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Fodder and grain yield of maize, millet and sorghum is constrained by environ-
mental conditions by early or delay sowing dates instead optimum sowing dates. For 
optimization of fodder and grain yield, sowing at the suitable time to fit the cultivar 
physiological maturity duration and crop growing season is very important. Crop 
growth models could be used to find out the appropriate sowing time for a region. 
The purpose of this study was to evaluation and application of CSM-CERES models 
of maize, millet and sorghum for its capability to simulate growth, development, 
fodder and grain yield at various sowing dates. Three sowing dates treatments were 
applied for each crop experiment for grain purpose maize (SD1=10 July, SD2=17 
July and SD3=2 August) Millet (SD1=20 July, SD2=4 August and SD3=10 August) 
and Sorghum (SD1=15 August, SD2=23 August and SD3=27 August) in year 2015. 
Same sowing dates were applied as a treatment for fodder purpose for each crop 
experiment. Evaluation with the experimental data showed that performance of the 
CSM-CERES models of maize, millet and sorghum were well as indicated by good 
accurate simulation of crop phenology, total dry matter accumulation and fodder and 
grain yield against field trials observed data. For fodder production, d-value for 
maize, millet and sorghum was 0.98, 0.99 and 0.90; respectively. While, 0.98, 0.99 
and 0.96 was the d-value for maize, millet and sorghum crops, respectively for grain 
yield. The RMSE value was 547.92, 272.11 and 299.73 for maize, millet and 
sorghum, respectively for fodder yield. 194.17, 122.62 and 143.64 was RMSE value 
for maize, millet and sorghum, respectively for grain yield. The simulation scenario 
showed that, mean maximum fodder and grain yield (at 50th percentile) were recorded 
for maize crop sown on 10 July, millet on 20 July and 4 August, respectively and 
sorghum on 23 August. Therefore, DSSAT model could be applied effectively as a 
decision making tool for sowing date management of C4 summer cereals to accomplish 
local demand of grain and fodder for human beings and animals, keeping in view, the 
climate change situations under irrigated arid environment. 
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INTRODUCTION 

 

Maize, millet and sorghum are important crops, which 

are grown for dual purpose as a grain and fodder crops 

in Pakistan. Total sowing area of maize, millet and 

sorghum for grain purpose is 1.130, 0.171 and 0.408 M 

hectares, respectively. Total production for grain 

purpose of maize, millet and sorghum is 4.695, 0.103 

and 0.258 M tones, respectively. Total sowing area of 

maize, millet and sorghum for fodder purpose is 0.09, 
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0.11 and 0.41 M hectares, respectively. Total 

production for fodder purpose of maize, millet and 

sorghum is 0.96, 0.76 and 6.31 M tones, respectively 

(GOP, 2015).  

Several earlier studies have confirmed that the 

assessment of the crop sowing time influence the crop 

biological and economic yield (Ahmad et al., 2015; 

Gueye et al., 2015; Bussmann et al., 2016; Waongo et 

al., 2015; Mahmood et al., 2016). Varying the sowing 

time can be consequence in advantages and 

disadvantages (Marteau et al., 2011; Wolf et al., 2015; 

Xingfen et al., 2015; Tovignan et al., 2016). An 

optimum sowing time can expand the growing period, 

which permit crop plants to take up additional solar 

radiation, generate more photosynthates, as well as 

build up more dry matter accumulation (Lindquist et al., 

2005; Rahman et al., 2004; Maton et al., 2007; Sun et 

al., 2007; Chunrong et al., 2013; Liu et al., 2013; 

Tsimba et al., 2013; Iizumi et al., 2014; Choi et al., 

2016). Consequently, the optimum sowing time enabled 

through the growth and development of the cultivars 

with superior tolerance of sub-optimal circumstances 

normally yields more productivity, predominantly in 

regions with higher variations in growing season (Zhou 

et al., 2005; Soler et al., 2007, 2008; Dahmardeh and 

Dahmardeh 2010; Akponikpe et al., 2011; Teetor et al., 

2011; Azrag and Dagash, 2015; Rezaei et al., 2014; 

