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ABSTRACT

Two simulation models, viz. WOFOST and ORYZA2000 were validated and compared to predict growth and
productivity of 2 rice varieties (PR 116 and PR 118), under central plain regions of Punjab, India, during 2006-2008.
The simulated values of dry weight of leaves, dry weight of stem, above ground biomass, leaf area index and grain
yield did not differ significantly with observed values. Based on statistical evaluation of performance of crop simulation
models, ORYZA2000 showed an advantage over WOFOST model in simulating crop growth parameters and grain

yield of rice.
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Rice (Oryza sativa L.) is the most important cereal crop
in Asia, grown under varying hydrological conditions. Rice
grows in Asia on an area of 90 per cent of total world’s rice
area. It is the main staple food crop of India, covering an area
of about 43.8 million hectares with total production of 96.4
million tonnes of rice during 2008-09 (Anonymous, 2009).

Simulation modelling is one of the most powerful tools
for analysing interactions in the soil, plant and atmosphere
systems. The growth and development of a plant at any
time can be described as the net result of the biochemical,
physiological processes of the plant with the growing
environment. The qualification of such an interaction of
weather in terms of growth and yield of a crop is called
crop modelling. Crop models are simplified representations
of the complex relationship between variables, comprises
crop environment and crop performance using established
mathematical or statistical technique or both (Baier, 1989).
Simulation would be an essential step in defining the yield gap
between farmers yield and potential yields, assisting efforts to
bridge the gaps. The problem is associated with the selection
of simulation model as variety of rice based models like IRRI
MOD, GRORYZA, RICE MOD, ORYZA, CERES - RICE,
WOFOST, SIMRIW, ORYZA 2000, DSRICEL1 are being used
in different parts of the world for analysis of crop and yield. In
Punjab, rice is grown under irrigated conditions where water
is not a limiting factor. Hence calibration and validation of
rice based models under potential production conditions will
be useful to predict crop growth and yield in the region. In this
study, we attempted to perform comparative study of two rice
based models, viz. WOFOST and ORYZA 2000, to simulate

the growth and yield of two popular varieties of rice crop
under potential production conditions of Northern India.

MATERIALS AND METHODS

To evaluate WOFOST 7.1 and ORYZA2000 models,
field experiments were conducted at Punjab Agricultural
University Research Farm, Ludhiana, India (30°54 N, 75°48
E, 247m above mean sea level) on a deep alluvial sandy
loam soil (USDA: Typic ustocherpt, FAO: Dystric cambisol)
during 2006 to 2008. This area is representative of the central
plains of Punjab and is characterized by subtropical, semi-arid
climate with 25.5°C average temperature and 550mm rainfall
during crop season (May-Oct). Two varieties PR 116 and
PR 118 of rice were transplanted after 30 days of sowing at
20 cm x 15 cm hill to hill spacing and with 2 seedlings per
hill. The crop was fertilized @ 125:30:30 kg ha" of N: P O.:
K,O. The optimum soil moisture was maintained by applying
7.5cm irrigation water 2 days after disappearance of ponded
water in addition to rain water received during crop season.
All the recommended agronomic practices from package and
practices were adopted to raise the crop.

Model calibration

Input parameters for WOFOST (ver. 7.1) and
ORYZA2000 were derived from the data sets of the field
experiments during the wet season of 2006, 2007 and 2008
for model calibration and validation.

Degree-days are in degree Celsius. For the rice heat
unit (degree days) calculations, base temperature (T, ) was
8 °C, optimum temperature (T, ) was 30 °C and maximum
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Table 1: Calibrated genotype coefficients of different rice
varieties for WOFOST model

ZHo Crerietic PEllA TE112
Coeff I demd
1. T ST 2150 2150
2. T ST 260 240
3. LATERT 0.0200 00230
4. EFELAT 00035 onoza
5. CWL 0,700 0.7590
G, cyro 06500 0.7a00
T. CWE 0.7040 0.7040
2. (TR 0.7a00 0.7450
Q. ENIL 0.01s0 onlao
10, ERIO 0.0140 00120
11. ELIE 0.0100 00100
12, ENIS 0.0090 00090

