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Introduction 
Environmental and economic challenges resulting from 
the application of nitrogen fertilizers have increased 
Concerns about its productivity in the agricultural 
systems. Nitrogen fertilizer in thirty year recent has been 
an important role in increase of grain yield and one of the 
most important costs of production in wheat be counted 
(Mc Donald, 2002; Black & Dyson, 2008). According to 
reports Heffer (2008) from 98 million ton consumption 
nitrogen in world 40 percent is used in cereals. It is 

anticipated, in case of continue linear and being to 
increase consumption nitrogen fertilizer in Iran, 
consumption of nitrogen fertilizers for production 
cereals will reach to two million ton in the year 
1400(Zarefyzabadi et al, 2006). The consumption of 
irregular fertilizers will have consequences 
environmental and be caused increasing of digestive 
diseases, as an example cancer of the stomach. Nitrogen 
fertilizers are one of the most important water polluters’ 
factors (via leaching nitrate) and air (via nitrate oxides) 
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Objective: Environmental and economic challenges resulting from the application of 
nitrogen fertilizers have increased Concerns about its productivity in the agricultural 
systems. Thus an experiment in order to investigate ability SSM-Wheat for simulation 
growth and yield of wheat (cultivar N-87-20) in response to fertilizer nitrogen in the 
direction decrease Pollution environmental and diseases was conducted. Methods: 
Simulation be done for 20 years’ time period from 1996 to 2016 with using daily 
weather data (minimum and maximum temperature, rainfall and radiation), experiment 
data and information of field soil. In order to test of model results be used from 
assessment indicators coefficient of determination (R), coefficient of variation (CV), root 
mean square error (RMSE). Results: On the basis of evaluation of results, model could 
grain yield, biological yield, leaf area index in pollination stage and harvest index 
forecasted well, as root mean square error (RMSE) between measured data and 
simulated data mentioned traits were 958.82, 2305.62, 1.12, 6.58 respectively. Observed 
and simulated data day to  and day to physiological maturity were very similar too, and 
difference between observed and simulated data of phonological stages no significant 
was and RMSE day to pollination and day to physiological maturity were 3.72 and 4.89 
respectively. SSM-Wheat model in elevation of mentioned traits for wheat cultivar N-87-
20 was prospered well and acceptable. So SSM-Wheat model can be used in the direction 
recovery nitrogen nutrition management of plants, Nitrogen nutrition with the aim 
access to maximum yield and decrease consumption of luxury nitrogen fertilizer in 
wheat in order to reduce pollution of environmental and disease. 
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(Paz et al, 1999). Set the amount consumption of 
fertilizers to agree with need plant for access to 
maximum of yield is an essential purpose. In the last few 
years, many models in order to estimate the amount of 
consumption fertilizer in future be demonstrated in 
order to prevent from luxury consumption fertilizers, for 
example SUNDIAL (Gibbon et al, 2005), CERES-Wheat  
(Zeinali, 2009), CERES-N (Zubillaga et al, 2007), Cropsyst 
(Soltani, 2013 and Stockle et al, 2003), RZWQM (Fang et 
al, 2013). According vent from luxury conesumption 
fertilizers for example: SUNDIAL (Gibon et al, 2005), 
CERES-Wheat to results be obtained from some of the 
models, the amount of consumption fertilizers in Iran to 
the years 1395 and 1400 will increased to 4.6 and 5 
million ton respectively. The performance of field 
researches need to spending time and cost, while the 
computer simulation model can with performance 
simulation of large experiments, saving in time and cost 
is caused (Pannkuk et al, 1998). Of course cropping 
simulation models never cannot became replacing field 
experiments, but the best case that is witch be used as 
supplement experiments. In this case will can slightly 
need to field experiment be decreased and effectual 
results these experiments be increased (Soltani, 2008). 
Alizadeh and Soltani (2016) with using from SSM-Wheat 
model, Simulation of soil nitrogen balance in wheat 

(TriticumaestivumL.) production in Gorgan, Iran 
examined and results was acceptable, also Torabi et al 
(2013) assessment of nitrogen fertilizing of wheat farms 
in Gorgan region, Iran evaluated  with using from model 
and results was acceptable. Therefore this research in 
direction Investigation of SSM-Wheat model to forecast 
of growth and yield of wheat in response to fertilizer 
nitrogen in order to decrease pollution environmental 
and diseases was conducted.  
 

