-DK6714 4.94 4.71 4.88 

Syngenta-NK6621 4.65 4.40 5.68 

Grain yield kg ha
-1

 

Pioneer-30R50 8450 8182 3.27 

Monsanto-DK6714 7948 7569 5.01 

Syngenta-NK6621 7557 7016 7.72 

Dry matter kg ha
-1

 

Pioneer-30R50 18774 18297 2.61 

Monsanto-DK6714 17862 17301 3.24 

Syngenta-NK6621 17285 16329 5.85 

Harvest index % 

Pioneer-30R50 45.01 44.72 0.65 

Monsanto-DK6714 44.50 43.76 1.69 

Syngenta-NK6621 43.72 42.96 1.76 

a
Simulated                                               

b
Observed 
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Maximum leaf area index simulated was 5.11, 4.94 and 4.65 and observed was 4.95, 

4.71 and 4.40 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively. Error value for maximum leaf area index was found 3.23, 4.88 and 

5.68% for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. 

Highest simulated and observed grain yield was acquired 8450 and 8182 kg ha
-1

, 

respectively, while error value was 3.27% for Pioneer-30R50. Lowest predicted and 

observed grain yield was acquired 7557 and 7016 kg ha
-1

, respectively, while error 

value was 7.72% for Syngenta-NK6621. Error value between observed and simulated 

grain yield was attained 5.01% for Monsanto-DK6714. Pioneer-30R50, Monsanto-

DK6714 and Syngenta-NK6621 produced 18297, 17301 and 16329 kg ha
-1

, 

respectively observed total biomass and simulated total biomass was gained 18774, 

17862 and 17285 kg ha
-1

, respectively. 2.61, 3.27 and 5.85% was error value between 

observed and simulated total biomass for Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively. Lowest and highest error value between simulated 

and observed harvest index was 0.65% for Pioneer-30R50 and 1.76% for Syngenta-

NK844. Harvest index simulated was 45.01, 44.50 and 43.72% and observed was 

44.72, 43.76 and 42.96% for Pioneer-30R50, Monsanto-DK6714 and Syngenta-

NK6621, respectively.  

4.6.3 Model Evaluation with Experiment-III 

CSM-CERES-Maize model was evaluated with field observed data for sowing dates 

treatments of autumn maize during 2016 and 2017. Model performance about time 

course data was well during both years (Fig. 4.6.1-2). Accuracy of the model 

simulations and performance of autumn maize hybrids genetic coefficients were 

assessed by model evaluation. The corresponding results are explained as following.  

4.6.3.1 Days to anthesis  

Data in Table 4.6.3 showed that model performance for days to anthesis was well for 

hybrid Pioneer-30R50 as compared to other hybrids and sowing date treatment 25-

July as compare to other sowing date treatments during both 2016 and 2017. Error 

value between simulated and observed days to anthesis for Pioneer-30R50 was 

attained 2.04, 2.00, 0.00, 1.89 and 3.70% for 15-June, 5-July, 25-July, 15-August and 

5-September, respectively during 2016. RMSE and MPD value was gained 1.18 day 

and 1.93%, respectively for Pioneer-30R50 during 2016.  
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Figure 4.6.1: Effect of hybrids and sowing dates on leaf area index and biomass 

of autumn maize during 2016. 
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Figure 4.6.2: Effect of hybrids and sowing dates on leaf area index and biomass 

of autumn maize during 2017. 
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Table 4.6.3: Comparison of simulated and observed days to anthesis for autumn hybrids and sowing dates 

Sowing dates 
Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621       Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-June 50 49 2.04 49 48 2.08 46 44 4.55 48 47 2.84 

05-July 51 50 2.00 48 47 2.13 47 46 2.17 49 48 2.10 

25-July 53 53 0.00 50 49 2.04 48 48 0.00 50 50 0.67 

15-August 54 53 1.89 52 51 1.96 50 49 2.04 52 51 1.96 

05-September 56 54 3.70 54 52 3.85 51 49 4.08 54 52 3.87 

RMSE
c
 (kg ha

-1
) 1.18  1.26  1.41  1.24  

MPD
d
 1.93  2.41  2.57  2.29  

2017 
            

15-June 49 47 4.26 46 45 2.22 45 43 4.65 47 45 3.70 

05-July 50 49 2.04 47 46 2.17 46 44 4.55 48 46 2.88 

25-July 51 51 0.00 48 47 2.13 47 46 2.17 49 48 1.39 

15-August 52 51 1.96 49 48 2.08 49 47 4.26 50 49 2.74 

05-September 54 52 3.85 50 47 6.38 50 48 4.17 51 49 4.76 

RMSE (kg ha
-1

) 1.39  1.61  1.84  1.56  

MPD 2.42  3.00  3.96  3.09  

a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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Error value between simulated and observed days to anthesis was maximum achieved 

by hybrid Syngenta-NK6621 for all sowing dates as compare to Pioneer-30R50 and 

Monsanto-DK6714 during both years. Error value was ranged from 0.00 to 4.55% for 

Syngenta-NK6621 during first year of study. Average error value for all hybrids was 

acquired 2.84, 2.10, 0.67, 1.96 and 3.87% for 15-June, 5-July, 25-July, 15-August and 

5-September, respectively during 2016. Average days to anthesis simulated for all 

hybrids was gained 48, 49, 50, 52 and 54 days and observed was 47, 48, 50, 51 and 52 

days for 15-June, 5-July, 25-July, 15-August and 5-September, respectively for the 

duration of 2016. RMSE and MPD value was gained 1.41 day and 2.57%, 

respectively for Syngenta-NK6621 during 2016. Error value was obtained lowest at 

25-July and highest at 5-September during both years. Average RMSE and MPD 

value was 1.24 day and 2.29%, respectively for all hybrids and sowing dates during 

2016. Error value between model predicted and field observed was obtained 4.26, 

2.04, 0.00, 1.96 and 3.85% for 15-June, 5-July, 25-July, 15-August and 5-September, 

respectively by Pioneer-30R50 during 2017. RMSE value was found 1.39, 1.61 and 

1.84 day for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively 

for all sowing date treatments during second year. During 2017, error ranged value 

was achieved from 2.08 to 6.38% for Monsanto-DK6714 and 2.17 to 4.65% for 

Syngenta-NK6621. 2.42, 3.00 and 3.96% was MPD value during 2017 for Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. Average days to 

anthesis simulated for all hybrids was attained 47, 48, 49, 50 and 51 days and field 

observed was 45, 46, 48, 49 and 49 days for 15-June, 5-July, 25-July, 15-August and 

5-September, respectively for the duration of 2017. Average error value during 2017 

was obtained 3.70, 2.88, 1.39, 2.74 and 4.76% for 15-June, 5-July, 25-July, 15-August 

and 5-September, respectively. Overall, 1.56 day and 3.09% was RMSE and MPD, 

respectively value was gained for all hybrids and sowing dates for the period of 2017. 

4.6.3.2 Days to maturity   

Model performance for days to maturity was well for hybrid Pioneer-30R50 as 

compared to other hybrids and sowing date treatment 25-July as compare to other 

sowing date treatments during both 2016 and 2017 (Table 4.6.4). Error value between 

simulated and observed days to maturity for Pioneer-30R50 was attained 3.23, 2.13, 

0.00, 0.88 and 1.71% for 15-June, 5-July, 25-July, 15-August and 5-September, 

respectively during 2016.  
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Table 4.6.4: Comparison of simulated and observed days to maturity for autumn hybrids and sowing dates 

Sowing dates 
Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621       Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-June 96 93 3.23 94 91 3.30 91 88 3.41 94 91 3.31 

05-July 96 94 2.13 94 92 2.17 91 89 2.25 94 92 2.18 

25-July 102 102 0.00 98 97 1.03 95 94 1.06 98 98 0.68 

15-August 114 113 0.88 112 110 1.82 110 108 1.85 112 110 1.51 

05-September 119 117 1.71 118 115 2.61 116 113 2.65 118 115 2.32 

RMSE
c
 (days) 1.90  2.32  2.32  2.16  

MPD
d
 1.59  2.19  2.25  2.00  

2017 
            

15-June 95 92 3.26 93 89 4.49 90 86 4.65 93 89 4.12 

05-July 95 93 2.15 93 91 2.20 90 86 4.65 93 90 2.96 

25-July 101 100 1.00 97 96 1.04 94 93 1.08 97 96 1.04 

15-August 113 111 1.80 111 109 1.83 109 107 1.87 111 109 1.83 

05-September 118 115 2.61 117 114 2.63 115 111 3.60 117 113 2.94 

RMSE (days) 2.32  2.61  3.26  2.71  

MPD 2.16  2.44  3.17  2.58  
a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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RMSE and MPD value was gained 1.90 day and 1.59%, respectively for Pioneer-

30R50 during 2016. Error value between simulated and observed days to maturity 

was maximum achieved by hybrid Syngenta-NK6621 for all sowing dates as compare 

to Pioneer-30R50 and Monsanto-DK6714 during both years. Error value was ranged 

from 1.06 to 3.41% for Syngenta-NK6621 during first year of study. Average error 

value for all hybrids was acquired 3.31, 2.18, 0.68, 1.51 and 2.32% for 15-June, 5-

July, 25-July, 15-August and 5-September, respectively during 2016. Average days to 

maturity simulated for all hybrids was gained 94, 94, 98, 112 and 118 days and 

observed was 91, 92, 98, 110 and 115 days for 15-June, 5-July, 25-July, 15-August 

and 5-September, respectively for the duration of 2016. RMSE and MPD value was 

gained 2.32 day and 2.25%, respectively for Syngenta-NK6621 during 2016. Error 

value was obtained lowest at 25-July and highest at 15-June during both years. 

Average RMSE and MPD value was 2.16 day and 2.00%, respectively for all hybrids 

and sowing dates during 2016. Error value between model predicted and field 

observed was obtained 3.26, 2.15, 1.00, 1.80 and 2.61% for 15-June, 5-July, 25-July, 

15-August and 5-September, respectively by Pioneer-30R50 during 2017. RMSE 

value was found 2.32, 2.61 and 3.26 day for Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively for all sowing date treatments during second year. 

During 2017, error ranged value was achieved from 1.04 to 4.49% for Monsanto-

DK6714 and 1.08 to 4.65% for Syngenta-NK6621. 2.16, 2.44 and 3.17% was MPD 

value during 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively. Overall, 2.71 day and 2.58% was RMSE and MPD, respectively value 

was gained for all hybrids and sowing dates for the period of 2017. Average error 

value during 2017 was obtained 4.12, 2.96, 1.04, 1.83 and 2.94% for 15-June, 5-July, 

25-July, 15-August and 5-September, respectively. Average days to maturity 

simulated for all hybrids was attained 93, 93, 97, 111 and 117 days and field observed 

was 89, 90, 96, 109 and 113 days for 15-June, 5-July, 25-July, 15-August and 5-

September, respectively during second year of study. 

4.6.3.3 Maximum leaf area index   

Results in Table 4.6.5 indicated that model performance for maximum leaf area index 

was well for hybrid Pioneer-30R50 as compared to other hybrids and sowing date 

treatment 25-July as compare to other sowing date treatments during both 2016 and 

2017.  
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Table 4.6.5: Comparison of simulated and observed maximum leaf area index for autumn hybrids and sowing dates 

Sowing dates 
Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-June 2.05 1.90 7.89 1.98 1.82 8.79 1.87 1.71 9.36 1.97 1.81 8.66 

05-July 4.3 4.06 5.91 4.17 3.89 7.20 3.99 3.67 8.72 4.15 3.87 7.23 

25-July 5.11 4.95 3.23 4.94 4.71 4.88 4.65 4.4 5.68 4.90 4.69 4.55 

15-August 4.74 4.56 3.95 4.25 4.01 5.99 3.69 3.41 8.21 4.23 3.99 5.84 

05-September 2.91 2.78 4.68 2.83 2.64 7.20 2.74 2.53 8.30 2.83 2.65 6.67 

RMSE
c
 0.18  0.22  0.25  0.22  

MPD
d
 5.13  6.81  8.05  6.59  

2017 
            

15-June 1.96 1.81 8.29 1.9 1.74 9.20 1.81 1.64 10.37 1.89 1.73 9.25 

05-July 4.13 3.87 6.72 4.01 3.73 7.51 3.85 3.52 9.38 4.00 3.71 7.82 

25-July 4.82 4.65 3.66 4.66 4.42 5.43 4.43 4.17 6.24 4.64 4.41 5.06 

15-August 4.56 4.38 4.11 4.18 3.94 6.09 3.65 3.3 10.61 4.13 3.87 6.63 

05-September 2.81 2.67 5.24 2.7 2.49 8.43 2.62 2.35 11.49 2.71 2.50 8.26 

RMSE 0.18  0.23  0.28  0.23  

MPD 5.60  7.33  9.61  7.40  
a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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Error value between simulated and observed maximum leaf area index for Pioneer-

30R50 was attained 7.89, 5.91, 3.23, 3.95 and 4.68% for 15-June, 5-July, 25-July, 15-

August and 5-September, respectively during 2016. RMSE and MPD value was 

gained 0.18 and 5.13%, respectively for Pioneer-30R50 during 2016. Error value 

between simulated and observed maximum leaf area index was maximum achieved 

by hybrid Syngenta-NK6621 for all sowing dates as compare to Pioneer-30R50 and 

Monsanto-DK6714 during both years. Error value was ranged from 5.68 to 9.36% for 

Syngenta-NK6621 during first year of study. Average error value for all hybrids was 

acquired 8.66, 7.23, 4.55, 5.84 and 6.67% for 15-June, 5-July, 25-July, 15-August and 

5-September, respectively during 2016. Average maximum leaf area index simulated 

for all hybrids was gained 1.97, 4.15, 4.90, 4.23 and 2.83 and observed was 1.81, 

3.87, 4.69, 3.99 and 2.65 for 15-June, 5-July, 25-July, 15-August and 5-September, 

respectively for the duration of 2016. RMSE and MPD value was gained 0.25 and 

8.05%, respectively for Syngenta-NK6621 during 2016. Error value was obtained 

lowest at 25-July and highest at 15-June during both years. Average RMSE and MPD 

value was 0.22 and 6.59%, respectively for all hybrids and sowing dates during 2016. 

