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ABSTRACT 

Water and nitrogen (N) are the most important limiting inputs of maize (Zea mays L.) 

production in semi-arid environment. Irrigation regimes, N application timing and rate 

significantly influence maize growth and yield. To study effects of the nutrients in semiarid 

environment, two experiments were conducted. The crop was sown on August 1, 2009 and August 

2, 2010 at the Agronomic Farm of the University of Agriculture Faisalabad, Pakistan. The 

Cropping System Model (CSM) CERES-Maize was used to predict crop growth and yield under 

semi-arid environment. In Experiment-I, effects of times of N application were studied with five 

N levels (100, 150, 200, 250 and 300 kg ha-1). In Experiment-II, effects of three irrigation regimes 

(normal, water deficit at vegetative and water deficit at reproductive stage) were studied with the 

five N levels. The times and rates of N significantly affected grain yield and the yield components. 

Effect of N was linear, quadratic and cubic. Results revealed that application of N at the rate of 

250 kg ha-1 in three splits (at 2 leaves, 16 leaves and silking stages) produced the highest grain 

yield (8.38 t ha-1). At these levels maximum values of leaf area index (LAI), photosynthesis and 

all others yield components were achieved. In contrary, crop growth rate and biological yield 

increased up to 300 kg N ha-1. However, the biological yield at 300 kg N ha-1 was statistically 

similar with 250 kg N ha-1. The crop was more sensitive to water deficit at reproductive stage than 

at vegetative stage. Water deficit at vegetative stage reduced grain yield 14% while of grain yield 

was decreased 22% when crop faced water deficit at reproductive stage. The CSM-CERES-Maize 

application predicted crop growth and yield well. So, the model can be used as a research tool in 

semi-arid zone of Pakistan. The model predicted phenology of crop well with less MPD and RMSE. 

The model predicted grain yield very closely to that observed; RMSE ranged from 656 to 1586 kg 

ha-1 among all treatments. In nutrient stress treatments, time course simulations of the model for 

LAI were satisfactory in both experiments. Prediction of the model was excellent in treatments 

which had adequate nutrients supply. The value of d-statistics ranged from 0.56 to 0.99 for LAI. 

The model predicted TDM very close to the observed values having low RMSE with 0.97 to 0.99 

d-statistics. The application of 250 kg N ha-1 in three splits i.e., 1/3rd N at V2, 1/3rd N at V16, and 

1/3rd N at R1 stages with supplemental irrigation of 530 mm ha-1 is the best management practice for 

semi-arid environment.  
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CHAPTER-1 

INTRODUCTION 

Maize (Zea mays L.) is one of the most important cereal crops of the world, which 

is feeding humanity since ages and expanded use of maize in industry gives this crop a 

prominent place in agricultural economy (Li et al., 2010). In Pakistan, maize occupies 

third position after wheat and rice and 98% maize is grown in N.W.F.P. and Punjab 

province. Pakistan grows maize on about 0.95 million hectares with annual production of 

3.30 million ton of grain and average yield of 3.55 ton ha-1 (GOP, 2010-11) which is very 

low compared to advanced countries. Maize is a multipurpose crop, provides food for 

human beings and feed for animals and poultry. It has high nutritional value as its seed 

contains 72% starch, 10% proteins, 8.5% fiber, 4.8% oil, 3% sugar and 1.7% ash 

(Chaudhary, 1993). Due to higher yield potential and short growing period maize has 

higher value of food, forage and feed for livestock and poultry. Moreover, it is a cheaper 

source of raw material for agro-based industry. Similarly food industry uses hard red flint 

maize as raw material to manufacture “corn flakes” (Martinello and Giner, 2010) and by-

products like glucose, starch and corn oil and bio-fuel etc. are prepared from it. In recent 

years, increased quantities of maize have been used in the manufacture of soaps, 

varnishes, paints and similar other products. Thus maize production has to increase 

substantially to meet the quickly increasing demand for human food, livestock feed, and 

bio-fuel at a world level (Cassman and Liska, 2007). 

Maize requires 600-700 mm water for optimum growth and yield depending upon 

climatic conditions (Reddy, 2006; Ko et al., 2009) but available water resources for 

agriculture have been decreasing in recent years with increased demand of irrigation, 

climate change,  population growth and competition from other non-agricultural water 

uses (Bacon, 2004; Farahani et al., 2007) and in most countries water competition is 

increasing due to limited water supplies with extensive irrigated agriculture (Rosegrant et 

al., 2001). Water shortage at any growth stage of maize reduced the growth and 

productivity of the crop (Paudyal et al., 2001) therefore; plant water is a key factor 

impacting on crop growth and yield (Li et al., 2010). Although in maize, water deficit at 
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reproductive stages was more sensitive than water deficit at vegetative stages (Sah and 

Zamora, 2005). Likewise Salah et al. (2010) concluded water deficit is crucial during the 

reproductive stages (tasselling, silking, or grain filling) in maize crop. Moreover it has 

been reported that maize is comparatively insensitive to water stress given at early 

vegetative growth stages because water requirement is low at this period, and the plants 

are able to adapt to water stress (Cakir, 2004). Similarly Igbadun et al. (2007) have found 

that maize crop was relatively tolerant to water shortage imposed during the vegetative 

stages and ripening periods. As Malawi Government, (2005) reported moisture stress for 

a week during the early vegetative stage of maize can reduce yield by 25% and water 

stress during tasseling can reduce the yield up to 50%. 

Water stress virtually affects crop productivity as much as all other environmental  

factors combined. Similarly drought stress in plants is a result of a combination of many 

factors, such as potential evapotranspiration, soil moisture in the rooting zone and canopy 

size. The drought can also cause an increase or decrease in developmental rates, 

depending on crop growth stages. Hence knowledge of maize crop performance at 

various stages of water deficit is becoming important to manage water more efficiently. 

Optimum irrigation and water management are solutions to drought but water is 

becoming less available as global water demand increased. To fill this knowledge space 

about maize productivity, we used a crop simulation model (Yang et al., 2004). 

Numerous studies have been conducted on maize water requirement and effects of water 

stress in temperate and semi-arid zones of USA (Harder et al., 1982; Eck, 1985). Variable 

water supply either due to water shortage or failure of the irrigation system to supply 

water at critical crop growth stages in many irrigated areas of the world, particularly in 

the Pakistan, is becoming a problem in realizing optimal yield. This calls for evaluation 

of the effects of deficit irrigation under different nitrogen supply on maize productivity. 

There is a close relationship between soil moisture and nutrient availability. It is 

generally believed that the greatest benefit from fertilizer application can be derived 

under irrigated conditions, where water supply does not limit nutrient uptake (Hussaini et 

al., 2008). Maize growth and grain yield differ broadly in response to nitrogen 
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availability. Variations in maize yield were elucidated mainly by variations in kernel 

number, and this yield component was strongly related to crop growth rate during the 

critical period for kernel set around silking (Andrade et al., 2002). Similarly, lower yield 

was found in maize when the crop was subjected to drought with high dose of nitrogen 

(Grant et al., 2002; Moser et al., 2006), but time of nitrogen application improved 

nitrogen uptake and protected the environment (Karlen et al., 1998; Power et al., 1998). 

In Pakistan little information is available on seasonal crop water requirement and quantity 

of irrigation water. Thus, more information is needed on the effect of deficit irrigation 

with differential nitrogen rates on yield and water use efficiency of maize under stress in 

a semi-arid environment. Nitrogen is one of the most important nutrients that needs 

careful management in modern crop production. The principal effects of nitrogen 

deficiency are evident in the reduction of light interception, leaf area index, biomass 

production, and grain yield of maize (Uhart and Andrade, 1995a; Khaliq et al., 2008).  

Nitrogen and water are the two most important factors for obtaining higher 

productivity and nitrogen availability and uptake may also be modified by water supply. 

The maize crop responds positively to increasing amount of water and nitrogen 

application until optimum level of productivity has been reached (Liu and Zhang, 2007). 

Thus, response of nitrogen fertilizer to total aboveground biomass depends on the amount 

of nitrogen fertilizer application (Peng et al., 2010) and availability of water in the soil, 

and that the amount of nitrogen fertilizer applied is known to decrease under drought 

stress conditions (Mahdi et al., 2009). However, for many farming systems there are 

concerns with respect to the availability of resources including water as well as excessive 

applications of nitrogen that causes nitrate leaching and thus contamination of soil 

environment. Variation in nitrogen supply affects crop growth and development, potential 

kernel set and grain yield (McCullough et al., 1994). Similarly leaf area index, leaf area 

duration, crop photosynthetic rate, radiation interception and radiation use efficiency are 

increased by increasing nitrogen supply (Novoa and Loomis, 1981). Hence crop 

management strategies that improve nitrogen use efficiency obviously increase farm 

profits and reduce the detrimental effects on the environment associated with fertilizer 
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nitrogen loss (Osborn et al., 2002). Thus, optimizing the amount of nitrogen based on the 

quantity of available water is needed to improve maize crop production. 

Nitrogen is an integrated part of chlorophyll which absorbs of light needed for 

photosynthesis in plants. Growth of maize plant depends on the amount of intercepted 

photosynthetic active radiation (IPAR) and the efficiency to convert IPAR in 

aboveground biomass, commonly referred to as radiation use efficiency. Moreover IPAR 

is related to canopy architecture, canopy size, and incident photosynthetic active radiation 

(Boote and Loomis, 1991; Maddonni et al., 2001), and the latter is species specific 

(Kiniry et al., 1989). Similarly early work done by Monteith (1977) indicated the effect 

of diurnal changes of solar radiation on photosynthesis and transpiration.  

Radiation provides energy for the processes that drive photosynthesis in plants, 

affecting carbohydrate and biomass growth of the individual plant components. 

Photosynthesis is normally represented through a asymptotic response function with a 

linear response at low light levels (Boote and Loomis, 1991). Leaves cannot utilize all of 

the photosynthetically active radiation absorbed during exposure to full sunlight for 

photosynthesis, resulting in what is often described as excess excitation energy. The 

combination of water stress and nitrogen deficiency is known to severely inhibit 

photosynthesis and decrease crop productivity.  

The crop models in the Decision Support System for Agrotechnology Transfer 

(DSSAT) have been used all over the world as a research implement for improving 

forecasts of relationships among soil and plant nutrients and crop yield (Dzotsi et al., 

2010) and the DSSAT is a comprehensive model (Tsuji et al., 1994; Hoogenboom et al., 

2011). The cropping system model-CERES-Maize, which is part of the DSSAT (Jones 

and Kiniry, 1986; Jones et al., 2003) provides significant opportunities in the scientific 

community for better collaboration in research and in the application of knowledge to 

solve problems at field and higher levels. Hence crop simulation models play a vital role 

at farm level to understanding problems of field (Hoogenboom, 1989: Bannayan et al., 

2003). Similarly Sinclair and Seligman (1996) said crop simulation models are important 

tools for agronomic management strategy evaluation. 
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Some of the earliest crop simulation models simulated only photosynthesis and a 

simple carbon balance over time. Other processes, such as crop development and the 

plant water requirement were calculated later (Curry and Chen, 1971; Splinter, 1974) 

while latest versions of models are a tool that can manage crop irrigation (Dejonge et al., 

2007) difficulty of water system and scheduling process (Hattermann and Kundzewicz, 

2010) and it covers all deficiencies of previous models (Hoogenboom et al., 2011). 

Therefore one of the main goals of crop simulation models is to estimate agricultural 

production, role of weather, soil environment and crop management. The models use 

daily maximum and minimum temperature, rain fall, solar radiation, crop phenological 

and soil data as input data and estimate day to day development, growth and yield of the 

crops (Boote et al., 1997; Hoogenboom, 2000); moreover a set of cultivar coefficients is 

also required to run the DSSAT models ( Anothai et al., 2009). In the model the observed 

yield was compared with the simulated yield predicted by the model (Sinclair and 

Seligman, 2000; Zalud and Dubrovsky, 2002). Studies on the use of crop growth 

modeling for evaluating the effect of water and nitrogen on maize are not so much 

popular in Pakistan. Literature reports a few studies that have extensively (experimental 

& modeling) inspected the effect crop inputs at various maize stages under different 

climatic regions. No such in-depth study has been reported for semi-arid region (most of 

the Punjab Irrigated Agriculture occupies semi-arid region). Keeping the above in view, 

the reported study was, therefore, conducted with the following objectives:  

• To study the effect of different water regimes and nitrogen levels on development, 

growth and yield of a maize hybrid (Pioneer 31-88). 

• To analyze crop growth and yield in term of photosynthesis rate and its efficiency. 

• To assess the application of CERES-Maize model for simulation of water and 

nitrogen requirements of maize crop under irrigated conditions of Punjab (Pakistan). 
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CHAPTER-2 

REVIEW OF LITERATURE 

2.1 Effect of irrigation water on maize growth and yield 

Irrigation water is one of the most important inputs, which are essential for crop 

production. Plants need a continuous supply of water during their life for transpiration 

photosynthesis, translocation and utilization of mineral nutrients. Both its shortage and 

excess affect the growth and development of a plant directly and consequently its yield 

and quality by influencing the availability of nutrients. Worldwide, water is the most 

limiting factor for maize growth and yield. Large demand of water and limited water 

availability frequently result in water stress in crops. Expansion of the irrigated areas and 

managing water use efficiency can enhance food supply in future (Yudelman, 1994). 

Knowledge of crop input constraints is essential for developing strategies of maize yield 

enhancement (Edmeades et al., 2000).  In many agricultural countries including Pakistan, 

there is acute risk of water shortage since the available water resources are becoming 

meager because of increasing demand for irrigation and other non-agricultural water uses 

(Bacon, 2004). 

Water stress in maize before silking stage may cause failure of ear development 

although water stress after pollination results in limitation of kernel number (Harder et 

al., 1982). Similarly decrease in kernel number resulted from water stress at silking and 

early grain filling stages (Frey, 1982). Eck (1984) reported that water stress at 41 days 

after sowing (DAS) reduced leaf area, stalk and grain yield, while those imposed 55 DAS 

reduced only stalk and grain yield. Similarly water deficit during vegetative growth 

reduced kernel numbers, but had little effect on kernel weight. Water deficit during grain 

filling did not affect leaf and stalk yields, but reduced ear yields although water use 

efficiency (WUE) was slightly increased when plants were subjected to water stress. The 

data indicated that limited irrigation of maize was not feasible on the southern high plains 

of Texas. Water stress during vegetative growth is also crucial to leaf area development, 

potential kernel number determination and subsequent grain yield. Number of kernels is 
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closely associated with yield of maize, and the number of kernels per ear is a yield 

component which varies markedly with stress (Fischer and Palmer, 1984).  

Time and frequency of deficit irrigation limited N supply to maize (Pandey et al. 

2000b). Moreover they also evaluated the interaction of deficit irrigation and N supply on 

ET and WUE under a semi-arid condition. They found that for two deficit irrigations 

during the vegetative stage, maize grain yield was numerically decreased and deficit 

irrigations during reproductive stage reduced maize grain yield up to 52%. Yield decline 

was linked with reduction in kernel numbers per plant and to a lesser extent, kernel 

weight per plant. Grain yield also responded to N rates but reduction to water shortage 

was much more severe at high N rates. Full irrigation (25 ha inch depth) at 160 kg N ha-1 

resulted in ET of 656 mm while maximum deficit irrigation reduced ET to 278 mm at 80 

kg N ha-1. Nitrogen supply modified water use at all irrigation levels. Similarly, Hammer 

et al. (2001) studied five cultivars of maize differing extensively in maturity and 

adaptation under non-restrictive environment of water and nutrient supplies. They 

reported that RUE was constant in each cultivar until close to physiological maturity. 

A field experiment was conducted by Ahmad et al. (2002) to study the effect of 

furrow irrigation, alternate furrow irrigation and flood irrigation with different N 

application methods in maize crop. They found that furrow irrigation with band 

placement of N significantly increased leaf area index per plant, number of grains per 

cob, 1000-grain weight and economic yield. They also reported that irrigation of maize 

by furrow and flood method enhanced grain yield by 91.91% and 83.02 %, respectively 

over alternate furrow irrigation technique while band placement of N increased yield by 

6.72 % compared to broadcast method. Similarly, Tariq et al. (2003) investigated the 

effect of different irrigation regimes on maize growth and yield, by using pan evaporation 

method. They resulted that in maize evapotranspiration (ETc) was 451 mm during its 

growing period and maximum yield (2933 kg ha-1) was obtained when the crop was 

irrigated according to 0.75 Epan. Abbas, (2005) studied the effect of four irrigation 

schedules, based on actual evapotranspiration (ET), and four rates of nitrogen on maize. 

his results showed the response of total dry matter (TDM). He reported ‒ 8 bar based on 
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crop ET was greater than control ‒ 4 bar irrigation schedule. He further reported that  

water requirements of the maize crop under irrigated conditions fluctuated from 181 mm 

to 220 mm after due account of rainfall. Average response varied at 2.37-3.01g mm-2 mm-

1 and 5.90 gm-2mm-1 grain yield and TDM, respectively. On the other hand, Sah and 

Zamora (2005) checked the effect of deficit irrigation at vegetative and reproductive 

stages, they found that water deficit at vegetative stage considerably reduced plant height, 

LAI, TDM and grain yield as compared to fully irrigated plant. Water deficit at 

reproductive stage reduced LAI, kernel number and size and economic yield per plant 

more compared to water deficit at vegetative stage.  

Water stress at early vegetative stage significantly reduced grain yield in maize 

crop (Moser et al., 2006). These scientists studied two water regimes (drought at early 

vegetative stage versus irrigation throughout the vegetation cycle), three levels of N 

fertilization (0, 80, and 160 kg N ha-1), two open-pollinated varieties  and two hybrids to 

determine the interactive effects of pre-anthesis water supply, N fertilizer rate, and 

variety on yield components of maize. They concluded that drought-stressed maize 

yielded 22% less than well-watered maize. Irrespective of variety, 80 kg N ha-1 was 

sufficient to achieve maximum grain yield under drought at early vegetative stage, 

whereas 160 kg N ha-1 resulted in the highest yield under well-watered conditions. 

Drought at early vegetative stage significantly reduced the number of kernel rows, the 

number of kernels per row, as well as the 1000-kernel weight. 

Brenda et al. (2007) reported that significant differences occurred in most yield 

components between irrigated and non-irrigated treatments in relay-intercropping (RI). 

The dynamics of the LAI in the RI or solely cropped wheat and maize showed a type of 

single-peak pattern, whereas RI showed a type of double-peak pattern in WUE, LAI and 

yield components. This practice saved the amount of water used for irrigation and also 

increased the yield. Therefore anthesis stage of maize was suggested to be the optimum 

limited single irrigation time for RI in maize under semi-arid area. Maximum kernel 

volume was achieved at high water content, this was also related to the relationship 

between biomass and water development late in grain filling. The results highlighted the 



9 

 

importance of the relationship between water loss and biomass deposition during late 

kernel development in the duration of maize grain filling. Similarly, Hua et al. (2009) 

conducted a study to investigate the dynamic change in plant and accumulation of 

different root zones under the partial root-zone irrigation. The maize crop was grown in 

split-root containers and irrigated on both halves of the container. Their results showed 

that partial root-zone irrigation increased root N absorption in the irrigated zone. They 

suggested that partial root-zone irrigation had significant compensatory effect on N 

uptake. The amount of N absorption from partial root-zone irrigation was equal after two 

rounds of alternative irrigation.  

Water stress depressed above ground biomass production independently. When 

water was limiting, the uptake of N from fertilizer was independent. When water was not 

limiting, N uptake increased with higher N doses and volatilization losses were 3.7% to 

7.8% of N applied as fertilizer (Rimski-Korsakov et al., 2009). They further reported that 

plant N recovery was approximately 45% of the N applied, except in water stressed 

treatments with high N rate (19%). Similarly Lenka et al., (2009) conducted an 

experiment to study water and N interaction. They selected three water regime, (W1, W2 

and W3 limited, medium and maximum irrigation, respectively) depending on the 

seasonal rainfall and the critical crop growth stage with five N levels (0%, 75%, 100%, 

150%, and 200% N). They observed significant water and N interaction for ET and soil 

profile water extraction pattern. Averaged across N treatments, ET in W2 and W3 was 

higher by 17% and 26%, respectively than W1. The effect of N levels was prominent with 

significantly higher soil moisture depletion in 150% N of each irrigation water regime. In 

all situation lowest water depletion was observed in control plots receiving 0% N. Water 

shortage during  growth and gas exchange of maize grown under sandy and clay soil 

affected maize growth and yield. Less soil water content in the sandy soil during 

vegetative growth stages did not affect plant height, TDM and LAI. However LAI 

reduction was observed on the sandy soil during the reproductive stage due to early leaf 

senescence. Canopy and leaf gas exchanges of the crop were measured by eddy 

correlation technique and by a portable photosynthetic system, respectively; both were 
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affected by water stress and a greater reduction in net photosynthetic rate. They also 

suggested that leaf photosynthetic capacity was unaffected by water stress, and maize 

effectively tolerated water shortage during the vegetative growth stages (Vitale et al., 

2009). 

Water deficit is usually acute and critical during the reproductive stages of the 

crop (Salah et al., 2010). Similarly Mansouri-Far  et al. (2010) conducted an experiment 

to study the effect of water stress imposed at low-sensitive growth stages with two N 

levels (100 and 200 kg ha-1) on characteristics of hybrid maize. The water deficit was 

induced at different crop stages. They found that leaf greenness, 1000-grain weight, and 

grain yield were decreased while proline contents in grain increased under water deficit 

conditions. They also reported that water stress on maize during reproductive stage 

reduced yield more than that during vegetative stage and 1000-grain weight was the most 

sensitive yield component. They further reported that increase of N supply improved 

yield and WUE when maize suffered once irrigation deficiency at vegetative stage while 

performance of high N fertilizer reduced when water deficit was imposed twice at 

vegetative and once at reproductive stage. Similarly, Wang et al. (2010) explored the 

impact of long-term rainfall variability and long-term effects of different combinations of 

maize mineral fertilizers (N and P). They conducted experiment under dry land farming 

on maize crop. They found that grain yield was greatly influenced by the quantity of rain 

throughout the growing season and by water application at sowing time. The maize grain 

yield varied from 3 to 10 t ha-1 and yield was recorded from 4.2 to 7.2 t ha−1. The WUE 

ranged from 11 to 19 kg ha-1 mm-1 and they suggested that 100 kg N ha-1 for maize crop 

under dry land. Li et al. (2010) investigated how WUE and physiological responses were 

regulated at different growth stages of maize plants under two fertilization levels and 

three irrigation methods. They used conventional irrigation (CI), Alternate partial root-

zone irrigation (APRI) and fixed partial root-zone irrigation (FPRI) and water was 

applied at 10 DAS, (29-38 DAS and 29-77 DAS).  They found increased in canopy and 

WUE 10.6-12.9% and 31.7-32.4%, respectively by above three irrigation method but did 

not reduce total dry mass (TDM) accumulation significantly. The FPRI reduced the TDM 
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but it improved canopy WUE. However high fertilization treatments increased leaf 

chlorophyll contents and contributed little to TDM accumulation. They suggested that 

APRI can make plants use water and nutrients more efficiently with better drought 

tolerance and water-saving irrigation must be applied during the jointing and tasseling 

stages of the maize.  

Yield and water uptake had significant relationship for autumn and spring maize 

which were irrigated with a decreasing amount of water (Iqbal et al., 2010). They studied 

water supply to maize, which ranged from 100% field capacity (FC) to 40% of FC. They 

found average dry-matter and yield levels were slightly higher for autumn maize (15.0 t 

ha-1) compared to spring maize (13.1 t ha-1). The TDM and yield reduction started at the 

least irrigation treatment in both seasons. The amount of water required to avoid 

production losses was 272 mm in the autumn maize and 407 mm for the spring maize 

during the whole seasons. Similarly Yi et al. (2010) evaluated three possible water 

management practices, film mulching (FM), supplementary irrigation (SI) and rain-fed 

(RF, control) in conditions of resource capture and their use efficiency in maize. The 

cumulative intercepted photosynthetically active radiation (PARi), and evapotranspiration 

(ET) during crop growing seasons. Their results showed that the FM treatment 

accelerated development of plants, and the SI treatment induced more rapid development 

in the vegetative stage than the RF treatment. Both FM and SI treatments markedly 

increased the shoot dry matter (DM) and grain yield. The cumulative PARi, during the 

reproductive stage was increased by both the FM and SI treatments relative to the RF 

treatment correlating well with observed increases in DM and grain yield. Both the FM 

and SI treatments also resulted in higher radiation use efficiency, and the FM treatment 

increased the WUE, by 24%.  

Appropriate level for water productivity (WP) is the best management practices 

for high grain yield per unit of water supply. Such type of analysis is missing for maize in 

the Western US maize growing area (Grassini et al., 2011). These scientists were 

identifying opportunities to increase yield in irrigated maize systems. They studied a 

benchmark for maize water productivity as i) relationship between simulated yield and 
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seasonal water supply, recognized in a previous study; ii) validated against actual data 

from crops which were grown with good management and iii)  used to evaluate water 

productivity of farmers’ fields data. Their results showed that there was a linear 

relationship between simulated grain yield and seasonal water supply, especially the 

mean water productivity function. Moreover simulation investigation showed that up to 

32% of the annual water volume could be saved with little yield decrease by improving 

irrigation schedules with crop water requirements and adopting limited irrigation. 
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2.2 Effect of nitrogen on maize growth and yield 

Nitrogen (N) is one of the most critical elements and should be managed very 

carefully in crop production. Reams (1988) reported that the base element of all 

biological activities of a cell start with N. If the N is not available in appropriate amount 

when new cells are to be formed in a plant, the cells will not form properly resulting in 

ceased growth. He also stated that N is the electromagnetic charged element that draws 

the many other elements in order to start the budding as well as formation of new cells 

based on the genetic code in the DNA. That is why it is so important to maintain a 

constant and steady supply of N throughout the growing season of a crop (Haque and 

Jakhro, 2001).  

In Pakistan, in spite of extensive use of fertilizer, crop yields are not increasing, 

which reflects low fertilizer use efficiency (FUE). There are a number of problems 

related to chemical fertilizer such as unavailability of fertilizer at the time of need 

(Ahmad, 1994). On the other hand Muchow (1994) studied the effect of light and N and 

he reported that with limited N, grain yield was decreased and it was positively 

associated with crop N uptake, whereas under high N supply, yields were higher. In 

maize grain yield response to N supply and climatic conditions in many experiments it 

was found that the grain yield correlated with the crop TDM and HI. Where as less N 

supply limited yield, the decrease in TDM was associated with a larger decrease in 

radiation-use efficiency (RUE). Under high N supply, differences in TDM were only 

associated with differences in radiation interception. Under both low and high N supply, 

1000-grain weight became low, and RUE declined during grain-filling stage in all the 

above mentioned conditions. 

The effect of N on sweet corn was studied by Akbar et al. (1999) using four N 

levels (0, 100, 150 and 200 kg N ha-1). They reported that days to tasseling in the maize 

crop was 57 (DAS) while days to silking 60 (DAS), plant height 140 cm, days to maturity 

103 (DAS) and TDM 12291.1 kg ha
-1
 for 200 kg N ha

-1
. Similarly by increasing N levels 

significant effect on all parameters in maize crop was recorded. In maize crop adjustment 

of N levels to the amounts of soil mineral N, which present soon before planting of the 



14 

 

crop can contribute to efficient use of the N. (Schroeder et al., 2000). They further 

reported that plant greenness and tissue tests were equally incapable to calculate 

excessive available of N at early crop growth stages.  

In plants nitrogen uptake was more dependent on applied N than water supply 

although N uptake decreased with greater water and N deficits in maize. It has been 

reported that deficit water affected shoot growth, N uptake and water extraction with 

varying level of N. it was further reported that with increase in moisture stress resulted in 

progressively less LA, CGR, plant height, TDM and HI. Mean increase in TDM was 7.7 

and 8.7 kg per mm of water used. Deficit irrigation stress indices (DISI) for TDM when 

the crop was subjected to a 2 week stress was 11.0 compared to 4 week, TDM production 

also responded to N. Highest TDM with no irrigation deficit was found at 120 kg N ha-1. 

(Pandey et al., 2000a). Meanwhile, they conducted a field study on maize crop and 

determined effect of nitrogen on chlorophyll which is the absorber of light energy that 

required for photosynthesis. A combination of deficit water and N deficiency is known to 

severely inhibit photosynthesis rate and as a result decrease crop productivity in the crop 

plant (Osborne et al., 2002). Moreover, Ali et al. (2002) studied effect of different N and 

P levels on maize crop. They found that different N and P levels had major effect on 

various parameters of the crop. They observed that maximum number of rows per cob 

(16.00), number of cobs per plant and economic yield (3841.36 kg ha-1) were achieved 

with combination of 150 and 90 kg ha-1 N and P, respectively. However, Costa et al. 

(2002) also studied effect of N on maize crop and reported that application of N did not 

affect the number of grains per row and number of rows per cob. Similarly Brady and 

Weil (2002) reported that low yield was evidenced with less supply of N. As the N is part 

of amino acids, proteins and enzymes of these virtually control the biological 

developments. So optimum N supply stimulates root growth and development and use of 

carbohydrates inside the plant.  