Materials and Methods 
Model Description 
SSM-Wheat model, (Soltani and Sinclair, 2012) is a 
simple model for wheat that with help its can analyzed 
production and genetically and environmental and 
monumental of restrictions in produce wheat. This model 
for wheat with applying a simple principle ability 
utilization and extension has for others plant seeded. The 
model parameters in experiment separately be 
determined and be evaluated (Table 1) and be used for 
agronomy experiment in year 2014-15. Experimental 
treatments included there net nitrogen fertilizer rates of 
(0 , 75 and 150 kg. ha-1) begin split that in stage before of 
planting, tillering and stem elongation. 

 
Table 1: Some of plant estimated parameters of SSM-Wheat model in cultivar N-87-20. 

Wheat (Cultivar N-87-20) Parameter 
5.8 Coefficient of  transpiration (Pascal) 

0.65 
 

Coefficient of 

0.021 Leaf  specific area 

0.014 
 

)1-.d1-Slope potential of harvest index (gr.gr 

6 
 

Days from sowing to emergency 

8.5 
 

Days from emergency to first-tiller 

9.8 Days from first-tiller to first- node stem 

5.2 
 

Days from first- node stem to booting 

3.3 
 

Days from booting to ear emergency 

6.1 Days from ear emergency to 

 

Field Conditions 
This experiment was conducted at the research farm of 
Gorgan, Iran(latitude 54° 14 N´ longitude 38° 05´E) 174 m 

above sea level) in 2014-15. The climate of research area 
is characterized by mean annual precipitation of 536 
mm, mean annual temperature of 15.8 c°. The soil was 
loamy- clay. Soil test results are shown in table 2.  
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Table 2: Physical and chemical characteristics of the experimental soil in the first and second years. 

Total nitrogen 
(%) 
 

Nitrate 
nitrogen 

Ammonium 
nitrogen(ppm

) 

Available 
P(ppm) 

Available K 
(ppm) 

 

 

 

First 
year 

Secon
d 

year 

First 
year 

Second 
year 

First 
year 

Secon
d 

year 

First 
year 

Secon
d 

year 

First 
year 

Second 
year 

Soil 
texture 

Soil 
depth 

0.18 0.18 8.32 8.64 4.62 5.01 3.55 2.46 240 200 Loamy- 
Clay 

0-30 

0.18 0.18 5.90 4.52 4.31 3.90 1.72 1.60 180 140 Loamy- 
Clay 

30-60 

 

Experiment plan and agronomic operation 
Experiment plan based on randomized complete block 
with four replication was conducted and sown by hand 
on December (18th) 2014 with a density of 300 seeds per 
m2. Each plot had 10 rows of 6 m length, spaced 50 cm 
apart. The distance between seed within rows was 15 cm. 
All plots were irrigated at two stages of stem elongation 
and flowering weeds, diseases were controlled by poison. 
During plan t growth and development as required. On 
the basis of soil test 150 kg.ha-1 triple super phosphates 
and 100 kg.ha-1 potassium sulfate was used. At the 
flowering stage 20 plants were randomly harvested from 
the central rows of each plot to determine wheat leaf 
area using a leaf area meter device .At physiological 
maturity stage 20 plants were randomly harvested and 

biological yield and grain yield per unit area was 
recorded. Excel software was used to draw the figures 
 

Weather and soil information  
On the basis of reach area, daily weather data long-term 
including (maximum and minimum temperature, rainfall 
and radiation) were received from general office of 
weather Golestan province, Iran (reach area). In order to 
distinct soil properties of research area including soil 
texture and soil chemical characteristics was drilled a 
profile to depth 90 cm and was separated to 4 layer and 
was measured soil characteristic each layer (Table 3). In 
order to evaluate results of model be used from 
assessment indicators coefficient of determination (R), 
coefficient of variation (CV), root mean square error 
(RMSE). 

 
Table 3: Characteristics of research field soil each layer. 

Layer 
depth 
(cm) 

Clay 
(%) 

Silt (%) Sand 
(%) 

Apparent 
specific 

weight of 
soil 

Moisture 
in field 

capacity 

pH EC (meds. 
)2-Cm 

OC (%) 

15 28 36 36 1.265 0.31 7.9 595 1.2 

15 28.16 31.41 41.9 1.265 0.35 7.9 595 1.96 

30 28.2 38.29 39.35 1.247 0.32 7.93 612 0.92 

30 32.15 41.65 41.67 1.263 0.34 8 685 0.78 

 

