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Abstract

This study was conducted to evaluate the CSM-CERES-Maize model for simulating maize growth and yield against different
irrigation regimes in semi-arid conditions of Punjab (Pakistan). The data required to run the model were collected from field
experiments conducted at University of Agriculture Faisalabad during 2009 and 2010. Two autumn-sown maize hybrids
(Monsanto-919 and Pioneer-30Y87) were grown under variable irrigation regimes: I; = no irrigation (control), I, (4 irrigations,
1* at V6 i.e., 6 leaf stage, 2" at V10, 3% at V14, 4™ at V18), I (6 irrigations, the first 4 as in I, and the subsequent two at
reproductive stages R1 and R2), I, (8 irrigations, the first 6 as in I3 and the subsequent two at R3 and R4), I5 (10 irrigations, the
first 8 as in I and the subsequent two at R5 and R6), Is: irrigation at 25 mm potential soil moisture deficit (PSMD) and 1;:
irrigation at 50 mm PSMD. The genetic co-efficients calibrated against the treatment I4 giving superior performance regarding
yield and yield components for the two hybrids during 2009, were used to evaluate the model accuracy for irrigation
treatments of 2010 season. The model performance during calibration was quite good. During evaluation, the model showed
variability of 1.1 to 11.2% and -4.3 to 6.4% in total dry matter and -8.5 to 24.3% and -15.8 to 28.7% in grain yield for
Monsanto-919 and Pioneer-30Y87, respectively for different irrigation regimes. Daily simulations of total dry matter were also
good with d-statistics values higher than 0.970 in all treatments. The results showed that CSM-CERES-Maize can be
successfully used in simulation studies of autumn-sown maize under semi-arid conditions of Punjab. © 2013 Friends Science

Publishers
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Introduction

The success of sustainable agriculture is dependent on water
availability in arid and semi-arid areas of the world.
Agricultural output of Pakistan is closely associated with the
supply of irrigation water (Shah, 2008). Effective use of
irrigation water is rapidly becoming an issue in dry regions
and one of the main decisions an irrigator makes in
irrigation management is the timing of irrigations (Usman et
al., 2009). Water stress tolerance will become the most
critical when population pressure and climate change link
together to make water a scarce resource in the world
(Farooq et al., 2009; Hussain et al., 2009). Drought is an
elementary reason of low grain yield in many field crops
including maize (Zea mays L.). Drought at critical stages of
maize decreases yield up to 40%. The critical growth
periods of maize are the two weeks before silking and 2-3
weeks after silking (Singh and Singh, 1995; Cakir, 2004).
There has been proof of water stress tolerance of maize
during the vegetative stage, but very sensitive during
tasseling, silking and pollination, and moderately
sensitive during the grain filling period (McKersie and
Leshem, 1994; Otegui et al., 1995). Identifying growth
stages for any promising cultivar under local environments

of soil fertility and climate permits irrigation scheduling to
get the maximum yield and most proficient use of
insufficient water resources (Doorenbos and Kassam, 1979;
Pandey et al., 2000).

The span of dry period cannot be forecast under
arid and semi-arid conditions which mostly prevail in
Pakistan and satisfactory grain yields is dependent upon
the crop cultivar for its ability to tolerate water stress
(Banzinger et al., 2002; FAO, 2008) and soil features-
especially the capacity of the soil to retain and release
water to the growing crop (Kramer and Boyer, 1995). The
model of potential soil moisture deficit (PSMD)
simultaneously takes into account variability in soil water
supply and water demand of atmosphere by measuring
‘drought’ at any stage of crop growth as the balance
between the crop demand for water (potential
evapotranspiration, PET) and the supply of water (rainfall
and irrigation). The PSMD has the benefit that it
incorporates the effects of timing and intensity of drought
into a single index, and it assists a simple yet dependable
analysis of the impacts of drought on canopy performance
and therefore, radiation interception (Monteith, 1977; Stone
et al., 1998; 2001). This concept seems to be more needed
in conditions of Pakistan, where farmers do not consider the
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need of the crop (based on evapo-transpiration) and apply
water haphazardly. Even the recommendation of the
agriculture department is that water should be applied at a
week‘s interval especially after silking (Government of
Punjab, 2011). These practices increase the cost of
production reducing the water use efficiency drastically.