In maize crop N extensively influenced plant height, days to maturity and 1000-

grain weight which increased by increasing the N levels (Saleem et al., 2003). Similarly, 

Banerjee et al. (2003) also conducted a field experiment to investigate the effect of three 
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N levels (50, 100 and 150 kg N ha-1) on the growth and light interception of corn 

cultivars, V.L. Amber and Amber. They reported that V.L. Amber was superior to 

cultivar Amber in terms of LA, TDM, plant height, grain yield and light interception at 

all growth stages. According to their finding LA, TDM, light interception and economic 

yield of maize crop increased with increasing N rates. However Sharar et al. (2003) 

studied growth and grain yield of maize cultivars with various NP combinations (0-0, 60-

50, 90-70, 120-90, 150-110 and 180-130 kg ha-1 respectively). They found that 

application NP at the rate of 180-130 kg ha-1 respectively produced significantly higher 

grain yield (4.62 t ha-1) than all other combinations and it was due to higher thousand 

grain weight and number of grains per cob. Similarly, Kumar and Walia (2003) 

investigated the effect of different N rates (125,150 and 175 kg N ha-1) on maize crop and 

reported that LAI, cob length and grain yield of the crop increased by increasing N levels. 

On the other hand, Kogbe and Adediran (2003) conducted field experiment for testing the 

effect of five N rates (0, 50, 100, 150, and 200 kg ha-1) on hybrids and local maize 

cultivars in Nigeria. They found that maize hybrids gave higher yields and NUE than the 

local maize cultivars. They further concluded that hybrids showed higher NUE than local 

cultivar up to 150 and 200 kg N ha-1.  

Similarly, five N rates (150, 200, 250, 300 and 350 kg N ha-1) in sweet corn were 

studied by Oktem and Oktem (2005). They observed that increasing N application up to 

350 kg N ha-1 increased cob length (20.9 cm) and grains per cob (545.4) in sweet corn. 

Similarly Valero et al. (2005) reported that variation in grain yield among N levels were 

mainly due to a significant variation in LAI, LAD and CGR. They concluded that 

fertilizer practices must be revised in order to increase maize grain yield. Inman et al. 

(2005) also studied uptake of N at levels ranging from 56 to 268 kg N ha-1 in maize crop. 

They reported those N uptake and grain yields were significantly affected by the above 

levels. They further reported that 11.6 t ha-1 grain yield was obtained from the plot where 

N was applied at the rate of 268 kg N ha-1.  However, Ding et al. (2005) found that N 

deficiency decreased grain yield and plant weight in maize crop. But, there was no 

significant difference in harvest index, rate of light-saturated photosynthesis at flowering, 
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LAI or TDM at flowering between N-deficient and control plants. Moreover N deficiency 

accelerated senescence, i.e. decreased chlorophyll and soluble protein contents after the 

vegetative stage. 

 The effects of four N levels on maize crop performance, ranging from 0 to 252 

kg N ha
-1 

were studied by Shapiro and Wortmann (2006). They found that N application 

increased TDM 22% and grain yield 24%. Moreover, N response function was linear in 

the first year experiment while it was quadratic in the second year at the N rate 252 kg N 

ha
-1
. Likewise D‘Andrea et al. (2006) conducted a field experiment to study the response 

of maize characters to different N availability rates. The characters included canopy 

structure, light interception, TDM and economic grain yield. Their results showed that 

different N levels significantly affected LAI at the vegetative stage compared to 

reproductive stage. Moreover, N considerably affected kernel number per plant and 

harvest index. They also reported that response of kernel number to plant growth rate 

varied from the common model established for different maize hybrids. In these hybrids a 

supplementary effect of N availability was observed which reduced kernel set at a given 

plant growth rate under N deficient conditions. 

Crop management strategies that improve nitrogen use efficiency (NUE) and 

increase mean return obviously increase farm profits and reduce the detrimental effects 

on the environment associated with nitrogen loss (Freeman et al., 2007). Nitrogen 

management practices including N rate, source, time and methods of fertilizer application 

in irrigated maize showed that grain yield and N uptake were improved by N rates and N 

management practices compared to control. They further concluded that both N recovery 

and efficiency were high for control treatment i.e. 118 kg N ha-1. Similarly, Uribelarrea et 

al. (2007) studied the effect of N in maize crop. They reported that grain protein affected 

by using the various N rates in maize hybrids. They found more than two-fold differences 

in grain protein concentration among the strain-hybrids with protein averaging 65 g kg-1 

N. Changes in grain protein concentration from divergent selection were directly related 

to changes in uptake and use of N by the plant. 
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Effect of different levels of N (0, 60, 120 or 180 kg ha-1), P (0, 20 or 40 kg ha-1) 

and irrigation regimes (0.6, 0.8 or 1.0 IW/CPE ratio) on nutrient concentration and 

accumulation in maize crop were determined by Hussaini et al. (2008). This combination 

of minerals influenced the concentration of nutrients in the grain and stover significantly. 

Their results showed that 180 kg N ha-1 gave maximum accumulation of nutrients in 

maize grain. While irrigation frequency influenced nutrients concentration and 

accumulation very low but high irrigation frequency significantly increased concentration 

and accumulation of N and K. Similarly, Amanullah et al. (2009) investigated the impact 

of N rate and its time of application on LA, plant height and TDM of maize; N 

management particularly with continued soil nutrient mining and fluctuations in rainfall 

is a major factor contributing to reduced LA, plant height and TDM of maize in north-

west Pakistan. Khaliq et al. (2009) worked on interaction of maize hybrids for different 

levels of N and their results indicated large variability in grain yield, mainly due to more 

rainfall during the growing season. They reported that maize hybrids had significant 

effect for all the variables under study, except for plant population while N rates 

significantly affected number of grains m-2, 1000-grain weight, grain yield, TDM and HI. 

The effect of N availability was amplified at 300 kg N ha-1. The response of hybrids was 

however different under various environments. They further reported that selection of the 

best hybrid can increase maize yield at 300 kg N ha-1 in a semiarid irrigated environment. 

Nitrogen requirement of maize crop could be calculated by using a canopy sensor. 

For making maize N recommendations, Schmidt et al. (2011) used two levels of N (0 -

280 kg ha-1) and concluded that an active canopy reflectance sensor could be used to 

increase NUE in maize. They also adjusted the N application spatially depending on 

comparative crop demands and soil N accessibility. They appled N timely, consistent 

with corresponding crop requirement and minimizing environmental hazards. Similarly 

Peng et al. (2010) studied N take up in maize plant by using different N levels and they 

also studied shoot growth potential and root size. They concluded that accelerated growth 

of the shoot was from the jointing stage to the grain-filling stage. They also reported that 

quantity of N taken up by maize was determined by the shoot growth potential and it 
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could not determine by the root size or growth. On the other hand Liu et al. (2010) 

evaluated different water management practices for achieving complementary grain yield 

of spring maize with high WUE. They selected four practices for irrigation, rain-fed 

system, supplementary irrigation, film mulching, and straw mulching. Their results 

showed that both film mulching and supplementary irrigation significantly improved the 

grain yield moreover WUE increased 23-25% under the film mulching. It was also 

concluded that both supplementary irrigation and film mulching are beneficial for 

improving yield of spring maize. However, film mulching was preferable because of the 

shortage of available water.  
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2.3 Effect of light interception on maize growth and yield 

Light has numerous effects on plant growth. Light is essential for number of 

crucial processes in plants such as photosynthesis. Biscoe and Gallagher (1978) 

concluded that the sun light affects TDM, LAI and LAD. Similarly Hipps et al. (1983) 

concluded that at a given efficiency of utilization of intercepted PAR and crop growth 

rate (CGR) was proportional to the fraction of PAR intercepted. They also reported that 3 

LAI is generally required for the interception of 90-95% of incoming radiation. While, 

Kiniry et al. (1989) reported that the amount of TDM produced by maize was 

comparative to the interception of PAR. They also noted that 3.5 g of above ground dry 

matter was produced in maize by the utilization of 1 MJ of PAR.  

There is a linear relationship between growth and intercepted PAR in maize crop. 

Moreover N application increased TDM production and limited growth attributable to 

minerals and frequently matters of supply and amount of absorbing regions (Andrade et 

al., 1993). Similarly Kiniry and Knievel (1995) studied effect of solar radiation 

intercepted on number of grain to soon after reproductive stage (anthesis) in maize. They 

reported that there was a linear response of seed number per plant to intercepted PAR per 

plant. The high N fertilizer use up to 200 kg N ha-1 was increased leaf greenness, LAI and 

radiation interception while canopy light reflectance reduced before anthesis periods (Ma 

et al., 1996). Similarly, Westgate et al. (1997) studied light interception and potential 

productivity and their effects on canopy development and grain yield of different maize 

hybrids. They were also studied crop phenology maximum interception of PAR and total 

intercepted PAR from sowing to maturity. They found thermal time decreased with 

increasing plant population densities. They also reported that hybrids adapted to the 

northern maize belt may yield more grain if sown at plant densities more than commonly 

used to promote early canopy development. Similarly, Lu and Zhang (2000) studied the 

effect of N deficiency on photosynthetic CO2 assimilation and photochemistry in maize 

plant under natural light. They reported that nitrogen-deficient plants had a significantly 

smaller CO2 assimilatory ability, but they were showed slight changes in the maximum 

efficiency of photochemistry. They concluded that nitrogen-deficiency in maize plants 
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still showed increased susceptibility to photo inhibition when exposed to very high 

irradiance; nitrogen deficiency however, stimulated no photo inhibition under natural 

light. Minard and Jeuffory (2001) reported that kernel numbers m-2 depend on radiation, 

temperature and crop N nutrition. With the increase in N kernel number m-2 increased. 

On the other hand Lindquist et al. (2005) studied the TDM accumulation, LAI and RUE 

in maize under conditions of optimal growth at maturity. They reported that greater 

biomass was achieved with high RUE in maize, peak LAI ranged from 4.8 to 7.8. 

Seasonal changes in PAR were similar across all year. They further estimated RUE by 

two methods i.e., 3.74 g MJ-1 and 3.84 g MJ-1 and reported that RUE did not decline 

during grain filling. They further concluded, models that depend on RUE for biomass 

accumulation should use RUE value of 3.8 g MJ-1.  

In the same way Edwards et al. (2005) conducted an experiment and studied the 

light interception and grain yield capacity of maize hybrids. They reported that maize 

TDM at maturity had a linear relationship with increasing intercepted photosynthetically 

active radiation from the crop emergence to maturity. According to the predicted line, 

TDM at maturity increased 3.3 g MJ
-1 

of cumulative intercepted PAR. Vos et al. (2005) 

studied the effect of N limitation on leaves and photosynthetic capacity in maize and they 

reported that the leaf N content, photosynthetic capacity, and ultimately RUE were more 

sensitive to N limitation than leaf area expansion and light interception. While Ding et al. 

(2007) found the relationship between photosynthetic rate and economic yield of maize 

hybrids. They reported that leaf area at tasseling and kernel numbers of the newer hybrids 

were greater than the older although their light-saturated photosynthetic rate were same 

after tasseling. 

Plants are frequently received excessive amounts of light energy. This energy are 

exported from the chloroplasts and dissolute it by a mitochondrial respiratory chain. The 

plant mitochondria possess unique non-phosphorylating pathways (Noguchi and Yoshida, 

2008). Similarly Ben-Asher et al. (2008) studied the effect of temperature on 

photosynthetic rate (PN), water use efficiency (WUE) and transpiration rate (E) on sweet 

corn. Their results showed that at first growth stage (V3-5), the highest PN of sweet corn 
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was found for the lowest (25/20 ˚C) temperature of 28-34 µ mol m-2s-1 while the PN for 

the highest temperature (40/35 ˚C) treatment was 50-60% lower. They further detected a 

regular decline of about 1 PN unit per 1 ◦C increase in temperature. Maximum E 

fluctuated between 0.36 and 0.54 mm h-1 (≈5.0-6.5 mm d-1).  Similarly for the high 

temperature and low E varied between 0.25 and 0.36 mm h-1 (≈3.5-5.0 mm d-1). They 

also reported that WUE decreased from 14 to 5 g kg-1 for the lowest and highest 

temperature, respectively. 

Photosynthesis (A), stomatal conductance (gs) and CO2 assimilation in plants can 

be studied by using Farquhar, von Caemmerer and Berry model (FvCB model). However, 

this model partially can be used in existing crop growth models. Moreover analytical 

algorithm that included gs and was used temperature dependent parameters for 

calculating under various environmental situations. Finally by applying FvCB-type 

models to crops was recommended to exactly forecast the response of crop 

photosynthesis to multiple environmental variables (Yin and Struik, 2009).  Similarly 

Cho et al. (2010) studied PAR by using a model and they represented the exponential 

correlation between and sky clearness index (0-1). They found that PAR increases up to 

0.6 in cloudy conditions when the clearness index was below ∼0.2, whereas it is nearly 

stable at ∼0.42 when clearness index was above 0.2. However when the known 

experimental equation was used in the model simulation, it showed in −4 to 2% 

difference in the stomatal conductance evaluated which used constant ratio PAR = 0.5. 

Suwa et al. (2010) studied to determine the effects of high temperature (35/27 ˚C) 

contrasted to cooler (25/18 ˚C) (day/night). They applied stress for fourteen d-period 

during reproductive stages. Effects of high temperature were examined on 

photosynthesis, TDM and ear development in dent and sweet corn genotypes. They 

reported that TDM increased by high temperature, however cob weight of dent corn was 

decreased by high temperature. But photosynthetic activity was not affected by the 

temperature. Similarly the high temperature promoted vegetative growth of plant but 

reduced ear expansion. Likewise, Li et al. (2010) studied to calculate the crop water 

stress index from canopy temperature and energy balance capacity and estimated the 



22 

 

efficacy of quantify moisture stress by comparing crop moisture stress index to latent 

heat and carbon dioxide flux measurements over canopies of winter wheat and summer 

maize. They reported that valid measures of crop moisture stress index were obtained 

when canopy closure minimized the influence of viewed soil on infrared canopy 

temperature measurements. They also suggested that crop moisture stress index could be 

useful in identifying moisture stress conditions when net radiation was greater than 300 

Wm-2. 

In agriculture systems, there is a need to study and analyze the natural biological 

systems as well as agro-ecosystems via research-based mechanistic modeling. The 

scientists were first pioneering attempt made to simulate plant growth and photosynthesis 

of crop canopies and focused the discovery to gaps that exist in the current scientific data. 

Many examples are present for these gaps. Experimental research is needed to improve 

the validity and use of the constructed models, hence many advantage to mankind would 

be enhanced (El-Sharkawy et al., 2011). Such research requires a close teamwork 

between experimentalists and model builders by adopting a multidisciplinary approach. 

 

2.4 Crop growth modeling  

Worldwide, researchers had usied the Decision Support System for Agro 

Technology Transfer (DSSAT) for the last two decades. This package incorporates 

modules of thirty various crops. The DSSAT crop model has been re-designed and 

programmed to accommodate more features of crop modeling. The new version (4.5) of 

the DSSAT model was released in 2011 by ICASA (Hoogenboom et al., 2011). 

Similarly, Cropping System Model (CSM) which is a modular makeup of the DSSAT can 

be used for simulation and prediction with time and space for different purposes. Thus, 

DSSAT-CSM provides significant opportunities to the scientific community for resolving 

problems at plot and farm scales (Jones et al., 2003). The CSM-CERES-Maize model, 

which is a part of the DSSAT (Jones and Kiniry, 1986; Hoogenboom et al., 2004), has 

the ability to simulate maize crop growth and yield (Yang et al., 2004). 
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Similarly, Ben-Nouna et al. (2000) used CERES-Maize model for three soil 

moisture conditions (one well-watered and two deficit irrigation regimes). They reported 

that in well-watered conditions, growth and yield could be adequately simulated by the 

model. They also suggested that the absence of air humidity among the models 

contribution does not limit the CERES-Maize model performance. Moreover, maximum 

LAI, TDM and grain yield were recorded under deficit soil water shortage. However, 

Zalud and Dubrovsky (2002) estimated the effect of concentration of atmospheric CO2 on 

maize yield by using CERES-Maize. They reported that the standard error between the 

observed and simulated yield was 11%. Moreover water moisture stress, yield standard 

error would be increased 38.5% in the present climate and by 63.2% in 2 × CO2 climates. 

They further reported that high temperature limited the phenological phases in the plants 

and did not allow for the optimum development of the crop. Similarly, in the crop 

increase in temperature and solar radiation affected water stress, thus it reduced the yield. 

On the other hand, Ritchie and Alagarswamy (2003) worked on software of CERES- 

maize model and revised its calibration. They also studied thermal duration of a critical 

window for kernel number of plant. The kernel number per plant relationship to 

cumulative intercepted photosynthetically active radiation per plant (CIPAR) was 

curvilinear during the critical window. Apical ears produced maximum kernel number 

per plant at a plateau CIPAR of 64 MJ, and productive maize hybrids produced secondary 

ears when CIPAR exceeded 64 MJ. Below a threshold CIPAR of 11 MJ, all plants were 

barren. The barrenness coefficient expressed genetic differences among old and modern 

maize hybrids to produce kernel number per plant in the high plant density. 

There is relationship between intercepted PAR and plants which was studied by 

Lizaso et al. (2003) using CERES-Maize model to develop alternative methods to 

simulate PAR and light extinction coefficient. They used independent data to develop 

new relationships to predict the fraction of PAR. They reported that the general 

hypothesis of predicting PAR as 50% of the solar radiation overestimated PAR where a 

value of 43% worked better. The top intercepted PAR predictions were achieved when 

the new procedures to convert solar radiation into PAR and estimated k were attached 
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with the unique model of CERES-Maize. Similarly, Cedron et al. (2005) also evaluated 

the performance of three different versions of CERES-Maize (i) CERES-Maize-2003, the 

most recent version proposed by Jones and Kiniry (1986) (ii) DSSAT V3.5 official 

release and (iii) the recently released version with DSSAT V4.0 (or CERES-4.0) in a cool 

environment, where water and nutrients were fully available and discussed the equations 

causing differences in model predictions among various versions. These versions were 

tested against field data sets CERES-4.0 which simulated TDM and economic yield more 

closely to observed value under relatively cool environment. CERES-2003 showed the 

poorest performance, mainly due to 64% dry weight loss programmed to occur with dry 

matter translocation from stem to grain. Reasons for the CERES-4.0 advantage was 

related to the new look-up feature of temperature functions affecting radiation use 

efficiency and grain filling rate that in the V4.0 create less sensitivity to temperature. 

They also reported that under these growing conditions CERES-4.0 predictions may 

benefit from at slightly high temperatures during grain filling rate functions. 

A mechanistic model was developed by Yang and Alley (2005) which described 

maize plant leaf area distribution and was evaluated with seventy-seven independent data 

sets from sixty-four genotypes. These scientists found that the model was applicable to 

widely different combinations of genotypes and environments and the model was suitable 

for all leaves of the maize plant. Validation of the model for predicting leaf area was 

conducted and they further reported that predicted leaf area was within 10% of the 

measured leaf area for 27 of the 30 cultivars with maximum deviation of 14%. On the 

other hand, Soler et al. (2007) evaluated the CSM-CERES-Maize for its capability to 

simulate growth, grain yield of maize hybrids with the impact of different planting dates 

under irrigated and rainfed conditions. The model was evaluated with data collected 

during three field experiments. The results showed that CSM-CERES-Maize model was 

able to simulate phenology and grain yield for the hybrids accurately, with normalized 

RMSE less than 15%. Planting date analysis illustrated that a delayed planting date from 

February 1 to April 15 reduced in average yield by 55% for the rainfed and 21% for the 

irrigated area. Samuhel and Bernard (2007) said that crop simulation model program is a 
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part of DSSAT V. 4 and they used CERES-Maize model to simulate potential of maize 

grain yield. The model inputs included minimal and maximal daily temperature, solar 

radiation and daily sum of precipitation which called as minimum data set it built into a 

weatherman program shell. Moreover, other important input data include soil and agro 

technological data. Outputs of the model showed that measured and simulated maize 

grain yields have a very close relationship. However simulated grain yields were 

somewhat higher in all the data as compared with field trial yields. They also reported 

that excessive N and water use in agriculture could cause environmental degradation and 

potentially risk the sustainability of the system.  

Similarly Fang et al. (2008) studied the effects of four N levels (0, 100, 200, and 

300 kg N ha-1) on a wheat and maize double cropping system under 70 ± 15% field 

capacity with crop estimation through resource and environment synthesis plant growth 

modules incorporated, was calculated for its simulation of crop production, soil water and 

N leaching in the double cropping system. Soil water content, TDM, and grain yield of 

the crop were better simulated with normalized RMSE. The long-term simulation with 

historical weather data showed that at 200 kg N ha-1 per crop application rate, auto-

irrigation triggered at 50% of the field capacity and recharged to 60% field capacity in the 

0 to 50 cm. Soil profile was adequate for obtaining maximum yield in this intensified 

double cropping system. Their results also showed potential savings of more than 30% of 

the current N application rates per crop was from 300 to 200 kg N ha-1, which could 

reduce about 60% of the N leaching without compromising crop yields. Tol et al.  (2009) 

reported that model is also a tool to study the relationship between chlorophyll 

fluorescence and actual photosynthesis rate in plants. The model explains the behavior of 

the relationship between fluorescence and photosynthesis rate. Their result illustrated that 

variations in chlorophyll fluorescence showed a relationship well with differences in 

actual photosynthesis at late morning and afternoon. They further reported that 

photosynthesis was light saturated by stomatal regulation and maximum carboxylation 

power was needed for calculation actual photosynthesis rate. However Yang et al. (2009) 

said CSM-CERES-Maize model has been widely used universally to simulate maize 
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growth and grain yield production, but it has not been properly evaluated for use in North 

Carolina. They concluded the appropriateness of the fitting technique by using maize 

variety trial data for model calibration. Their results indicated that CSM-CERES-Maize 

can be used appropriately in North Carolina to simulate maize growth. They further 

reported that N levels and variety trial data can be used for approximating genetic 

coefficients.  

Effect of CO2 and temperature on maize crop was studied by Guo et al. (2010a) 

using CERES- Maize model. They reported that by increasing temperature maize yield 

would be decreased in warm climates but it would be increased 3.2% without CO2 

fertilization. If concentration of CO2 were positive with atmospheric CO2 level will reach 

nearly 600 ppm, maize yields will increase 12% and WUE will improve 25%. However, 

the crop yield is extensive under future climate change scenarios. On the other hand 

Doltra and Munoz (2010) used two various modeling approaches to simulate the N 

leached through a crop rotation. Models performance was assessed by using data from an 

experiment. They found excellent correlations between the simulated water draining (less 

than 60 cm) and that calculated by water balance. Simulated N leaching lower than a 

depth of 60 cm was observed to b higher with the solute transport model due to a higher 

nitrate concentration in percolated water. Moreover, the evaluation of the observed and 

predicted yield response to N applications was done with crop-based simulation model. 

Their results also showed that for successful solving of the problem calculation probably 

would need a more complex calibration, and that the crop-based simulation model. 

Similarly, Kustermann et al. (2010) described a model design for evaluating N fluxes in 

agricultural farming systems. Such a system approach identified reasons for varying extra 

N and consumption N. They calculated surplus N for the organic rotation was 41 kg ha-1 

year-1 against 44 kg kg ha-1 year-1 for the conventional rotation. Moreover surplus N in 

the organic rotation decreased to 3 kg ha-1 year-1; however it increased up to 68 kg ha-1 

year-1 in the conventional system.  

There are different models in the world which simulate nutrient uptake in plants 

(Guo et al., 2010b). Non-observed trials of the N cycle were calculated by these scientists 
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using the EU-Rotate-N simulation model. The model was calibrated against crop TDM 

and soil moisture, N loss and soil mineral N contents. Crop N uptake efficiencies between 

0.80 and 0.92were calculated. Soil N contents in various soil layers were satisfactorily 

simulated by the model for all N treatments. The model forecasted high N mineralization 

rates and N leaching losses. Similarly Cn (2010) studied crop simulation to evaluate the 

potential productivity and water requirements of maize and peanut rotations for the semi-

arid tropical climatic zone using the agricultural production systems simulator model. He 

used an agricultural production systems simulator model to simulate maize Pioneer 

hybrid-3153 in the dry and wet season. They simulated total yield potential of the dry 

season maize. He reported that simulated irrigation water requirement for both seasons, 

varied from 11.5 to 13.8 ML ha-1. He also suggested that the irrigation requirement of the 

two seasons could be varied up to 17.5%. 

Fang et al. (2010) conducted a field experiment with four irrigation levels, based 

on crop growth stages to validate Root Zone Water Quality Model (RZWQM) a hybrid 

model that combines the RZWQM and DSSAT V4.0. The standardized model was then 

used to investigate different irrigation strategies for high yield and WUE using weather 

data from 1961 to 1999. The model simulated soil moisture, crop yield, TDM production 

and WUE in responses to irrigation schedules well. Historic experimental data for 

irrigation scheduling of various crops, soils and climate conditions have been used for 

calibration and validation of various crop models (Stastna et al., 2010). Similarly for 

(ISAREG) model calibration always independent historical data was used to simulate the 

irrigation scheduling of maize (Popova and Pereira, 2011). They obtained weather data 

under full irrigation, rain-fed and deficit conditions in an alluvial soil. The calibration was 

done by using data from full irrigation and rainfed treatments although deficit irrigations 

were used for validation. Their results showed that absolute errors of the soil water 

content were smaller than 0.01 cm3 cm-3. The crop yield response was derived from 

observed yield data when comparative evapotranspiration deficits were less than 0.5. 

Hence results supported the use of the ISAREG model for making water saving irrigation 

schedules of maize crop.   
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CHAPTER-3 

MATERIALS AND METHODS  
3.1 Site 

Field experiments were conducted to study the effect of different irrigation 

regimes and nitrogen levels on growth and yield of maize by using Cropping System 

Model-CERES-Maize (DSSAT V 4.5). The proposed research was carried out during 

2009 and 2010 at the Agronomic Research Farm of the University of Agriculture, 

Faisalabad, (31˚ 26´ N, 73˚ 06´ E) Pakistan. 

3.2 Soil and weather 

Before sowing of the crop, ten soil samples were taken with a soil auger at the 

depth of 0 – 15 cm and 15 – 30 cm from different places in the experimental area. The 

samples were mixed thoroughly to obtain a composite sample prior to sowing of the crop. 

The composite sample was examined for its physico-chemical properties by bouyoucos 

hydrometer method and percentage of sand, silt and clay were determined by using 

textural triangle (Moodie et al., 1959) Table 3.1. Weather summary of experimental site 

was presented in Fig. 3.1. 

Table 3.1: Physicochemical properties of the soil (0 – 30 cm) 
Soil charactoristic 2009 2010 

pH 7.64 7.58 

Organic matter (%) 1.08 1.06 

Total soluble salt (%) 12.29 12.26 

Nitrogen (g kg-1) 0.64 0.66 

Phosphorous (g kg-1) 6.93 6.95 

Potassium (g kg-1) 19.4 19.0 

Sand (%) 60 62 

Silt (%) 16 17 

Clay (%) 24 21 
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Fig. 3.1: Summary of weather at experimental site during 2009 and 2010 

3.3 Design and treatments of experiment-I 

The experiment was laid out in a randomized complete block design with split plot 

arrangement keeping time of nitrogen application in main plots and nitrogen levels in sub 

plots. The experiment was replicated thrice; measuring a net plot size of 3 m × 5 m. Fig.  
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3.2 shows experimental design of the Experiment-I. Nitrogen was applied at different 

growth stages as described by Ritchie and Hanway (1993).  

A) =  Time (T) nitrogen fertilizer application  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stage  

T2 = 1/3rd at V2 stage, 1/3rd at V16 and 1/3rd N at R1 stage  

T3 = 1/3rd at seed bed preparation, 1/3rd N at V12 and 1/3rd N at R2 stage 

Vn, V = vegetative, n = number of leaves R = reproductive stage T = tasseling, R1 = silking, R2 = blister  

B) = Nitrogen fertilizer rates  

N1 = 100 kg ha-1 

N2 = 150 kg ha-1 

N3 = 200 kg ha-1 

N4 = 250 kg ha-1 

N5 = 300 kg ha-1 

 

3.4 Crop husbandry experiment-I 

The crop was sown at August 1, 2009 and August 2, 2010.  Seed bed was 

prepared uniformly by one deep ploughing and two cultivations along with planking for 

all treatments. Maize hybrid cv. Pioneer 31-R-88 was sown on ridges using seed rate of 

25 kg ha-1 having recommended planting space P × P distance of 20 cm and 75 cm apart 

rows as described by Westgate et al. (1997). The plant population was controlled in all 

treatments by gap filling and thinning after germination. Recommended dose of P and K 

each at the rate of 125 kg ha-1 with 1/3 N (according to treatments) was applied at the 

time of sowing by using sources single super phosphate (SSP), sulphate of potash (SOP) 

and urea, respectively. The remaining dose of N was applied according to treatments. All 

other agronomic practice were kept uniform for all the treatments. Table 3.2 indicates 

different agronomics practices during both the seasons. 
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Fig. 3.2: Layout plan of experiment-I 
Simulating Nitrogen requirements of maize (Zea mays L.) at different growth stages  
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A) =  Time (T) of nitrogen application Replications: 3 Design: Split plot 
arrangement 
T1 = 1/3 N at seed bed preparation, 1/3 N at V6 and 1/3 N at VT stage  
T2 = 1/3 N at V2, 1/3 N at V16 and 1/3 N at R1 stage  
T3 = 1/3 N at seed bed preparation, 1/3 N at V12 and 1/3 N at R2 stage 
B) = Nitrogen fertilizer rates  Net plot size: 3 × 5 m 
N1 = 100 kg ha-1   R × R: 75 cm, P × P: 20 cm 
N2 = 150 kg ha-1   Sowing Date: August 1, 2009 and 2010 
N3 = 200 kg ha-1   Hybrid:  Pioneer 31-R-88 
N4 = 250 kg ha-1   Seed rate: 25 kg ha-1 
N5 = 300 kg ha-1   Potash: 125 kg ha-1 Phosphorus 125 kg ha-1 



32 

 

3.5 Design and treatments of experiment-II 

The experiment was laid out in a randomized complete block design using split plot 

arrangement keeping irrigation regimes in main plots and nitrogen levels in sub plots. 