Error value between model predicted and field observed was obtained 8.29, 6.72, 

3.66, 4.11 and 5.24% for 15-June, 5-July, 25-July, 15-August and 5-September, 

respectively by Pioneer-30R50 during 2017. RMSE value was found 0.18, 0.23 and 

0.28 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively for 

all sowing date treatments during second year. During 2017, error ranged value was 

achieved from 5.43 to 9.20% for Monsanto-DK6714 and 6.24 to 11.49% for 

Syngenta-NK6621. 5.60, 7.33 and 9.61% was MPD value during 2017 for Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. Overall, 0.23 and 

7.40% was RMSE and MPD, respectively value was gained for all hybrids and 

sowing dates for the period of 2017. Average maximum leaf area index simulated for 

all hybrids was attained 1.89, 4.00, 4.64, 4.13 and 2.71 and field observed was 1.73, 

3.71, 4.41, 3.87 and 2.50 for 15-June, 5-July, 25-July, 15-August and 5-September, 

respectively for the duration of 2017. Average error value during 2017 was obtained 

9.25, 7.82, 5.06, 6.63 and 8.26% for 15-June, 5-July, 25-July, 15-August and 5-

September, correspondingly.  
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4.6.3.4 Mean grain weight (g)   

Model performance for mean grain weight was well for hybrid Pioneer-30R50 as 

compared to other hybrids and sowing date treatment 25-July as compare to other 

sowing date treatments during both 2016 and 2017 (Table 4.6.6). Error value between 

simulated and observed mean grain weight for Pioneer-30R50 was attained 5.24, 4.76, 

2.27, 3.46 and 4.38% for 15-June, 5-July, 25-July, 15-August and 5-September, 

respectively during 2016. RMSE and MPD value was gained 0.012 g and 4.01%, 

respectively for Pioneer-30R50 during 2016. Error value between simulated and 

observed mean grain weight was maximum achieved by hybrid Syngenta-NK6621 for 

all sowing dates as compare to Pioneer-30R50 and Monsanto-DK6714 during both 

years. Error value was ranged from 4.20 to 6.97% for Syngenta-NK6621 during first 

year of study. Average error value for all hybrids was acquired 6.05, 5.63, 3.14, 3.91 

and 4.89% for 15-June, 5-July, 25-July, 15-August and 5-September, respectively 

during 2016. Average mean grain weight simulated for all hybrids was gained 0.228, 

0.275, 0.307, 0.319 and 0.329  g and observed was 0.215, 0.260, 0.298, 0.307 and 

0.313 g for 15-June, 5-July, 25-July, 15-August and 5-September, respectively for the 

duration of 2016. RMSE and MPD value was gained 0.015 g and 5.49%, respectively 

for Syngenta-NK6621 during 2016. Error value was obtained lowest at 25-July and 

highest at 15-June during both years. Average RMSE and MPD value was 0.013 g 

and 4.72%, respectively for all hybrids and sowing dates during 2016. Error value 

between model predicted and field observed was obtained 5.53, 6.44, 2.33, 4.52 and 

5.13% for 15-June, 5-July, 25-July, 15-August and 5-September, respectively by 

Pioneer-30R50 during 2017. RMSE value was found 0.014, 0.015 and 0.017 g for 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively for all 

sowing date treatments during second year. During 2017, error ranged value was 

achieved from 3.44 to 8.96% for Monsanto-DK6714 and 5.43 to 8.65% for Syngenta-

NK6621. Overall, 0.015 g and 5.77% was RMSE and MPD, respectively value was 

gained for all hybrids and sowing dates for the period of 2017. Average mean grain 

weight simulated for all hybrids was attained 0.216, 0.269, 0.300, 0.311 and 0.315 g 

and field observed was 0.201, 0.252, 0.289, 0.296 and 0.297 g for 15-June, 5-July, 25-

July, 15-August and 5-September, respectively for the duration of 2017.  
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Table 4.6.6: Comparison of simulated and observed mean grain weight (g) for autumn hybrids and sowing dates 

Sowing dates 
Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-June 0.241 0.229 5.24 0.228 0.215 6.05 0.215 0.201 6.97 0.228 0.215 6.05 

05-July 0.286 0.273 4.76 0.271 0.257 5.45 0.268 0.251 6.77 0.275 0.260 5.63 

25-July 0.316 0.309 2.27 0.307 0.298 3.02 0.298 0.286 4.20 0.307 0.298 3.14 

15-August 0.329 0.318 3.46 0.316 0.304 3.95 0.311 0.298 4.36 0.319 0.307 3.91 

05-September 0.334 0.32 4.38 0.329 0.313 5.11 0.323 0.307 5.21 0.329 0.313 4.89 

RMSE
c
 (g) 0.012  0.013  0.015  0.013  

MPD
d
 4.01  4.71  5.49  4.72  

2017 
            

15-June 0.229 0.217 5.53 0.219 0.201 8.96 0.201 0.185 8.65 0.216 0.201 7.63 

05-July 0.281 0.264 6.44 0.267 0.251 6.37 0.258 0.241 7.05 0.269 0.252 6.61 

25-July 0.308 0.301 2.33 0.301 0.291 3.44 0.291 0.276 5.43 0.300 0.289 3.69 

15-August 0.324 0.31 4.52 0.308 0.295 4.41 0.301 0.283 6.36 0.311 0.296 5.07 

05-September 0.328 0.312 5.13 0.310 0.293 5.80 0.306 0.287 6.62 0.315 0.297 5.83 

RMSE (g) 0.014  0.015  0.017  0.015  

MPD 4.79  5.79  6.82  5.77  
a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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Average error value during 2017 was obtained 7.63, 6.61, 3.69, 5.07 and 5.83% for 

15-June, 5-July, 25-July, 15-August and 5-September, respectively. 4.79, 5.79 and 

6.82% was MPD value during 2017 for Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively. 

4.6.3.5 Number of grains m
-2

   

Table 4.6.7 showed that performance of crop model for number of grains m
-2

 was well 

for hybrid Pioneer-30R50 as compared to other hybrids and sowing date treatment 25-

July as compare to other sowing date treatments during both 2016 and 2017. Error 

value between simulated and observed number of grains m
-2

 for Pioneer-30R50 was 

attained 2.09, 1.50, 0.98, 1.37 and 1.51% for 15-June, 5-July, 25-July, 15-August and 

5-September, respectively during 2016. RMSE and MPD value was gained 33.70 and 

1.49%, respectively for Pioneer-30R50 during 2016. Error value between simulated 

and observed number of grains m
-2

 was maximum achieved by hybrid Syngenta-

NK6621 for all sowing dates as compare to Pioneer-30R50 and Monsanto-DK6714 

during both years. Error value was ranged from 3.36 to 4.18% for Syngenta-NK6621 

during first year of study. Average error value for all hybrids was acquired 3.16, 2.83, 

2.05, 2.57 and 2.64% for 15-June, 5-July, 25-July, 15-August and 5-September, 

respectively during 2016. Average number of grains m
-2

 simulated for all hybrids was 

gained 2035, 2239, 2600, 2344 and 2079 and observed was 1972, 2177, 2549, 2286 

and 2025 for 15-June, 5-July, 25-July, 15-August and 5-September, respectively for 

the duration of 2016. RMSE and MPD value was gained 78.91 and 3.67%, 

respectively for Syngenta-NK6621 during 2016. Error value was obtained lowest at 

25-July and highest at 15-June during both years. Average RMSE and MPD value 

was 58.00 and 2.65%, respectively for all hybrids and sowing dates during 2016. 

Error value between model predicted and field observed was obtained 3.08, 1.79, 

1.69, 2.20 and 3.23% for 15-June, 5-July, 25-July, 15-August and 5-September, 

respectively by Pioneer-30R50 during 2017. RMSE value was found 52.68, 70.23 and 

69.38 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively for 

all sowing date treatments during second year. During 2017, error ranged value was 

achieved from 2.41 to 4.28% for Monsanto-DK6714 and 2.73 to 3.96% for Syngenta-

NK6621. 2.40, 3.34 and 3.31% was MPD value during 2017 for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively.  
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Table 4.6.7: Comparison of simulated and observed number of grains m
-2

 for autumn hybrids and sowing dates 

Sowing dates 
Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-June 2105 2062 2.09 2023 1950 3.74 1976 1905 3.73 2035 1972 3.16 

05-July 2299 2265 1.50 2272 2198 3.37 2146 2069 3.72 2239 2177 2.83 

25-July 2674 2648 0.98 2589 2540 1.93 2536 2453 3.38 2600 2549 2.05 

15-August 2372 2340 1.37 2343 2292 2.23 2318 2225 4.18 2344 2286 2.57 

05-September 2079 2048 1.51 2066 2003 3.15 2092 2024 3.36 2079 2025 2.64 

RMSE
c
 33.70  62.89  78.91  58.00  

MPD
d
 1.49  2.88  3.67  2.65  

2017 
            

15-June 2074 2012 3.08 1996 1926 3.63 1963 1895 3.59 2011 1944 3.43 

05-July 2275 2235 1.79 2166 2093 3.49 2099 2019 3.96 2180 2116 3.04 

25-July 2647 2603 1.69 2511 2452 2.41 2418 2339 3.38 2525 2465 2.46 

15-August 2276 2227 2.20 2331 2266 2.87 2262 2198 2.91 2290 2230 2.66 

05-September 2045 1981 3.23 1999 1917 4.28 1954 1902 2.73 1998 1933 3.41 

RMSE 52.68  70.23  69.38  63.47  

MPD 2.40  3.34  3.31  2.99  
a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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Overall, 63.47 and 2.99% was RMSE and MPD, respectively value was gained for all 

hybrids and sowing dates for the period of 2017. Average number of grains m
-2

 

simulated for all hybrids was attained 2011, 2180, 2525, 2290 and 1998 and field 

observed was 1944, 2116, 2465, 2230 and 1933 for 15-June, 5-July, 25-July, 15-

August and 5-September, respectively for the duration of 2017. Average error value 

during 2017 was obtained 3.43, 3.04, 2.46, 2.66 and 3.41% for 15-June, 5-July, 25-

July, 15-August and 5-September, correspondingly.  

4.6.3.6 Grain yield (kg ha
-1

)  

Model performance for grain yield was well for hybrid Pioneer-30R50 as compared to 

other hybrids and sowing date treatment 25-July as compare to other sowing date 

treatments during both 2016 and 2017 (Table 4.6.8). Error value between simulated 

and observed grain yield for Pioneer-30R50 was attained 7.43, 6.33, 3.27, 4.87 and 

5.95% for 15-June, 5-July, 25-July, 15-August and 5-September, respectively during 

2016. RMSE and MPD value was gained 355.54 kg ha
-1

 and 5.57%, respectively for 

Pioneer-30R50 during 2016. Error value between simulated and observed grain yield 

was maximum achieved by hybrid Syngenta-NK6621 for all sowing dates as compare 

to Pioneer-30R50 and Monsanto-DK6714 during both years. Error value was ranged 

from 7.72 to 10.97% for Syngenta-NK6621 during first year of study. Average error 

value for all hybrids was acquired 9.34, 8.56, 5.22, 6.55 and 7.68% for 15-June, 5-

July, 25-July, 15-August and 5-September, respectively during 2016. Average grain 

yield simulated for all hybrids was gained 4645, 6159, 7985, 7472 and 6833 kg ha
-1

 

and observed was 4248, 5675, 7589, 7013 and 6346 kg ha
-1

 for 15-June, 5-July, 25-

July, 15-August and 5-September, respectively for the duration of 2016. RMSE and 

MPD value was gained 531.18 kg ha
-1

 and 9.35%, respectively for Syngenta-NK6621 

during 2016. Error value was obtained lowest at 25-July and highest at 15-June during 

both years. Average RMSE and MPD value was 446.91 kg ha
-1

 and 7.47%, 

respectively for all hybrids and sowing dates during 2016. Error value between model 

predicted and field observed was obtained 8.78, 8.34, 4.06, 6.82 and 8.52% for 15-

June, 5-July, 25-July, 15-August and 5-September, respectively by Pioneer-30R50 

during 2017. RMSE value was found 444.83, 508.07 and 538.49 kg ha
-1

 for Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively for all sowing date 

treatments during second year. During 2017, error ranged value was achieved from 

5.93 to 12.92% for Monsanto-DK6714 and 9.00 to 12.55% for Syngenta-NK6621.  
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Table 4.6.8: Comparison of simulated and observed grain yield (kg ha
-1

)
 
for autumn hybrids and sowing dates 

Sowing dates 
Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-June 5073 4722 7.43 4612 4193 10.02 4248 3829 10.97 4645 4248 9.34 

05-July 6575 6183 6.33 6157 5649 9.00 5751 5193 10.75 6159 5675 8.56 

25-July 8450 8182 3.27 7948 7569 5.01 7557 7016 7.72 7985 7589 5.22 

15-August 7804 7441 4.87 7404 6968 6.26 7209 6631 8.71 7472 7013 6.55 

05-September 6944 6554 5.95 6797 6269 8.42 6757 6214 8.75 6833 6346 7.68 

RMSE
c
 (kg ha

-1
) 355.54  457.63  531.18  446.91  

MPD
d
 5.57  7.74  9.35  7.47  

2017 
            

15-June 4749 4366 8.78 4371 3871 12.92 3946 3506 12.55 4355 3914 11.27 

05-July 6393 5900 8.34 5783 5253 10.08 5415 4866 11.30 5864 5340 9.81 

25-July 8153 7835 4.06 7558 7135 5.93 7036 6456 9.00 7582 7142 6.17 

15-August 7374 6904 6.82 7179 6685 7.40 6809 6220 9.46 7121 6603 7.84 

05-September 6708 6181 8.52 6197 5617 10.33 5979 5459 9.54 6295 5752 9.43 

RMSE(kg ha
-1

) 444.83  508.07  538.49  495.08  

MPD 7.29  9.33  10.37  8.90  
a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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Mean percentage difference value was 7.29, 9.33 and 10.37% during 2017 for 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. Average 

grain yield simulated for all hybrids was attained 4355, 5864, 7582, 7121 and 6295 kg 

ha
-1 

and field observed was 3914, 5340, 7142, 6603 and 5752 kg ha
-1

 for 15-June, 5-

July, 25-July, 15-August and 5-September, respectively for the duration of 2017. 

Average error value during 2017 was obtained 11.27, 9.81, 6.17, 7.84 and 9.43% for 

15-June, 5-July, 25-July, 15-August and 5-September, respectively. Overall, 495.08 

kg ha
-1

 and 8.90% was RMSE and MPD, respectively value was gained for all hybrids 

and sowing dates for the period of 2017. 