Robust crop simulation models can play a role in
evaluating the timing and amount of water application under
limited water resources. The Cropping Systems Model
(CSM)-Crop Environment Resource Synthesis (CERES)-
Maize (Jones and Kiniry, 1986) was aimed to mimic maize
grain response in a given year and location (Garrison et al.,
1999). CSM-CERES-Maize has been quite ingenious in the
simulation of yield factors and layer-wise soil moisture
removal pattern (Panda et al., 2004). The model has a
capacity to simulate the daily crop growth, development and
yield for variable soil and climatic conditions with various
agronomic managements (Khalig et al., 2007). CSM-
CERES-Maize response regarding yield simulation has been
tested in Virginia (Hodges et al, 1987), Australia
(Hargreaves and McCown, 1988) and Illinois (Kunkel et al.,
1994). Llewelyn and Featherstone (1997) showed that the
CSM-CERES-Maize model has been widely used to
evaluate irrigation strategies for maize.

CERES-Maize model simulates grain yield under
water limiting conditions by calculating potential
evaporation; potential soil water evaporation and potential
plant water transpiration are derived from potential
evaporation and leaf area index. Based on the soil water
supply and crop water demand, a water stress factor is
estimated to decrease daily crop growth and grain yield.
Simulations of deficit irrigation practices using models like
the CSM-CERES-Maize can be used to look at numerous
weather years and geographic locations. The objective of
this study was to evaluate the CSM-CERES-Maize model in
simulating maize growth and yield under different irrigation
regimes in semi-arid conditions of Punjab (Pakistan).

Materials and Methods
Experimental Details and Treatments

Field experiments were conducted during autumn season
of 2009 and 2010 at Agronomic Research Area located in
University of Agriculture, Faisalabad (latitude 31° 26" N,
longitude 73° 04" E and 184 m a. s. 1.).

The study comprised of 2 x 7 arrangement of two
popular maize hybrids and seven irrigation schedules (I) in a
split plot design with three replicates. Hybrids were
assigned to main plots and irrigation scheduling treatments
to subplots. Monsanto-919 and Pioneer-30Y 87 were used as
two maize hybrids. Out of seven irrigation scheduling
treatments, one was control (no irrigation except stand
establishment irrigation, I;), four consisted of irrigation at
different stages based on Corn-lowa method (Hanway and
Ritchie, 1984): I, (4 irrigations, 1% at V6 i.e., 6 leaf stage, 2™

at V10, 3 at V14, 4™ at V18), I (6 irrigations, the first 4 as
in I, and the subsequent two at reproductive stages R1 and
R2), 1, (8 irrigations, the first 6 as in I; and the subsequent
two at R3 and R4), 5 (10 irrigations, the first 8 as in I; and
the subsequent two at RS and R6); here R1, R2, R3, R4, RS
and R6 denote silking, blister, milking, dough, dent and
physiological maturity, respectively. Two of irrigation
treatments consisted of irrigation at 25 mm potential soil
moisture deficit (PSMD) (I) and at 50 mm PSMD (I,).
Irrigation schedules based on the assumption that the
consecutive irrigations as in all the leaf stage treatments, but
followed by drought in some of the treatments like I,, I; and
I, etc., may or may not affect the yield. Similarly, potential
soil moisture deficit treatments following the leaf stage
treatments show the impact of deficit irrigation compared
with non-deficit irrigations (I, to Is). The number and
amount of irrigation applied plus rainfall (I+R) during the
growing season is given in the Table 1.

In both years, the land was prepared using a disc
plough and field cultivator. For the ease of cultural
operations including water application, a ridger was used,
which converted the experimental area into ridges and
furrows spaced at 75 cm. The net plot size was 4.5 m x 5.0
m. To avoid lateral flow of water, a buffer plot of 150 cm
was kept between two plots. Maize seeds in 2009 and 2010
were planted on August 01 and August 04, respectively
using a dibbler putting two seeds per hill keeping inter- and
intra-row spacing of 75 cm and 25 cm, respectively. First
irrigation for stand establishment was applied at the time of
sowing; the water applied was 62 mm, which was sufficient
to facilitate settling of ridges as well as making the seepage
of water available to the shoulder height of the ridge to the
planted seeds. Plots were thinned at two weeks after seeding
to a plant density of 5.55 plants m™.