Results and discussion 
Phonological stages 
The results of evaluation models showed that coefficient 
of determination (R) between and simulated data of day 
to anthesis and day to physiological maturity were 0.98 
and 0.96 respectively, the amount of root mean square 
error (RMSE) between and simulated data of day to 
pollination and day to physiological maturity were 
respectively. Also coefficient of variation (CV) between 
and simulated data of day to anthesis and day to 
physiological maturity were 3.5 and 3.8 respectively 
(Figure 1& 2). Therefore on the basis of results, SSM-
Wheat model in forecast phonological stages of wheat in 
response to nitrogen fertilizer was successful; so that 
trend witch simulated data follow in response to nitrogen 

fertilizer is similar to observed data excessively. Basically 
period of growth and phonological stages can affect yield 
by consumption more sources or via decrease 
environmental stress and decrease phonological period 
in plant. Therefore in conditions is deficit intense 
nitrogen fertilizer may nitrogen effect development 
phonological in plants (Hay and Walker, 1989). 
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Fig. 1: Simulated   versus observed days to anthesis. The 20% 
ranges of discrepancy between simulated and observed are 
indicated by dashed lines. Solid line is 1:1 line. 

 
Fig. 2: Simulated  versus observed days to physiological 
maturity. The 20% ranges of discrepancy between simulated 
and measured are indicated by dashed lines. Solid line is 1:1 
line. 

 

Biological yield 
Biological yield in cereals actually with increasing 
application nitrogen fertilizer until to reach to maximum 
of yield, that after will fixed or will stopped, inclination 
has to increase linear (Hay and walker, 1989; Zia et al. 
2003). Model could biological yield forecasted well, as R, 

CV and RMSE between observed and simulated data were 
0.74, 18.93 and 2305.62respectively (Figure 3). 
Khaleleaghdam et al (2015) reported that SSM-Wheat 
anticipation of grain yield and biological yield evaluated 
well. 

 

Fig. 3: Simulated versus observed biological yield. The 20% 
ranges of discrepancy between simulated and observed are 

indicated by dashed lines. Solid line is 1:1 line.  

 
 
 
 
 

Leaf area index 
One of the effective factors on the expansion of leaf area 
plant in the amount of access to nitrogen and deficit 
nitrogen limited expansion of leaf area, therefore 
expansion of leaf area be considered as an important 
factor in determining need plant (Soltani and Sinclair, 
2012). Although accuracy model in forecast leaf area 
index in pollination stage in comparison with others 
traits was less, but was acceptable, as R, CV and RMSE 
between observed and simulated data were 0.37, 26.25 
and 1.12 respectively (Figure 4). Plurality effective 
factors on leaf area index and impossibility to 
quantitative one by one, simulation carful leaf area index 
has made difficult (Banayanaval, 1999).  
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Fig.4: Simulated versus observed LAI at . The 20% ranges of 
discrepancy between simulated and measured are indicated by 
dashed lines. Solid line is 1:1 line. 

Grain yield 
Limitation nutrition elements especially nitrogen is the 
most important factors limited of yield in wheat (Davis et 
al, 2002). Need wheat to nitrogen is more in comparison 
with others elements. Results evaluation of model 
showed that R, CV and RMSE between measured and 
simulated data of grain yield were 0.62, 22.48 and 958.82 
(Figure 5). 
 

 
Fig. 5.  Simulated versus observed grain yield. The 20% ranges 
of discrepancy between simulated and measured are indicated 

by dashed lines. Solid line is 1:1 line. 

Conclusion 
SSM-Wheat model in elevation of mentioned traits for 
wheat cultivar N-87-20 was prospered well and 
acceptable. On the other hand, field experiments are 
costly and time consuming, model can causes save in 
time and cost, so SSM-Wheat model can be used in the 
direction recovery nitrogen nutrition management of 
plants, Nitrogen nutrition with the aim access to 

maximum yield and decrease consumption of luxury 
nitrogen fertilizer in wheat in order to reduce pollution 
environmental and disease. 
  

References 
Alizadeh, P., Soltani, A. 2016. Simulation of soil nitrogen 
balance in wheat (Triticum aestivum L.) production in 
wheat (Triticum aestivum L.) production in Gorgan, Iran. 
Journal of Crop Science. 18(3): 218-231 . 
 
Banayan, M., 1999. Development and applying crop 
simulation models for forecast winter wheat yield. PhD. 
Thesis, Nott.Univ., UK. 

Black, I., Dyson, C., 2008. Thirty years of change in South 
Australian broadacre agriculture. In: Global Issues, 
Paddock Action. Proc. 14th Aust. Agron.Conf., Adelaid, 
South Australian, Australian.Society.Agron. J. 21-28 
September. 