Three replications having net plot size for each experimental unit 3 × 5 m were used in the 

experiment. Fig. 3.3 shows common sowing plan of the experiment. Water application was  

based on maize growth stages as described by Ritchie and Hanway (1993).  

 

A) = Irrigation regimes (I) 

I1 = Irrigation at V2, V6, V12, V16, VT, R1 and R3 stage, 

I2 = Irrigation at V6, V12, VT, R1 and R3 stages, 

I3 = Irrigation at V2, V6, V12, V16, VT and R3 stage. 

 
Vn, V = vegetative, n = number of leaves R = reproductive stage T = tasseling, R1 = silking, R3 = milking 

B) = Nitrogen fertilizer rates  

N1 = 100 kg ha-1 

N2 = 150 kg ha-1 

N3 = 200 kg ha-1 

N4 = 250 kg ha-1 

N5 = 300 kg ha-1 

3.6 Crop husbandry experiment-II  

The crop was sown on first week of August, during 2009 and 2010 using maize 

hybrid cv. Pioneer 31-R-88 at the rate of 25 kg ha-1 with recommended P × P distance of 

20 cm and 75 cm apart rows (Westgate et al., 1997). The crop was sown on ridges and 

recommended dose of P and K each at the rate of 125 kg ha-1, with 1/3 N (according to 

treatments) was applied at the time of sowing by using sources SSP, SOP and urea, 

respectively, while the remaining dose of N was applied in two splits, first at V6 stage 

and second at VT stage. Each irrigation consisted of three 75 mm depth and the irrigation 

was applied using Cut Throat Flume Method. Fig. 3.4 shows dimension and cross section 
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of the Cut Throat Flume. All other agronomic practices such as hoeing, plant population 

weeding and earthing up were kept similar for all treatments. Table 3.2 indicates different 

agronomics practice during both seasons of the crop. 

3.6.1 Calculation of time for application of 75 mm depth irrigation water 

The cut throat flume was used to calculate the depth of applied water. The 8 x 3ft 

size flume was installed in the main water channel of the field. The free flow conditions 

were adopted and hence the table of free flow calibrations was used for discharge 

measurements. Following formula was used for calculation of time 

    t = ��	×�	

   

Where t is time to irrigate given area (s), Q is discharge measured by cut throat 

flume (m3s-1) A is area to be irrigated (m2), d is depth of water applied (mm) 

A = 15 m2 

d = 3 inch or 0.075 m 

For furrow irrigation the value would be 

0.075 × 0.75 = 0.056 m (as in furrow 75% area irrigated) 

For the calculation of “Q” 

Where, ha (Q) was 5 inch (0.42) with free flow 

The value of ha = 0.42 ft from free flow table was 0.60 cusec now 

Q = 0.60 cusec  where  (1 cusec = 28.31 liter per second (lps))  

So,  0.60 × 28.31 = 16.99 lps 

To convert lps into m3 s-1 

 16.99 /1000 = 0.017 m3 s-1 

Now  Q = 0.017 m3 s-1 

By putting the value in the formula  

t = (15 × 0.056) ÷ 0.017 → t = 49.4 s  
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Fig. 3.3: Layout plan of experiment-II 
Simulating water requirements of maize (Zea mays L.) at different growth stages 
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A = Irrigation regimes (I) Replications: 3 Design: Split plot arrangement 
I1 = Irrigation the crop at V2, V6, V12, V16, VT, R1 and R3 stage 
I2 = Irrigation the crop at V6, V12, VT, R1 and R3 stage 
I3 = Irrigation the crop at V2, V6, V12, V16, VT and R3 stage 
B = Nitrogen fertilizer rates  Net plot size: 3 × 5 m 
N1 = 100 kg ha-1   R × R: 75 cm, P × P: 20 cm 
N2 = 150 kg ha-1   Sowing Date: August 1, 2009, August 2, 2010 
N3 = 200 kg ha-1   Hybrid:  Pioneer 31-R-88 
N4 = 250 kg ha-1   Seed rate: 25 kg ha-1 
N5 = 300 kg ha-1   Potash: 125 kg ha-1 Phosphorus 125 kg ha-1 
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Table 3.2: Summary of crop husbandry operations during 2009 and 2010 

Operations 
 

Experiment-I Experiment-II 

Year 2009 2010 2009 2010 

Sowing dates 
 

02-08-09 02-08-10 01-08-09 02-08-10 

Crop establishment 
 

08-08-09 11-08-10 08-08-09 10-08-10 

P (SSP) @ 125 kg ha-1 

was applied 
 

01-08-09 02-08-10 01-08-09 02-08-10 

  K (SOP) @125 kg ha-1  was   
applied 

 

01-08-09 02-08-10 01-08-09 02-08-10 

N (Urea) N was applied in three split doses according to treatments 

Hand weeding 
 

23-08-9 22-08-10 24-08-09 23-08-10 

Primextagold  (S-metalochlor 
+ Atrazine)  application 

04-09-9 11-09-10 04-09-09 11-09-10 

Furadan  (Carbofuran) @ 20 
Kg ha-1 

27-08-09 05-09-10 27-08-09 05-09-10 

Earthing up 22-09-10 25-09-10 23-09-09 25-09-10 

Sowing 01-08-09 02-08-10 01-08-09 02-08-10 

1 07-08-09 07- 08-10 07-08-09 (Missed in I2 plot) 07-08-10 (Missed in I2 plot) 

2 14-08-09 Rainfall 15-08-09 Rainfall 

3 26-08-09 Rainfall 27-08-09 Rainfall 

4 07-09-09 07-09-10 07-09-09 (Missed in I2 plot) 06-09-10 (Missed in I2 plot) 

5 26-09-09 27-09-10 20-09-09 21-09-10 

6 09-10-09 07-10-10 27-09-09 (Missed in I3 plot) 28-09-10 (Missed in I3 plot) 

7 19-10-09 19-10-10 15-10-09 16-10-10 

Sampling date. 1 20-08-09 21-08-10 20-08-09 21-08-10 

2 3-09-09 4-09-10 3-09-09 4-09-10 

3 17-09-09 18-09-10 17-09-09 18-09-10 

4 1-10-09 2-10-10 1-10-09 2-10-10 

5 15-10-09 16-10-10 15-10-09 16-10-10 

6 29-10-09 30-10-10 29-10-09 30-10-10 

7 (Final harvest) 12-11-09 13-11-10 12-11-09 13-11-10 
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Fig: 3.4: Cross section of a Cut Throat Flume which was used for measuring irrigation 

regimes 

3.7 OBSERVATIONS 

For both experiments 7 m2 area was used for growth and developmental studies 

while remaining area was kept for final harvest data. During the course of study for 2009 

and 2010 for both experiments the following data were recorded: 

3.7.1 Crop development 

For crop development at the four-leaf stage, five plants were randomly chosen 

from the central rows in each plot and tags were placed around the stem. Moreover, the 

following developmental stages were studied 

Days to emergence 

To observe the seedling emergence daily two inner rows were selected from each 

plot, starting from two days after sowing. The same rows in each plot were kept under 

examination, plant emergence in each plot and mean days to emergence were noted. 

Days to 50% tasseling 

The numbers of days to tasseling were noted from ten tagged plants. The mean 

number of days taken to 50% tasseling was calculated from date of sowing the crop. 
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Days to 50% Silking 

The numbers of days to 50% silking were observed from the same tagged plants 

in each plot. The mean days to 50% silking were noted from date of planting. 

Days to Maturity 

 To observe the number of days to physiological maturity the same tagged ten 

plants were kept under observations and average numbers of days to maturity were 

calculated from sowing of crop. 

Thermal time of the crop 

Thermal time and growing degree days was calculated as suggested by Gallagher 
et al. (1983) 

Tt = Tb
TT −+Σ

2

min)max(

 

Where 

Tt is thermal time, T max is maximum temperature of a day, T min is minimum 

temperature of a day and Tb is base temperature taken as 8 ˚C for maize (FAO, 1978) 

3.7.2 Crop growth 

Total dry matter production (TDM) 

From each plot five plants were harvested at ground level after fourteen days 

interval. Fresh and dry weight of component fractions of plant was obtained by electric 

balance. Moreover leaf, stem, tassel and cob weight were separately also recorded. A 

sub-sample of leaf, stem, tassel and cob (when tassel and cob developed) in each fraction 

was taken to dry in oven (Model: WFO-600ND, EYELA windy oven, Ser. No. 

66066114) at 70 ˚C till constant weight. The TDM was calculated by adding all 

components.  
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Leaf area index 

The five plants which were harvested for TDM after fourteen days interval leaves 

fresh weight of these plants were also recorded then component fractions of the leaves the 

weight was obtained by electric balance. Leaf area was measured by using laser leaf area 

meter (Laser Area Meter CI-203 and Serial Number 203-2.13-08059). Leaf area index 

(LAI) was calculated as the ratio of leaf to land area by using the following formula given 

by Watson (1952). 

LAI = Leaf	area
������	���� 

Leaf area duration (days) 

For each plot leaf area duration (LAD) was calculated by adopting the procedure 

given by Hunt (1978).  

LAD = ����1 + ���2	 	× �!1 + !2		
2  

Where LAI1 and LAI2 were at time t1 and t2, respectively. 

Net assimilation rate (gm-2d-1) 

The average net assimilation rate (NAR) was calculated by using the formula 

given by Hunt   (1978). 

NAR = TDM
��&  

Where values of TDM and LAD were the values of final TDM and LAD, respectively. 

Crop growth rate (gm-2d-1) 

Crop growth rate (CGR) was calculated using formula of by Hunt (1978).  

CGR = �)2 −)1	
�!2	 − 	!1	  



39 

 

Where W1 and W2 were the total dry weights of harvested sample at times t1 and t2,   

respectively. 

3.7.3 Physiological variables 

To see the effect of different irrigation regimes, nitrogen application timing and N 

levels on growth of maize crop, Portable Photosynthesis System (LCi Analyser with 

Broad Head, Part Number LCi-002/B and Serial Number 32455) was used for measuring 

following parameters on standing crop.  

Photosynthesis rate (µmol m-2 s-1) 

Photosynthesis rate of the crop was measured three times at vegetative and also 

three times at reproductive stage with the help of the Portable Photosynthesis system 

from three tagged plants of each plot and average was calculated. Mean photosynthesis 

rate of each stage was presented. Measurements were taken from the central part of 

middle leaf blade that would not include the midrib at full sunny days at 9:00 am and 

average was calculated. 

Flux density of photo synthetically active radiation (PAR) incident on leaf surface  

Flux density PAR incident on leaf surface of the crop was measured three times at 

vegetative and also three times at reproductive stage with the help of the Portable 

Photosynthesis system from three tagged plants of each plot. Mean photosynthesis rate of 

each stage was presented. The observation was taken at full sunny day. 

Transpiration rate  (m mol m-2 s-1) 

 Transpiration rate was measured on sunny days; the measurements were taken 

three times at vegetative and reproductive stages with the help of Portable Photosynthesis 

System. The same tagged plants were used for measurement of transpiration rate and 

average was calculated. 

3.8 FINAL HARVEST 

In both experiments at maturity 1.5 × 4 m area (forty plants) from each plot was 

harvested and a sub-sample of 10 plants was taken for the determination of various yield 

components. Moreover, following data were collected according to standard procedures 
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3.8.1 Plant Population m-2 at harvest 

Plants population in each plot was counted at the time of final harvest and it was 

divided by total plot area (15 m-2) to get number of plants m-2. 

3.8.2 Plant height (cm) 

Plant height of randomly selected ten plants from each plot at ground level was 

measured at maturity with the help of a metre rod. Average plant height of these ten 

plants was calculated. 

3.8.3 Cob length (cm) 

The length of ten cobs was measured with the help of a measuring tape from each plot 

and then average of cob length was obtained. 

3.8.4 Cob girth (cm) 

For calculation of gob girth, ten cobs were taken from each plot. The girth was 

measured with the help of vernier callipers and the mean of ten cobs was obtained.  

3.8.5 Number of grains per cob 

Ten cobs were taken randomly from each plot and number of grains per cob was 

counted. Then average number of grains per cob was obtained. 

3.8.6 Thousand grain weight (g) 

A sample for thousand grains was taken from each plot and sun dried up to standard 

moisture content in the grains. The thousand grains were counted by using Seed Counter 

(Model Number 801-10/C, Serial Number CO 452) and weighed with the help of an 

electrical balance. 

3.8.7 Grain yield (t ha-1) 

The harvested forty plants (6 m2) were threshed with mini thresher and grain yield 

was recorded on sub plot basis then it was converted in t ha-1. 
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3.8.8 Total dry matter (t ha-1) 

For total dry matter (or biological yield) estimation, half of the harvested plot (area) 

was sun dried till constant weight, then weighed and converted into t ha-1. 

3.8.9 Harvest index (%) 

Harvest index (HI) of each plot was calculated as the ratio of the economic yield to 

total dry matter yield at final harvest and expressed in percent. 

+� = , Grain	yield
23�4�536�4	73�4�8 × 100 

3.9 Statistical analysis 

The effects of water and N on the studied parameters were evaluated by ANOVA 

using the SAS statistical software (SAS institute 2004). When F-values were significant, 

the least significant difference (LSD) test was used for comparing treatments means. In 

all cases, differences were considered to be significant if p < 0.05. Response of yield and 

plant growth to N rates was analyzed by using polynomial contrasts (linear, quadratic and 

cubic) within the analysis of variance structures. The resultant response (of above factors, 

i.e., yield and plant growth parameters) was seen as the effect of irrigation and nitrogen 

treatments. 
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3.10 CROP GROWTH MODELING  

3.10.1 Model description 

The CSM-CERES-Maize model was developed by the scientists of International 

Benchmark Sites Network (Ritchie et al., 1989) and is run within DSSAT (Hoogenboom 

et al., 1994). The model has the ability to simulate crop growth, development and yield. The 

model inputs include daily weather data (precipitation, solar radiation, maximum and 

minimum temperatures), site information (altitude latitude and longitude), crop management 

information and a set of genetic coefficients. 

Field data obtained from the experiments were used for calibration and validation 

of CSM-CERES-Maize model (version 4.5). Standard meteorological, soil, plant 

characteristics and crop management data were obtained from the experimental site and 

used as input data for the model. 

3.10.2 Model calibration and evaluation 

Model calibration is a procedure of adjusting various model parameters according 

to the local environment. The calibration is also necessary for obtaining genetic 

coefficients for new cultivars and hybrid used in the study. So the CSM-CERES-Maize 

model was calibrated with data (crop phenology, LAI, total dry matter and yield 

components) collected during 2010 in Experiment-II. The treatment 250 kg N ha-1 with 

normal irrigation rate that showed best performance was used for calibration of the 

model. Cultivar coefficients were determined successively starting from P1, P2, P5 and 

PHINT followed by G2 and G3. To select the appropriate set of coefficients an iterative 

approach was used as proposed by Hunt et al. (1993). 

3.10.3 Model statistics 

Simulation performance of the model was evaluated by calculating different 

statistics such as root mean square error (RMSE) (Wallach and Goffinet, 1989) and mean 

percentage difference (MPD) for both experiments. For individual N levels, error (%) 

between simulated and observed data was also calculated. The time course simulation of 
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crop total dry matter production and leaf area index was assessed by indices of 

conformity (Willmott, 1982) that is cumulative over all indicators. The model statistics 

were calculated as under: 
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Where n is the number of observations while Pi and Oi are predicted and observed values 

for different variables. Model performance enhanced as values of R2 and d approach to 

joining together while RMSE, MPD and error remain to zero. 

3.10.4 Strategy analysis  

After assessment the effects of water and nitrogen on maize productivity, seasonal 

analysis tool algorithm of DSSAT was run with a management options, to moderate the 

effect of water and nitrogen and sustain crop productivity. Measurements made about 

experiment during year 2010 were used as initial conditions for a series of model runs. 

Gross margin ($ ha-1) for each nitrogen level was calculated by the following formula:  

GM = {(Y × P)  ̶  (N × C)}  ̶  V 

 Where GM is Gross margin, Y is grain yield of the crop (kg ha-1), P is price of 

yield (160 and 240 $ t-1 for 2 and 15 years mean, respectively), N is nitrogen application 

rate (kg ha-1), C is cost of nitrogen (0.45 and 0.85 $ kg-1 for 2 and 15 years mean, 
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respectively) and V is base production cost (240 and 360 $ ha-1 for 2 and 15 years mean, 

respectively) and it was constant for all treatments in both experiment.  

3.11 Weather data 

Standard weather data were obtained from the observatory, Meteorological 

Department University of Agriculture Faisalabad-3800 Pakistan which was close 

(observatory) to the experimental place. The data collected were daily maximum and 

minimum air temperature (˚C), rainfall (mm) and daily sunshine hours (h). Moreover 

thirty five years data (1976-2010) on these parameters were also collected from Pakistan 

Meteorological Department and used as input data for CSM-CERES-Maize.  
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CHAPTER-4 

RESULTS AND DISCUSSION 

4.1 WEATHER  

Weather data of experimental site (Faisalabad environment) was summarized in 

chapter 3 (Fig. 3.1). During monsoon seasons (August to September), higher precipitation 

occurred in 2010 than 2009. Due to high rainfall during 2010, more yields were achieved 

in 2010 than in 2009. All these data and 25 year historical weather data were used for 

CSM-CERES-Maize (DSSAT V.4.5) calibration and validation. 

EXPERIMENT-I 

Homogeneity of the two years (2009 and 2010) data was checked by Bartlett's and 

Levene's test in SAS. Since the Levene's test resulted in significant homogeneity in most 

of the studied variables for both years, results of the both years are presented separately. 

However, mean results of both years are also given. 

4.2 CROP DEVELOPMENT 

Crop development of experiment-I is presented in table 4.1 indicating calendar days 

and thermal time (Growing degree days) of both seasons from sowing to emergence. The 

calendar days from sowing to emergence were similar (3 days) for all treatments which 

gave mean thermal time of 75 ˚C days for both years. Application of 1/3 N at seed bed 

preparation, 1/3 N at V6 and 1/3 N at VT stage (T2) resulted in maximum mean thermal 

time (1071 ˚C) from emergence to tasseling stage. Minimum mean thermal time (1028 ˚C) 

was recorded by application 1/3 N at seed bed preparation, 1/3 N at V12 and 1/3 N at R2 

stage (T3). Calendar days as well as thermal time for tasseling to silking stage showed little 

difference for all the treatments because total number of days were small (4-5 days) for all 

treatments. The treatment T3 took more number of days (49) and maximum mean thermal 

time (832 days) was observed in treatment T3. 
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Table 4.1: Phenological data of experiment-I during the year 2009 and 2010 

Crop 

Stages 

Treat-

ments 

Calendar Date Calendar days Thermal time (◦C 
days)*  

T.T (◦C 
days)* 

2009 2010 2009 2010 2009 2010 Mean 

Sowing 

T1 

T2 

T3 

01-08-09 

01-08-09 

01-08-09 

02-08-10 

02-08-10 

02-08-10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Sowing 

to 

Emergence 

T1 

T2 

T3 

03-08-09 

03-08-09 

03-08-09 

04-09-10 

04-09-10 

04-09-10 

3 

3 

3 

3 

3 

3 

79 

79 

79 

70 

70 

70 

75 

75 

75 

Emergence 

to 

Tasseling 

T1 

T2 

T3 

19-09-09 

20-09-09 

17-09-09 

20-09-10 

21-09-10 

20-09-10 

47 

48 

45 

47 

48 

47 

1079 

1103 

1032 

1023 

1043 

1023 

1051 

1071 

1028 

Tasseling 

to 

Silking 

T1 

T2 

T3 

24-09-09 

25-09-09 

22-09-09 

25-09-10 

26-09-10 

24-09-10 

5 

5 

5 

5 

5 

4 

122 

124 

121 

99 

98 

80 

111 

111 

101 
 

Silking  

to 

Maturity  

T1 

T2 

T3 

09-11-09 

10-11-09 

10-11-09 

09-11-10 

10-11-10 

10-11-10 

45 

46 

49 

45 

45 

47 

773 

767 

842 

790 

783 

822 

782 

775 

832 
 

Sowing 

to 

Maturity 

T1 

T2 

T3 

09-11-09 

10-11-09 

10-11-09 

09-11-10 

10-11-10 

10-11-10 

100 

102 

102 

100 

101 

101 

2053 

2072 

2072 

1982 

1994 

1994 

2018 

2033 

2033 
 

*Base temperature = 8 ˚C 
T1 = Application of 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = Application of 1/3rd N at V2, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = Application of 1/3rd N at seed bed preparation, 1/3rd N at V12 and 1/3rd N at R2 stages. 
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4.2.1 Days to emergence 

Both time and rate of N application did not significantly affect the number of days 

to emergence in both years (Table 4.2). Average numbers of three days were required for 

germination in 2009 and 2010 in all treatments. Effect of N on days to emergence was 

also non-significant. This was became newly emerged plants have sufficient food 

reserves in the cotyledons of seed and available for initial plant growth (Belfield & 

Brown, 2008). Moreover, at initial stages the plant does not require more N (Darren et 

al., 2000). Beside this, some N amount is also present in the soil which can fulfill initial 

N requirement of the newly emerged plant. The results were supported by findings of 

Hammad et al. (2011a). 

4.2.2 Days to 50% tasseling (day) 

Effect of treatments on number of days to 50% tasseling was significant in both 

years, the plants took 2% more days for 50% tasseling stage (49 vs 50) in 2010 as 

compared to 2009 (Table 4.3). Treatment T2 (1/3rd N at V2, 1/3rd N at V16 and 1/3rd N 

at R1 stage) took more days to 50% tasseling (51 days) while minimum days to 50% 

tasseling (49 days) was observed in the T3 treatment. Application of N at early growth 

stages delayed days to 50% tasseling.  

Nitrogen rates also showed highly significant effects on number of days to 50% 

tasseling and effect of N application was linear and highly significant in both years. 

Nitrogen application at the rate of 250 kg ha-1 delayed days to 50% tasseling at 51 days 

during the years 2009 and 2010; moreover, in the former year, it was statistically at par 

and latter year statistically similar with treatment N5 (300 kg N ha-1). Minimum mean 

days to 50% tasseling (49 days) were observed in N1 (100 kg N ha-1) treatment while 

overall mean days to 50% tasseling was 50 days in the experiment. Valero et al. (2005) 

concluded that maize crop took 47 days for tasseling when N was applied at the rate of 

130 kg ha-1 under semiarid conditions. These results were supported by the findings of 

Masood et al., (2003) while opposite to this Mohsan (1999) concluded that N stress 

delayed tasseling in maize. The interactive effect of the studied plant nutrients was 

statistically non-significant.  
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Table 4.2: Effect of nitrogen application time and fertilizer levels on days to 
emergence  

Treatment 2009 2010 Mean 

A) Time    

T1 3 3 3 

T2 3 3 3 

T3 3 3 3 

LSD 5% 0.2 0.76  

Significance NS NS  

B) Nitrogen    

N1 = 100 kg ha-1 4 3 4 

N2 = 150 kg ha-1 3 3 3 

N3 = 200 kg ha-1 3 3 3 

N4 =  250 kg ha-1 3 4 4 

N5 = 300 kg ha-1 3 3 3 

LSD 5% 0.50 0.46  

Significance NS NS  

Linear NS NS  

Quadratic NS NS  

Cubic NS NS  

Interaction NS NS  

Mean 3 3 3 

NS= Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

 T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

 T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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Table 4.3: Effect of nitrogen application time and fertilizer levels on days to 50% 
tasseling (days) 

Treatment 2009 2010 Mean 

A) Time    

T1 50 b 50 b 50 

T2 51 a 51 a 51 

T3 48 c 50 b 49 

LSD 5% 1.52 0.37  

Significance ** **  

B) Nitrogen    

N1 = 100 kg ha-1 48 c 49 c 48 

N2 = 150 kg ha-1 49 bc 49 bc 49 

N3 = 200 kg ha-1 50 abc 51 ab 50 

N4 =  250 kg ha-1 51 a 51 a 51 

N5 = 300 kg ha-1 50 ab 51 a 51 

LSD 5% 2.51 0.53  

Significance ** **  

Linear ** **  

Quadratic NS NS  

Cubic NS NS  

Interaction NS NS  

Mean 50 50 50 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS= Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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4.2.3 Days to 50 % silking (day) 

Table 4.4 summarizes the number of days to 50% silking.  The days to 50% 

silking was affected by timings as well as rates of N application in both years. When 

1/3rd N at V2, 1/3rd N at V16 and 1/3rd N at R1 stage was applied, then the crop 

accumulated more days to 50% silking (56 days) during both study year. Among various 

N application timings minimum days to 50% silking was observed by the crop when 1/3 

N at seed bed preparation, 1/3 N at V12 and 1/3 N at R2 stage was applied. In this 

treatment during silking, the crop faced N stress. This was the reason for early days to 

50% silking. 

 Effect of N application rates on days to 50% silking was also found to be 

significant and response of days to 50% silking to N was linear in 2009 and quadratic in 

2010. Maximum number of days to 50% silking (56 and 57 days in 2009 and 2010, 

respectively) were achieved by the crop when N fertilizer was applied at the rate of 250 

kg ha-1 (T4). Similar results were achieved during 2010 and in both years and it was 

followed by 200 and 300 kg N ha-1 (treatments N3 and N5, respectively). Statistically 

lesser number of days to 50% silking (53 days in 2009 and 2010) were observed for 

treatment N1 (100 kg ha-1) in both years. It was observed that luxury use of N increased 

days to silking in the treatments. Amanullah et al. (2009) reported that maize crop took 

57 days to reach at silking stage when N was applied at the rate of 180 kg ha-1 in three 

splits. The results were also supported by finding of Hammad et al. (2011a). 

Overall 55 mean days to 50% silking were observed in the experiment and 

interaction between studied nutrients was found to be statistically non-significant. 

4.2.4 Plant height (cm) 

Date revealed that N fertilizer application timings significantly influenced plant 

height in both years (Table 4.5). Maximum plant height (239 cm) was observed by 

application 1/3rd N at V2, 1/3rd N at V16 and 1/3rd N at R1 stage in 2009 and 242 cm in 

2010 in the same treatment. It was statistically similar with treatment T1. During both 

years of the study minimum plant height (213 cm) observed when 1/3 N at seed bed 
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Table 4.4: Effect of nitrogen application time and fertilizer levels on days to 50% 

silking (days) 

Treatment 2009 2010 Mean 

A) Time    

T1 55 b 55 ab 55 

T2 56 a 56 a 56 

T3 53 b 54 b 54 

LSD 5% 1.74 0.23  

Significance ** *  

B) Nitrogen    

N1 = 100 kg ha-1 51 c 53 c 53 

N2 = 150 kg ha-1 54 bc 54 bc 54 

N3 = 200 kg ha-1 55 abc 56 ab 55 

N4 =  250 kg ha-1 56 a 57 a 55 

N5 = 300 kg ha-1 55 ab 55 ab 55 

LSD 5% 2.68 1.59  

Significance * **  

Linear ** **  

Quadratic NS **  

Cubic NS NS  

Interaction NS NS  

Mean 55 55 55 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS= Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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 preparation, 1/3 N at V12 and 1/3 N at R2 stage was applied.  In this treatment (T3) last 

1/3 dose was applied after silking which was not probably used by plant for increases in 

plant height. 

Different levels of N application showed significant effect on plant height and 

effect of N was linear in nature in both years. During the year 2010 less increase in plant 

height was recorded in all treatment than 2009, it could be due to more rainfall during 

this year. Maximum plant height (237 and 243 cm in 2009 and 2010, respectively) was 

observed with the application of 300 kg N ha-1 and it was statistically at par with N3 and 

N2 (250 and 200 kg N ha-1, respectively) during both years. Less plant height (210 cm 

and 214 cm during 2009 and 2010, respectively) was recorded when N was applied in 

plots at the rate of 100 kg ha-1. Increase in plant height could be attributed to more 

vegetative growth because of increasing shading and internode extension among the 

plants. These results substantiate the findings of Rasheed et al. (2004) who reported 

effects of N on plant height of maize crop.  

Interaction between timings and rates of N fertilizer application was found to be 

non-significant and overall average plant height 227 cm was observed in the study. These 

results were also supported by the finding of Farhad et al. (2009) who observed 244 cm 

plant height in maize with application of 250 kg N ha-1. 