NPK fertilizers were applied at the rate of 200-100-50
kg ha' (as per recommendations of Department of
Agriculture) in the form of urea, diammonium phosphate
and sulphate of potash. Half of N and all the P and K were
applied as side dressing prior to establishment. Remaining
half of N was applied as top dressing in two splits: first at 15
days after sowing and second at tasseling.

Herbicide atrazine @ 700 mL ha™ was applied twice
(at 8 and 21 days after sowing) followed by one hand
weeding since the area had been previously infested by
intensive weeds. Two insecticides (furadan and
chlorpyriphos) were applied @ 25 kg ha' and 2.5 L ha
respectively.

As stated earlier, treatments I and I, were based on
potential soil moisture deficit (25 mm and 50 mm,
respectively), which was calculated as a difference between
potential evapotranspiration (PET) and rainfall plus
irrigation, as suggested by French and Legg (1979).
Daily pan evaporation data were collected (from the
observatory of Department of Crop Physiology, University
of Agriculture, Faisalabad, which is located at a distance of
200 m from the experimental site) and then multiplied by a
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Table 1: Amount of rainfall and irrigation applied to different treatments during 2010

Irrigation no. 1; (mm) 1, (mm) 13(mm) 1,(mm) Is (mm) lg (mm) l;(mm)
1* Trrigation for stand establishment 62 62 62 62 62 62 62
1 - 50 50 50 50 50 50
2 - 50 50 50 50 50 50
3 - 50 50 50 50 50 -
4 - 50 50 50 50 50

5 - - 50 50 50 50

6 - 50 50 50

7 - - 50 50

8 - 50 50

9 - - 50

10 - - - 50 - -
Rainfall (mm) 311 311 311 311 311 311 311
Total (mm) 373 573 673 773 873 623 473

factor 0.7 to obtain the PET (Cuenca, 1989).
Measurements: Half of the plot area was used for growth
and developmental studies and the other half for the final
yield and yield component data at time of harvest. Five
plants were tagged at random in each plot for recording the
developmental stages (different leaf stages, silking, blister,
milking, dough, dent and physiological maturity) as
suggested by Hanway and Ritchie (1984).

Yield and components were determined by harvesting
ten consecutive plants at maturity from one of the three
rows kept for final harvest data. Grain yield and unit grain
weight were computed assuming 15% moisture content.

Model Calibration

The model was calibrated with data (phenology, biomass,
LAI and yield components) collected from 2009 trial.
Calibration consisted of genetic coefficients: degree days
(base 8°C) from emergence to the end of juvenile phase
(P1), from silking to physiological maturity (P5) and for
a leaf tip emergence (phyllochron interval, °C d) (PHINT),
photoperiod sensitivity coefficient (0-1.0) (P2), potential
kernel number (G2), and potential kernel growth rate in
mg/kernel/d (G3) for the simulation (Hoogenboom, 2004).
The genetic coefficients for the hybrids under study were
estimated by repeat approach till a close match between
simulated and observed phenology, growth and yield was
found (Khaliq et al., 2007). Data collected against treatment
I¢ (irrigation at 25 mm PSMD) for both hybrids giving
superior performance regarding yield and yield components
in the field during 2009, were used to calibrate CSM-
CERES-Maize.

Model Evaluation

The data collected during 2010 were used for model
validation. The emphasis of the study was on three kinds of
variables shown as output by CSM-CERES-Maize:

1. Final simulation of days to anthesis, total dry matter,
grain yield, unit weight, maximum leaf area index and days
to maturity.

il. Daily simulation of biomass and LAL

iii.

Simulation of crop ET.