4.6.3.7 Total biomass (kg ha
-1

)  

In table 4.6.9 showed that model performance for total biomass was well for hybrid 

Pioneer-30R50 as compared to other hybrids and sowing date treatment 25-July as 

compare to other sowing date treatments during both 2016 and 2017. Error value 

between simulated and observed total biomass for Pioneer-30R50 was attained 4.89, 

4.54, 2.61, 3.46 and 4.47% for 15-June, 5-July, 25-July, 15-August and 5-September, 

respectively during 2016. RMSE and MPD value was gained 628.25 kg ha
-1

 and 

3.98%, respectively for Pioneer-30R50 during 2016. Error value between simulated 

and observed total biomass was maximum achieved by hybrid Syngenta-NK6621 for 

all sowing dates as compare to Pioneer-30R50 and Monsanto-DK6714 during both 

years. Error value was ranged from 5.85 to 7.86% for Syngenta-NK6621 during first 

year of study. Average error value for all hybrids was acquired 5.97, 5.83, 3.85, 4.71 

and 5.41% for 15-June, 5-July, 25-July, 15-August and 5-September, respectively 

during 2016. Average total biomass simulated for all hybrids was gained 12661, 

15137, 17974, 17410 and 16389 kg ha
-1

 and observed was 11947, 14303, 17308, 

16627, 15549 kg ha
-1

 for 15-June, 5-July, 25-July, 15-August and 5-September, 

respectively for the duration of 2016. RMSE and MPD value was gained 991.34 kg 

ha
-1

 and 7.01%, respectively for Syngenta-NK6621 during 2016. Error value was 

obtained lowest at 25-July and highest at 15-June during both years. Average RMSE 

and MPD value was 770.84 kg ha
-1

 and 5.16%, respectively for all hybrids and 

sowing dates during 2016. Error value between model predicted and field observed 

was obtained 6.14, 6.01, 3.12, 4.27 and 5.75% for 15-June, 5-July, 25-July, 15-August 

and 5-September, respectively by Pioneer-30R50 during 2017.  
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Table 4.6.9: Comparison of simulated and observed total biomass (kg ha
-1

)
 
for autumn hybrids and sowing dates 

Sowing dates 
Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621         Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error  Sim. Obs. Error (%)  

2016 
            

15-June 13431 12805 4.89 12643 11982 5.52 11908 11054 7.73 12661 11947 5.97 

05-July 15985 15291 4.54 15084 14321 5.33 14342 13297 7.86 15137 14303 5.83 

25-July 18774 18297 2.61 17862 17301 3.24 17285 16329 5.85 17974 17308 3.85 

15-August 17985 17384 3.46 17260 16572 4.15 16986 15924 6.67 17410 16627 4.71 

05-September 16694 15979 4.47 16486 15701 5.00 15987 14962 6.85 16389 15549 5.41 

RMSE
c
 (kg ha

-1
) 628.25  696.83  991.34  770.84  

MPD
d
 3.98  4.65  7.01  5.16  

2017 
            

15-June 12883 12138 6.14 12076 11084 8.95 11375 10362 9.78 12110 11195 8.19 

05-July 15691 14801 6.01 14687 13792 6.49 13771 12583 9.44 14716 13725 7.22 

25-July 18295 17741 3.12 17281 16591 4.16 16402 15472 6.01 17326 16601 4.37 

15-August 17184 16481 4.27 16895 16182 4.41 15998 14989 6.73 16692 15884 5.09 

05-September 16287 15402 5.75 15232 14490 5.12 14864 13850 7.32 15461 14581 6.04 

RMSE (kg ha
-1

) 765.70  814.88  1034.28  869.01  

MPD 5.06  5.82  7.86  6.18  
a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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RMSE value was found 765.70, 814.88 and 1034.28 kg ha
-1

 for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively for all sowing date 

treatments during second year. During 2017, error ranged value was achieved from 

4.16 to 8.95% for Monsanto-DK6714 and 6.01 to 9.78% for Syngenta-NK6621. 5.06, 

5.82 and 7.86% was MPD value during 2017 for Pioneer-30R50, Monsanto-DK6714 

and Syngenta-NK6621, respectively. Overall, 869.01 kg ha
-1

 and 6.18% was RMSE 

and MPD, respectively value was gained for all hybrids and sowing dates for the 

period of 2017. Average total biomass simulated for all hybrids was attained 12110, 

14716, 17326, 16692 and 15461 kg ha
-1 

and field observed was 11195, 13725, 16601, 

15884 and 14581 kg ha
-1

 for 15-June, 5-July, 25-July, 15-August and 5-September, 

respectively for the duration of 2017. Average error value during 2017 was obtained 

8.19, 7.22, 4.37, 5.09 and 6.04% for 15-June, 5-July, 25-July, 15-August and 5-

September, respectively.  

4.6.3.8 Harvest index (%)  

Model performance for harvest index was well for hybrid Pioneer-30R50 as compared 

to other hybrids and sowing date treatment 25-July as compare to other sowing date 

treatments during both 2016 and 2017 (Table 4.6.10). Error value between simulated 

and observed harvest index for Pioneer-30R50 was attained 2.43, 1.72, 0.65, 1.37 and 

1.42% for 15-June, 5-July, 25-July, 15-August and 5-September, respectively during 

2016. RMSE and MPD value was gained 0.64 and 1.52%, respectively for Pioneer-

30R50 during 2016. Error value between simulated and observed harvest index was 

maximum achieved by hybrid Syngenta-NK6621 for all sowing dates as compare to 

Pioneer-30R50 and Monsanto-DK6714 during both years. Error value was ranged 

from 1.76 to 2.99% for Syngenta-NK6621 during first year of study. Average error 

value for all hybrids was acquired 3.22, 2.62, 1.36, 1.77 and 2.14% for 15-June, 5-

July, 25-July, 15-August and 5-September, respectively during 2016. Average harvest 

index simulated for all hybrids was gained 36.64, 40.68, 44.41, 42.91 and 41.70% and 

observed was 35.50, 39.65, 43.81, 42.16 and 40.82% for 15-June, 5-July, 25-July, 15-

August and 5-September, respectively for the duration of 2016. RMSE and MPD 

value was gained 0.89 and 2.23%, respectively for Syngenta-NK6621 during 2016. 

Error value was obtained lowest at 25-July and highest at 15-June during both years. 

Average RMSE and MPD value was 0.90 and 2.21%, respectively for all hybrids and 

sowing dates during 2016.  
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Table 4.6.10: Comparison of simulated and observed harvest index (%)
 
for autumn hybrids and sowing dates 

Sowing dates 
Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621         Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

15-June 37.77 36.88 2.43 36.48 34.99 4.26 35.68 34.64 2.99 36.64 35.50 3.22 

05-July 41.13 40.44 1.72 40.82 39.44 3.48 40.10 39.06 2.68 40.68 39.65 2.62 

25-July 45.01 44.72 0.65 44.50 43.76 1.69 43.72 42.96 1.76 44.41 43.81 1.36 

15-August 43.39 42.80 1.37 42.90 42.04 2.02 42.44 41.64 1.93 42.91 42.16 1.77 

05-September 41.59 41.01 1.42 41.23 39.93 3.26 42.27 41.53 1.77 41.70 40.82 2.14 

RMSE
c
 (kg ha

-1
) 0.64  1.19  0.89  0.90  

MPD
d
 1.52  2.94  2.23  2.21  

2017 
            

15-June 36.87 35.97 2.49 36.20 34.93 3.64 34.69 33.83 2.52 35.92 34.91 2.88 

05-July 40.74 39.86 2.20 39.38 38.09 3.38 39.32 38.67 1.69 39.81 38.87 2.42 

25-July 44.56 44.16 0.90 43.74 43.01 1.70 42.90 41.72 2.82 43.73 42.98 1.79 

15-August 42.91 41.89 2.45 42.49 41.31 2.87 42.56 41.50 2.55 42.66 41.56 2.62 

05-September 41.18 40.13 2.63 40.68 38.76 4.95 40.23 39.41 2.06 40.70 39.44 3.20 

RMSE (kg ha
-1

) 0.88  1.33  0.92  1.03  

MPD 2.13  3.31  2.33  2.58  
a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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Error value between model predicted and field observed was obtained 2.49, 2.20, 

0.90, 2.45 and 2.63% for 15-June, 5-July, 25-July, 15-August and 5-September, 

respectively by Pioneer-30R50 during 2017. RMSE value was found 0.88, 1.33 and 

0.92% for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively 

for all sowing date treatments during second year. During 2017, error ranged value 

was achieved from 1.70 to 4.95% for Monsanto-DK6714 and 1.69 to 2.82% for 

Syngenta-NK6621. 2.13, 3.31 and 2.33% was MPD value during 2017 for Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. Overall, 1.03 and 

2.58% was RMSE and MPD, respectively value was gained for all hybrids and 

sowing dates for the period of 2017. Average error value during 2017 was obtained 

2.88, 2.42, 1.79, 2.62 and 3.20% for 15-June, 5-July, 25-July, 15-August and 5-

September, respectively. Average harvest index simulated for all hybrids was attained 

35.92, 39.81, 43.73, 42.66 and 40.70%
 
and field observed was 34.91, 38.87, 42.98, 

41.56 and 39.44% for 15-June, 5-July, 25-July, 15-August and 5-September, 

respectively during 2017. 
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4.6.4 MODEL EVALUATION WITH EXPERIMENT - IV 

CSM-CERES-Maize model was also evaluated with observed data for nitrogen levels 

treatments of autumn maize during 2016 and 2017. Model performance about time 

course data was well during both years (Fig. 4.6.3-4). Accuracy of the model 

simulations and performance of autumn maize hybrids genetic coefficients were 

assessed by model evaluation. The corresponding results are explained as following.  

4.6.4.1 Days to anthesis  

Data in table 4.6.11 indicated that model evaluation for days to anthesis was good for 

hybrid Pioneer-30R50 and nitrogen level treatment N4 (320 kg ha
-1

) during both 2016 

and 2017 for autumn season (Table 4.6.11). Error value between simulated and 

observed days to anthesis for Pioneer-30R50 was attained 11.12, 6.38, 4.17, 2.04 and 

0.00% for N0 (0 kg ha
-1

), N1 (80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 

(320 kg ha
-1

), respectively during 2016. RMSE and MPD value was gained 2.79 days 

and 4.74%, respectively for Pioneer-30R50 during 2016. Error value between 

simulated and observed days to anthesis was maximum achieved by hybrid Syngenta-

NK6621 for all nitrogen levels as compare to Pioneer-30R50 and Monsanto-DK6714 

during both years. Error value was ranged from 0.00 to 12.19% for Syngenta-NK6621 

during first year of study. Average error value for all hybrids was acquired 11.63, 

6.67, 4.35, 2.13 and 0.70% N0 (0 kg ha
-1

), N1 (80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg 

ha
-1

) and N4 (320 kg ha
-1

), respectively during 2016. Average days to anthesis 

simulated for all hybrids was gained 48, 48, 48, 48 and 48 days and observed was 43, 

45, 46, 47 and 48 days for N0, N1, N2, N3 and N4, respectively for the duration of 

2016. RMSE and MPD value was gained 2.79 day and 5.19%, respectively for 

Syngenta-NK6621 during 2016. Error value was obtained lowest at N4 and highest at 

N0 nitrogen level during both years. Average RMSE and MPD value was 2.80 days 

and 5.09%, respectively for all hybrids and nitrogen levels during 2016. Error value 

between model predicted and field observed was obtained 11.36, 6.52, 4.26, 2.08 and 

2.08% for nitrogen levels N0, N1, N2, N3 and N4, respectively by Pioneer-30R50 

during 2017. RMSE value was found 2.83, 3.16 and 3.16 days for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively for all sowing date 

treatments during second year. During 2017, error ranged value was achieved from 

0.00 to 14.63% for Monsanto-DK6714 and 0.00 to 15.38% for Syngenta-NK6621.  
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Figure 4.6.3: Effect of hybrids and nitrogen rates on leaf area index and biomass 

of autumn maize during 2016 
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Figure 4.6.4: Effect of hybrids and nitrogen rates on leaf area index and biomass 

of autumn maize during 2017 
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Table 4.6.11: Comparison of simulated and observed days to anthesis for autumn hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0 50 45 11.12 48 43 11.63 46 41 12.19 48 43 11.63 

N1 = 80 50 47 6.38 48 45 6.67 46 43 6.98 48 45 6.67 

N2 = 160 50 48 4.17 48 46 4.35 46 44 4.55 48 46 4.35 

N3 = 240 50 49 2.04 48 47 2.13 46 45 2.22 48 47 2.13 

N4 = 320 50 50 0.00 48 47 2.13 46 46 0.00 48 48 0.70 

RMSE
c
 (days) 2.79  2.83  2.79  2.80  

MPD
d
 4.74  5.38  5.19  5.09  

2017 
            

N0 = 0 49 44 11.36 47 41 14.63 45 39 15.38 47 41 13.71 

N1 = 80 49 46 6.52 47 44 6.82 45 42 7.14 47 44 6.82 

N2 = 160 49 47 4.26 47 45 4.44 45 43 4.65 47 45 4.44 

N3 = 240 49 48 2.08 47 46 2.17 45 44 2.27 47 46 2.17 

N4 = 320 49 48 2.08 47 47 0.00 45 45 0.00 47 47 0.71 

RMSE (days) 2.83  3.16  3.16  3.04  

MPD 5.26  5.61  5.89  5.57  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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Mean percentage difference value 5.26, 5.61 and 5.89% was during 2017 for Pioneer-

30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. Average days to 

anthesis simulated for all hybrids was attained 47, 47, 47, 47 and 47 days and field 

observed was 41, 44, 45, 46 and 47 days for N0, N1, N2, N3 and N4, respectively for 

the duration of 2017. Average error value during 2017 was obtained 13.71, 6.82, 4.44, 

2.17 and 0.71% for N0, N1, N2, N3 and N4, respectively. Overall, 3.04 days and 5.57% 

was RMSE and MPD, respectively value was gained for all hybrids and nitrogen 

levels for the period of 2017. 

