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Introduction: The nation's substantial maize requirements are currently met through imports. Given the
scarcity of arable land and water resources, enhancing yield per unit area is the only viable solution to
augment domestic production. Significant progress can be made toward this goal by optimizing
production management to narrow the yield gap. Utilizing a reliable simulation model can play a pivotal
role in reducing the yield gap and achieving optimal yields through evaluating various management
practices. Effective management strategies are essential to optimize maize production and ensure food
security. While field experiments can provide valuable insights, they can be resource-intensive, time-
consuming, and even impractical due to complex interactions between environmental and management
factors. Crop simulation models offer a powerful alternative, enabling the exploration of various
scenarios and the identification of optimal management practices. These models simulate plant growth
and development in response to climate variables, soil conditions, management inputs, and genetic traits,
providing valuable information for decision-making. Accurate parameterization is crucial for reliable
crop model predictions. This study aims to parameterize and evaluate the SSM-iCrop model for

predicting grain maize yield and nitrogen dynamics in Iran.

Materials and Methods: Simple Simulation Models (SSM), were initially developed for soybean yield
prediction in 1986. The model has since been refined to simulate various crops, including maize. SSM-
iCrop simulates daily plant growth and development processes, such as phenology, leaf area
development, dry matter production, yield formation, and water and nitrogen dynamics. The model has
been successfully used in various studies for different plants. Moreover, comparisons of this model with
other crop models have shown its effectiveness in simulating yield. The SSM-iCrop model requires input

data on weather parameters (minimum and maximum temperature, precipitation, and solar radiation),



soil properties, cultivar-specific parameters, and management practices (planting date, plant density,
irrigation, and nitrogen fertilization). The SSM-iCrop model was parameterized and calibrated in this
study using data from various studies conducted in Iran between 2001 and 2022. The calibration process
involved adjusting plant parameters within a reasonable range, as determined by scientific literature, to
minimize the difference between simulated and observed data. The parameters that yielded the best fit

were selected as the final estimates. Lastly, the model was evaluated using different studies.

Results and Discussion: The SSM-iCrop model accurately simulated key maize growth stages,
including emergence, tasseling, silking, and physiological maturity (RMSE =13.22, CV=17.4,r=0.97).
The model also accurately predicted leaf area index (RMSE = 0.4, CV = 6.2, r = 0.98), biological yield
(RMSE =431.3, CV=23.9,r=0.66), and grain yield (RMSE =161.9, CV =16.9, r=0.81).

Compared to previous studies, such as Zeinali et al. (2016), the current study demonstrated superior
performance in grain yield prediction. While Zeinali et al. (2016) did not explicitly simulate nitrogen
dynamics, the current study considered nitrogen processes. Manschadi et al. (2021) reported high
accuracy in simulating grain maize yield in Austrian conditions. The difference in accuracy between the
two studies may be attributed to the quality of the observed data, as accurate parameterization is crucial
for model performance. Although this study incorporated nitrogen fertilization treatments and examined
the impact of nitrogen-related parameters on yield, dry matter production, and leaf area, specific nitrogen-
related traits were not evaluated. This is because existing research has primarily focused on the overall
effects of nitrogen fertilization on yield and yield components, often neglecting the measurement of

nitrogen content in critical plant tissues such as leaves and grains.

Conclusion: The performance of the SSM-iCrop model for simulating key maize growth stages, leaf
area index, and biological and grain yield was suitable. This model is a valuable tool for simulating maize
yield and optimizing management practices in Iran. By simulating the impact of different environmental
factors and management strategies, the model can help farmers and policymakers make informed

decisions to improve maize production and ensure food security.
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Figure 1- Grain maize production share in different provinces of Iran
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Table 1- Plants parameters for maize in SSM-iCrop
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(Phenology) jgs:s

TBD ST 8 Soltani and Sinclair 2012
Base temperature for development

TPID S wshe sl o 34 Soltani and Sinclair 2012
Optimum temperature for development

TP2D S e e 37 Soltani and Sinclair 2012
Optimum temperature for development

TCD e 45 Soltani and Sinclair 2012
Ceiling temperature for development

CPp 2 9 h 12.5 Soltani and Sinclair 2012

Critical photoperiod
Ppsen . L 4 9 009 % CS pS 052 Soltani and Sinclair 2012
Photoperiod sensitivity coefficient

S s b 8IS ) Sjlge 3
bdSOWEMR 4 O e SSimin g 3 Soltani and Sinclair 2012
Biological days from sowing to emergence
bdEMREJU o Srubs; WP Ok B oA S S 259hm59) bd 9 e y
Biological days from emergence to juvenile re
509058 Sy b iyl 5 S5 6lams Current Stud
bdSILPM o - 255092548 év\w) P el 2399239 bd 342 N y
Biological days from silking to physiological maturity ro
(Leaf area development and senescence) 5y gdaws 6y 9 (o yiunS
0955k . . Current Study
Phyl Phyllochron, the accumulated thermal time required for the C leaf 389 ol adlas