For this purpose, observed data were matched with
simulated values. Simulation performance was evaluated by
calculating root mean square error (RMSE). For individual
irrigation regimes error (%) between simulated and
observed data was calculated. Time course simulation of
crop biomass and LAI was assessed by an index of
agreement (d) (Soler et al., 2007). These measurements
were calculated as follows:

0.5
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Where, Pi and Oi are the predicted and observed
values for studied variables, respectively and n is the
number of observations. Model performance improves as R
and d-statistics values approach to unity, while RMSE and
error proceed to zero.

Results
Weather Conditions

Table 2 shows the summary of weather variables of the
cropping season during 2010. Temperature was higher from
August to October and then decreased towards maturity of
the crop. Total precipitation remained much above than
normal in the month of August (227 vs. 8 mm). The
moisture stress decreased/finished and adequate moisture
was available in the atmosphere. Total bright sunshine hours
and solar radiation intensity remained below during
September. October was as usual dry; even no traces of
rainfall were received in this month. The evaporative
demand of the atmosphere remained beneath normal,
because of the higher level of relative humidity, which was
largely due to heavy monsoon rains in the preceding
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Table 2: Monthly weather conditions (average of 2010 and long-term) at Faisalabad during crop period

Month Max. Temp.  Min. Temp. (°C) Mean Temp. (°C) Relative humidity (%) Total Rainfall (mm) Bright sunshine
(°C) hours (h)
August Average 349 26.1 30.5 74.6 226.6 6.0
Long-term 37.6 27.9 327 59.6 85.4 7.6
September ~ Average 339 233 28.6 66.8 86.5 7.9
Long-term 36.4 24.6 30.5 56.9 68.7 8.5
October Average 329 19.7 26.3 59.6 0 7.6
Long-term 32.6 18.2 254 579 4.5 8.4
November Average 27.1 105 18.8 62.3 0 8.5
Long-term 28.1 10.8 20.4 58.3 4.4 7.3

Table 3: Summary of observed and simulated results during model calibration with treatment I4 (irrigation at 25 mm

PSMD) for Monsanto-919 and Pioneer-30Y87

Variable Unit Hybrid Observed Simulated Error (Y%age) d-stat
Anthesis day Monsanto-919 52 53 19
Pioneer-30Y87 52 53 1.9
Total dry matter at maturity kgha' Monsanto-919 19373 19392 0.1
Pioneer-30Y87 19825 19558 -1.3
Total dry matter (time course) kg ha'! Monsanto-919 9607 10870 0.976
Pioneer-30Y87 9676 10963 0.972
Maturity yield kgha' Monsanto-919 7718 7854 1.8
Pioneer-30Y87 7688 7943 33
Unit weight g/unit Monsanto-919 0.292 0.297 1.7
Pioneer-30Y87 0.310 0.300 -3.2
Maximum leaf area index Monsanto-919 5.38 4.95 -8.0
Pioneer-30Y87 543 4.96 -8.7
Leaf area index (time course) Monsanto-919 3.92 3.88 0.792
Pioneer-30Y87 4.12 3.90 0.809
Maturity day Monsanto-919 97 97 0.0
Pioneer-30Y87 98 97 -1.0

months. Again in November, no rainfall occurred. The
weather picture discussed above shows the uncertainty of
semi-arid conditions.

Calibration of Model

Data collected from treatment Is (irrigation at 25 mm
PSMD) for both hybrids exposed that Iy gave superior
performance regarding yield and yield components in the
field during 2009. So this treatment was used to calibrate
CSM-CERES-Maize. The two hybrids did not differ much
in genetic coefficient calibration.

Calibration results in Table 3 showed that CSM-
CERES-Maize predicted one day more in flowering for
Monsanto-919 and Pioneer-30Y87. The model simulated
equal days (97) to maturity for Monsanto-919. There was
very good agreement between observed and simulated
values of total dry matter in the two hybrids with an error
percentage of -1.3 to 0.1. Similarly d-statistics values were
higher (0.976 and 0.972 for Monsanto-919 and Pioneer-
30Y87, respectively) for time course comparison of total dry
matter accumulation in both hybrids. The model also
estimated the grain yield well with an error of 1.8 to 3.3%
for the two hybrids.