4.6.4.2 Days to maturity  

Table 4.6.12 showed that model evaluation for days to maturity was good for hybrid 

Pioneer-30R50 and nitrogen level treatment N4 (320 kg ha
-1

) during both 2016 and 

2017 for autumn season. Error value between simulated and observed days to 

maturity for Pioneer-30R50 was attained 4.08, 3.03, 3.03, 2.00 and 0.00% for N0 (0 kg 

ha
-1

), N1 (80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), 

respectively during 2016. RMSE and MPD value was gained 2.76 days and 2.43%, 

respectively for Pioneer-30R50 during 2016. Error value between simulated and 

observed days to maturity was maximum achieved by hybrid Syngenta-NK6621 for 

all nitrogen levels as compare to Pioneer-30R50 and Monsanto-DK6714 during both 

years. Error value was ranged from 2.15 to 6.74% for Syngenta-NK6621 during first 

year of study. Average error value for all hybrids was acquired 5.36, 4.24, 3.15, 2.43 

and 1.37% N0 (0 kg ha
-1

), N1 (80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 

(320 kg ha
-1

), respectively during 2016. Average days to maturity simulated for all 

hybrids was gained 98, 98, 98, 98 and 98 days and observed was 93, 94, 95, 96 and 97 

days for N0, N1, N2, N3 and N4, respectively for the duration of 2016. RMSE and 

MPD value was gained 4.07 day and 4.19%, respectively for Syngenta-NK6621 

during 2016. Error value was obtained lowest at N4 and highest at N0 nitrogen level 

during both years. Average RMSE and MPD value was 3.38 days and 3.31%, 

respectively for all hybrids and nitrogen levels during 2016. Error value between 

model predicted and field observed was obtained 6.32, 5.21, 3.06, 2.02 and 1.00% for 

nitrogen levels N0, N1, N2, N3 and N4, respectively by Pioneer-30R50 during 2017. 

RMSE value was found 3.87, 3.63 and 4.24 days for Pioneer-30R50, Monsanto-

DK6714 and Syngenta-NK6621, respectively for all sowing date treatments during 

second year.  
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Table 4.6.12: Comparison of simulated and observed days to maturity for autumn hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0 102 98 4.08 98 93 5.38 95 89 6.74 98 93 5.36 

N1 = 80 102 99 3.03 98 94 4.26 95 90 5.56 98 94 4.24 

N2 = 160 102 99 3.03 98 95 3.16 95 92 3.26 98 95 3.15 

N3 = 240 102 100 2.00 98 96 2.08 95 92 3.26 98 96 2.43 

N4 = 320 102 102 0.00 98 96 2.08 95 93 2.15 98 97 1.37 

RMSE
c
 (days)  2.76  3.41  4.07  3.38  

MPD
d
 2.43  3.39  4.19  3.31  

2017 
            

N0 = 0 101 95 6.32 97 91 6.59 94 88 6.82 97 91 6.57 

N1 = 80 101 96 5.21 97 93 4.30 94 89 5.62 97 93 5.04 

N2 = 160 101 98 3.06 97 94 3.19 94 90 4.44 97 94 3.55 

N3 = 240 101 99 2.02 97 95 2.11 94 91 3.30 97 95 2.46 

N4 = 320 101 100 1.00 97 96 1.04 94 92 2.17 97 96 1.39 

RMSE (days) 3.87  3.63  4.24  3.91  

MPD 3.52  3.45  4.47  3.80  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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During 2017, error ranged value was achieved from 1.04 to 6.59% for Monsanto-

DK6714 and 2.17 to 6.82% for Syngenta-NK6621. 3.52, 3.45 and 4.47% was MPD 

value during 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively. Average days to maturity simulated for all hybrids was attained 97, 97, 

97, 97 and 97 days and field observed was 91, 93, 94, 95 and 96 days for N0, N1, N2, 

N3 and N4, respectively for the duration of 2017. Overall, 3.91 days and 3.80% was 

RMSE and MPD, respectively value was gained for all hybrids and nitrogen levels for 

the period of 2017. Average error value during 2017 was obtained 6.57, 5.04, 3.55, 

2.46 and 1.39% for N0, N1, N2, N3 and N4, respectively. 

4.6.4.3 Maximum leaf area index   

Model evaluation for maximum leaf area index was good for hybrid Pioneer-30R50 

and nitrogen level treatment N4 (320 kg ha
-1

) during both 2016 and 2017 for autumn 

season (Table 4.6.13). Error value between simulated and observed maximum leaf 

area index for Pioneer-30R50 was attained 8.54, 7.44, 6.98, 4.88 and 4.27% for N0 (0 

kg ha
-1

), N1 (80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), 

respectively during 2016. RMSE and MPD value was gained 0.16 and 6.42%, 

respectively for Pioneer-30R50 during 2016. Error value between simulated and 

observed maximum leaf area index was maximum achieved by hybrid Syngenta-

NK6621 for all nitrogen levels as compare to Pioneer-30R50 and Monsanto-DK6714 

during both years. Error value was ranged from 6.61 to 12.12% for Syngenta-NK6621 

during first year of study. Average error value for all hybrids was acquired 10.41, 

8.56, 7.85, 6.45 and 5.49% N0 (0 kg ha
-1

), N1 (80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg 

ha
-1

) and N4 (320 kg ha
-1

), respectively during 2016. Average maximum leaf area 

index simulated for all hybrids was gained 0.81, 2.16, 3.07, 3.69 and 3.97 and 

observed was 0.74, 1.99, 2.85, 3.46 and 3.76 for N0, N1, N2, N3 and N4, respectively 

for the duration of 2016. RMSE and MPD value was gained 0.22 and 9.41%, 

respectively for Syngenta-NK6621 during 2016. Error value was obtained lowest at 

N4 and highest at N0 nitrogen level during both years. Average RMSE and MPD value 

was 0.19 and 7.75%, respectively for all hybrids and nitrogen levels during 2016. 

Error value between model predicted and field observed was obtained 9.21, 8.84, 

7.95, 6.50 and 3.96% for nitrogen levels N0, N1, N2, N3 and N4, respectively by 

Pioneer-30R50 during 2017.  
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Table 4.6.13: Comparison of simulated and observed maximum leaf area index for autumn hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0 0.89 0.82 8.54 0.81 0.73 10.96 0.74 0.66 12.12 0.81 0.74 10.41 

N1 = 80 2.31 2.15 7.44 2.12 1.96 8.16 2.04 1.85 10.27 2.16 1.99 8.56 

N2 = 160 3.22 3.01 6.98 3.01 2.81 7.12 2.98 2.72 9.56 3.07 2.85 7.85 

N3 = 240 3.87 3.69 4.88 3.62 3.41 6.16 3.57 3.29 8.51 3.69 3.46 6.45 

N4 = 320 4.15 3.98 4.27 4.05 3.83 5.74 3.71 3.48 6.61 3.97 3.76 5.49 

RMSE
c
 0.16  0.18  0.22  0.19  

MPD
d
 6.42  7.63  9.41  7.75  

2017 
            

N0 = 0 0.83 0.76 9.21 0.76 0.68 11.76 0.64 0.57 12.28 0.74 0.67 10.95 

N1 = 80 1.97 1.81 8.84 1.95 1.76 10.80 1.9 1.71 11.11 1.94 1.76 10.23 

N2 = 160 2.85 2.64 7.95 2.75 2.51 9.56 2.62 2.38 10.08 2.74 2.51 9.16 

N3 = 240 3.44 3.23 6.50 3.39 3.16 7.28 3.2 2.91 9.97 3.34 3.10 7.85 

N4 = 320 3.94 3.79 3.96 3.78 3.56 6.18 3.46 3.21 7.79 3.73 3.52 5.87 

RMSE 0.17  0.20  0.22  0.20  

MPD 7.29  9.12  10.25  8.81  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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RMSE value was found 0.17, 0.20 and 0.22 for Pioneer-30R50, Monsanto-DK6714 

and Syngenta-NK6621, respectively for all sowing date treatments during second 

year. During 2017, error ranged value was achieved from 6.18 to 11.76% for 

Monsanto-DK6714 and 7.79 to 12.28% for Syngenta-NK6621. 7.29, 9.12 and 10.25% 

was MPD value during 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-

NK6621, respectively. Average maximum leaf area index simulated for all hybrids 

was attained 0.74, 1.94, 2.74, 3.34 and 3.73 and field observed was 0.67, 1.76, 2.51, 

3.10 and 3.52 for N0, N1, N2, N3 and N4, respectively for the duration of 2017. 

Average error value during 2017 was obtained 10.95, 10.23, 9.16, 7.85 and 5.87% for 

N0, N1, N2, N3 and N4, respectively. Overall, 0.20 and 8.81% was RMSE and MPD, 

respectively value was gained for all hybrids and nitrogen levels during second year. 

4.6.4.4 Mean grain weight (g)   

Model evaluation for mean grain weight was good for hybrid Pioneer-30R50 and 

nitrogen level treatment N4 (320 kg ha
-1

) during both 2016 and 2017 for autumn 

season (Table 4.6.14). Error value between simulated and observed mean grain weight 

for Pioneer-30R50 was attained 6.77, 4.90, 3.90, 2.52 and 2.05% for N0 (0 kg ha
-1

), N1 

(80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively 

during 2016. RMSE and MPD value was gained 0.01 g and 4.03%, respectively for 

Pioneer-30R50 during 2016. Error value between simulated and observed mean grain 

weight was maximum achieved by hybrid Syngenta-NK6621 for all nitrogen levels as 

compare to Pioneer-30R50 and Monsanto-DK6714 during both years. Error value was 

ranged from 2.93 to 8.77% for Syngenta-NK6621 during first year of study. Average 

error value for all hybrids was acquired 7.50, 5.22, 4.28, 3.16 and 2.48% N0 (0 kg ha
-

1
), N1 (80 kg ha

-1
), N2 (160 kg ha

-1
), N3 (240 kg ha

-1
) and N4 (320 kg ha

-1
), respectively 

during 2016. Average mean grain weight simulated for all hybrids was gained 0.196, 

0.249, 0.284, 0.316 and 0.331 g and observed was 0.182, 0.236, 0.272, 0.306 and 

0.323 g for N0, N1, N2, N3 and N4, respectively for the duration of 2016. RMSE and 

MPD value was gained 0.012 g and 5.22%, respectively for Syngenta-NK6621 during 

2016. Error value was obtained lowest at N4 and highest at N0 nitrogen level during 

both years. Average RMSE and MPD value was 0.011 and 4.53%, respectively for all 

hybrids and nitrogen levels during 2016. Error value between model predicted and 

field observed was obtained 7.03, 5.46, 4.04, 3.88 and 2.73% for nitrogen levels N0, 

N1, N2, N3 and N4, respectively by Pioneer-30R50 during 2017.  
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Table 4.6.14: Comparison of simulated and observed mean grain weight (g) for autumn hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0 0.205 0.192 6.77 0.197 0.184 7.07 0.186 0.171 8.77 0.196 0.182 7.50 

N1 = 80 0.257 0.245 4.90 0.250 0.238 5.04 0.239 0.226 5.75 0.249 0.236 5.22 

N2 = 160 0.293 0.282 3.90 0.284 0.272 4.41 0.275 0.263 4.56 0.284 0.272 4.28 

N3 = 240 0.326 0.318 2.52 0.315 0.306 2.94 0.307 0.295 4.07 0.316 0.306 3.16 

N4 = 320 0.348 0.341 2.05 0.329 0.321 2.49 0.316 0.307 2.93 0.331 0.323 2.48 

RMSE
c
 (g) 0.010  0.011  0.012  0.011  

MPD
d
 4.03  4.39  5.22  4.53  

2017 
            

N0 = 0 0.198 0.185 7.03 0.189 0.176 7.39 0.181 0.165 9.70 0.189 0.175 7.98 

N1 = 80 0.251 0.238 5.46 0.246 0.232 6.03 0.227 0.212 7.08 0.241 0.227 6.16 

N2 = 160 0.283 0.272 4.04 0.278 0.266 4.51 0.266 0.249 6.83 0.276 0.262 5.08 

N3 = 240 0.321 0.309 3.88 0.305 0.292 4.45 0.301 0.285 5.61 0.309 0.295 4.63 

N4 = 320 0.339 0.330 2.73 0.321 0.312 2.88 0.309 0.297 4.04 0.323 0.313 3.19 

RMSE (g) 0.012  0.012  0.015  0.013  

MPD 4.63  5.05  6.65  5.41  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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RMSE value was found 0.012, 0.012 and 0.015 g for Pioneer-30R50, Monsanto-

DK6714 and Syngenta-NK6621, respectively for all sowing date treatments during 

second year. During 2017, error ranged value was achieved from 2.88 to 7.39% for 

Monsanto-DK6714 and 4.04 to 9.70% for Syngenta-NK6621. 4.63, 5.05 and 6.65% 

was MPD value during 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-

NK6621, respectively. Average mean grain weight simulated for all hybrids was 

attained 0.189, 0.241, 0.276, 0.309 and 0.323 g and field observed was 0.175, 0.227, 

0.262, 0.295 and 0.313 g for N0, N1, N2, N3 and N4, respectively for the duration of 

2017. Average error value during 2017 was obtained 7.98, 6.16, 5.08, 4.63 and 3.19% 

for N0, N1, N2, N3 and N4, respectively. Overall, 0.013 g and 5.41% was RMSE and 

MPD, respectively value was gained for all hybrids and nitrogen levels for the period 

of 2017. 

4.6.4.5 Number of grains m
-2

   

Model evaluation for number of grains m
-2

 was good for hybrid Pioneer-30R50 and 

nitrogen level treatment N4 (320 kg ha
-1

) during both 2016 and 2017 for autumn 

season (Table 4.6.15). Error value between simulated and observed number of grains 

m
-2

 for Pioneer-30R50 was attained 3.88, 3.20, 2.32, 2.26 and 2.12% for N0 (0 kg ha
-

1
), N1 (80 kg ha

-1
), N2 (160 kg ha

-1
), N3 (240 kg ha

-1
) and N4 (320 kg ha

-1
), respectively 

during 2016. RMSE and MPD value was gained 49.94 and 2.76%, respectively for 

Pioneer-30R50 during 2016. Error value between simulated and observed number of 

grains m
-2

 was maximum achieved by hybrid Syngenta-NK6621 for all nitrogen 

levels as compare to Pioneer-30R50 and Monsanto-DK6714 during both years. Error 

value was ranged from 3.76 to 7.12% for Syngenta-NK6621 during first year of study. 

