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CHAPTER-I 

INTRODUCTION 

Sugarcane is one of the most valuable crops cultivated around the world as it has 

varied uses for both industrial and individual reasons. Sucrose is the main content 

which is extracted from sugar cane in industry (Arain et al., 2017). However, 

awareness has been increased for its co-products, including bagasse, cane trash, filter 

cake and molasses, which are refined into products of high commercial value, e.g., 

bioethanol and electricity, and also chemicals including different types of polymer. 

60-80% of the world sugar is produced from sugarcane (Dias et al., 2013).  

Sugarcane (Saccharum officinarum L.) is C4 plant belongs to the grass family 

Poaceae. It is grown from tropical to subtropical regions in countries lying between 

36° N longitude and 31° S latitude. In 107 countries of world, sugarcane is the crop 

occupying 20.42 million ha area, producing total 1335 million tons. Area under 

sugarcane cultivation and productivity varies largely from country to country. Area 

under sugarcane cultivation is highest (5.34 million ha) in Brazil while productivity is 

highest (85.1 t ha
-1

) in Australia. Brazil, India, China and Pakistan are the largest 

produces, producing more than 50% of world sugarcane (Qureshi and Afghan 2005). 

Sugarcane is one of the most important cash crop of Pakistan with respect to 

sugarcane cultivation area and production Pakistan ranked fifth position among 

sugarcane producing countries of the world (Nazir et al. 2013). In Pakistan, sugarcane 

is grown in both season, spring and autumn. Its production accounted for 3.4 percent 

in agriculture’s value addition and 0.7 percent in overall GDP. The area cultivated for 

sugarcane crop reached 1217 thousand hectares compared to last year’s area of 1131 

thousand hectares showing an increase of 7.6% (GOP 2017) (Figure 1.1). 

Planting date (PD) influences sugarcane canopy development and biomass 

accumulation. Optimum PDs differed among cultivars. Climatic variables are changed 

with respective to planting dates. Sugarcane plant development and growth are basic 

processes that define cane yield (Zanchetta et al., 2018). Optimum growing conditions 

are changed by planting date. Determination of optimum planting date is very 

necessary for obtain highest cane and sugar yield. Sugarcane plant development and 

growth are different but related processes. Sugarcane morphological and 

physiological parameters are significantly influenced by planting dates (Garrison et 

al., 2000; Hoy et al., 2006). Crop growth rate, net assimilation rate, radiation use  
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Figure 1.1: Area, production and yield of sugarcane from 1960-2017 in Pakistan 

(Adapted and modified from Ahmad et al., 2018) 

efficiency, leaf appearance rate, millable cane number, development stage throughout 

the growing season, and duration of developmental phase are negatively influenced by 

un optimum growing conditions during both spring and autumn growing seasons (Lin 

et al., 2010). 

Climate change is an undeniable fact that is affecting our lives on each level, 

collective as well as individual. Its impacts are quite noticeable on agriculture, 

biodiversity, water, health and socioeconomic sectors in the world. Earth’s average 

temperature has been reported to rise almost one degree centigrade during last 

century, one degree may sound very small but affects related to this one degree rise 

are drastic. Greenhouse gases emission (CO2, CH4, NO2, etc.) in the past century has 

resulted in change in climate and will cause global warming (IPCC, 2007). GHGs 

emission is contributed by different sectors, according to IPCC synthesis report, 

highest contribution 25.9% comes from energy sector followed by 19.4% from 

industry, 17.4% forestry, 13.5% agriculture, 13.1% transport, 7.9% buildings and 

2.8% waste. Developing strategies to cope with the negative or take advantage of 

positive impacts of climate change is essential to inform public debate, policy makers 

and farmers to maintain sugar production in China. Increasing greenhouse gas 

concentrations are expected to increase China’s surface air temperature and alter the 

temporal and spatial patterns of rainfall. The annual mean air temperature is predicted 

to increase 2.3 to 3.3 °C by 2050 and 3.9 to 6.0 °C by 2100, and annual rainfall is 
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projected to increase 10 to 12% in 2100 relative to the 30 years average of 1961 to 

1990 (Deng et al., 2006). Inevitably, future climate change would have significant 

impacts for sugarcane productivity. Therefore, sufficiently accurate predictions of 

sugarcane response to climate change are necessary to inform successful adaptation 

(Ruan et al., 2018). Modeling studies showed that in temperate regions crop yields 

were benefited on small scale with 1-3° C rise in local mean temperature along with 

CO2 increase and rainfall changes. While in tropical regions, negative impacts on 

major crops yields were indicated by models even with 1-2° C rises in temperature. 

Further increases in temperature in the end of the 21st century will negatively impacts 

yields in all regions, as projected by models (Tubiello et al., 2008). Increased CO2 

concentration directly affect and reduce the rate of plant processes In different 

ecosystem, response to increased CO2 is different, that might be due to temperature 

variation and difference in soil, water, availability of nutrient (Jones et al., 2013; 

Junqueira et al., 2017; Linnenluecke et al., 2018). Pakistan’s economy mainly relies 

on agriculture which is the most climate sensitive sector. Characteristics including a 

warmer climate, location in geographical region susceptible to more than global 

average temperature increases, mostly arid and semi-arid land area (approximately 

60% area receives 250 mm and 24% area receives 250 to 500 mm rainfall annually),  

glaciers of Hindu Kush-Karakoram-Himalayan (HKH) which fed rivers are 

decreasing speedily due to global warming. This also effect the monsoon rains so risk 

of floods and droughts has been increased; contribute to the fact that food, water and 

energy security of the country are under grave risk. Any further temperature rise in 

Indus Delta which is already situated in the strong heat zone would result in effected 

human health due to problems like heat strokes, diarrhea, cholera and human 

establishments due to recurrent cyclones floods, and droughts. A till 2100 4°C rise in 

temperature is expected in this region and rainfall is going to be greatly inconstant on 

temporal plus spatial scales (Rasul et al., 2012). 

Crop growth model is numerical scheme which predict the development, growth and 

crop yield when provided with a related environmental variables and set of genetic 

coefficients (De Carvalho et al., 2018). 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 and the DSSAT is a comprehensive model. The cropping 

system model-CANEGRO-Sugarcane, which is part of the DSSAT (Jones et al., 2003; 
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Crop growth models 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 (Marin et al., 2011). Crop simulation models are 

important tools for agronomic management strategy evaluation. These models enable 

scientists to predict about effects of climate change and make recommendations to 

mitigate the negative impacts on yields. Climatic variations are imposing an overall 

negative effect on crop yields, while the rate of earth’s population increase demand a 

large increase in food crops on continuous basis (Jones and Singels 2018). Climate 

scenario demands an experimental approach which is less expensive, reliable and time 

saving. Globally, crop simulation models are used for this purpose. DSSAT can be 

successfully used to develop most appropriate management practices for crops after 

doing fine calibration, validation and evaluation of model (Jones et al., 2003). CSM-

CANEGRO-Sugarcane model reduces the time and need of human resources for 

constructing and analyzing complex alternative decisions (Hoogenboom et al., 2017). 

Crop models, such as the CANEGRO model could be appropriate tools to help with 

this complex job of optimization. Crop simulation models proves to be a mean to 

analyze interaction of soil, water, management practices and climate change, effecting 

crops yield (Pagani et al., 2017).  

Keeping in view the above factors this study was carried out with the following 

objectives; 

Effect of planting date and cultivars on growth, phenology, sugar yield, cane yield and 

radiation-use-efficiency of sugarcane during spring season 

Impact of planting date and cultivars on growth, phenology, sugar yield, cane yield 

and radiation-use-efficiency of sugarcane during autumn season 

To assess performance of CSM-CANEGRO-Sugarcane model for simulation of 

growth, development and yield of sugarcane during spring and autumn season 

To investigate ecologically and economically best management approach by means of 

seasonal analysis tool of model, to mitigate the impact of climate change on  

production of sugarcane crop during spring and autumn season, for irrigated and arid 

conditions of Pakistan.  
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CHAPTER - II 

REVIEW OF LITERATURE 

2.1 Effect of Planting Dates 

Garrison et al., 2000 observed that September is the peak planting month in 

Louisiana, but the higher population varieties and the earlier harvest dates are both 

allowing and forcing growers to begin planting sooner. To evaluate the effect of 

planting date on sugar yields, six sugarcane varieties (CP 70-321, CP 79-318, LCP 

82-89, LHo 83-153, LCP 85-384, and HoCP 85-845) were planted in August, 

September, and October in 1995, 1996, and 1997. Data suggest cane planted in 

August, regardless of variety, outyielded cane planted in October. However, planting 

date had no significant effect on yield in LCP 85-384, although there was a numerical 

edge for the August planting over the October planting. The varieties most affected by 

late planting were LCP 82-89 and HoCP 85-845 (26% and 23% decrease in sugar 

yield, respectively). There were no significant yield differences between treatments in 

the first-stubble or second-stubble crops. Results suggest that the currently grown 

varieties can be planted in August with minimal impact on sugar yields. However, if 

planting is delayed until October, varieties such as LCP 82-89 and HoCP 85-845 

should not be used. Further, there was no advantage for planting in August when 

compared to September planting for two varieties, CP 79-318 and LHo 83-153. 

McDonald and Lisson (2001) examined the effects of different sowing times on 

sugarcane yield, in Burdekin region. Sugarcane productivity stays influenced by the 

timing of planting, ratooning and harvesting. The results of experiment were related 

with results from the crop model, APSIM. It was observed that planting time 

considerably affected cane and sugar yield as did crop age. They found that the early 

sown crop yields before the onset of the harvest season were equally good or even 

enhanced than the yield of crops planted early and late during the harvesting season. 

The research revealed that it is possible to shift onset times of harvest season in some 

regions. Furthermore, APSIM sugarcane model is a good option to assess the impacts 

of sowing time and crop age. 

Fotouhi et al., (2002) carried out research field at Karoun Agriculture and industrial 

Co. which is located at Shoushtar. Effects of planting pattern (0.9, 1.2 and 1.5 m inter 

row), date of planting (22 Aug, 20 Sep and 19 Oct) and application of nitrogen (0, 
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100, 200 and 300 kg ha
-1

 on nitrogen use efficiency, nitrogen uptake efficiency and 

nitrogen utilization efficiency in sugarcane (Saccharum spp) were studied in a strip 

split plot design with four replications. The final results indicated that relative 

nitrogen content were increased by high of fertilizer applications. Low plant density 

and nitrogen application decreased nitrogen uptake. Low plant density, late plantig 

and high fertilizer application resulted in low nitrogen use efficiency, also nitrogen 

uptake efficiency were decreased significantly in low density and high nitrogen 

application treatments. Nitrogen utilization efficiency on the basis of sugar yield were 

increased in low density, early planting and low nitrogen application treatments. 

Gulati et al., 2000 conducted a field experiment on sugarcane, in which treatment 

combinations of 4 irrigation levels and 6 dates of planting was conducted during 

1994–95 and 1995–96 at Chiplima, Sambalpur, on sandy clay-loam soil. Irrigation at 

1.2 IW:CPE recorded maximum plant height, millable canes, plant girth and weight of 

cane and cane yield (127.31 tonnes/ha). Irrigation and water requirement were also 

maximum with irrigation at 1.2 IW: CPE, but water-use efficiency was maximum 

with irrigation at 0.6 IW: CPE. Planting during third week of October was the best 

with the maximum values of all the yield-attributing characters and the yield. Cane 

yield declined progressively with successive delay in planting. Water requirement, 

irrigation requirement and water-use efficiency were also maximum with October 

planting. The highest cane yield of 156.65 tonnes/ha was recorded from planting 

sugarcane during the third week of October at 1.2 IW: CPE with corresponding 

irrigation and water requirement of 132 and 218 cm. Crop extracted more moisture 

from 0–30 cm in all the treatments. 

Viator et al. (2005) conducted a research to determine the effects of sowing date and 

planting method on yields of the currently cultivated varieties of sugarcane in 

Louisiana. In Louisiana, sugarcane in is cultivated in late summer and in start of fall 

season from vegetative cuttings as either entire stalks as stalk fragments (billets). 

Entire stalk planting compared with billet planting for 3 sowing dates (August 15, 

September 15, plus October 15) for 2 years with three diverse cultivars (HoCP 85-

845, LCP 85-384, plus HoCP 95-555). Cane and sugar production of billet planting 

were uneven, and no clear tendencies perceived when matched to entire-stalk 

planting. Compared to September and October sowings, August sowing date had 

produced highest cane plus sugar yields.  
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Amolo et al., 2006 established a trial in four strategic sugarcane growing sites, 

representing both humid and subhumid conditions, to assess the effect of planting and 

harvesting time on sugarcane development, yield and quality in three phases (2004, 

2005 and 2006 long and short rainy period). The plant crop results for 2004 crop 

indicated that germination phase took up to 2 months; tillering phase 2 to 5 months, 

early elongation phase occurred between 5-7 months, grand growth stage took place 

from 7-15 months. Additional 2-3 months were observed to be for maturation. 

However, at SONYsugar site, representing humid conditions, harvesting ages 

significantly affected cane yields and quality for all cane varieties with the best 

harvesting age ranging from 17th to 20th months after planting (MAP). Months of 

planting, affected cane yield but not the quality. At this site, bulk of sugarcane 

planting may be undertaken during the long rains due to cane and sugar yield 

advantage of 9 and 8%, respectively. Sugarcane planting in the month of July in all 

the 4 sites should be avoided due to significant low cane yields and quality partly due 

to limited moisture availability for cane establishment, except where irrigation is 

available to supplement the rainfall. At Kibos site, representing sub-humid conditions, 

cane harvesting may commence on 16th to 20th MAP regardless of any variety. 

Hoy et al., 2006 studied the effects of date and rate of billet planting on yield of 

sugarcane, in which, cultivar LCP 85-384 was evaluated in three, 3-year field 

experiments. Date of planting had no consistent effect on yield across experiments 

during a mid-August to late-September planting season in Louisiana. The results 

suggested that early (beginning of August) and late (October) planting dates can 

reduce yield potential. A one billet (equivalent of one stalk) planting rate consistently 

resulted in lower yields, and a three billet planting rate produced lower yields in some 

comparisons. Cane tonnage and sucrose per hectare yields obtained from six, nine, 

and 12 billet planting rates were equivalent. 

White et al., 2010 conducted a research to determine if yields of four sugarcane 

varieties were affected by date of planting in Louisiana. Sugarcane varieties LCP 85-

384, Ho 95- 988, HoCP 96-540, and L 97-128 were hand-planted in mid-August, mid-

September, and mid- October in 2004 and 2005. Shoot number, stalk height, cane 

yield, theoretical recoverable sucrose (TRS), and sucrose yield were analyzed in the 

plant-cane and first-ratoon harvests. August planting resulted in 10 and 25 more Mg 

ha of cane compared with planting in September and October, respectively, and 2000 

and 3000 more kg sucrose ha for plant cane, respectively, across two plant-cane 
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harvests. For cane yield, TRS, and sucrose yield, all varieties responded similarly to 

planting date. Overall, results suggest early planting increased cane and sucrose yield 

in the plant-cane crop for the varieties tested but the effects did not transfer to first- 

ratoon crop suggesting that the effects of early planting were short term. 

Viator and Richard (2012) compared the fiber, sucrose plus cane productivity of three 

sugar cane cultivars (L 99-226, HoCP 96-540 and L 99-233), one cultivar of energy-

cane (L 79-1002) sowed on 1
st
 August, 1

st
 September, 1

st
 October. The August sowing 

date resulted in 11.6 Mg ha
−1

 higher sugarcane than September and 18.1 Mg ha
−1

 

higher than October, while sucrose was 1600, 2300 kg ha
−1

 more than September plus 

October sowings. Fiber yield was 2.4 Mg ha
−1

 more in August sowing in comparison 

to normal of September plus October sowing dates. Moreover, sugar cane and sucrose 

were about 6.5 Mg ha
−1

 and 700 kg ha
−1

 more, respectively, in September sowing date 

than the October, but fiber yields were similar for both the September and October 

sowing dates. The results suggested that to attain maximum yields farmers should try 

to sow both energy and sugar cane in August. 

Mishra et al., 2017 observed that In sub-tropical India, the late planted sugarcane in 

April-May records drastic yield reduction than the crop planted in February - March. 

The harsh weather conditions cause to the poor germination, less tillers, reduced 

millable canes and low sucrose content. The growth, yield and quality attributes of 

high yielding sugarcane variety (CoPb 91) planted in spring and summer season were 

simulated with experimental data at Faridkot using CANEGRO module of DSSAT (v. 

4.6). Simulation was made for 10 planting dates of sugarcane falling between 1
st
 

February and 1st May at 10 days intervals. Results revealed that emergence 

completed between 20 to 58 days. Among 

the planting seasons, days taken to emergence decreased gradually from early to late 

planting. Planting around early February recorded maximum cane yield of 96.61 and 

96.97 t/ha during 2012 and 2013, respectively but, drastic reduction in delayed 

planting. Model simulated 91 t/ha and 77 t/ha millable cane yield respectively for 1st 

February and 1st May planting. The shifting of planting from February to March and 

April resulted into respective cane yield loss of 4% and 11.1% from mean February 

cane yield (92.3 t/ha). Thus for high productivity, the spring sugarcane should be 

preferably planted in February-March. 

2.2 Effect of Varieties 
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Jamro et al., 2000 investigated to determine performance of sugarcane varieties at 

Quaid-e-Awam Agriculture Research Station, Larkana, Pakistan during 1996-98. The 

experiment was laid out in a randomized complete block design with four replications 

with a plot size of 36 m2. The varieties were BL-4, BF-129, L-116, LAM-75/529, BF-

162 and AEC-81/8415. Data demonstrated that internodes per cane, girth, tillers per 

stool, weight of cane per 3 m2, cane yield per hectare and Brix (%) were significantly 

affected by varieties. The maximum number of internodes and largest girth (cm) were 

observed in variety BF-129, followed by BL-4, whereas number of tillers per stool 

was greatest in variety L-116 followed by BF-129 and BL-4. Maximum cane yield per 

hectare was recorded in BF-129 and BF-4 and maximum sugar content was recorded 

in L-16, BF-129 and BF-16. 

Smit and Singels (2006) conducted a study to evaluate the drought tolerant varieties 

on various processes of canopy development and radiation interception. In dry land 

crop production occurrence of water stress is common, including sugarcane 

production. For selection of cultivar and optimum management practices a good 

knowledge of how crops response to water stress is a precondition, to take full 

advantage of natural resources. The experiment was carried out on a rains helter 

facility at Mount Edgecombe, South Africa. Water was withheld for a period of 42 

days on a four month old crop. In stressed plots soil water content reduced from field 

capacity 26% to 15% and permanent wilting point 10.5% at start of drying, on 15
th

 

day and approximately 40
th

 day, respectively. Cultivar NCo376 maintained high 

stomatal conductance and leaf water potential so was able to preserve canopy 

development processes for long period under increasing water deficit conditions than 

variety N22. 

Soomro et al., 2006 conducted experiment for two consecutive years 2001-2002 and 

2002-2003, at National Sugar Crops Research Institute Thatta to evaluate some 

quantitative and qualitative characteristics of 11 sugarcane varieties. The trials were 

laid out in randomized complete block design with three replications. Recommended 

cultural and agronomic practices were followed to raise the crops. Data on different 

sugarcane traits as brix %, cane thickness (mm), cane height (cm), number of 

internodes, millable canes/stool and cane yield (t ha
-1

) were recorded. Results 

revealed that check variety Th - 10 performed better in terms of cane yield with more 

than one yield component followed by Th-34, AEC-86-347. Correlation coefficient 

values of different yield characters with cane yield were positive and highly 
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significant. The highest value of correlation with cane yield was exhibited from 

millable canes (r = 0.726) and plant height (r = 0.538). 

Jamil et al., 2007 studied ratooning behavior of 22 sugarcane candidate varieties 

under National Uniform Yield Trials (NUYT) program, carried out under different 

agro-ecological conditions across the country during 2003-55. Cane varieties 

performed differently under different climatic conditions. Sugarcane variety S-96-SP-

302 produced maximum cane yield of 117 t ha-1 at sugar Crops Research Program 

(SCRP), NARC and Agricultural Research Institute (ARI), D.I. Khan while variety 

CPHS-35 yield 60 t ha-1 at sugar Crops Research Institute (SCRI), Mardan and NSG-

311 cane variety resulted highest cane yield of 126 t ha-1 at Shakarganj Sugar 

Research Institute (SSRI), Jhang, Sugar recovery was highest with variety S95-HS-

185 (10.3%) at SCRP, Malakand-16 (12.2%) at SCRI and S95-HS-185 gave 

maximum sugar recovery (10.8%) at SSRI. Sugarcane variety NSG-555 yielded cane 

weight of 96 t ha-1 at SCRP and S97- US 183 yielded 97 t ha-1 at SRI. Sugar 

recovery was highest with variety S97- US-183 (10.3%) at SCRP. Cane varieties 

NSG-555 (13.2%) and HS-12 (12.5%) had highest sugar recovery of 13.2% and 

12.5% at SRI and SCRI, respectively. Cane yield of candidate variety S96-SP-302 

and NSG-555 was 15 & 18% higher than the check, respectively. Similarly, sugar 

recovery of candidate variety S95- HS-185 and S97-US-183 was 3 & 9%. 

Zhou and Li 2010 conducted a study to screen high yield and quality sugarcane 

varieties suited for climatic conditions of Liuzhou. A regional trial was conducted 

using 12 sugarcane varieties which were planted in fields in year 2008 and 2009. 

After harvesting in 2008, the ratoon was initiated in year 2009 at the farm of Liuzhou 

Research Institute of Agricultural Sciences. The results revealed that average sucrose 

yield of variety LC03/182 was the highest and it showed early, high sugar and yield. 

This variety was suitable for planting in the frost and drought affected fields in the 

central region of Guangxi. Average sucrose yield of another variety GT02/833 was 

slightly less than the previous one and showed late-maturing, high sugar and yield, it 

could be appropriately extended as middle-late variety. These two varieties were 

followed by variety LC03/1137 in sucrose yield which showed late-maturing, high 

yield and good ratoon ability, which may be extended as a middle-late variety. 

Average sucrose yield of variety GT02/208 ranged fourthly and it showed early-

maturing, high yield and sugar and good ratoon ability, it could be appropriately 
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extended as early variety. Other varieties performed generally in field in Liuzhou 

City. 

Arain et al., 2011 carried out field experiment during 2001-02, 2002-03 and 2003-04 

crop seasons performance of eleven promising candidate sugarcane varieties obtained 

from different Sugarcane Research Institutes of Pakistan along with local check 

Thatta-10 was tested in plant and ratoon crops at National Sugar Crops Research 

Institute, Farm Thatta. It was observed that none of the varieties in the trial could 

succeed the check variety in terms of cane yield and commercial cane sugar 

percentage. The average results of the plant crop for 2001-02 and 2002-03 crop 

seasons revealed that variety Thatta-10 showed superiority over rest of the varieties 

by giving maximum average cane yield of 116.77 t ha-1. The results further revealed 

that the check variety Thatta-10 remained high sugar content variety with average 

CCS 12.74%. The cane yield data for succeeding ratoon crop during 2003-04 revealed 

that check variety Thatta-10 maintained its superiority by producing maximum 

average cane yield of 110.33 t ha-1 and CCS 12.93%. 

Medeiros et al. (2013) carried out a research targeted to assess the injurious effects of 

drought on the physiological processes of two sugarcane cultivars (RB867515 and 

RB962962) during the early growth phase. Irrigation water was held for young plants 

until stomata were closed, and then water was reapplied. Increasing water stress in 

irrigated areas is making farmers to adopt varieties with high tolerance, use of tolerant 

sugarcane varieties may help to escape the reduction in yield due to water stress. In 

drought conditions stomata closure was faster in RB867515 while effects on gas 

exchange parameters of RB962962 were slow and recovery was faster after 

rewatering. In both varieties accumulation of amino acids, carbohydrates, protein and 

proline occurred in the leaves and roots, significantly related to fall of water potential 

in leaf. It was concluded from experiment that RB962962 variety was more tolerant to 

stressed conditions than RB867515. This higher tolerance of RB962962 was 

attributed to its ability to slow down the injurious impacts of stress on gas exchanges 

and faster recovery, the ability which make it capable of bearing short term stress 

without much loss in early phase of its development. 

Singh et al., 2017 conducted a field experiments during 2010-12 and 2011-13 to 

evaluate the performance of sugarcane genotypes planted in autumn, spring and 

summer season. Seven sugarcane cultivars (CoJ 64, CoJ 85, CoJ 88, CoH 119, CoS 

8436, CoJ 89 and CoPb 91) were planted during autumn and spring whereas, five 
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varieties (CoJ 64, CoJ 88, CoH 119, CoS 8436 and CoJ 89) were planted in summer 

season. Results indicated that germination, number of tillers and millable canes, cane 

weight and cane yield were higher in autumn followed by spring and summer planted 

crop. During 2010-12 and 2011-13, mean cane yield in autumn, spring and summer 

season was 95 and 101 t/ha, 87.2 and 82.1 t/ha and 71.1 and 51.0 t/ha, respectively. In 

comparison of autumn, the spring and summer crop recorded less cane yield by 19 

and 46 % and reduced plant height by 1 to 27% and 10 to 58%, respectively. Cultivar 

CoH119 produced high tillers per plant. Maximum cane weight (1130 g) was 

recorded in autumn followed by 1034 g in spring and 827 g in summer crop. During 

grand growth stage (July to September, in autumn planting) of sugarcane the high 

relative humidity and rainy days significantly contributed for higher yield. Sugarcane 

varieties, CoJ 88 and CoH 119 did not show much difference in the cane and sugar 

yields under different seasons hence, these genotypes can be promoted for late 

(summer) sowing. 

2.3 Modeling the Impact of Climate Change  

Deressa et al. (2005) conducted a study and utilized Ricardian model which 

accommodates grower’s adaptations to investigate effects of change in climate on 

sugarcane production in Southern African for irrigated plus dryland situations. Time 

series data of 11 districts for the duration of 1977 to 1998 was utilized in the study. 

Results indicated that change in climate has substantial nonlinear effects on net return 

per hectare of sugarcane in South Africa with greater susceptibility rise in temperature 

than precipitation, in future. As mitigation strategy to reduce the negative influences 

of climate change on production of sugarcane in Southern Africa, irrigation did not 

demonstrate to be an effective option. The study suggested that improved technology 

and better management regimes should be the focus of adaptation strategies, which 

will result in enhanced tolerance of sugarcane to high temperatures most importantly 

during harvesting stages. 

Gouvêa et al., 2009 used an agro-meteorological model to estimate sugarcane yield in 

tropical southern Brazil, based on future A1B climatic scenarios presented in the 

fourth Intergovernmental Panel on Climate Change report, in 2007. Sugarcane yield 

was evaluated for 2020, 2050, and 2080 considering the possible impacts caused by 

changes in temperature, precipitation, sunshine hours and CO2 concentration in the 

atmosphere, as well as technological advances. Increasingly higher temperatures will 

cause an increase of the potential productivity (PP), since this variable positively 
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affects the efficiency of the photosynthetic processes of C4 plants. Changes in solar 

radiation and rainfall, however, will have less impact. PP will increase by 15% in 

relation to the present condition in 2020, by 33% in 2050 and by 47% in 2080. 

Regarding the actual productivities (AP), the increase observed in PP will compensate 

for the negative effect of the projected increase in water deficit. AP will increase by 

12% in relation to the present condition in 2020, by 32% in 2050 and by 47% in 2080. 

The increase in sugarcane productivity resulting from the projected scenarios will 

have important impacts on the sugarcane sector. 

Knox et al. (2010) find out the results from sugarcane crop growth model, general 

circulation model (HadCM3) and a GIS to assess effects of climate variations on 

irrigation water needs and yield for sugarcane cultivated in Swaziland. To simulate 

the sugarcane yield and irrigation water need the CANEGRO model was used. Field 

data from the period of 1980-1997 was used to confirm simulated yields. It was 

revealed from the studies that to produce a unit weight of sucrose comparable to 

present optimum production, 20-22% increase in future irrigation requirements are 

expected. With CO2-fertilisation, the effects of climate change are balanced by 

greater crop yields, such that a 9% increase in IRnet is expected. The study indicated 

that with climate variation, the existing highest capability of present irrigation systems 

could fail to fulfil the expected growth in irrigation need in almost 50% of years 

supposing unrestrained water availability. 