Unit kernel weight was also simulated well by the
model and difference of 1.7% and -3.2% was found in
Monsanto-919 and Pioneer-30Y87, respectively. Model

performance in the prediction of maximum leaf area index
showed under-estimation within the range of 8 to 8.7%. The
d-statistics values for the time-course simulation of LAI
were reasonably good (d-statistics values of 0.792 and 0.809
for Monsanto-919 and Pioneer-30Y87, respectively)
(Table 3).

Model Evaluation

(@ Final simulation: The results in Table 4 showed that
there was reasonable agreement between observed and
simulated values for days to anthesis in the two hybrids with
an error percentage of 1.8 to 5.7. As regards total dry matter
at maturity, there was generally satisfactory agreement
between all observed and simulated values of the two
hybrids; the range of variation was 1.1 to 11.2% and -4.3 to
6.4% for Monsanto-919 and Pioneer-30Y87, respectively. It
can be seen that only the treatments I, (9.5 and 5.8%) and I,
(11.2 and 6.4%) showed slightly higher simulated values
than observed ones in Monsanto-919 and Pioneer-30Y87,
respectively (Table 4).

The grain yield was under-estimated in control
treatment, with an error percentage of 8.5 and 15.8 in
Monsanto-919 and Pioneer-30Y87, respectively. Other
treatments like I5 and I; showed over-estimation of 9.2 to
243 and 16.1 to 28.7% in Monsanto-919 and Pioneer-
30Y87, respectively (Table 4). Regarding unit kernel
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Table 4: Summary of observed and simulated results and their percentage error during model evaluation with Monsanto-

919 and Pioneer-30Y87

Monsanto-919 Pioneer-30Y87
Irrigation Anthesis Total dry Maturity Unit LAI Maturity Anthesis Totaldry Maturity — Unit LAI Maturity
regimes day matter Yield weight maximum day day matter Yield weight maximum  day
(kg/ha)  (kg/ha)  (glunit) (kg/ha) — (kg/ha) — (g/unit)
Iy Obs 53 14285 4254 0.196 4.71 95 53 15200 4661 0.208 4.75 96
Sim 56 14574 3892 0.140 5.05 100 55 14550 3924 0.141 5.03 100
Error (%) 5.7 20 -85 -28.6 7.2 53 38 -4.3 -15.8 -32.2 5.9 42
I, Obs 53 15533 5367 0229 5.13 96 53 16379 5847 0.259 5.26 97
Sim 56 17014 6568  0.238 4.46 100 55 17333 6832 0.249 433 100
Error (%) 5.7 9.5 224 39 -13.1 42 3.8 5.8 16.8 -39 -17.7 31
I3 Obs 54 18091 6816 0272 5.20 97 53 19003 6965 0.292 5.39 98
Sim 56 19360 8143  0.297 441 100 55 19495 8280 0.3 442 100
Error (%) 3.7 7.0 195 9.2 -15.2 31 3.8 2.6 18.9 2.7 -18.0 20
Iy Obs 55 18711 7149 0.281 5.32 97 53 18900 6954 0.296 55 98
Sim 56 19435 8176 0.297 4.44 100 55 19218 8195 0.3 43 100
Error (%) 18 39 144 5.7 -16.5 31 3.8 17 17.8 14 -21.8 20
I5 Obs 55 19185 7478 0283 541 98 54 19785 7084 0.309 5.59 99
Sim 56 19399 8165  0.297 442 100 55 19321 8227 0.3 435 100
Error (%) 18 11 9.2 49 -18.3 2.0 19 -2.3 16.1 -2.9 -22.2 1.0
lg Obs 54 20180 7320 0287 5.50 97 53 20856 7297 0.298 5.71 98
Sim 56 20636 8460  0.297 5.02 100 55 20803 8612 0.3 5.01 100
Error (%) 3.7 2.3 15.6 35 -8.7 31 38 -0.3 18.0 0.7 -12.3 20
I Obs 54 17986 6475  0.281 5.26 95 54 18908 6339 0.291 53 97
Sim 56 19998 8047  0.290 5.05 100 55 20113 8158 0.292 5.03 100
Error (%) 3.7 11.2 24.3 3.2 -4.0 53 19 6.4 28.7 0.3 5.1 31
RMSE? 2.14 1116 1110  0.025 0.68 3.72 1.77 691 1261 0.026 0.88 2.59