Ibrahim et al., 2015; Ahmad et al., 2016a, b; Mubeen et 

al., 2016). Nevertheless, earlier or later sowing dates 

than optimal sowing time can increases the risks of 

reduction in agricultural resources use efficiency in arid 

and semi-arid regions and the risks of weeds, pests and 

diseases damage to crop plants. These harmful impacts 

can consequence in crop failure or noteworthy loss of 

biological and economic yield (Iken and Amusa, 2004; 

Berzsenyi and Lap, 2005; Aziz et al., 2007; Dera et al., 

2014). Consequently, consideration of optimization in 

the sowing time decision is of very important. For the 

reason that the shifting of sowing time is the lowest-

cost adaptation strategy to weather changes, it has 

previously been separately applied by agriculturists in 

numerous parts of the globe and it can be useful in the 

rest of the agricultural community with comparatively 

little attempt (Kucharik, 2008; El-Lattief, 2011; 

Erickson et al., 2011; Han et al., 2012a, b; Li et al., 

2013; Tao et al., 2014). Changes in favorable situation 

such as the commencement of rainy or the wet period 

and harsh seasonal weather circumstances such as cold 

and dry spell can alter the optimal sowing times. These 

variations can higher crop production (Wajid et al., 

2004; Laux et al., 2010; Tariq et al., 2011; Grassini et 

al., 2011; Han et al., 2012; Opsi et al., 2013; Florio et 

al., 2014). The remaining very important problem is 

that the climatic impact on the sowing time is extremely 

reliant on the regional geographical conditions, which 

prevents exact prediction of grain and fodder 

production of agricultural crops (Gesch and Archer, 

2005; Liu et al., 2013; Verma et al., 2013; Waha et al., 

2013; Gerardeaux et al., 2016). 

Crop growth models put together by integrating the 

interdisciplinary research based information’s obtained 

with the help of experimentations and technological 

novelty in various fields of biological, physical, and 

chemical science linking to production systems in 

Agriculture sector (Boote et al., 2010; Hoogenboom et 

al., 2015; Santos et al., 2016). Agricultural simulation 

models could be helpful tools in support of the 

assessment of alternative management choices for 

particular sites, counting sowing dates, fertilizers 

application levels, planting density and others (Folliard 

et al., 2004; Ma et al., 2006; Akponikpe et al., 2010; 

Waha et al., 2012). Consequently, these models may be 

able to enhance understanding as well as managements 

of the farming systems in a holistic approach (Fang et 

al., 2008; Fatondji et al., 2012). Cereal crops simulation 

models have been employed to study the performance 

of various management practices (Gungula et al., 2003). 

Crop growth models also provide the means to meet the 

requirements of influence of weather, soil, and crop 

managements on crop development, productivity as 

well as sustainability of farming systems (Matthews 

and Pilbeam 2005; Saseendran et al., 2005; Murty et al., 

2007; Mubeen et al., 2013). Crop modeling as a tool 

can decrease the need for costly and time-consuming 

field experiments and could be utilized to analyze 

biological and economic yield gaps in an assortment of 

crops counting both cereal grain and fodder crops 

(Nouna et al., 2000; Saseendran et al., 2009). 

The overall objective of the research was to evaluation 

of the performance of the CSM-CERES-Maize, CSM-

CERES-Millet and CSM-CERES-Sorghum models for 

sowing date management for C4 summer cereals for 

fodder and grain yields for irrigated-arid environment 

of Multan. 

 

MATERIALS AND METHODS  

 

Experimental location description 

Field studies were carried out in 2015 at the research 

area of Faculty of Agricultural Sciences and 

Technology (FAST), Bahauddin Zakariya University 

(BZU) Multan (Latitude = 30.21º N Longitude = 71.46º 

E Elevation = 122 m). The study location is situated in 

cotton-based cropping region in arid region of Punjab. 