Marin et al. (2011) parameterized the CSM-CANEGRO model and data from five 

sugarcane experiments of two most significant Brazilian varieties, carried out in 

southern Brazil, was used to evaluate its predictions. Predictions made by model were 

evaluated by measured data of dry mass (stalk and aerial), leaf area index (LAI), soil 

water content and sucrose content, using root mean squared error (RMSE), correlation 

coefficient, modeling efficiency and agreement index. The simulation of sugarcane 

crop done by DSSAT-CANEGRO model in southern Brazil was well. For rainfed 

condition the soil water content was predicted well than for irrigated treatment. Use of 

multiple dataset is possible while using cross-validation method, the independent use 

of those datasets would not be of much use. 

Jones et al. (2013) conducted a study to simulate effects of climate variations on water 

utilization and irrigated sugarcane yield using the DSSAT-CANEGRO-Sugarcane 

model under usual management techniques at Malelane, La Mercy and Pongola for 

existing (‘baseline’, 1980-2010) and future (2070-2100) climate situations. Three 
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Global Climate Models (GCMs) were used to generate future climate dataset. The 

study concluded that due to high radiation interception as result of faster canopy 

development and direct fertilization of [CO2], yields are projected to rise at all three 

sites (7% at Malelane, 10% at Pongola and 15% at La Mercy). Irrigation water use 

efficiency (IWUE) decreased by 6% for La Mercy, 11% for Pongola and 12% for 

Malelane. These results proposed that, because of decline in IWUE economic 

revenues of investment in irrigation could reduce and to accomplish higher yield 

potential future irrigated sugarcane improved irrigation capability will be required. 

Marin et al. (2013) studied the impacts of climate variations on sugarcane 

productivity, irrigation requirements and water-use efficacy in southern Brazil, based 

on a sugarcane growth model and down-scaled output by 2 general circulation models 

(PRECIS plus CSIRO). Three rotations each year, CSM-CANEGRO model were 

employed for simulating baseline plus 4 future climatic situations to stalk productivity 

for 2050s. Response of predicted stalk fresh weight to concentration of CO2, air 

temperature plus precipitation was investigated, which were in consistence with the 

earlier studies done. Under all scenarios water use efficacy and simulated SFM were 

increased. On average, in the State of São Paulo for the existing sugarcane zone, an 

increase of 24% would happen in SFM and 34 % in WUE for rainfed sugarcane. In 

southern Brazil, because of present issue about water supply, the rise in WUE is 

important. In view of the present rate of technology development and improvement, 

yields (96 to 129 t ha
-1

), 15 and 59 % more to present mean harvest of state were 

predicted for 2050. 

Singels et al. (2014) carried out a study to evaluate the use of crop simulation models 

and global climate models (GCMs) for forecasting impacts of climate variations on 

sugarcane production. Planning adaptation strategies requires trustworthy forecasts of 

sugarcane response to climate variations. The CSM-CANEGRO model was used for 

simulation of sugarcane growth and development at three locations (rainfed crops at 

La Mercy, South Africa and Piracicaba, Brazil; irrigated crops at Ayr, Australia) 

under typical management situations for existing and three future climate situations. 

In future sugarcane yields are projected to rise at three locations, ranging from 4, 9 

and 20% for Ayr, Piracicaba plus La Mercy, respectively. Radiation interception, 

transpiration were increased due to acceleration of canopy development by rise in 

temperature at all three sites, which also resulted in slightly increased water stress at 

rainfed locations. Yield increases at high potential locations (Ayr and Piracicaba), 
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were restricted by huge rise in maintenance respiration which used most of daily 

phtosynthate when high biomass was attained.  

Mali et al. (2014) conducted a study to assess the climatic factors that have an 

influence on sugarcane cultivation. It was seen that in sugarcane crop sugar recovery, 

productivity and burning was effected was by climatic variations most importantly 

maximum temperature and rainfall. The study revealed that climatic variations like 

during monsoon irregular distribution of rainfall and deviations in relative humidity 

induces flowering in certain sugarcane varieties. It was also revealed that rainfall is 

negatively associated with sugar recovery, which shows leaching of nutrients during 

rains. Rainfall was inversely while evaporation and sunshine hours were positively 

correlated with burning in sugarcane. 

de Carvalho et al., 2015 determined impact of climate change. According to the 

results obtained by A1B scenario, the potential yield can be reduced in the near future 

(2014e2040). The high temperatures in northeastern Brazil will increase the 

evapotranspiration rates, reducing the amount of water available in the soil, making 

the planting of sugarcane increasingly difficult, which tend to be strongly reduced in 

drier areas, such as cities located in the western portion of the Zona da Mata region, 

northern state of Pernambuco, Brazil. 

Santillán-Fernández et al. (2016) conducted a study to find whether irrigation 

requirement and yield of sugarcane is affected by temporal outlines in climate 

variation. In order to answer these queries, trends in climatic factors associated to 

production in different agro ecoregions were identified where sugarcane is grown 

under different irrigation systems. In identified seven agro ecoregions production and 

irrigation systems were correlated to climate patterns. Different water availability 

trends were shown by the temporal models, by which crop yield was affected. In agro 

ecoregions, reduced soil moisture was most obvious, where crops did not receive any 

irrigation or just supplementary irrigation. The findings directed the need to improve 

crop management techniques to correlate with climate variations, i.e. selection of 

variety, changes in sowing date, maintenance of crop residues, and irrigation 

administration policies for agro-regions in Mexico, may help to reduce the negative 

effects of increased water stress. 

Jones and Singels 2018 used CSM-CANEGRO-Sugarcane model for determine 

climate change impact assessment. After calibration, the model was tested against an 

independent set of experimental data, demonstrating acceptable simulation accuracy 
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for aerial dry mass, stalk dry mass and stalk sucrose mass (RMSE = 8.4, 5.2 and 

3.3 t/ha respectively). A multiple-site sensitivity analysis revealed that simulated 

responses by the refined model, of canopy formation, crop water use, crop water 

status and stalk dry mass to changes in rainfall, temperature and [CO2], were more 

realistic than those of the old model. Highest average simulated stalk mass was 

achieved at a temperature regime that was 3 °C warmer than current climate, with 

yield increases ranging from 0.7% (irrigated Ligne Paradis, Reunion Island) to 7% 

(rainfed Piracicaba, Brazil). Elevated [CO2] increased yields for rainfed production 

only (7% for La Mercy, South Africa and 6% for Piracicaba, [CO2] = 750 ppm), 

through reduced transpiration and improved crop water status. 
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CHAPTER-III 

MATERIAL AND METHODS 

3.1 Site  

Field experiments were conducted to study the effect of different sowing dates and 

cultivars on growth and yield of sugarcane during spring and autumn growing seasons 

by using Cropping System Model-CANEGRO-Sugarcane (DSSAT V 4.7). The 

proposed research was carried out during 2013-14 and 2014-15 at the Agronomic 

Research Area of the Bahauddin Zakariya University, Multan, (30° 15´ N, 71° 52´ E) 

Pakistan. One experiment was conducted in spring season and one experiment was 

carried out in autumn season. 

3.2 Soil 

Following procedure was done to determine soil physical and chemical properties of 

experimental site soil. 

Soil auger was utilized to gather various soil samples at the deepness of 0-15 and 15-

30 cm to analyze the fertility level of the experimental field soil prior to planting of 

crop. The sample were placed in the sunshine for drying and passed through the 2 mm 

sieve and examined for physico-chemical characteristics. 

3.2.1 Physical analysis 

Soil texture was calculated through ʻʻBouyoucos hydrometer methodʼʼ in which one 

percent sodium hexa-metaphosphate was taken as a agent of dispersing. Soil texture 

class was sought out through ʻʻinternational textural triangleʼʼ (Ashworth et al., 2001). 

Textural class of Multan is silt loam. 

3.2.2 Chemical analysis 

Soil chemical analysis was determined following method prescribed by Tandon 

(2005). Table 3.1 disclosed that pH of the expérimental site was near to 7.9. Physical 

and chemical properties of soil series is shown in Table 3.1. 

3.3 Experiments 

Field experiments were performed in RCBD (randomized complete block design) 

through split plot arrangements using three replications during both spring and 

autumn growing season. Net plot dimensions were 16.27 m × 12.18 m. R x R and P x 

P distance was 120 and 22 cm, respectively. Following experiments were conducted 

during spring and autumn season. 
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Table 3.1. Physical and chemical analysis of experimental site 

  

Characteristics Before planting After harvesting 

0-15 cm 15-30 cm 0-15 cm 15-30 cm 

Soil pH (1:1) 7.50-7.88 7.69-7.85 7.58-7.92 7.60-7.87 

EC dSm
-1

 2.56-2.64 2.66-2.74 2.57-2.63 2.69-2.71 

Organic Matter (%) 0.95-0.98 0.91-0.94 0.92-0.94 0.88-0.90 

NO3-N (mg kg
-1

) 5.50-5.62 4.46-4.51 5.66-5.70 4.62-4.66 

NaHO3
-
P (mg kg

-1
) 13.07-13.52 11.44-12.06 12.42-12.53 11.23-11.72 

NH4OAC–K (mg kg
-1

) 122-124 114-120 112-118 104-112 

Soil  Separates Sand 14 16 18 20 

Silt 60 59 56 55 

Clay 26 25 26 25 

Texture class Silt loam Silt loam Silt loam Silt loam 

Field capacity (%) 35.18 30.16 30.38 28.60 

Available water (m
3
) 498 446 414 406 

Bulk density 1.44 1.46 1.38 1.26 
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3.3.1 Spring Season Experiment 

Effect of planting dates and cultivars on growth, yield and radiation use 

efficiency of sugarcane during spring season 

A) Varieties (Main plots) 

V1 = CPF-243 

V2 = HSF-240 

V3 = CP-77-400 

B) Planting Dates (Sub-plots) 

PD1 = 31-January 

PD2 = 20-February  

PD3 = 11-March  

PD4 = 31-March  

3.3.2 Autumn Season Experiment 

Effect of planting dates and cultivars on growth, yield and radiation use 

efficiency of sugarcane during autumn season 

A) Varieties (Main plots) 

V1 = SPF-245 

V2 = SPF-213 

V3 = CPF-246 

B) Planting dates (Sub-plots) 

PD1 = 1-September  

PD2 = 21-September  

PD3 = 11-October 

PD4 = 1-November 

3.4 Crop Husbandry  

In each experiment the seed bed was prepared uniformly. Before seed bed 

preparation, 10 cm depth of irrigation was applied in all experimental units. For 

preparation of seed bed soil was tilled two times to a depth of 10-12 cm with tractor 

mounted cultivar, then planking plus two times sub-soiler and again planking, after 

field had reached proper moisture level (Locally known as “Watter”). Plough was 

used to make furrows and ridger was used to make trenches which were at a distance 

of  120 cm. Seed rate was 75000 double budded setts per hectare in each experiment. 

Urea, DAP an SOP were used to supply 230: 115: 125 kg ha
-1 

of Nitrogen, 

phosphorus and potassium for each experiment. Other cultural practices like irrigation 
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and crop protection measures like weeding, pest and disease control measures were 

kept same for all sugarcane varieties at all locations. 

3.5 Observations 

Data for growth and development was collected from half of the experimental plots of 

each experiment and final harvest data was collected from remaining half plots. 

Standard procedures were used to record data for following observations during the 

study. 

Morphological traits 

• Millabel canes (m
-2

) 

• Plant height (cm) 

• Cane length (cm) 

• Number of nodes cane
-1

 

• Length of internodes (cm) 

• Sugar yield (t ha
-1

) 

• Number of tillers (m
-2

) 

• Cane diameter (cm) 

• Cane yield (t ha
-1

) 

• Total dry matter (t ha
-1

) 

Physiological traits  

• Leaf area index  

• Net assimilation rate (g m
-2

 d
-1

) 

• Crop growth rate (g m
-2

 d
-1

) 

• Harvest index (%) 

3.5.1 Morphological traits 

3.5.1.1 Plant height (cm) 

At harvest from each treatment ten canes were randomly selected stalk length was 

measured from surface to apices and then averaged.  

3.5.1.2 Number of tillers (m
-2

) 

At the time of harvesting from the area of 1 m
2
 number of tillers was counted from 

every plot of the experiment and then averaged. 

3.5.1.3 Cane diameter (cm) 

When the crop is fully mature 5 randomly selected cane have been taken, diameter 

recorded and averaged. 
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3.5.1.4 Millable canes (m
-2

) 

Millable canes number per unit area were counted from 2 m
-2

 

and were converted to 

millable canes m
-2

.  

3.5.1.5 Cane length (cm) 

At harvesting Cane length of ten indiscriminately selected canes have taken and from 

base to top cane length was measured and then it was averaged (reference).  

3.5.1.6 Number of nodes 

For calculation of internodes per cane, internodes of ten unsystematically taken canes 

were calculated and then average value was calculated.  

3.5.1.7 Length of internodes (cm) 

Ten indiscriminately taken canes were subjected to measurement of length of 

internodes at harvest and then average value was calculated from data (reference). 

3.5.1.8 Cane yield (t ha
-1

) 

To calculate stripped cane yield, stripped canes of every plot (2 m
2
) were taken and 

weighed then obtained value was converted into ton per hectare 

3.5.1.9 Total dry matter (t ha
-1

) 

Area of 1m
2 

in each treatment was harvested for plants after interval of 30 days at 

grouped level. Component portions of fresh and dry weights of plants (leaves and 

stalks) will be determined.in oven for 48 hours at 70 °C sub sample of all portion will 

be dried for constant weight. By summing weight of each portion total dry matter 

(TDM) will be obtained and converted to m
-2

.  

3.5.1.10 Harvest index (%) 

Following formula was used for harvest index calculation for each treatment.           

H.I = (Total cane yield/Total biomass) x 100 

3.5.2 Physiological traits  

3.5.2.1 Leaf area index 

Leaf area meter was employed to determine leaf area of each sugarcane variety by 

taking green leaf lamina, 5 gram for all treatment. By measuring ratio of leaf area to 

land area was determined (Watson, 1947). 

area Land

area Leaf
  LAI   
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3.5.2.2 Crop growth rate (g m
-2

 d
-1

) 

Measuring of crop growth rate of sugarcane crop was done by using Hunt (2012) 

formula. 

 
 12

12

T-T

W-W
  CGR   

In above discussed formula W1 and W2 is dry weights of harvested sugarcane crops on 

times T1 and T2, correspondingly. 

3.5.2.3 Net assimilation rate (g m
-2

 d
-1

) 

Hunt, (1978 and 2012) formula was used to calculate the net assimilation rate of 

sugarcane crop. 

LAD

TDM
  NAR   

Where, TDM stand for total dry matter, LAD stand for leaf area duration of 

sugarcane. 

3.6 CROP GROWTH MODELING 

For the simulation of sugarcane growth and development variables, the CSM-

CANEGRO model was used, which is included in the DSSAT model (Jones et al., 

2003; Singels et al., 2008). The DSSAT model is free software used by students from 

around of the world in research aimed at simulating the productivity of several 

agricultural crops. CSM-CANEGRO-Sugarcane model was calibrated and evaluated 

using experimental data collected during the experimentation from spring and autumn 

season 2013-14 and 2014-15. To be used as a input data in model standard plant, soil 

characteristics and crop management and meteorological data was collected. Genetic 

Coefficient Calculator (GENCALC) from DSSAT (V4.7) was used to calculate 

genetic coefficients from obtained data of two year field experiment, to be used as 

crop genetic inputs.  Weather data was obtained from Pakistan Meteorological 

Department. Under various growth conditions, model simulations were done. The 

comparison between experimental observations and simulations from model assessed 

the CSM-CANEGRO-Sugarcane model accuracy. (Hoogenboom et al., 2017). 

3.7 Model Sensitivity Analysis about CO2, Temperature and Rainfall  

CSM-CANEGRO-Sugarcane model was applied for sensitivity analysis about CO2, 

Temperature and Rainfall. Base line weather data 1980 to 2014 was used for model 

sensitivity analysis. 

 



23 

 

3.8 Assessment of Climate Change Impact 

Various GCMs at RCP 8.5 were used for determine climate change during spring and 

autumn season. To provide an environment for validation of CSM-CANEGRO-

Sugarcane Model computer software known as Decision Support System for Agro-

technology Transfer (DSSAT V4.7) was used. When the model evaluation process 

was successful, the model was used for sensitivity and seasonal analysis for determine 

climate change impact on base line (1980 to 2014) and future scenarios (2039 to 

2069) 

3.9 STATISTICAL ANALYSIS  

Sugarcane crop model predictions presentation was assessed by calculating various 

statics guides like RMSE, and MPD at all three locations (Wallach and Goffinet, 

1989). For cultivars and sowing dates mean error (E value in percentage) among 

sugarcane crop observed and simulated yields was compared. Time sequence 

simulation of sugarcane total dry matter and leaf area index was measured by an index 

of agreement (d) (Willmott, 1982) that is a joint over all pointers.  
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In these formulas ʻPiʼ and ʻOiʼ are the forecasted and detected values for designed 

variables, correspondingly and n represent the number of total observations. Linear 

regression analysis among simulated and observed seedcotton and wheat grain yield 

and biomass at harvesting was completed to evaluate performance of CSM-

CANEGRO-Sugarcane model. Model performances enhanced as R
2
 and d value 

approach to unity whereas MPD, RMSE and E value proceed to nil. 

3.10 Weather data 

Weather data was received from adjacent weather station. Observed daily Tmax and 

Tmin (ºC), precipitation (mm), relative humidity as well as every day daylight hours 

(h) were obtained (Figure 3.1). Model converts daily light hours into solar radiation 

(MJ m
-2

 day
-1

). The CSM-CANEGRO-Sugarcane model used this weather data for 

simulation purpose durind spring and autumn season.  
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Figure 3.1: Weather variables; maximum and minimum températures (a, b, and c) 

and rainfall and solar radiation (d, e, and f) during 2013, 2014 and 2015 at Multan, 

Pakistan 
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CHAPTER - IV 

RESULTS 

4.1 EXPERIMENT- I (SPRING SEASON) 

EFFECT OF PLANTING DATES AND CULTIVARS ON GROWTH, YIELD 

AND RADIATION USE EFFICIENCY OF SUGARCANE DURING SPRING 

SEASON 

4.1.1 Growth and Yield Parameters 

4.1.1.1 Plant height (cm) 

Table 4.1.1 summarized the effect of varieties and planting dates on plant height. In 

first year, maximum plant height was recorded by variety CPF-243 240.83 cm and 

minimum plant height was recorded 233.42 cm by variety CP-77-400. In second year, 

maximum plant height was recorded 234.32 cm by variety CPF-243 and minimum 

plant height was recorded 228.67 cm by the variety CP-77-400. The average values of 

both the maximum and minimum recordings of both years by the effect of varieties on 

plant height was 237.58 and 231.05 cm, respectively. When the result of both years 

was compared for plant height, maximum plant height was recorded at first year by 

CPF-243 in 2013-14, which showed that the performance of CPF-243 was best among 

all the cultivars. 

During first year, maximum plant height 241.78 cm was recorded by 31-January 

planting date and minimum plant height 232.42 cm was obtained through 31-March 

planting. In second year, maximum plant height was recorded by the first planting 

(31-January) 236.22 cm and minimum plant height was recorded by the last planting 

(31-March) 226.56 cm. The average values of the maximum and minimum recordings 

by the effect of planting dates of both years were 239.00 and 229.49 cm, respectively. 

When results for both years were compared then maximum plant height was recorded 

by the first planting date in both years as compared to other planting dates. Maximum 

plant height was recorded by the PD1, which showed that the performance of PD1 was 

best among all the cultivars. The grand mean of all the cultivars and planting dates 

was highest in first year 237.11 cm as compared to second year 231.36 cm. Figure 

4.1.1 indicated that relationship between plant height and cane yield was during 2013-

2014, 2014-15 and as well as pool data was good. 
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Table 4.1.1 Effect of varieties and planting dates on plant height (cm) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = CPF-243 240.83 a 234.32 a 237.58 

V2 = HSF-240 237.08 b 231.08 b 234.08 

V3 = CP-77-400 233.42 c 228.67 c 231.05 

LSD 5% 2.72 0.94  

Significance * *  

B) Planting date    

PD1 = 31-January 241.78  a 236.22 a 239.00 

PD2 = 20-February 238.67 b 232.20 b 235.43 

PD3 = 11-March 235.60 c 229.44 c 232.52 

PD4 = 31-March 232.42 d 226.56 d 229.49 

LSD 5% 1.64 2.19  

Significance ** **  

Interaction (A x B) NS NS  

Mean 237.11 231.36  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.1.1: Relationship between plant height and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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4.1.1.2 Number of tillers m
-2

 

In first year, effect of different varieties on number of tillers was more responsive as 

compared to second year (Table 4.1.2). In first year (2013-14), maximum number of 

tillers were produced by CPF-243 (45.00 m
-2

) followed by HSF-240 (40.08 m
-2

) and 

minimum number of tillers were produced by CP-77-400 (36.91 m
-2

). While in second 

year (2014-15), maximum numbers of tillers 34.91 m
-2 

were produced by CPF-243 

and followed by HSF-240 (32.33 m
-2

) and minimum numbers of tillers produced by 

CP-77-400 were 29.83 m
-2

. The average values of both the years for maximum and 

minimum recordings were 39.95 and 33.37 m
-2

 by V1 and V3, respectively. 

Results of planting dates showed that first planting date (31-January) produced more 

number of tillers as compared to other planting dates. In first year (2013-14), 

maximum number of tillers were produced by PD1 (31-January) 45.81 m
-2

, second 

highest production was 42.22 m
-2 

by PD2 = 20-February followed by PD3 = 11-March 

(39.20 m
-2

) and minimum number of tillers were produced by PD4 = 31-March (35.45 

m
-2

). While, in second year (2014-15), maximum number of tillers were produced 

36.77 m
-2 

by the PD1 followed by PD2 = 20-February (34.22 m
-2

), 3
rd

 highest 

production was by planting date PD3 = 11-March (30.31 m
-2

) and minimum number 

of tillers were produced by last planting date (28.12 m
-2

). When results of first 

planting date (which produce maximum number of tillers) were compared for both the 

years, then it showed that maximum numbers of tiller were produced in first year 

followed by the second year. The average values for the recordings of the both years 

were 41.29 and 31.79 m
-2

 by PD1 and PD4, respectively. The grand mean value of all 

the cultivars and planting date was highest for first year 40.67 m
-2 

as compared to 

second year 32.36 m
-2

. Relationship between tiller (m
-2

) and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data was strong (Figure 4.1.2). 

4.1.1.3 Cane length (cm) 

Cane length is an important parameter for determining the effect of planting dates and 

varieties on the crop (Table 4.1.3). In first year, when results of effect of varieties 

were compared, maximum cane length was produced by CPF-243, which performed 

best among all the cultivars (198.81 cm) and minimum cane length was produced by 

CP-77-400 (190.83 cm) which showed that the performance of this variety was not so  
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Table 4.1.2 Effect of varieties and planting dates on number of tillers m
-2

 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = CPF-243 45.00 a 34.91 a 39.95 

V2 = HSF-240 40.08 b 32.33 b 36.21 

V3 = CP-77-400 36.91 c 29.83 c 33.37 

LSD 5% 4.43 1.08  

Significance * *  

B) Planting date    

PD1 = 31-January 45.81 a 36.77 a 41.29 

PD2 = 20-February 42.22 b 34.22 b 38.22 

PD3 = 11-March 39.20 c 30.31 c 34.76 

PD4 = 31-March 35.45 d 28.12 d 31.79 

LSD 5% 1.88 2.04  

Significance ** **  

Interaction (A x B) NS NS  

Mean 40.67 32.36  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.1.2: Relationship between tiller (m
-2

) and cane yield of spring sugarcane 

crop during 2013-2014, 2014-15, and pool data. 
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Table 4.1.3 Effect of varieties and planting dates on cane length (cm) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = CPF-243 198.81 a 187.30 a 193.06 

V2 = HSF-240 194.90 b 183.25 b 189.08 

V3 = CP-77-400 190.83 c 180.92 c 185.87 

LSD 5% 3.06 2.28  

Significance * *  

B) Planting date    

PD1 = 31-January 199.20 a 189.11 a 194.16 

PD2 = 20-February 195.67 b 185.78 b 190.73 

PD3 = 11-March 193.33 c 182.12 c 187.72 

PD4 = 31-March 191.10 d 178.19 d 184.64 

LSD 5% 1.75 1.99  

Significance ** **  

Interaction (A x B) NS NS  

Mean 194.83 183.79  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.1.3: Relationship between cane length and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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good as compared to all other varieties. In 2
nd

 year, maximum cane length was 

produced by CPF-243 (187.30 cm) and minimum was produced by V3 (180.92 cm). 

Results also showed that in both years, best performance was by the cultivar CPF-243 

and less performed variety was CP-77-400. When the results of both years were 

compared then in year 2013-14 produced maximum cane length as compared to 

second year. The average values of both the years for maximum and minimum 

producing varieties were 193.06 and 185.87 cm, respectively. 

When results for effect of planting dates on cane length were compared then it 

showed that maximum cane length was produced by PD1 = 31-January (199.20 cm) 

and minimum cane length was recorded by the last planting date = 31-March (191.10 

cm) which showed that late planting effects the cane length negatively. In 2
nd

 year, 

maximum cane length was recorded by first planting date (189.11 cm) and minimum 

was recorded by the last planting date (178.19 cm). When the results of both the years 

were compared, maximum cane length was gained by the effect of first planting date; 

it showed that maximum cane length was recorded in first year. The average value for 

both the years for maximum and minimum recordings of cane length was 194.16 and 

184.64 cm, respectively. Grand mean of all the cultivars and planting dates for the 

first year was maximum 194.83 cm as compared to second year with minimum grand 

mean was 183.79 cm. Figure 4.1.3 indicated that relationship was strong between 

cane length and cane yield of spring sugarcane crop during 2013-2014, 2014-15, and 

pool data. 

4.1.1.4 Number of nodes per plant  

Calculation of number of nodes is an important parameter (Table 4.1.4). When 

compared the result of effect of varieties on number of nodes per plant in first year, 

then it showed that maximum number of nodes 13.42 were produced by the variety 

CPF-243. In second year, the maximum numbers of nodes 11.32 were produced by 

the same variety. The comparison for both the years showed that maximum numbers 

of nodes were produced in first year as compared to second year by the same cultivar 

(CPF-243), the average value for the maximum production of both the years was 

12.59. When compared the result for both years, it was shown that minimum numbers 

of nodes in first year were produced by CP-77-400 (11.32) while in second year, 

minimum numbers of nodes were produced by the same cultivar CP-77-400 (9.35).  
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Table 4.1.4 Effect of varieties and planting dates on number of nodes per plant 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = CPF-243 13.42 a 11.75 a 12.59 

V2 = HSF-240 12.70 a 10.67 a 11.68 

V3 = CP-77-400 11.32 b 9.35 b 10.33 

LSD 5% 1.24 1.08  

Significance * *  

B) Planting date    

PD1 = 31-January 14.02 a 12.19 a 13.10 

PD2 = 20-February 13.12 b 11.24 b 12.18 

PD3 = 11-March 12.09 c 10.21 c 11.15 

PD4 = 31-March 10.68 d 8.65 d 9.67 

LSD 5% 0.77 0.79  

Significance ** **  

Interaction (A x B) NS NS  

Mean 12.47 10.58  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.1.4: Relationship between nodes per plant and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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When the results for both the years were compared then it was indicated that CP-77-

400 cultivar produced less number of nodes per plant in second year as compared to 

first year. The average value for both the years, minimum number of nodes was 

produced 10.33 by CP-77-400. When the effect of planting  dates on the number of 

nodes was observed in first year it was noted that first planting date 31-January 

showed the best result with maximum number of nodes (14.02) and the performance 

of last planting  date 31-March was not so well so minimum number of nodes were 

produced (10.68). In second year, maximum numbers of nodes were produced by the 

fist planting date (12.19) and minimum numbers of nodes were produced by last 

planting date (8.65). The average value for both the years for planting date PD1 and 

PD4 was 13.10 and 9.67, respectively. The grand mean of first year was maximum 

12.47 as compared to second year 10.58. Relationship between nodes per plant and 

cane yield of spring sugarcane crop during 2013-2014, 2014-15, and pool data was 

good (Figure 4.1.4). 