4.3 CROP GROWTH 

4.3.1 Leaf area index 

Leaf area index (LAI) has primary importance in increasing yield of a crop. The 

data showed that time of N fertilizer application had significant effect on LAI (Table 4.6) 

during both seasons of study and little variation in LAI was observed between both seasons 

(Fig. 4.1).  When 1/3rd N at V2, 1/3rd N at V16 and 1/3rd N at R1 stage was applied it 

resulted in maximum LAI (4.85 and 4.77 in 2009 and 2010, respectively) at 62 days after 

planting (DAP) on the same time period and lowest LAI was observed with application of 

1/3 N at seed bed preparation, 1/3 N at V12 stage and 1/3 N at R2 stage. At the time of 

maximum LAI, this treatment received less N as compared to others treatments. 
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Table 4.5: Effect of nitrogen application time and fertilizer levels on plant height 

(cm) at maturity  

Treatment 2009 2010 Mean 

A) Time    

T1 223 b 229 a 226 

T2 239 a 242 a 241 

T3 210 c 217 b 213 

LSD 5% 8.33 12.38  

Significance ** *  

B) Nitrogen    

N1 = 100 kg ha-1 210 c 214 c 212 

N2 = 150 kg ha-1 218 bc 222 bc 221 

N3 = 200 kg ha-1 227 ab 230 ab 228 

N4 =  250 kg ha-1 228 ab 237 ab 232 

N5 = 300 kg ha-1 237 a 243 a 240 

LSD 5% 17.06 14.65  

Significance * *  

Linear ** **  

Quadratic NS NS  

Cubic NS NS  

Interaction NS NS  

Mean 224 229 227 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

 T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

 T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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Table 4.6: Effect of nitrogen application time and fertilizer levels on maximum leaf 
area index at 62 days after sowing 

Treatment 2009 2010 Mean 

A) Time    

T1 4.74 b 4.94 a 4.84 

T2 4.85 a 4.77 a 4.81 

T3 4.44 c 4.29 b 4.36 

LSD 5% 0.13 0.39  

Significance ** *  

B) Nitrogen    

N1= 100 kg ha-1 4.24 c 4.21 b 4.49 

N2= 150 kg ha-1 4.47 bc 4.39 b 4.43 

N3= 200 kg ha-1 4.74 ab 4.77 a 4.76 

N4=  250 kg ha-1 5.06 a 5.10 a 5.08 

N5= 300 kg ha-1 4.76 ab 4.85 a 4.81 

LSD 5% 0.34 0.35  

Significance ** **  

Linear ** **  

Quadratic ** *  

Cubic * **  

Interaction NS NS  

Mean 4.73 4.67 4.70 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS= Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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Fig. 4.1: Changes in leaf area index with time as affected by nitrogen timings and rates 

during 2009 and 2010; each bar represents standard deviation 
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The periodic data illustrated that N rates had highly significant effect on LAI and 

effect of N rates was cubic in nature during both the seasons. Maximum LAI (5.06 and 

5.1 during 2009 and 2010, respectively) was observed for application of 250 kg N ha-1 

and it was statistically at par with application of 300 and 200 kg N ha-1 in 2009 and 2010. 

Haghighi et al. (2010) also recorded maximum LAI 5.1 with application of 300 kg N ha-1. 

Minimum value of LAI 4.24 and 4.21 was achieved in 2009 and 2010, respectively by the 

application of 100 kg N ha-1. Similar results were reported by Hammad et al. (2011b)    

All these values were recorded at 62 DAP when crop achieved maximum canopy 

cover. Thereafter LAI started to decrease till 104 DAP (Fig. 4.1) due to leaf senescence 

as noted by Bu-Chong et al. (2007). Similarly Oscar and Tollenaar (2006) concluded that 

LAI of maize increased with application of higher rate of N and decline in LAI was much 

prominent in lower doses of N (Valero et al. 2005). Leaf expansion was improved in 

plants by giving optimum nitrogenous fertilizers and leaf expansion was illustrated in 

terms of leaf length and leaf breadth. The results were also in corroboration with those of 

Akbar et al. (1999) who found that N rates and time of application have significant 

effects on maize phenology. 

In the study overall mean LAI of 4.70 was observed and interaction between time 

of N application and N rates was found to be non-significant.  

4.3.2 Leaf area duration (days) 

Leaf area duration was calculated by accumulation of LAI of the crop. Data 

(Table 4.7) illustrated that time of N application significantly affected leaf area duration 

(LAD) in 2009 while during 2010 its effect was non-significant. Crop achieved 

maximum LAD at 243 and 245 days in 2009 and 2010, respectively by application of 

1/3rd N at V2, 1/3rd N at V16 and 1/3rd N at R1 stages. Effect of treatments T1 and T3 on 

LAD were statistically alike in 2009. Hammad et al. (2011a) reported similar results. 
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Table 4.7: Effect of nitrogen application time and fertilizer levels on cumulative leaf 
area duration (days) 

Treatment 2009 2010 Mean 

A) Time    

T1 232 b 244 238 

T2 243 a 245 244 

T3 228 b 247 337 

LSD 5% 6.48 7.92  

Significance ** NS  

B) Nitrogen    

N1 = 100 kg ha-1 208 d 212 d 210 

N2 = 150 kg ha-1 226 c 233 c 229 

N3 = 200 kg ha-1 238 b 249 b 243 

N4 =  250 kg ha-1 258 a 270 a 264 

N5 = 300 kg ha-1 243 b 254 b 248 

LSD 5% 6.20 2.19  

Significance ** **  

Linear ** **  

Quadratic ** **  

Cubic ** **  

Interaction NS NS  

Mean 260 244 252 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS= Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

 T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

 T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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As LAD is a derived variable from LAI so the same trend was observed in the 

LAD. Fertilizer (N) rates showed highly significant effect on LAD and effect of N was 

cubic and highly significant during both seasons (Table 4.7). Increase in rates of N 

illustrated that LAD of the crop was increased up to 258 and 270 days by application of 

250 kg N ha-1 during 2009 and 2010, respectively and it was followed by application of 

300 and 200 kg N ha-1 (N5 and N3 treatments, respectively) during both the season. Leaf 

area duration gradually increased till maturity of the crop.  Minimum LAD was observed 

with application of 100 kg N ha-1 in both seasons. Similar trend was observed in LAI of 

the crop.  

These results are supported by the findings of Valero et al. (2005) who also 

recorded 147 to 255 days LAD in maize with the application of different N rates in a 

semiarid region of Castilla-La Mancha, Spain. Overall average mean LAD was 239 days. 

Interaction between N timings and rates of application was found to be non-significant. 

4.3.3 Cob girth (cm) 

Table 4.8 indicates that time of N application significantly influenced cob girth in 

cropping seasons. Maximum values of cob girth were (14.6 and 14.9 cm in 2009 and 

2010, respectively) achieved when 1/3rd N at V2, 1/3rd N at V16 and 1/3rd N at R1 stage 

(Treatment T2) was applied and it was statistically at par with treatment T1 in 2009. 

Statistically lowest cob girth was measured by application of 1/3 N at seed bed 

preparation, 1/3 N at V12 and 1/3 N at R2 stage during both years. 

Fertilizer (N) rates effect on cob girth was highly significant during both seasons 

and the effect was quadratic in 2009 and cubic in nature during 2010. Little more cob 

girth was recorded during 2010 in all treatments. Statistically maximum cob girth (15.2 

cm and 15.4 cm in 2009 and 2010, respectively, was observed in treatments N4 (250 kg N 

ha-1) which was statistically similar with treatment N5 (300 kg N ha-1) in 2009 and at par 

during 2010. The cob girth decreased with reduction of N dose and statistically lowest 

cob girth (12.8 cm) was observed in plots that were fertilized with100 kg N ha-1 (N1) in 

2009. These results corroborate the findings of Rasheed et al. (2004) who concluded that 



59 

 

 Table 4.8: Effect of nitrogen application time and fertilizer levels on cob girth (cm) 

at maturity  

Treatment 2009 2010 Mean 

A) Time    

T1 14.0 ab 14.2 b 14.1 

T2 14.6 a 14.9 a 14.7 

T3 13.7 b 13.8 c 13.7 

LSD 5% 0.66 0.22  

Significance  * **  

B) Nitrogen    

N1 = 100 kg ha-1 12.8 c 13.2 c 13.0 

N2 = 150 kg ha-1 13.6 bc 13.5 c 13.6 

N3 = 200 kg ha-1 14.4 ab 14.5 b 14.4 

N4 =  250 kg ha-1 15.1 a 15.4 a 15.3 

N5 = 300 kg ha-1 14.6 a 14.7 ab 14.8 

LSD 5% 0.91 0.87  

Significance ** **  

Linear ** **  

Quadratic * **  

Cubic NS **  

Interaction NS NS  

Mean 14.1 14.3 14.2 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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 increasing levels of N may increase cob girth.  

In the study overall average cob girth was 14.20 cm. The interactive effect 

between time of N application and N rates was recorded to be statistically non-

significant. 

4.3.4 Cob length (cm) 

The data regarding cob length (Table 4.9) showed that N application effect was 

significant at 5% in 2009 and at 1% during 2010. Statistically the highest cob length 

(18.8 and 19.0 cm in 2009 and 2010, respectively) was noted when 1/3rd N at V2, 1/3rd 

N at V16 and 1/3rd N at R1 stage was applied. The application of 1/3 N at seed bed 

preparation, 1/3 N at V12 and 1/3 N at R2 stage resulted in lowest cob length for both the 

seasons. Because of lowest cob girth these treatments ultimately produced the lowest 

number of grains per cob. Same trend in results were observed in cob girth. 

 Nitrogen rates significantly influenced cob length in 2009 but it did not show 

significant effects during 2010. The effect of N on the cob length was linear in both 

years. Maximum cob length (18.6 and 17.7 cm in 2009 and 2010, respectively) was 

recorded for treatments N4 (250 kg N ha-1) which was statistically at par with treatments 

N5 (300 kg N ha-1) and N3 in 2009. Statistically minimum cob length (16.3 cm) was 

recorded in plots that were fertilized with100 kg N ha-1 (Treatment N1) in 2009. These 

results were supported by the findings of Cheema et al. (2010) who recorded 19 cm cob 

length with application of 300 kg N ha-1.  

The interactive effect between time of N application and N rates was found to be 

non-significant. Overall, mean cob length was recorded 17.3 cm in the experiment. 

4.3.5 Total dry matter production (g m-2) 

Total dry matter (TDM) production of crop amplified gradually during crop 

establishment and until 34 DAP; there after it increased linearly during growth period up 

to maturity of the crop in all the treatments (Fig. 4.2). Nitrogen application timings 

significantly affected TDM in both years. Application of N at initial stages resulted in 

maximum TDM production. Similarly, when 1/3 N at seed bed preparation,  
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Table 4.9: Effect of nitrogen application time and fertilizer levels on cob length (cm) 
at maturity 

Treatment 2009 2010 Mean 

A) Time    

T1 16.3 b 17.5 b 16.9 

T2 18.8 a 19.0 a 18.8 

T3 15.8 c 15.9 c 15.9 

LSD 5% 0.51 1.26  

Significance ** *  

B) Nitrogen    

N1= 100 kg ha-1 16.3 c 16.5 16.4 

N2= 150 kg ha-1 16.8 bc 17.0 16.9 

N3= 200 kg ha-1 17.5 ab 17.8 17.7 

N4=  250 kg ha-1 18.6 a 17.7 18.2 

N5= 300 kg ha-1 18.0 a 18.2 18.1 

LSD 5% 1.16 1.17  

Significance * NS  

Linear ** **  

Quadratic NS NS  

Cubic NS NS  

Interaction NS NS  

Mean 17.3 17.4 17.3 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

 T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

 T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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 Fig. 4.2: Changes in total dry matter production with time as affected by nitrogen timings 

and rates during 2009 and 2010. Each bar represents standard deviation 
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1/3 N at V6 and 1/3 N at VT stage (T1) was applied, it resulted in maximum (1696 and 

1614 g m-2 in 2009 and 2010, respectively) TDM production. Treatments T1 showed 

statistically similar TDM like treatments T2 and lowest TDM accumulation was observed 

in treatments T3. It can be concluded that application of N dose at vegetative stage was 

more favorable for TDM production.  

Generally TDM production responded positively to N rates in both years and it 

gradually increased up to maturity (Fig. 4.2). However 1.87% more (1583 vs 1554 g m-2) 

TDM was achieved during year 2010 than 2009. This may be due to more rain fall during 

the year 2010 as compared to 2010. The TDM production was increased by application of 

N up to 300 kg ha-1. Maximum TDM accumulated to a value of 1656 and 1672 g m-2 in 

2009 and 2010, respectively at 104 DAP in treatments N5 (300 kg N ha-1)  that was 

statistically similar with treatments N4 (250 kg N ha-1) in both years. Statistically lowest 

TDM production was achieved when N was applied at the rate of 100 kg N ha-1 in both 

years. The increase in TDM production with higher dose of N was due to better crop 

growth, which resulted more plant height, LAI, LAD and finally produced more TDM. 

These results are in line with previous studies conducted by Gheysari et al. (2009) who 

achieved maximum (1886 g m-2) TDM production with application of 200 kg N ha-1, 

however small difference in the values of TDM are probably to differences in climate and 

soil conditions. 

4.3.6 Mean crop growth rate (g m-2 d-1) 

Mean crop growth rate (CGR) was significantly affected by various studied times 

of N application during both years (Table 4.10). The results revealed that maize attained 

more mean CGR when the plots were fertilized with N at initial growth stages and 

maximum mean CGR (18.5 and 18.7 g m-2 d-1 in 2009 and 2010, respectively) was 

measured by application of 1/3 N at seed bed preparation, 1/3 N at V6 and 1/3 N at VT 

stage. (T1) while lowest mean CGR (17.27 g m-2 d-1) was achieved in 2009 when 1/3 N at 

seed bed preparation, 1/3 N at V12 and 1/3 N at R2 stage was applied. During the year  
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Table 4.10: Effect of nitrogen application time and fertilizer levels on mean crop 
growth rate (g m-2 d-1) 

Treatment 2009 2010 Mean 

A) Time    

T1 18.5 a 18.7 a 18.6 

T2 18.2 a 18.4 a 18.3 

T3 17.3 b 17.3 b 17.3 

LSD 5% 0.93 0.42  

Significance * **  

B) Nitrogen    

N1= 100 kg ha-1 16.9 c 16.8 d 16.7 

N2= 150 kg ha-1 17.3 bc 17.4 c 17.4 

N3= 200 kg ha-1 18.0 b 18.1 b 18.1 

N4=  250 kg ha-1 18.9 a 19.1 a 19.0 

N5= 300 kg ha-1 19.2 a 19.3 a 19.2 

LSD 5% 0.80 0.39  

Significance ** **  

Linear ** **  

Quadratic NS NS  

Cubic NS NS  

Interaction NS NS  

Mean 18.0 18.1 18.0 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS= Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

 T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

 T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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 Fig. 4.3: Changes in crop growth rate with time as affected by nitrogen timings and rates 

during 2009 and 2010. Each bar represents standard deviation 
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 2010, treatment T1 was statistically similar with T2 moreover maximum CGR 

occurred at 62 DAP in all the treatments then it gradually declined as the crop moved to 

maturity (Fig. 4.3). These results corroborate the findings of Hammad et al. (2011a). 

Figure 4.3 presents the effect of N application rates on mean CGR. Data showed 

highly significant effect of N rates on mean CGR during both years and the effect of N 

was quadratic in 2009 while linear and cubic in nature during 2010. Mean crop growth 

rate was increased up to 19.2 g m-2 d-1 with application of 300 kg N ha-1 in 2009 and it 

was statistically similar by application of 250 kg N ha-1 (treatment N4). However mean 

CGR during 2010 was 19.3 g m-2 d-1 in treatment N5 (300 kg N ha-1) and it was 

statistically similar with treatment N4. The value of mean CGR reduced gradually by 

reduction of N supply and minimum mean CGR (16.6 g m-2 d-1) was calculated for the 

lowest dose of N (100 kg N ha-1) in 2009 and similar statistical results were achieved 

during 2010. In the experiment, treatments such as N application timings and N rates 

having higher LAD or CGR produced more grains per cob, and treatments like low N 

rates, having lesser LAD or CGR values during growth produced fewer of grains per cob 

(Shearman et al., 2005). Effect of N on maize mean CGR has been reported by Khaliq, 

(2008) who calculated 20.8 g m-2 d-1 mean CGR through application of 250 kg N ha-1.  

In the experiment, over all mean CGR of 18.1 g m-2 d-1 was achieved and 

interaction between times and rates of N application was found to be non-significant. 

4.3.7 Mean net assimilation rate (g m-2 d-1) 

Little differences were observed in mean net assimilation rate (NAR) through 

changing timings of N application. Mean NAR did not coincide with crop yield therefore 

many researchers concluded that NAR was at stages of the crop. However in this study 

mean NAR was calculated over a season. In 2009 time of N application could not show 

significant effect on mean NAR but it was significant during 2010 (Table 4.11). 

Maximum mean NAR of both years (6.8 g m-2 d-1) was achieved when 1/3 N at seed bed 

preparation, 1/3 N at V6 and 1/3 N at VT stage was applied. 
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Various rates of nitrogenous fertilizer application showed significant effect on 

mean NAR and the effect of N was quadratic in nature during both seasons (Table 4.11). 

Maximum mean NAR (6.91 and 6.71 g m-2 d-1 in 2009 and 2010, respectively) was 

achieved by the application of 100 kg N ha-1 and further increase in N rates could not 

increase mean NAR. The increase in photosynthesis rate and decrease in respiratory 

losses mostly resulted in high NAR at lower rate of N (Khaliq et al., 2008; Hammad et al. 

2011a). Similarly, Haghighi et al. (2010) reported that there was no increased in NAR 

with the application of N 35 DAP. These results were also supported with the findings of 

Geok-yong and Tan (1980).  

Overall mean NAR of 6.52 g m-2 d-1 was measured and interaction between time 

of N application and rates was found to be statistically non-significant. 
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Table 4.11: Effect of nitrogen application time and fertilizer levels on mean net 

assimilation rate (g m-2d-1) 

Treatment 2009 2010 Mean 

A) Time    

T1 6.9 6.7 a 6.8 

T2 6.5 6.2 b 6.4 

T3 6.6 6.2 b 6.4 

LSD 5% 0.45 0.30  

Significance NS *  

B) Nitrogen    

N1 = 100 kg ha-1 6.9 a 6.7 a 6.8 

N2 = 150 kg ha-1 6.6 abc 6.4 c 6.5 

N3 = 200 kg ha-1 6.5 bc 6.3 c 6.4 

N4 =  250 kg ha-1 6.3 c 6.1 d 6.2 

N5 = 300 kg ha-1 6.8 ab 6.5 b 6.7 

LSD 5% 0.32 0.15  

Significance * **  

Linear ** **  

Quadratic ** **  

Cubic NS NS  

Interaction NS NS  

Mean 6.6 6.4 6.5 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS= Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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4.4 PHYSIOLOGICAL ANALYSIS 

Physiological observations were measured periodically at vegetative and 

reproductive stages and mean values of each variable were discussed.  

4.4.1 Mean photosynthetically active radiation (µmol m-2 s-1) 

Table 4.12 summarizes mean photosynthetically active radiation (PAR) among 

treatments and data showed that time of N application had significant effect on the 

amount of mean PAR during both years. The highest value of mean PAR was achieved in 

treatment where 1/3 N at seed bed preparation, 1/3 N at V6 and 1/3 N at VT stage (T1) 

was applied. The maximum intercepted PAR (1188 and 1177 µmol m-2 s-1 in 2009 and 

2010, respectively) was recorded in treatments T1. During 2009 treatment T1 showed 

statistically similar PAR with treatment T2 while in 2010 it was at par with treatment T3. 

Lowest (1111 µmol m-2 s-1) intercepted PAR was observed in treatment T3 while during 

2010 in T2. Climatic conditions of a year probably affected intercepted PAR which varied 

in both study years.  

 Nitrogen rates significantly affected the amount of intercepted PAR in 

both years and the effect of N was quadratic in nature during both the study seasons; 

increasing rate of N significantly increased amount of intercepted PAR up to 250 kg N 

ha-1(N4). Therefore maximum mean intercepted PAR (1220 and 1295 µmol m-2 s-1 in 

2009 and 2010, respectively) was observed in treatment N4. Above this level of N a slight 

reduction in values of mean intercepted PAR was observed and treatment N4 was 

statistically at par with N5 in 2009 and during 2010 at par with N5 and N3. The minimum 

interception of PAR (1049 and 1069 µmol m-2 s-1 in 2009 and 2010, respectively) was 

observed in plots which were fertilized with 100 kg N ha-1. The results were supported by 

finding of Wang, et al. (2006) who studied physiological variables in plants by using the 

same instruments. They subjected their results of the variables with same units, that were 

used in the study.   

Average mean PAR interception was 1150 µmol m-2 s-1 and interaction between 

the factors was statistically found to be non-significant. 
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 Table 4.12: Effect of nitrogen application time and fertilizer levels on mean 

photosynthetically active radiation (µmol m-2 s-1) 

Treatment 2009 2010 Mean 

A) Time    

T1 1188 a 1177 a 1183 

T2 1173 a 1081 b 1127 

T3 1111 b 1172 a 1142 

LSD 5% 51 25  

Significance * **  

B) Nitrogen    

N1 = 100 kg ha-1 1049 d 1069 c 1059 

N2 = 150 kg ha-1 1131 c 1125 bc 1128 

N3 = 200 kg ha-1 1180 b 1152 ab 1166 

N4 =  250 kg ha-1 1220 a 1195 a 1208 

N5 = 300 kg ha-1 1207 ab 1176 ab 1192 

LSD 5% 35 59  

Significance ** *  

Linear ** **  

Quadratic ** *  

Cubic NS NS  

Interaction NS NS  

Mean 1157 1143 1150 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and %, respectively, NS = Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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4.4.2 Mean photosynthesis rate (µmol m-2 s-1) 

 Photosynthesis was significantly affected by time of N application in both years of 

study (Table 4.13). Moreover the treatments that attained maximum means intercepted 

PAR resulted in the highest rate of photosynthesis. Statistically, maximum mean 

photosynthesis rate (21.7 µmol m-2 s-1 in 2010) was recorded when 1/3 N at seed bed 

preparation, 1/3 N at V6 and 1/3 N at VT stage was applied it was statistically similar to 

treatment T2. The lowest mean photosynthesis rates (20.0 µmole m-2 s-1) was recorded for 

application of 1/3 N at seed bed preparation, 1/3 N at V12 and 1/3 N at R2 stage. 

 Results showed that photosynthesis rate was significantly affected by N application 

rates; effect of N was cubic in nature and highly significant in both years (Table 4.13). The 

photosynthesis rate decreased with reduction of N application dose. Maranville and 

Madhavan (2002) reported that N stress reduced levels of phosphoenolpyruvate 

carboxylase and rubisco both enzymes are responsible for photosynthesis rate. Maximum 

photosynthesis (25.0 µmole m-2 s-1 in 2010, respectively) was observed with application of 

250 kg N ha-1. There was no further increase in photosynthesis after that dose and it was 

gradually decreased with reduction of small amount of N. Interaction between nitrogen 

application timing and rate was found to be significant in 2009 (Table 4.14). That the 

maximum photosynthesis rate was achieved by application of 250 kg N ha-1 with T1 

treatment might be due to application of most N dose at vegetative stage which results in 

maximum mean photosynthesis rate. The minimum photosynthesis rate was observed by 

application of 100 kg N ha-1 with T3 treatment. In plant high photosynthesis rate was 

occurred during vegetative stages but in N1T3 treatment, the crop underwent N stress during 

the vegetative period; that is why photosynthesis severely inhibited. Photosynthesis rate 

also decreased with increase of leaf N concentration from optimum level (DaMatta et al., 

2002). The results were supported by the finding of Zhao et al (2005). They used the same 

method and instrument for measurements of photosynthesis. 

Overall 20.3 µ mole m-2 s-1 mean photosynthesis rate was recorded in the study.  
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Table 4.13: Effect of nitrogen application time and fertilizer levels on mean 

photosynthesis rate (µmol m-2 s-1) 

Treatment 2009 2010 Mean 

A) Time    

T1 22.2 a 21.7 a 22.0 

T2 19.8 b 21.5 a 20.6 

T3 16.5 c 20.0 b 18.3 

LSD 5% 0.77 1.05  

Significance ** **  

B) Nitrogen    

N1= 100 kg ha-1 16.2 d 16.8 c 16.5 

N2= 150 kg ha-1 18.5 c 18.4 c 18.4 

N3= 200 kg ha-1 19.9 b 21.7 b 20.8 

N4=  250 kg ha-1 22.0 a 25.0 a 23.5 

N5= 300 kg ha-1 21.0 ab 23.6 a 22.3 

LSD 5% 1.11 1.83  

Significance ** **  

Linear ** **  

Quadratic ** **  

Cubic ** **  

Interaction ** NS  

Mean 19.5 21.1 20.3 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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Table 4.14: Interaction between nitrogen application time and rate affecting mean 
photosynthesis rate (µmol m-2 s-1) during 2009 

Treatment T1 T2 T3 

N1 = 100 kg ha-1 17.8 fg 16.8 h 14.0 j 

N2 = 150 kg ha-1 20.8 d 19.3 e 15.64 i 

N3 = 200 kg ha-1 23.1c 20.8 d 17.16 gh 

N4 =  250 kg ha-1 25.8 a 22.4 c 18.16 f 

N5 = 300 kg ha-1 24.3 b 20.9 d 17.7 fg 

LSD 5% 0.85 

Significance ** 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* = Significant at 1%  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

 T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

 T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages 

 

4.4.3 Mean transpiration rate (m mole m-2 s-1) 

 Time and rate of N application showed highly significant effect on mean 

transpiration rate in 2009. Interaction between the nutrients found to be significant (Table 

 4.15). Moreover, the treatments which illustrated the highest mean photosynthesis rate 

showed maximum transpiration rate. The maximum mean transpiration rate (6.1 m mole 

m-2 s-1) was observed by application of 1/3rd N at seed bed preparation, 1/3rd N at V6 
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and 1/3rd N at VT stage at the rate of 250 kg N ha-1 (Treatment N4T1). Nitrogen stress at 

vegetative stage (Treatment N1T3) resulted in lowest mean transpiration rate (2.9 m mole 

m-2 s-1). Same trend was observed in LAI of the crop as transpiration rate depends upon 

availability of moisture leaf structure and surface.  

 

Table 4.15: Effect of interaction between nitrogen application time and rate on 
mean transpiration rate (m mol m-2 s-1) during 2009 

Treatment T1 T2 T3 

N1 = 100 kg ha-1 4.1 ef 3.5 g 2.9 h 

N2 = 150 kg ha-1 4.4 cde 3.74 fg 3.6 g 

N3 = 200 kg ha-1 5.0 b 4.3 cde 3.8 fg 

N4 =  250 kg ha-1 6.1 a  4.7 bc 4.5 cd 

N5 = 300 kg ha-1 5.8 a 4.3 de 4.2 de 

LSD 5% 0.38 

Significance ** 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

** = Significant at 1%  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages 
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Nitrogen application timings and rates significantly affected transpiration rate 

during 2010. Interaction between N application time and rate was significant (Table 4.16) 

and effect of N was cubic. Transpiration rate significantly increased for rate of 250 kg N 

ha-1. Maximum transpiration rate (6.0 m mole m-2 s-1) was achieved by application of N at 

vegetative stage in three split (1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N 

at VT stages) at the rate of 250 kg N ha-1(T1N4). Decline in transpiration occurred with 

reduction of N dose. Nitrogen stress at mid vegetative stage (Treatment T3N1) resulted in 

lowest transpiration rate (2.8 m mole m-2 s-1).1 m mole m-2 s-1 might be due to weak 

leaves development. The results were supported by the findings of Miyashita et al. (2005) 

and Wu et al. (2011). In the study, trend in transpiration rate was found similar to that for 

LAI because transpiration rate is related to leaf surface of the crop. 

Table 4.16: Effect of interaction between nitrogen application time and rate on 
mean transpiration rate (m mol m-2 s-1) during 2010 

Treatment T1 T2 T3 

N1 = 100 kg ha-1 4.1 def 3.5 g 2.8 h 

N2 = 150 kg ha-1 4.3 cd 3.8 efg 3.6 g 

N3 = 200 kg ha-1 5.0 b 4.3 cde 3.8 fg 

N4 =  250 kg ha-1 6.0 a 4.7 bc 4.5 cd 

N5 = 300 kg ha-1 5.8 a 4.3 cde 4.2 cdef 

LSD 5% 0.49 

Significance * 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* = Significant at 5%  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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4.5 COMPONENTS OF GRAIN YIELD 

4.5.1 Number of plants m-2 at maturity 

Table 4.17 reveals that both time and rate of N application had non-significant 

effect on plant population m-2 at maturity during both seasons. By changing the time of N 

application there was little effect on plant population and it average was 6 plant m-2. 

Nitrogen rates did not significantly affect plant population m-2 at maturity and effect of N 

was non-significant. At maturity average seasonal and overall mean populations was 6 

plant m-2 and interactive effect was also non-significant. Similar plant population among 

treatments are produced because of gap filling and thinning after germination. 

4.5.2 Number of grains per cob 

 Table 4.18 summarizes number of grains per cob; time of N application 

significantly influenced the number of grains per cob. Maximum number of grains per 

cob (404 and 401 during 2009 and 2010, respectively) was achieved when 1/3rd N at V2, 

1/3rd N at V16 and 1/3rd N at R1 stage (T2) was applied. The treatment T2 was 

statistically at par with treatment T1 in 2009 and a similar trend was during 2010. The 

treatment T2 achieved maximum cob girth and length (Tables 4.8 and 4.9, respectively) as 

a result, maximum number of grains per cob was produced by the treatments.  