Average error value for all hybrids was acquired 5.11, 4.29, 3.63, 3.28 and 2.93% N0 

(0 kg ha
-1

), N1 (80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), 

respectively during 2016. Average number of grains m
-2

 simulated for all hybrids was 

gained 624, 1800, 2276, 2474 and 2584 and observed was 594, 1726, 2197, 2396 and 

2510 for N0, N1, N2, N3 and N4, respectively for the duration of 2016. RMSE and 

MPD value was gained 85.97 and 4.95%, respectively for Syngenta-NK6621 during 

2016. Error value was obtained lowest at N4 and highest at N0 nitrogen level during 

both years. Average RMSE and MPD value was 69.80 and 3.85%, respectively for all 

hybrids and nitrogen levels during 2016.  
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Table 4.6.15: Comparison of simulated and observed number of grains m
-2

 for autumn hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621         Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0 642 618 3.88 628 601 4.49 602 562 7.12 624 594 5.11 

N1 = 80 1838 1781 3.20 1796 1724 4.18 1765 1672 5.56 1800 1726 4.29 

N2 = 160 2291 2239 2.32 2282 2192 4.11 2256 2159 4.49 2276 2197 3.63 

N3 = 240 2490 2435 2.26 2479 2391 3.68 2454 2361 3.94 2474 2396 3.28 

N4 = 320 2596 2542 2.12 2587 2513 2.94 2568 2475 3.76 2584 2510 2.93 

RMSE
c
 49.94  73.80  85.97  69.80  

MPD
d
 2.76  3.88  4.95  3.85  

2017 
            

N0 = 0 625 598 4.52 597 563 6.04 564 521 8.25 595 561 6.18 

N1 = 80 1803 1745 3.32 1734 1652 4.96 1681 1568 7.21 1739 1655 5.10 

N2 = 160 2264 2194 3.19 2247 2153 4.37 2193 2065 6.20 2235 2137 4.55 

N3 = 240 2471 2407 2.66 2466 2371 4.01 2429 2328 4.34 2455 2369 3.66 

N4 = 320 2585 2521 2.54 2578 2482 3.87 2546 2446 4.09 2570 2483 3.49 

RMSE 58.63  83.61  101.20  81.01  

MPD 3.25  4.65  6.02  4.60  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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Error value between model predicted and field observed was obtained 4.52, 3.32, 

3.19, 2.66 and 2.54% for nitrogen levels N0, N1, N2, N3 and N4, respectively by 

Pioneer-30R50 during 2017. RMSE value was found 58.63, 83.61 and 101.20 for 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively for all 

sowing date treatments during second year. During 2017, error ranged value was 

achieved from 3.87 to 6.04% for Monsanto-DK6714 and 4.09 to 8.25% for Syngenta-

NK6621. 3.25, 4.65 and 6.02% was MPD value during 2017 for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively. Average number of grains 

m
-2

 simulated for all hybrids was attained 595, 1739, 2235, 2455 and 2570 and field 

observed was 561, 1655, 2137, 2369 and 2483 for N0, N1, N2, N3 and N4, respectively 

for the duration of 2017. Overall, 81.01 and 4.60% was RMSE and MPD, respectively 

value was gained for all hybrids and nitrogen levels for the period of 2017. Average 

error value during 2017 was obtained 6.18, 5.10, 4.55, 3.66 and 3.49% for N0, N1, N2, 

N3 and N4, respectively. 

4.6.4.6 Grain yield (kg ha
-1

)   

In table 4.6.16 showed that model evaluation for grain yield was good for hybrid 

Pioneer-30R50 and nitrogen level treatment N4 (320 kg ha
-1

) during both 2016 and 

2017 for autumn season. Error value between simulated and observed grain yield for 

Pioneer-30R50 was attained 10.92, 8.26, 6.31, 4.83 and 4.22% for N0 (0 kg ha
-1

), N1 

(80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively 

during 2016. RMSE and MPD value was gained 340.37 kg ha
-1

 and 6.91%, 

respectively for Pioneer-30R50 during 2016. Error value between simulated and 

observed grain yield was maximum achieved by hybrid Syngenta-NK6621 for all 

nitrogen levels as compare to Pioneer-30R50 and Monsanto-DK6714 during both 

years. Error value was ranged from 6.80 to 16.51% for Syngenta-NK6621 during first 

year of study. Average error value for all hybrids was acquired 12.90, 9.69, 8.04, 6.52 

and 5.45% N0 (0 kg ha
-1

), N1 (80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 

(320 kg ha
-1

), respectively during 2016. Average grain yield simulated for all hybrids 

was gained 1224, 4477, 6466, 7820 and 8553 kg ha
-1

 and observed was 1084, 4082, 

5985, 7342 and 8113 kg ha
-1

 for N0, N1, N2, N3 and N4, respectively for the duration 

of 2016. RMSE and MPD value was gained 465.93 kg ha
-1

 and 10.47%, respectively 

for Syngenta-NK6621 during 2016. Error value was obtained lowest at N4 and highest 

at N0 nitrogen level during both years.  
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Table 4.6.16: Comparison of simulated and observed grain yield (kg ha
-1

)
 
for autumn hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621         Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0 1316 1187 10.92 1237 1106 11.88 1120 961 16.51 1224 1084 12.90 

N1 = 80 4724 4363 8.26 4490 4103 9.43 4218 3779 11.63 4477 4082 9.69 

N2 = 160 6713 6314 6.31 6481 5962 8.70 6204 5678 9.26 6466 5985 8.04 

N3 = 240 8117 7743 4.83 7809 7316 6.73 7534 6965 8.17 7820 7342 6.52 

N4 = 320 9034 8668 4.22 8511 8067 5.51 8115 7598 6.80 8553 8113 5.45 

RMSE
c
 340.37  418.55  465.93  407.92  

MPD
d
 6.91  8.45  10.47  8.52  

2017 
            

N0 = 0 1238 1106 11.86 1128 991 13.87 1021 860 18.75 1129 986 14.54 

N1 = 80 4526 4153 8.97 4266 3833 11.30 3816 3324 14.79 4202 3770 11.47 

N2 = 160 6407 5968 7.36 6247 5727 9.07 5833 5142 13.45 6162 5612 9.80 

N3 = 240 7932 7438 6.65 7521 6923 8.64 7311 6635 10.20 7588 6998 8.42 

N4 = 320 8763 8319 5.34 8275 7744 6.86 7867 7265 8.29 8302 7776 6.76 

RMSE 397.58  472.56  559.76  476.33  

MPD 8.03  9.95  13.10  10.20  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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Average RMSE and MPD value was 407.92 kg ha
-1

 and 8.52%, respectively for all 

hybrids and nitrogen levels during 2016. Error value between model predicted and 

field observed was obtained 11.86, 8.97, 7.36, 6.65 and 5.34% for nitrogen levels N0, 

N1, N2, N3 and N4, respectively by Pioneer-30R50 during 2017. RMSE value was 

found 397.58, 472.56 and 559.76 for Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively for all sowing date treatments during second year. 

During 2017, error ranged value was achieved from 6.86 to 13.87% for Monsanto-

DK6714 and 8.29 to 18.75% for Syngenta-NK6621. 8.03, 9.95 and 13.10% was MPD 

value during 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively. Average grain yield simulated for all hybrids was attained 1129, 4202, 

6162, 7588 and 8302 kg ha
-1

 and field observed was 986, 3770, 5612, 6998 and 7776 

kg ha
-1

 for N0, N1, N2, N3 and N4, respectively for the duration of 2017. Average error 

value during 2017 was obtained 14.54, 11.47, 9.80, 8.42 and 6.76% for N0, N1, N2, N3 

and N4, respectively. During 2017, overall, 476.33 kg ha
-1

 and 10.20% was RMSE 

and MPD, respectively value was gained for all hybrids and nitrogen. 

4.6.4.7 Total biomass (kg ha
-1

)   

Model evaluation for total biomass was good for hybrid Pioneer-30R50 and nitrogen 

level treatment N4 (320 kg ha
-1

) during both 2016 and 2017 for autumn season (Table 

4.6.17). Error value between simulated and observed total biomass for Pioneer-30R50 

was attained 7.51, 5.36, 3.60, 3.35 and 3.23% for N0 (0 kg ha
-1

), N1 (80 kg ha
-1

), N2 

(160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively during 2016. RMSE 

and MPD value was gained 567.71 kg ha
-1

 and 4.61%, respectively for Pioneer-30R50 

during 2016. Error value between simulated and observed total biomass was 

maximum achieved by hybrid Syngenta-NK6621 for all nitrogen levels as compare to 

Pioneer-30R50 and Monsanto-DK6714 during both years. Error value was ranged 

from 5.02 to 9.04% for Syngenta-NK6621 during first year of study. Average error 

value for all hybrids was acquired 8.06, 5.77, 4.83, 4.63 and 4.21% N0 (0 kg ha
-1

), N1 

(80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively 

during 2016. Average total biomass simulated for all hybrids was gained 4145, 13376, 

15898, 17592 and 18686 kg ha
-1

 and observed was 3836, 12646, 15165, 16813 and 

17932 kg ha
-1

 for N0, N1, N2, N3 and N4, respectively for the duration of 2016. RMSE 

and MPD value was gained 776.57 kg ha
-1

 and 6.38%, respectively for Syngenta-

NK6621 during 2016.  
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Table 4.6.17: Comparison of simulated and observed total biomass (kg ha
-1

)
 
for autumn hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621         Average 

Sim.
a
 Obs.

c
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0 4281 3982 7.51 4173 3875 7.69 3981 3651 9.04 4145 3836 8.06 

N1 = 80 13858 13153 5.36 13395 12689 5.56 12874 12097 6.42 13376 12646 5.77 

N2 = 160 16298 15732 3.60 15935 15142 5.24 15461 14621 5.75 15898 15165 4.83 

N3 = 240 17993 17409 3.35 17564 16737 4.94 17218 16292 5.68 17592 16813 4.63 

N4 = 320 19285 18682 3.23 18781 17981 4.45 17992 17132 5.02 18686 17932 4.21 

RMSE
c
 567.71  712.74  776.57  684.19  

MPD
d
 4.61  5.58  6.38  5.50  

2017 
            

N0 = 0 4092 3791 7.94 3891 3581 8.66 3673 3371 8.96 3885 3581 8.50 

N1 = 80 13384 12672 5.62 12865 11984 7.35 12184 11285 7.97 12811 11980 6.93 

N2 = 160 15972 15284 4.50 15681 14891 5.31 14753 13761 7.21 15469 14645 5.62 

N3 = 240 17698 16958 4.36 17330 16464 5.26 16985 15865 7.06 17338 16429 5.53 

N4 = 320 18982 18254 3.99 18527 17652 4.96 17674 16675 5.99 18394 17527 4.95 

RMSE 655.51  776.14  909.49  779.54  

MPD 5.28  6.31  7.44  6.31  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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Error value was obtained lowest at N4 and highest at N0 nitrogen level during both 

years. Average RMSE and MPD value was 684.19 kg ha
-1

 and 5.50%, respectively for 

all hybrids and nitrogen levels during 2016. Error value between model predicted and 

field observed was obtained 7.94, 5.62, 4.50, 4.36 and 3.99% for nitrogen levels N0, 

N1, N2, N3 and N4, respectively by Pioneer-30R50 during 2017. RMSE value was 

found 655.51, 776.14 and 909.49 kg ha
-1

 for Pioneer-30R50, Monsanto-DK6714 and 

Syngenta-NK6621, respectively for all sowing date treatments during second year. 

During 2017, error ranged value was achieved from 4.96 to 8.66% for Monsanto-

DK6714 and 5.99 to 8.96% for Syngenta-NK6621. 5.28, 6.31 and 7.44% was MPD 

value during 2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, 

respectively. Average total biomass simulated for all hybrids was attained 3885, 

12811, 15469, 17338 and 18394 kg ha
-1

 and field observed was 3581, 11980, 14645, 

16429 and 17527 kg ha
-1

 for N0, N1, N2, N3 and N4, respectively for the duration of 

2017. Overall, 779.54 kg ha
-1

 and 6.31% was RMSE and MPD, respectively value 

was gained for all hybrids and nitrogen levels for the period of 2017. Average error 

value during 2017 was obtained 8.50, 6.93, 5.62, 5.53 and 4.95% for N0, N1, N2, N3 

and N4, respectively. 

4.6.4.8 Harvest index (%)  

Table 4.6.18 showed that model evaluation for harvest index was good for hybrid 

Pioneer-30R50 and nitrogen level treatment N4 (320 kg ha
-1

) during both 2016 and 

2017 for autumn season. Error value between simulated and observed harvest index 

for Pioneer-30R50 was attained 3.17, 2.75, 2.62, 1.43 and 0.96% for N0 (0 kg ha
-1

), N1 

(80 kg ha
-1

), N2 (160 kg ha
-1

), N3 (240 kg ha
-1

) and N4 (320 kg ha
-1

), respectively 

during 2016. RMSE and MPD value was gained 0.83 and 2.19%, respectively for 

Pioneer-30R50 during 2016. Error value between simulated and observed harvest 

index was maximum achieved by hybrid Syngenta-NK6621 for all nitrogen levels as 

compare to Pioneer-30R50 and Monsanto-DK6714 during both years. Error value was 

ranged from 1.69 to 6.86% for Syngenta-NK6621 during first year of study. Average 

error value for all hybrids was acquired 4.56, 3.75, 3.07, 1.82 and 1.22% N0 (0 kg ha
-

1
), N1 (80 kg ha

-1
), N2 (160 kg ha

-1
), N3 (240 kg ha

-1
) and N4 (320 kg ha

-1
), respectively 

during 2016. Average harvest index simulated for all hybrids was gained 29.51, 

33.46, 40.66, 44.42 and 45.76% and observed was 28.22, 32.25, 39.45, 43.65 and 

45.20% for N0, N1, N2, N3 and N4, respectively for the duration of 2016.  
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Table 4.6.18: Comparison of simulated and observed harvest index (%)
 
for autumn hybrids and nitrogen levels 

Nitrogen levels  

(kg ha
-1

) 

Pioneer-30R50 Monsanto-DK6714 Syngenta-NK6621        Average 

Sim.
a
 Obs.

b
 Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2016 
            

N0 = 0 30.74 29.80 3.17 29.65 28.54 3.89 28.13 26.32 6.86 29.51 28.22 4.56 

N1 = 80 34.09 33.17 2.75 33.52 32.34 3.66 32.77 31.24 4.90 33.46 32.25 3.75 

N2 = 160 41.19 40.13 2.62 40.67 39.38 3.29 40.13 38.84 3.32 40.66 39.45 3.07 

N3 = 240 45.11 44.48 1.43 44.46 43.71 1.70 43.76 42.75 2.35 44.42 43.65 1.82 

N4 = 320 46.85 46.40 0.96 45.32 44.86 1.02 45.10 44.35 1.69 45.76 45.20 1.22 

RMSE
c
 0.83  1.01  1.33  1.05  

MPD
d
 2.19  2.71  3.82  2.88  

2017 
            

N0 = 0 30.24 29.18 3.63 29.00 27.67 4.80 27.79 25.50 8.99 29.01 27.45 5.68 

N1 = 80 33.81 32.77 3.17 33.16 31.98 3.68 31.32 29.46 6.32 32.76 31.40 4.33 

N2 = 160 40.11 39.05 2.74 39.84 38.46 3.58 39.54 37.37 5.82 39.83 38.29 4.02 

N3 = 240 44.82 43.86 2.19 43.40 42.05 3.21 43.05 41.82 2.93 43.75 42.58 2.77 

N4 = 320 46.17 45.58 1.30 44.67 43.87 1.82 44.51 43.57 2.17 45.11 44.34 1.75 

RMSE 0.96  1.22  1.78  1.31  

MPD 2.60  3.42  5.25  3.71  
a
Simulated                                                              

c
Root mean square error 

b
Observed                                                               

d
Mean percentage difference
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RMSE and MPD value was gained 1.33 and 3.82%, respectively for Syngenta-