4.1.1.5 Internodal length (cm) 

Internodal length is an important parameter for determining the effect of planting 

dates and varieties on the crop (Table 4.1.5). In first year, when results of effect of 

varieties were compared, CPF-243 performed best among all the cultivars as 

maximum internodal length was produced by this cultivar 18.75 cm and minimum 

internodal length was produced by CP-77-400 (16.17 cm) which showed that the 

performance of this variety was not so good as compared to all other varieties. While, 

in 2
nd

 year experiment, maximum internodal length was produced by CPF-243 (17.62 

cm) and minimum was produced by CP-77-400 (14.29 cm). Results also showed that 

in both years, best performance was by the cultivar CPF-243 and less performed 

variety was CP-77-400. When the results of both years were compared then it was 

observed that in year 2013-14, maximum cane length was produced as compared to 

second year 2014-15. The average means of both the years for maximum and 

minimum producing varieties were 18.19 and 15.23 cm, by V1 and V3, respectively. 

When results for effect of planting dates on internodal length were compared, 

maximum cane length was produced by PD1 = 31-January (19.20 cm) and minimum 

internodal length was recorded by the last planting date = 31-March (15.56 cm) which 

showed that late planting affects the internodal length negatively. In 2
nd

 year,  
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Table 4.1.5 Effect of varieties and planting dates on intermodal length (cm) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = CPF-243 18.75 a 17.62 a 18.19 

V2 = HSF-240 17.67 b 16.25 b 16.96 

V3 = CP-77-400 16.17 c 14.29 c 15.23 

LSD 5% 0.99 1.31  

Significance * *  

B) Planting date    

PD1 = 31-January 19.20 a 18.06 a 18.63 

PD2 = 20-February 18.22 b 16.72 b 17.47 

PD3 = 11-March 17.10 c 15.78 b 16.44 

PD4 = 31-March 15.56 d 13.67 c 14.62 

LSD 5% 0.74 1.16  

Significance ** **  

Interaction (A x B) NS NS  

Mean 17.53 16.05  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.1.5: Relationship between inter nodal length and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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maximum internodal length was recorded by first planting date (18.06 cm) and 

minimum was recorded by the last planting date (13.67 cm). When the results of both 

the years were compared for the maximum internodal length by the effect of first 

planting date, then, maximum internodal length was recorded in first year. The 

average value for both the years for maximum and minimum recordings of internodal 

length by PD1 and PD4 were 18.63 and 14.62 cm, respectively. Figure 4.1.5 indicated 

that relationship between inter nodal length and cane yield of spring sugarcane crop 

during 2013-2014, 2014-15, and pool data was well. 

4.1.1.6 Number of millable canes (ha
-1

) 

Table 4.1.6 summarized the effect of varieties and planting dates on number of 

millable canes. When results of varieties were compared for first and second year, 

results showed that in first year, maximum millable canes were produced by the 

variety CPF-243 (111590 ha
-1

) followed by HSF-240 (109107) and in second year, 

maximum production was by the same variety (108460) followed by HSF-240 

(106155) and minimum number of millable canes in first year were produced by the 

variety CP-77-400 (106602) and minimum production was by the same variety in next 

year CP-77-400 (103731). When the results of both the years were compared then 

maximum production was in first year (2013-14) by the variety CPF-243. The 

averaged values for the maximum and minimum values for both the years were 

110025 and 105166, by CPF-243 and CP-77-400, respectively.  

When the effect of planting dates were examined on number of millable canes ha
-1

 for 

first year, results showed that first planting date (31-January) showed the maximum 

production (113011) followed by PD2 = 20 February (110689), production by the PD3 

= 11-March was lesser than the above planting dates and minimum production was by 

the last planting date = 31-March (104833). In second year, PD1 produced maximum 

millable canes 110096 followed by PD2 = 107790 followed by PD3 104745 ha
-1

 and 

minimum number of millable canes were produced by the PD4 101825 ha
-1

. The 

averaged values for maximum and minimum production were 111553 and 103329, 

respectively. Results showed that the cultivar CPF-243 produced more number of 

millable canes and it was considered as the best cultivar among all and among 

planting dates, first planting date produced the maximum yield of millable canes, and 

when it was compared among the both years, it was observed that CPF-243 and first  
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 Table 4.1.6 Effect of varieties and planting dates on number of millable canes ha-1 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = CPF-243 111590 a 108460 a 110025 

V2 = HSF-240 109107 b 106155 b 107631 

V3 = CP-77-400 106602 c 103731 c 105166 

LSD 5% 464 1139  

Significance * *  

B) Planting date    

PD1 = 31-January 113011 a 110096 a 111553 

PD2 = 20-February 110689 b 107790 b 109239 

PD3 = 11-March 107865 c 104745 c 106305 

PD4 = 31-March 104833 d 101825 d 103329 

LSD 5% 1356 1334  

Significance ** **  

Interaction (A x B) NS NS  

Mean 109098 106114  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.1.6: Relationship between number of millable canes and cane yield of 

spring sugarcane crop during 2013-2014, 2014-15, and pool data. 
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planting date produced maximum number of millable canes in first year in contrast 

with the 2
nd

 year. In all cultivars and planting dates, grand mean was maximum in 

first year 109098 and minimum 106114 ha
-1 

in second year 106114. Figure 4.1.6 

indicated that relationship between number of millable canes and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data was well. 

4.1.1.7 Cane diameter (cm)  

Comparison of different cultivars indicated that maximum diameter was recorded by 

the cultivar CPF-243 (Table 4.1.7). In first year, maximum recording was 1.81 cm and 

in second year, maximum recording was 1.45 cm and the average value of both the 

years was 1.63 cm, followed by the cultivar HSF-240 which produced 1.73 cm and 

1.38 cm diameter in first and second year, respectively and the average value of this 

cultivar recording for both the year was 1.55 cm. Whereas, the minimum diameter 

was recorded by the cultivar CP-77-400, in first year, recording was 1.65 cm and in 

second year 1.31 cm and the average value of this cultivar was 1.48. This comparison 

indicated that the cultivar CPF-243 showed the best result and recording was highest 

in first year among all the cultivars. 

When effect of planting dates on cane diameter was observed, PD1 = 31-January 

showed the best result. Maximum diameter was recorded by this planting date in first 

year 2.02 cm and in second year recording was 1.63 cm and the average value for the 

recordings of both years was 1.83. Second highest recording was by 2
nd

 planting  date 

20-February 1.79 cm and 1.46 cm for both the years, followed by the planting  date 

3
rd

 (11-March) 1.64 cm for first year and 1.30 cm for second year. Minimum diameter 

was recorded by the last planting date 31-March, in first years its recording was 1.46 

cm and in second year its recording was 1.12 cm, and the mean value for this planting 

date was 1.29 cm. The above result showed that among all the planting dates, PD1 

(31-January) was the best as it produced the maximum diameter in first year. The 

grand mean of cane diameter for first year was maximum 1.73 cm as compared to the 

second year 1.38 cm. Above results concluded that CPF-243 and first planting date 

proved the best cultivar and planting date, as their recordings were maximum 

production as compared to other planting dates and cultivars. Relationship between 

cane diameter and cane yield of spring sugarcane crop during 2013-2014, 2014-15, 

and pool data was good (Figure 4.1.7). 
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Table 4.1.7 Effect of varieties and planting dates on cane diameter (cm) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = CPF-243 1.81 a 1.45 a 1.63 

V2 = HSF-240 1.73 b 1.38 b 1.55 

V3 = CP-77-400 1.65 c 1.31 c 1.48 

LSD 5% 0.065 0.05  

Significance * *  

B) Planting date    

PD1 = 31-January 2.02 a 1.63 a 1.83 

PD2 = 20-February 1.79 b 1.46 b 1.62 

PD3 = 11-March 1.64 c 1.30 c 1.47 

PD4 = 31-March 1.46 d 1.12 d 1.29 

LSD 5% 0.09 0.09  

Significance ** **  

Interaction (A x B) NS NS  

Mean 1.73 1.38  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.1.7: Relationship between cane diameter and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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4.1.1.8 Cane yield (t ha
-1

) 

Cane yield (t ha
-1

) is one of the most important yield parameter from the experiments 

examined three sugar cane cultivars and four planting dates and their interaction was 

also study (Table 4.1.8). Comparison of cultivars indicated that cultivar CPF-243 

performed best among all cultivars. CPF-243 produced highest cane yield on both 

years. In year 2013-14, cultivar CPF-243 produced 114.42 t ha
-1

 and in year 2014-15, 

it produced 112.02 t ha
-1 

cane yield and their mean value for both year was 113.22 t 

ha
-1

 followed by cultivar HSF-240 which produced second highest yield it produced 

108.62 t ha
-1 

and 106.24 t ha
-1

 cane yield in year 2013-14 and 2014-15, respectively 

and mean value for both year was 107.42 t ha
-1

. Lowest yield was produced by 

cultivar CP-77-400 which produced 101.94 and 99.37 t ha
-1

 in both years 2013-14 and 

2014-15, respectively and their mean value was 100.65 t ha 
-1 

for both years. 

Comparison of planting dates revealed that planting date of 31-January proved the 

best, it produced 112.33 t ha
-1

 cane yield in year 2013-14 and in year 2014-15, it 

produced 110.38 cane yield t ha
-1

, the mean value for both years was 111.35 t ha
-1 

which was highest among other planting dates. Second highest cane yield was 

produced by planting date of 20-February which produced 110.01 and 107.50 t ha
-1

 on 

both years 2013-14 and 2014-15, respectively with the mean value of 108.75 t ha
-1

 

followed by planting date of 11-March which produced 106.87 and 104.14 t ha
-1

 on 

both years 2013-13 and 2014-15, respectively and mean value of this planting date 

was 105.51 t ha
-1

. Planting date of 31-March produced the lowest cane yield on both 

years in year 2013-14, it produced 104.11 t ha
-1

 and in year 2014-15 it produced 

101.49 t ha
-1

 cane yield and mean value for both year was 102.80 t ha
-1

. These results 

showed that cultivar CPF-243 and planting date of 21-January proved the best and 

year 2013-14 produced better yield in contrast to year 2014-15. 

4.1.1.9 Total dry matter (t ha
-1

) 

Total dry matter is important parameter it was influenced by both varieties and 

planting dates (Table 4.1.9). It was observed that cultivar CPF-243 produced the 

highest total dry matter on both years in year 2013-14, it produced 49.82 t ha
-1

 total 

dry matter (TDM) and in year 2014-15, it produced 48.10 t ha
-1

 TDM, their mean 

value for both years was 48.96 t ha
-1

. Variety HSF-240 produced the second highest 

TDM, it produced 44.21 t ha
-1

 and 42.99 t ha
-1

 on both years 2013-4 and 2014-15,  



46 

 

Table 4.1.8 Effect of varieties and planting dates on cane yield (t ha
-1

) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = CPF-243 114.42 a 112.02 a 113.22 

V2 = HSF-240 108.62 b 106.24 b 107.42 

V3 = CP-77-400 101.94 c 99.37 c 100.65 

LSD 5% 4.96 5.71  

Significance * *  

B) Planting date    

PD1 = 31-January 112.33 a 110.38 a 111.35 

PD2 = 20-February 110.01 b 107.50 b 108.75 

PD3 = 11-March 106.87 c 104.14 c 105.51 

PD4 = 31-March 104.11 d 101.49 d 102.80 

LSD 5% 1.49 1.71  

Significance ** **  

Interaction (A x B) NS NS  

Mean 108.31 105.86  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant. 
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Table 4.1.9 Effect of varieties and planting dates on total dry matter (t ha
-1

) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = CPF-243 49.82 a 48.10 a 48.96 

V2  = HSF-240 44.21 b 42.99 b 43.60 

V3 = CP-77-400 37.59 c 35.79 c 36.69 

LSD 5% 3.73 2.66  

Significance * *  

B) Planting date    

PD1 = 31-January 48.34 a 46.77 a 47.56 

PD2 = 20-February 45.47 b 43.78 b 44.62 

PD3 = 11-March 42.22 c 40.64 c 41.43 

PD4 = 31-March 39.45 d 37.99 d 38.72 

LSD 5% 1.71 1.70  

Significance ** **  

Interaction (A x B) NS NS  

Mean 43.87 42.30  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.1.8: Relationship between total dry matter and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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respectively, mean value of cultivar HSF-240 for both years was 43.60 t ha
-1

. Cultivar 

CP-77-400 produced the lowest yield for both years, on year 2013-14, it produced 

37.59 t ha
-1

 and in year 2014-15, it produced 35.79 t ha
-1

 and mean value for both 

years was 36.69 t ha 
-1

 TDM. Comparison of planting dates indicated that planting 

date of 31-January had the highest TDM, it produced 48.34 t ha
-1

 in year 2013-14 and 

46.77 t ha
-1

 in year 2014-15 with the mean value of 47.56 t ha
-1

 for both years. 

Planting date of 20-February had the second highest TDM, it produced 45.47 t ha
-1

 

and 43.78 t ha 
-1

 for both years 2013-14 and 2014-15, respectively, their mean value 

for both years was 44.62 t ha
-1

. Planting date of 11-March had third highest TDM for 

both years it produced the 42.22 t ha
-1

 for the year 2013-14 and 40.64 t ha
-1

 for the 

year 2014-15. Mean value for both years 2013-14 and 2014-15 was gained 41.43 t ha
-

1
. Planting date of 31-March produce the lowest total dry matter yield for both years 

2013-14 and 2014-15 was 39.45 t ha
-1

 and 37.99 t ha
-1

, respectively and mean value 

for both year was 38.72 t ha
-1

. Comparison for both years revealed that year 2013-14 

had the highest TDM 43.87 t ha
-1

 in comparison to year 2014-15 which produced 

42.30 t ha
-1

 TDM. Relationship between total dry matter and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data was well (Figure 4.1.8). 

4.1.1.10 Sugar yield (t ha
-1

) 

Sugar is the most important thing in sugar cane so sugar yield is central sugar cane 

parameter, different cultivars and planting dates showed significant difference in 

sugar yield assessment of cultivars showed that variety CPF-243 perform superlative 

among all cultivars for both years (Table 4.1.10), it produced 14.30 t ha
-1

 in year 

2013-14 and 14.02 t ha
-1

 in year 2014-15 and mean value for both year was 14.15 t ha
-

1
. Cultivar HSF-240 had second highest sugar yield which produced 13.15 t ha

-1
 in 

2013-14 and 12.86 t ha
-1

 in 2014-15 their mean value for both year was 13.00 t ha
-1

. 

Lowest sugar yield was produced by cultivar CP-77-400, which produced 12.03 t ha
-1

 

and 11.73 t ha
-1

 and their mean value for both years was 11.89 t ha
-1

.  

Various planting dates produced different amount of sugar yield, highest sugar yield 

was produced by planting date of 31-January which produced 13.62 t ha
-1

 in year 

2013-14 and 13.41 t ha
-1

 in year 2014-15 and averaged value of both years was 13.53 

t ha
-1

. It was trailed by planting date of 20-February which produced 13.36 t ha
-1

 and 

13.06 t ha
-1

 on both year 2013-14 and 2014-15, respectively, mean value for both  
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Table 4.1.10 Effect of varieties and planting dates on sugar yield (t ha
-1

) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = CPF-243 14.30 a 14.02 a 14.15 

V2 = HSF-240 13.15 b 12.86 b 13.00 

V3 = CP-77-400 12.03 c 11.73 c 11.89 

LSD 5% 0.65 0.73  

Significance * *  

B) Planting date    

PD1 = 31-January 13.62 a 13.41 a 13.53 

PD2 = 20-February 13.36 b 13.06 b 13.21 

PD3 = 11-March 12.98 c 12.64 c 12.82 

PD4 = 31-March 12.70 d 12.33 d 12.49 

LSD 5% 0.18 0.21  

Significance ** **  

Interaction (A x B) NS NS  

Mean 13.16 12.84  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.1.9: Relationship between sugar yield and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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years was 13.21 t ha
-1

. Planting  date of 11-March produced the third highest sugar 

yield 12.98 t ha
-1

 for the year 2013-14 and 12.64 t ha
-1 

for year 2014-15, mean value 

for both years was 12.82 t ha
-1

. Planting date on 31-March produced the lowest sugar 

yield among all planting dates, it produced 12.70 t ha
-1

 and 12.33 t ha
-1

 for year 2013-

14 and 2014-15, respectively, average value of both years was 12.49 t ha
-1

. All the 

results of sugar yield parameter proved that year 2013-14 produced higher sugar yield 

13.16 t ha
-1

 as compared to year 2014-15 which produced average sugar yield 12.84 t 

ha
-1

.  

Figure 4.1.9 indicated that relationship between sugar yield and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data was well. 

4.1.1.11 Harvest Index (%) 

Harvesting index is the physiological efficiency to convert photosynthates to 

economic yield (Table 4.1.11). It is the ratio of economic yield and biological yield 

articulated in percentage, it was also significant yield parameter. Results of cultivars 

and planting dates had significant differences. Cultivar CPF-243 had highest 

harvesting index 75.68 and 74.83% for both years 2013-14 and 2014-15, respectively, 

mean value for both years was 75.26%. Cultivar HSF-240 was just behind, it had 

74.07 and 72.72% harvest index for both years 2013-14 and 2014-15, respectively, 

mean value for both years was 73.39. Lowest harvesting index was obtained by 

cultivar CP-77-400, which produced 71.73% harvest index for first year 2013-14 and 

70.02% harvest index for year 2014-15 and their averaged value was 70.87%. 

Different planting dates had significant differences among all planting dates 31-

January had the highest harvesting index 76.59 and 75.99% for both years 2013-14 

and 2014-15, their mean value was 76.29%. Second highest harvesting index was 

obtained by planting date of 20-February, it had harvesting index of 74.72 and 

72.98% for both years 2013-14 and 2014-15, mean value for both years was 73.85%. 

It was followed by planting  date of 11-March, which had 72.69% harvesting index 

for year 2013-14 and 71.20% for year and their mean value was 71.94%. Planting 

date of 31-March had the lowest harvesting index between all planting dates in year 

2013-14, its harvesting index was 71.30% and in year 2014-15, it was 69.92%, its 

mean value was 70.61%. Comparison of both years revealed that year 2013-14 had  
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Table 4.1.11 Effect of varieties and planting dates on harvest index (%) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = CPF-243 75.68 a 74.83 a 75.26 

V2 = HSF-240 74.07 b 72.72 b 73.39 

V3 = CP-77-400 71.73 c 70.02 c 70.87 

LSD 5% 0.87 1.15  

Significance * *  

B) Planting date    

PD1 = 31-January 76.59 a 75.99 a 76.29 

PD2 = 20-February 74.72 b 72.98 b 73.85 

PD3 = 11-March 72.69 c 71.20 c 71.94 

PD4 = 31-March 71.30 d 69.92 d 70.61 

LSD 5% 0.17 1.28  

Significance ** **  

Interaction (A x B) NS NS  

Mean 73.83 72.52  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.1.10: Relationship between harvest index and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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higher harvesting index 73.83% than year 2014-15, which had 72.52%, this showed 

that agro climatic conditions were better in year 2013-14 as compared to 2014-15. 

Figure 4.1.10 indicated that relationship between harvest index and cane yield of 

spring sugarcane crop during 2013-2014, 2014-15, and pool data was good. 

4.1.2 Morpho-Physiological Parameters 

4.1.2.1 Leaf area index  

Leaf area index is one of the important physiological parameter; it plays a significant 

role in photosynthetic activity (Table 4.1.12). Different cultivar and planting dates had 

great variation in leaf area index. Evaluation of different cultivar indicated that 

cultivar CPF-243 had maximum leaf area index 4.24 for year 2013-14 and 4.07 for 

year 2014-15 with the averaged mean value for both years was 4.16, these results 

followed by cultivar HSF-240 which had leaf area index 4.13 for year 2013-14 and 

3.79 for year 2014-15 and their mean value was 3.96. Lowest leaf area index was 

obtained by cultivar CP-77-400 which produced 4.02 and 3.64 for the year 2013-14 

and 2014-15, respectively, their mean value for both years was 3.83. 

Planting dates also differ significantly. Planting date of 31 January had the maximum 

leaf area index, it produced 4.34 and 4.03 for both year 2013-14 and 2014-15 

respectively with the highest mean value of 4.19. Planting date on 31-January was 

followed by planting date of 20 February which produced 4.21 for year 2013-14 and 

3.91 for year 2014-15, their mean value was 4.06. Planting date of 11-March had third 

highest leaf area index which had 4.07 and 3.78 for year 2013-14 and 2014-15, 

respectively and mean value of both years was 3.93. Lowest harvesting index was 

obtained from planting date 31-March which had 3.91 for the year 2013-14 and 3.61 

for the year 2014-15, averaged mean of both years was 3.76. From the results of both 

years, it was evident that year 2013-14 had higher leaf area index 4.13 as compared to 

year 2014-15, which had leaf area index of 3.83. Figure 4.1.11 indicated that 

relationship between leaf area index and cane yield of spring sugarcane crop during 

2013-2014, 2014-15, and pool data was well. 
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Table 4.1.12 Effect of varieties and planting dates on maximum leaf area index 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = CPF-243 4.24 a 4.07 a 4.16 

V2 = HSF-240 4.13 b 3.79 b 3.96 

V3 = CP-77-400 4.02 c 3.64 c 3.83 

LSD 5% 0.03 0.11  

Significance * *  

B) Planting date    

PD1 = 31-January 4.34 a 4.03 a 4.19 

PD2 = 20-February 4.21 b 3.91 b 4.06 

PD3 = 11-March 4.07 c 3.78 c 3.93 

PD4 = 31-March 3.91 d 3.61 d 3.76 

LSD 5% 0.07 0.08  

Significance ** **  

Interaction (A x B) NS NS  

Mean 4.13 3.83  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.1.11: Relationship between leaf area index and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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4.1.2.2 Crop growth rate (g m
-2

 d
-1

) 

Table 4.1.13 showed that crop growth rate differed significantly among all treatments. 

Sugar cane cultivar CPF-243 had highest crop growth rate 5.23 g m
-2

 d
-1

 in year 2013-

14 and 4.61 g m
-2

 d
-1

 for year 2014-15, their mean value was 4.92 g m
-2

 d
-1

. These 

results was followed by cultivar HSF- 240, this cultivar had crop growth rate of 4.99 g 

Planting dates also had great variation on crop growth rate. Maximum crop growth 

rate was obtained from 31-January, which had 5.41 g m
-2

 d
-1

 and 4.69 g m
-2

 d
-1

  for 

both years 2013-14 and 2014-15, respectively with the mean value of 5.05 g m
-2

 d
-1

. 

Planting  date 20-February had second highest crop growth rate for year 2013-14 it 

was 5.13 g m
-2

 d
-1

 and for year 2014-15, it was 4.43 g m
-2

 d
-1

 with mean value of 4.78 

g m
-2

 d
-1

. Results of this planting  date was shadowed by planting  date of 11-March, 

which had crop growth rate of 4.73 g m
-2

 d
-1

  and 4.09 g m
-2

 d
-1

  for both years 2013-

14 and 2014-15, respectively and their mean value was 4.41 g m
-2

 d
-1

. Planting date of 

31-March was inferior among all cultivars it had lowest crop growth rate               

4.56 g m
-2

 d
-1

 for year 2013-14 and 3.92 g m
-2

 d
-1

 for year 2014-15 with the mean 

value of 4.24 g m
-2

 d
-1

. Year 2013-14 was comparatively better than year 2014-15 due 

to better climatic conditions, that’s way year 2013-14 had higher crop growth rate and 

yield. The grand mean value for year 2013-14 was 4.96 g m
-2

 d
-1

 and grand mean 

value for year 2014-15 was 4.28 g m
-2

 d
-1

. Relationship between crop growth rate and 

cane yield of spring sugarcane crop during 2013-2014, 2014-15, and pool data was 

good (Figure 4.1.12). 

4.1.2.3 Net assimilation rate (g m
-2

 day
-1

) 

Table 4.1.14 indicated that net assimilation rate was very significant parameter. There 

was a great difference in net assimilation rate, that was noted among cultivars and 

planting dates. Evaluation of cultivars revealed that cultivar CPF-243 had the highest 

net assimilation rate 2.91 g m
-2

 day
-1

 and 2.61 g m
-2

 day
-1

 for both years 2013-14 and 

2014-15, respectively with the mean value of 2.76 g m
-2

 day
-1

. Cultivar HSF-240 had 

net assimilation rate 2.69 g m
-2

 day
-1

 for year 2013-14 and 2.29 g m
-2

 day
-1

 for year 

2014-15 and mean value for both years was 2.49 g m
-2

 day
-1

. Cultivar CP-77-400 had 

lowest net assimilation rate 2.35 g m
-2

 day
-1

 and 1.95 g m
-2

 day
-1

 for year 2013-14 and 

2014-15, respectively. Mean value of cultivar CP-77-400 for both years was 2.15 g m
-

2
 day

-1
.  
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Table 4.1.13 Effect of varieties and planting dates on crop growth rate (g m
-2

 d
-1

) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = CPF-243 5.23 a 4.61 a 4.92 

V2 = HSF-240 4.99 b 4.29 b 4.64 

V3 = CP-77-400 4.65 c 3.95 c 8.60 

LSD 5% 0.21 0.12  

Significance * *  

B) Planting date    

PD1 = 31-January 5.41 a 4.69 a 5.05 

PD2 = 20-February 5.13 b 4.43 b 4.78 

PD3 = 11-March 4.73 c 4.09 c 4.41 

PD4 = 31-March 4.56 d 3.92 d 4.24 

LSD 5% 0.11 0.15  

Significance ** **  

Interaction (A x B) NS NS  

Mean 4.96 4.28  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.1.12: Relationship between crop growth rate and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data. 

 

 

(a)

4.4 4.6 4.8 5.0 5.2 5.4

100

102

104

106

108

110

112

114

(b)

3.8 4.0 4.2 4.4 4.6 4.8

C
an

e 
  y

ie
ld

   
(t 

 h
a-1

)

100

102

104

106

108

110

112

114

(c)

Crop   growth   rate
4.0 4.5 5.0 5.5

100

102

104

106

108

110

112

114

116

(c) Pool 1:1 Lines

(b) 2014-15 (a) 2013-14 

y = -2.23 +  0.07x

R
2
 = 0.84

y = -2.62 +  0.06x

R
2
 = 0.93

y = -5.29 +  0.07x

R
2
 = 0.83



61 

 

Different Planting dates also had significant difference in net assimilation rate  

planting date of 31-January had the maximum net assimilation rate 3.08 g m
-2

 day
-1

 

for year 2013-14 and 2.70 g m
-2

 day
-1

 for year 2014-15, its mean value for both years 

was 2.89 g m
-2

 day
-1

. Second highest net assimilation rate was obtained by planting  

date of 20-February, which had 2.83 g m
-2

 day
-1

 net assimilation rate for year 2013-14 

and 2.47 g m
-2

 day
-1

 for year 2014-15 with averaged value of 2.65 g m
-2

 day
-1

, results 

of this planting date was trailed by planting  date of 11-March which had 2.40 g m
-2

 

day
-1

 net assimilation rate for year 2013-4 and 2.07 g m
-2

 day
-1

 for year 2014-15 and 

mean value for both years was 2.25 g m
-2

 day
-1

. Performance of planting  date of 31-

March was poor so it gives lowest net assimilation rate 2.26 g m
-2

 day
-1

 and 1.90 g m
-2

 

day
-1

 for both years 2013-14 and 2014-15, respectively and mean value of both years 

was 2.08 g m
-2

 day
-1

. Comparison of both years 2013-14 and 2014-15 revealed that 

year 2013-14 had higher net assimilation rate with the grand mean of 2.65 g m
-2

 day
-1

. 

Year 2014-15 had lowest net assimilation rate 2.28 g m
-2

 day
-1

. Figure 4.1.13 

indicated that relationship between net assimilation rate and cane yield of spring 

sugarcane crop during 2013-2014, 2014-15, and pool data was good.    
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Table 4.1.14 Effect of varieties and planting dates on net assimilation rate (g m
-2

 

day
-1

) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = CPF-243 2.91 a 2.61 a 2.76 

V2 = HSF-240 2.69 b 2.29 b 2.49 

V3 = CP-77-400 2.35 c 1.95 c 2.15 

LSD 5% 0.19 0.15  

Significance * *  

B) Planting date    

PD1 = 31-January 3.08 a 2.70 a 2.89 

PD2 = 20-February 2.83 b 2.47 b 2.65 

PD3 = 11-March 2.40 c 2.07 c 2.25 

PD4 = 31-March 2.26 d 1.90 d 2.08 

LSD 5% 0.097 0.11  

Significance ** **  

Interaction (A x B) NS NS  

Mean 2.65 2.28  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.1.13: Relationship between net assimilation rate and cane yield of 

spring sugarcane crop during 2013-2014, 2014-15, and pool data. 