 Nitrogen rates also illustrated significant effect on number of grains per cob and 

effect of N was linear in 2009, while during 2010 it was linear and cubic in nature. The 

highest number of grains per cob (419 and 421 during 2009 and 2010, respectively) was 

achieved with application of 250 kg N ha-1 (N4), it was statistically at par with treatment 

N5 (300 kg N ha-1) in 2009 and similar trend was observed during 2010. Treatment (N1) 

with fertilized plots at the rate of 100 kg N ha-1 gave statistically lowest number of grains 

per cob during both years. Similar tendency of cob girth and length (Tables 4.8 and 4.9, 

respectively) remained by same dose of N in the N1 treatment that produced maximum 

cob girth and length resulted in the highest number of grains per cob and vice versa. 
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Table 4.17: Effect of nitrogen application time and the fertilizer levels on plant 

population m-2 at harvest 

Treatment 2009 2010 Mean 

A) Time    

T1 6 6 6 

T2 6 6 6 

T3 6 6 6 

LSD 5% 0.07 0.14  

Significance NS NS  

B) Nitrogen    

N1 = 100 kg ha-1 6 6 6 

N2 = 150 kg ha-1 6.3 6 6 

N3 = 200 kg ha-1 6 7 6 

N4 =  250 kg ha-1 7 6 6 

N5 = 300 kg ha-1 6 6 6 

LSD 5% 0.075 0.076  

Significance NS NS  

Linear NS NS  

Quadratic NS NS  

Cubic NS NS  

Interaction NS NS  

Mean 6 6 6 

NS = Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 

. 
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Table 4.18: Effect of nitrogen application time and fertilizer levels on number of 

grains per cob 

Treatment 2009 2010 Mean 

A) Irrigation    

T1 394 ab 400 a 397.00 

T2 404 a 401 a 402.50 

T3 378 b 384 b 381.00 

LSD 5% 20 10.19  

Significance * *  

B) Nitrogen    

N1 = 100 kg ha-1 368 c 375 c 371.50 

N2 = 150 kg ha-1 378 c 384 bc 381.00 

N3 = 200 kg ha-1 389 bc 396 b 392.50 

N4 =  250 kg ha-1 419 a 421 a 420.00 

N5 = 300 kg ha-1 405 ab 412 a 408.50 

LSD 5% 26 14.35  

Significance * **  

Linear ** **  

Quadratic NS NS  

Cubic NS **  

Interaction NS NS  

Mean 392 397 394 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS= Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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These results were supported by earlier work done by Khaliq (2008) and Hammad et al. 

(2011c) who achieved 424 and 421, respectively number of grains per cob by application 

of 250 kg N ha-1.  

 In the experiment overall 394 mean number of grains per cob was recorded and 

interactive effect between time and dose of N application was statistically found to be 

non-significant. 

4.5.3 Thousand grain weight (g) 

In general, thousand grain weight is the most important yield contributing factor. 

Table 4.19 showed that time of N application significantly influenced thousand grain 

weight and the response of N was linear in both years. Data regarding thousand grain 

weight exposed that statistically maximum thousand grain weight (284 and 291 g in 2009 

and 2010, respectively) produced when 1/3 N at seed bed preparation, 1/3 N at V12 and 1/3 

N at R2 stage (T3). Lowest thousand grain weight was achieved in treatment T2 (1/3 N at 

V2 stage, 1/3 N at V16 and 1/3 N at R1 stage) while treatment T2 produced maximum 

number of grains per cob as a results weight per grain decreased. Similar results were 

reported by Hammad et al. (2011a, b)  

Fertilizer (N) rates showed highly significant effect on thousand grain weight and 

effect of the N was cubic in nature during both years. Maximum thousand grain weight 

(311 and 319 g in 2009 and 2010, respectively) was produced by treatment N4 (250 kg N 

ha-1) which was statistically at par with treatment N5 (300 kg N ha-1) in 2009 that 

produced 295 g treatment grain weight. Thousand grain weights decreased by reduction 

of N dose in the plots and lowest thousand grains weight (240 and 253 g in 2009 and 

2010, respectively) was registered in treatment that was fertilized with100 kg N ha-1 (N1). 

These treatments were statistically similar which fertilized with 150 kg N ha-1 during 

both years. The results showed that optimum N supply might have increased the source 

efficiency (more TDM production as well sink capacity grain weight) and as N fertilizer 

increased grain weight of maize (Mohsan, 1999). These results were supported with 

findings of Mansouri-Far et al. (2010) who concluded that N stress limited thousand 

grain weight in maize.   
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Table 4.19: Effect of nitrogen application time and fertilizer levels on thousand 

grain weight (g) 

Treatment 2009 2010 Mean 

A) Irrigation    

T1 279 a 285 b 282.00 

T2 263 b 276 c 269.50 

T3 284 a 291 a 287.50 

LSD 5% 8 2  

Significance ** **  

B) Nitrogen    

N1 = 100 kg ha-1 240 c 253 d 246.50 

N2 = 150 kg ha-1 254 c 260 d 257.00 

N3 = 200 kg ha-1 278 b 286 c 282.00 

N4 =  250 kg ha-1 311 a 319 a 315.00 

N5 = 300 kg ha-1 295 ab 302 b 298.50 

LSD 5% 22 12  

Significance ** **  

Linear ** **  

Quadratic * **  

Cubic ** **  

Interaction NS NS  

Mean 276 284 279 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS= Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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The interactive effect between time and dose of N application was statistically 

non-significant. In the experiment overall, mean thousand grain weight 273.50 g was 

recorded. 

4.5.4 Grain yield (t ha-1) 

Grain yield was significantly influenced by various times of N application. 

Application of 1/3rd N at V2, 1/3rd N at V16 and 1/3rd N at R1 stage resulted in 

maximum (7.16 and 7.53 t ha-1 in 2009 and 2010, respectively) grain yield (Table 4.20). 

It was statistically at par with treatment T1 (1/3 N at seed bed preparation, 1/3 N at V6 

and 1/3 N at VT stage) in both years. Lowest grain yield was recorded in treatment T3 in 

both years might be due to the lowest number of grains per cob in treatment T3 (Table 

4.16). Freeman et al. (2007) reported that N management practices including N rate, 

methods and time of application significantly influenced maize grain yield. 

The rate of N application also showed highly significant effect on grain yield and 

the effect of N was cubic in the both years. Results revealed that increase in N dose up to 

250 kg ha-1 markedly increased grain yield. Maximum grain yield (8.27 and 8.49 t ha-1, in 

2009 and 2010, respectively) was achieved by the application of 250 kg N ha-1 and no 

further increase occurred by increasing N dose beyond this level. Application of 250 kg 

N ha-1 in the plots resulted in maximum photosynthesis rate, LAI, LAD, cob girth, cob 

length photosynthesis rate and thousand grain weight; all these yield components 

contributed to maximization of grain yield. Lowest grain yield (5.46 and 5.70 t ha-1, in 

2009 and 2010, respectively) was observed from plots which fertilized with 100 kg N ha-

1. These results substantiate the findings of Khaliq et al. (2009), who achieved 8.17 t ha-1 

maize grain yields by using 300 kg N ha-1. Nitrogen stress might be the cause of lesser 

LAI and LAD that lead to lower photosynthesis, crop growth rate, and therefore 

decreased number of grains per cob, thousand grains weight and grain yield. These 

results were also supported by findings of Girardin et al., 1987; Uhart and Andrade, 

1995b; Maranville and Madhavan, 2002 Hammad at al. 2011a, b c.  
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Table 4.20: Effect of nitrogen application time and fertilizer levels on grain yield (t 

ha-1) at maturity 

Treatment 2009 2010 Mean 

A) Irrigation    

T1 6.88 ab 7.06 ab 6.97 

T2 7.16 a 7.53 a 7.35 

T3 6.53 b 6.67 b 6.60 

LSD 5% 0.37 0.64  

Significance * *  

B) Nitrogen    

N1 = 100 kg ha-1 5.46 e 5.70 d 5.58 

N2 = 150 kg ha-1 6.02 d 6.26 d 6.14 

N3 = 200 kg ha-1 6.94 c 7.17 c 7.06 

N4 =  250 kg ha-1 8.27 a 8.49 a 8.38 

N5 = 300 kg ha-1 7.61 b 7.82 b 7.72 

LSD 5% 0.39 0.64  

Significance ** **  

Linear ** **  

Quadratic ** **  

Cubic ** **  

Interaction NS NS  

Mean 6.86 7.09 6.98 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS= Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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  In 2010, 3.35% more grain yield achieved than 2009 (7.09 vs 6.86 t ha-1) might be 

due to high rainfall and more favorable weather conditions in 2010. D’Andrea et al. 

(2008) also observed year difference in maize yield. Positive and strong relationship of 

grain yield with photosynthesis rate leaf area duration and crop growth rate was observed 

(Fig. 4.4). Moreover, grain yield also strongly correlated with grain per cob, thousand 

grain weight and biological yield (Fig. 4.5). Therefore for optimum grain yield, it is 

necessary to increase the above mentioned variables and in the study most of the 

variables were observed maximized by application of 250 kg N ha-1.   

In the experiment, 6.98 t ha-1 overall mean grain yield was achieved. Interactive 

effect between time and rates of N application was found to be statistically non-

significant. 

4.5.5 Biological yield (t ha-1) 

  The potential of a crop depends upon its biomass production. Time of N 

application showed significant effect in both years (Table 4.21). Maximum biological 

yield (15.96 and 16.14 t ha-1 in 2009 and 2010) was produced by application of 1/3 N at 

seed bed preparation, 1/3 N at V6 and 1/3 N at VT stage (T1) and it was statistically 

similar to treatments T2 in both years. When most of N dose was applied at later stage of 

the crop (treatment T3), it resulted in the lowest biological yield (15.00 t ha-1).  

Nitrogen application rate showed a highly significant effect on biological yield, 

the effect of N was linear in 2009 and linear and cubic during year 2010.  In the 

experiment, biological yield gradually increased with application of N up to 300 kg ha-1. 

Similarly, Shapiro et al. (2006) reported that maize dry matter increased with application 

of N in a quadratic way. The highest biological yield (16.56 and 16.72 t ha-1 in 2009 and 

2010, respectively) was obtained with the application of N at the rate of 300 kg ha-1 

(Treatments N5) and it was statistically similar to treatment N4 (250 kg N ha-1) in both 

years; this was followed by application of 200 kg N ha-1 (Treatments N3). The treatment 

N5 gave maximum plant height and mean crop growth rate (Tables 4.5 and 4.10, 

respectively); as a result, maximum biological yield was produced by these treatments.  
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Fig. 4.4: Relationship of grain yield with photosynthesis rate, leaf area duration and crop 

growth rate during 2009 and 2010. 
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Fig. 4.5: Relationship of grain yield with grain per cob, thousand grain weight and 

biological yield during 2009 and 2010. 
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Table 4.21: Effect of nitrogen application time and fertilizer levels on biological 

yield (t ha-1) at maturity 

Treatment 2009 2010 Mean 

A) Irrigation    

T1 15.96 a 16.14 a 16.05 

T2 15.73 a 15.90 a 15.82 

T3 14.92 b 15.08 b 15.00 

LSD 5% 0.78 0.37  

Significance * *  

B) Nitrogen    

N1 = 100 kg ha-1 14.32 c 14.49 d 14.41 

N2 = 150 kg ha-1 14.93 bc 15.09 c 15.01 

N3 = 200 kg ha-1 15.54 b 15.70 b 15.62 

N4 =  250 kg ha-1 16.36 a 16.52 a 16.44 

N5 = 300 kg ha-1 16.56 a 16.72 a 16.64 

LSD 5% 0.68 0.32  

Significance ** **  

Linear ** **  

Quadratic NS NS  

Cubic NS *  

Interaction NS NS  

Mean 15.54 15.83 15.69 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS= Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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 Similarly, minimum plant height, LAI and mean crop growth rate (Tables 4.5, 4.6 

and 4.10, respectively) were observed from the plots which fertilized with application of  

100 kg N ha-1 and it resulted in minimum biological yield (14.32 and 14.49 t ha-1 in 2009 

and 2010, respectively). These results were supported by findings of Amanullah et al. 

(2009) who achieved 14.70 t ha-1 biological yields in maize with application of N at the 

rate of 180 kg ha-1.  

Overall average biological yield 15.69 t ha-1 was recorded in the experiment and 

interaction between the factors was statistically found to be non-significant.  

4.5.6 Harvest index (%) 

Harvest index (HI) is the ratio of economic yield to biological yield, expressed in 

percentage and productive efficiency of a crop measured in terms of HI. The response of 

N application timing on HI was found to be statistically significant in 2009 and non-

significant during 2010 (table 4.22). Statistically maximum HI (45% in 2009) was 

calculated by application 1/3rd N at V2, 1/3rd N at V16 and 1/3rd N at R1 stage (T2). The 

treatment T2 also gave maximum HI (47%) during 2010 and similar trend of grain yield 

was observed in the study while minimum HI was calculated in treatments T3. 

Application of N fertilizer at various rates showed highly significant effect on HI 

in both years and the effect of N was cubic in nature during both years. Maximum HI 

(50% and 51% in 2009 and 2010, respectively) was observed when N was applied at the 

rate of 250 kg N ha-1; thereafter no increase in HI above this level of N was observed. 

This was due to the fact that increase in N dose from this level increased biological yield 

which resulted in reduction of HI. Statistically low harvest index was achieved in 

treatment N1 (100 kg N ha-1); that was 38% and 39.40% in 2009 and 2010, respectively. 

Hence results suggested that an optimum dose of N is necessary for optimizing the 

partitioning of total dry matter production between grain and other parts of maize crop. 

These results were also supported by the findings of others researcher (Kemanian et al., 

2007 Hammad et al. 2011b, c). In the experiment, interaction was statistically non-

significant. 
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Table 4.22: Effect of nitrogen application time and fertilizer levels on harvest index (%) 

Treatment 2009 2010 Mean 

A) Irrigation    

T1 42.9 b 43.6 43.3 

T2 45.3 a 47.2 46.3 

T3 43.6 b 44.1 43.9 

LSD 5% 1.49 3.66  

Significance * NS  

B) Nitrogen    

N1 = 100 kg ha-1 38.2 d 39.4 d 38.8 

N2 = 150 kg ha-1 40.4 c 41.6 cd 41.0 

N3 = 200 kg ha-1 44.7 b 45.7 bc 45.2 

N4 =  250 kg ha-1 50.5 a 51.4 a 50.9 

N5 = 300 kg ha-1 46.0 b 46.8 b 46.4 

LSD 5% 2.15  4.28  

Significance ** **  

Linear ** **  

Quadratic ** *  

Cubic ** *  

Interaction NS NS NS 

Mean 44.0 45.0 44.5 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS= Non-significant  

T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages, 

T2 = 1/3rd N at V2 stage, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3rd N at seed bed preparation, 1/3rd N at V12 stage and 1/3 N at R2 stages. 
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4.5.7 Correlation of grain yield with growth variables and yield components 

Simple linear correlation analysis between grain yield and different growth 

variables and components of yield is presented in table 4.23. The data showed positive 

and highly significant correlation of grain yield with all the growth variables (LAI, LAD, 

CGR, photosynthesis and transpiration) and strong association with yield component 

such as such as number of grains per cob and thousand grain weight. A highly significant 

correlation of grain yield with plant height, biological yield and HI was also observed. 

These associations are supported with previous findings on maize (Ahmaddani, 2004, 

Peng et al., 2010, and Cha-um et al., 2010). From the highly strong correlation it can be 

concluded that grain yield can be increased by increasing the growth and yield 

component such as such as number of grains per cob and thousand grain weight. 

Table 4.23: Correlation of grain yield with following studied variables  

Character 
Correlation co-efficient (r) 

2009 
(n = 8) 

2010 
(n = 8) 

Pooled 
(n = 16) 

Leaf area index 0.94**  0.89**  0.90**  

Leaf area duration 0.97**  0.94**  0.94**  

Crop growth rate 0.92**  0.92**  0.92**  

Photosynthesis rate 0.65ns 0.91**  0.78**  

Transpiration rate 0.82**  0.95**  0.88**  

Plant height  0.73* 0.84**  0.80**  

Number of grains per cob 0.97**  0.98**  0.97**  

Thousand grain weight 0.90**  0.89**  0.90**  

Biological yield 0.93**  0.92**  0.92**  

Harvest index 0.98**  0.97**  0.97**  

*, **   = Significant at 5% and 1% probability, ns = Non-significant 
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EXPERIMENT-II 

4.6 CROP DEVELOPMENT 

Table 4.24 summarizes crop development of experiment-II; it indicates calendar 

days and thermal time (Growing Degree Days) of year 2009 and 2010. Results revealed 

that calendar days from sowing to emergence (79 ˚C days) was similar for all treatments in 

2009 while during 2010 both treatments I1 and I3 took similar (95 ˚C days) thermal time 

while treatment I2 took 71 ˚C days thermal time. When irrigation was applied at V2, V6, 

V12, V16, VT, R1 and R3 stage (I1) it resulted maximum thermal time (1079 and 1019 ˚C 

days in 2009 and 2010, respectively) from crop emergence to tasseling stage. Minimum 

thermal time (1009 and 989 ˚C days in 2009 and 2010, respectively) was recorded when 

irrigation was applied at V6, V12, VT, R1 and R3 stage (I2). It might be that when stress 

was given then the plant shortened its life cycle. Five calendar days were recorded from 

tasseling to silking in both years while slight difference in thermal time during both years 

was observed and stress at vegetative stage (treatment I2) resulted in 7.4% (106 vs 111 ˚C 

days) less thermal time. The treatments I2 took more days (48 and 47 in 2009 and 2010, 

respectively) silking to maturity and thermal time (847 and 841 ˚C days, respectively). At 

this stage the crop water stress treatments were completed and irrigation started normally. 

In both years, lowest number calendar days (43) for silking to maturity as taken by the crop 

when water deficit occurred at vegetative stage (irrigation at V2, V6, V12, V16, VT and R3 

stage) and it resulted in minimum thermal time (769 and 776 ˚C days in 2009 and 2010, 

respectively). During this period the reproductive stage had started and when crop faced 

water deficit, it shortened its life cycle and moved toward maturity. 

In general, maximum mean calendar days (101) and thermal time 2037 ˚C days 

were taken by the crop when it was irrigated at V2, V6, V12, V16, VT, R1 and R3 stages i. 

e. when the crop obtained maximum irrigation then accumulated 2.3% (2037 vs 1991) 

more thermal time and the crop gave the highest grain yield (Table 4.42). Water deficit at 

reproductive stage (I3) forced then the crop to attain minimum calendar days and thermal 

time which resulted in the lowest mean CGR and grain yield (Tables 4.33 and 4.42) in both 

years.   
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Table 4.24: Phenological data of experiment-II during the year 2009 and 2010 

Stages 
Treat-

ment 

Calendar Date 
Calendar time 

(days) 
Thermal time 

(◦C days)* 

T.T  
(◦C days)*  

2009 2010 2009 2010 2009 2010 Mean 

Sowing 

I 1 

I 2 

I 3 

01-08-09 

01-08-09 

01-08-09 

02-08-10 

02-08-10 

02-08-10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Sowing 

to 

Emergence 

I 1 

I 2 

I 3 

03-08-09 

03-08-09 

03-08-09 

05-08-10 

04-08-10 

05-08-10 

3 

3 

3 

4 

3 

4 

79 

79 

79 

95 

71 

95 

87 

75 

87 
 

Emergence 

to 

Tasseling 

I 1 

I 2 

I 3 

19-09-09 

16-09-09 

18-09-09 

21-09-10 

18-09-10 

20-09-10 

47 

44 

46 

47 

45 

46 

1079 

1009 

1055 

1019 

989 

999 

1049 

999 

1027 
 

Tasseling to 

Silking 

I 1 

I 2 

I 3 

24-09-09 

21-09-09 

23-09-09 

26-09-10 

23-09-10 

25-09-10 

5 

5 

5 

5 

5 

5 

122 

118 

122 

98 

94 

99 

110 

106 

111 
 

Silking  

to 

Maturity  

I 1 

I 2 

I 3 

08-11-09 

08-11-09 

05-11-09 

11-11-10 

09-11-10 

07-11-10 

45 

48 

43 

46 

47 

43 

773 

847 

769 

808 

841 

776 

791 

844 

773 
 

Sowing 

to 

Maturity 

I 1 

I 2 

I 3 

08-11-09 

08-11-09 

05-11-09 

11-11-10 

09-11-10 

07-11-10 

100 

100 

97 

102 

100 

98 

2053 

2053 

2014 

2020 

1943 

1968 

2037 

1998 

1991 
 

*Base temperature = 8 ˚C 

I1 = Irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = Irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = Irrigation at V2, V6, V12, V16, VT and R3 stages. 
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4.6.1 Days to emergence (day) 

Table 4.25 shows that both irrigation regimes and N rate did not significantly 

affect the number of days to emergence in both years. For plant emergence, 3 days were 

required during both seasons. Effect of N rates was also non-significant; that may be due 

to the fact that newly emerged plants had adequate food reserves in form of cotyledons 

available for initial plant growth (Belfield and Brown, 2008). Moreover, at initial stage 

plants do not require more N. Overall, 3 days for germination were found in the 

experimentation and interactive effect of the studied factors was statistically found non-

significant. 

4.6.2 Days to 50% tasseling (day) 

Data concerning days to 50% tasseling was statistically significant in both year 

(Table 4.26). Plants took 2.1% more days for 50% tasseling (50 vs 49 days) in year 2010. 

When irrigations were applied at V2, V6, V12, V16, VT, R1 and R3 stage the crop took 

maximum number of days for 50% tasseling (50.40 and 50.70 days in 2009 and 2010, 

respectively); it was statistically similar with I3 treatment in 2009 because both treatments 

obtained similar irrigation regimes during this stage. Minimum days to 50% tasseling (47 

and 48 days in 2009 and 2010, respectively) were accumulated by the crop when water 

stress was given at the vegetative stage (treatment I2). 

 Nitrogen rates showed a highly significant effect on the number of days to 50% 

tasseling during both years and effect of N application was linear and highly significant. 

That the crop took little more time for 50% tasseling in year 2010 might be due to more 

rainfall in this year (Fig. 3.1). When N was applied at the rate of 250 kg ha-1 (treatments 

N4) then the crop took the maximum (51 days during the both years) days for 50% 

tasseling and for both years it was statistically at par with treatments N5 (300 kg N ha-1) 

and N3 (200 kg N ha-1). Minimum days to 50% tasseling (46.74 and 47.32 days in 2009 

and 2010, respectively) were observed in N1 (100 kg N ha-1). These results are supported  
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Table 4.25: Effect of different irrigation regimes and fertilizer levels on days to 

emergence  

Treatment 2009 2010 Mean 

A) Irrigation    

I1 3 4 4 

I2 3 3 3 

I3 4 3 4 

LSD 0.37 0.41  

Significance NS NS  

B) Nitrogen    

N1 = 100 kg ha-1 3 4 4 

N2 = 150 kg ha-1 3 3 3 

N3 = 200 kg ha-1 4 4 4 

N4 =  250 kg ha-1 3 3 3 

N5 = 300 kg ha-1 3 3 3 

LSD 5% 0.58 0.56  

Significance NS NS  

Linear NS NS  

Quadratic NS NS  

Cubic NS NS  

Interaction NS NS  

Mean 3 3 3 

NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 

 



94 

 

by findings of Valero et al. (2005) who reported that maize took 47 days for tasseling 

when N was applied at the rate of 130 kg ha-1 under a semi-arid environment. Moreover 

results were also supported by the findings of Masood et al. (2003). Overall the mean 

number of days for 50% tasseling of 49 days as recorded and interaction between 

irrigation regimes and rates of N was found to be non-significant. 

4.6.3 Days to 50% silking (day) 

Table 4.27 showed that irrigation regimes significantly influenced days to 50% 

silking in both years. The crop took a little more time in 2010; this might be due to 

environmental factors. When the crop was irrigated at V2, V6, V12, V16, VT, R1 and R3 

stage it resulted in maximum 55 and 56 days in the first and second years, respectively it 

was statistically similar with treatments I3 in both years.  As both treatments were irrigated 

with equal amount of water up to this stage (days to 50% silking) statistically similar 

results were achieved. Among the various irrigation regimes, minimum number of days to 

50% silking as taken by treatment I2 due to water stress and thus the crop accelerated to 

words maturity. 

Fertilizer (N) application rates significantly affected days to 50% silking and its effect 

was linear in both years. When N was applied at the rate of 250 kg ha-1 (T4), then the crop 

took the maximum number of days to 50% silking (55 and 56 days in 2009 and 2010, 

respectively); in 2009 it was statistically similar to the application of N at the rate of 300 

and 200 kg ha-1 (N5 and N3 treatments, respectively) and followed by 150 kg N ha-1. 

During 2010 N4 treatment was statistically at par with application of N at the rate of 200 

and 300 kg N ha-1 (N3 and N5 treatments). Statistically lowest number of days to 50% 

silking (51 and 52 days in 2009 and 2010, respectively) as observed in treatments N1 (100 

kg ha-1). In the experiment it was observed that high dose of N enhanced days to 50% 

silking and vice versa. These results were supported by findings of Amanullah et al. 

(2009) who reported that maize took 57 days to 50% silking for N application at the rate 

of 180 kg ha-1 in three splits. Moreover the results were also in line with the findings of 

Ogunlela et al. (1998) and Oktem et al. (2005). 
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Table 4.26: Effect of different irrigation regime and fertilizer levels on days to 

tasseling (day) 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 50 a 51 a 51 

I2 47 b 48 c 47 

I3 49 a 50 b 49 

LSD 1.65 0.37  

Significance * **  

B) Nitrogen    

N1 = 100 kg ha-1 47c 47 c 47 

N2 = 150 kg ha-1 48 bc 49 bc 48 

N3 = 200 kg ha-1 49 ab 50 abc 50 

N4 =  250 kg ha-1 51 a 51 a 51 

N5 = 300 kg ha-1 50 ab 50 ab 50 

LSD 5% 2.32 2.74  

Significance ** *  

Linear ** **  

Quadratic NS NS  

Cubic NS NS  

Interaction NS NS  

Mean 49 49 49 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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Table 4.27: Effect of different irrigation regime and fertilizer levels on days to silking 

(day) 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 55 a 56 a 55 

I2 52 b 53 b 53 

I3 54 a 54 a 54 

LSD 1.71 1.01  

Significance ** **  

B) Nitrogen    

N1 = 100 kg ha-1 51 b 52 c 51 

N2 = 150 kg ha-1 53 ab 53 bc 53 

N3 = 200 kg ha-1 54 a 55 ab 54 

N4 =  250 kg ha-1 55 a 56 a 56 

N5 = 300 kg ha-1 55 a 56 ab 55 

LSD 5% 2.68 2.63  

Significance * *  

Linear ** **  

Quadratic NS NS  

Cubic NS NS  

Interaction NS NS  

Mean 54 54 54 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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Overall 54 mean days to 50% silking were observed in the experiment and interaction of 

between studied nutrients was observed to be statistically non-significant. 

4.6.4 Plant height (cm) 

Date showed that irrigation regimes significantly influenced plant height (Table 

4.28). During 2010 4.60% more height (214 vs 204 cm) was achieved than year 2009. 

Maximum plant height (210 and 221 cm in 2009 and 2010, respectively) was measured 

when crop was irrigated at V2, V6, V12, V16, VT, R1 and R3 stage and it was statistically 

similar when irrigation was applied at V2, V6, V12, V16, VT and R3 stage in 2009. Lowest 

plant height was observed when a water deficit at the vegetative stage (treatment I2) was 

given. Plant height development process was completed at vegetative stage hence water 

deficit affected it at this stage.  

Nitrogen application rate showed significant effect on plant height and the effect 

of N was linear in both years. The plant height increased up to 300 kg N ha-1 during both 

seasons. Maximum plant height (226 and 229 cm in 2009 and 2010, respectively) was 

observed when N was applied at the rate of 300 kg ha-1 and it was statistically at par with 

treatment N4 (250 kg N ha-1) in 2009 while during 2010 it was at par with N3 and N4 

treatments (250 and200 kg N ha-1, respectively). Minimum plant height (182 and 196 cm 

during 2009 and 2010, respectively) was observed from plots which were fertilized with 

100 kg N ha-1. Increase in plant height could be attributed to more vegetative growth that 

probably increased shading and inter nodal extension among the plants and vice versa. 

Results substantiate the findings of Farhad et al. (2009) who observed 244 cm plant 

height in maize by application of 250 kg N ha-1. Moreover these results were also 

supported by the findings of Saleem et al. (2003). The treatments that attained more plant 

height at maturity also showed more total dry matter production than other treatments. 

Average plant height 209 cm was recorded in the experiment and interaction 

between irrigation regimes and N rates was found to be statistically non-significant.  
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Table 4.28: Effect of different irrigation regime and fertilizer levels on plant height 

(cm) at maturity 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 210 a 221 a 216 

I2 191 b 208 c 199 

I3 211 a 215 b 213 

LSD 17.25 4.38  

Significance * **  

B) Nitrogen    

N1 = 100 kg ha-1 182 d 196 c 189 

N2 = 150 kg ha-1 193 cd 208 bc 200 

N3 = 200 kg ha-1  206 bc 217 ab 212 

N4 =  250 kg ha-1 213 ab 222 ab 217 

N5 = 300 kg ha-1  226 a  229 a 228 

LSD 5% 14.48  17.57  

Significance ** *  

Linear ** **  

Quadratic NS NS  

Cubic NS NS  

Interaction NS NS  

Mean 204 214 209 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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4.7 CROP GROWTH ANALYSIS 

4.7.1 Leaf area index 

Leaf area index (LAI) has importance in increasing yield of the crop, moreover the 

LAI is a major variable for determining the effect of radiation interception, photosynthesis 

rate, transpiration amount and finally economic yield of a crop. The data revealed that 

irrigation regimes showed a highly significant effect on LAI (Table 4.29) during both years 

of study. When irrigation was applied at V2, V6, V12, V16, VT, R1 and R3 stage (I1) it 

resulted in maximum (4.70 and 4.89 in 2009 and 2010, respectively) LAI and this treatment 

statistically similar when the crop was irrigated at V2, V6, V12, V16, VT and R3 stage (I3) 

because both treatments were irrigated at the same stages up to 62 DAP so statistically no 

different in LAI was observed between the treatments. Lowest LAI was recorded for a 

water deficit at vegetative stage (treatments I2) in both years. A water deficit caused a 

decline in LAI moreover the LAI gradually decreased as the crop maturited (Fig. 4.6) due 

to leaves senescence as noted by Bu-Chong et al. (2007). 