Soil texture class is silty-loam belonging to miani soil 

series. Soil sections which obtained at sowing time 

during 2015 having pH of 8.1, organic matter 

percentage 0.45%, whole nitrogen 0.032%, and 

obtainable phosphorus of 8.52 ppm as well as 

obtainable K of 164 ppm. The climatic condition of the 
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area is arid with mean yearly highest and lowest 

temperatures of 46.5 and 19.4 ºC, respectively yearly 

precipitation ranged from 50 to 150 mm. Monthly mean 

solar radiations throughout ranged from 16.2 to 32.5 MJ 

m-2 d-1. The complete weather record is given in Fig. 1. 

Experimental procedures 

Maize, millet and sorghum crops were grown at various 

sowing dates for both fodder and grain purpose during 

2015. Six field experiments were carried out in which 

three experiments were for grain purpose and three 

were for fodder purpose. Three sowing dates treatments 

were applied for each crop experiment for grain 

purpose maize (SD1 = 10 July, SD2 = 17 July and SD3 = 

2 August) Millet (SD1 = 20 July, SD2 = 4 August and 

SD3 = 10 August) and Sorghum (SD1 = 15 August, SD2 

= 23 August and SD3 = 27 August). Similar sowing 

dates were applied as a treatment for fodder purpose for 

each crop experiment. Maize, millet and sorghum 

cultivar for grain purpose were Monsento-5219, HP-50 

and JS-263, respectively. Maize, millet and sorghum 

cultivar for fodder purpose were Sargodha 2002, MB-

87 and JS-2002, respectively. Field was ploughed 3-5 

times with tractor mount cultivator and subsequently, 

followed by planking at field capacity.  

Sowing of maize, millet and sorghum for grain and 

fodder purpose was done at particular sowing date 

treatment. Sowing of maize, millet and sorghum crop 

for grain purpose crop was done with the help of a hand 

drill, in which plant to plant distance was 20 cm and 

row to row distance was 65 cm. Fodder crops were 

sown by broadcast method using 98, 80 and 15 kg ha-1 

seed rate for maize, millet and sorghum, respectively. 

However, the respective seed rate for grain crops was 

37, 25 and 8 kg ha-1. Manual and mechanical weeding 

was done for remove weeds. No weeding was done for 

maize, millet and sorghum fodder purpose. Tube-well 

irrigation water was applied to each experiment. Total 

8, 5 and 4 irrigations were applied to each treatment of 

maize, millet and sorghum crop, respectively for grain 

purpose. Total 10, 7 and 6 irrigations were applied to 

each treatment of maize, millet and sorghum crop, 

respectively for fodder purpose. Recommended dose of 

nitrogen (215, 85 and 65 kg ha-1 for maize, millet and 

sorghum respectively) phosphorus (113, 55 and 43 kg 

ha-1 for maize, millet and sorghum respectively) and 

potassium (60, 35 and 30 kg ha-1 for maize, millet and 

sorghum respectively) fertilizer were applied. Sources 

of nitrogen, phosphorus and potassium were urea, Di 

ammonium phosphate (DAP) and Potassium sulphate 

(SOP), respectively. Whole Phosphorus and potassium 

fertilizer was applied at sowing time. Two splits of 

nitrogen fertilizer were applied at sowing and 35 days 

after sowing for each treatment for each crop. Manual 

harvesting was done with the help of sickle at 

physiological maturity for grain purpose. Fodder crops 

were harvested at 50% an thesis date. 

 
 

Fig. 1: Daily maximum temperature, minimum 

temperature (a), rainfall and solar radiation (b) 

during maize, millet and sorghum crops 

growing season at Multan, Pakistan. 