 

 

 

(a)

2.2 2.4 2.6 2.8 3.0

102

104

106

108

110

112

114

(b)

1.8 2.0 2.2 2.4 2.6 2.8

C
an

e 
  y

ie
ld

   
(t 

 h
a-1

)

100

102

104

106

108

110

112

114

(c)

Net   assimilation   rate

1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2

100

102

104

106

108

110

112

114

116

(c) Pool 1:1 Lines

(b) 2014-15 (a) 2013-14 

y = -4.31 + 0.06x

R
2
 = 0.84

y = -4.82 + 0.07x

R
2
 = 0.90

y = -5.29 + 0.07x

R
2
 = 0.83



64 

 

4.2 EXPERIMENT- II   (AUTUMN SEASON) 

EFFECT OF PLANTING DATES AND CULTIVARS ON GROWTH, YIELD 

AND RADIATION USE EFFICIENCY OF SUGARCANE DURING AUTUMN 

SEASON 

4.2.1 Growth and Yield Parameters 

4.2.1.1 Plant height (cm) 

Table 4.2.1 summarized the effect of planting dates and varieties on plant height. 

When cultivars were compared then best result was shown by the cultivar SPF-245 in 

both the years. Maximum production of SPF-245 in first year was 255.42 cm 

followed by SPF-213 which produced plant height 250.33 cm. While in second year, 

maximum plant was recorded by the same cultivar SPF-245 (251.92 cm) followed by 

SPF-213 (246.33 cm). The minimum height was recorded by the cultivar CPF-246 

(245.42 cm) in first year, whereas its production in second year was 241.08 cm.  The 

average mean of the cultivars were given as 253.67, 248.33 and 243.25 cm, by V1, V2 

and V3, respectively. 

Comparison of different planting dates was also examined. It was shown by the 

comparison that maximum plant height was observed by the first planting date in both 

the years. Maximum plant height by the planting date PD1 in first year was 256.03 cm 

while, in second year, maximum height was 253.00 cm. The average value for 

comparison of first planting date for both the years was 254.50 cm. This was followed 

by planting date PD2 (21-September) 251.98 and 248.11 cm for first and second year, 

respectively. The average value for the comparison of planting date PD2 for both 

years was 250.05 cm. 3
rd

 highest production was by the planting date PD3 (11-

October) for both the years 248.44 and 244.09 cm, respectively. The average value for 

the 3
rd

 planting date was given as 246.28 cm. Minimum plant height was observed by 

the 4
th

 planting date PD4 (1-November) in the first and second year was 245.10 and 

240.56 cm, respectively. The average value for the last planting date was 242.84 cm. 

The comparison of planting dates among both years showed that maximum plant 

height was observed during first year as compared to second year among all the 

cultivars. The interaction between planting date and cultivar was non-significant.  



65 

 

Table 4.2.1 Effect of varieties and planting dates on plant height (cm) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = SPF-245 255.42 a 251.92 a 253.67 

V2 = SPF-213 250.33 b 246.33 b 248.33 

V3 = CPF-246 245.42 c 241.08 c 243.25 

LSD 5% 4.51 5.13  

Significance * *  

B) Planting date    

PD1 = 1-September 256.03 a 253.00 a 254.50 

PD2 = 21-September 251.98 b 248.11 b 250.05 

PD3 = 11-October 248.44 c 244.09 c 246.28 

PD4 = 1-November 245.10 d 240.56 d 242.84 

LSD 5% 2.53 3.29  

Significance ** **  

Interaction (A x B) NS NS  

Mean 250.39 246.42  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.2.1: Relationship between plant height and cane yield of autumn 

sugarcane crop during 2013-14, 2014-15, and pool data. 
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The grand mean of all cultivars and planting dates for first year was 250.39 cm and 

for second year it was 246.42 cm. Figure 4.2.1 indicated that relationship between 

plant height and cane yield of autumn sugarcane crop during 2013-2014, 2014-15, and 

pool data was good. 

4.2.1.2 Number of tillers m
-2

 

Effect of different cultivars on number of tillers was found significant (Table 4.2.2). It 

indicated that maximum numbers of tillers were produced by the cultivar SPF-245 in 

both the years. Maximum number of tillers produced in first year (2013-14) by the 

cultivar SPF-245 (57.92 m
-2

) followed by the cultivar SPF-213 (52.08 m
-2

). Minimum 

numbers of tillers were produced by the cultivar CPF-246 (47.08 m
-2

) in first year. 

While in second year (2014-15), maximum number of tillers were produced by SPF-

245 (54.00 m
-2

) followed by SPF-213 (49.08 m
-2

), while minimum production was by 

cultivar CPF-246 (43.83 m
-2

). The average values of all the cultivars were given as 

55.96, 50.58 and 45.46 cm, of V1, V2 and V3, respectively.  

When compared the result of planting dates on number of tilers, maximum number of 

tillers were produced by the first planting date. Maximum numbers of tillers were 

produced by the first planting date (1-September) 58.00 m
-2

 in first year, while, in 

second year, maximum number of tillers produced were 54.67 m
-2

. The average value 

for the first planting date PD1 was 56.34 m
-2. 

By the second planting date with the 

production of number of tillers in first year was 53.89 m
-2

 and for second year, 

number of tillers produced were 50.56 m
-2

 and the average value for the second 

planting date was 52.22 m
-2

. Numbers of tillers produced by the 3rd planting date in 

first year were 50.89 m
-2

 and for the second year it was 47.67 m
-2

. The average value 

of planting date PD3 was 49.28 m
-2

. Minimum numbers of tillers were produced by 

the last planting date PD4, in first year, number of tillers produced by the last planting 

date were 46.67 m
-2

 and in second year, its production was 43.00 m
-2

. The average 

value of the planting date PD4 was 44.84 m
-2

. The interaction between cultivars and 

planting date was not significant. Grand mean of cultivars and planting dates was 

highest for the first year 52.36 m
-2 

as compared to second year 48.97 m
-2

. Relationship 

between number of tiller (m
-2

) and cane yield of autumn sugarcane crop during 2013-

2014, 2014-15, and pool data was good (Figure 4.2.2). 
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Table 4.2.2 Effect of varieties and planting dates on number of tillers m
-2

  

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = SPF-245 57.92 a 54.00 a 55.96 

V2 = SPF-213 52.08 b 49.08 b 50.58              

V3 = CPF-246 47.08 c 43.83 c 45.46 

LSD 5% 3.28 4.23  

Significance * *  

B) Planting date    

PD1 = 1-September 58.00 a 54.67 a 56.34 

PD2 = 21-September 53.89 b 50.56 b 52.22 

PD3 = 11-October 50.89 c 47.67 c 49.28 

PD4 = 1-November 46.67 d 43.00 d 44.84 

LSD 5% 2.25 2.38  

Significance ** **  

Interaction (A x B) NS NS  

Mean 52.36 48.97  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.2.2: Relationship between tiller (m
-2

) and cane yield of autumn 

sugarcane crop during 2013-14, 2014-15, and pool data. 
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4.2.1.3 Cane length (cm) 

Cane length is an important parameter. Effect of different cultivars on cane length was 

examined. Results showed that SPF-245 proved to be the best cultivar (Table 4.2.3). 

Maximum cane length was produced by the SPF-245 in both the years was 213.17 

and 197.25 cm, respectively. The average value for the cultivar SPF-245 was 205.21 

cm, it was followed by the cultivar SPF-213 for the production of cane length in first 

year 208.50 cm and in second year 192.58 cm with the average value of 200.54 cm. 

Cultivar CPF-246 proved to be the least produced variety with the minimum cane 

length production in both years 203.83 and 188.60 cm, respectively. The average 

value for CPF-246 cultivar was 196.19 cm.  

Comparison of different planting dates showed that maximum cane length was 

recorded by the first planting date (1-September) with its recording for first year 

212.89 cm and for second year 198.33 cm, respectively. The average value of PD1 

planting date was 205.61 cm. It was followed by the planting date PD2 with second 

highest recording, for first year, maximum cane length was recorded 209.33 cm and 

for second year cane length recording was 195.00 cm with average value of 202.17 

cm. Planting date PD3 produced third highest cane length. In first year, cane length by 

the PD3 was recorded 207.00 cm while, in second year its recording was 190.89 cm. 

Its average value was 198.95 cm. Minimum cane length was recorded by the last 

planting date (PD4). In first year, cane length recording by the planting date PD4 was 

204.78 cm while, in second year, cane length recording was 187.00 cm. The average 

value of the planting date PD4 was 195.89 cm. The interaction between the cultivars 

and planting dates was insignificant. Grand mean of all the cultivars and planting 

dates was maximum for the first year 208.50 cm as compared to the grand mean for 

the second year 192.81 cm. Relationship between cane length and cane yield of 

sugarcane crop during 2013-14, 2014-15 and pool data was well (Figure 4.2.3). 

4.2.1.4 Number of nodes per plant  

Effect of cultivars on number of nodes was significant, results showed that maximum 

numbers of nodes were produced by the cultivar SPF-245 in both the years (Table 

4.2.4). In first year, its production was 21.41 and in second year its production was 

16.84. The average value of SPF-245 cultivar was 19.13. It was followed by the  

 



71 

 

Table 4.2.3 Effect of varieties and planting dates on cane length (cm) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = SPF-245 213.17 a 197.25 a 205.21 

V2 = SPF-213 208.50 b 192.58 ab 200.54 

V3 = CPF-246 203.83 c 188.60 b 196.19 

LSD 5% 2.92 4.70  

Significance * *  

B) Planting date    

PD1 = 1-September 212.89 a 198.33 a 205.61 

PD2 = 21-September 209.33 b 195.00 b 202.17 

PD3 = 11-October 207.00 c 190.89 c 198.95 

PD4 = 1-November 204.78 d 187.00 d 195.89 

LSD 5% 1.74 2.08  

Significance ** **  

Interaction (A x B) NS NS  

Mean 208.5 192.81  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.2.3: Relationship between cane length and cane yield of autumn 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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Table 4.2.4 Effect of varieties and planting dates on number of nodes per plant 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = SPF-245 21.41 a 16.84 a 19.13 

V2 = SPF-213 19.25 a 15.47 b 17.36 

V3 = CPF-246 16.00 b 13.80 c 14.90 

LSD 5% 3.19 1.08  

Significance * *  

B) Planting date    

PD1 = 1-September 20.40 a 17.01 a 18.72 

PD2 = 21-September 19.46 b 16.01 b 17.73 

PD3 = 11-October 18.56 c 15.02 c 16.79 

PD4 = 1-November 17.10 d 13.47 d 15.28 

LSD 5% 0.78 0.80  

Significance ** **  

Interaction (A x B) NS NS  

Mean 18.83 15.38  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.2.4: Relationship between nodes per plant and cane yield of autumn 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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cultivar SPF-213 with its production in first year 19.25 and in second year 15.47 

respectively with the average value of 17.36. Minimum numbers of nodes were 

produced by the cultivar CPF-246, in first year, its production was 16.00 and in 

second year, its production was 13.80. The average value of CPF-246 cultivar was 

14.90. 

When results of planting dates for the number of nodes were compared, the 

comparison showed that maximum numbers of nodes were produced by the planting 

date PD1. In first year, maximum numbers of nodes produced by the planting date PD1 

were 20.40 and in second year its production was 17.01. The average value of the 

number of nodes for both the years of PD1 planting date was 18.72. It was followed 

by the planting date PD2 (21-September). Numbers of nodes produced by PD2 in first 

and second year were 19.46 and 16.01, respectively with the average value of 17.73, 

followed by PD3 (11-October) with number of nodes 18.56 in first year and 15.02 in 

second year. The average value during both years of PD3 planting date was 16.79. 

Minimum numbers of nodes were produced by the fourth planting date (1-November). 

In first year numbers of nodes produced by the PD4 were 17.10 and in second year, its 

production was 13.47. The average value for PD4 planting date was 15.28.  Interaction 

between the cultivar and planting dates for number of nodes was insignificant. Grand 

value of all the cultivars and planting dates was maximum 18.83 as compared to the 

grand mean for the second year 15.38. Figure 4.2.4 indicated that relationship 

between nodes per plant and cane yield of autumn sugarcane crop during 2013-2014, 

2014-15, and pool data was good. 

4.2.1.5 Internodal length (cm) 

When results for the effect of different cultivars on internodal length were compared, 

then results showed that cultivar SPF-245 proved to be the best cultivar (Table 4.2.5). 

In first year, maximum internodal length by cultivar SPF-245 was 25.08 cm followed 

by SPF-213 with internodal length was 23.67 cm. Minimum internodal length in first 

year was recorded by CPF-246 was 21.83 cm. While, in second year (2014-15) 

maximum internodal length was produced by the SPF-245 (21.96 cm) followed by 

SPF-213 with internodal length 20.25 cm. Minimum internodal length recorded by 

CPF-246 in second year was 17.96 cm. The average values of all the cultivars were 

given as 23.52, 21.96 and 19.90 cm for V1, V2 and V3, respectively. 
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Table 4.2.5 Effect of varieties and planting dates on intermodal length (cm) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = SPF-245 25.08 a 21.96 a 23.52 

V2 = SPF-213 23.67 b 20.25 b 21.96 

V3 = CPF-246 21.83 c 17.96 c 19.90 

LSD 5% 0.76 1.13  

Significance * *  

B) Planting date    

PD1 = 1-September 25.22 a 22.06 a 23.64 

PD2 = 21-September 24.22 b 20.72 b 22.47 

PD3 = 11-October 23.11 c 19.78 b 21.45 

PD4 = 1-November 21.56 d 17.67 c 19.62 

LSD 5% 0.74 1.17  

Significance ** **  

Interaction (A x B) NS NS  

Mean 23.51 20.05  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.2.5: Relationship between inter nodal length and cane yield of autumn 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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Results of the comparison of effect of planting dates on internodal length showed that 

maximum internodal length was recorded by the PD1 (1-September). PD1 proved to 

be the best with maximum recording in the first and second year 25.22 and 22.06 cm, 

respectively. The average value for the planting date PD1 was 23.64 cm; followed by 

the Planting date PD2 (21-September) with its recording for the first year 24.22 cm 

and for the second year was 20.72 cm with the average value was 22.47 cm. Planting 

date PD3 (11-October) was third highest with respect to the recordings for internodal 

length for the first year was 23.11 cm and for the second year was 19.78 cm. The 

average value for the planting date 3
rd

 was 21.45. Minimum internodal length was  

recorded by the Planting date PD4 (1-November) with its recording for the first year 

21.56 cm and for the second year its recording was 17.67 cm. The average value for 

the planting date PD4 was 19.62 cm. Interaction between the cultivars and planting 

dates was insignificant for internodal length. The Grand mean of all the cultivars and 

planting date for the first year was maximum 23.51 cm as compared to the grand 

mean for the second year 20.05 cm. Relationship between inter nodal length and cane 

yield of autumn sugarcane crop during 2013-2014, 2014-15, and pool data was well 

(Figure 4.2.5). 

4.2.1.6 Number of millable canes ha
-1

 

Table 4.2.6 summarized the effect of varieties and planting dates on number of 

millable canes. When results of cultivars were compared for first and second year, 

results showed that in first year, maximum millable canes were produced by the 

cultivar SPF-245 (125423 ha
-1

) followed by SPF-213 (122840 ha
-1

) and minimum 

number of millable canes in first year were produced by the variety CPF-246 (120235 

ha
-1

). In second year (20145-15), maximum number of millable canes were produced 

by the cultivar SPF-245 (120005 ha
-1

) followed by the cultivar SPF-213 with the 

number of millable canes 117065 ha
-1

 and minimum number of millable canes were 

produced by the cultivar CPF-246 (115116 ha
-1

). The average values of the cultivars 

were 122714, 120221 and 117675 for V1, V2 and V3, respectively.  

When the effect of planting dates were examined on number of millable canes for first 

year, results showed that first planting date PD1 (1-September) proved to be the best 

with the maximum production (126744 ha
-1

) followed by PD2 = 21-September with 

the number of millable canes  124422 ha
-1

, production by the PD3 = 11-October was  
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Table 4.2.6 Effect of varieties and planting dates on number of millable canes ha-1 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = SPF-245 125423 a 120005 a 122714 

V2 = SPF-213 122840 b 117605 b 120221 

V3 = CPF-246 120235 c 115116 c 117675 

LSD 5% 705 1063  

Significance * *  

B) Planting date    

PD1 = 1-September 126744 a 121557 a 124150 

PD2 = 21-September 124422 b 119251 b 121836 

PD3 = 11-October 121598 c 116206 c 118902 

PD4 = 1-November 118567 d 113286 d 115926 

LSD 5% 1356 1332  

Significance ** **  

Interaction (A x B) NS NS  

Mean 122833 117571  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.2.6: Relationship between number of millable canes and cane yield of 

autumn sugarcane crop during 2013-2014, 2014-15, and pool data. 
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lesser than the above two planting dates 121598 ha
-1 

and minimum production was by 

the last planting date PD4 = 1-November (118567 ha
-1

). In second year PD1 produced 

maximum millable canes 121557 ha
-1

 followed by PD2 = 119251 ha
-1

 followed by 

PD3 116206 ha
-1

 and minimum number of millable canes were produced by the PD4 

113286 ha
-1

. The average values of the planting dates were 124150, 121836, 118902 

and 115926 ha
-1

 for PD1, PD2, PD3 and PD4, respectively. Interaction between 

cultivars and planting dates was non significant for number of millable canes. Grand 

mean for all the cultivars and planting dates was maximum for the first year 122833 

as compared to the grand mean for the second year 117571 ha
-1

. Figure 4.2.6 

indicated that Relationship between number of millable canes and cane yield of 

autumn sugarcane crop during 2013-2014, 2014-15, and pool data was well. 

4.2.1.7 Cane diameter (cm) 

Effect of cultivars and planting dates on cane diameter was significant. Comparison of 

different cultivars indicated that cultivar SPF-245 proved to be the best cultivar by 

producing maximum cane diameter (Table 4.2.7). In first year, maximum recording 

was 2.82 cm and in second year, maximum recording was 2.28 cm and the average 

value of both the year was 2.55 cm, followed by the cultivar SPF-213 which produced 

2.68 and 2.17 cm diameter in first and second year, respectively and the average value 

of this cultivar recording for both the year was 2.43 cm. Whereas, the minimum 

diameter was recorded by the cultivar CPF-246, in first year recording was 2.56 cm 

and in second year 2.07 cm and the average value of this cultivar was 2.32 cm. 

When effect of planting dates on cane diameter was examined, PD1 (1-September) 

showed the best result. Maximum diameter was recorded by first planting date PD1 

(1-September)  planting date in first year 2.94 cm and in second year recording was 

2.43 cm and the average value for the recordings of both years was 2.69 cm. Second 

highest recording by 2
nd

 planting date (21-September) was 2.77 cm and 2.26 cm for 

both the years, followed by the planting date PD3 (11-October) 2.61 cm for first year 

and 2.10 cm for second year. Minimum diameter was recorded by the last planting 

date (1-November), in first years, its recording was 2.43 cm and in second year its 

recording was 1.92 cm, with the mean value of 2.18 cm for this planting date. Above 

results showed that the first planting date was proved as a best planting date with 

maximum production as compared to all other planting dates. Interaction between all  
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Table 4.2.7 Effect of varieties and planting dates on cane diameter (cm) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = SPF-245 2.82 a 2.28 a 2.55 

V2 = SPF-213 2.68 ab 2.17 b 2.43 

V3 = CPF-246 2.56 b 2.07 b 2.32 

LSD 5% 0.19 0.11  

Significance * *  

B) Planting date    

PD1 = 1-September 2.94 a 2.43 a 2.69 

PD2 = 21-September 2.77 b 2.26 b 2.52 

PD3 = 11-October 2.61 c 2.10 c 2.36 

PD4 = 1-November 2.43 d 1.92 d 2.18 

LSD 5% 0.09 0.09  

Significance ** **  

Interaction (A x B) NS NS  

Mean 2.69 2.18  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.2.7: Relationship between cane diameter and cane yield of autumn 

sugarcane crop during 2013-2014, 2014-15, and pool data. 

 

 

(a)

2.4 2.5 2.6 2.7 2.8 2.9 3.0

136

138

140

142

144

146

148

150

(b)

1.9 2.0 2.1 2.2 2.3 2.4

C
an

e 
  y

ie
ld

   
(t 

 h
a-1

)

130

132

134

136

138

140

142

(c)

Cane   diameter  (cm)

1.8 2.0 2.2 2.4 2.6 2.8 3.0

130

135

140

145

150

(c) Pool 1:1 Lines

(b) 2014-15 (a) 2013-14 

y = -1.71 + 0.03x

R
2
 = 0.72

y = -1.63 + 0.02x

R
2
 = 0.68

y = -4.01 + 0.05x

R
2
 = 0.75



84 

 

the cultivars and planting dates was insignificant for the cane diameter. Grand mean 

of all the cultivars and planting dates was maximum for the first year 2.69 cm as 

compared to the grand mean for the second year was 2.18 cm. Figure 4.2.7 showed 

that relationship between cane diameter and cane yield of autumn sugarcane crop 

during 2013-2014, 2014-15, and pool data was good. 

4.2.1.8 Cane yield (t ha
-1

) 

Various planting dates and cultivars had great influenced on cane yield. Critical 

comparison of different cultivars revealed (Table 4.2.8) that in autumn cultivar SPF-

245 had highest cane yield 149.42 and 142.68 t ha
-1

 on both year 2013-14 and 2014-

15, respectively, their mean value was 146.11 t ha
-1

. Results of these cultivars 

followed by cultivar SPF-213 which produced 142.98 t ha
-1

 cane yield for year 2013-

14 and 136.24 t ha
-1

 for year 2014-15, grand mean of both years was 139.60 t ha
-1

. 

Lowest cane yield was obtained by cultivars CPF-246 which had 135.61 t ha
-1

 for 

year 2013-14 and 128.71 for year 2014-15 mean value of both year was 132.16 t ha
-1

. 

Different planting dates had significant influence on cane yield. Planting date of 1-

September produced the highest cane yield among all planting dates produced 146.67 

t ha
-1

 cane yield for year 2013-14 and 140.38 t ha
-1

 for year 2014-15, their mean value 

was 143.53 t ha
-1

, these results was followed by planting date of 21-September which 

produced the 144.34 t ha
-1

 cane yield for year 2013-14 and 137.50 t ha
-1

 for year 

2014-15 with the mean value of was 140.92 t ha
-1

 for both years. Planting date of 11-

October had produced 141.21 ha
-1

 and 134.14 t ha
-1 

for both year 2013-14 and 2014-

15, respectively. The mean value of both years was 137.65 t ha
-1

. The lowest cane 

yield was obtained from planting date of 1-November which had 138.44 t ha
-1

 cane 

yield for year 2013-14 and 131.49 t ha
-1

 for year 2014-15. Grand mean for both years 

was 134.96 t ha
-1

. From these results it was determine that year 2013-14 produced 

higher yield than year 2014-15. Year 2013-14 had higher yield in comparison of both 

cultivar and planting dates. Grand mean of both years was 142.67 and 135.88 t ha
-1

 

for both year 2013-14 and 2014-15, respectively.  
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Table 4.2.8 Effect of varieties and planting dates on cane yield (t ha
-1

) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = SPF-245 149.42 a 142.68 a 146.11 

V2 = SPF-213 142.98 b 136.24 a 139.60 

V3 = CPF-246 135.61 c 128.71 c 132.16 

LSD 5% 6.04 7.08  

Significance * *  

B) Planting date    

PD1 = 1-September 146.67 a 140.38 a 143.52 

PD2 = 21-September 144.34 b 137.50 b 140.92 

PD3 = 11-October 141.21 c 134.14 c 137.65 

PD4 = 1-November 138.44 d 131.49 d 134.96 

LSD 5% 0.71 0.82  

Significance ** **  

Interaction (A x B) NS NS  

Mean 142.67 135.88  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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4.2.1.9 Total dry matter (t ha
-1

) 

Total dry matter is vital physiological parameter. Comparison of different planting 

dates and various cultivars showed significant difference (Table 4.2.9). Evaluation of 

various cultivars revealed that cultivar SPF-245 had maximum dry matter production 

on both years, it produced 62.15 t ha
-1

 in year 2013-14 and 58.77 t ha
-1 

in year 2014-

15. The mean value of both years was 60.45 t ha
-1

. This cultivar was trailed by 

cultivar SPF-213 which produced 56.21 and 53.32 t ha
-1

 total dry matter for both year 

2013-14 and 2014-15, respectively with averaged mean of 54.76 t ha
-1

. Cultivar CPF-

246 proved inferior among these cultivars, it produced least amount of total dry matter 

49.25 t ha
-1

 for year 2013-14 and 45.79 t ha
-1

 for year 2014-15, mean value for both 

years was 47.48 t ha
-1

. 

Different planting dates had produced different amount of dry matter, maximum 

amount of total dry matter production was obtained from planting date of 1-

September which produced 60.34 t ha
-1

 for year 2013-14 and 57.10 t ha
-1

 for year 

2014-15 and their mean was 58.72 t ha
-1

. Planting date of 21-September was just 

behind in dry matter production, it produced 57.46 and 54.11 t ha
-1

 for both years 

2013-14 and 2014-15, respectively with the mean value was 55.78 t ha
-1

. Results of 

PD2 planting date was followed by planting date of 11-October which had 54.22 and 

50.97 t ha
-1

 for both years 2013-14 and 2014-15, respectively. Averaged value of both 

years was 52.61 t ha
-1

. Planting date of 1-November produced the lowest amount of 

total dry matter 51.45 t ha
-1

 for year 2013-14 and 48.32 t ha
-1

 for year 2014-15 with 

the mean value of was 49.89 t ha
-1

. In year 2013-14, there was better agro climatic 

condition than year 2014-15 so year 2013-14 produced higher amount of dry matter 

55.87 t ha
-1

 and  year 2014-15 produced the 52.63 t ha
-1

. Relationship between total 

dry matter and cane yield of autumn sugarcane crop during 2013-2014, 2014-15, and 

pool data was well (Figure 4.2.8). 
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Table 4.2.9 Effect of varieties and planting dates on total dry matter (t ha
-1

) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = SPF-245 62.15 a 58.76 a 60.45 

V2 = SPF-213 56.20 b 53.32 b 54.76 

V3 = CPF-246 49.25 c 45.79 c 47.48 

LSD 5% 3.77 2.81  

Significance * *  

B) Planting date    

PD1 = 1-September 60.34 a 57.10 a 58.72 

PD2 = 21-September 57.46 b 54.11 b 55.78 

PD3 = 11-October 54.22 c 50.97 c 52.61 

PD4 = 1-November 51.45 d 48.32 d 49.89 

LSD 5% 1.70 1.70  

Significance ** **  

Interaction (A x B) NS NS  

Mean 55.87 52.63  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.2.8: Relationship between total dry matter and cane yield of autumn 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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4.2.1.10 Sugar yield (t ha
-1

) 

From sugar industry point of view, sugar yield is very vital parameter. In experiment, 

different treatments showed great variation in sugar yield, varietal assessment 

revealed that cultivar SPF-245 produced highest sugar yield of 19.09 t ha
-1

 and 18.23 t 

ha
-1

 for both year 2013-14 and 2014-15, respectively (Table 4.2.10), their mean value 

was 18.66 t ha
-1

. This was followed by cultivar SPF-213, which produced 17.65 t ha
-1

 

for year 2013-14 and 16.82 t ha
-1

 for year 2014-15. Mean value of both years was 

17.24 t ha
-1

. Cultivar CPF-246 proved inferior among all other cultivars, it produced 

16.20 and 15.38 t ha
-1

 cane yield for both year 2013-14 and 2014-15, respectively, 

mean value for both year was 15.79 t ha
-1

. 