*TSUM1-temperature sum from emergence to anthesis, TSUM2-
temperature sum from anthesis to maturity, LAIEM-leaf area at
emergence, RGRLAI-maximum relative increase in LAI, CVL-
efficiency of conversion into leaves, CVO- efficiency of conversion
into storage organ, CVR- efficiency of conversion into roots, CVS-
efficiency of conversion into stem, RML-maintenance Resp. rate
leaves, RMO-maint. Resp. rate storage org., RMR-maint. Resp. rate
roots, RMS-maint. Resp. rate stems
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calculated from the mean daily temperature (T ).
Parameterization

The genetic coefficients of these varieties vary due to
variation in their development rate at different phases. As
an important input parameter of the models to simulate crop
growth parameters, genetic coefficients of these varieties were
derived and presented in the Table 1 and 2 for WOFOST and
ORYZA2000, respectively.

RESULTS AND DISCUSSION
Phenological stages

The duration of important phenological stages of two
popular rice varieties of the region were recorded (Table 3).
Both the varieties were transplanted in second fortnight of
July at 30 days after sowing (DAS). Study revealed that active
tillering period was within 60 days after sowing in both the
selected varieties. Among the varieties studied PR 116 had
the shorter duration (144 days) as compared to PR 118 (158
days) to attain maturity. The flowering stage varied from 102

Table 2: Genotype coefficients for different rice varieties computed through ORYZA2000 model

Developtnerd rate constarts (DEC)(C day- 1 for ric e oaltknr: PRLLG

DECT =0.0004 50
DECT = 0000750
DECE = 0000758
DECE =000 166

Drene loptrerd rate i poreriile Place

Dewe loptrerd rate ophotoperiod-censitie place
Dewe loptrerd Tate pardc le devrelopenert phace
Drene loptrerd rate freproductiee phase

Developttert Tate constarts (DECY("C day- 1) for rce oiltknar: PEL1S

DECT = 0.000400
DECT = 0000745
LDECP =0000745
LECE=000156
Purtiticming coeffic eyt For rice cultiesrs PE116 ahd PR112

D: n 0.5
FLT n.50 n.50
FET n.50 n.50
Fao n.n 0.0
SLA& 0.0030 00030

Drewe loptrerd rate o prwetiile Plase

Dewe loprrerd Tate Tophotoperiod-sancitive place
Dewe loprrert Tate Tpaticle developmmert phase
Dewe loprrerit Tate Treprodactiee pluase

075 1A 2.0
0.3 onr 0.0
0.6 043 0.0
0. 045 1.0
00023 0017 0.017

Where DS in development stage : FLT is Leaves as a fraction of shoot increment; FST is Stem as a fraction of shoot increment;

FSO is Shoot organ as a fraction of shoot increment; SLA is Specific leaf area

temperature was 42 °C. For temperature below the base
temperature or above the maximum temperature, the rate of
development is zero. The heat units for a day (°C day!) are

in PR 116 to 113 in PR 118.
Leaf area index

Simulated LAI for both the rice cultivars (PR 116 and
PR 118) was in good agreement with observed LAI. The only
exception was with ORYZA2000 at tillering stage, where
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Fig 1: WOFOST, ORYZA 2000 simulated and observed (OBS) LAI of Rice variety PR 116
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Fig 2: WOFOST, ORYZA 2000 simulated and observed (OBS) LAI of Rice variety PR 118

Table 3: Differences in plant characters of rice varieties used
in the study

Dlart churacters PR 116 DR 112
Height (an) 103 104
Cnratiog (days) 144 158
Tillering ahility High High
Sreraze ywield (g ka™ £ 73
“Phenokgy (days after sowmg)
Trarup lariting 30 30
Active illsTihg 54 i
Paric le indtisticn a5 93
Flonmer ing 102 113
Matrity 144 158

simulation overestimated the observed levels. It may be
due to transplanting shock, as after transplanting rice plant
takes time to develop new root system to recover the injuries
occurred during transplanting. ORYZA2000 model assumed
the quick recovery from transplanting shock and simulated
the high LAI during tillering growth stage.