 

 
 
Fig. 2: Observed and simulated leaf area index (LAI) and 

biomass of maize for fodder (a, b, and c) and grain 

(d, e, and f) crops as effected by sowing dates under 

irrigated arid environment of Multan, Pakistan. 
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Fig. 3: Observed and simulated leaf area index (LAI) and 

biomass of millet for fodder (a, b, and c) and grain 

(d, e, and f) crops as effected by sowing dates under 

irrigated arid environment of Multan, Pakistan. 
 

 
 

Fig. 4: Observed and simulated leaf area index (LAI) and 

biomass of sorghum for fodder (a, b, and c) and 

grain (d, e, and f) crops as effected by sowing dates 

under irrigated arid environment of Multan, Pakistan 

Plant sampling and measurements 

Maize, millet and sorghum crops phonological and 

developmental data for both grain and fodder purpose 

were recorded by standard procedure. Anthesis and 

physiological maturity dates were recorded at 50% 

level. Samples of 150-200 g fresh biomass were oven-

dried at 75 ºC temperature for dry matter weights. 

Sample of 150–200 g leaves were gained, then leaf area 

was recorded with leaf area meter. Leaf area index 

(LAI) was considered as ratio of leaf area to ground 

area. Harvesting conducted manually from three middle 

rows (1 m2) of every row to find out of biomass, fodder 

and seed yield. 

Description of the CSM-CERES-Maize, CSM-

CERES- Millet and CSM-CERES-Sorghum models 

The CERES model of maize, millet and sorghum is 

embedded in DSSAT 4.6.1 (Decision Support System 

for Agro-technology Transfer) (Jones et al., 2003; 

Hoogenboom et al., 2015) was employed in the 

research. It is physio-biological based crop managing 

practices focused model which exploits C, N, water and 

energy equilibrium principles’ to imitate growth-

development of maize, millet and sorghum crops for 

both grain and fodder purpose (Folliard et al., 2004; Ma 

et al., 2006; Akponikpe et al., 2010;  Waha et al., 2012).  

The models compute the growth and developmental 

stages and phases of crops plants on each day steps and 

as well as final grain and fodder yield is measured on 

the day of harvesting (Matthews and Pilbeam, 2005; 

Saseendran et al., 2005; Murty et al., 2007; Mubeen et 

al., 2013). Inputs necessary for model executions 

comprised crop managements practices, which are 

included crop plant genetics, sowing and harvesting 

dates, nitrogen, phosphorus, potassium fertilizer use 

levels, application dates/methods), ecological aspects 

comprising physico-chemical properties of soil along 

with weather circumstances including day-to-day 

minimum/maximum temperatures, radiation, rainfall. 

Statistics analysis 

Performance of the DSSAT-CSM-CERES models of 

maize, millet and sorghum crops for both fodder and 

grain purpose were determined by RMSE (Wallach and 

Goffinet, 1987) and d-index: 
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According to Wilmot (1982), the model fit increases 

when d-index and RMSE approaches to unity and zero, 

respectively. 
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Fig. 5: Simulated fodder and grain yield, respectively for 

maize (a, b), millet (c, d) and sorghum (e, f) at 

different sowing dates. Box limits represent 25th 

and 75th percentiles, box central line represents 

median, and outliers represent minimum and 

maximum values. Simulated results were obtained 

using combination of historical weather data for 34 

years, maize, millet and sorghum crops and six 

sowing dates under irrigated arid environment of 

Multan, Pakistan. 

 

RESULTS  

 

Model calibration 

The CSM-CERES models of maize, millet and sorghum 

were calibrated with the field trials data collected with 

sowing dates 10 July, 10 August and 27 August, 

respectively for both grain and fodder purpose. 

Calibrations of models were done with those sowing 

dates which performed well as compare to other 

treatments. The cultivars coefficients of Monsento-

5219, HP-50 and JS-263 for grain purpose and 

Sargodha 2002, MB-87 and JS-2002 for fodder purpose 

were estimated with the help of trial-error along with 

comparing with field observed and model predicted 

employing CSM-CERES models of maize, millet and 

sorghum.  