Planting date of 1
st
 September had the highest cane yield 18.14 t ha

-1
 for year 2013-14 

and 17.37 t ha
-1

 for year 2014-15, their mean value was 17.76 t ha
-1

. Planting date of 

21-September produced the second highest cane yield 17.85 t ha
-1

 and 17.01 t ha
-1

 for 

both year 2013-14 and 2014-15, respectively and their mean value was 17.43 t ha
-1

. 

These results were followed by planting date of 11-October which produced 17.47 t 

ha
-1

 for year 2013-14 and 16.59 t ha
-1

 for year 2014-15 and mean value for both years 

was 17.03 t ha
-1

. Lowest amount of cane yield was produced by planting date of 1-

November, which produced 17.13 t ha
-1

 for year 2013-14 and 16.27 t ha
-1

 for year 

2014-15 and averaged value of both years was 16.70 t ha
-1

. When all the results of 

both years were evaluated, it was indicated that during year 2013-14, higher cane 

yield 17.65 t ha
-1

 was than year 2014-15 which produced 16.81 t ha
-1

 grand mean, it 

was due to better agro climatic condition in year 2013-14.  

Figure 4.2.9 indicated that relationship between sugar yield and cane yield of autumn 

sugarcane crop during 2013-2014, 2014-15, and pool data was significant. 
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Table 4.2.10 Effect of varieties and planting dates on sugar yield (t ha
-1

) 

Treatment   2014-15 Mean 

A) Variety    

V1 = SPF-245 19.09 a 18.23 a 18.66 

V2 = SPF-213 17.65 b 16.82 b 17.24 

V3 = CPF-246 16.20 c 15.38 c 15.79 

LSD 5% 0.84 0.96  

Significance * *  

B) Planting date    

PD1 = 1-September 18.14 a 17.37 a 17.76 

PD2 = 21-September 17.85 b 17.01 b 17.43 

PD3 = 11-October 17.47 c 16.59 c 17.03 

PD4 = 1-November 17.13 d 16.27 d 16.70 

LSD 5% 0.18 0.21  

Significance ** **  

Interaction (A x B) NS NS  

Mean 17.65 16.81  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.2.9: Relationship between sugar yield and cane yield of autumn 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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4.2.1.11 Harvest Index (%) 

Ratio of economic yield and biological yield, articulated in percentage and productive 

efficiency of a crop calculated in term of harvesting index in percentage (Table 

4.2.11). Results of study indicated that different cultivars and planting dates 

responded differently. Comparison of cultivars revealed that cultivar SPF-245 had 

highest harvesting index 80.09 and 78.74% for both years 2013-14 and 2014-15, 

respectively with the mean value was 79.41%. This cultivar was trailed by cultivar 

SPF-213 which produced 78.14% harvesting index for year 2013-14 and 76.29% for 

year 2014-15. Their mean value was 77.23%. Cultivar CPF-246 produced lowest 

harvesting index of 75.46 and 73.26%, respectively for both year 2013-14 and 2014-

15, averaged value during both years was 74.36%.    

Planting dates also differed significantly. Planting date of 1-September had maximum 

harvesting index 80.66% for year 2013-14 and 79.56% for year 2014-15 and mean 

value for both year was 80.11%. Second highest harvesting index was obtained from 

planting date of 21-September which produced 78.79% and 76.55% for both year 

2013-14 and 2014-15, respectively, their mean value of harvesting index was 77.67%. 

This planting date was trailed by planting date of 11-October which had 76.76% for 

year 2013-14 and 74.77% for year 2014-15 with averaged harvesting index of both 

years was 75.77%. Lowest harvesting index was obtained from planting date 1-

November which produced 75.37 and 73.49% for both year 2013-14 and 2014-15, 

respectively, their mean value was 74.43%. Interaction of planting date and cultivar 

was non-significant. Study of both years revealed that year 2013- 14 produced higher 

harvesting index 77.90%  than year 2014-15 which had 76.02% harvesting index. 

Figure 4.2.10 showed that relationship between harvest index and cane yield of 

autumn sugarcane crop during 2013-2014, 2014-15, and pool data was well. 

4.2.2 Morpho-Physiological Parameters 

4.2.2.1 Leaf area index  

Leaf area has significant importance in photosynthetic activity. It is important 

physiological parameter (Table 4.2.12). Various cultivars and planting dates produced 

different leaf area index. Cultivar SPF-245 had highest leaf area index of 6.74 for year 

2013-14 and 6.35 for year 2014-15 with the mean harvesting index of both years was  
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Table 4.2.11 Effect of varieties and planting dates on harvest index (%)  

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = SPF-245 80.09 a 78.74 a 79.41 

V2 = SPF-213 78.14 b 76.29 b 77.23 

V3 = CPF-246 75.46 c 73.26 c 74.36 

LSD 5% 0.56 1.12  

Significance * *  

B) Planting date    

PD1 = 1-September 80.67 a 79.56 a 80.11 

PD2 = 21-September 78.79 b 76.55 b 77.67 

PD3 = 11-October 76.76 c 74.78 c 75.77 

PD4 = 1-November 75.37 d 73.49 d 74.43 

LSD 5% 0.17 0.17  

Significance ** **  

Interaction (A x B) NS NS  

Mean 77.90 76.02  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.2.10: Relationship between harvest index and cane yield of autumn 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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Table 4.2.12 Effect of varieties and planting dates on maximum leaf area index 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = SPF-245 6.74 a 6.35 a 6.54 

V2 = SPF-213 5.87 b 5.43 b 5.68 

V3 = CPF-246 5.08 c 4.61 c 4.85 

LSD 5% 0.48 0.61  

Significance * *  

B) Planting date    

PD1 = 1-September 6.11 a 5.68 a 5.90 

PD2 = 21-September 5.98 b 5.54 b 5.76 

PD3 = 11-October 5.84 c 5.41 c 5.62 

PD4 = 1-November 5.68 d 5.25 d 5.46 

LSD 5% 0.07 0.06  

Significance ** **  

Interaction (A x B) NS NS  

Mean 5.90 5.47  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.2.11: Relationship between leaf area index and cane yield of autumn 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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6.54. These results were trailed by planting of SPF-213 which had 5.87 and 5.43 for 

both years 2013-14 and 2014-15, respectively, their mean value was 5.68. Cultivar 

CPF-245 had lowest harvesting index among all cultivars which had 5.08 for year 

2013-14 and 4.61 for year 2014-15 with mean value of 4.85. 

Planting date of 1-September had maximum leaf area index 6.11 for year 2013-14 and 

5.68 for year 2014-15, mean leaf area index of both year was 5.90. Results of this 

planting date was followed by planting date of 21-September which had 5.98 and 5.54 

leaf area index for both year 2013-14 and 2014-115, respectively with the mean leaf 

area index of 5.76. Third highest leaf area index was obtained from planting date of 

11-October which had 5.84 for first year 2013-14 and 5.41 for second year 2014-15, 

their averaged value was 5.62. Lowest leaf area index was obtained from planting 

date of 1-November which produced 5.68 and 5.25 leaf area index for both year 2013-

14 and 2014-15, respectively, mean leaf area index of both these year was 5.46. 

Interaction of cultivars and planting dates was non-significant. Comparison of both 

years revealed that year 2013-14 had higher leaf area index 5.90 which was higher 

than year 2014-15 which produced 5.47 leaf area index. Relationship between leaf 

area index and cane yield of autumn sugarcane crop during 2013-2014, 2014-15, and 

pool data was good (Figure 4.2.11). 

4.2.2.2 Crop growth rate (g m
-2

 d
-1

) 

Table 4.2.13 showed crop growth rate that was influenced greatly by various cultivars 

and different planting dates. Cultivar SPF-245 had highest crop growth rate of 11.15 g 

m
-2

 d
-1

 for year 2013-14 and 9.41 g m
-2

 d
-1

 for year 2014-15 and their mean value was 

10.27 g m
-2

 d
-1

. Cultivar SPF-213 had 8.75 and 6.68 g m
-2

 d
-1

 crop growth rate for 

both year 2013-14 and 2014-15, respectively, averaged value of both years was 7.71 g 

m
-2

 d
-2

. Lowest crop growth rate was obtained from cultivar CPF-246 which had 6.08 

g m
-2

 d
-1

 for year 2013-14 and 4.17 g m
-2

 d
-1

 for year 2014-15, their averaged crop 

growth rate for both year was 5.11 g m
-2

 d
-1

. 

Planting date of 1-September had the highest crop growth rate of 9.12 g m
-2

 d
-1

 for 

year 2013-14 and 7.21 g m
-2

 d
-1

 for year 2014-15 with averaged crop growth rate of 

8.16 g m
-2

 d
-1

. Second highest crop growth rate was obtained from planting date of 21 

September which produced 8.84 g m
-2

 d
-1

  and 6.93 g m
-2

 d
-1

  for both year 2013-14 

and 2014-15, respectively, their mean value for both years was 7.88 g m
-2

 d
-1

. Planting  
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Table 4.2.13 Effect of varieties and planting dates on crop growth rate (g m
-2

 d
-1

) 

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = SPF-245 11.15 a 9.41 a 10.27 

V2 = SPF-213 8.75 b 6.68 b 7.71 

V3 = CPF-246 6.08 c 4.17 c 5.11 

LSD 5% 2.21 2.23  

Significance * *  

B) Planting date    

PD1 = 1-September 9.12 a 7.21 a 8.16 

PD2 = 21-September 8.84 b 6.93 b 7.88 

PD3 = 11-October 8.44 c 6.53 c 7.48 

PD4 = 1-November 8.24 d 6.33 d 7.28 

LSD 5% 0.10 0.09  

Significance ** **  

Interaction (A x B) NS NS  

Mean 8.66 6.75  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.2.12: Relationship between crop growth rate and cane yield of autumn 

sugarcane crop during 2013-2014, 2014-15, and pool data. 
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date of 11-October produced third highest crop growth rate, it produced 8.44 g m
-2

 d
-1

  

for year 2013-14 and 6.53 g m
-2

 d
-1

  for year 2014-15, their averaged value was 7.48 g 

m
-2

 d
-1

. Lowest crop growth rate was obtained from last planting date of 8.24 and 6.33 

g m
-2

 d
-1

 for both years 2013-14 and 2014-15. Mean crop growth value for both years 

was 7.28 g m
-2

 d
-1

. Interaction of planting date and cultivar was non-significant. 

Comparison of both years revealed that year 2013-14 had higher crop growth rate 

8.66 g m
-2

 d
-1

 than 6.75 g m
-2

 d
-1 

for year 2014-15. Figure 4.2.12 showed that 

relationship between crop growth rate and cane yield of autumn sugarcane crop 

during 2013-2014, 2014-15, and pool data was good. 

4.2.2.3 Net assimilation rate (g m
-2

 day
-1

) 

Assessment of cultivars showed that maximum net assimilation rate was obtained 

from cultivar SPF-245 which produced 5.70 g m
-2

 day
-1

 for year 2013-14 and 5.17 g 

m
-2

 day
-1

 for year 2014-15 and their mean value was 5.44 g m
-2

 day
-1

(Table 4.2.14). 

Cultivar SPF-213 had 4.15 g m
-2

 day
-1

 for year 2013-14 and cultivar CPF-246 had 

3.64 g m
-2

 day
-1

 net assimilation rate for same year 2013-14. Averaged mean value of 

cultivar SPF-213 for both years was 4.04 g m
-2

 day
-1

. Cultivar SPF-213 produced 3.92 

g m
-2

 day
-1

 for year 2014-15 which was statistically significant to the cultivar CPF-

246 which produced 3.00 g m
-2

 day
-1

 for the second year. Mean value of cultivar SPF-

213 for both years was 3.32 g m
-2

 day
-1

. Planting date of 1-September had maximum 

net assimilation rate of 4.93 and 4.45 g m
-2

 day
-1

 for both year 2013-14 and 2014-15, 

respectively, their mean value for both years was 4.69 g m
-2

 day
-1

. Planting date of 21-

September had second highest value after planting date of 1-September. For both year 

2013-14 and 2014-15, planting date of 21-September had 4.68 g m
-2

 day
-1

 and 4.22 g 

m
-2

 day
-1

 net assimilation rate respectively, their mean value was 4.45 g m
-2

 day
-1

. 

Planting date of 11-October had third highest net assimilation rate of 4.28 g m
-2

 day
-1

  

for year 2013-14 and 3.82 g m
-2

 day
-1

 for year 2014-15 with the mean value of 4.05 g 

m
-2

 day
-1

. Lowest net assimilation rate was obtained from planting date of 1-

November which had 4.10 g m
-2

 day
-1

 and 3.65 g m
-2

 day
-1

 for both year 2013-14 and 

204-15, respectively. From the assessment of both years, it was determined that year 

2013-14 produced more net assimilation rate 4.50 g m
-2

 day
-1

 than year 2014-15 

which had 4.02 g m
-2

 day
-1

 net assimilation rate. Relationship between net 

assimilation rate and cane yield of autumn sugarcane crop during 2013-2014, 2014-

15, and pool data was good (Figure 4.2.13). 
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Table 4.2.14 Effect of varieties and planting dates on net assimilation rate (g m
-2

 

day
-1

)  

Treatment 2013-14 2014-15 Mean 

A) Variety    

V1 = SPF-245 5.70 a 5.17 a 5.44 

V2 = SPF-213 4.15 b 3.92 ab 4.04 

V3 = CPF-246 3.64 b 3.00 b 3.32 

LSD 5% 0.83 1.33  

Significance * *  

B) Planting date    

PD1 = 1-September 4.93 a 4.45 a 4.69 

PD2 = 21-September 4.68 b 4.22 b 4.45 

PD3 = 11-October 4.28 c 3.82 c 4.05 

PD4 = 1-November 4.10 d 3.65 d 3.88 

LSD 5% 0.09 0.11  

Significance ** **  

Interaction (A x B) NS NS  

Mean 4.50 4.02  

Means values that share different letters in a column vary significantly at P ≤ 0.05 

*, ** = Significant at 5% and 1%, respectively, NS = Non-significant 
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Figure 4.2.13: Relationship between net assimilation rate and cane yield of 

autumn sugarcane crop during 2013-2014, 2014-15, and pool data. 
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4.3 CROP GROWTH MODELING (SPRING SEASON) 

4.3.1 Cultivars coefficients 

CSM-CANEGRO-Sugarcane model requires a set of seventeen eco-physiological 

genetic coefficients for simulate purpose of growth, phenology and cane yield of 

spring sugarcane crop cultivars. Cultivars coefficients data was not available, so the 

genetic coefficients of three cultivars were estimated by trial and error manual method 

until a close match between observed and predicted growth, yield and phenology of 

sugarcane cultivars was gained (Table 4.3.1). PARCEmax was maximum 9.9 g/MJ 

for cultivar CPF-243 and minimum was 9.2 g/MJ for cultivar CP-77-400. APFMX 

value was 0.89, 0.86 and 0.82 for CPF-243, HSF-240 and CP-77-400. STKPFMAX 

value was maximum 0.68 obtained for CPF-243 and minimum was attained for CP-

77-400, which was 0.62 t/t on a dry mass basis. Sucrose partitioning: Temperature at 

which partitioning of unstressed stalk mass increments to sucrose is 50% of the 

maximum value (TBFT) was same for all sugarcane cultivars. MXLFARNO value 

was obtained 378, 360 and 345 cm
2 

for CPF-243, HSF-240 and CP-77-400, 

respectively. Phyllocron interval 1 (for leaf numbers below Pswitch, 
0
Cd 110 was 

same for all sugarcane cultivars. Phyllocron interval 2 base TTBASELFEX was 

minimum obtained for cultivar CP-77-400, which was 195 
0
Cd. Maximum tiller 

population was 27, 25 and 23.4 stalks/m2 for CPF-243, HSF-240 and CP-77-400, 

respectively. POPTT16 value was maximum 10.9 m
-2

 for cultivar CPF-243 and then it 

was minimum 9.4 m
-2 

for CP-77-400. 351, 362 and 367 
0
C d value was obtained for 

TTBASEEM for CPF-243, HSF-240 and CP-77-400, respectively. Thermal time 

(base TTBASEEM) from emergence to start of stalk growth was 1680, 1510 and 1485 

0
C d for CPF-243, HSF-240 and CP-77-400, respectively. While, Thermal time to 

peak tiller population, (TTBASEPOP) was 610, 585 and 564 °C days was gained for 

CPF-243, HSF-240 and CP-77-400, respectively. 

4.3.2 Model Calibration 

Calibration of CSM-CANEGRO-Sugarcane model was done with recorded results of 

sowing date 31-January for spring season growing season, which showed maximum 

yield for 2013-14. The model performed good in simulation of growth (Figs. 4.3.1-2), 

sugar, cane yield and biomass during calibration process for all sugarcane varieties 

(Table 4.3.2). Cultivar CPF-243 calibration was well as compare to other two 
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Table 4.3.1: Genetic coefficients of spring sugarcane cultivars used in the CSM-CANEGRO-Sugarcane model 

Definitions of genetic coefficients of cultivar CPF-243 HSF-240 CP-77-400 

Maximum (no stress) radiation conversion efficiency expressed as assimilate produced before respiration, per 

unit PAR. (g/MJ). (PARCEmax) 
9.9 9.5 9.2 

Maximum fraction of dry mass increments that can be allocated to aerial dry mass (t/t) (APFMX) 0.89 0.86 0.82 

Fraction of daily aerial dry mass increments partitioned to stalk at high temperatures in a mature crop (t/t on a dry 

mass basis) (STKPFMAX) 
0.68 0.65 0.62 

Sucrose partitioning: Temperature at which partitioning of unstressed stalk mass increments to sucrose is 50% of 

the maximum value (TBFT) 
25 25 25 

Thermal time to half canopy (°Cd) (Tthalfo) 250 250 250 

Base temperature for canopy development (°Cd) (Tbase) 17 16 16 

Maximum number of green leaves a healthy, adequately-watered plant will have after it is old enough to lose 

some leaves (LFMAX). 
12 12 12 

Max leaf area assigned to all leaves above leaf number MXLFARNO (cm
2
) 378 360 345 

Leaf number above which leaf area is limited to MXLFAREA 18 17 17 

Phyllocron interval 1 (for leaf numbers below Pswitch, °Cd (base TTBASELFEX)) 110 110 110 

Phyllocron interval 2 (for leaf numbers above Pswitch, °Cd (base TTBASELFEX)) (PI2) 200 200 195 

Leaf number at which the phyllocron changes. (PSWITCH) 15 14 13 

Maximum tiller population (stalks/m2) MAX_POP 27 25 23.4 

Stalk population at/after 1600 degree days (/m
2
) (POPTT16) 10.9 9.8 9.4 

Thermal time to emergence for a plant crop (degree C days, base TTBASEEM) (TTPLNTEM) 351 362 367 

Thermal time (baseTTBASEEM) from emergence to start of stalk growth (CHUPIBASE) 1680 1510 1485 

Thermal time to peak tiller population (°C days, TTBASEPOP) (TT_POPGROWTH) 610 585 564 
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Table 4.3.2: Summary of observed and simulated results during model 

calibration with data recorded from sowing date 31-January in 2013-14  

Variable unit Cultivars Simulated Observed Error (%) 

  CPF-243 4.56 4.45 2.47 

Maximum LAI  HSF-240 4.48 4.34 3.23 

  CP-77-400 4.39 4.24 3.54 

  CPF-243 56.12 55.07 1.91 

Total biomass t ha
-1

 HSF-240 49.95 48.53 2.92 

  CP-77-400 43.11 41.43 4.05 

  CPF-243 120.25 118.50 1.48 

Cane yield t ha
-1

 HSF-240 115.82 112.97 2.53 

  CP-77-400 109.38 105.53 3.64 

  CPF-243 15.08 14.81 1.81 

Sugar yield t ha
-1

 HSF-240 13.98 13.67 2.28 

  CP-77-400 12.78 12.45 2.63 
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Figure 4.3.1: Effect of cultivars and planting dates on leaf area index and total dry 

matter of spring sugarcane during 2013-2014 at Multan, Pakistan 
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 Figure 4.3.2: Effect of cultivars and planting dates on leaf area index and total dry 

matter of spring sugarcane during 2014-2015 at Multan, Pakistan 
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cultivars HSF-240 and CP-77-400. Calibration results indicated E (error %) value was 

2.47, 3.23 and 3.54% between simulated and observed maximum leaf area index for 

CPF-243, HSF-240 and CP-77-400, respectively. Model simulated more maximum 

leaf area index as compare to observed maximum leaf area index. Maximum leaf area 

index simulated was 4.56, 4.48 and 4.39 and observed was 4.45, 4.34 and 4.24
 
for 

CPF-243, HSF-240 and CP-77-400, respectively. E value in percentage value was 

minimum (1.91%) obtained for CPF-243 and maximum (4.05%) was attained for CP-

77-400 for between observed and simulated total biomass. Model over estimated total 

dry matter as compare to observed total biomass in all spring sugarcane cultivars. 

Maximum simulated 120.25 and observed 118.50 t ha
-1

 cane yield was gained by 

cultivar CPF-243, for which E value was minimum 1.48%. While, minimum 

simulated 109.38 and observed 105.53 t ha
-1

 cane yield was gained by cultivar CP-77-

400, for which E value was maximum (3.64%). Model simulated more cane and sugar 

yield as compare to observed cane and sugar yield. There was a good agreement 

between observed and simulated sugar yield. Sugar yield simulated was 15.08, 13.98 

and 12.78 t ha
-1 

and observed was 14.81, 13.67 and 12.45 t ha
-1 

for CPF-243, HSF-240 

and CP-77-400, respectively, for which E value was 1.81, 2.28 and 2.63%. Model 

performance was well calibrated for all three spring sugarcane cultivars. Time course 

data of leaf area index and biomass was well calibrated for all spring sugarcane 

cultivars at sowing date 31 January.  

4.3.3 Model evaluation 

CSM-CANEGRO-Sugarcane model was evaluated with experimental data during 

2013-14 and 2014-15 for determine accuracy of the model simulations and 

performance of genetic coefficients. Various sowing dates’ treatments for three 

sugarcane varieties CPF-243, HSF-240 and CP-77-400 were used for model 

evaluation. The corresponding model simulation results are explained as under. 

4.3.3.1 Maximum leaf area index 

In both years, model performance was good for cultivar CPF-243 as compared to 

other cultivars. RMSE value was 0.18, 0.21 and 0.24 for CPF-243, HSF-240 and CP-

77-400 during 2013-14 (Table 4.3.3). Minimum E value was obtained for CPF-243 

and maximum was obtained for CP-77-400 during both years. MPD value was 4.05, 

4.99 and 5.79 for CPF-243, HSF-240 and CP-77-400, respectively during 2013-14.  
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Table 4.3.3: Comparison of simulated and observed maximum leaf area index 

Planting dates 
CPF-243 

 
HSF-240 

 
CP-77-400  Average 

 
a
Sim. 

b
Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2013-14 
            

31-January 4.56 4.45 2.47 4.48 4.34 3.23 4.39 4.24 3.54 4.48 4.34 3.07 

20-February 4.45 4.31 3.33 4.39 4.21 4.36 4.31 4.10 5.04 4.38 4.21 4.23 

11-March 4.38 4.17 4.95 4.31 4.07 5.81 4.22 3.96 6.48 4.30 4.07 5.73 

31-March 4.25 4.03 5.46 4.17 3.91 6.56 4.09 3.78 8.11 4.17 3.91 6.68 

c
RMSE 0.18  0.21  0.24  0.21  

d
MPD 4.05  4.99  5.79  4.93  

2014-15 
            

31-January 4.42 4.27 3.51 4.17 4.00 4.25 4.05 3.83 5.65 4.21 4.03 4.43 

20-February 4.35 4.15 4.74 4.09 3.87 5.78 3.94 3.72 6.01 4.13 3.91 5.48 

11-March 4.26 4.01 6.15 3.98 3.73 6.61 3.84 3.60 6.77 4.03 3.78 6.49 

31-March 4.12 3.85 6.92 3.85 3.57 7.74 3.68 3.39 8.45 3.88 3.61 7.67 

RMSE 0.22  0.23  0.24  0.23  

MPD 5.33  6.09  6.72  6.02  
a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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Overall, E value for all cultivars was 3.07, 4.23, 5.73 and 6.68% for sowing dates 31-

January, 20-February, 11-March and 31-March, respectively. On average, simulated 

maximum leaf area index was 4.48, 4.38, 4.30 and 4.17 for sowing dates 31-January, 

20-February, 11-March and 31-March, respectively for all cultivars during 2013-14. 

During 2014-15, maximum E was obtained for CP-77-400, which was 5.65, 6.01, 

6.77 and 8.45% for sowing dates 31-January, 20-February, 11-March and 31-March, 

respectively. RMSE value was 0.22, 0.23 and 0.24 for CPF-243, HSF-240 and CP-77-

400, respectively during 2014-15. MPD value was maximum 6.72 and minimum 5.33 

for CPF-243 and CP-77-400, respectively during 2014-15. On average, simulated 

maximum leaf area index was 4.21, 4.13, 4.03 and 3.88 and observed was 4.03, 3.91, 

3.78 and 3.61 for sowing dates 31-January, 20-February, 11-March and 31-March, 

respectively during 2014-15. RMSE and MPD value for cultivar HSF-240 was 0.21 

and 4.99 during 2013-14 and 0.23 and 6.09 during 2014-15. E value was 3.51, 4.74, 

6.15 and 6.92% for cultivar CPF-243 during 2014-15. Overall, model performance 

was good for first year as compare to second year.  

4.3.3.2 Total dry matter (t ha
-1

) 

Minimum E value was obtained for CPF-243 and maximum was obtained for CP-77-

400 during both years. MPD value was 3.28, 4.10 and 5.11 for CPF-243, HSF-240 

and CP-77-400, respectively during 2013-14. Overall, E value for all cultivars was 

2.86, 4.23, 4.62 and 5.22% for sowing dates 31-January, 20-February, 11-March and 

31-March, respectively (Table 4.3.4). In both years, model performance for simulated 

and observed total dry matter was good for cultivar CPF-243 as compared to other 

cultivars. RMSE value was 1.64, 1.81 and 1.90 t ha
-1 

for CPF-243, HSF-240 and CP-

77-400, respectively during 2013-14. On average, simulated total dry matter was 

49.73, 47.11, 44.17 and 41.51 t ha
-1

 for sowing dates 31-January, 20-February, 11-

March and 31-March, for all cultivars during 2013-14. During 2014-15, maximum E 

was obtained for CP-77-400, which was 5.49, 6.87, 7.61 and 8.15% for sowing dates 

31-January, 20-February, 11-March and 31-March, respectively. On average, 

simulated total dry matter was 48.49, 46.16, 43.13 and 40.68 t ha
-1 

and observed was 

46.77, 43.78, 40.64 and 37.99 t ha
-1 

for sowing dates 31-January, 20-February, 11-

March and 31-March, respectively during 2014-15. RMSE and MPD value for 

cultivar HSF-240 was 1.81 t ha
-1

 and 4.10 during 2013-14 and 2.30 t ha
-1 

and 5.35 

during 2014-15. E value was 2.75, 4.47, 5.10 and 6.49% for cultivar CPF-243 during  
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Table 4.3.4: Comparison of simulated and observed total dry matter (t ha
-1

) 

 

Planting dates 
CPF-243 

 
HSF-240 

 
CP-77-400  Average 

 
a
Sim. 

b
Obs. 

Error  

(%) 
Sim. Obs. 

Error  

(%) 
Sim. Obs. 

Error  

(%) 
Sim. Obs. 

Error  

(%) 

2013-14 
            

31-January 56.12 55.07 1.91 49.95 48.53 2.92 43.11 41.43 4.05 49.73 48.34 2.86 

20-February 52.43 50.87 3.07 47.38 45.80 3.45 41.52 39.73 4.50 47.11 45.47 3.61 

11-March 49.92 48.03 3.93 44.51 42.53 4.65 38.09 36.10 5.51 44.17 42.22 4.62 

31-March 47.21 45.30 4.22 42.12 39.97 5.39 35.21 33.10 6.37 41.51 39.46 5.22 

c
RMSE 1.64  1.81  1.90  1.78  

d
MPD 3.28  4.10  5.11  4.08  

2014-15 
            

31-January 54.73 53.27 2.75 48.92 47.40 3.21 41.81 39.63 5.49 48.49 46.77 3.68 

20-February 51.26 49.07 4.47 46.67 44.33 5.27 40.54 37.93 6.87 46.16 43.78 5.43 

11-March 48.59 46.23 5.10 43.89 41.40 6.01 36.91 34.30 7.61 43.13 40.64 6.12 

31-March 46.68 43.83 6.49 41.52 38.83 6.92 33.85 31.30 8.15 40.68 37.99 7.09 

RMSE 2.27  2.30  2.49  2.35  

MPD 4.70  5.35  7.03  5.58  
a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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2014-15. Overall, model performance was good for first year as compare to second 

year. RMSE value was 2.27, 2.30 and 2.49 t ha
-1 

for CPF-243, HSF-240 and CP-77-

400, respectively during 2014-15. MPD value was maximum 7.03 and minimum 4.70 

for CP-77-400 and CPF-243, respectively during 2014-15.  