“root mean square error; contains the same unit as that of the parameter
I, = nil irrigation (control)

I, = 4 irrigations (1st at 6 LS i.e. leaf stage, 2nd at 10 LS, 3rd at 14 LS, 4™ at 18 LS)

I; = 6 irrigations (Istat 6 LS, 2nd at 10 LS, 3™ at 14 LS, 4™ at 18 LS, 5™ at silking, 6™ at blister)

L= 8 irrigations (Ist at 6 LS, 2nd at 10 LS, 3 at 14 LS, 4" at 18 LS, 5" at silking, 6™ at blister, 7" at milking, 8" at dough)

Is = 10 irrigations (1st at 6 LS, 2nd at 10 LS, 3™ at 14 LS, 4" at 18 LS, 5" at silking, 6™ at blister, 7 at milking, 8" at dough, 9" at denting and 10" at

physiological maturity)
I = irrigation at 25mm potential soil moisture deficit
1; = irrigation at SOmm potential soil moisture deficit

Table 5: Comparison of simulated crop ET and observed crop ET (mm) for the two hybrids

Irrigation treatment

Monsanto-919 Pioneer-30Y87
Simulated Observed Simulated Observed

crop ET CropET  cropET  cropET

I, = nil irrigation (control) 264 279 264 282

I, =4 irrigations (1% at 6 LS, 2™ at 10 LS, 3 at 14 LS, 4™ at 18 LS) 313 290 320 299

I, = 6 irrigations (1 at 6 LS, 2™ at 10 LS, 3“ at 14 LS, 4" at 18 LS, 5" at silking, 6™ at blister) 361 296 353 307

L, = 8 irrigations (1% at 6 LS, 2" at 10 LS, 3 at 14 LS, 4™ at 18 LS, 5" at silking, 6™ at blister, 7" at 359 298 353 313
milking, 8" at dough)

Is = 10 irrigations (1% at 6 LS, 2" at 10 LS, 3™ at 14 LS, 4™ at 18 LS, 5™ at silking, 6™ at blister, 7" at 363 298 359 315
milking, 8" at dough, 9™ at denting and 10™ at physiological maturity)

I = irrigation at 25mm potential soil moisture deficit 355 300 355 315

1, = irrigation at S0mm potential soil moisture deficit 346 296 346 295

weight, it was again under-estimated in stressed treatment
(control) to as low as 28.6 and 32.2% in Monsanto-919 and
Pioneer-30Y87, respectively. The other treatments showed
variability in the range of 3.2% for treatment I; to 9.2%
for treatment I; in Monsanto-919 and -3.9% for
treatment I, to 2.7% for treatment I; in Pioneer-30Y87
(Table 4).

The model under-estimated leaf area index in
both hybrids to a level of 18.3 and 22.2% in treatment Is
of Monsanto-919 and Pioneer-30Y87, respectively. It
can be seen from Table 4 that under-estimation increased
from less-irrigated treatments to more-irrigated treatments

(treatments I, to Is) in both hybrids. The model showed
difference of 1.0 to 5.3% in days to maturity in all the
treatments of both hybrids. It can be seen that the error
percentage increased as the stress increased.

(b). Time course simulation of TDM and LAI: The daily
simulation of total dry biomass was quite good. It is obvious
from Figs. 1 and 2 that d-statistics values were higher than
0.970 in all treatments of the two hybrids. At early stages
the model over-estimated the TDM in all the treatments and
over-estimated in some of the treatments at later stages of
growth especially in stressed treatments of I;, I, and I, (Figs
1 and 2).
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As far as time variation of leaf area index is
concerned, it was well-estimated by the model and d-
statistics values were satisfactory in all treatments of
the two hybrids, (ranging from 0.834 to 0.939 and from
0.701 to 0910 for Monsanto-919 and Pioneer-30Y87,
respectively). However, some over-estimation of leaf
area index early in the growing season in all treatments
and under-estimation from flowering to maturity was
found in many of the treatments of both hybrids (Figs. 3
and 4).