A well agreement was gained between observed 

phenological data of field experiments and model 

simulated for both fodder and grain purpose (Table 1). 

Difference between model simulated and field trials 

was one day for anthesis and physiological maturity for 

both grain and fodder purpose crops. Leaf area index, 

biomass and grain yield data of field experiments was 

close agreed with model predicted data for both fodder 

and grain purpose. The lower values for root mean 

square error (RMSE) and higher d-values close to one 

revealed that the model predicted LAI and above-

ground biomass quite well.  

Range of d-value was from 0.96 to 0.99 for both fodder 

and grain purpose. RMSE value for leaf area index 

(LAI) was 0.32, 0.11 and 0.26 for maize, millet and 

sorghum, respectively for fodder purpose. 420.25, 

298.04 and 268.36 was RMSE value for biomass for 

maize, millet and sorghum fodder purpose crops, 

respectively. The RMSE value for LAI was 0.25, 0.25 

and 0.21 for maize, millet and sorghum, respectively 

for grain purpose. 1169.91, 801.91 and 396.29 was 

RMSE value for biomass for maize, millet and sorghum 

grain purpose crops, respectively. Observed fodder and 

grain yield for maize, millet and sorghum was well 

agreed with simulated data of model. For fodder yield, 

d-value was 0.98, 0.99 and 0.90 for maize, millet and 

sorghum, respectively and 0.98, 0.99 and 0.96 was the 

d-value for maize, millet and sorghum crops, 

respectively for grain yield (Table 1; Figs. 2-4). 

Model evaluation 

Evaluation of CSM-CERES models of maize, millet 

and sorghum for fodder purpose were done with the 

field experimental data recorded from remaining 

sowing dates 17 July and 2 August for maize, 4 and 10 

August for millet, 15 and 23 august for sorghum. For 

grain purpose, same sowing date’s data was used for 

model evaluation. A good agreement was obtained 

between observed phenological stages data of field 

experiments and model simulated for both fodder and 

grain purpose. Difference between model simulated and 

field trials was 1-2 days for anthesis and physiological 

maturity for both grain and fodder purpose crops. The 

LAI, biomass and grain yield data of field experiments 

was well agreed with model predicted data for both 

fodder and grain purpose. The lower values for root 

mean square error and higher d-values close to one 

showed that the model predicted LAI and above-ground 

biomass quite well (Table 2).  

Range of d-value was from 0.98 to 0.99 for both fodder 

and grain purpose. RMSE value for leaf area index 

(LAI) was 0.20, 0.14 and 0.11 for maize, millet and 

sorghum, respectively for fodder purpose. 

617.96, 216.76 and 239.85 was RMSE value for 

biomass for maize, millet and sorghum fodder purpose 

crops, respectively. RMSE value for LAI was 0.12, 

0.17 and 0.19 for maize, millet and sorghum, 

respectively for grain purpose. 1180.21, 753.43 and 

298.36 was RMSE value for biomass for maize, millet 

and sorghum for grain purpose crops, respectively. 

Maize, millet and sorghum observed fodder and grain 

yield was well agreed with simulated data of models. 

For fodder production, d-value for maize, millet and 
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sorghum was 0.98, 0.99 and 0.90; respectively. 0.98, 

0.99 and 0.96 was the d-value for maize, millet and 

sorghum crops, respectively for grain yield. RMSE 

value was 547.92, 272.11 and 299.73 for maize, millet 

and sorghum, respectively for fodder yield. 194.17, 

122.62 and 143.64 was RMSE value for maize, millet 

and sorghum, respectively for grain yield (Table 3; 

Figs. 2-4). 