4.3.3.3 Cane yield (t ha
-1

) 

Table 4.3.5 showed that overall, model performance was good for first year as 

compare to second year. Root mean square error (RMSE) value was 3.19, 4.04 and 

4.96 t ha
-1 

for CPF-243, HSF-240 and CP-77-400, respectively during 2013-14. In 

both years, model performance was good for cultivar CPF-243 as compared to other 

cultivars for comparison simulated and observed cane yield. Minimum E value was 

obtained for CPF-243 and maximum was obtained for CP-77-400 during both years. 

Mean percentage difference (MPD) value was 2.71, 3.64 and 4.84 for CPF-243, HSF-

240 and CP-77-400, respectively during 2013-14. Overall, E value for all cultivars 

was 2.51, 3.30, 4.22 and 4.73% for sowing dates 31-January, 20-February, 11-March 

and 31-March, respectively. On average, simulated cane yield was 115.15, 113.64, 

111.38 and 109.04 t ha
-1

 for sowing dates 31-January, 20-February, 11-March and 31-

March, respectively for all cultivars during 2013-14. During 2014-15, maximum E 

was obtained for CP-77-400, which was 4.21, 4.88, 5.13 and 8.36% for sowing dates 

31-January, 20-February, 11-March and 31-March, respectively. RMSE value was 

4.23, 4.43 and 5.73 t ha
-1 

for CPF-243, HSF-240 and CP-77-400, respectively during 

2014-15. MPD value was maximum 5.64 and minimum 3.62 for CP-77-400and CPF-

243, respectively during 2014-15. RMSE and MPD value for cultivar HSF-240 was 

4.04 t ha
-1 

and 3.64 during 2013-14 and 4.43 t ha
-1 

and 4.13 during 2014-15. E value 

was 1.57, 3.46, 4.45 and 4.99% for cultivar CPF-243 during 2014-15. On average, 

simulated cane yield was 113.53, 111.83, 109.06 and 107.67 t ha
-1 

and observed was 

110.38, 107.50, 104.14 and 101.49 t ha
-1 

for sowing dates 31-January, 20-February, 

11-March and 31-March, respectively during 2014-15.  

4.3.3.4 Sugar yield (t ha
-1

) 

MPD value was 2.30, 3.29 and 3.82 for CPF-243, HSF-240 and CP-77-400, 

respectively during 2013-14. Overall, E value for all cultivars was 2.21, 2.73, 3.42 

and 4.00% for sowing dates 31-January, 20-February, 11-March and 31-March, 

respectively (Table 4.3.6). On average, simulated sugar yield was 13.95, 13.73,  
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Table 4.3.5: Comparison of simulated and observed cane yield (t ha
-1

) 

Planting dates 

CPF-243 
 

HSF-240 
 

CP-77-400  Average 
 

a
Sim. 

b
Obs. 

Error  

(%) 
Sim. Obs. 

Error  

(%) 
Sim. Obs. 

Error  

(%) 
Sim. Obs. 

Error  

(%) 

2013-14 
            

31-January 120.25 118.50 1.48 115.82 112.97 2.53 109.38 105.53 3.64 115.15 112.33 2.51 

20-February 118.59 115.63 2.56 113.37 110.23 2.85 108.96 104.17 4.60 113.64 110.01 3.30 

11-March 116.75 113.13 3.20 111.84 106.97 4.56 105.56 100.53 5.00 111.38 106.88 4.22 

31-March 114.38 110.40 3.61 109.25 104.40 4.65 103.49 97.53 6.11 109.04 104.11 4.73 

c
RMSE 3.19  4.04  4.96  4.05  

d
MPD 2.71  3.64  4.84  3.69  

2014-15 
            

31-January 119.28 117.43 1.57 113.82 110.57 2.94 107.48 103.13 4.21 113.53 110.38 2.85 

20-February 116.81 112.90 3.46 111.96 107.83 3.83 106.73 101.77 4.88 111.83 107.50 4.03 

11-March 114.62 109.73 4.45 109.38 104.57 4.60 103.17 98.13 5.13 109.06 104.14 4.72 

31-March 113.39 108.00 4.99 107.25 102.00 5.15 102.36 94.47 8.36 107.67 101.49 6.09 

RMSE 4.23  4.43  5.73  4.77  

MPD 3.62  4.13  5.64  4.42  
a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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13.43 and 13.15 t ha
-1

 and observed was 13.64, 13.36, 12.98 and 12.65 t ha
-1

 for 

sowing dates 31-January, 20-February, 11-March and 31-March, respectively for all 

cultivars during 2013-14. In both years, model performance was good for cultivar 

CPF-243 as compared to other cultivars. RMSE value was 0.33, 0.44 and 0.47 t ha
-1 

for CPF-243, HSF-240 and CP-77-400, respectively during 2013-14. Minimum E 

value was obtained for CPF-243 and maximum was obtained for CP-77-400 during 

both years. During 2014-15, maximum E was obtained for CP-77-400, which was 

3.04, 3.18, 4.84 and 6.93% for sowing dates 31-January, 20-February, 11-March and 

31-March, respectively. RMSE value was 0.46, 0.51 and 0.55 t ha
-1 

for CPF-243, 

HSF-240 and CP-77-400, respectively during 2014-15. MPD value was maximum 

4.50 and minimum 3.22 for CP-77-400 and CPF-243, respectively during 2014-15. 

RMSE and MPD value for cultivar HSF-240 was 0.44 t ha
-1 

and 3.29 during 2013-14 

and 0.51 t ha
-1 

and 3.89 during 2014-15. E value was 2.12, 3.24, 3.74 and 3.78% for 

cultivar CPF-243 during 2014-15. Overall, model performance was good for first year 

as compare to second year. On average, simulated sugar yield was 13.76, 13.49, 13.19 

and 12.96 t ha
-1

 and observed was 13.41, 13.06, 12.65 and 12.33 t ha
-1

 for sowing 

dates 31-January, 20-February, 11-March and 31-March, respectively during 2014-15. 
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Table 4.3.6: Comparison of simulated and observed sugar yield (t ha
-1

) 

Planting dates 
CPF-243 

 
HSF-240 

 
CP-77-400  Average 

 
a
Sim. 

b
Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2013-14 
            

31-January 15.08 14.81 1.81 13.98 13.67 2.28 12.78 12.45 2.63 13.95 13.64 2.21 

20-February 14.75 14.45 2.05 13.76 13.34 3.16 12.67 12.29 3.08 13.73 13.36 2.73 

11-March 14.48 14.14 2.39 13.42 12.94 3.69 12.38 11.86 4.36 13.43 12.98 3.42 

31-March 14.21 13.80 2.97 13.14 12.63 4.02 12.11 11.51 5.22 13.15 12.65 4.00 

c
RMSE 0.33  0.44  0.47  0.41  

d
MPD 2.30  3.29  3.82  3.09  

2014-15 
            

31-January 14.99 14.68 2.12 13.74 13.38 2.70 12.54 12.17 3.04 13.76 13.41 2.59 

20-February 14.57 14.11 3.24 13.52 13.05 3.62 12.39 12.01 3.18 13.49 13.06 3.35 

11-March 14.23 13.72 3.74 13.19 12.65 4.25 12.14 11.58 4.84 13.19 12.65 4.25 

31-March 14.01 13.50 3.78 12.96 12.34 5.01 11.92 11.15 6.93 12.96 12.33 5.14 

RMSE 0.46  0.51  0.55  0.50  

MPD 3.22  3.89  4.50  3.83  
a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference
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4.4 CROP GROWTH MODELING (AUTUMN SEASON) 

4.4.1 Cultivars Coefficients                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

The CSM-CANEGRO-Sugarcane model requires a set of seventeen eco-physiological 

genetic coefficients for simulate purpose of growth, phenology and cane yield of 

autumn sugarcane crop cultivars. Cultivars coefficients data was not available, so the 

genetic coefficients of three cultivars were estimated by trial and error manual method 

until a close match between observed and predicted growth, yield and phenology of 

sugarcane cultivars was gained (Table 4.4.1). The PARCEmax value was maximum 

9.98 g/MJ for cultivar SPF-245 and minimum was 9.85 g/MJ for cultivar CPF-246. 

APFMX value was 0.91, 0.87 and 0.83 for SPF-245, SPF-213 and CPF-246, 

respectively. The STKPFMAX value was maximum 0.69 obtained for SPF-245 and 

minimum was attained for CPF-246, which 0.64 t/t on a dry mass basis. Sucrose 

partitioning: Temperature at which partitioning of unstressed stalk mass increments to 

sucrose is 50% of the maximum value (TBFT) was same for all sugarcane cultivars. 

Genetic coefficient MXLFARNO value was obtained 425, 391 and 375 cm
2 

for SPF-

245, SPF-213 and CPF-246, respectively. Phyllocron interval 1 (for leaf numbers 

below Pswitch, 122 °C d was same for all autumn sugarcane cultivars. Phyllocron 

interval 2 base TTBASELFEX was minimum obtained for cultivar SPF-213, which 

was 175 °C d. Maximum tiller population was 29, 28.5 and 27.2 stalks/m2 for SPF-

245, SPF-213 and CPF-246, respectively. POPTT16 value was maximum 13.3 m
-2

 for 

cultivar SPF-245 and then it was minimum 11.9 m
-2 

for CPF-246. 340, 354 and 335 

°C d value was obtained for TTBASEEM (Phyllocron interval 1) for SPF-245, SPF-

213 and CPF-246, respectively. Thermal time (base TTBASEEM) from emergence to 

start of stalk growth was 1950, 1810 and 1790 °C d for SPF-245, SPF-213 and CPF-

246, respectively. While, Thermal time to peak tiller population, (TTBASEPOP) was 

720, 629, 685 °C days was gained for SPF-245, SPF-213 and CPF-246, respectively. 

4.4.2 Model Calibration 

Calibration of CSM-CANEGRO-Sugarcane model for autumn season was done with 

recorded results of planting date 1
st
 September for spring season growing season, 

which showed maximum yield for year 2013-14. The model performed good in 

simulation of growth (Figs. 4.4.1-2), sugar, cane yield and biomass during calibration 

process for sugarcane varieties (Table 4.4.2). Cultivar SPF-245 calibration was well                
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Table 4.4.1: Genetic coefficients of autumn sugarcane cultivars used in the CSM-CANEGRO-Sugarcane model 

Definitions of genetic coefficients of cultivar SPF-245 SPF-213 CPF-246 

Maximum (no stress) radiation conversion efficiency expressed as assimilate produced before respiration, per 

unit PAR. (g/MJ). (PARCEmax) 
9.98 9.92 9.85 

Maximum fraction of dry mass increments that can be allocated to aerial dry mass (t/t) (APFMX) 0.91 0.87 0.83 

Fraction of daily aerial dry mass increments partitioned to stalk at high temperatures in a mature crop (t/t on a dry 

mass basis) (STKPFMAX) 
0.69 0.65 0.64 

Sucrose partitioning: Temperature at which partitioning of unstressed stalk mass increments to sucrose is 50% of 

the maximum value (TBFT) 
25 25 25 

Thermal time to half canopy (°C d) (Tthalfo) 250 250 250 

Base temperature for canopy development (°C d) (Tbase) 16 16 16 

Maximum number of green leaves a healthy, adequately-watered plant will have after it is old enough to lose 

some leaves (LFMAX). 
13 12 12 

Max leaf area assigned to all leaves above leaf number MXLFARNO (cm
2
) 425 391 375 

Leaf number above which leaf area is limited to MXLFAREA 14 15 15 

Phyllocron interval 1 (for leaf numbers below Pswitch, °C d (base TTBASELFEX)) 122 122 122 

Phyllocron interval 2 (for leaf numbers above Pswitch, °C d (base TTBASELFEX)) (PI2) 180 175 176 

Leaf number at which the phyllocron changes. (PSWITCH) 15 16 16 

Maximum tiller population (stalks/m
2
) MAX_POP 29 28.5 27.2 

Stalk population at/after 1600 degree days (/m2) (POPTT16) 13.3 12.5 11.9 

Thermal time to emergence for a plant crop (degree C days, base TTBASEEM) (TTPLNTEM) 340 354 335 

Thermal time (baseTTBASEEM) from emergence to start of stalk growth (CHUPIBASE) 1950 1810 1790 

Thermal time to peak tiller population (°C days, TTBASEPOP) (TT_POPGROWTH) 720 629 685 
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Table 4.4.2: Summary of observed and simulated results during model 

calibration with data recorded from sowing date 1
st 

September in 2013-14 

Variable unit Cultivars Simulated Observed Error (%) 

  SPF-245 7.09 6.96 1.82 

Maximum LAI  SPF-213 6.23 6.09 2.35 

  CPF-246 5.46 5.30 2.95 

  SPF-245 68.27 67.40 1.29 

Total biomass t ha
-1

 SPF-213 62.01 60.53 2.44 

  CPF-246 54.56 53.10 2.75 

  SPF-245 155.07 153.50 1.02 

Cane yield t ha
-1

 SPF-213 150.38 147.30 2.09 

  CPF-246 143.48 139.20 3.07 

  SPF-245 19.85 19.62 1.19 

Sugar yield t ha
-1

 SPF-213 18.48 18.19 1.59 

  CPF-246 16.98 16.63 2.08 
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Figure 4.4.1: Effect of cultivars and planting dates on leaf area index and total dry 

matter of autumn sugarcane during 2013-2014 at Multan, Pakistan 
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 Figure 4.4.2: Effect of cultivars and planting dates on leaf area index and total dry 

matter of autumn sugarcane during 2014-2015 at Multan, Pakistan 
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as compare to other two cultivars SPF-213 and CPF-246. Calibration results indicated 

E (error %) value was 1.82, 2.35 and 2.95% between simulated and observed 

maximum leaf area index for SPF-245, SPF-213 and CPF-246, respectively. Model 

simulated more maximum leaf area index as compare to observed maximum leaf area 

index. Maximum leaf area index simulated was 7.09, 6.23 and 5.46 and observed was 

6.96, 6.09 and 5.30
 
for SPF-245, SPF-213 and CPF-246, respectively. E value in 

percentage value was minimum (1.29%) obtained for SPF-245 and maximum (2.75%) 

was attained for CPF-246 for between observed and simulated total biomass. Model 

over estimated total dry matter as compare to observed total biomass in all autumn 

sugarcane cultivars. Maximum simulated 155.07 and observed 153.50 t ha
-1

 cane 

yield was gained by cultivar SPF-245, for which E value was minimum 1.02%. 

While, minimum simulated 143.48 and observed 139.20 t ha
-1

 cane yield was gained 

by cultivar CPF-246, for which E value was maximum (3.07%). Model simulated 

more cane and sugar yield as compare to observed cane and sugar yield. There was a 

good agreement between observed and simulated sugar yield. Sugar yield simulated 

was 19.85, 18.48 and 16.98 t ha
-1 

and observed was 19.62, 18.19 and 16.63 t ha
-1 

for 

SPF-245, SPF-213 and CPF-246, respectively, for which E value was 1.19, 1.59 and 

2.08%. Model performance was well calibrated for all three autumn sugarcane 

cultivars. Time course data of leaf area index and biomass was well calibrated for all 

spring sugarcane cultivars at planting date 1
st
 September.  

4.4.3 Model Evaluation 

The CSM-CANEGRO-Sugarcane model was evaluated with experimental data during 

2013-14 and 2014-15 for determine accuracy of the model simulations and 

performance of genetic coefficients. Various planting dates’ treatments for three 

sugarcane varieties SPF-245, SPF-213 and CPF-246 were used for model evaluation. 

The corresponding model simulation results are explained as under. 

4.4.3.1 Maximum leaf area index 

Model performance was good for cultivar SPF-245 as compared to other cultivars. 

RMSE value was 0.17, 0.18 and 0.20 for SPF-245, SPF-213 and CPF-246, during 

2013-14 (Table 4.4.3). Minimum E value was obtained for SPF-245 and maximum 

was obtained for CPF-246 during both years. MPD value was 2.44, 3.03 and 3.99 for 

SPF-245, SPF-213 and CPF-246, respectively during 2013-14.  
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Table 4.4.3: Comparison of simulated and observed maximum leaf area index  

Planting dates 
SPF-245 

 
SPF-213 

 
CPF-246  Average 

 
a
Sim. 

b
Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2013-14 
            

01-September 7.09 6.96 1.82 6.23 6.09 2.35 5.46 5.30 2.95 6.26 6.12 2.32 

21-September 6.98 6.82 2.35 6.12 5.95 2.80 5.36 5.17 3.74 6.15 5.98 2.90 

11-October 6.86 6.69 2.59 6.02 5.82 3.44 5.24 5.03 4.24 6.04 5.84 3.35 

01-November 6.74 6.54 3.01 5.86 5.66 3.53 5.09 4.85 5.02 5.90 5.68 3.75 

c
RMSE 0.17  0.18  0.20  0.18  

d
MPD 2.44  3.03  3.99  3.08  

2014-15 
            

01-September 6.71 6.56 2.23 5.85 5.65 3.48 5.07 4.84 4.82 5.88 5.68 3.38 

21-September 6.58 6.42 2.49 5.73 5.52 3.80 4.94 4.70 5.11 5.75 5.55 3.67 

11-October 6.49 6.29 3.23 5.59 5.39 3.77 4.82 4.56 5.70 5.63 5.41 4.11 

01-November 6.35 6.14 3.36 5.48 5.23 4.85 4.64 4.38 5.94 5.49 5.25 4.57 

RMSE 0.18  0.22  0.25  0.22  

MPD 2.83  3.98  5.39  3.93  
a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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Overall, E value for all cultivars was 2.32, 2.90, 3.35 and 3.75% for planting dates 1-

September, 21-September, 11-October and 1-November, respectively. On average, 

simulated maximum leaf area index was 6.26, 6.15, 6.04 and 5.90 for planting dates 

1-September, 21-September, 11-October and 1-November, respectively for all 

cultivars during 2013-14. During 2014-15, maximum E was obtained for CPF-246, 

which was 4.82, 5.11, 5.70 and 5.94% for planting dates 1-September, 21-September, 

11-October and 1-November, respectively. RMSE value was 0.18, 0.22 and 0.25 for 

SPF-245, SPF-213 and CPF-246, respectively during 2014-15. The MPD value was 

maximum 5.39 and minimum 2.83 for SPF-245 and CPF-246, respectively during 

2014-15. On average, simulated maximum leaf area index was 5.88, 5.75, 5.63 and 

5.49 and observed was 5.68, 5.55, 5.41 and 5.25 for planting dates 1-September, 21-

September, 11-October and 1-November, respectively during 2014-15. The RMSE 

and MPD value for cultivar SPF-213 was 0.18 and 3.03 during 2013-14 and 0.22 and 

3.98 during 2014-15. The E value was 2.23, 2.49, 3.23 and 3.36% for cultivar SPF-

245 during 2014-15. Overall, model performance was good for first year. 

4.4.3.2 Total dry matter (t ha
-1

) 

Table 4.4.4 indicated that minimum E value was obtained for SPF-245 and maximum 

was obtained for CPF-246 during both years. MPD value was 2.71, 3.54 and 4.34 for 

SPF-245, SPF-213 and CPF-246, respectively during 2013-14. Overall, E value for all 

cultivars was 2.10, 2.76, 4.06 and 4.94% for planting dates 1-September, 21-

September, 11-October and 1-November, respectively. In both years, model 

performance for simulated and observed total dry matter was good for cultivar SPF-

245 as compared to other cultivars. The RMSE value was 1.75, 2.00 and 2.18 t ha
-1 

for 

SPF-245, SPF-213 and CPF-246, respectively during 2013-14.. On average, simulated 

total dry matter was 61.61, 59.05, 56.42, and 54 t ha
-1

 for planting dates 1-September, 

21-September, 11-October and 1-November, respectively for all cultivars during 

2013-14. During 2014-15, maximum E was obtained for CPF-246, which was 3.68, 

5.65, 6.98 and 8.16% for planting dates 1-September, 21-September, 11-October and 

1-November, respectively. On average, simulated total dry matter was 58.81, 56.72, 

54.11 and 51.67 t ha
-1 

and observed was 57.10, 54.11, 50.98 and 48.32 t ha
-1 

for 

planting dates 1-September, 21-September, 11-October and 1-November during 2014-

15. RMSE and MPD value for cultivar SPF-213 was 2 t ha
-1

 and 3.54 during 2013-14 

and 3.04 t ha
-1 

and 5.64 during 2014-15. E value was 2.17, 3.98, 4.96 and 5.52% for  
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Table 4.4.4: Comparison of simulated and observed total dry matter (t ha
-1

) 

Planting dates 
SPF-245 

 
SPF-213 

 
CPF-246  Average 

 
a
Sim. 

c
Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2013-14 
            

01-September 68.27 67.40 1.29 62.01 60.53 2.44 54.56 53.10 2.75 61.61 60.34 2.10 

21-September 64.48 63.20 2.03 59.63 57.80 3.17 53.04 51.40 3.19 59.05 57.47 2.76 

11-October 62.56 60.37 3.63 56.75 54.53 4.06 49.96 47.77 4.59 56.42 54.22 4.06 

01-November 59.87 57.63 3.88 54.31 51.97 4.51 47.82 44.77 6.82 54.00 51.46 4.94 

c
RMSE 1.75  2.00  2.18  1.96  

d
MPD 2.71  3.54  4.34  3.47  

2014-15 
            

01-September 65.32 63.93 2.17 59.65 57.73 3.32 51.46 49.63 3.68 58.81 57.10 2.99 

21-September 62.11 59.73 3.98 57.42 54.67 5.04 50.64 47.93 5.65 56.72 54.11 4.83 

11-October 59.72 56.90 4.96 55.23 51.73 6.76 47.39 44.30 6.98 54.11 50.98 6.15 

01-November 57.51 54.50 5.52 52.83 49.17 7.45 44.67 41.30 8.16 51.67 48.32 6.93 

RMSE 2.48  3.04  2.81  2.77  

MPD 4.16  5.64  6.12  5.23  

a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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cultivar of SPF-245 during 2014-15. Overall, model performance was good for first 

year as compare to second year. RMSE value was 2.48, 3.04 and 2.81 t ha
-1 

for SPF-

245, SPF-213 and CPF-246, respectively during 2014-15. MPD value was maximum 

6.12 and minimum 4.16 for CPF-246 and SPF-245, respectively during 2014-15.  

4.4.3.3 Cane yield (t ha
-1

) 

Overall, model performance was good for first year as compare to second year. Root 

mean square error (RMSE) value was 2.71, 3.50 and 4.79 t ha
-1 

for SPF-245, SPF-213 

and CPF-246, respectively during 2013-14 (Table 4.4.6). In both years, model 

performance was good for cultivar SPF-245 as compared to other cultivars for 

comparison simulated and observed cane yield. Minimum E value was obtained for 

SPF-245 and maximum was obtained for CPF-246 during both years. Mean 

percentage difference (MPD) value was 1.77, 2.44 and 3.51 for SPF-245, SPF-213 

and CPF-246, respectively during 2013-14. Overall, E value for all cultivars was 2.03, 

2.48, 2.54 and 3.12% for planting dates 1-September, 21-September, 11-October and 

1-November, respectively. On average, simulated cane yield was 149.64, 147.93, 

144.80 and 142.76 t ha
-1

 for planting dates 1-September, 21-September, 11-October 

and 1-November, respectively for all cultivars during 2013-14. During 2014-15, 

maximum E was obtained for CPF-246, which was 4.37, 4.49, 5.00 and 6.37% for 

planting dates 1-September, 21-September, 11-October and 1-November, 

respectively. RMSE value was 5.62, 5.82 and 6.54 t ha
-1 

for SPF-245, SPF-213 and 

CPF-246, respectively during 2014-15. MPD value was maximum 5.06 and minimum 

3.88 for CPF-246 and SPF-245, respectively during 2014-15. RMSE and MPD value 

for cultivar SPF-213 was 3.50 t ha
-1 

and 2.44 during 2013-14 and 5.82 t ha
-1 

and 4.25 

during 2014-15. E value was 2.87, 3.18, 4.50 and 4.97% for cultivar SPF-245 during 

2014-15. On average, simulated cane yield was 145.39, 142.80, 140.31 and 138.70 t 

ha
-1 

and observed was 140.38, 137.50, 134.14 and 131.49 t ha
-1 

for planting dates 1-

September, 21-September, 11-October and 1-November, respectively during 2014-15.  