NK6621 during 2016. Error value was obtained lowest at N4 and highest at N0 

nitrogen level during both years. Average RMSE and MPD value was 1.05 and 

2.88%, respectively for all hybrids and nitrogen levels during 2016. Error value 

between model predicted and field observed was obtained 3.63, 3.17, 2.74, 2.19 and 

1.30% for nitrogen levels N0, N1, N2, N3 and N4, respectively by Pioneer-30R50 

during 2017. RMSE value was found 0.96, 1.22 and 1.78% for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively for all sowing date 

treatments during second year. During 2017, error ranged value was achieved from 

1.82 to 4.80% for Monsanto-DK6714 and 2.17 to 8.99% for Syngenta-NK6621. 2.60, 

3.42 and 5.25% was MPD value during 2017 for Pioneer-30R50, Monsanto-DK6714 

and Syngenta-NK6621, respectively. Average harvest index simulated for all hybrids 

was attained 29.01, 32.76, 39.83, 43.75 and 45.11% and field observed was 27.45, 

31.40, 38.29, 42.58 and 44.34% for N0, N1, N2, N3 and N4, respectively for the 

duration of 2017. Average error value during 2017 was obtained 5.68, 4.33, 4.02, 2.77 

and 1.75% for N0, N1, N2, N3 and N4, respectively. Overall, 1.31 and 3.71% was 

RMSE and MPD, correspondingly value was gained for all hybrids and nitrogen 

levels for the period of 2017. 
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4.7 MODEL APPLICATION 

4.7.1 Impact of Climate Warming and Crop Management on Maize Phenology 

DSSAT-CSM-CERES-Maize model was applied after calibration and evaluation 

during both spring and autumn seasons. Production of crop is affected by total crop 

duration, which is derived by environmental temperature and crop management 

practices, for instance, planting date and variations in cultivars. Measurement of 

relationship among agronomic management practices and climate change on crop 

phenological stages and phases is very necessary to understand the adaptation of 

agricultural systems to variations in climate. Phenology (stages and phases) of crop is 

influenced by weather conditions, total growing degree days (thermal time 

requirement), crop agronomic management practices, which comprising of planting 

dates and varieties characteristics. Warming climate conditions caused the 

advancement of phonological stages and phases, which result in reduction of crop 

duration, ultimately decline time for dry matter accumulation and significantly 

affected the crop developmental rate. Constantly variations in planting dates and 

growing of new crop varieties have made difficult to detect the crop phenology 

response to thermal trends. Crop phenological stages and phases are accelerated with 

enhancing temperature, which ultimately influence on grain yield of maize crop. It is 

necessary to understand the response of crop phenological stages and phases with 

enhancing environmental temperature for adapting better agronomic management 

practices and crop breeding for mitigation of adverse influences and even obtaining 

benefit of climate change in present and future scenario. Relationship between 

environmental variations, agronomic management practices and changes in cultivars 

could not obtained by statistical models and this interaction could be simulated by 

process-based crop growth models like DSSAT etc. The objective of this study was 

also to determine the tendencies of phenological stages and phases of spring and 

autumn maize crop by using of observed data from selected maize growing sites in 

upper and lower Punjab, Pakistan during 1980 to 2014. I also correlated of observed 

phenological stages and phases with tendencies of temperature to determine that how 

much thermal trends have influenced on stages and phases of phenology of maize 

crop during spring and autumn seasons. DSSAT-CSM-CERES-Maize model was 

applied to separate the influences of warming trend, agronomic management practices 

and varieties changes on spring and autumn maize phenology.    
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4.8 CLIMATE CHANGE IMPACT ASSESSMENT 

4.8.1 Model Sensitivity Analysis 

After calibration and evaluation, CSM-CERES-Maize model was run by using 

baseline weather data from 1980 to 2017 during both spring and autumn growing 

seasons. Calibrated treatment (sowing date 5-February and hybrid Pioneer-33M15) 

during spring season and (sowing date 25-July and hybrid Pioneer-30R50) during 

autumn season was used in model for sensitivity analysis. Figures 4.8.1-2 showed the 

model sensitivity CTWN analysis. Model sensitivity analysis was done at ten levels of 

CO2 (350, ambient, 450, 500, 550, 600, 650, 750 and 800 ppm. It was determined that 

model was sensitive at each level of CO2. Model was less sensitive at CO2 change as 

compared to rainfall, temperature and nitrogen rates change during spring and autumn 

season. Spring and autumn grain yield was increased with increasing level of CO2. 

Model sensitivity analysis was also done at different levels of change in maximum 

and minimum and average temperature (-1, ambient, 1, 2, 3, 4, 5, 6, 7 and 8 °C). It 

was indicated that model was sensitive at each level of temperature. Grain yield was 

enhanced at -1 °C temperature reduction as compared to ambient temperature, but 

grain yield during both seasons was decreased at increasing temperature from ambient 

temperature. Spring and autumn grain yield was increased with decreasing level of 

maximum and minimum temperature as compare to ambient temperature; however 

grain yield during both spring and autumn season was decreased with increasing level 

of maximum and minimum temperature change as compared to ambient temperature. 

Grain yield was reduced more at average temperature change as compared to change 

in maximum and minimum temperature change during both seasons. Model was more 

sensitive during autumn growing season as compared to spring growing season. 

Model sensitivity analysis was also done at different levels of change in rainfall 

(ambient, -20, -40, -60, -80, -100, -120, -140, -160 and -180%. It was indicated that 

model was sensitive at each level of rainfall during both spring and autumn seasons. 

Spring and autumn grain production was decreased with decreasing level of rainfall as 

compared to ambient rainfall. Model was more sensitive during autumn growing 

season as compared to spring growing season. Model sensitivity analysis was also 

done at different levels of nitrogen (0, 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, 

275, 300, 325 and 350 kg ha
-1

). It was showed that spring and autumn grain 

production was enhanced with increasing level of nitrogen.  
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Fig. 4.8.1: Model sensitivity analysis at different CO2 (a), rainfall (b), nitrogen 

(c), Tmax (d), Tmin (e) and Tave (f) change during spring season 
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Fig. 4.8.2: Model sensitivity analysis at different CO2 (a), rainfall (b), nitrogen 

(c), Tmax (d), Tmin (e) and Tave (f) change during autumn season 
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4.8.2 Climate Change Impact Assessment 

Five GCMs (CCSM4, GFDL-ESM2M, HadGEM2-ES, MIROC5 and MPI-ESM-MR) 

at RCP 8.5 were used for assessment of climate change impact during both spring and 

autumn growing seasons to the end of mid century (2069). According to different 

GCMs at RCP 8.5, it was projected that average temperature 2.5 to 4 °C can be 

increase during spring season and 3 to 4.5 °C during autumn season to the end of mid 

century. Climate warming will be more severe during autumn season as compared to 

spring season. Mostly GCMs indicated of reduction and high variability of 

precipitation to the end of mid century. Solar radiation will be more change during 

future scenario as compared to baseline weather data (1980 to 2017). Grain yield was 

more produced at baseline as compared to all GCMs during both spring and autumn 

seasons. Grain yield will be more reduction during autumn season as compared to 

spring season for future scenario (Fig. 4.8.3). Grain yield will be reducing in future at 

all GCMs as compared to base line during both spring and autumn growing seasons. 

Figure 4.8.3 (a) and (c) indicated that without adaptation strategies, grain yield 

reduction will be 16.83% to 29.37% during spring season and 18.63% to 32.85% 

during autumn season according to different GCMs with current crop management 

practices. Average grain yield 10390.97 kg ha
-1 

was obtained at baseline weather data 

(1980 to 2017) during spring season. During spring season, highest grain yield 

reduction 29.37% (7338.67 vs 10390.97 kg ha
-1

) will be by GCM of MIROC5. 

Lowest grain yield reduction 16.83% (8641.83 vs 10390.97 kg ha
-1

) will be by GCM 

of CCSM4. Average grain yield without adaptation strategies was obtained 8641.83, 

7975.40, 7604.17, 7338.67 and 8319.80 kg ha
-1

 at GCMs of CCSM4, GFDL-ESM2M, 

HadGEM2-ES, MIROC5 and MPI-ESM-MR, respectively during spring season. 

During autumn season, average grain yield 8910.07 kg ha
-1 

was obtained at base line 

weather data (1980 to 2017). Fig. 4.8.3 (c) showed that without adaptation strategies, 

highest grain yield reduction 32.85% (5982.77 vs 8910.06 kg ha
-1

) will be by GCM of 

MIROC5 during autumn season at current crop management practices. Lowest grain 

yield reduction 18.63% (7250.40 vs 8910.06 kg ha
-1

) will be by GCM of HadGEM2-

ES. Average grain yield was obtained 6219.70, 7035.37, 7250.40, 5982.77 and 

6581.93 kg ha
-1

 at GCMs of CCSM4, GFDL-ESM2M, HadGEM2-ES, MIROC5 and 

MPI-ESM-MR, respectively during autumn season. With adaptation strategies, grain 

yield will be enhanced for future scenario as compared to without adaptation strategy.  
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4.8.3 Adaptation Strategies 

Negative impacts of climate warming during future scenario can be minimized with 

the help of adaptation strategies during spring and autumn growing seasons. Various 

sowing dates, increasing percentage rate of nitrogen fertilizer and various hybrids 

with various growing degree days were used as an adaptation management options 

during spring and autumn maize growing seasons. DSSAT-CSM-CERES-Maize 

model simulated results indicated that 15 days earlier sowing of spring maize than 

current sowing window (1
st
 February to 15

th
 March) for the duration of spring season 

(Fig. 4.8.4-5) and 20 days delaying of sowing of autumn maize than current sowing 

window (1
st
 July to 10

th
 August) during autumn season (Fig. 4.8.6-7) will compensate 

the negative effect of climate change in future scenario. It is projected that sowing of 

spring maize from 15
th

 January to 1
st
 February during spring season and growing of 

autumn maize from 10
th

 August to end of August will be optimum sowing window in 

future scenario. 15% increase rate of nitrogen fertilizer than current recommended 

rate (250 kg ha
-1

) during both spring and autumn growing season will also 

compensate the negative impact of heat stress in future scenario. Growing of slow 

maturing hybrids, higher growing degree days requiring hybrids and higher genetic 

potentional hybrids will also minimize the harmful influence of climate warming in 

future scenario during both spring and autumn seasons of maize crop. Figure 4.8.3 (b) 

and (d) showed that when all mentioned adaptation options were used in CSM-

CERES-Maize model then results showed that grain yield was increased at each GCM 

with adaptation strategies as compared to without adaptation strategies in all GCMs 

(General circulation models) during both spring and autumn seasons.  
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Figure 4.8.3: Integrated climate change impact assessment on grain yield of 

spring maize without adaptation (a), adaptation (b) and autumn maize without 

adaptation (c) and adaptation strategies (d) at different GCMs 
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Figure 4.8.4: Simulated maize grain yield as affected by sowing dates during 

spring season for future scenario 
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Figure 4.8.5: Simulated maize biomass yield as affected by sowing dates during 

spring season for future scenario   
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Figure 4.8.6: Simulated maize grain yield as affected by sowing dates during 

autumn season for future scenario 
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Figure 4.8.7: Simulated maize biomass yield as affected by sowing dates during 

autumn season for future scenario 

 

 

 

 

 

Autumn Maize

Sowing  dates

0
2

-J
u
l

0
9

-J
u
l

1
6

-J
u
l

2
3

-J
u
l

3
0

-J
u
l

0
6

-A
u
g

1
3

-A
u
g

2
0

-A
u
g

2
7

-A
u
g

0
3

-S
e
p

1
0

-S
e
p

1
7

-S
e
p

2
4

-S
e
p

0
1

-O
c
t

0
8

-O
c
t

1
5

-O
c
t

2
2

-O
c
t

2
9

-O
c
t

0
5

-N
o

v

1
2

-N
o

v

1
9

-N
o

v

2
6

-N
o

v

0
3

-D
e
c

1
0

-D
e
c

1
7

-D
e
c

2
4

-D
e
c

S
im

u
la

t
e
d

  
m

a
iz

e
  

b
io

m
a

s
s
  

(
k

g
  

h
a

-1
)

0

5000

10000

15000

20000

02-Jul 09-Jul 16-Jul 23-Jul 30-Jul 06-Aug 13-Aug 20-Aug 27-Aug 

03-Sep 10-Sep 17-Sep 24-Sep 01-Oct 08-Oct 15-Oct 22-Oct 29-Oct 

05-Nov 12-Nov 19-Nov 26-Nov 03-Dec 10-Dec 17-Dec 24-Dec 



 

358 

 

DISCUSSION 

Sowing date 5-February during spring season and 25-July during autumn season 

produced highest grain yield. Optimum growing conditions were obtained in 5-

February during spring season and 25-July during autumn season as compared to 

other sowing dates during 2016 and 2017. Highest LAI and biomass was produced by 

maize crop sowing at 5-February during spring season and 25-July during autumn 

season. Sowing date affected the growth and yield of maize significantly during both 

years. Sowing of maize too early and too delay caused in reduction of leaf area index 

(LAI), leaf area, biomass production and grain yield during both spring and autumn 

growing seasons. Because, total biomass and grain yield is depended on light 

interception and radiation use efficiency. Changes in maize productivity can be 

evaluated on the basis of the crop carbon economy for the period of the grain filling 

time (Dobor et al., 2016; Zhou et al., 2017; Abdala et al., 2018). Source-sink 

relationship affected grain yield during silking to effective grain filling phase. 