Davise, J.G., Westfall, D.G.,Mortvedt, J.J.,Shanahan, J.F., 
2002. Fertilizing winter wheat.Agron. J. 84: 1198-1203.  

Fang, Q., Malone, R., Ahuja, L.D., 2013. Quantifying 
climate and management effects on regional crop yield 
and nitrogen leaching in the north China plain. J. Environ. 
Qual. 42: 1466-1479. 

Gibbons, J.M., Sparkes, D.L.,Wilson, P., Ramsden, S.J.,2005. 
Modelling optimal strategies for decreasing nitrate loss 
with variation in weather a farm-level approach. Agric. 
Sys. 83: 113–134. 

Hay, R., Walker, A. J. 1989. An introduction to 
physiological of crop yield. Longman Scientific and 
Technical . Essex.  

Heffer, P., 2008. Assessment of fertilizer use by crop at 
the global level.International Fertilizer Industry 
Association.Availabel at: www.fertilizer.org. 

Khaleleaghdam, N., Mirmahmoodi, t., Mirab, Y., 2015. 
Simulation effective change climate on produce wheat in 
condition in Orumeyeh. Journal of Sustain Agriculture. 
Vol 26(3): 201-214.  

Mc Donald, G.K., 2002. Effects of nitrogen fertilizer on the 
growth, grain yield and grain protein concentration of 
wheat. Austr. J. Agric. Res. 43:949-967. 

Pannkuk, C.D., Stockle, C.O., Papendick, R.I., 1998. 
Evaluating CropSyst Simulations of Wheat Management 
in a Wheat-Fallow Region of the US Pacific Northwest. 
Agricultural Systems. 57: 121-134. 

Paz, J.O., Batchelor, W.D., Babcock, B.A., Colvin, T.S., 
Logsdon, S.D., Kaspar, T.C., Arlen, D.L., 1999. Model-based 
technique to determine variable rate nitrogen for corn. 
Agric. Syst. 61: 69–75. 



78                                                               Moeinirad et al / Int. J. Adv. Biol. Biomed. Res., 2017; 5 (2), 73-78 

 

 

Soltani A., Sinclair, T.R., 2012. Modeling physiology of 
crop development, growth and yield.Cabi. 

Soltani, A., 2008. Mathematical Modeling in Field 
Crops.Publishers of Mashhad university jihad.Vol (1): 
175 Pp.  

Soltani, A., Hoogenboom. G., 2007. Assessing crop 
management options with crop imulation models based 
ongenerated weather data. Field Crops Research. 103: 
198-207. 

Soltani, A., Zeinali, E., Galeshi, S., 1987. A computer for 
simulation photosynthesis and transpiration canopy. 
Journal of Agricultural Sciences and Natural 
Resources.Vol 7(1): 35-44.  

Soltani, E., Soltani, A., Zeinali, E.,Dastmalchi, A., 2013. 
Estimates of nitrate leaching from wheat fields in Gorgan. 
J. Soil Water Conserv. 20: 145-163. 

Stockle, C.O., Donatelli, M., Nelson, R., 2003.CropSyst, a 
cropping systems simulation model.Euro. J. Agron. 18: 
289–307 

Torabi, B., Soltani, A. 2013. Assessment of nitrogen 
fertilizing of wheat farms in Gorgan region. Journal of  
Crop production. 6(4): 19-32. 

ZareFyzabadi, A., Kochaki, A., NasiriMahalati, M., 2006. 
The trend of changes in cultivated area, yield and 
production of cereals in the country and predict the 
future state for 50 years. Iran. J. Field Crop. Res. 4: 49-69. 
(In Persian with English abstract). 

Zeinali, E., 2009. Wheat nitrogen nutrition in Gorgan; 
Agronomic al, Physiological, and Environmental Aspects 
(A thesis submitted for the degree of Ph.D. in agronomy. 

Zia, M.S., Hussain, F., Aslam, M., EhsanAkhtar, M., Hamid, 
A., 2003.Basis for formulation of fertilizer 
recommendations for crop production. Int. J. Agric. Biol. 
5: 392–396. 

How to cite this manuscript: Akram Moeinirad, Ebrahim Zeinali, Afshin Soltani, Serollah Galeshi, Farhood Yeganehpoor. 
Investigation of SSM-Wheat Model to Forecast of Growth and Yield of Wheat in Response to Fertilizer Nitrogen in order to 
Decrease Pollution Environmental and Diseases. International Journal of Advanced Biological and Biomedical Research 
5(2), 2017, 73-78. DOI: 10.18869/IJABBR.2017.459. 
 

  