4.4.3.4 Sugar yield (t ha
-1

) 

MPD value was 1.88, 2.55 and 3.06 for SPF-245, SPF-213 and CPF-246, respectively 

during 2013-14. Overall, E value for all cultivars was 1.59, 2.15, 2.71 and 3.40% for 

planting dates 1-September, 21-September, 11-October and 1-November, respectively 

(Table 4.4.6). On average, simulated sugar yield was 18.44, 18.24,
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Table 4.4.5: Comparison of simulated and observed cane yield (t ha
-1

) 

Planting dates 
SPF-245 

 
SPF-213 

 
CPF-246  Average 

 
a
Sim. 

b
Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2013-14 
            

01-September 155.07 153.50 1.02 150.38 147.30 2.09 143.48 139.20 3.07 149.64 146.67 2.03 

21-September 153.29 150.63 1.76 147.66 144.57 2.14 142.84 137.83 3.63 147.93 144.34 2.48 

11-October 151.25 148.13 2.10 144.79 141.30 2.47 138.37 134.20 3.11 144.80 141.21 2.54 

01-November 148.57 145.40 2.18 142.96 138.73 3.05 136.76 131.20 4.24 142.76 138.44 3.12 

c
RMSE 2.71  3.50  4.79  3.65  

d
MPD 1.77  2.44  3.51  2.54  

2014-15 
            

01-Sepember 152.35 148.10 2.87 145.57 140.57 3.56 138.25 132.47 4.37 145.39 140.38 3.57 

21-September 148.13 143.57 3.18 143.28 137.83 3.95 136.98 131.10 4.49 142.80 137.50 3.85 

11-October 146.72 140.40 4.50 140.38 134.57 4.32 133.84 127.47 5.00 140.31 134.14 4.60 

01-November 145.56 138.67 4.97 138.84 132.00 5.18 131.69 123.80 6.37 138.70 131.49 5.48 

RMSE 5.62  5.82  6.54  5.98  

MPD 3.88  4.25  5.06  4.38  
a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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17.95 and 17.71 t ha
-1

 and observed was 18.15, 17.86, 17.47 and 17.13 t ha
-1

 for   

planting dates 1-September, 21-September, 11-October and 1-November, respectively 

for all cultivars during 2013-14. In both years, model performance was good for 

cultivar SPF-245 as compared to other cultivars. RMSE value was 0.56, 0.66 and 0.62 

t ha
-1 

for SPF-245, SPF-213 and CPF-246, respectively during 2013-14. Minimum E 

value was obtained for SPF-245 and maximum was obtained for CPF-246 during both 

years. During 2014-15, maximum E was obtained for CPF-246, which was 3.10, 3.02, 

4.71 and 5.04% for planting dates 1-September, 21-September, 11-October and 1-

November, respectively. RMSE value was 0.56, 0.66 and 0.62 t ha
-1 

for SPF-245, 

SPF-213 and CPF-246, respectively during 2014-15. MPD value was maximum 3.97 

and minimum 3.03 for CPF-246 and SPF-245, respectively during 2014-15. RMSE 

and MPD value for cultivar SPF-213 was 0.46 t ha
-1 

and 2.55 during 2013-14 and 0.66 

t ha
-1 

and 3.92 during 2014-15. E value was 2.39, 2.68, 3.44 and 3.60% for cultivar 

SPF-245 during 2014-15. Overall, model performance was good for first year as 

compare to second year. On average, simulated sugar yield was 17.85, 17.55, 17.29 

and 16.98 t ha
-1

 and observed was 17.37, 17.01, 16.60 and 16.27 t ha
-1

 for planting 

dates 1-September, 21-September, 11-October and 1-November, respectively during 

2014-15. 
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Table 4.4.6: Comparison of simulated and observed sugar yield (t ha
-1

) 

Planting dates 
SPF-245 

 
SPF-213 

 
CPF-246  Average 

 
a
Sim. 

b
Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) Sim. Obs. Error (%) 

2013-14 
            

01-September 19.85 19.62 1.19 18.48 18.19 1.59 16.98 16.63 2.08 18.44 18.15 1.59 

21-September 19.53 19.25 1.45 18.29 17.85 2.44 16.91 16.47 2.66 18.24 17.86 2.15 

11-October 19.36 18.93 2.26 17.93 17.45 2.75 16.55 16.04 3.20 17.95 17.47 2.71 

01-November 19.07 18.58 2.63 17.72 17.13 3.42 16.35 15.68 4.28 17.71 17.13 3.40 

c
RMSE 0.37  0.46  0.51  0.45  

d
MPD 1.88  2.55  3.06  2.46  

2014-15 
            

01-September 19.38 18.93 2.39 17.85 17.36 2.82 16.32 15.83 3.10 17.85 17.37 2.75 

21-September 18.84 18.35 2.68 17.68 17.02 3.86 16.14 15.67 3.02 17.55 17.01 3.18 

11-October 18.56 17.94 3.44 17.36 16.62 4.46 15.95 15.23 4.71 17.29 16.60 4.17 

01-November 18.36 17.72 3.60 17.04 16.30 4.53 15.54 14.79 5.04 16.98 16.27 4.35 

RMSE 0.56  0.66  0.62  0.61  

MPD 3.03  3.92  3.97  3.61  
a
Simulated                                                                    

c
Root mean square error 

b
Observed                                                                     

d
Mean percentage difference 
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4.5 MODEL APPLICATION 

4.5.1 Impact of climate warming and crop management on sugarcane phenology 

CSM-CANEGRO-Sugarcane model was applied after calibration and evaluation 

during both spring and autumn seasons. Growth and development of crop is driven 

with the help of environmental conditions, particularly total thermal time 

requirements, crop agronomic management practices like shifting of cultivars and 

planting dates etc. Crop phenological stages and phases are directly impacted on 

economic yield, which are highly influenced by temperature and agronomic 

management practices like planting date and alteration in cultivars. Therefore, there is 

necessary to measure the relationship between agronomic management practices and 

climate change on crop phenology to determine the adaptation strategies of the 

agricultural systems to mitigate the climate change. Crop phonological stages and 

phases are affected by climatic conditions, mostly requirement of thermal time, and 

crop management practiced which include varieties characteristics and sowing dates 

etc. Crop phenology is most vital attribute which is involved in economic and 

biological yield assessment of crop and result in the adaptation to the environmental 

variations. Timing of optimal environmental conditions like temperature and 

precipitation is very essential for crop reproductive phases. It is very difficult to detect 

the response of crop phenology to warming trend of climate, because, sowing dates 

are changed constantly and new cultivars introduction occurred. Warming climate 

conditions caused the advancement of phonological stages and phases, which result in 

reduction of crop duration, ultimately decline time for dry matter accumulation and 

significantly affected the crop developmental rate. The purpose of this research was to 

examine the trends of sugarcane crop phenology development with the help of 

observed data from 10 stations in the Punjab, Pakistan during from 1980 to 2014. In 

this study, observed data of sugarcane phenology was correlated with temperature 

trend to investigate that how climate warming trend has influenced rice phenology 

which includes both stages and phases. CSM-CANEGRO-Sugarcane model was used 

to separate the consequences of warming trend, cultivars changes and crop 

management on sugarcane phenology. 
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4.6 CLIMATE CHANGE IMPACT ASSESSMENT 

4.6.1 Model Sensitivity Analysis 

CSM-CANEGRO-Sugarcane model was run by using base line weather data 1980 to 

2014. Figure 4.6.1 showed the model sensitivity analysis. Model sensitivity analysis 

was done at different levels of CO2 (350, ambient, 450, 500, 550, 600, 650 and 700 

ppm. It was determined that model was sensitive at each level of CO2. Spring and 

autumn cane yield was increased with increasing level of CO2. Model sensitivity 

analysis was also done at different levels of change in maximum and minimum 

temperature (-1, ambient, 1, 2, 3, 4, 5, 6 and 7 °C. It was showed that model was 

sensitive at each level of temperature. Spring and autumn cane yield was increased 

with decreasing level of maximum and minimum temperature as compare to ambient 

temperature; however cane yield during both spring and autumn season was decreased 

with increasing level of maximum and minimum temperature change as compare to 

ambient temperature. Model was more sensitive during autumn growing season as 

compare to spring growing season. Model sensitivity analysis was also done at 

different levels of change in rainfall ambient, -20, -40, -60, -80 and -100%. It was 

indicated that model was sensitive at each level of rainfall during both spring and 

autumn seasons. Spring and autumn cane yield was decreased with decreasing level of 

rainfall as compare to ambient rainfall. Model was more sensitive during autumn 

growing season as compare to spring growing season. 

4.6.2 Climate Change Impact Assessment 

Five GCMs (CCSM4, GFDL-ESM2M, HadGEM2-ES, MIROC5 and MPI-ESM-MR 

) at RCP 8.5 were used for assessment of climate change impact during both spring 

and autumn growing seasons for mid of century (2039 to 2069). Cane yield was 

maximum obtained at base line during both spring and autumn sugarcane growing 

season (Figure 4.6.2). Cane yield will be decease in future at all GCMs as compare to 

base line during both spring and autumn growing season. During spring season, 

110.92 t ha
-1

 cane yield was obtained at base line. Cane yield was decreased at each 

GCMs during spring, maximum cane yield was decreased at GCM of MPI-ESM-MR, 

at which cane yield was obtained 109.12 t ha
-1

 as compared to other GCMs during 

spring season. Cane yield was gained 109.38, 109.57, 109.91 and 110.02 t ha
-1

, 

respectively at GCMs MIROC5, CCSM4, GFDL-ESM2M and HadGEM2-ES during 
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spring season. Lowest cane yield was decreased at GCM of HadGEM2-ES, at which 

cane yield was obtained 110.02 t ha
-1

 as compared to other GCMs during spring 

season. During autumn growing season, 113.59 t ha
-1

 cane yield was obtained at base 

line. Cane yield was decreased at each GCMs during autumn growing season, 

maximum cane yield was decreased at GCM of CCSM4 at which cane yield was 

obtained 112.27 t ha
-1

 as compared to other GCMs during autumn season. Cane yield 

was gained 112.72, 112.98, 113.18 and 113.85 t ha
-1

, respectively at GCMs GFDL-

ESM2M, MPI-ESM-MR, HadGEM2-ES and MIROC5 during spring season. Lowest 

cane yield was decreased at GCM of MIROC5, at which cane yield was obtained 

113.85 t ha
-1

 as compared to other GCMs during spring season. Cane yield was 

decreased more in spring growing season as compared to autumn growing season in 

future scenarios.  

4.6.3 Adaptation Strategies 

Planting date is very important adaptation strategy to reduce the negative effects of 

climate warming in present and future scenario. Conventional optimum planting 

window recommended for sugarcane during spring season is from 15-February to end 

of March. Planting window starting from 1-February to 15 February will be optimum 

in future scenario during spring growing season (Figure 4.6.3). Simulated cane yield 

was minimum at 15-January and maximum cane yield was at 15-February and then 

again cane yield was decreased up till end of March for future scenario. Conventional 

optimum planting window recommended for sugarcane during autumn season is from 

15-September to 15-October. Planting window starting from 15-October to 1-

November will be optimum in future scenario during autumn growing season. 

Simulated cane yield was lowest at 15-September and highest cane yield was obtained 

at 15-October and then cane yield was decreased to 1-December for future scenario 

(Figure 4.6.3).  
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Figure 4.6.1: Carbon dioxide (a, b), temperature (c, d), and rainfall (e, f) sensitivities 

for spring (a, c, e), and autumn (b, d, f) sugarcane crops at Multan, Pakistan 
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Figure 4.6.2: Integrated climate impact assessment on spring (a), and autumn (b) 

sugarcane crops at Multan, Pakistan 

 

 

 

(a)

S
pr

in
g 

 c
an

e 
 y

ie
ld

  (
t 

 h
a-1

)

106

107

108

109

110

111

112

(b)

GCMs

Baseline

CCSM4

GFDL-ESM2M

HadGEM2-ES

MIROC5

MPI-E
SM-M

R

A
ut

um
n 

 c
an

e 
 y

ie
ld

  (
t 

 h
a-1

)

108

110

112

114

116

Baseline CCSM4 GFDL-ESM2M 

HadGEM2-ES MIROC5 MPI-ESM-MR 



149 

 

 

Figure 4.6.3: Adaptation strategy for spring (a), and autumn (b) sugarcane crops at 

Multan, Pakistan 
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DISCUSSION 

Maximum sugar and cane yield was gotten during first year of research trial as 

matched to the second year of research trial, because during stem elongation stages of 

sugarcane plant growth decent circulation of precipitation was observed (Bonnett et 

al., 2006). Additionally minimum and maximum temperature was more in second 

year and due to increased temperature growth and physiological stages was 

accelerated due to this formation of carbohydrate and sucrose was decreased which is 

the reason of decreased cane and sugar yield. High rainfall in autumn and low rainfall 

in spring highly influence the potential of cane yield (de Carvalho et al., 2015). 

In autumn season early sown crop produced highest yield because for growth and 

development to harvest it received maximum time for all this activity. Germination is 

very sensitive procedure. Below 12 °C, it exhibited poor and rough emergence 

(Bonnett 2013). It is the main reason of poor germination and crop stand in late sown 

crop because it faced soil temperature below 10 °C.  In early sowings, sugarcane 

received better solar radiation, temperature and ecological conditions, so better sugar 

cane yield was produced (Marin et al., 2013). Late sown sugarcane have short 

growing period due which photosynthates formation was limited and it also face 

chilling injury in winter which cause in less cane diameter, number of tillers and 

millable canes (Knox et al., 2010). 

Cultivar CPF-243 in spring season and cultivar SPF-245 in autumn season performed 

well as compared to other cultivars. These cultivars showed better response to 

meteorological variables like precipitation, solar radiation, soil moisture and air 

temperature. Cultivar CPF-243 and SPF-245 strongly resist to severe climatic 

conditions, that is the reason of high cane and sucrose yield and other cultivars 

produced low cane yield and sugar yield because these are more sensitive to climatic 

condition (Singels et al., 2014). In early and late season sugarcane physiological 

maturity of sugarcane cultivar are significantly variable. These differences in cultivars 

in leads to variation in sugar yield but variation between cultivars in term of sugar 

content decreases with the progress of harvesting season. Although early season 

cultivars produces highest yield levels even though this difference was also as 

expressive as in the early season and late season. Sugar cane cultivar CPF-245 in 

spring and cultivar SPF-245 in autumn reached highest level of sucrose. Different 

sugar cane cultivars show different response to environmental condition due to 
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different attributes in their physiology. In early sown cultivars net sucrose 

accumulation during stalk elongation, highest relative growth rates and early ripening 

take place as compared to late ones (Ahmad et al., 2016). Early sown sugarcane 

cultivars develop internode earlier and they have more coordinated tillering phases. 

Early-ripening sugarcane cultivars effectively used photosynthates, that’s way they 

are physiologically more efficient and faster vegetative growth take place then late 

ripening cultivars. Early sown cultivars have physiologically able to change earlier 

from a vegetative development phase to ripening than the late cultivars. Lower ratio 

of neutral invertases and acid are found in early-ripening sugarcane cultivars this will 

esteeming the ripening process. Sugarcane cultivars have minor response to invertase 

activity and sugar levels. Higher sucrose accumulation is the results of higher levels 

of neutral invertase activity which is produced in early sown cultivars (Monteiro and 

Sentelhas 2014). 

Sowing date in spring season 31 January gave maximum cane and sugar yield due to 

optimum mean temperature. Assimilates translocation and growth in spring and 

autumn seasons are affected greatly by High temperature. Late planting date in spring 

season increase respiration due to high temperature which damage photosynthesis and 

reduced sugar concentration in leaves. Stimulated respiration may be the reason of 

low sucrose concentration in sugarcane stem (Arain et al., 2011). In stalk high sucrose 

level possibly due to decent translocation rate in warm day time, instead of being 

reduced by high respiration this sucrose can be saved in stalk. Additional 

measurements will have to express how much the sugar transport systems in the 

storage cells and temperature dependence of respiration affect the final status of 

sucrose in the storage cells. Development of canopy is administered mainly by 

temperature. Temperature in terms of thermal-time described most of the variation in 

development of canopy due to crop start date (Hussain et al., 2007). 

In autumn season, sowing date of 1
st
 September gave maximum yield and yield 

components of sugarcane as compare to late sowing dates. Late sowing of sugarcane 

faces low temperature then optimum temperature of sugarcane. In late sowings less 

Solar radiation is intercepted. In late sowings radiation use efficiency and leaf area 

index is also decrease (Marchiori et al., 2014). In both seasons of sugarcane spring 

and autumn late sowings faces more weeds, pests and diseases attack. Number of 

tillers and millable canes are badly affected by late sowing dates in both seasons. 

Different cultivars have different canopy development it is also affected by various 
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sowing dates, planting density and row spacing. Knowledge of these factors can be 

helpful to some extinct in development of canopy. For example, cultivars which 

slowly develop their canopy can be more beneficial in growing summer rather in 

winter because radiation use efficiency is increase and this increase the yield (Junejo 

et al., 2010). 

In spring and autumn season sugarcane faces different environmental conditions with 

respect to various sowing dates. Environmental effects on yield of sugarcane may be 

due to climatic differences between locations, disease pressures, differing nutrient 

deficiencies. However, the most of the studies suggest that on sugarcane yields effects 

of location have focused on the genotype environment interaction (Babar et al., 2011). 

While several studies have reported significant sowing dates and genotype 

interactions and selection of sugarcane cultivar is recommended for different 

environment. In field condition, photosynthesis in crop plants is light limiting process. 

These limitation is the outcome of the light intensity, diurnal variation, self-shading 

and also of seasonal variations. Consequently, under non-saturating light situations 

photosynthesis for big amount (proportion) of foliage proceeds. In C4 plant species 

availability of low light limits the activity of photosynthetic. In C4 plant characterized 

by various biochemical and anatomical adoptions take place in mesophyll cell 

phosphoenol pyruvate carboxylase (PEPCase) is present which reduce the CO2. The 

four-C acid product is decarboxylated in the presence of ribulose-1,5-bisphosphate 

carboxylase/oxygenase(RubisCO), when transferred to the bundle sheath cells. Then 

it enters the Calvin–Benson cycle and is assimilated of carbohydrates take place. High 

CO2 with partial pressure to RubisCO was provided by this mechanism additionally 

ATP is provided by photochemical activity to regenerate PEP. That’s way we may 

consider that through stomatal aperture CO2 in regulated in C4 photosynthesis also due 

to PEPCase and RubisCO activity and regeneration of RuBP and PEP (Marchiori et 

al., 2010)  

Sugarcane cultivars response toward environmental condition is due to difference in 

their physiology. Cultivar which ripened earlier have higher net sucrose accumulation 

and relative growth during stack elongation as compared to late ripened cultivars 

(Ribeiro et al., 2013). Early cultivars develop complete internode early and have 

tillering phase more synchronized. Early ripened cultivars use photosynthates in more 

effective way then late ripened cultivars and it is the reason they are more 

physiologically efficient and in comparison to late ripening cultivars they complete 
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their vegetative growth faster (Medeiros et al., 2013). That’s way they would be 

physiologically able to transform from a vegetative development phase to ripening 

earlier than the late cultivars. Low ratio of neutral invertases and acid present in early-

ripening cultivars favor the ripening process. In relation to sugar levels and invertase 

activity distinct reactions of sugarcane cultivars have noted.  A higher level of neutral 

invertase activity was noted in early cultivar, that’s resulting in low reduction in sugar 

and higher sucrose accumulation than late cultivar (Gomathi et al., 2013). 

Genetic improvements in crops can provide resistance against temperatures and 

precipitation extremes this can prepare them to survive under cold and hot wave as 

well as under soil moisture stress and flooding conditions (Zhang et al., 2015). Effect 

of meteorological variables and extreme weather conditions on growth of crop and 

specific process like transpiration, respiration, photosynthesis etc. need further study 

by using simulation models and controlled chambers. By using available resources 

suitable modification should be made extreme limits should be decided. And also 

suitable crop rotation should also practice (Azevedo et al., 2011). Throughout the 

year, sugarcane faced different weather conditions at different growth stages so crop 

development and growth and yield of sugarcane are greatly influenced by weather. 

So, adequate weather advisories especially about extreme weather events should be 

provided to farmers so that they can make better adaptation and management 

decisions to expected weather thus reducing production risks.  

Sugar yield is influenced by two factors: concentrations of sucrose in stem and plant 

biomass. To obtain higher biomass and storage of higher concentration of sugar, huge 

amount of carbohydrate is required. To induce supreme sugar yield good amount of 

carbon is required for whole plant. In the leaves, production of carbohydrates takes 

place and from the leaves, it is translocated to stem. In photosynthesis, carbon is 

gained and in respiration, carbon is consumed (Hotta et al., 2010). And these are 

highly affected by temperature. In day time if optimum temperature is maintained and 

in night- time lower temperature is maintained than plant will gain more net carbon 

inversely, in daytime low temperature reduced the carbon gain. A huge change in 

daytime temperature decrease crop yield due to heat and water stress and harm caused 

by these hot days.  

Sugar cane crop sown late faced high temperature, this raise temperature caused lower 

biomass production, higher respiration, duration of seed production is decreased and 

due to high temperature, crop growth cycle is raced for its completion (Głowacka et 
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al., 2016). High temperature and humidity increased insect pest, weeds and fungal 

diseases attack. Increase in temperature in day increased photosynthesis and during 

night caused more respiration. Increased temperature resulted more saturation vapors 

and air pressure. Plant cells are injured by high temperature and enzyme activities and 

crop growth rates are altered by temperature difference (Yamori et al., 2014). 
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CHAPTER-V 

SUMMARY 

Field experiments were conducted to study the effect of different planting dates and 

cultivars on growth and yield of sugarcane during spring and autumn growing seasons 

by using Cropping System Model-CANEGRO-Sugarcane (DSSAT V 4.7). The 

proposed research was carried out during 2013-14 and 2014-15 at the Agronomic 

Research Area of the Bahauddin Zakariya University, Multan, (30° 15´ N, 71° 52´ E) 

Pakistan. One experiment was conducted in spring season and one experiment was 

carried out in autumn season. Field experiments were performed in RCBD 

(randomized complete block design) through split plot arrangements using three 

replications during both spring and autumn growing season. Net plot dimensions were 

16.27 m × 12.18 m. R x R and P x P distance was 120 and 22 cm, respectively. In 

spring season field experiment, cultivars (V1 = CPF-243, V2 = HSF-240 and V3 = CP-

77-400) were kept in main plot and planting dates (PD1 = 31-January, PD2 = 20-

February, PD3 = 11-March and PD4 = 31-March) were kept in sub plot. In autumn 

season field experiment, cultivars (V1 = SPF-245, V2 = SPF-213 and V3 = CPF-246) 

were kept in main plot and planting dates (PD1 = 1-September, PD2 = 21-September, 

PD3 = 11-October and PD4 = 1-November) were kept in sub plot. This study was 

carried out with following objectives: a) Effect of planting dates and cultivars on 

growth, phenology, sugar and cane yield of sugarcane during spring and autumn 

season b) To assess the performance of CSM-CANEGRO-Sugarcane model for 

simulation of growth, development and yield of sugarcane during spring and autumn 

season.  

Spring season experiment: When results of varieties were compared for first and 

second year, results showed that in first year, maximum millable canes were produced 

by the variety CPF-243 (111590 ha
-1

) followed by HSF-240 (109107) and in second 

year, maximum production was by the same variety (108460) followed by HSF-240 

(106155) and minimum number of millable canes in first year were produced by the 

variety CP-77-400 (106602) and minimum production was by the same variety in next 

year CP-77-400 (103731). First planting date (31-January) showed the maximum 

production (113011) followed by PD2 = 20 February (110689), production by the PD3 

= 11-March was lesser than the above planting dates and minimum production was by 

the last planting date = 31-March (104833). In second year, PD1 produced maximum 
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millable canes 110096 followed by PD2 = 107790 followed by PD3 104745 ha
-1

 and 

minimum number of millable canes were produced by the PD4 101825 ha
-1

. CPF-243 

produced highest cane yield on both years. In year 2013-14, cultivar CPF-243 

produced 114.42 t ha
-1

 and in year 2014-15, it produced 112.02 t ha
-1 

cane yield and 

their mean value for both year was 113.22 t ha
-1

. Lowest yield was produced by 

cultivar CP-77-400 which produced 101.94 and 99.37 t ha
-1

 in both years 2013-14 and 

2014-15, respectively and their mean value was 100.65 t ha 
-1 

for both years. planting 

date of 31-January proved the best, it produced 112.33 t ha
-1

 cane yield in year 2013-

14 and in year 2014-15, it produced 110.38 cane yield t ha
-1

, the mean value for both 

years was 111.35 t ha
-1 

which was highest among other planting dates. Planting date 

of 31-March produced the lowest cane yield on both years in year 2013-14, it 

produced 104.11 t ha
-1

 and in year 2014-15 it produced 101.49 t ha
-1

 cane yield and 

mean value for both year was 102.80 t ha
-1

. Highest sugar yield 14.30 t ha
-1 

was 

produced by CPF-243 in year 2013-14 and 14.02 t ha
-1

 in year 2014-15 and mean 

value for both year was 14.15 t ha
-1

. Highest sugar yield was produced by planting 

date of 31-January which produced 13.62 t ha
-1

 in year 2013-14 and 13.41 t ha
-1

 in 

year 2014-15 and averaged value of both years was 13.53 t ha
-1

. 

Autumn season experiment: Maximum millable canes were produced by the cultivar 

SPF-245 (125423 ha
-1

) followed by SPF-213 (122840 ha
-1

) and minimum number of 

millable canes in first year were produced by the variety CPF-246 (120235 ha
-1

). In 

second year (20145-15), maximum number of millable canes were produced by the 

cultivar SPF-245 (120005 ha
-1

) followed by the cultivar SPF-213 with the number of 

millable canes 117065 ha
-1

 and minimum number of millable canes were produced by 

the cultivar CPF-246 (115116 ha
-1

). first planting date PD1 (1-September) proved to 

be the best with the maximum production (126744 ha
-1

) followed by PD2 = 21-

September with the number of millable canes  124422 ha
-1

, production by the PD3 = 

11-October was lesser than the above two planting dates 121598 ha
-1 

and minimum 

production was by the last planting date PD4 = 1-November (118567 ha
-1

). autumn 

cultivar SPF-245 had highest cane yield 149.42 and 142.68 t ha
-1

 on both year 2013-

14 and 2014-15, respectively, their mean value was 146.11 t ha
-1

. Lowest cane yield 

was obtained by cultivars CPF-246 which had 135.61 t ha
-1

 for year 2013-14 and 

128.71 for year 2014-15 mean value of both year was 132.16 t ha
-1

. Planting date of 

1-September produced the highest cane yield among all planting dates produced 

146.67 t ha
-1

 cane yield for year 2013-14 and 140.38 t ha
-1

 for year 2014-15, their 
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mean value was 143.53 t ha
-1

. The lowest cane yield was obtained from planting date 

of 1-November which had 138.44 t ha
-1

 cane yield for year 2013-14 and 131.49 t ha
-1

 

for year 2014-15. SPF-245 produced highest sugar yield of 19.09 t ha
-1

 and 18.23 t ha
-

1
 for both year 2013-14 and 2014-15, respectively (Table 4.2.10), their mean value 

was 18.66 t ha
-1

. Planting date of 1
st
 September had the highest cane yield 18.14 t ha

-1
 

for year 2013-14 and 17.37 t ha
-1

 for year 2014-15, their mean value was 17.76 t ha
-1

. 

Lowest amount of cane yield was produced by planting date of 1-November, which 

produced 17.13 t ha
-1

 for year 2013-14 and 16.27 t ha
-1

 for year 2014-15 and averaged 

value of both years was 16.70 t ha
-1

. 

Model calibration and evaluation during spring season experiment 

Calibration of CSM-CANEGRO-Sugarcane model was done with recorded results of 

sowing date 31-January for spring season growing season, which showed maximum 

yield for 2013-14. Model simulated more cane and sugar yield as compare to 

observed cane and sugar yield. There was a good agreement between observed and 

simulated sugar yield. Sugar yield simulated was 15.08, 13.98 and 12.78 t ha
-1 

and 

observed was 14.81, 13.67 and 12.45 t ha
-1 

for CPF-243, HSF-240 and CP-77-400, 

respectively, for which E value was 1.81, 2.28 and 2.63%. Model performance was 

well calibrated for all three spring sugarcane cultivars. Time course data of leaf area 

index and biomass was well calibrated for all spring sugarcane cultivars at sowing 

date 31 January. CSM-CANEGRO-Sugarcane model was evaluated with 

experimental data during 2013-14 and 2014-15 for determine accuracy of the model 

simulations and performance of genetic coefficients. Model performance for 

simulated and observed total dry matter was good for cultivar CPF-243 as compared 

to other cultivars. RMSE value was 1.64, 1.81 and 1.90 t ha
-1 

for CPF-243, HSF-240 

and CP-77-400, respectively during 2013-14. On average, simulated total dry matter 

was 49.73, 47.11, 44.17 and 41.51 t ha
-1

 for sowing dates 31-January, 20-February, 

11-March and 31-March, for all cultivars during 2013-14. Model performance was 

good for first year as compare to second year for cane yield, root mean square error 

(RMSE) value was 3.19, 4.04 and 4.96 t ha
-1 

for CPF-243, HSF-240 and CP-77-400, 

respectively during 2013-14. In both years, model performance was good for cultivar 

CPF-243 as compared to other cultivars for comparison simulated and observed cane 

yield. Minimum E value was obtained for CPF-243 and maximum was obtained for 

CP-77-400 during both years. On average, simulated cane yield was 113.53, 111.83, 

109.06 and 107.67 t ha
-1 

and observed was 110.38, 107.50, 104.14 and 101.49 t ha
-1 
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for sowing dates 31-January, 20-February, 11-March and 31-March, respectively 

during 2014-15.  

Model calibration and evaluation during autumn season experiment 

Calibration of CSM-CANEGRO-Sugarcane model for autumn season was done with 

recorded results of planting date 1
st
 September for spring season growing season, 

which showed maximum yield for year 2013-14. Model simulated more cane and 

sugar yield as compare to observed cane and sugar yield. There was a good agreement 

between observed and simulated sugar yield. Sugar yield simulated was 19.85, 18.48 

and 16.98 t ha
-1 

and observed was 19.62, 18.19 and 16.63 t ha
-1 

for SPF-245, SPF-213 

and CPF-246, respectively, for which E value was 1.19, 1.59 and 2.08%. Model 

performance was well calibrated for all three autumn sugarcane cultivars. Time course 

data of leaf area index and biomass was well calibrated for all spring sugarcane 

cultivars at planting date 1
st
 September. CSM-CANEGRO-Sugarcane model was 

evaluated with experimental data during 2013-14 and 2014-15 for determine accuracy 

of the model simulations and performance of genetic coefficients. For total dry matter, 

MPD value was 2.71, 3.54 and 4.34 for SPF-245, SPF-213 and CPF-246, respectively 

during 2013-14. Overall, E value for all cultivars was 2.10, 2.76, 4.06 and 4.94% for 

planting dates 1-September, 21-September, 11-October and 1-November, 

respectively. In both years, model performance for simulated and observed total dry 

matter was good for cultivar SPF-245 as compared to other cultivars. In both years, 

model performance was good for cultivar SPF-245 as compared to other cultivars for 

comparison simulated and observed cane yield. Overall cane yield, E value for all 

cultivars was 2.03, 2.48, 2.54 and 3.12% for planting dates 1-September, 21-

September, 11-October and 1-November, respectively. On average, simulated cane 

yield was 145.39, 142.80, 140.31 and 138.70 t ha
-1 

and observed was 140.38, 137.50, 

134.14 and 131.49 t ha
-1 

for planting dates 1-September, 21-September, 11-October 

and 1-November, respectively during 2014-15. For suagar yield, Overall, E value for 

all cultivars was 1.59, 2.15, 2.71 and 3.40% for planting dates 1-September, 21-

September, 11-October and 1-November, respectively. In both years, model 

performance was good for cultivar SPF-245 as compared to other cultivars. RMSE 

value was 0.56, 0.66 and 0.62 t ha
-1 

for SPF-245, SPF-213 and CPF-246, respectively 

during 2013-14. Minimum E value was obtained for SPF-245 and maximum was 

obtained for CPF-246 during both years. Overall, model performance was good for 
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first year as compare to second year. On an average, simulated sugar yield was 18.44, 

18.24, 17.95 and 17.71 t ha
-1

 and observed was 18.15, 17.86, 17.47 and 17.13 t ha
-1

 

for planting dates 1-September, 21-September, 11-October and 1-November, 

respectively for all cultivars during 2013-14. During 2014-15, on an average, 

simulated sugar yield was 17.85, 17.55, 17.29 and 16.98 t ha
-1

 and observed was 

17.37, 17.01, 16.60 and 16.27 t ha
-1

 for planting dates 1-September, 21-September, 

11-October and 1-November, respectively. 