Observed and simulated values of LAI are represented
in Fig. 1 and 2. Overall LAI was reasonably simulated by both
the models as the coefficient of determination (r?) for observed
and simulated LAI were around 0.90 for all simulation years

and for all the cultivars.
Biomass

Periodic dry matter accumulation (dry weight of leaves,
dry weight of stem and total above ground biomass) of rice
were simulated using WOFOST and ORYZA2000 models
and comparative results of observed and simulated values are
presented in Table 4. It was revealed that simulated values of
dry weight of leaves, dry weight of stem and above ground
biomass were in good agreement with field observations.
Model simulated results were satisfactory for both varieties
in all the three years, because most of the simulated values lie
within their corresponding observed values and high degree
of correlation was observed between them.

Dry weight of leaves best simulated at panicle initiation
stage (r = 0.83 (WOF), 0.89 (ORY) for PR 116, and at
flowering stage (r=0.71 (WOF), 0.74 (ORY) for PR 118 by
both the models. As the crop leads to maturity, leaf sensation
was precisely predicted by both the models, depicted by the
high degree of correlation of coefficient (r = 0.91 (WOF),
0.88 (ORY)), at physiological maturity stage. Although dry
weight of stem reasonably simulated throughout the crop
growth, yet simulation at physiological maturity stage made
the difference by high degree of correlation between observed
and simulated values for both the rice cultivars ( PR 116, r
= (.89 (WOF), 0.90 (ORY), PR 118, r=0.92 (WOF), 0.96
(ORY)). Total above ground biomass substantially simulated
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Table 4: Comparison between observed and simulated crop-growth parameters at different stages.
ki Vear Active Tillering Patic 1e Fnitiation Flooarerings P hshity
QES WOF OFY O0BS "WOF ORY O0BS WOF ORY O0OES WOF OFEY
Doy weight of leawes (tha™)
2004 115 1.7 0.ey 240 ays 285 3ING 243 322 1.1 106 077
PE 116 ooy 135 2.03 095 2.42 a0 281 311 249 a7y 078 100 0.4
a00g o5 1.52 n.a9 240 a9 259 200 243 30s 1 107 078
rt 045 0.52 oA 079 046 nrr naz 07
2005 1.1% 161 112 287 248 323 292 244 318 las 033 081
PR 11% ooy 123 1.51 110 2.45 241 317 232 239 311 o070 0og2 0.9
a00g 115 1.40 n.es 241 240 282 248 244 3045 101 0%1 o078
rt 027 .62 N3y 053 050 055 n2g  0.59
Dy wreight of stem (tha ')
PE 116 2004 140 2.04 oo 401 424 415 Al4 447 521 445 436 394
anoy 14 2.1% ney 371 421 388 459 494 403 4320 430 343
a0nng 121 2.10 021 380 426 351 a0 502 405 452 447 381
rt 0.zg 0.36 nla 037 035 056 oy 08l
PR 11% 2004 18 1.83 142 4382 404 483 592 500 603 413 430 444
ooy 1.1% L.&7 139 4.58 RS 470 500 444 576 404 402 400
a00g 059 1.54 125  4.59 409 426 541 515 5T 414 450 436
rt 0.9 .69 n10 042 040 0.7 ngs 092
Total shove- gromd bionmss (tha™)
PE 116 2005 245 391 log 7. TH4 TR 936 886 1037 1578 1438 1624
ooy 209 4.2 193 &80 Go8 T44 915 383 a6 1585 1474 1612
a00g 214 4.03 181 a.58 ToR 672 9446 907 906 1521 1450 1604
rt 0.63 .66 ngs 096 062 nsl n40 065
PR 11% 2004 agr 345 256 g.02 Tog 835 1126 854 1214 1695 1485 1729
ooy 241 314 a5 T.IM Go0  FTAFT 1046 831 115 1609 1489 1709
anng 214 2.04 223 1Al Tls 825 1102 919 11y 1762 1498 1725
rt 0.9% n.7ry n49 094 1Rl 025 0z 041