Temperature stress negatively affected source-sink relationship during both spring 

and autumn seasons. Grain yield was reduced in early sowing date due to limitation of 

source capacity and reduction of grain yield was done in late sowing dates due to 

limitation of sink capacity during spring season. While, during autumn season, grain 

production was lessened in early sowing date due to limitation of sink capacity and 

reduction of grain yield was done in delay sowing dates due to limitation of source 

capacity. Source capacity (i.e., number of endosperm cells and amyloplasts) is mostly 

measured by photo assimilates making through net photosynthesis rate for the period 

of the kernel filling. Sink capacity is determined by number of growing grains and 

size of grain to collect these photo-assimilates. Sink limitation is mostly considered as 

a grain yield reducing factor in maize crop (Bonelli et al., 2016; Lu et al., 2017; 

Huang et al., 2018). As a result, mostly recommended crop husbandry practices and 

main breeding work in maize have been focused to maximize the number of 

grains/cob. Best source and sink relationship was achieved at sowing date 5-February 

during spring season and 25 July during autumn season during both years. Number of 

grains and grain weight is harshly influenced by thermal stress. High temperature 

stress decreases grain production as a result of its harmful influence on plant 

physiological processes. Grain yield is restricted by the source capacity or by the sink 

strength of photo-assimilates during anthesis to physiological maturity phase.  
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Sink capacity was negatively influenced by the interruption of the synchrony between 

anthesis and silking, decreased ovule fertilization and enhanced grain abortion. In 

turn, this effect disturbs pollination and number of grain setting and can consequence 

in rigorous grain yield losses (Srivastava et al., 2017). The higher limit of appropriate 

air temperature for maize crop anthesis has observed to be ranging from 29 to 37.3 

°C. Failure of pollen viability is happened as a result of heat stress effect due to 

climate warming (Bonelli et al., 2016) 

Early or late maize (Zea mays L.) planting time can lessen grain yield by reduction in 

the numbers, size and growth rate of growing kernels (sink capacity) and/or reduction 

in the photo-assimilates supply (source strength) to grains for the duration of the grain 

filling time. Balance between source capacity and sink capacity can be alters when 

maize is sown either early or delay. Number of grains m
-2

 and grain weight were 

decreased in late sowing of maize during spring season. Number of grains m
-2

 and 

grain weight were decreased in early sowing of maize during autumn season. Crop 

growth during the filling period was limited by the sink strength in early sowing date 

during spring season and by the photosynthetic source capacity in the late sowing 

dates during autumn season (Mason et al., 2017; Parker et al., 2017). Highest grain 

yield due to increased availability of photo-assimilates supply (source) during grains 

setting and grains filling enhanced by an increased capacity of the kernels (sink) for 

accommodation of photo-assimilates in appropriate sowing dates during spring and 

autumn growing season. Reduced incident solar radiation decreased final grain 

biomass by reduction in dry matter production per grain. Low temperature impairs 

grain filling by decreasing in dry matter partitioning to grains. Kernel numbers per 

plant are largely determined by conditions that occur around silking time and 

therefore have a large bearing on grain yield. Low temperatures encountered with 

early planting during spring season and late sowing during autumn season tend to 

reduce plant height mainly by decreasing inter node length and less so by reducing 

leaf numbers. Leaf area (LA) is also considerably affected during unfavorable 

conditions (Akinseye et al., 2016; Caubel et al., 2018). 

Early sowing date (15-Jaunary) during spring season and late sowing date (15-August 

and 05-September) during autumn season experienced low temperature, interception 

of solar radiation and ultimately low radiation use efficiency. Late sowing dates (25-

February, 15-March and 05-April) of maize during spring season and early sowing 

dates (15-June and 05-July) during autumn season faced high temperature stress. 
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Sowing date 5-February during spring season and 25-July during autumn season 

gained optimum temperature during both years 2016 and 2017. Heat stress during 

effective grain filling period was the major problem for enhancement of grain yield. 

Kernel abortion was more under high temperature stress during late sowing of maize 

during spring season and early sowing during autumn season (Lobell and Asseng 

2017; Srivastava et al., 2018). Grain yield is lessened under high temperature stress 

mostly through reduction of pollen viability that affect to number of grains setting, 

though a minor but significantly additive impact of the female (cob) constituent has 

also been indicated. When weather circumstances are not optimum, number of grains 

can be limited via asynchrony (pollens are not shed when silks are exposed or 

receptive), loss of silk receptivity (silk is no longer functional to support pollen tube 

growth) or developmental failure of the ovary. The high temperature stress influenced 

negatively to the extent and speed in kernel filling, characteristics of photosynthetic 

process (Ge et al., 2016; Long et al., 2017; Nyagumbo et al., 2017).  

High temperature stress has harmful influences on maize net photosynthesis rate via 

detrimental to the constancy of membrane structure of thylakoid and degradation to 

chlorophyll structure, that decreases light energy absorption, transfer and 

photosynthetic carbon assimilation. Additionally, photosynthetic activity can be 

seriously influenced as a result of restrained plant root growth and development under 

high temperature stress in which, maize plant decreases of absorption capacity of 

water, leaves water potential, turgor pressure, leaves relative water contents, and 

opening and closing capacity of stomata. Restricted photosynthesis reduces the dry 

matter partitioning of photo-assimilates to the grains, which resulted of declining of 

grain biomass and thus as a result, grain yield is reduced. Most vulnerable 

phenological stage is pollination stage under heat stress. Maize pollen viability 

reduces with under temperatures more than 35 °C. The impact of heat stress is 

increased in higher vapor pressure scarcity reason is that, pollen viability before silk 

reception is a function of moisture contents in pollens which is significantly reliant on 

vapor pressure shortfall (Gabaldon-Leal et al., 2016; Zhang and Zhang 2016). For the 

duration of the endosperm division phase after pollination, as high temperature 

enhanced to 35 °C from 30 °C the affective growth rate of grain is decreased along 

with ultimate grain size, even after the plants were returned to 30 °C. Experience of 

high temperatures more than 30 °C harmful for cell division and amyloplast 

duplication in maize grains which decreased the capacity of the kernel sink. 
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Pioneer-33M15 performed better as compared to other hybrids Monsanto-DK6525 

and Syngenta-NK8441 during spring season. Pioneer-30R50 performed better as 

compared to other hybrids Monsanto-DK6714 and Syngenta-NK6621 during autumn 

season. Grain yield was varied due to difference of genetically response of hybrids to 

environmental conditions. May be Pioneer-33M15 during spring season and Pioneer-

30R50 during autumn season were more tolerant against high temperature stress. Heat 

stress effect during grain filling period was main factor for reduction of grain yield in 

late sowing dates of all hybrids during spring season and early sowing dates during 

autumn season (Nazir et al., 2010; Costa et al., 2016; Totin 2017). Heat stress 

decreased net photosynthesis rate. The decreased net photosynthesis rate reduces the 

supply of photosynthates to grain filling, and the deficiency of photosynthates is one 

reason for the reduction of grain yield and biomass. Temperature stress influences 

maize growth during sowing to physiological maturity phase, comprising the entire 

enzymes reactions, metabolic functions and cell structural integrity, mostly membrane 

structure and characteristics. Fatty acid contents and structural variations in 

membrane were negatively affected due to negative impact of high temperature stress 

(Di Matteo et al., 2016; Keerthi et al., 2017). Heat stress caused activated oxygen 

species to cause lipid peroxidation in cell membrane and enhanced malon-di-aldehyde 

contents and also speeds up rubisco degradation in maize during grain filling period. 

High temperature stress diminishes chlorophyll a and b concentrations. Heat stress 

reduces photosynthetic carbon assimilations. High temperature stress declines activity 

of pyruvate-carboxylase-enol-phosphate and rubisco, which have negative impact on 

the carboxylation reactions or the Calvin cycle reactions. Rubisco activity reduces 

when high temperature is more than 32.5°C, and no activity happens when high 

temperature is 38°C. Heat stress damages the chloroplast structure, reduces absorb 

and transfer of light energy, disrupts electron transfer chain, decreases photosynthetic 

carbon assimilation. Reduced net photosynthesis rate and water status cause to 

inadequate of photosynthates during anthesis to physiological maturity phase, in 

which resulted to lesser kernel weight and ultimately grain yield. Heat stress 

decreases the grain filling period, potential grain weight via preventing endosperm 

mitosis and amyloplast biogenesis, and photo assimilates availability that resulted of 

reduction of final grain biomass (Abdalla et al., 2010; Videnovic et al., 2011; 

Williams et al., 2012).  



 

362 

 

Highest yield and components of yield were obtained at nitrogen level 320 kg ha
-1

 

during both spring and autumn season. Reasons are that increase in number of grains 

ear
-1

 from higher nitrogen levels might be due to the lower competition for nutrients 

that allowing the plants to accumulate more biomass with higher capacity to convert 

more photosynthates into sinks resulting in more grains cob
-1

 (Worku et al., 2007; 

Chen et al., 2015). Shortage of nitrogen can decrease C assimilation, while C 

starvation reduces N utilization in plants. Nitrogen deficiency decreases assimilate 

production by reducing leaf area duration and the rate of photosynthesis. Nitrogen 

deficiency decreases number of grains cob
-1 

through a reduction in crop growth rate 

around flowering (Than et al., 2016). Increasing the amount of N fertilizer applied to 

maize can increase post-silking nitrogen uptake, delay leaf senescence, and maintain 

photosynthetic activity, thereby increasing grain yield. Chlorophyll content was 

decreased with limited nitrogen. Chlorophyll loss is a negative consequence of 

nitrogen stress. Nitrogen deficiency has a large influence on canopy variables, such as 

green leaf number during the grain filling period, LAI and SLN, which will cause 

reduction in radiation use efficiency and light interception and eventually lower 

number of grains and grain weight. Higher level of nitrogen produced optimum LAI 

that might have ensured more light penetration in to the crop canopy which in turn 

cause high rate of photosynthesis. Besides, more light penetration into the crop 

canopy might have suppressed the respiratory losses as enzymes responsible for 

respiration are less active. Shortage of nitrogen causes a reduction in specific leaf area 

development, changes in leaf tissue composition, leaf cell structure and plant water 

content and. Nitrogen deficiencies on crops can be explained through radiation 

interception and radiation use efficiency that relate directly to carbon assimilation and 

plant growth (Dhital and Raun 2016). Reduced nitrogen availability promoted greater 

post flowering leaf senescence than at high N. Reduced N availability resulted in 

greater reductions in biomass production, plant growth rate and cob growth rate 

around silking stage. Most of kernel losses were due to failures in fertilization and/or 

increases in kernel abortion under less nitrogen levels. Improvement in source 

strength at higher nitrogen level has been achieved with higher post-silking dry matter 

accumulation, whereas improvement in sink strength has been mostly attributed to 

increasing number of grains per unit area. Optimum nitrogen level enhanced source 

and sink ratio in maize. Higher nitrogen level enhanced the source and sink strength, 

as well as improving the efficiency of nutrient partitioning from source to sink. 
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Source strength can be quantified using post-silking dry matter accumulation. Post-

silking dry matter is negatively affected by reduction of both pre- and post-silking 

canopy attributes such as leaf area index (LAI), radiation use efficiency, and specific 

leaf nitrogen (SLN) due to deficiency of nitrogen (Pan et al., 2017). Reason is that 

nitrogen is associated with the source component primarily via the impact of ribulose 

biphosphate carboxylase/oxygenase in leaf tissue during the photosynthesis process. 

Also of relevance is the essential role of nitrogen to the “functional stay green” 

capability of leaves as they age. Functional stay green is not only linked to delayed 

leaf senescence, but is also related to retention of the plant’s photosynthetic rate 

(“functional longevity”), specifically during the post-silking period. Reducing N 

uptake, especially during grain filling may enhance N remobilization from leaves and 

stems, eventually leading to leaf senescence and decreasing grain yield (Hammad et 

al., 2018; Sharma et al., 2018). 

Pioneer-33M15 performed better as compared to other hybrids Monsanto-DK6525 

and Syngenta-NK8441 during spring season. Pioneer-30R50 performed better as 

compared to other hybrids Monsanto-DK6714 and Syngenta-NK6621 during autumn 

season. May be Pioneer-33M15 during spring season and Pioneer-30R50 during 

autumn season were genetically more efficient as compared to other hybrids. Reason 

is that, the genetically effects of maize hybrids on the kernel number per plant have 

been described only by changes in plant growth rate and cob growth rate during the 

critical period for kernel set (Imran et al., 2015; Reddy et al., 2018). Genetically 

difference affects number of grains per plant also through variations in biomass 

allocation to the ear, which determines a stable N concentration in grains. Three 

possible causes could account for the genotypic contrast in the response of number of 

grains per plant to plant and ear growth rate around silking stage under different N 

levels: (i) direct effect of N on biomass partitioning to the ear, evidenced as affected 

ear growth per unit plant growth, (ii) direct effects of N on the partitioning of nitrogen 

nutrient to the ear, which may influence carbon assimilatory capacity or biomass 

accumulation of grains, or (iii) an interaction of both effects. N availability affected 

primarily the pattern of biomass allocation between vegetative and reproductive 

organs of maize hybrids during both spring and autumn season, because N 

concentration was far more stable in the ear than in the rest of the plant (Zhang et al., 

2017).  
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Genotypic differences in biomass partitioning to the ear had been previously 

documented for maize crops, but never associated with an abiotic stress promoted by 

N availability. Effect on biomass allocation to reproductive sinks had been attributed 

to differences among hybrids. Nitrogen concentration in grain was highly genetically 

controlled instead nitrogen supplies and environment conditions. Grain weight was 

highly correlated with ear growth rate during grain filling phase. Pioneer-33M15 

during spring season and Pioneer-30R50 during autumn season had much higher grain 

weight gain per unit of ear growth rate. These hybrids also had a longer active grain 

filling period, and correlation of post-silking dry matter accumulation to the duration 

of active grain filling period was strong. Enhanced stress tolerance in newer hybrids 

to maintain grain yield (Amouzou et al., 2018). May be all hybrids during spring and 

autumn season were similar in their accumulation of N before silking but after silking, 

N accumulation in Pioneer-33M15 during spring season and Pioneer-30R50 during 

autumn season was significantly lower than all other hybrids and this resulted in the 

higher N translocation efficiency of Pioneer-33M15 during spring season and 

Pioneer-30R50 during autumn season compared with other hybrids. This difference in 

behavior between these hybrids stresses the importance of a physiological difference 

in evaluating N uptake in relation to grain yield. May be Pioneer-33M15 during 

spring season and Pioneer-30R50 during autumn season have higher N-uptake 

efficiency and achieve higher grain yield than other hybrids. High post-silking 

biomass accumulation and N uptake in hybrids Pioneer-33M15 during spring season 

and Pioneer-30R50 during autumn season were attributable to high canopy LAI and 

SPAD values. Higher biomass accumulation and N uptake during the grain-filling 

period in high-yield maize hybrids were related to prolonged green leaf area and 

chlorophyll content maintenance of higher leaf photosynthetic rates (Dawadi and Sah 

2012; Dhital and Raun 2016). 
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CHAPTER - V 

SUMMARY 

Field research trials were carried out during both spring and autumn season for maize 

crop during 2016 and 2017 at Agriculture Research Farm of Bahauddin Zakariya 

University, Multan (Latitude: 30° 15´ N, Longitude: 71° 52´ E, Altitude: 122 m, 

Climatic zone: irrigated arid), Punjab, Pakistan. Effect of various sowing dates and 

nitrogen levels on phenology, yield and yield components of spring and autumn maize 

hybrids was studied by field experiments. DSSAT-CSM-CERES-Maize model 

(version 4.7) was applied for determine the impact of climate change on spring and 

autumn maize grain yield after calibration and evaluation from field trials results. 