Model application 

The CSM-CERES models of maize, millet and sorghum 

was applied to determine the optimum sowing date for 

long term scenario for both fodder and grain yield 

simulation purpose. Historical weather data from 1980 

to 2014 was used for long term simulation for both 

fodder and grain yield simulation purpose (Fig. 5).  

Each 6varioussowing dates for each crop separately for 

grain and fodder yield were simulated employing 

seasonal strategy of DSSAT Version 4.6.1 under 

irrigated arid conditions. Simulation consequences were 

analyzed by means of the strategy analysis program of 

DSSAT to comparing the percentile distributions for 

fodder and grain yield. Simulation scenario showed 

that, average maximum fodder and grain yield at 50% 

percentile for maize crop was obtained with sowing 

date 10 July. Sowing date 4 August and 20 July gave 

maximum average grain and fodder yield, respectively 

for millet crop for long term simulation. Sorghum crop 

produced maximum mean grain and fodder yield at 

sowing date 23 August (Fig. 5). 

 

DISCUSSION 

 

Research results demonstrated that the CSM-CERES-

models of maize, millet and sorghum for both fodder 

and grain purpose can be applied as an appropriate tool 

to investigate optimum sowing date options and to find 

out the best ones to apply in better simulation of fodder 

and grain yield (Folliard et al., 2004; Ma et al., 2006; 

Akponikpe et al., 2010; Waha et al., 2012; Mubeen et 

al., 2016). The ability of the CSM-CERES-models of 

maize, millet and sorghum to predict grain yield at 

physiological maturity in arid and semi-arid 

environment was verified by various research studies. 

The results of model simulations illustrated that the 

yield of early sowing dates was lower than the yield of 

delay sowing date in all grain and fodder crops 

(Bussmann et al., 2016; Waongo et al., 2015; Mahmood 

et al., 2016). It was for the reason that of reduction in 

crop growth cycle predominantly the time from sowing 

to the anthesis stage. The high crop environmental 

temperature in early sowing dates has resulted in 

accelerating crop growth stages, decreasing of crop 

canopy and reduction in biomass production which in 

turn have led to decrease the fodder, grain yield and its 

components (Gesch and Archer, 2005; Liu et al., 2013; 

Verma et al., 2013; Waha et al., 2013; Gerardeaux et 

al., 2016). Optimum sowing date increased resources 

use efficiency like fertilizer, irrigation etc (Murty et al., 

2007; Mubeen et al., 2013). More earlier or more delay 

sowing dates in these environmental conditions result in 

diminish efficiency of solar radiation of a maize, millet 

and sorghum crop and result in reduction the 

accumulation of total dry matter (Akponikpe et al., 

2011; Teetor et al., 2011; Azrag and Dagash, 2015; 

Rezaei et al., 2014). Delaying the sowing date beyond 

the optimum sowing date led to reduced fodder and 

grain production because of the existence of low 

temperatures during vegetative stage which decreases 

the crop growth rate as it was simulated by the CSM-

CERES-models of maize, millet and sorghum. 

 
Table 1: Calibration of DSSAT model for C4 cereals at variable sowing dates for fodder and grain purpose crops under 

irrigated arid environment of Multan, Pakistan 

Fodder crops    

characteristics Maize Millet Sorghum 

(DAS) (DAS) (DAS) 

Obs. Sim. Obs. Sim. Obs. Sim. 

Phenology       

Anthesis 66 67 54 55 60 61 

Growth RMSE d-value RMSE d-value RMSE d-value 

LAI (m2 m-2) 0.32 0.99 0.11 0.99 0.26 0.97 

Biomass (kg ha-1) 420.25 0.99 298.04 0.99 268.36 0.99 

Grain crops 

Characteristics (DAS) (DAS) (DAS) 

Obs. Sim. Obs. Sim. Obs. Sim. 