successive leaves’ appearance in the main stem



Sy e dolre (gl dolee ol (o

PLACON A coefficient (constant) in the power relationship between plant - 1 Soltani and Sinclair 2012
leaf area and mainstem node number
05 s 5 S e o ol Oy Current Study
PLAPOW A coefficient (exponent) in the power relationship between plant - 278 b adllas
leaf area and main stem node number (For 300 plants m-2)
olS 515 9 PLAPOW (y dal; )3 el oy
a_plapow_d A coefficient (constant) in the relationship between PLAPOW - 1.0378 Soltani and Sinclair 2012
and plant density
oS 5515 s PLAPOW iy dlaf, )5 culi g
b_plapow_d A coefficient (constant) in the relationship between PLAPOW 0.0047 Soltani and Sinclair 2012
and plant density
by S
SLA . R9SxE= ped 0022 Soltani and Sinclair 2012
Specific leaf area
Sy s e sle
FrzTh . RO G e °C 8 Soltani and Sinclair 2012
Low temperature/freezing threshold for leaf death
ol Gl gl 1 Somb @laled 13 Sy 38 oo
FrzLDR Fraction leaf destruction below the critical by each degree m? m 0.01 Soltani and Sinclair 2012
centigrade
YL slod i o (sle
HeatTH kit O | 37 Soltani and Sinclair 2012
Heat threshold temperature for leaf senescence
S led J YL slales 13 S 55 o . o
HtLDR Relative increase in leaf senescence rate per each degree above m? m? 0.1 Soltani and Sinclair 2012
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(Dry mass accumulation) <Sis osle zeo
Sis odle g5 gl b sl
TBRUE Y A ke 6.2 Soltani and Sinclair 2012
Base temperature for dry matter production
S o3l 155 sl i ogllas (gl
TPIRUE , R e 165 Soltani and Sinclair 2012
Lower optimum temperature for dry matter production
Suis odle Mgi gl JSBBgd o Lo
TP2RUE , Rl e 33 Soltani and Sinclair 2012
Upper optimum temperature for dry matter production
S obe M5 (gl i slo
TCRUE ) U/ 44 Soltani and Sinclair 2012
Ceiling temperature for dry matter production
0 heald o
KPAR o . . | T s 0.6 Soltani and Sinclair 2012
Extinction coefficient for photosynthetically active radiation
piwis 3l ozl S
IRUE o , . SR g My 3.5 Soltani and Sinclair 2012
Radiation use efficiency under optimal growth conditions
oS 3S16s 4 RUE colus oy
CO2RES A coefficient that describes RUE response to CO2 in a curvinial - 0.35 Soltani and Sinclair 2012
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(Dry mass partitioning) <is odlo & 595
‘5;1912’ u..’.;u s ool u,ul.: C?la‘" BN ;f).g e S ool UAMa:xJ oo Current Study
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area development at lower levels of total crop mass
J‘?M&Oo)uyYLZ@)bgfb&oBDbWw)..o
FLF1B Total crop mass (g g™') FLF1A 0.6 0.6 Partitioning coefficient to gg! 0.15 Curfent Study
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levels of total crop mass
WTOPL Total crop mass when leaf partitioning coefficient turns from gg' 210 Soltani and Sinclair 2012
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Partitioning coefficient to leaves from termination leaf growth
on mainstem to beginning seed growth

(Yield formation) »,Sles oS5

QD Ay Eg b ) ddome Janl LB U s odle yuS

FRTRL Fraction crop mass at the beginning of seed growth which is gg! 0.22 Soltani and Sinclair 2012
translocatable to grains
A 5
GCF _ , , Wb g 1 Soltani and Sinclair 2012
Grain conversion coefficient
sy adls Gl cud jlade ,iSlis
PDHI The rate of linear increase in harvest index during effective grain 8 g'd' 0014 Soltani and Sinclair 2012
filling period
aly by 5l Sis odle Slyu lade
WDHII A turning point in relationship between PDHI and crop dry mass gm? 0 Soltani and Sinclair 2012
at beginning grain filling
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aly pas s 5T Sis ole Sl jlaie
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(Water relations) o Ly,
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Initial depth of roots at emergence or beginning leaf growth
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Potential daily increase (growth) in root depth
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Transpiration efficiency coefficient
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WSSG 2o P el sl 58 B ol s Al 0.5  Soltani and Sinclair 2012
FTSW* threshold when dry matter production starts to decline
S 5 ialS el sy B ol
WSSL » gl deeg 2l ol 855 JE o e il 035  Soltani and Sinclair 2012
FTSW threshold when leaf area development starts to decline
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Table 2- Experiments used for parameterization and evaluation of SSM-iCrop model for Maize (SC704)
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Table 3- Cultivar-specific modified input parameters used for SSM-iCrop for maize (SC704)




Parameter Unit Default  Modified
Biological day from emergence to end of juvenile
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Figure 2— Simulated versus observed (a) days to phenological stages, from germination to physiological maturity, and (b)

maximum leaf area index. The solid lines represent the 20% range of discrepancy between simulated and observed values; the
dashed line indicates the 1:1 line. Asterisks (**) indicate significance at o. = 0.01.
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Figure 3- Simulated versus observed biological yields (a) and grin yield (b). The solid lines represent the 20% range of

discrepancy between simulated and observed values; the dashed line indicates the 1:1 line. Asterisks (**) indicate significance
at a=0.01.
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