ʻʻMianiʼʼ is the dominated soil series in research area. Two field experiments were 

conducted in spring season and two field trials were carried out during autumn season 

during 2016 and 2017.  The objectives of the study were i) to determine the impact of 

hybrids and sowing dates on phenology, growth, grain yield and radiation use 

efficiency of maize during spring and autumn season season. ii) to determine the 

effect of hybrids and nitrogen levels on phenology, growth, yield and radiation use 

efficiency of maize during spring and autumn season. iii) to evaluate the performance 

of CSM-CERES-Maize model for simulation of phenology, growth and yield of 

spring and autumn maize hybrids during spring and autumn seasons iv) to evaluate 

the application of CSM-CERES-Maize model for assessing the impact of climate 

change on maize production during spring and autumn seasons. Results obtained from 

data are summarized as following: 

Experiment-I: Mean values over the hybrids for days to  physiological maturity were 

observed 111.10, 108.31 and 106.80 days by Pioneer-33M15, Monsanto-DK6525 and 

Syngenta-NK8441, respectively during both years. On an average over the sowing 

dates during 2016 and 2017, maximum days to physiological maturity were took 

123.33 days at 15-January and minimum were observed 94.52 days at 05-April 

sowing date. Mean values over the hybrids for total dry matter were observed 16357, 

15125 and 14031 kg ha
-1

 Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during both years. On average over the sowing dates during 2016 and 

2017, maximum total dry matter was 17869 kg ha
-1

 at 05-February and minimum was 
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observed 12426 kg ha
-1

 at 05-April. Maximum grain yield was gained during 2016 as 

compare to 2017. Mean values over the hybrids for grain yield were observed 6918.4, 

6236.30 and 5617.80 kg ha
-1

 Pioneer-33M15, Monsanto-DK6525 and Syngenta-

NK8441, respectively during both years. Grain yield was more affected at late sowing 

dates as compare to early sowing dates. On an average over the sowing dates during 

2016 and 2017, maximum grain yield was 8153.25 kg ha
-1

 at 05-February and 

minimum was observed 4465.75 kg ha
-1

 at 05-April. 

Experiment-II: Mean values over the hybrids for days to 50% physiological maturity 

were observed 116.29, 114.43 and 113.40 days Pioneer-33M15, Monsanto-DK6525 

and Syngenta-NK8441, respectively during both years. On average over the nitrogen 

levels during 2016 and 2017, maximum days to 50% physiological maturity was 

116.68 days at N4 treatment and minimum was observed 112.15 days at N0 treatment. 

Mean values over the hybrids for total dry matter were observed 14589, 14121 and 

13514 kg ha
-1

 Pioneer-33M15, Monsanto-DK6525 and Syngenta-NK8441, 

respectively during both years. On average over the nitrogen levels during 2016 and 

2017, maximum total dry matter was 19001 kg ha
-1

 at N4 treatment and minimum was 

observed 4153 kg ha
-1

 at N0 treatment. Statistically maximum grain yield was attained 

6461.58 kg ha
-1

 by hybrid Pioneer-33M15 and followed 6109.60 kg ha
-1

 by 

Monsanto-DK6525 and 5696.47 kg ha
-1

 by Syngenta-NK8441 during 2016. 

Maximum grain yield was gained during 2016 as compare to 2017. 6122.01, 5826.09 

and 5293.62 kg ha
-1

 grain yield was recorded for hybrid Pioneer-33M15, Monsanto-

DK6525 and Syngenta-NK8441, respectively during 2017. On an average over the 

nitrogen levels during 2016 and 2017, maximum grain yield was 8899.82 kg ha
-1

 at 

N4 treatment and minimum was observed 1271.40 kg ha
-1

 at N0 treatment. Interactive 

effect between spring maize hybrids and nitrogen levels was statistically non 

significant during both years.  

Experiment-III: Days to physiological maturity of 103.00, 100.43 and 97.49 was 

recorded as a mean value over the hybrids during 2016 and 2017 for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively. On mean value over the 

years 2016 and 2017 for sowing date, 114.16 days was highest days to 50% 

physiological maturity at 05-September and 89.85 days was lowest days to 50% 

physiological maturity at 15-June during autumn season. 15630, 14802 and 13882 kg 

ha
-1

 total dry matter was recorded as a mean value over the hybrids during 2016 and 
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2017 for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. On 

mean value over the years 2016 and 2017 for sowing date, 16955 kg ha
-1

 was highest 

total dry matter at 25-July and 11571 kg ha
-1

 was lowest total dry matter at 15-June 

during autumn season. Grain yield was obtained maximum for the growing season of 

2016 instead 2017. 6426.86, 5920.93 and 5538.84 kg ha
-1

 grain yield was recorded as 

a mean value over the hybrids during 2016 and 2017 for Pioneer-30R50, Monsanto-

DK6714 and Syngenta-NK6621, respectively. On mean value over the years 2016 and 

2017 for sowing date, 7365.53 kg ha
-1

 was highest grain yield at 25-July and 4081.10 

kg ha
-1

 was lowest grain yield at 15-June during autumn season.  

Experiment-IV: 98.61, 94.30 and 90.61 days to 50% physiological maturity was 

recorded as a mean value over the hybrids during 2016 and 2017 for Pioneer-30R50, 

Monsanto-DK6714 and Syngenta-NK6621, respectively. On mean value over the 

years 2016 and 2017 for nitrogen levels, 96.50 days was highest days to 50% 

physiological maturity at N4 (320 Kg ha
-1

) and 92.34 days was lowest days at without 

nitrogen application during autumn season. 13592, 13100 and 12475 kg ha
-1

 total dry 

matter was recorded as a mean value over the hybrids during 2016 and 2017 for 

Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. On mean 

value over the years 2016 and 2017 for nitrogen levels, 17730 kg ha
-1

 was highest 

total dry matter at N4 (320 Kg ha
-1

) and 3709 kg ha
-1

 was lowest total dry matter at 

without nitrogen application during autumn season. 5525.96, 5177.20 and 4820.65 kg 

ha
-1

 grain yield was recorded as a mean value over the hybrids during 2016 and 2017 

for Pioneer-30R50, Monsanto-DK6714 and Syngenta-NK6621, respectively. On 

mean value over the years 2016 and 2017 for nitrogen levels, 7943.47 kg ha
-1

 was 

highest grain yield at N4 (320 Kg ha
-1

) and 1035.06 kg ha
-1

 was lowest grain yield at 

without nitrogen application during autumn season. 

Model Calibration and Evaluation during Spring Season  

CSM-CERES-Maize model for spring maize hybrids was calibrated with best perform 

sowing date treatment 5-February during 2016. 2.92, 3.94 and 5.79% was error value 

between observed and simulated total biomass for Pioneer-33M15, Monsanto-

DK6525 and Syngenta-NK8441, respectively. Highest simulated and observed grain 

yield was acquired 9383 and 9018 kg ha
-1

, respectively, while error value was 4.05% 

for Pioneer-33M15. Lowest predicted and observed grain yield was acquired 8452 
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and 7742 kg ha
-1

, respectively, while error value was 9.18% for Syngenta-NK8441. 

After calibration, CSM-CERES-Maize model was evaluated with observed data for 

sowing dates treatments of spring maize during 2016 and 2017. Model performed 

well for during 2016 as compared to 2017 for all hybrids. RMSE and MPD value was 

gained 502.98 kg ha
-1

 and 7.46%, respectively for Pioneer-33M15 during 2016. 

Average error value for all hybrids was acquired 7.93, 6.26, 9.35, 10.19 and 13.36% 

for 15-January, 5-February, 25-February, 15-March and 5-April, respectively during 

2016. Error value between model predicted and field observed was obtained 8.37, 

5.07, 9.16, 10.19 and 11.43% for 15-January, 5-February, 25-February, 15-March and 

5-April, respectively by Pioneer-33M15 during 2017. RMSE and MPD values were 

obtained less during 2016 as compared to 2017. Overall, 676.71 kg ha
-1

 and 11.72% 

was RMSE and MPD, respectively value was gained for all hybrids and sowing dates 

for the period of 2017.  

Model Calibration and Evaluation during Autumn Season  

CSM-CERES-Maize model for autumn maize hybrids was calibrated with best 

perform sowing date treatment 25-July during 2016. 2.61, 3.27 and 5.85% was error 

value between observed and simulated total biomass for Pioneer-30R50, Monsanto-

DK6714 and Syngenta-NK6621, respectively. Highest simulated and observed grain 

yield was acquired 8450 and 8182 kg ha
-1

, respectively, while error value was 3.27% 

for Pioneer-30R50. Lowest predicted and observed grain yield was acquired 7557 and 

7016 kg ha
-1

, respectively, while error value was 7.72% for Syngenta-NK6621. CSM-

CERES-Maize model was evaluated with field observed data for sowing dates 

treatments of autumn maize during 2016 and 2017. Performance of model was well 

during 2016 as compared to 2017. Error value between simulated and observed grain 

yield for Pioneer-30R50 was attained 7.43, 6.33, 3.27, 4.87 and 5.95% for 15-June, 5-

July, 25-July, 15-August and 5-September, respectively during 2016. Average RMSE 

and MPD value was 446.91 kg ha
-1

 and 7.47%, respectively for all hybrids and 

sowing dates during 2016. Overall, 495.08 kg ha
-1

 and 8.90% was RMSE and MPD, 

respectively value was gained for all hybrids and sowing dates for the period of 2017. 

Average error value during 2017 was obtained 11.27, 9.81, 6.17, 7.84 and 9.43% for 

15-June, 5-July, 25-July, 15-August and 5-September, respectively.  
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Model Sensitivity Analysis: After calibration and evaluation, CSM-CERES-Maize 

model was run by using baseline weather data from 1980 to 2017 during both spring 

and autumn growing seasons. Model was sensitive at each level of carbon dioxide. 

Model was less sensitive at CO2 change as compared to rainfall, temperature and 

nitrogen rates change during spring and autumn season. Grain yield during both 

spring and autumn season was decreased with increasing level of maximum and 

minimum temperature change as compared to ambient temperature. Grain yield was 

reduced more at average temperature change as compared to change in maximum and 

minimum temperature change during both seasons. Spring and autumn grain yield 

was decreased with decreasing level of rainfall as compared to ambient rainfall. 

Spring and autumn grain yield was enhanced with increasing level of nitrogen. 

Climate Change Impact Assessment: Five GCMs (CCSM4, GFDL-ESM2M, 

HadGEM2-ES, MIROC5 and MPI-ESM-MR) at RCP 8.5 were used for assessment of 

climate change impact during both spring and autumn growing seasons to the mid of 

century (2039 to 2069). It was projected that average temperature 2.5 to 4 °C can be 

increase during spring season and 3 to 4.5 °C during autumn season for future 

scenario. Grain yield will be more reduction during autumn season as compared to 

spring season for future scenario. Grain yield will be reducing in future at all GCMs 

as compared to baseline during spring and autumn seasons. Without adaptation 

strategies, grain yield reduction will be 16.83% to 29.37% during spring season and 

18.63% to 32.85% during autumn season according to different GCMs with current 

crop management practices. When all adaptation options were used in CSM-CERES-

Maize model then results showed that grain yield was increased at each GCM with 

adaptation strategies as compared to without adaptation strategies in all GCMs during 

spring and autumn seasons. Adaptation strategies were used to minimize the negative 

impact of climate warming in future scenario. 15 days earlier sowing of spring maize 

than current sowing window (1
st
 February to 15

th
 March) during spring season and 20 

days delaying of sowing of autumn maize than current sowing window (1
st
 July to 

10
th

 August) during autumn season will compensate the negative effect of climate 

change in future. Growing of slow maturing, higher growing degree days requiring 

and higher genetic potentional hybrids and 15% increase rate of nitrogen fertilizer 

than current recommended rate (250 kg ha
-1

) during both spring and autumn growing 

season will also compensate the negative impact of heat stress in future scenario. 
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CONCLUSION:  

Based on the results, the following conclusions can be made 

 Sowing date 5-February during spring season and 25-July during autumn 

season is optimum under current environmental arid conditions for obtaining 

highest grain yield. 

 Hybrids that having heat resistant and higher growing degree days requirement 

like Pioneer-33M15 during spring season and Pioneer-30R50 during autumn 

season should be prefer under current warming conditions. 

 Optimum nitrogen fertilizer rate is 320 kg ha
-1

 for hybrids under very low 

fertile soils in Punjab, Pakistan.  

 Testing of CSM-CERES-Maize model and application in this study confirmed 

that this model could be acceptable for use as a research tool in Punjab, 

Pakistan. 

 Without adaptation strategies, grain yield will be reducing significantly 

16.83% to 29.37% during spring season and 18.63% to 32.85% during autumn 

season according to different GCMs during future scenario. 

 With adaptation management options like 15 days early sowing date for spring 

maize and 20 days delay sowing date for autumn maize as compared to current 

sowing window, can minimize the negative effect of climate warming in 

future scenario. Growing slow maturing, higher growing degree days requiring 

and higher genetic potentional hybrids, 15% increase rate of nitrogen fertilizer 

than current recommended rate can compensate the harmful influence of 

climate warming in future scenario.  

FUTURE RESEARCH 

 Future studies on modeling growth and yield of maize crop under different 

semi-arid and humid conditions of Pakistan should be initiated. 

 Future studies of possible impacts of climate change in other maize growing 

regions in Pakistan and adaptation strategies should contain a larger number of 

weather stations to better return the heterogeneity in maize growing regions. 
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