Climate change assessment and adaptation strategies 

Five GCMs (CCSM4, GFDL-ESM2M, HadGEM2-ES, MIROC5 and MPI-ESM-MR 

) at RCP 8.5 were used for assessment of climate change impact during both spring 

and autumn growing seasons for mid of century (2039 to 2069). Cane yield will be 

decease in future at all GCMs as compare to base line during both spring and autumn 

growing season. During spring season, 110.92 t ha
-1

 cane yield was obtained at base 

line. Cane yield was decreased at each GCMs during spring, maximum cane yield was 

decreased at GCM of MPI-ESM-MR, at which cane yield was obtained 109.12 t ha
-1

 

as compared to other GCMs during spring season. During autumn growing season, 

113.59 t ha
-1

 cane yield was obtained at base line. Cane yield was decreased at each 

GCMs during autumn growing season, maximum cane yield was decreased at GCM 

of CCSM4 at which cane yield was obtained 112.27 t ha
-1

 as compared to other 

GCMs during autumn season. Adaptation strategies are 15 days earlier planting date 

during spring season, 15 days delay planting window during autumn season. 15% 

increase nitrogen fertilizer during both growing seasons in future scenario. Planting 

window starting from 1-February to 15 February will be optimum in future scenario 

during spring growing season. Planting window starting from 15-October to 1-

November will be optimum in future scenario during autumn growing season.  

FUTURE RESEARCH 

1. Future studies on modeling growth and yield of other field crops under semi-

arid and humid conditions of Pakistan should be initiated. 

2. Future studies of possible impacts of climate change on other major field crops 

and adaptation strategies in Pakistan should contain a larger number of 

weather stations to better return the heterogeneity in sugarcane growing 

regions.



160 

 

 

LITERATURE CITED 

Abbas, G., Ahmad, S., Ahmad, A., Nasim, W., Fatima, Z., Hussain, S., Habib-

urRehman, M., Khan, M.A., Hasanuzzaman, M., Fahad, S., Boote, K.J., 

Hoogenboom, G., 2017. Quantification the impacts of climate change and crop 

management on phenology of maize-based cropping system in Punjab. 

Pakistan. Agric. For. Meteorol. 247, 42–55. 

Ahmad, S., Nadeem, M., Abbas, G., Fatima, Z., Khan, R. J. Z., Ahmed, M., & Khan, 

M. A. 2016. Quantification of the effects of climate warming and crop 

management on sugarcane phenology. Climate Research, 71(1), 47-61. 

Ahmas, S., Atique-ur-Rehman., Ejaz, M., Fatima, Z., Kan, M and Ahmed, M. 2018. 

Agricultural Land-Use Change of Major Field Crops in Pakistan (1961-2014). 

Science, Technology and Development 37 (3): 113-121. 

Amolo, R. A., Abayo, G. O., Muturi, S. M., Rono, J. K., Nzioki, H. S., & Ochola, P. 

N. 2006. The influence of planting and harvesting time on sugarcane 

productivity in Kenya. Kenya Sugar Research Foundation (KESREF), 21. 

Ansari, A.K. 2002. Proceedings of Consultative Workshop on Indus Delta Eco-

Region (IDER). Dec. 16-19, 2002, 39-46. 

Arain, M. Y., Memon, K., Akhtar, M. S., & Memon, M. 2017. Soil and plant nutrient 

status and spatial variability for sugarcane in lower sindh (Pakistan). Pak. J. 

Bot, 49(2), 531-540. 

Arain, M. Y., Panhwar, R. N., Gujar, N., Chohan, M., Rajput, M. A., Soomro, A. F., 

& Junejo, S. 2011. Evaluation of new candidate sugarcane varieties for some 

qualitative and quantitative traits under Thatta agro-climatic conditions. J. 

Anim. Plant Sci, 21(2), 226-230. 

Arain, M. Y., Panhwar, R. N., Gujar, N., Chohan, M., Rajput, M. A., Soomro, A. F., 

& Junejo, S. 2011. Evaluation of new candidate sugarcane varieties for some 

qualitative and quantitative traits under Thatta agro-climatic conditions. J. 

Anim. Plant Sci, 21(2), 226-230. 

Ashworth, J., D. Keyes, R. Kirk and R. Lessard. 2001. Standard procedure in the 

hydrometer method for particle size analysis. Communications in Soil Science 

and Plant Analysis, 32(5-6): 633-642. 

Azevedo, R. A., Carvalho, R. F., Cia, M. C., & Gratão, P. L. 2011. Sugarcane under 

pressure: an overview of biochemical and physiological studies of abiotic 

stress. Tropical Plant Biology, 4(1), 42-51. 



161 

 

Babar, L. K., Iftikhar, T., Khan, H. N., & Hameed, M. A. 2011. Agronomic trials on 

sugarcane crop under Faisalabad conditions, Pakistan. Pak. J. Bot, 43(2), 929-

935. 

Bezuidenhout, C. N., R. E. Schulze. 2006. Application of seasonal climate outlooks to 

forecast sugarcane production in South Africa. Climate Research 30: 239–246. 

Bonnett, G. D. 2013. Developmental stages (phenology). Sugarcane: Physiology, 

Biochemistry, and Functional Biology, 35-53. 

Bonnett, G. D., Hewitt, M. L., & Glassop, D. 2006. Effects of high temperature on the 

growth and composition of sugarcane internodes. Australian Journal of 

Agricultural Research, 57(10), 1087-1095. 

Cerri1, c. E. P., g. Sparovek, m. Bernoux, w. E. Easterling, j. M. Melillo and c. C. 

Cerri. 2007. Tropical agriculture and global warming: impacts and mitigation 

options. Sci. Agric. (piracicaba, braz.), 64(1): 83-99. 

Chandiposha, M. 2013. Potential impact of climate change in sugarcane and 

mitigation strategies in Zimbabwe. African Journal of Agricultural research 

8(23): 2814-2818. 

Ching-Cheng Changa. 2002. The potential impact of climate change on Taiwan’s 

agriculture. Agricultural Economics, 27: 51-64. 

De Carvalho, A. L., De Souza, J. L., Almeida, A. C. D. S., Lyra, G. B., Lyra, G. B., 

Teodoro, I., ... & Santos, L. R. 2018. Sugarcane productivity simulation under 

different planting times by DSSAT/CANEGRO model in Alagoas, Brazil. 

Emirates Journal of Food and Agriculture. 

de Carvalho, A. L., Menezes, R. S. C., Nobrega, R. S., de Siqueira Pinto, A., Ometto, 

J. P. H. B., von Randow, C., & Giarolla, A. 2015. Impact of climate changes 

on potential sugarcane yield in Pernambuco, northeastern region of Brazil. 

Renewable Energy, 78, 26-34. 

de Carvalho, A. L., Menezes, R. S. C., Nóbrega, R. S., de Siqueira Pinto, A., Ometto, 

J. P. H. B., von Randow, C., & Giarolla, A. 2015. Impact of climate changes 

on potential sugarcane yield in Pernambuco, northeastern region of Brazil. 

Renewable Energy, 78, 26-34. 

Deng, A., Chen, C., Feng, J., Chen, J., & Zhang, W. 2017. Cropping system 

innovation for coping with climatic warming in China. The Crop Journal, 5(2), 

136-150. 



162 

 

Deressa, T., R. Hassan1 and D. Poonyth. 2005. Measuring the Impact of Climate 

Change on South African agriculture: The case of Sugarcane growing regions. 

Agrekon, 44(4): 524. 

Dias, M.O.S., Junqueira, T.L., Cavalett, O., Pavaanello, L.G., Cunha, M.P., Jesus, 

C.D.F. 2013. Biorefineries for the production of first and second generation 

ethanol and electricity from sugarcane. Appl. Energy 109, 72-78. 

Fotouhi, f., dezfouli, a., kashani, a., siadat, a., and nourmohammadi, g. 2002. the 

effect of planting pattern, planting date and nitrogen application on nitrogen 

efficiency in sugarcane. Journal of agricultural sciences, 8(2), 1-16. 

Garrison, D. D., Dufrene, E. O., & Legendre, B. L. 2000. Effect of planting date on 

yields of sugarcane varieties grown in Louisiana. Abstr. J. Amer. Soc. Sugar 

Cane Technol, 20, 115. 

Garrison, D. D., E. O. Dufrene, and B. L. Legendre. 2000. Effect of planting date on 

yields of sugarcane varieties grown in Louisiana. Proceedings of American 

Society of Sugar Cane Technologists. 20: 115. 

Garry J. O'Leary. 2000. A review of three sugarcane simulation models with respect 

to their prediction of sucrose yield. Field Crops Research, 68: 97-111. 

Gawander, J. 2007. Impact of climate change on sugarcane production in Fiji. WMO 

Bulletin, 56: 34-39. 

Głowacka, K., Ahmed, A., Sharma, S., Abbott, T., Comstock, J. C., Long, S. P., & 

Sacks, E. J. 2016. Can chilling tolerance of C4 photosynthesis in Miscanthus 

be transferred to sugarcane?. Gcb Bioenergy, 8(2), 407-418. 

Gomathi, R., Rao, P. N. G., Rakkiyappan, P., Sundara, B. P., & Shiyamala, S. 2013. 

Physiological studies on ratoonability of sugarcane varieties under tropical 

Indian condition. American Journal of Plant Sciences, 4(02), 274. 

GOP (Government of Pakistan). 2017. Economic survey of Pakistan, 2017-18. 

Economic Advisory Wing, Finance Division, Govt. of Pakistan, Islamabad. 

Gouvêa, J. R. F., Sentelhas, P. C., Gazzola, S. T., & Santos, M. C. 2009. Climate 

changes and technological advances: impacts on sugarcane productivity in 

tropical southern Brazil. Scientia Agricola, 66(5), 593-605. 

Gouvêa1, j. R. F., p. C. Sentelhas, s. T. Gazzola, m. C. Santos. 2009. Climate changes 

and technological advances: impacts on sugarcane productivity in tropical 

southern brazil sci. Agric. (piracicaba, braz.), 66(5): 593-605. 



163 

 

Gulati, J. M. L., & Nayak, B. C. 2002. Growth, cane yield and water-use efficiency of 

sugarcane as influenced by irrigation and planting dates. Indian Journal of 

Agronomy, 47(1), 114-119. 

He, L., Asseng, S., Zhao, G., Wu, D., Yang, X., Zhuang, W., Jin, N., Yu, Q. 2015. 

Impacts of recent climate warming, cultivar changes, and crop management on 

winter wheat phenology across the Loess Plateau of China. Agric. For. 

Meteorol. 200, 135–143. 

Hoogenboom, G., C.H. Porter, V. Shelia, K.J. Boote, U. Singh, J.W. White, L.A. 

Hunt, R. Ogoshi, J.I. Lizaso, J. Koo, S. Asseng, A. Singels, L.P. Moreno, and 

J.W. Jones. 2017. Decision Support System for Agrotechnology Transfer 

(DSSAT) Version 4.7 (www.DSSAT.net). DSSAT Foundation, Gainesville, 

Florida, USA. 

Hotta, C. T., Lembke, C. G., Domingues, D. S., Ochoa, E. A., Cruz, G. M., Melotto-

Passarin, D. M., and Crivellari, A. C. 2010. The biotechnology roadmap for 

sugarcane improvement. Tropical Plant Biology, 3(2), 75-87. 

Hoy, J. W., Arceneaux, A. E., & Savario, C. F. 2006. Effects of date and rate of billet 

planting on sugarcane yield. Journal of American Society of Sugarcane 

Technologists, 26, 116-24 

Huey-Lin Lee. 2009. The impact of climate change on global food supply and 

demand, food prices, and land use. Paddy Water Environment 7:321–331. 

Hunt R 1978. Plant Growth Analysis. The Institute of Biology. Studies in Biology. 

Edward Arnold (Pub.) Ltd., 96: 8-38. 

Hunt, R. 2012. Basic growth analysis: plant growth analysis for beginners. Springer 

Science and Business Media. 

Hussain, F., Sarwar, M. A., & Chattha, A. A. 2007. Screening of some sugarcane 

genotypes for gur quality. J. Anim. Pl. Sci, 17(3-4), 76-78. 

IPCC, 2007: Summary for policymakers. In: Climate Change 2007: Mitigation. 

Contribution of Working Group 111 to the fourth assessment Report of the 

intergovernmental Panel on Climate Change [B. Metz, O.R. Davisdon, P.R. 

Bosch, R. Dave, L.A Meyer (eds)], Cambridge University Press, Cambridge, 

United Kingdom and New York, NY, USA. 

Jamil, M., Afghan, S., Majid, M. A., & Rasool, A. 2007. Ratooning performance of 

different sugarcane varieties. Pakistan Sugar Journal (Pakistan). 



164 

 

Jamro, G. H., Kumbhar, A. M., Ullah, A., & Soomro, A. G. 2000. To study the 

performance of different sugarcane varieties under climatic conditions of 

upper Sindh. Sarhad Journal of Agriculture, 16(5), 515-519. 

Jones, J. W., G. Hoogenboom, C. H. Porter, K. J. Boote, W. D. Batchelor and L.A 

Hunt. 2003. The DSSAT cropping system model. European Journal of 

Agronomy, 18: 235-265. 

Jones, M. R., & Singels, A. 2018. Refining the Canegro model for improved 

simulation of climate change impacts on sugarcane. European Journal of 

Agronomy. 

Jones, M. R., & Singels, A. 2018. Refining the Canegro model for improved 

simulation of climate change impacts on sugarcane. European Journal of 

Agronomy. 

Jones, M. R., Singels, A., & Ruane, A. C. 2015. Simulated impacts of climate change 

on water use and yield of irrigated sugarcane in South Africa. Agricultural 

Systems, 139, 260-270. 

Jones, M. R., Singles A. and Ruane A. 2013. Simulated impacts of climate change on 

water use and yield of irrigated sugarcane in south africa. Proc South African 

Sugarcane Technoly Association, 86: 184 – 189. 

Junejo, S., Kaloi, G. M., Panhwar, R. N., Chohan, M., Junejo, A. A., & Soomro, A. F. 

2010. Performance of some newly developed sugarcane genotypes for some 

quantitative and qualitative traits under Thatta conditions. Journal of Animal 

& Plant Sciences, 20(1), 40-43. 

Junqueira, T. L., Chagas, M. F., Gouveia, V. L., Rezende, M. C., Watanabe, M. D., 

Jesus, C. D., ... & Bonomi, A. 2017. Techno-economic analysis and climate 

change impacts of sugarcane biorefineries considering different time horizons. 

Biotechnology for biofuels, 10(1), 50. 

Keating, B. A., M.J. Robertson, R.C. Muchow, N.I. Huth. 1999. Modelling sugarcane 

production systems development and performance of the sugarcane module. 

Field Crops Research, 61: 253-271. 

Knox, J. W., Díaz, J. R., Nixon, D. J., & Mkhwanazi, M. 2010. A preliminary 

assessment of climate change impacts on sugarcane in Swaziland. Agricultural 

Systems, 103(2), 63-72. 

Lepetz, V., M. Massot, D. S. Schmeller, J. Clobert. 2009. Biodiversity monitoring: 

some proposals to adequately study species’ responses to climate change. 

Biodivers Conservation, 18:3185–3203. 



165 

 

Lin, X. U. 2010. Effects of Different Sowing Date on Sugarcane Production [J]. 

Journal of Anhui Agricultural Sciences, 35, 037. 

Linnenluecke, M. K., Nucifora, N., & Thompson, N. 2018. Implications of climate 

change for the sugarcane industry. Wiley Interdisciplinary Reviews: Climate 

Change, 9(1), e498. 

Lisson, S. N., N.G. Inman-Bamber, M.J. Robertson, B.A. Keating. 2005. The 

historical and future contribution of crop physiology and modelling research to 

sugarcane production systems. Field Crops Research, 92: 321–335. 

Mali, S. C., P. K. Shrivastava and H. S. Thakare. 2014. Impact of weather changes on 

sugarcane production. Res. Environ. Life Sciences, 7(4) 243- 246. 

Marchiori, P. E., Machado, E. C., & Ribeiro, R. V. 2014. Photosynthetic limitations 

imposed by self-shading in field-grown sugarcane varieties. Field Crops 

Research, 155, 30-37. 

Marchiori, P. E., Ribeiro, R. V., da Silva, L., Machado, R. S., Machado, E. C., & 

Scarpari, M. S. 2010. Plant growth, canopy photosynthesis and light 

availability in three sugarcane varieties. Sugar Tech, 12(2), 160-166. 

Marin, F. R., J. W. Jones, A. Singels, F. Royce, E. D. Assad, G. Q. Pellegrino and F. 

Justino. 2013. Climate change impacts on sugarcane attainable yield in 

southern Brazil. Climatic Change, 117: 227–239. 

Marin, F. R., J. W. Jones, F. Royce, C. Suguitani, J. L. Donzeli, W. J. P. Filho, and D. 

S.P. Nassif. 2011. Parameterization and Evaluation of Predictions of 

DSSAT/CANEGRO for Brazilian Sugarcane. Agronomy journal, 103(2): 304-

311. 

Marin, F. R., Jones, J. W., Royce, F., Suguitani, C., Donzeli, J. L., Wander Filho, J. 

P., & Nassif, D. S. 2011. Parameterization and evaluation of predictions of 

DSSAT/CANEGRO for Brazilian sugarcane. Agronomy Journal, 103(2), 304-

315. 

Marin, F. R., Jones, J. W., Singels, A., Royce, F., Assad, E. D., Pellegrino, G. Q., & 

Justino, F. 2013. Climate change impacts on sugarcane attainable yield in 

southern Brazil. Climatic Change, 117(1-2), 227-239. 

Marin, F. R., R. V. Ribeiro, P. E. R. Marchiori. 2014. How can crop modeling and 

plant physiology help to understand the plant responses to climate change? A 

case study with sugarcane. Theor. Exp. Plant Physiol. 



166 

 

Mathieson, L.: 2007. Climate change and the Australian Sugar Industry: Impacts, 

adaptation and R & D opportunities. Sugar Research and Development 

Corporation. Australia  

McDonald, L.M., Lisson, S.N., 2001. The effect of planting and harvest time on 

sugarcane productivity. In: Proceedings of the 10th Australian Agronomy 

Conference, Hobart, 2001. www.regional.org.au/au/asa/2001/. 

Medeiros, D. B., Silva, E. C. D., Nogueira, R. J. M. C., Teixeira, M. M., & 

Buckeridge, M. S. 2013. Physiological limitations in two sugarcane varieties 

under water suppression and after recovering. Theoretical and Experimental 

Plant Physiology, 25(3), 213-222. 

Medeiros, D. Barbosa, Silva, E. Ciríaco da, Nogueira, R. J. Mansur Custódio, 

Teixeira, M. Menossi, Buckeridge, M. Silveira. 2013. Physiological 

limitations in two sugarcane varieties under water suppression and after 

recovering. Theoretical and Experimental Plant Physiology, 25(3): 213-222. 

Meki, M. N., J. R. Kiniry, A. H. Youkhana, S. E. Crow, R. M. Ogoshi, M. H. 

Nakahata, R. Tirado-Corbalá, R. G. Anderson, J. Osorio, and J. Jeong. 2015. 

Two-Year Growth Cycle Sugarcane Crop Parameter Attributes and their 

Application in Modeling. Agronomy Journal, 107(4). 

Mı´nguez I, Ruiz A, Estrada A. 2005 Impacts on the agrarian sector. A preliminary 

general assessment of the impacts in Spain due to the effects of climate 

change. Ministerio de Medio Ambiente, Spain. 

Mishra, S., Singh, G., & Singh, K. Sugarcane growth and yield simulation under 

varying planting dates in sub tropical India. Journal of Agrometeorology 19 : 

200-204. 

Monteiro, L. A., & Sentelhas, P. C. 2014. Potential and actual sugarcane yields in 

Southern Brazil as a function of climate conditions and crop management. 

Sugar Tech, 16(3), 264-276. 

Montenegro, S. and R. Ragab. 2012. Impact of possible climate and land use changes 

in the semi arid regions: A case study from North Eastern Brazil. Journal of 

Hydrology 434–435: 55–68. 

Nazir A, Jariko GA, JunejoMA (2013) Factors affecting sugarcane production in 

Pakistan. Pak J Commer Soc Sci 7: 128−140. 

Neumeister, L.: Crop protection: Anything can happen. PAN Asia and the Pacific. 

Penang, Malaysia (2010). 

http://www.regional.org.au/au/asa/2001/


167 

 

Pagani, V., Stella, T., Guarneri, T., Finotto, G., van den Berg, M., Marin, F. R.,  and 

Confalonieri, R. 2017. Forecasting sugarcane yields using agro-climatic 

indicators and Canegro model: A case study in the main production region in 

Brazil. Agricultural Systems, 154, 45-52. 

Qureshi, M. A, and S. Afghan. 2005. "Sugarcane cultivation in Pakistan." Sugar Book 

Pub. Pakistan Society of Sugar Technologist. 

Rasul, G., Mahmood, A., Sadiq, A., & Khan, S. I. 2012. Vulnerability of the Indus 

delta to climate change in Pakistan. Pakistan journal of meteorology, 8(16). 

Ribeiro, R. V., Machado, R. S., Machado, E. C., Machado, D. F. S. P., Magalhães 

Filho, J. R., & Landell, M. G. A. 2013. Revealing drought-resistance and 

productive patterns in sugarcane genotypes by evaluating both physiological 

responses and stalk yield. Experimental Agriculture, 49(2), 212-224. 

Ricardo, F. 2016. Forecasting sugarcane yields using agro-climatic indicators and 

Canegro model: A case study in the main production region in Brazil. 

Agricultural systems. 

Rodrı´guez Dı´az, J. A., E. K. Weatherhead, J. W. Knox, E. Camacho. 2007. Climate 

change impacts on irrigation water requirements in the Guadalquivir river 

basin in Spain. Reg Environ Change, 7:149–159. 

Ruan, H., Feng, P., Wang, B., Xing, H., O’Leary, G. J., Huang, Z., and Li Liu, D. 

2018. Future climate change projects positive impacts on sugarcane 

productivity in southern China. European Journal of Agronomy, 96, 108-119. 

Santillán-Fernández, A., Santoyo-Cortés, V.H., García-Chávez, L.R., Covarrubias-

Gutiérrez, I. 2014. Dinámica de la producción cañera en México: período 2000 

a 2011. AP AGRO productividad 7 (6), 23–29. 

Santillán-Fernández, A., V.H. Santoyo-Cortés, L.R. García-Chávez, I. Covarrubias 

Gutiérrez, A.Merino. 2016. Influence of drought and irrigation on sugarcane 

yields in different agroeco regions in Mexico. Agricultural Systems, 143: 126–

135. 

Scarpari, M.S., Gomes, F., 2004. Sugarcane maturity estimation though edaphic-

climatic parameters. Sci. Agric. 61 (5), 486–491. 

Singels, A. and Smith, M.T. 2006. Provision of irrigation scheduling advice to small –

scale sugarcane growers using a web based crop model and cellular 

technology: A South African case study. Irrigation and Drainage, 55: 363-372. 



168 

 

Singels, A., Jones, M., Marin, F., Ruane, A., & Thorburn, P. 2014. Predicting climate 

change impacts on sugarcane production at sites in Australia, Brazil and South 

Africa using the Canegro model. Sugar Tech, 16(4), 347-355.  

Singels, A., Jones, M., Marin, F., Ruane, A., & Thorburn, P. 2014. Predicting climate 

change impacts on sugarcane production at sites in Australia, Brazil and South 

Africa using the Canegro model. Sugar Tech, 16(4), 347-355. 

Singh, K., & Singh, S. M. R. Performance of sugarcane genotypes grown under 

varying weather conditions in south western Punjab. Journal of 

Agrometeorology 19 : 200-204. 

Smit, M. A. and A. Singels. 2006. The response of sugarcane canopy development to 

water stress. Field Crops Research 98: 91–97. 

Soomro, A. F., Junejo, Salahuddin., Ahmed, Ashfaq., & Aslam, Muhammad. 2006. 

Evaluation of different promising sugarcane varieties for some quantitative 

and qualitative attributes under Thatta (Pakistan) conditions. Int. J. Agric. & 

Biol, 8(2), 195-197. 

Surendran, U., M. Jayakumar, S. Marimuthu. 2016. Low cost drip irrigation: Impact 

on sugarcane yield, water and energy saving in semiarid tropical agro 

ecosystem in India. Science of the Total Environment 573: 1430–1440. 

Tandon, H.L.S. 2005. Methods of analysis of soils, plants, waters, fertilisers and 

organic manures.Fertiliser Development and Consultation Organisation. 

Tubiello, F., Schmidhuber, J., Howden, M., Neofotis, P. G., Park, S., Fernandes, E., & 

Thapa, D. 2008. Climate change response strategies for agriculture: challenges 

and opportunities for the 21st century. Agriculture and rural development 

discussion paper, 42. 

Viator, R. P. and E. P.Richard., Jr. 2012. Sugar and energy cane date of planting 

effects on cane, sucrose, and fiber yields. Biomass and Bioenergy, 40: 82-85. 

Viator, R. P., D. D. Garrison, E. O. Dufrene, T. L. Tew and E. P. Richard. 2005. 

Planting method and timing effects on sugarcane yield. Crop Management, 4 

doi:10.1094/CM-2005-0621-02-RS. 

Wallach, D. and B. Goffinet. 1989. Mean squared error of prediction as a criterion for 

evaluating and comparing system models. Ecological Modellig., 44: 200-306. 

White, P. M., Viator, R. P., & Richard, E. P. 2010. Sugarcane yield responses of four 

cultivars to three planting dates in Louisiana. Journal of the American Society 

of Sugar Cane Technologists, 30. 

http://www.sciencedirect.com/science/article/pii/S0961953412000748#!
http://www.sciencedirect.com/science/article/pii/S0961953412000748#!
http://www.sciencedirect.com/science/journal/09619534


169 

 

Willmott, C.J. 1982. Some comments on the evaluation of model performance. Bull. 

Am. Meteorol. Soc. 63:1309–1313. 

Yamori, W., Hikosaka, K., & Way, D. A. 2014. Temperature response of 

photosynthesis in C3, C4, and CAM plants: temperature acclimation and 

temperature adaptation. Photosynthesis research, 119(1-2), 101-117. 

Zanchetta, A., dos Santos, A. C. F., Ximenes, E., Nunes, C. D. C. C., Boscolo, M., 

Gomes, E., & Ladisch, M. R. 2018. Temperature dependent cellulase 

adsorption on lignin from sugarcane bagasse. Bioresource technology, 252, 

143-149. 

Zhang, B. Q., Yang, L. T., & Li, Y. R. 2015. Physiological and biochemical 

characteristics related to cold resistance in sugarcane. Sugar Tech, 17(1), 49-

58. 

Zhou, Z., & Li, T. 2010. Planting performance of new sugarcane varieties in Liuzhou, 

Guangxi from 2008 to 2009. Guangxi Agricultural Sciences, 41(6), 539-541. 

 

 

 

 

 

 

 

 