The periodic data showed that various N rates significantly influenced LAI and 

effect of N rates was cubic in nature during both years. Leaf area index decreased with 

reduction of N dose as Valero et al. (2005) reported that much decline in LAI occurred 

with little decrease in N rates. Maximum LAI (4.93 and 5.13 in 2009 and 2010, 

respectively) was found for application of 250 kg N ha-1 and it was statistically at par 

with treatment N5 (300 kg ha-1) in 2009 while  during 2010 it was similar to treatment N3 

and N5 (200 and 300 kg ha-1, respectively). Lowest LAI 3.98 and 4.03 was achieved in 

2009 and 2010, respectively in the plots which were fertilized with 100 kg N ha-1 at 62 

DAP when the crop achieved maximum canopy cover (Fig.4.6). 

These results are supported by the findings of Haghighi et al. (2010) who also 

recorded LAI 5.1 by the application of 300 kg N ha-1. Moreover Khaliq (2008) recorded 

4.85 LAI when he applied N at the rate of 250 kg ha-1 in maize under similar agro 

ecological environment. Mean LAI of 4.54 was observed while interactive effect between 

irrigation regimes and N rates was found to be statistically non-significant.  
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Fig. 4.6: Changes in leaf area index with time as affected by irrigation regimes during 

2009 and 2010. Each bar represents standard deviation 
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Table 4.29: Effect of different irrigation regimes and fertilizer levels on maximum 

leaf area index at 62 days after sowing 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 4.70 a 4.89 a 4.80 

I2 4.08 b 4.35 b 4.22 

I3 4.59 a 4.81 a 4.70 

LSD 5% 0.18 0.21  

Significance ** **  

B) Nitrogen    

N1 = 100 kg ha-1 3.98 c 4.03 c 4.01 

N2 = 150 kg ha-1 4.24 bc 4.49 b 4.37 

N3 = 200 kg ha-1 4.52 b 4.84 a 4.68 

N4 =  250 kg ha-1 4.93 a 5.13 a 5.03 

N 5= 300 kg ha-1 4.62 ab 4.93 a 4.80 

LSD 5% 0.39 0.34  

Significance ** *  

Linear ** **  

Quadratic * **  

Cubic * NS  

Interaction NS NS  

Mean 4.43 4.65 4.54 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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4.7.2 Leaf area duration (day) 

Leaf area duration (LAD) was calculated by accumulation of LAI by using the 

formula given by Hunt (1978). The LAD was affected by various irrigation regimes and 

difference in LAD was highly significant (Table 4.30) during both years. When irrigation 

was applied at V2, V6, V12, V16, VT, R1 and R3 stage it resulted in maximum (262 and 

259 days in 2009 and 2010, respectively) LAD and a similar trend was observed in LAI. 

In 2009 lowest LAD was observed by water deficit at vegetative stage (I2); however in 

2010 minimum (246 days) LAD was achieved when water stress was given at 

reproductive stage. 

Differences in grain yield or in biological yield in response to agronomic practices 

may or may not be explained by differences in their LAIs. So, dissimilarities in yield are 

sometimes accounted by LAD. To examine the importance of photosynthetic surface 

during growth, LAD values were determined. Fertilizer (N) application rates significantly 

affected LAD and effect of N was cubic in nature during both years. Increase in N rates 

illustrated that LAD of the crop increased up to 250 kg N ha-1 and vice versa.  The crop 

exhibited LAD 6% (250 vs 236 days) longer in 2010 as compared to 2009. Maximum 

(259 and 280.5 days in 2009 and 2010, respectively) LAD was found for application of 

250 kg N ha-1 (treatment N4). When N was applied at the rate of 100 kg N ha-1 (treatment 

N1) then the lowest LAD was observed in the crop during both seasons and similar trend 

was also observed in LAI as LAD is a derived variable from LAI. The results were 

supported by the finding of Valero et al. (2005) who recorded 147 to 255 days LAD in 

maize by the application for various N levels under semi-arid conditions. 

The interaction result between irrigation regimes and N rates affecting LAD was 

found to be statistically non-significant and overall mean LAD of the crop was calculated 

as 243 days (Table 4.30). 
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Table 4.30: Effect of different irrigation regimes and fertilizer levels on cumulative 

leaf area duration (day) 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 262 a 259 a 260 

I2 224 c 251 b 238 

I3 233 b 246 c 240 

LSD 2.25 2.71  

Significance ** **  

B) Nitrogen    

N1 = 100 kg ha-1 209 d 217 e 213 

N2 = 150 kg ha-1 221 c 242 d 231 

N3 = 200 kg ha-1 234 b 257 c 245 

N4 =  250 kg ha-1 259 a 281 a 270 

N5 = 300 kg ha-1 242 b 245 b 244 

LSD 5% 9.62 5.71   

Significance ** **  

Linear ** **  

Quadratic ** **  

Cubic ** **  

Interaction NS NS  

Mean 236 250 243 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 

 

 

 



104 

 

4.7.3 Cob girth (cm) 

Table 4.31 presents the significant effect on cob girth by various irrigation 

regimes in both years. The crop showed cob girth 5% (14.1 vs 13.4 cm) higher in 2010 as 

compared to 2009; that might be due to favorable temperatures and rainfall for crop 

growth in 2010. Maximum cob girth (14.6 and 15.2 cm in 2009 and 2010, respectively) 

was noted when irrigation was applied at V2, V6, V12, V16, VT, R1 and R3 stage (I1). 

Water deficit at reproductive stage (I3) statistically resulted in the lowest cob girth (12.3 

and 13.1 in first and second year of the study, respectively). 

Nitrogen levels effect on cob girth was found to be highly significant during both 

years and the effect was linear and cubic in nature during both seasons (Table 4.31). 

Maximum cob girth (14.4 and 15.1 cm in 2009 and 2010, respectively) was measured in 

treatment N4 (250 kg N ha-1) in both years which was statistically at par with treatment 

N5 (300 kg N ha-1) while the treatment N5 was statistically at par with treatment N3. 

Statistically lowest cob girth (12.5 and 13.2 cm in 2009 and 2010, respectively) was 

observed in plots that were fertilized by 100 kg N ha-1 (treatment N1) and it was 

statistically at par with treatment N2 in both years. These results corroborated the findings 

of Rasheed et al. (2004) who also observed that increasing levels of N increased cob girth 

in maize.  

 In the experiment overall mean cob girth at 13.7 cm was calculated. The 

interactive effect between irrigation regimes and N rates was statistically non-significant. 
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Table 4.31: Effect of different irrigation regimes and fertilizer levels on cob girth (cm) 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 14.6 a 15.1 a 14.8 

I2 13.3 b 13.9 b 13.6 

I3 12.3 c 13.0 c 12.7 

LSD 0.71  0.47  

Significance  **  **  

B) Nitrogen    

N1 = 100 kg ha-1 12.5 d 13.2 c 12.9 

N2 = 150 kg ha-1 12.8 cd 13.7 bc 13.3 

N3 = 200 kg ha-1 13.5 bc 13.9 bc 13.7 

N4 =  250 kg ha-1 14.4 a 15.1 a 14.8 

N5 = 300 kg ha-1 13.8 ab 14.4 ab 14.1 

LSD 5% 0.75 0.80  

Significance ** **  

Linear ** **  

Quadratic NS NS  

Cubic * *  

Interaction NS NS  

Mean 13.4 14.1 13.8 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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4.7.4 Cob length (cm) 

Data regarding cob length (Table 4.32) showed that irrigation regimes effect was 

significant in both years. Statistically maximum cob length (18.9 and 19.8 cm in 2009 

and 2010, respectively) was measured when irrigations were applied at V2, V6, V12, 

V16, VT, R1 and R3 stage (treatments I1) and it was statistically similar to treatment I3 

(irrigation at V2, V6, V12, V16, VT and R3 stage) in both years. Lowest cob length was 

measured when water deficit was given at vegetative stage (I2 treatment).  

Nitrogen fertilizer application significantly influenced cob length and effect of N 

was cubic in year 2009 and quadratic in 2010. In the experiment, cob length increased by 

increasing the N dose. Maximum cob length (19.4 and 20.3 cm in 2009 and 2010, 

respectively) was recorded in treatment N4 (250 kg N ha-1) which was statistically similar 

with treatment N5 (300 kg N ha-1) in both years while at par with treatment N3 (200 kg N 

ha-1) during 2010. Statistically lowest mean cob length (16.6 and 17.4 cm in 2009 and 

2010, respectively) was recorded in plots which were fertilized by 100 kg N ha-1 (N1). 

These results were supported by the findings of Cheema et al. (2010) who recorded 19 

cm cob length with application of 300 kg N ha-1.  

Interactive effect between irrigation regimes and N rates affecting cob length was 

statistically non-significant. In the study over all, mean cob length 18.5 cm was recorded 

(Table 4.32). 

4.7.5 Total dry matter production (g m-2) 

Irrigation regimes significantly influenced total dry matter (TDM) production of 

the crop. In all treatments, TDM amplified regularly after crop establishment until the 

crop reached maturity (Fig. 4.7). The Fig. showed that when the crop was irrigated at V2, 

V6, V12, V16, VT, R1 and R3 stage it resulted in maximum (1565 and 1646 g m-2 in 

2009 and 2010, respectively) TDM production. Water deficit at vegetative and 

reproductive stages not differ statistically to each other in 2010. It might be owing to 

more rainfall in that year (Fig. 3.1). However, in 2009 the lowest TDM accumulation was 

observed in treatment I3 (Irrigation at V2, V6, V12, V16, VT and R3 stage) where the  
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Table 4.32: Effect of different irrigation regimes and fertilizer levels on cob length 

(cm) 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 18.9 a 19.8 a 19.33 

I2 18.4 a 18.9 a 18.64 

I3 17.2 b 18.0 b 17.55 

LSD 0.98  0.84  

Significance * *  

B) Nitrogen    

N1 = 100 kg ha-1 16.6 d 17.4 c 17.0 

N2 = 150 kg ha-1 17.5 c 18.1 bc 17.8 

N3 = 200 kg ha-1 18.2 e 19.1 ab 18.7 

N4 =  250 kg ha-1 19.4 a 20.3 a 19.9 

N5 = 300 kg ha-1 18.9 a 19.5 a 19.2 

LSD 5%  0.61 1.24  

Significance ** **  

Linear ** **  

Quadratic * *  

Cubic NS NS  

Interaction NS NS  

Mean 18.1 18.9 18.5 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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Fig. 4.7: Changes in total dry matter production with time as affected by irrigation 

regimes during 2009 and 2010. Each bar represents standard deviation 
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crop faced water stress at reproductive stage and this resulted in much reduction in grain 

yield of the crop. 

Total dry matter production responded significantly to N rates in both years and it 

gradually increased up to maturity of the crop (Fig. 4.7). However 5.6% (1576 g m-2 vs 

1492 g m-2) more TDM was achieved during the year 2010 that might be due to high 

rainfall and favorable temperatures in that year (Fig. 3.1). Maximum TDM accumulated 

(1620 and 1676 g m-2 in 2009 and 2010, respectively) at 104 DAP in treatment N5 (300 

kg N ha-1) that was at par with treatment N4 (250 kg N ha-1) in 2009 while during 2010 it 

was statistically similar to treatment N4. Total dry matter productions increased by 

increasing N dose up to 300 kg N ha-1 and vice versa. Similarly, statistically minimum 

TDM was achieved in treatments N1 (100 kg N ha-1) during both years. The increase in 

TDM production from higher rate of N was due to better CGR, which resulted in more 

number of leaves and finally it produced more TDM. These results are in line with the 

findings of Khaliq et al. (2009) who also reported maximum (1784 g m-2) TDM 

production by application of 250 kg N ha-1. 

4.7.6 Mean crop growth rate (g m-2 d-1) 

The results revealed that in both years irrigation regimes showed highly 

significant effects on mean CGR of the crop (Table 4.33). Maximum mean CGR (18.1 

and 19.1 g m-2 d-1 in 2009 and 2010, respectively) was attained when crop was irrigated at 

V2, V6, V12, V16, VT, R1 and R3 stage. Mean CGR was much reduced when stress was 

given at reproductive stage as compared to vegetative stage in 2009; hence lowest mean 

CGR (16.35 and 17.58 g m-2 d-1 in 2009 and 2010, respectively) was achieved in 

treatment I3 (Irrigation at V2, V6, V12, V16, VT and R3 stage). However, also similar 

effect of water deficit at vegetative and reproductive stage was observed during 2010. 

Moreover, the highest CGR was observed at 62 DAP in all the treatments, then it was 

gradually declined (Fig. 4.8) as the crop matured. 

Fertilizer (N) rates also illustrated highly significant effects on mean CGR and the 

effect of N rates to crop was linear during both study years (Table 4.33). Mean CGR was 
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Fig. 4.8: Changes in mean crop growth rate with time as affected by irrigation regimes 

during 2009 and 2010. Each bar represents standard deviation 
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 increased by increasing N up to 300 kg N ha-1 and similar trend was observed in TDM. 

Similarly, maximum mean CGR (18.71 and 19.34 g m-2 d-1 in 2009 and 2010, 

respectively) was recorded when N applied at the rate of 300 kg ha-1. It was statistically 

at par with treatment N4 (250 kg N ha-1) in 2009 and similar during 2010. The value of 

mean CGR decreased gradually with the reduction of N supply and lowest mean CGR 

(15.32 g m-2 d-1) was observed with minimum N dose (100 kg N ha-1) in 2009. A similar 

statistical trend in results was observed during 2010. In the study, the treatments such as 

irrigation regimes and N rates having higher LAD and CGR produced a more number of 

grains per cob, and treatments having low N rates, gave lesser LAD or CGR values 

during growth and thus produced small number of grains per cob (Shearman et al., 2005). 

These results were supported by the findings of Khaliq (2008) who calculated 20.78 g m-2 

d-1 means CGR with application of 250 kg N ha-1. 

Over all mean CGR 17.2 g m-2 d-1 was observed in the experiment and interaction 

effect between irrigation regimes and N rates was found to be statistically non-

significant. 

4.7.7 Mean net assimilation rate (g m-2 d-1) 

Mean net assimilation rate (NAR) was affected by various irrigation regimes 

differentially; effect was statistically significant in 2009 and non-significant during 2010 

(Table 4.34).  In 2009 maximum mean NAR (6.66 g m-2 d-1) was observed when 

irrigation was applied at V6, V12, VT, R1 and R3 (treatment I2) and it was statistically at 

par with treatment I1 in 2009. During 2010 highest mean NAR (6.37 g m-2 d-1) was 

achieved by the treatment I1.  

Nitrogen application rates showed significant effect on mean NAR. The effect of 

N was cubic in 2009 while linear and quadratic in nature during 2010. Maximum mean 

NAR of both years (6.43 g m-2 d-1) was achieved by the application of 150 kg N ha-1 

(treatments N2); other treatments gave similar values or showed little difference. Mean 

NAR did not coincide with crop yield; many workers concluded that mean NAR vary at 

various stages. Water deficit reduced NAR (Haghighi et al., 2010), similarly, Balak 

(1993) documented that NAR would be decreased with increase in leaf area.  
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Table 4.33: Effect of different irrigation regime and fertilizer levels on mean crop 

growth rate (g m-2 d-1) 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 18.1 a 19.0 a 18.6 

I2 17.2 b 17.9 b 17.6 

I3 16.4 c 17.6 b 17.0 

LSD 0.60 0.71  

Significance ** **  

B) Nitrogen    

N1 = 100 kg ha-1 15.3 d 16.8 c 16.1 

N2 = 150 kg ha-1 16.5 c 17.1 c 16.8 

N3 = 200 kg ha-1 17.5 b 18.4 b 17.9 

N4 =  250 kg ha-1 18.1 ab 19.2 a 18.7 

N5 = 300 kg ha-1 18.7 a 19.3 a 19.0 

LSD 5% 0.73 0.74  

Significance ** **  

Linear ** **  

Quadratic NS NS  

Cubic NS NS  

Interaction NS NS  

Mean 17.23 18.1 17.7 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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Table 4.34: Effect of different irrigation regimes and fertilizer levels on mean net 

assimilation rate (g m-2d-1) 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 6.5 a 6.4 6.4 

I2 6.7 a 6.2 6.4 

I3 6.1 b 6.2 6.2 

LSD 0.23 0.25  

Significance * NS  

B) Nitrogen    

N1 = 100 kg ha-1 6.5 a 6.4 6.4 

N2 = 150 kg ha-1 6.7 a 6.2 6.4 

N3 = 200 kg ha-1 6.1 b 6.2 6.2 

N4 =  250 kg ha-1 6.5 a 6.4 6.4 

N5 = 300 kg ha-1 6.7 a 6.2 6.4 

LSD 5% 0.41 0.30  

Significance * *  

Linear NS **  

Quadratic NS **  

Cubic * NS  

Interaction NS NS  

Mean 6.5 6.3 6.4 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 



114 

 

reported an increase in photosynthesis rate and reduction in respiratory losses resulted 

high NAR at lower rate of N. These results were also supported by the findings of 

Brogeham, (2000). 

In the experiment, overall mean NAR 6.36 g m-2 d-1 was calculated and 

interaction between irrigation regimes and N rates was found to be non-significant. 

4.8 PHYSIOLOGICAL ANALYSIS  

4.8.1 Photosynthetically active radiation (µmol m-2 s-1) 

Table 4.35 shows the effect of irrigation regimes on mean photosynthetically 

active radiation (PAR). The mean PAR was significantly affected by irrigation regimes 

during both years. When irrigations were applied at V2, V6, V12, V16, VT, R1 and R3 

stage (treatment I1) then maximum intercepted PAR (1214 and 1199 µmol m-2 s-1 in 2009 

and 2010, respectively) was observed and the treatments I1 was statistically at par in 

intercepted PAR with treatments I3 during both year. Lowest value of intercepted PAR 

was recorded in treatments I2 in both years. Results showed that intercepted PAR 

followed similar trend as was observed for LAI (Table 4.29). 

Fertilizer (N) rates significantly affected the amount of intercepted PAR in both years and 

the effect of N was linear in nature during both study years; increasing rate of N 

significantly increased values of intercepted PAR. Maximum mean intercepted PAR 

(1221 and 1215 µmol m-2 s-1 in 2009 and 2010, respectively) was recorded with 

application of N at the rate of 250 kg ha-1(treatment N4) which was statistically similar to 

treatments N (300 kg N ha-1) in both years. Maximum value of mean intercepted PAR in 

treatments N4 might be due to higher LAI and LAD in this treatment. Moreover 1.1% 

(1180 vs 1168 µmol m-2 s-1) less intercepted PAR was recorded in 2010 than 2009, this 

might be due to less sunshine hours (Fig. 3.1) during 2010. The lowest interception of 

PAR (1131 and 1096 µmol m-2 s-1 in 2009 and 2010, respectively) was recorded in 

treatments which were fertilized with a lower rate of N (100 kg ha-1). These results 

corroborate the findings of Peng et al. (2009) who also noted a similar level of 

intercepted PAR by increasing N application levels. 



115 

 

Table 4.35: Effect of different irrigation regimes and fertilizer levels on mean photo 

synthetically active radiation (µmol m-2 s-1) 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 1214 a 1199 a 1206.50 

I2 1125 b 1107 b 1116.00 

I3 1201 a 1197 a 1199.00 

LSD 5% 61.66 37.61  

Significance ** **  

B) Nitrogen    

N1= 100 kg ha-1 1131 b 1096 b 1113.50 

N2= 150 kg ha-1 1164 ab 1149 ab 1156.50 

N3= 200 kg ha-1 1178 ab 1180 a 1179.00 

N4=  250 kg ha-1 1221 a 1215 a 1218.00 

N5= 300 kg ha-1 1206 a 1199 a 1202.50 

LSD 5% 58.52 71.01  

Significance * *  

Linear ** **  

Quadratic NS NS  

Cubic NS NS  

Interaction NS NS  

Mean 1180 1168 1174 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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In the experiment mean interception PAR was 1174 µmol m-2 s-1 recorded and 

interaction between irrigation regimes and N rates was statistically non-significant. 

4.8.2 Mean Photosynthesis rate (µmol m-2 s-1) 

 Mean photosynthesis was significantly affected by various irrigation regimes in 

both years. (Table 4.36). When irrigations were applied at V2, V6, V12, V16, VT, R1 and 

R3 stage it resulted statistically in maximum mean photosynthesis (22.3 and 22.0 µmol m-2 

s-1 in 2009 and 2010, respectively). This was statistically at par with treatment I3 in 2009 

and statistically similar with treatment I3 during 2010. Similarly lowest mean 

photosynthesis rate was recorded when water stress was given to the crop at vegetative 

stage in both years. Photosynthesis rate depends upon intercepted PAR (Kiniry et al., 1989) 

and in this experiment a similar trend in mean photosynthesis rate was observed as noted in 

mean PAR. 

Nitrogen rates illustrated a significant effect on photosynthesis rate; the effect of N 

was cubic in nature and highly significant in both years (Table 4.36). In the study mean 

photosynthesis decreased from reduction in N dose. These results are supported by the 

findings of Maranville and Madhavan (2002) who also reported that N stress reduced the 

levels of those enzymes which are responsible for photosynthesis in plants. When N was 

applied at the rate of 250 kg ha-1, it resulted in maximum mean photosynthesis (25.3 and 

25.5 µ mole m-2 s-1 in 2009 and 2010, respectively) rate thereafter no further increase in 

mean photosynthesis occurred in both years this was followed by treatment N5 (300 kg N 

ha-1). These findings are supported by previous studies conducted by DaMatta et al. (2002) 

who concluded that photosynthesis rate decreased by increase of leaf N application from 

optimum levels. In the experiment photosynthesis gradually decreased with reduction of N 

dose and minimum mean photosynthesis was observed with application of 100 kg N ha-1 

(treatment N1) in both years. 

Overall mean photosynthesis rate was 21.6 µ mole m-2 s-1 and interactive effect 

between irrigation regimes and fertilizer (N) on mean photosynthesis rate was statistically 

found to be non-significant. 
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Table 4.36: Effect of different irrigation regimes and fertilizer levels on mean 

photosynthesis (µmol m-2 s-1) 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 22.3 a 22.0 a 22.2 

I2 20.8 b 20.5 b 20.6 

I3 21.9 ab 22.0 a 21.9 

LSD 1.29 0.87  

Significance * *  

B) Nitrogen    

N1 = 100 kg ha-1 17.7 c 17.3 e 17.5 

N2 = 150 kg ha-1 18.8 c 18.8 d 18.8 

N3 = 200 kg ha-1 22.7 b 22.2 c 22.4 

N4 =  250 kg ha-1 25.3 a 25.5 a 25.4 

N5 = 300 kg ha-1 23.8 b 24.0 b 23.9 

LSD 5% 1.21  1.06  

Significance ** **  

Linear ** **  

Quadratic ** **  

Cubic ** **  

Interaction NS NS  

Mean 21.7 21.5 21.6 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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 4.8.3 Mean transpiration rate (mmole m-2 s-1) 

 Table 4.37 summarizes the effect of irrigation regimes on transpiration in maize. 

Various irrigation regimes showed highly significant effects on mean transpiration rate 

during both the years and the effect of N was cubic in 2009 and linear in 2010. Maximum 

mean transpiration rate (4.6 and mmole m-2 s-1 in 2009) was recorded when irrigations 

were applied at V2, V6, V12, V16, VT, R1 and R3 stage and it was statistically similar to 

treatment I3. The lowest mean transpiration rate was observed when water deficit was 

given at vegetative stage (treatment I2). Results showed that optimum irrigation increased 

mean transpiration rate in plants at optimal levels which helps the plant to maintain a 

cooler temperature and nutrients uptake in plants. Ogola et al. (2002) reported that there 

was positive interaction between mean transpiration rate and water application. 

 Nitrogen application at various rates significantly affected mean transpiration rate 

(Table 4.37). In both years decline in mean transpiration was occurred with reduction of 

N dose and the effect of N was cubic in 2009 and linear during 2010. Maximum mean 

transpiration rate (4.9 and mmole m-2 s-1 in 2009) was observed with application of 250 

kg N ha-1 (treatment N4) and it was followed by treatment N5 (300 kg N ha-1). The 

treatment N4 accumulated more LAI indicating higher transpiration rate. Furthermore 

values of both the parameters were sharply decreased with reduction of N dose. The 

lowest mean transpiration (3.9 mmole m-2 s-1 in 2009) was recorded with application of 

100 kg N ha-1. It was statistically at par with treatments N2. The results are supported by 

findings of Wu et al. (2011).  

 Interaction among the nutrients (irrigation regimes and N rates) was significant 

during 2010 (Table 4.38). The maximum transpiration rate (6.1 mmole m-2 s-1) was 

observed by application of 250 kg N ha-1 with normal irrigation water (Treatment I1N4). 

Water stress with low N rate at vegetative stage resulted in reduction of mean 

transpiration rate. During water stress stomatal conductance decreases which resulted in 

lower transpiration rate in crop (Kang et al., 2000). 
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Table 4.37: Effect of different irrigation regimes and fertilizer levels on mean 

transpiration (m mol m -2 s-1) 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 4.6 a 5.1 a 4.9 

I2 3.1 b 4.1 b 3.6 

I3 4.5 a 5.0 a 4.7 

LSD 0.45 0.29  

Significance ** **  

B) Nitrogen    

N1 = 100 kg ha-1 3.3 d 3.9 d 3.6 

N2 = 150 kg ha-1 3.7 cd 4.1 d 3.9 

N3 = 200 kg ha-1 4.0 bc 4.8 c 4.4 

N4 =  250 kg ha-1 4.9 a 5.6 a 5.2 

N5 = 300 kg ha-1 4.4 ab 5.3 b 4.9 

LSD 5% 0.49 0.30  

Significance ** **  

Linear ** **  

Quadratic * NS  

Cubic * NS  

Interaction NS **  

Mean 4.1 4.7 4.4 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 



120 

 

Table 4.38: Interaction between irrigation regimes and nitrogen rate is affecting on 
mean transpiration rate (m mol m-2 s-1) during 2010. 

Treatment I1 I2 I3 

N1 = 100 kg ha-1 4.1 d 3.5 e 4.0 de 

N2 = 150 kg ha-1 4.3 cd 3.8 de 4.2 cd 

N3 = 200 kg ha-1 5.0 b 4.3 cd 5.0 b 

N4 =  250 kg ha-1 6.1 a 4.7 bc 5.9 a 

N5 = 300 kg ha-1 5.8 a 4.3 cd 5.7 a 

LSD 5% 0.52 

Significance ** 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

** = Significant at 1% and 

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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4.9 COMPONENTS OF GRAIN YIELD 

4.9.1 Number of plants (m-2) at maturity 

Data (Table 4.39) illustrate that both irrigation regimes and rate of N application 

showed non-significant effects on plant population at maturity during both the years. In 

the experiment water stress was given after establishment of the crop; later irrigation 

regimes could not significantly affect the plant population. Similarly most of N dose was 

applied after germination and the nutrient levels could not affect plant populations; mean 

plant population was 6 plants m-2 in all irrigation regimes. The effect of N was also non-

significant however; there slight differences of plant population among the treatments 

observed might be due to environmental factors. At maturity average plant population 

was 6 plant m-2 in 2009 and 2010, respectively. Overall mean population was also 6 plant 

m-2 and interactive effect among the treatments was also statistically non-significant. 

4.9.2 Number of grains per cob 

 Irrigation regimes showed a significant effect on number of grains per cob (Table 

4.40). Maximum number of grains per cob (363 and 369 during 2009 and 2010, 

respectively) was achieved when irrigation was applied at V2, V6, V12, V16, VT, R1 and 

R3 stage (treatment I1). Water deficit irrigation at vegetative and reproductive stage 

(treatments I2 and I3) showed statistically similar effect on number of grains per cob in 

both years. 

 Fertilizer (N) rates showed significant effect on number of grains per cob and the 

effect of N was linear and cubic in 2009, while during 2010 it was cubic in nature. 