(c). Simulation of crop ET: Regarding the relationship
between simulated and observed crop ET, the two hybrids
behaved differently. Monsanto-919 showed regression
coefficient of 0.943, whereas Pioneer-30Y87 showed a

regression value of 0.786 (Fig. 5). It is evident from Table 5
that the model simulated values of crop ET were somewhat
higher than the observed in all treatments of the two hybrids
but in control treatment the reverse was observed.

Discussion

Many scientists calibrated and parameterized cropping
system model CSM-CERES-Maize to evaluate irrigation
strategies in maize for future use in different parts of the
world (Llewelyn and Featherstone, 1997; Ben Nouna et al.,
2000; Hoogenboom et al., 2004; Panda et al., 2004). There
was a dire need to evaluate this model for quantification of
management options considering seasonal variability of
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moisture status in the soil under semi-arid conditions of
Faisalabad, Pakistan. The selection of two years (one year
for calibration and the second for evaluation) proved quite
helpful in monitoring the model performance under
diversified weather conditions.

In 2009, the calibration of model was done with
treatment Ig (irrigation at 25 mm potential soil moisture
deficit) under non-stressed conditions. There was excellent
agreement between observed and simulated values of total
dry matter, maturity yield and unit kernel weight with an
error percentage of -1.3 to 0.1, 1.8 to 3.3 and -3.2 to 1.7 in
Monsanto-919 and Pioneer-30Y87, respectively. These

results are in line with those of Khaliq et al. (2007) who
reported that the model simulated well in total dry matter
and grain yield for Monsanto-919 with RMSE values of 202
and 238 kg ha’, respectively using this hybrid at three
locations in the Punjab province. Model performance in the
prediction of maximum leaf area index was also excellent
with an under-estimation of 8.0 to 8.7%.

In 2010, the model slightly over-estimated days to
anthesis and maturity in all the treatments (though within
6% of observed), which may be due to heavy rainfall early
in this season; Ben Nouna et al. (2000) showed that
phenological module in CERES-Maize has some error in
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Fig. 3: Comparison of observed and simulated time series leaf area index for Monsanto-919 under different irrigation

regimes; d-statistics values are given in the end

case of excess water in the soil. Similarly, model showed
some over-estimation of leaf area index early in the
growing season and under-estimation from flowering to
maturity but the range of d-stat values from 0.701 to 0.939
for the two hybrids did not deviate from the previous
findings of Khaliq et al. (2007) showing that d- Index
values ranged from 0.70 to 0.99 for all treatments at
different locations. Despite these shortfalls the performance
of CSM-CERES-Maize, evaluated on the basis of both the
daily and final simulations, was reasonably well regarding
phenology, above-ground biomass, LAI, grain yield and
crop evapotranspiration. Fair to excellent results were
found in this study because the simulation is considered
excellent when error is less than 10%, good if it is 10 to

20%, fair if 20 to 30%, and poor if the error exceeds 30%
(Soler et al., 2007). Kiniry et al. (1997) evaluated the yield
response of the CERES-Maize model for nine locations in
the United States and reported that simulated mean grain
yield was within 5% of measured grain yields for all nine
locations. Some over-estimation of crop ET in all
treatments (except control) shows goodness of simulation
and is in accordance with previous studies. For example,
Dogan et al. (2006) reported that the CERES-Maize
simulated values of ET were higher than the calculated
values and Ouda et al. (2006) showed that water
consumptive use was over-predicted by the model they
used in their study (Yield-Stress Model) and the prediction
varied with different hybrids.
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Simulation using CSM-CERES-Maize was equally
good in both weather conditions (drier 2009 and wetter,
2010). So it appears from this study and previous work of
Khaliq et al. (2007) that this model could be successfully
used for maize crop in the semi-arid conditions of Punjab.
CSM-CERES-Maize under DSSAT may be used for
generating climate change scenarios under different climatic
zones in Pakistan to assess the drastic effects of rising
temperature, enhancing CO, and changing rainfall patterns
in order to develop site specific mitigation and adaptation
strategies.
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