Table 5: Comparison between observed and simulated grain yield (t ha') of different rice varieties.

o Deviationn % Denrdation
Wear Observed  WOFDST OREYZA WOFOST ORYTL
PE 116
2006 653 631 GT5 -4.11 +2 43
2007 10 G a5 T8 =305 +3 37
2003 642 i St G 34 +2.13 +6 64
PE 113
2006 TA6 603 750 -3.25 -059
2007 T36 6 a9 TaT -5.00 +6 896
2003 T2 T35 T43 +1.584 +241

at panicle initiation by WOFOST and ORYZA2000 crop
simulation models for both the rice varieties, which is
evident from aloft magnitude of correlation coefficient. The
probabilities of estimates (r) for this stage were in the range
of 0.70 - 0.96 for both the crop growth simulation models.
Also, total above ground biomass best simulated flowering
stage by WOFOST (r = 0.81) and ORYZA2000 (r = 0.92)

simulation models.
Grain yield

The simulated rice yield for two rice cultivars are shown
in Table 5. Both the models performed well in predicting
grain yield for both the cultivars and the association between
simulated and observed values was significant. The average
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Table 6: Values of statistical parameters used in model comparison for simulated grain yield of rice

MOD'EL Cultkar  ME(ghe’  EMSE® LT EF CRM ﬁ?
ORYZA2000  PR11A 1.5(11* 29¢1)  005¢1y -7 -0.01(L) 1
PRI118 2113 350 0.12¢ly -3PACL -001(L) 1
WOFOST PRI115 3002 5202 00Lf: -TRACDY 004 2
PR11S 4 3027 G302 00271 -LISTN 005 () 2

*Values in parenthesis represent model rank

grain yield for PR 116 simulated by WOFOST model (6.50t
ha') and ORYZA2000 (6.89 tha™) is quite close to observed
average yield of rice (6.65 t ha'). WOFOST model under
estimated the grain yield by 4.1% and 3.0% in 2006 and 2007
and overestimated by 2.2% in 2008. Whereas, ORYZA2000
model overestimated the grain yield in 2006, 2007 and 2008
by 2.6%, 3.3% and 6.6%, respectively. Almost similar trend
was found in another but genetically similar cultivar of
rice .i.e. PR 118. Overall performance of both the models
was quite good as average simulated yield falls under +8%
deviation of average grain yield for both the cultivars in all
the years.

The analysis revealed that both the models could be
used for simulating major growth parameters and yield of
rice in central plain regions of Punjab.

Evaluation of WOFOST and ORYZA 2000 models

The crop growth parameters and grain yield simulated
by the models and observed from the field was subjected
to mean analysis. The corresponding standard deviations
were computed and compared with estimates of grain yield
simulated by models WOFOST and ORYZA 2000 (Table
6).

CD statistic gives the ratio between the scatter of
simulated values and scatter of measurements. The EF value
compares the simulated values. The CRM is a measure of
tendency of the model to overestimate or under estimate
the measurements. A negative CRM shows a tendency
to overestimate. The two models were ranked in order of
performance for example the model produce greater EF values
received a rank of one. The model produced minimum over
all rank for a variable (yield) is chosen as best model with
respect to that variable.

CONCLUSION

Thus the study revealed that simulated values of dry
weight of leaves, dry weight of stem, above ground biomass,
leaf area index and grain yield were not differ significantly
for both WOFOST and ORYZA2000 with observed values.

Both the models can be used for simulating major crop
growth parameters and yield of rice under central plain region
of Punjab with equal importance. But based on statistical
evaluation of performance of WOFOST and ORYZA2000
crop simulation models, ORYZA2000 Showed an advantage
over WOFOST model in simulating crop growth parameters
and grain yield of rice. Hence ORYZA2000, which is a
generic model, is more reliable in simulating rice crop growth
as compared to WOFOST model.
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