Highest number of grains per cob (377 and 381 in 2009 and 2010, respectively) was 

achieved with application of 250 kg N ha-1 (treatment N4). The treatment N4 was 

statistically similar to treatments N5 and N3 (300 and 200 kg N ha-1, respectively) in 2009 

and at par during 2010. Number of grains per cob decreased statistically with reduction of 

N. The results were supported by a previous study conducted by Uhart and Andrade 

(1995b). Treatments in which plots were fertilized at the rate of 100 kg N ha-1 gave  
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Table 4.39: Effect of different irrigation regimes and fertilizer levels on plant 

population m-2 at harvest 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 6 7 7 

I2 6 6 6 

I3 6 6 6 

LSD 0.03 0.06  

Significance NS NS  

B) Nitrogen    

N1 = 100 kg ha-1 6 6 6 

N2 = 150 kg ha-1 6 6 6 

N3 = 200 kg ha-1 7 6 7 

N4 =  250 kg ha-1 6 6 6 

N5 = 300 kg ha-1 6 7 7 

LSD 5% 0.04 0.05  

Significance NS NS  

Linear NS NS  

Quadratic NS NS  

Cubic NS NS  

Interaction NS NS  

Mean 6 6 7 

NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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Table 4.40: Effect of different irrigation regimes and fertilizer levels on number of 

grains per cob 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 389 a 397 a 393 

I2 355 b 362 b 359 

I3 345 b 351 b 348 

LSD 29 28  

Significance * *  

B) Nitrogen    

N1 = 100 kg ha-1 345 b 349 c 347 

N2 = 150 kg ha-1 358 ab 362 bc 360 

N3 = 200 kg ha-1 366 a 374 ab 370 

N4 =  250 kg ha-1 377 a 381 a 379 

N5 = 300 kg ha-1 370 a 380 ab 375 

LSD 5% 20.8 19.4  

Significance * **  

Linear ** **  

Quadratic NS *  

Cubic ** **  

Interaction NS NS  

Mean 363 369 366 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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statistically fewer grains per cob. These results were also supported by findings of Khaliq 

(2008) who reported 424 numbers of grains per cob in maize from the application of 250 

kg N ha-1. 

 In the experiment overall mean number of grains per cob was 366 and interactive 

effect between irrigation regimes and N levels was statistically found to be non-

significant.  

 4.9.3 Thousand grains weight (g) 

Data (Table 4.41) revealed that thousand grains weight was significantly influenced 

by various irrigation regimes. The data regarding thousand grain weight exposed that 

significantly maximum thousand grains weight (298 and 299 g in 2009 and 2010, 

respectively) was produced when irrigation was applied at V2, V6, V12, V16, VT, R1 and 

R3 stage. When crop faced water stress at reproductive stage, it resulted in the lowest 

thousand grains weight (256 and 266 g in 2009 and 2010, respectively) [treatment I3] as at 

this stage grain development occurs in the crop so water deficit extensively decreased 

thousand grains weight. The treatments which accumulated less thousand grains weight 

produced significantly low grain yield as compared to other treatments. 

Fertilizer (N) rates showed highly significant effect on thousand grains weight. 

The effect of N was linear during both the years. Maximum thousand grains weight (301 

and 308 g in 2009 and 2010, respectively) was achieved by treatment N4 (250 kg N ha-1) 

which was statistically similar to treatments N5 and N3 (300 and 200 kg N ha-1, 

respectively) in 2009 while at par with N5 during 2010. Thousand grains weight was 

directly proportion to rate of N application (Mohsan, 1999); it was decreased by 

reduction of N dose and vice versa. Lowest thousand grains weight (254 and 258 g in 

2009 and 2010, respectively) was found in the plots which were fertilized by 100 kg N 

ha-1 (N1) in both years and it was statistically similar to treatment N2 (150 kg N ha-1) 

during both years. The results suggested that the optimum supply of N might increase the 

source efficiency (grain weight) [more TDM production as well sink capacity]. The 

results were  
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Table 4.41: Effect of different irrigation regimes and fertilizer levels on thousand 
grains weight (g) 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 298 a 299 a 298 

I2 281 b 287 b 284 

I3 256 c 266 c 261 

LSD 13 8  

Significance ** **  

B) Nitrogen    

N1 = 100 kg ha-1 254 b 258 c 256 

N2 = 150 kg ha-1 260 b 265 c 262 

N3 = 200 kg ha-1 283 a 290 b 287 

N4 =  250 kg ha-1 301 a 308 a 305 

N5 = 300 kg ha-1 291 a 299 ab 295 

LSD 5% 19 16  

Significance * **  

Linear ** **  

Quadratic NS NS  

Cubic NS NS  

Interaction NS NS  

Mean 278 284 281 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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supported by findings of Younas et al. (2002) who achieved 395 g weight per thousand 

grains in maize. 

Overall mean thousand grain weight was 281 g while interactive effect between 

irrigation regimes and N rates was found to be statistically non-significant. 

4.9.4 Grain yield (t ha-1) 

All the variables discussed earlier have a combined effect on grain yield. 

Moreover the grain yield was significantly influenced by various irrigation regimes. 

Maximum grain yield (6.71 and 6.94 t ha-1 in 2009 and 2010, respectively) was achieved 

when irrigation was applied at V2, V6, V12, V16, VT, R1 and R3 stage (Table 4.42).  

Water deficit at vegetative stage (I2) reduced grain yield 16.0% (6.83 vs 5.89 t ha-1) while 

water stress at reproductive stage (I3) reduced grain yield 27.7% (6.83 vs 5.35 t ha-1).  

Fertilizer (N) rates showed a highly significant effect on grain yield and the effect 

of N was cubic in nature during both years. Results illustrated that increase in N dose up 

to 250 kg ha-1 significantly increased grain yield of maize and the highest grain yield 

(6.65 and 6.85 t ha-1, in 2009 and 2010, respectively) was recorded from application of 

250 kg N ha-1 (treatment N4) and there was no further increase in grain yield beyond this 

level N. The treatment N4 was statistically at par with treatments N5 in 2009 while similar 

during 2010. Application of 250 kg N ha-1 in the plot gave maximum LAI, photosynthesis 

rate and thousand grains weight; variables were responsible for maximization of grain 

yield. Similarly, minimum grain yield (5.04 and 5.19 t ha-1, in 2009 and 2010, 

respectively) was achieved with application of 100 kg N ha-1. These results substantiate 

the findings of Khaliq (2008), who achieved 8.17 t ha-1 maize grain yields by application 

of various doses of N using 300 kg N ha-1. Moreover these results were also corroborated 

by the findings of Uhart and Andrade, (1995a) and Maranville and Madhavan, 2002. 

Grain yield was strongly correlated with LAD, mean photosynthesis and mean 

CGR (Fig. 4.9). The grain yield was also positively correlated with growth variables; 

grains per cob, thousand grains weight and biological yield (Fig. 4.10). Otegui and 

Andrade (2000) also observed a positive relationship of maize grain yield with the same 
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Table 4.42: Effect of different irrigation regimes and fertilizer levels on grain yield 

(t ha-1) at maturity  

Treatment 2009 2010 Mean 

A) Irrigation    

I1 6.71 a 6.94 a 6.83 

I2 5.85 b 5.92 b 5.89 

I3 5.31 c 5.38 c 5.35 

LSD 5% 0.28 0.43  

Significance ** **  

B) Nitrogen    

N1 = 100 kg ha-1 5.04 d 5.19 d 5.12 

N2 = 150 kg ha-1 5.40 c 5.50 c 5.45 

N3 = 200 kg ha-1 6.17 b 6.25 b 6.21 

N4 =  250 kg ha-1 6.65 a 6.85 a 6.75 

N5 = 300 kg ha-1 6.48 ab 6.61 a 6.55 

LSD 5% 0.34 0.31  

Significance ** **  

Linear ** **  

Quadratic ** **  

Cubic ** **  

Interaction NS NS  

Mean 5.95 6.08 6.02 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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Fig. 4.9: Relationship of grain yield with photosynthesis rate, leaf area duration and crop 

growth rate during 2009 and 2010. 
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Fig. 4.10: Relationship of grain yield with grain per cob, thousand grain weight and 

biological yield during 2009 and 2010. 
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variables. Overall mean grain yield was 6.02 t ha-1 and interactive effect between 

irrigation regimes and N rates was found to be statistically non-significant. 

4.9.5  Biological yield (t ha-1) 

  Irrigation regimes showed significant effect on biological yield in both years 

(Table 4.43). Maximum biological yield (15.65 and 16.46 t ha-1 in 2009 and 2010, 

respectively) was produced when irrigation was applied at V2, V6, V12, V16, VT, R1 

and R3 stage. Statistically lowest biological yield was achieved when water deficit at 

reproductive stage (treatments I3) occurred. Moreover, a statistically similar trend was 

observed in mean CGR (Table 4.40). Similarly, in 2010 treatment I3 showed statistically 

similar biological yield with treatment I2 which might be due to more rainfall during this 

year (Fig. 3.1). 

Nitrogen rate illustrated highly significant effect on biological yield and its effect 

was quadratic in 2009 while during 2010, it was linear and cubic in nature. The biological 

yield regularly increased by N application up to 300 kg ha-1 and when N was applied at 

this rate, the highest biological yield (16.20 and 16.76 t ha-1 in 2009 and 2010, 

respectively) was obtained. Moreover, the treatment N5 was statistically at par with 

treatment N4 in 2009 while statistically similar during 2010. Similarly, minimum 

biological yield (13.25 and 14.52 t ha-1 in 2009 and 2010, respectively) was observed by 

application of 100 kg N ha-1 in 2010 which was statistically similar to treatment N2 (150 

kg ha-1). These results are supported by the findings of Amanullah et al. (2009) who 

achieved 14.70 t ha-1 biological yields in maize with various N rates. Similarly, Shapiro et 

al. (2006) reported that maize dry matter production could be increased by application of 

N fertilizer.  

The correlation coefficient of biological yield was highly significant with grain 

yield (Fig. 4.10). The results were supported by the findings of Patrick et al. (2004) who 

observed positive relationship of biological yield with grain yield under various N rates.  
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Table 4.43: Effect of different irrigation regimes and fertilizer levels on biological 

yield (t ha-1) at maturity 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 15.65 a 16.46 a 16.06 

I2 14.90 b 15.50 b 15.20 

I3 14.21 c 15.51 b 14.86 

LSD 5% 0.53 0.58  

Significance ** *  

B) Nitrogen    

N1= 100 kg ha-1 13.25 d 14.52 c 13.89 

N2 = 150 kg ha-1 14.28 c 14.85 c 14.57 

N3 = 200 kg ha-1 15.15 b 15.88 b 15.52 

N4 =  250 kg ha-1 15.71 ab 16.61 a 16.16 

N5 = 300 kg ha-1 16.20 a 16.76 a 16.48 

LSD 5% 0.62 0.62  

Significance ** **  

Linear ** **  

Quadratic * NS  

Cubic NS *  

Interaction NS NS  

Mean 14.92 15.76 15.34 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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 In the experiment overall, 15.34 t ha-1 mean biological yields was achieved while 

interaction between irrigation regimes and fertilizer (N) rates was found to be statistically 

non-significant. 

4.9.6 Harvest index (%) 

Efficiency of a crop is also measured by calculating harvest index (HI). The data 

(Table 4.44) regarding HI showed that irrigation regimes significantly influenced it. 

Applying water at the rate of 530 mm ha-1 during both seasons resulted in maximum HI. 

Statistically maximum HI (42.8 and 42.0% in 2009 and 2010, respectively) was 

calculated in treatment I1. Water deficit at reproductive stage resulted in the lowest HI in 

both years. Similar trend of the treatments was observed in grain yield. 

Fertilizer (N) application at various rates illustrated highly significant effect on HI 

in both years and the effect of N was linear in 2009 and cubic during 2010. Maximum HI 

(42.2 and 41.1% in 2009 and 2010, respectively) was calculated when N was applied at 

the rate of 250 kg N ha-1 (treatment N4); it was at par with treatments N5 and N3 in 2009 

while statistically similar during 2010 with the same treatments. Statistically lowest HI 

was achieved in treatment N1 (100 kg N ha-1) 38.2 and 35.7% in 2009 and 2010 

respectively. By comparing that to when N supply increased up to 300 kg ha-1 as in 

treatment N5 the efficiency of plants converted to dry matter production and economical 

yield was reduced. It means optimum supply of N gave better results. Similar results were 

reported by Khaliq et al. (2009) who calculated 41.4% HI by applying 250 kg N ha-1 

under similar agroecological conditions. Moreover these results were also supported by 

the findings of Sabir et al. (2000) and Kemanian et al. (2007). 

Overall, 39.2% mean harvest index was recorded in the experiment while 

interactive effect between N rates and irrigation regimes was found to be statistically 

non-significant. 
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Table 4.44: Effect of different irrigation regimes and fertilizer levels on harvest 

index (%) 

Treatment 2009 2010 Mean 

A) Irrigation    

I1 42.8 a 42.0 a 42.41 

I2 39.2 b 38.1 b 38.63 

I3 37.4 b 35.4 c 36.40 

LSD 2.28 2.13  

Significance * **  

B) Nitrogen    

N1 = 100 kg ha-1 38.2 b 35.7 b 36.9 

N2 = 150 kg ha-1 37.9 b 37.0 b 37.5 

N3 = 200 kg ha-1 40.6 ab 39.4 a 40.0 

N4 =  250 kg ha-1 42.2 a 41.1 a 41.7 

N5 = 300 kg ha-1 40 ab 39.4 a 39.7 

LSD 5% 2.83 2.28  

Significance * **  

Linear ** **  

Quadratic NS **  

Cubic * NS  

Interaction NS NS  

Mean 39.8 38.51 39.15 

Means values that share different letters in a column vary significantly at P ≤ 0.05 

* , ** = Significant at 5% and 1%, respectively, NS = Non-significant  

I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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4.9.7 Correlation of grain yield with growth variables and yield components 

Table 4.45 summarizes simple linear correlation analysis between grain yield and 

various growth variables and components of yield. The data illustrated positive 

correlation of grain yield with growth variables such as, LAI, LAD, and CGR, 

photosynthesis, transpiration and plant height during the both study years and analysis 

with both years pooled data also showed highly significant association. Yield components 

such as such as number of grains per cob and thousand grains weight showed highly 

significant and positive relationship with grain yield. Hence grain yield can be increased 

by optimizing growth and yield components. Similarly a highly significant correlation of 

grain yield with biological yield and harvest index was also observed. These associations 

are supported with previous findings on maize (Ahmaddani, 2004, Peng et al., 2010, and 

Cha-um et al., 2010).From the results of correlation, it can be concluded that grain yield 

can be increased by increasing the growth and yield components  

Table 4.45: Correlation grain yield with following studied parameters  

Characters 
Correlation co-efficient (r) 

2009 
(n = 8) 

2010 
(n = 8) 

pooled 
(n = 16) 

Leaf area index 0.76* 0.77* 0.75* 

Leaf area duration 0.90**  0.78* 0.80**  

Crop growth rate 0.95**  0.96**  0.90**  

Photosynthesis rate 0.83**  0.80* 0.81**  

Transpiration rate 0.78* 0.77* 0.71* 

Plant height  0.71* 0.82* 0.72**  

Number of grains per cob 0.94**  0.96**  0.94**  

Thousand grain weight 0.98**  0.97**  0.93**  

Biological yield 0.95**  0.96**  0.90**  

Harvest index 0.92**  0.97**  0.87**  

*, **   = Significant at 5% and 1% probability  
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4.10 CROP GROWTH MODELING  

4.10.1 Cultivar coefficients and simulation 

The CSM-CERES-Maize needs a set of six cultivar coefficients for simulation of 

phenology, growth and yield of the cultivar (Hoogenboom et al., 1994). Since such data 

were not available for local cultivar for this study, genetic coefficients of the cultivar 

(hybrid) were predicted by repeating iterations until a close match between simulated and 

observed phenology, growth and yield was achieved. Accurate simulation of the data 

requires the right genetic coefficient of the cultivar. In the study an autumn maize hybrid 

(Pioneer 31-R-88) was used for both experiments.  

The genetic coefficients used in CSM-CERES-Maize was summarized in table 4.46. 

For simulation of the model from experiments-II the best and standard treatment I1N4 (250 kg 

N ha-1 with normal irrigation regimes) was chosen. The highest value for P1 (thermal time 

from seedling emergence to the end of the juvenile stage) was 311 (˚C days) for both the 

experiments. The coefficient P2 (degree to which development is delayed for each hour rise 

in photoperiod more than the longest photoperiod at which crop development proceeds at a 

maximum speed) was set 0.800 (˚C day) for both experiments that indicated a long duration 

hybrid. The value for P5 (thermal time from silking to physiological maturity expressed in 

degree days above a base temperature of 8 ˚C was found to be 752.0 ˚C days in the 

experiments for the hybrid. Similarly, value for G2 (maximum possible number of grains per 

plant) was 726.2 in the experiment while value of genetic coefficient G5 (grain filling rate 

under optimum conditions mg d-1) was found to be observed 9.91. Last genetic coefficient is 

Phyllochron interval (PHINT) i.e., the interval in thermal time (degree days) between two 

successive leaf tip appearances during simulation; it was found to be 42.50 ˚C days for the 

hybrid in both experiments (4.46). 

Table 4.46: Genetic coefficient of maize hybrid which used for CSM-CERES-Maize 

Hybrid P1(˚Cd) P2(˚Cd) P5(˚Cd) G2 G5 (mg d-1) PHINT (˚Cd) 

Pioneer 31-

R-88 
311 0.800 752 726.2 9.91 42.50 
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 The model performed well in simulation of growth, phenology and biological 

yield during calibration process of the hybrid (Table 4.47). Calibration results revealed 

that model predicted no difference in days to anthesis with 0 percentage difference (PD) 

of for the hybrid Pioneer 31-R-88. The CSM-CERES-Maize simulation showed also no 

difference from planting to physiological maturity having 0.0 PD for the hybrid. The 

Model simulated phenology of crop well for the best treatment (I1N4). Similarly, in all 

other variables good agreement was found between observed and simulated values of the 

experiments. Among the variables the maximum PD (11.4%) was observed in LAI while 

5.7% PD was observed in grain per cob. The model predicted no difference between 

observed and simulated values of grain yield. In HI and total biomass 2.2 and 2.1% PD, 

respectively were found during simulation of the model. The PD of the variables shows 

that the model simulation is good under the studied environment.  

 

Table 4.47: Summary of observed and simulated results of first experiment during 
model calibration with data recorded from 250 kg N ha-1 in 2009  

Variable unit Hybrid Observed Simulated aPD (%) 

Anthesis day (day) 31-R-88 58 58 0.0 

Maturity day (day) -do- 103 103 0.0 

Maximum LAI  -do- 5.36 4.75 11.4 

Grains per cob  -do- 418 394 5.7 

Grain yield (kg ha-1) -do- 7973 7973 0.0 

Harvest index (%) -do- 46 45 2.2 

Total Biomass (kg ha-1) -do- 17353 17717 2.1 

    aPercentage deviation. 
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4.10.2 Simulation of crop phenology  

In experiment-I the Model performed well in simulation of growth and phenology 

of crop (Table 4.48). Results revealed in an average model predicted no difference in 

days to anthesis during 2009. In individual treatment, during N stress the model 

simulated more days then observed. During simulation of crop phenology the model 

depends upon weather inputs. The model could not respond to N stress. The average 

MPD was 2.9% with 2 days RMSE during 2009. The 4 days average difference was 

observed in days to anthesis during 2010 with an average 7.3% MPD during 2010. The 

RMSE was found to be 4 days in year 2010. 

 In experiment-II the model simulated days to anthesis with average 1 day 

difference during 2009 but it was 5 days during 2010 (Table 4.49). Similarly, higher 

RMSE (4.20 day) was observed during 2010 as compared to 2009. In this experiment the 

model again could not simulate days to anthesis during water and N stress. So from the 

results it can be concluded that CSM-CERES-Maize did not respond to water and N 

stress during simulation of crop phenology. The results were supported by the previous 

finding of Khaliq (2008) in the same climatic region.  
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Table 4.48: Model evaluation by simulated and observed values for days to anthesis 
(days) at various nitrogen application timings and rates 

Treatment 
2009 2010 

aSim. bObs. cSD dMPD (%)  Sim. Obs. SD MPD (%) 

T1N1 53 52 ± 2.6 1.9 58 53 ± 1.3 9.4 

T1N2 53 53 ± 1.6 0.0 58 54 ± 0.8 7.4 

T1N3 53 54 ± 1.2 1.9 58 54 ± 1.8 7.4 

T1N4 53 55 ± 4.4 3.6 58 56 ± 1.8 3.6 

T1N5 53 54 ± 3.8 1.9 58 54 ± 0.8 7.4 

T2N1 53 54 ± 2.6 1.9 58 53 ± 0.9 9.4 

T2N2 53 54 ± 3.1 1.9 58 54 ± 1.9 7.4 

T2N3 53 55 ± 2.3 3.6 58 55 ± 1.2 5.5 

T2N4 53 57 ± 2.6 7.0 58 56 ± 2.3 3.6 

T2N5 53 56 ± 3.6 5.4 58 55 ± 0.9 5.5 

T3N1 53 49 ± 1.6 8.2 58 52 ± 0.8 11.5 

T3N2 53 51 ± 1.0 3.9 58 52 ± 1.5 11.5 

T3N3 53 53 ± 3.0 0.0 58 54 ± 1.9 7.4 

T3N4 53 54 ± 1.3 1.9 58 55 ± 0.8 5.5 

T3N5 53 53 ± 3.09 0.0 58 54 ± 2.5 7.4 

Average 53 53 ± 2.2 2.9 58 54 ± 1.3 7.3 

eRMSE 2.0 --  -- 4.1   

aSimulated, bObserved, c Standard Deviation (from three replication) dPercentage mean difference, 
eRoot mean square error. 
N1 = 100 kg ha-1, N2 = 150 kg ha-1, N3 = 200 kg ha-1, N4 = 250 kg ha-1 and N5 = 300 kg ha-1. 
T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages,  

T2 = 1/3rd N at V2, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3 N at seed bed preparation, 1/3 N at V12 and 1/3 N at R2 stages. 
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Table 4.49: Model evaluation by simulated and observed values for days to anthesis 
(days) at various irrigation regimes and rate of nitrogen 

Treatment 
2009 2010 

aSim. bObs. cSD dMPD (%)  Sim. Obs. SD MPD (%) 

I 1N1 54 51 ± 2.90 5.88 58 52 ± 3.10 11.54 

I 1N2 54 53 ± 3.36 1.89 58 54 ± 3.98 7.41 

I 1N3 54 54 ± 3.06  0.00 58 55 ± 1.62 5.45 

I 1N4 54 56 ± 0.35 3.57 58 58 ± 1.85 0.00 

I 1N5 54 55 ± 3.80 1.82 58 56 ± 2.15 3.57 

I 2N1 54 49 ± 0.46 10.20 58 50 ± 2.31 16.00 

I 2N2 54 50 ± 0.91 8.00 58 51 ± 2.59 13.73 

I 2N3 54 52 ± 0.75 3.85 58 52 ± 2.35 11.54 

I 2N4 54 53 ± 1.31 1.89 58 54 ± 2.31 7.41 

I 2N5 54 53 ± 3.29 1.89 58 53 ± 2.56 9.43 

I 3N1 54 51 ± 0.93 5.88 58 51 ± 2.52 13.73 

I 3N2 54 53 ± 3.90 1.89 58 53 ± 2.61  9.43 

I 3N3 54 53 ± 3.66 1.89 58 54 ± 3.16 7.41 

I 3N4 54 54 ± 1.67 0.00 58 55 ± 2.64 5.45 

I 3N5 54 55 ± 3.09 1.82 58 55 ± 2.50 5.45 

Average 54 53 ± 2.23 3.36 58 53 ±2.42  8.50 

eRMSE 2.22   4.20    

aSimulated, bObserved, c Standard Deviation (from three replication) dMean Percentage deviation, 
eRoot mean square error. 
N1 = 100 kg ha-1, N2 = 150 kg ha-1, N3 = 200 kg ha-1, N4 = 250 kg ha-1 and N5 = 300 kg ha-1. 
I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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The Model predicted average 3 days less days to maturity in 2009 with average 

3% and 3.50 days MPD and RMSE, respectively (Table 4.50) in experiment-I. However, 

during 2010 the Model predicted 3 days more to maturity with 3.4% and 4.83 days MPD 

and RMSE, respectively. In experiment-II crop accumulated equal days to maturity for all 

treatments (Table 4.51). However the model predicted 1 day less and 5 day more days to 

maturity in 2009 and 2010, respectively. The difference in phenology of crop between 

both seasons could be due to difference in climatic conditions of both years (Fig. 3.1). 

There was significant difference of rain fall, temperature and solar radiation was 

observed between 2009 and 2010 at experimental site. During the year 2010 at initial 

crop growth stages there was lower daily temperature, so crop accumulated average 1 day 

more for days to anthesis. The results were supported by findings of Gungula et al. 

(2003) and Khaliq (2008) who reported that CERES-Model simulated phenology of 

maize very close to observed data. However, the model could not give difference in 

phenological data of crop among the treatments. As the Model simulated phenology of 

crop by using climatic data especially temperature and solar radiation and the climatic 

data for all treatments was same so no difference was observed in simulated values 

among the treatments. However, among average values difference was recorded. 

Consequently average values of simulated and observed data were discussed in text. 
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Table 4.50: Model evaluation by simulated and observed values for days to 
maturity (days) at various nitrogen application timings and rates 

Treatment 
2009 2010 

aSim. bObs. cSD dMPD (%)  Sim. Obs. SD MPD (%) 

T1N1 97 96 ± 1.6 1.0 103 97 ± 1.0 6.2 

T1N2 97 97 ± 1 0.0 103 98 ± 2.6 5.1 

T1N3 97 101 ± 1.5 4.0 103 98 ± 2.0 5.1 

T1N4 97 101 ± 1.0 4.0 103 100 ± 0.6 3.0 

T1N5 97 102 ± 1.0 4.9 103 102 ± 1.0 1.0 

T2N1 97 97 ± 1.0 0.0 103 97 ± 1.0 6.2 

T2N2 97 99 ± 1.0 2.0 103 99 ± 1.0 4.0 

T2N3 97 100 ± 1.0 3.0 103 101 ± 2.0 2.0 

T2N4 97 101 ± 1.0 4.0 103 102 ± 1.0 1.0 

T2N5 97 102 ± 1.5 4.9 103 101 ± 1.5 2.0 

T3N1 97 98 ± 1.0 1.0 103 98 ± 1.0 5.1 

T3N2 97 100 ± 1.0 3.0 103 99 ± 2.0 4.0 

T3N3 97 100 ± 1.0 3.0 103 100 ± 1.7 3.0 

T3N4 97 102 ± 1.3 4.9 103 101 ± 1.0 2.0 

T3N5 97 102 ± 1.0 4.9 103 101 ± 1.2 2.0 

Average 97 100 ± 2.34 3.0 103 100 ± 1.4 3.4 

eRMSE 3.5 --  -- 4.83  
aSimulated, bObserved, c Standard Deviation (from three replication) dMean Percentage deviation,   
eRoot mean square error. 
N1 = 100 kg ha-1, N2 = 150 kg ha-1, N3 = 200 kg ha-1, N4 = 250 kg ha-1 and N5 = 300 kg ha-1. 
T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages,  

T2 = 1/3rd N at V2, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3 N at seed bed preparation, 1/3 N at V12 and 1/3 N at R2 stages. 
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Table 4.51: Model evaluation by simulated and observed values for days to maturity   
(days) at various irrigation regimes and rate of nitrogen  

Treatment 
2009 2010 

aSim. bObs. SD dMPD (%)  Sim. Obs. SD MPD (%) 

I 1N1 97 97 ± 2.08 0.00 103 98 ± 2.52 5.10 
I 1N2 97 98 ± 3.61 1.02 103 99 ± 3.00 4.04 
I 1N3 97 99 ± 3.61 2.02 103 100 ± 3.00 3.00 
I 1N4 97 101 ± 2.65 3.96 103 103 ± 0.58 0.00 
I 1N5 97 102 ± 1.00 4.90 103 103 ± 1.00 0.00 
I 2N1 97 95 ± 1.53 2.11 103 96 ± 2.65 7.29 
I 2N2 97 96 ± 2.08 1.04 103 98 ± 3.00 5.10 
I 2N3 97 98 ± 3.00 1.02 103 99 ± 3.51 4.04 
I 2N4 97 99 ± 3.06 2.02 103 101 ± 2.52 1.98 
I 2N5 97 101 ± 2.52 3.96 103 101 ± 2.17 1.98 
I 3N1 97 94 ± 1.00 3.19 103 94 ± 1.00 9.57 
I 3N2 97 95 ± 2.00 2.11 103 95 ± 1.53 8.42 
I 3N3 97 96 ± 2.00 1.04 103 98 ± 3.61 5.10 
I 3N4 97 98 ± 2.00 1.02 103 99 ± 3.89 4.04 
I 3N5 97 99 ± 3.00 2.02 103 99 ± 3.00 4.04 

Average 97 98 ± 2.34 2.10 103 98 ± 2.42 4.25 
eRMSE 2.50   4.80   

aSimulated, bObserved, c Standard Deviation (from three replication) dMean Percentage deviation, 
eRoot mean square error. 
N1 = 100 kg ha-1, N2 = 150 kg ha-1, N3 = 200 kg ha-1, N4 = 250 kg ha-1 and N5 = 300 kg ha-1. 
I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  

I2 = irrigation at V6, V12, VT, R1 and R3 stages and  

I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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4.11 MODEL EVALUATION 

The precision of model simulations and performance of the genetic coefficients 

were evaluated by running the model with an independent data set recorded during the 

year 2009 and 2010. The parallel simulation results of grain yield and its components 

were presented in tables. However, crop growth data were discussed in figures. 

4.11.1 Crop growth  

4.11.1.1 Leaf area index 

Leaf area index (LAI) was evaluated with CSM-CERES-Maize model by using 

the data of both experiment conducted in 2009 and 2010. Due to the enormity of data 

analysis only minimum and maximum N rates (100 and 300 kg ha-1, respectively) of each 

main plot were shown in Fig.4.11 The model showed best prediction of LAI in 

experiment-I during 2009 and 2010 at initial crop stages (Fig.4.11). However in N stress 

treatments the model could not predict well showing satisfactory d-statistic values (0.60). 