Phenology       

Anthesis 55 56 51 51 56 57 

Maturity 99 100 95 96 111 112 

Growth RMSE d-value RMSE d-value RMSE d-value 

LAI (m2 m-2) 0.25 0.98 0.25 0.99 0.21 0.96 

Biomass (kg ha-1) 1169.91 0.99 801.91 0.99 396.29 0.99 

DAS = days after sowing; Obs. = observed; Sim = simulated; RMSE = root mean square error; LAI = leaf area index. 
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Table 2: Evaluation of DSSAT model for C4 cereals at variable sowing dates for fodder and grain purpose crops under 

irrigated arid environment of Multan, Pakistan 

Fodder crops    

characteristics Maize Millet Sorghum 

(DAS) (DAS) (DAS) 

Obs. Sim. Obs. Sim. Obs. Sim. 

Phenology       

Anthesis 67 68 56 58 58 60 

Growth RMSE d-value RMSE d-value RMSE d-value 

LAI (m2 m-2) 0.20 0.98 0.14 0.98 0.11 0.98 

Biomass (kg ha-1) 617.96 0.95 216.76 0.97 239.85 0.95 

Grain crops 

Characteristics (DAS) (DAS) (DAS) 

Obs. Sim. Obs. Sim. Obs. Sim. 

Phenology       

Anthesis 54 55 52 54 56 57 

Maturity 104 106 92 93 103 104 

Growth RMSE d-value RMSE d-value RMSE d-value 

LAI (m2 m-2) 0.12 0.98 0.17 0.99 0.19 0.98 

Biomass (kg ha-1) 1180.21 0.94 753.43 0.97 298.36 0.95 

DAS = days after sowing; Obs. = observed; Sim = simulated; RMSE = root mean square error; LAI = leaf area index 
 

Table 3: Observed and simulated fodder and grain yields of C4 cereals at variable sowing dates at final harvesting under 

irrigated arid environment of Multan, Pakistan 

Crops Sowing dates Fodder yield (kg ha-1) Fodder yield (d-stat) LAI (d-stat) Biomass (d-stat) 

Maize  Sim. Obs.    

10 Jul 11225 10852  0.99 0.99 

17 Jul 9347 8539  0.98 0.99 

02 Aug 6094 5761  0.93 0.99 

Statistics    0.98   

Millet 20 Jul 2237 2073  0.98 0.99 

04 Aug 3780 3521  0.98 0.98 

10 Aug 5995 5637  0.99 0.99 

Statistics    0.99   

Sorghum 15 Aug 5746 5482  0.98 0.99 

23 Aug 4720 4507  0.97 0.99 

27 Aug 5155 4762  0.97 0.99 

Statistics    0.90   

Crops Sowing dates Grain yield (kg ha-1) Grain yield (d-stat) LAI (d-stat) Biomass (d-stat) 

Maize  Obs. Sim.    

10 Jul 5573 5740  0.98 0.99 

17 Jul 4639 4881  0.98 0.98 

2 Aug 4071 4234  0.97 0.98 

Statistics    0.98   

Millet 20 Jul 927 852  0.96 0.99 

04 Aug 1836 1697  0.99 0.99 

10 Aug 2506 2364  0.98 0.97 

Statistics    0.99   

Sorghum 15 Aug 1543 1365  0.98 0.99 

23 Aug 2065 1892  0.98 0.99 

27 Aug 2206 2189  0.97 0.98 

Statistics    0.96   

Obs. = observed; Sim = simulated; LAI = leaf area index 

Conclusion 

It can be conclude from the attained results that the 

CSM-CERES-models of maize, millet and sorghum 

were reasonable well as pointed out by comparison of 

data between simulated crop phenology, total dry 

matter accumulation, fodder and grain yields with field 

measured data.  Crop growth models can support 

resource-poor farmer community of Pakistan by giving 

alternate management decisions for fodder and grain 

purpose crops. As such crop growth models can be 

applied to determine the best management practices in 

proportion with environmental circumstances. Further 

model evaluations might also be required for other 

cultivars which are introduced for this area. 
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