The model prediction was good at maximum (300 kg ha-1) dose of N with all timings. 

When the crop was fertilized with 300 kg N ha-1, model simulation curve was much 

closer to observed showing more than 0.90 d-statistic value in both years. 

In experiment-II model simulated LAI well at the maximum rate of N (300 kg ha-

1) application with all studied timings. However, model simulation was also satisfactory 

with less dose of N. (Fig.4.12). It was observed that at early crop growth stages model 

simulated LAI higher than observed in both years but later on simulated LAI was lower 

than observed in all treatments. This might be due to fast senescence of leaves in the 

model. The results are supported by the findings of Solar et al. (2007) and Khaliq (2009). 

By using CERES-Maize model, leaves senescence and growth could be modified to 

improve the simulation of LAI. The d-statistic values of simulated LAI ranged from 0.54 

to 0.99 during the both seasons. 
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   Fig.4.11: Comparison of simulated and observed leaf area index for three times of 

nitrogen at different nitrogen rates during 2009 and 2010; 250 kg N ha-1 was used for 

calibration of the model, each bar represents standard deviation (of three replication). 
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4.11.1.2 Total dry matter production (kg ha-1) 

The results revealed that the CSM-CERES-Maize was able to simulate time 

course of crop dry matter production. An excellent agreement with observed dry matter 

production was obtained during validation of the model in 2009 and 2010. The d-

statistics values for comparison between simulated and observed crop dry matter 

production varied from 0.97 to 0.99 as shown in the Figure 4.13. The high values (near to 

1) of d- statistics represented more precise simulation of crop dry matter production. In 

the experiment-I d-statistics values fluctuated from 0.97 to 0.99 for all treatments during 

both study years. In N stress treatments the model simulated crop dry matter production 

slightly high in all N application timing but at maturity during 2009, it was very close to 

the observed values in treatments T1 and T2. When the crop was fertilized at the rate of 

300 kg N ha-1, the model simulated slightly higher dry matter production in all treatments 

during both study years. From these results it can be concluded that for maize optimum N 

would be more than 100 kg N ha-1 but did not exceed 300 kg N ha-1. These results were 

supported by the findings of Khaliq (2008).  

A comparison of simulated and observed total dry matter production of 

experiment-II was shown in Fig. 4.14. In this experiment again only two levels of (100 

and 300 kg ha-1) with three irrigation regimes were discussed in both years. The d-

statistics values varied from 0.97 to 0.99 for all treatments during both cropping seasons. 

The model simulated crop dry matter production very close to observed data at normal 

irrigation I1 (irrigation at V2, V6, V12, V16, VT, R1 and R3 stage) by all rates of N 

during 2009 and 2010. However, during 2010 at reproductive stage simulated values 

were slightly higher than observed values in all irrigations regimes. The variations 

between simulated and observed values might be owing to circumstances that were not 

taken into account by the model, such as shading from trees, spraying of pesticides and 

cultural practices (Dzotsi et al., 2003; Khaliq, 2008). Moreover some disagreement 

between simulated and observed total dry matter production have previously reported by 

Ben Nouna at el. (2000) and Soler   at el. (2007) in maize crop. 
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times of nitrogen at different nitrogen rates during 2009 and 2010; 250 kg N ha-1 was 

used for calibration of the model. Each bar represents standard deviation (of three 

replication). 
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4.11.2 Crop yield and its components 

4.11.2.1 Number of grains per cob 

Number of grains per cob is usually the most important factor influencing crop 

yield (Ritchie et al., 1998a). In experiment-I data (Table 4.52) relating to number of 

grains per cob revealed that the model predicted the number of grains per cob reasonably 

well during both study years. The model prediction was excellent having an average 

9.5% MPD with 51 RMSE in 2010. Maximum individual treatment MPD was found be at 

N stress (100 kg ha-1) with all N application timings. However, the model prediction was 

satisfactory during the year 2009. During this year model showed average 21% MPD  

with 27 RMSE elucidating the same trend as it was in 2009 i. e., model couldn’t 

simulated the number of grains per cob at N stress (100 kg ha-1) with all N application 

timings.  

In experiment-II the model predicted the number of grains per cob well with low 

average MPD (5.6% and 9.0% in 2009 and 2010, respectively). During evaluation, the 

model also showed low RMSE (40 and 41 number of grains per cob in 2009 and 2010, 

respectively). The maximum MPD (16.4% and 27.7% in 2009 and 2010, respectively) 

was observed when the crop faced N stress with normal irrigation (Table 4.53).  This 

might be due to model high sensitivity to N fertilizer. Moreover, from the data it can be 

concluded that model sensitivity to N fertilizer decreased with water stress. Over all 

prediction of the CSM-CERES-Maize for number of grains per cob was accurate in 

semiarid environments. Similar model prediction trend was observed during evaluation of 

grain yield. 
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Table 4.52: Model evaluation by simulated and observed values for grains per cob 
at various nitrogen application timings and rates  

Treatment 
2009 2010 

aSim. bObs. cSD dMPD (%)  Sim. Obs. SD MPD (%) 

T1N1 277 372 ± 10.0 25.7 297 378 ±  5.0 21.5 

T1N2 309 381 ± 10.3 19.0 356 388 ± 14.2 8.3 

T1N3 318 390.3 ± 9.1 18.5 390 397 ± 6.1 1.8 

T1N4 329 421 ± 3.2 22.2 403 422 ± 15.7 4.5 

T1N5 332 406 ± 15.2 18.2 405 413 ± 7.6 2.1 

T2N1 303 380 ± 7.9 20.2 341 386 ± 20.3 11.7 

T2N2 317 388 ± 11.7 18.3 384 392 ± 16.2 2.0 

T2N3 324.8 402 ± 12.6 19.1 403 411 ± 11.7 1.9 

T2N4 331 434 ± 7.2 23.8 404 436 ± 16.4 7.3 

T2N5 329 417 ± 17.8 21.1 404 422 ± 12.3 4.3 

T3N1 216 353 ± 28.0 38.7 225 360 ± 11.7 37.5 

T3N2 258 366 ± 15.0 29.5 290 372 ± 9.6 21.9 

T3N3 302 375 ± 26.7 19.5 351 382 ± 11.1 8.1 

T3N4 319 403 ± 16.7 20.8 373 406 ± 23.0 8.1 

T3N5 327 391 ± 7.0 16.4 393 399 ± 11.5 1.6 

Average 306 392 ± 18 21.1 366 370 ± 12.8 9.5 

eRMSE 27 --  -- 51  
aSimulated, bObserved, c Standard Deviation (from three replication) dMean Percentage deviation, 
eRoot mean square error. 
N1 = 100 kg ha-1, N2 = 150 kg ha-1, N3 = 200 kg ha-1, N4 = 250 kg ha-1 and N5 = 300 kg ha-1. 
T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages,  

T2 = 1/3rd N at V2, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3 N at seed bed preparation, 1/3 N at V12 and 1/3 N at R2 stages. 
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Table 4.53: Model evaluation by simulated and observed values for days to anthesis 
(days) at various irrigation regimes and rate of nitrogen 

Treatment 
2009 2010 

aSim. bObs. cSD dMPD (%)  Sim. Obs. SD MPD (%) 

I 1N1 307 370 ± 20 16.4 270 375 ±  26 27.8 

I 1N2 330 376 ± 16 11.8 335 386 ± 23 13.2 

I 1N3 355 395 ± 15 9.9 368 398 ± 19 7.5 

I 1N4 363 406 ± 12 10.5 394 418 ± 24 5.6 

I 1N5 368 398 ± 10 7.6 405 410 ± 14 1.2 

I 2N1 331 335 ± 26 1.1 344 339 ± 15 1.6 

I 2N2 340 352 ± 28 2.9 381 354 ± 19 7.9 

I 2N3 363 362 ± 8 0.4 403 367 ± 12 9.7 

I 2N4 366 368 ± 11 0.5 404 380 ± 11 6.3 

I 2N5 366 356 ± 18 2.7 406 372 ± 20 9.2 

I 3N1 273 329 ± 25 6.0 265 331 ± 22 20.1 

I 3N2 289 345 ± 15 3.9 330 345 ± 25 4.3 

I 3N3 296 340 ± 20 4.65 363 356 ± 28 2.0 

I 3N4 299 357 ± 15 1.8 391 363 ± 22 7.7 

I 3N5 301 355 ± 29 3.6 404 358 ± 32 12.7 

Average 330 363 ± 18 5.6 366 370 ± 21 9.1 

eRMSE 40   41    

aSimulated, bObserved, c Standard Deviation (from three replication) dMean Percentage deviation 
eRoot mean square error. 
N1 = 100 kg ha-1, N2 = 150 kg ha-1, N3 = 200 kg ha-1, N4 = 250 kg ha-1 and N5 = 300 kg ha-1. 
I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  
I2 = irrigation at V6, V12, VT, R1 and R3 stages and  
I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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4.11.2.2 Grain yield (kg ha-1) 

Table 4.54 shows model prediction results for grain yield (experiment-I). In 

general the model simulated accurately grain yield with low average MPD (12.2% and 

8.5%) having RMSE 1111 and 656 kg ha-1 during 2009 and 2010, respectively. Change 

in N application time significantly affected model prediction. The N stress at initial crop 

stages made model prediction less from observed grain yield with the high PMD. From 

the results it can be concluded that the model is very sensitive to N application timing 

under semiarid environment. Moreover N stress at early crop growth stages decreased 

grain yield. 

The corresponding model prediction results of grain yield for experiment-II are 

shown in table 4.55. When the crop was subjected to water stress model prediction of 

grain yield was higher than observed. This might be due to reduced response of model to 

soil moisture, however, overall the model responded highly to N stress. In the study, 

average MPD was 17.5 and 23.26% during years 2009 and 2010, respectively. The 

RMSE was 1080 and 1586 kg ha-1 during year 2009 and 2010, respectively. The model 

performance varied during 2009 and 2010. It might be due to difference in precipitation 

during 2009 and 2010. Nitrogen stress and difference in precipitation during growing 

season might affect the performance of model and crop productivity. The role of rainfall 

variances in performance of CSM-CERES-Maize had also been reported by Adler et al. 

(1994) and Khaliq (2008). Over all prediction of the CSM-CERES-Maize for grain yield 

was accurate in semiarid environment. Hence by using the model as a tool we can 

forecast future crop production and effect of climate on crop productivity.  
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Table 4.54: Model evaluation by simulated and observed values for grain yield (kg 
ha-1) at various nitrogen application timings and rates 

Treatment 
2009 2010 

aSim. bObs. cSD dMPD (%)  Sim. Obs. SD MPD (%) 

T1N1 5435 5433 ± 284 0.0 6004 5657 ± 356 6.1 

T1N2 6063 6026 ± 325 0.6 7189 6183 ± 359 16.3 

T1N3 6239 6913 ± 108 9.7 7877 7037 ± 540 11.9 

T1N4 6432 8383 ± 275 23.3 8151 8560 ± 828 4.8 

T1N5 6518 7650 ± 50 14.8 8177 7850 ± 789 4.2 

T2N1 5947 5666 ± 351 5.0 6896 6053 ± 300 13.9 

T2N2 6213 6170 ± 190 0.7 7770 6600 ± 616 17.7 

T2N3 6373 7306 ± 258 12.8 8144 7703 ± 656 5.7 

T2N4 6492 8680 ± 199 25.2 8171 8963 ± 206 8.8 

T2N5 6449 7990 ± 370 19.3 8171 8343 ± 953 2.1 

T3N1 4286 5283 ± 368 18.9 4578 5397 ± 457 15.2 

T3N2 5082 5853 ± 190 13.2 5884 5997 ± 316 1.9 

T3N3 5932 6600 ± 360 10.1 7089 6757 ± 669 4.9 

T3N4 6262 7746 ± 558 19.2 7532 7937 ± 919 5.1 

T3N5 6408 7200 ± 677 11.0 7935 7267 ± 615 9.2 

Average 6009 6860 ± 330 12.2 7305 7087 ± 573 8.5 

eRMSE 1111 --  656 --  
aSimulated, bObserved, c Standard Deviation (from three replication) dMean Percentage deviation 

eRoot mean square error. 
N1 = 100 kg ha-1, N2 = 150 kg ha-1, N3 = 200 kg ha-1, N4 = 250 kg ha-1 and N5 = 300 kg ha-1. 
T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages,  

T2 = 1/3rd N at V2, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3 N at seed bed preparation, 1/3 N at V12 and 1/3 N at R2 stages. 
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Table 4.55: Model evaluation by simulated and observed values for grain yield (kg ha-1) 

at various irrigation regimes and rate of nitrogen   

Treatment 
2009 2010 

aSim. bObs. cSD dMPD (%)  Sim. Obs. SD MPD (%)  

I 1N1 6068 5380 ± 223 12.8 5496 5693 ± 378 3.5 

I 1N2 6507 5983 ± 161 8.8 6944 6136 ± 441 13.2 

I 1N3 6981 7030 ± 214 0.7 7467 7216 ± 431 3.5 

I 1N4 7131 7683 ± 237 7.2 7973 7973 ± 377 0.0 

I 1N5 7217 7450 ± 250 3.1 8178 7680 ± 404 6.5 

I 2N1 6501 4983 ± 275 30.5 6974 5063 ± 400 37.7 

I 2N2 6702 5293 ± 190 26.6 7887 5340 ± 386 47.7 

I 2N3 7128 6033 ± 208 18.2 8153 6103 ± 441 33.6 

I 2N4 7183 6533 ± 301 10.0 8171 6700 ± 469 21.9 

I 2N5 7173 6380 ± 270 12.4 8210 6380 ± 484 28.7 

I 3N1 6063 4766 ± 355 27.2 5358 4803 ± 371 11.6 

I 3N2 6483 4983 ± 275 30.1 6840 5030 ± 350 35.9 

I 3N3 6929 5433 ± 379 27.5 7359 5440 ± 436 35.3 

I 3N4 7064 5733 ± 257 23.2 7887 5870 ± 459 34.4 

I 3N5 7011 5623 ± 372 24.7 8133 5773 ± 363 40.9 
Average 6809 5952 ± 260 17.5 7402 6080 ± 410 23.6 
eRMSE 1080   1586   

aSimulated, bObserved, c Standard Deviation (from three replication) dMean Percentage deviation 
deviation, eRoot mean square error. 
N1 = 100 kg ha-1, N2 = 150 kg ha-1, N3 = 200 kg ha-1, N4 = 250 kg ha-1 and N5 = 300 kg ha-1. 
I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  
I2 = irrigation at V6, V12, VT, R1 and R3 stages and  
I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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4.11.2.3 Harvest index (%)  

 Harvest index (HI) is the ratio of grain yield and total dry matter production. Table 

4.56 shows that the model predicted HI of experiment-I accurately with average MPD 9.3 

and 7.8% in 2009 and 2010, respectively. During the model prediction of HI very low 

RMSE (4.1 and 4.2%, respectively) was observed by the model. The MPD varied for 

individual treatment showing response of model to inputs. The maximum MPD was 

observed by the model when the crop was subjected to N stress. This might be due to the 

same trend in dry matter production and grain yield as the HI is a derived variable of the 

dry matter production and grain yield. Average simulated and observed values were equal 

during 2010 while during 2009 the model predicted 1% less than observed. 

Model evaluation results of experiment-II (for HI) (Table 4.57) showed higher 

MPD during 2010 than 2009. The average MPD was 12.0 and 17.7% in 2009 and 2010, 

respectively with RMSE 6 and 7% during 2009 and 2010, respectively. The average 

simulated HI was higher (4 and 6% in 2009 and 2010, respectively) than observed. At 

normal irrigation the model predicted more HI than the predicted during water and N stress. 

This might be due the model response to water deficit and N stress. Overall performance of 

the CSM-CERES-maize was good in both experiments and the model (DSSAT 4.5) is fit 

for semiarid environment. The model can be used as a tool for forecasting yield and 

climatic effects on crop yield. The results were supported by previous findings of Khaliq 

(2008) who used an old version (4.0) of DSSAT under the same environment. 
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Table 4.56: Model evaluation by simulated and observed values for harvest index 
(%) at various nitrogen application timings and rates  

Treatment 
2009 2010 

aSim. bObs. cSD dMPD (%)  Sim. Obs. SD MPD (%) 

T1N1 43 37 ± 2.6 17.2 44 38 ± 3.4 17.5 

T1N2 44 39 ± 0.08 13.3 46 40 ± 1.5 15.9 

T1N3 43 43 ± 1.8 0.2 46 43 ± 4.1 7.4 

T1N4 43 50 ± 2.3 14.9 46 51 ± 5.6 9.2 

T1N5 43 45 ± 0.9 5.3 46 46 ± 4.3 0.4 

T2N1 46 39 ± 2.7 16.5 47 41 ± 1.8 13.0 

T2N2 44 41 ± 2.9 5.6 46 44 ± 5.6 6.2 

T2N3 43 46 ± 2.1 6.6 46 48 ± 3.4 3.8 

T2N4 43 52 ± 1.2 17.8 46 53 ± 1.5 14.0 

T2N5 43 48 ± 2..9 10.1 46 49 ± 4.9 6.9 

T3N1 38 38 ± 2.0 2.1 37 39 ± 4.1 5.7 

T3N2 39 41 ± 1.8 3.7 40 41 ± 3.1 2.4 

T3N3 42 0.45 ± 2.3 7.7 44 46 ± 5.0 3.5 

T3N4 0.42 49 ± 2.9 12.9 44 50 ± 5.3 10.9 

T3N5 43 45 ± 1.2 5.1 45 45 ± 4.2 0.2 

Average 43 44 ± 2.0 9.3 45 45 ± 3.9 7.8 

eRMSE 4.1   4.2   
aSimulated, bObserved, c Standard Deviation (from three replication) dMean Percentage deviation 

eRoot mean square error. 
N1 = 100 kg ha-1, N2 = 150 kg ha-1, N3 = 200 kg ha-1, N4 = 250 kg ha-1 and N5 = 300 kg ha-1. 
T1 = 1/3rd N at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages,  

T2 = 1/3rd N at V2, 1/3rd N at V16 and 1/3rd N at R1 stages and  

T3 = 1/3 N at seed bed preparation, 1/3 N at V12 and 1/3 N at R2 stages. 
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Table 4.57: Model evaluation by simulated and observed values for harvest index 
(%) at various irrigation regimes and rate of nitrogen   

Treatment 
2009 2010 

aSim. bObs. cSD dMPD (%)  Sim. Obs. SD MPD (%) 

I 1N1 0.48 0.41 ± 3.5 15.9 0.44 0.38 ± 2.1 14.4 

I 1N2 0.47 0.40 ± 1.9 16.4 0.46 0.40 ± 1.3 16.2 

I 1N3 0.46 0.43 ± 1.8 5.3 0.46 0.43 ± 3.9 6.8 

I 1N4 0.45 0.46 ± 1.1 1.3 0.45 0.46 ± 2.0 2.2 

I 1N5 0.45 0.43 ± 4.1 3.5 0.45 0.44 ± 2.9 3.0 

I 2N1 0.43 0.36 ± 2.43 20.3 0.45 0.35 ± 1.4 28.2 

I 2N2 0.44 0.37 ± 1.62 19.4 0.46 0.36 ± 2.1 25.3 

I 2N3 0.45 0.40 ± 2.3 14.1 0.46 0.40 ± 4.3 15.4 

I 2N4 0.45 0.42 ± 2.8 7.6 0.45 0.41 ± 3.8 10.0 

I 2N5 0.46 0.41 ± 2.6 12.1 0.45 0.39 ± 3.1 16.0 

I 3N1 0.45 0.37 ± 4.4 20.2 0.44 0.34 ± 2.9 26.7 

I 3N2 0.43 0.36 ± 2.6 19.0 0.44 0.35 ± 1.2 25.9 

I 3N3 0.41 0.39 ± 2.1 6.7 0.46 0.36 ± 3.8 26.4 

I 3N4 0.41 0.39 ± 3.9 5.2 0.45 0.36 ± 1.5 23.7 

I 3N5 0.41 0.36 ± 1.1 12.5 0.44 0.35 ± 1.6 25.1 

Average 0.44 0.40 ± 2.5 12.0 0.45 0.39 ± 2.5 17.7 

eRMSE 0.06   0.07   
aSimulated, bObserved, c Standard Deviation (from three replication) dMean Percentage deviation 
deviation, eRoot mean square error. 
N1 = 100 kg ha-1, N2 = 150 kg ha-1, N3 = 200 kg ha-1, N4 = 250 kg ha-1 and N5 = 300 kg ha-1. 
I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  
I2 = irrigation at V6, V12, VT, R1 and R3 stages and  
I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 
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4.11.3 Economic and strategy analysis 

Economic analysis is the option of seasonal analysis tool of model that calculates 

net money return. During the strategy analysis, 25 years weather data were used 

separately with mean of 2 and 15 years prices (input and output). The treatments of the 

second experiment were selected for economic and strategy analysis. The strategy 

analysis was done by using mean local prices of (2 and 15 years) inputs with 15 years 

historical weather data. Significant effect of irrigation regimes, N rates and climate were 

predicted by the model (Table 4.58). Application of 300 N kg ha-1 in three split; 11/3rd N 

at seed bed preparation, 1/3rd N at V6 and 1/3rd N at VT stages with  375 mm irrigation 

water during the whole growing seasons (I2N4) gave maximum mean return. The highest 

mean return was $ 416 and $ 313 with 2 and 15 year mean prices, respectively. The 

model showed highest efficiency of the treatment. The highest grain yield was achieved 

at normal irrigation (Treatment I1) but during strategy analysis, maximum mean return at 

I2 treatment might be due to the high cost of irrigation because in later treatment less 

number of irrigation water were applied. In the strategy analysis overall model showed 

less profit with 15 year mean inputs prices. This might be due to low historical price of 

outputs.  
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Table 4.58: Strategy analyses of the treatments with two and 15 year input price by 
using 25 year weather data of experimental site 

Treatments 

Mean return ($ ha-1) 
 

aEx − bTx ($ ha-1)  Efficiency 

By 2 years 
mean price 

By 15 years 
mean price 

 
By 2 years 
mean price 

By 15 years 
mean price 

 
By 2 years 
mean price 

By 15 years 
mean price 

I1N1 −71 −33  −155 −101  No No 

I1N2 47 53  −54 -31  No No 

I1N3 146 125  33 31  No No 

I1N4 244 195  125 93  No No 

I1N5 327 261  199 149  No No 

I2N1 102 75  −3 −10  No No 

I2N2 249 181  117 75  No No 

I2N3 340 248  211 139  No No 

I2N4 398 294  282 189  No No 

I2N5 416 313  299 208  Yes Yes 

I3N1 −23 −2  −105 −69  No No 

I3N2 80 74  −17 −8  No No 

I3N3 166 137  62 47  No No 

I3N4 251 196  139 98  No No 

I3N5 303 241  178 133  No No 

aMean return, bGini coefficient 

N1 = 100 kg ha-1, N2 = 150 kg ha-1, N3 = 200 kg ha-1, N4 = 250 kg ha-1 and N5 = 300 kg ha-1. 
I1 = irrigation at V2, V6, V12, V16, VT, R1 and R3 stages,  
I2 = irrigation at V6, V12, VT, R1 and R3 stages and  
I3 = irrigation at V2, V6, V12, V16, VT and R3 stages. 

  



160 

 

CHAPTER-5 

SUMMARY 

The present study was carried out at the Agronomic Research Farm, University of 

Agriculture Faisalabad during autumn seasons of 2009 and 2010. In each year two 

experiments were conducted. The objectives of the study were to i) evaluate the effect of 

water and nitrogen (N) on phenology, growth and yield of maize crop and ii)  assess the 

application of CSM-CERES-Maize under irrigated condition of Pakistan. The data 

collected from field experiments were used to calibrate and validate DSSAT V4.5. 

Weather data for simulations were obtained from the nearest weather station at the 

University of Agriculture, Faisalabad. The experimental results are summarized as under: 

• Increase in N rates upto 250 kg ha-1 and changing N application timing 

significantly enhanced days to 50% tasseling and silking; however, days to maturity 

increased upto 103 days with application of 300 kg N ha-1 coupled with supplemental 

irrigation of 530 mm ha-1. 

• The crop achieved the highest LAI value 62 at DAP in both experiments during 

2009 and 2010. Application of 1/3rd N at V2, 1/3rd N at V16 and 1/3rd N at R1 stages at 

the rate of 250 kg ha-1 in the presence of 530  mm irrigation ha-1 water resulted in the 

maximum  mean (2009 and 2010) LAI (5.08 and 5.00 in experiment-1 and 2, 

respectively).  

• Nitrogen timings, rates and irrigation regimes significantly affected 

photosynthesis rate with cubic effect of N. The maximum mean values of photosynthesis 

(25.4 and 23.5 µmol m-2 s-1 in experiment-1 and 2, respectively) were achieved by 

application of 250 kg N ha-1. There was no further increase in photosynthesis beyond 250 

kg N ha-1 in both seasons and experiments. The photosynthesis gradually decreased with 

reduction of N rates. Furthermore, photosynthesis rate was strongly correlated with 

intercepted PAR and LAI in both experiments. 
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• Transpiration rate was significantly affected by N application timings rates and 

irrigation regimes. When the crop was irrigated at depth of 530 mm ha-1 irrigation water 

with application of 250 kg ha-1 it resulted in the mean highest (5.5 and 5.2 mµmol m-2 s-1 

in experiment in experiment-1 and 2, respectively) transpiration rate. The effect of N was 

cubic in both experiments. The transpiration rate decreased by reduction of N fertilizer 

rates. Moreover seasonal effect on transpiration rate was also observed; heigher 

transpiration rate occurred during growing season 2010 than 2009. Same trend was also 

observed in LAI. It might be due to more rainfall during the season 2010. 

• Maximum mean TDM (1664 and 1648 g m-2 in experiment-1 and 2, respectively) 

was obtained by application of 300 kg N ha-1. The application of 300 kg N ha-1 (T5) gave 

maximum mean plant height (243 and 228 cm in experiment-1 and 2, respectively) and 

highest mean crop growth rate (19.2 and 19.3 g m-2 d-1 experiment-1 and 2, respectively) 

as a result treatment T5 accumulated maximum TDM.  

• Irrigation regimes and N application timings significantly influenced number of 

grains per cob in both year and mean maximum (420 and 379 in experiment-1 and 2, 

respectively) number of grains per cob was achieved by application of 250 kg N ha-1 with 

application of 530 mm ha-1 irrigation water. Beyond application of 250 kg N ha-1 there 

was no significant increase in number of grains per cob and thousand grain weight in 

both experiments. 

• Various irrigation regimes and time as well as rate of N application significantly 

influenced grain yield of the crop. Application of N as 1/3rd N at V2, 1/3rd N at V16 and 

1/3rd N at R1 stage with supplemental irrigation of 530 mm ha-1 resulted in maximum 

(7.35 t ha-1) grain yield. In grain yield, the effect of N was cubic and the maximum grain 

yields (8.38 and 6.75 t ha-1 in experiment-1 and 2, respectively) were achieved by 

application of 250 kg N ha-1. There was no further increase in grain yield beyond this 

level of N application. Moreover, grain yield is a production of cob girth, cob length, 

thousand grain weight and number of grains per cob; maximum values of all these 

variables were also observed by application of 250 kg N per ha-1 in three splits (1/3rd N 
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at V2, 1/3rd N at V16 and 1/3rd N at R1 stages) with 7 supplementary irrigations (at V2, 

V6, V12, V16, VT, R1 and R3 stages). 

• The experimental treatments had significant effect on HI. The highest mean 

(50.9% and 41.7% in experiment-1 and 2, respectively) HI was calculated by N4 

treatment with application of 530 mm ha-1 irrigation water. 

• Strong and positive correlations of grain yield were observed with mean 

photosynthesis rate, LAD, mean CGR, grains per cob, thousand grains weight and 

biological yield in both experiments.   

• The model predicted phenological development of maize hybrid well under 

semiarid environment. In days to anthesis, RMSE ranged from 2.0 to 4.2 in both 

experiments during 2009 and 2010 with MPD 3.0 to 8.5%. Similarly, in days to maturity 

RMSE ranged from 2.5 to 4.8 during 2009 and 2010 with MPD 2.1 to 3.4%.   

• The model simulated grains per cob, days to anthesis, days to physiological 

maturity and grain yield very closely to observed data. The average error between 

simulated and observed values was very low. For grain yield, RMSE ranged from 656 to 

1586 kg ha-1 among all treatments.  

• Time course simulations of CSM-CERES-Maize for leaf area index were poor in 

stress treatments while good in normal treatments. In treatment of both experimental d-

statistics ranged from 0.56 to 0.99 in 2009 and 2010. The model predicted TDM very 

accurately having low RMSE low with d-statistics value 0.97 to 0.99 in both experiments 

during 2009 and 2010. 
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Recommendation 

For semi-arid regions, it is recommended that the application of 250 kg N ha-1 in 

three split i.e., 1/3rd N at V2, 1/3rd N at V16, and 1/3rd N at R1 stage in combination with 

supplemental irrigation of 530 mm ha-1 is the best management practice. 

Future research 

 Effect of water and nitrogen on root growth and nutrients uptake should be done under 

semiarid environment. Simulation of other crop nutrients (P and K) should also be the focus 

in modeling studies. Comparative study of different model used should be carried out to 

simulate the growth and yield of maize under semiarid environment of Pakistan. 
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