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Introduction

Water and nitrogen are two main factors of plant production. Water scarcity is one of the most
important challenges in the production of agricultural products in arid and semi-arid regions, as
in most parts of Iran. A great deal of research has been done on the interaction between water and
nitrogen and has shown that irrigation and nitrogen treatments interact with the yield. So far,
various models have been developed to simulate plant performance in response to different levels
of water and nitrogen. The FAO organization has provided the AquaCrop model. This model
simulates yield performance in response to water consumption. The effect of nitrogen deficiency
on vield in the latest versions of the AquaCrop model (versions 4 and 5) is carried out using
semi-quantitative method. In this method, nitrogen deficiency is assumed to be based on four
parameters: 1- Normalized water productivity (WP*), 2- maximum canopy cover (CCx), 3- The
Canopy growth coefficient (CGC) and 4- Canopy decline coefficient (CDC). The hypothesis of
this research is that there is a relationship between the four above parameters and nitrogen
fertilizer for corn, and from them, we can determine the values of four parameters for each
fertilizer level and use them in the AquaCrop model. Therefore, the first goal of this study was to
determine the equations between nitrogen fertilizer and the four above parameters. The second
goal of this study was to evaluate the accuracy of the AquaCrop model for simulating the
response of corn to nitrogen fertilizer using parameters derived from the equations defined in the
first part.

Materials and Methods

This research was carried out in the research farm of Aburaihan campus, University of
Tehran, on a single Cross 704 crop cultivar for two consecutive years of 2015 and 2016. Nitrogen
required by using urea fertilizer (containing 46% nitrogen) as a completely randomized design
with three replications in seven treatments including: no fertilizer, 50, 100, 150, 200, 250 and 300
kg ha' (in this research respectively, treatments were designated as NO to N6 symbols).
Fertilization operations were carried out with three replications at 22, 52 and 65 days after
planting in 2015, 28, 40 and 66 days after planting in 2016. The time of harvesting in the first
year was 119 days after planting date (September 27, 2015) and in the second year 115 days after
planting day (September 5, 2016). The plant samples were taken from the experimental plots to
measure the dry matter (biomass) during the growing season. The number of sampling in the first
and second years of cultivation (2015 and 2016) was six and seven times, respectively. Data for
year 2015 and 2016 were used for calibration and validation, consequently. The relationship
between fertilizer and the four parameters of WP *, CGC, CCx and CDC were determined using
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data from year 94. Then, using these relationships, four of the above parameters were determined
for fertilizer treatments of 2015 and verified and compared with actual values. In the end, the
AguaCrop model was implemented using 2015-year data and the estimated parameters for each
fertilizer application, and the estimated biomass results of the model were compared with the
actual biomass values. The measured values of the biomass in different treatments were
considered as actual values and simulated values of the model as estimated values.

Results and Discussion

Normalized water productivity followed to fertilizer use from a second order equation with a
high determination coefficient (0.98). This coefficient of determination indicates that the second-
order equation simulates about 98% of the normalized water productivity changes associated with
nitrogen fertilizer use. The maximum value of the normalized water productivity parameter of
corn was 34.2 gr m? with 222 kg ha® fertilizer application. This value was about 0.5 gr m™
greater than the recommended value from the appendix of the AquaCrop Model Guide (33.7 gr
m?) (Raes et al., 2009). The correlation of the WP", CDC, CCx and DGC with regard to
fertilizer (N) were as follows:

WP" =-0.0003x N? +0.1332x N +19.371 (1)
CCx =-0.0002x N? +0.1157 x N + 75.641 2)
CGC=-6x10°xN?+0.0311x N +11.95 3
CDC =-10° x N? +0.009%x N +9.25 4)
Conclusion

The results showed that N fertilizer in the form of a second-order function affects the
parameters WP *, CCx, CGC and CDC. The equations based on this study have an accurate
coefficient for estimating the above parameters on the amount of nitrogen fertilizer consumed.
These equations were used to estimate the aforementioned parameters for data validation.
Estimated parameters of the equations based on imported AquaCrop model and biomass were
simulated for different values of fertilizer. Comparison of the results showed that there is
acceptable accuracy between the measured and simulated biomass values. Therefore, four
equations based on this study can be used to estimate the amount of nitrogen fertilizer on the
parameters of corn crop growth for the study area and the results of estimating these parameters
in the AquaCrop model for yield simulation.
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Table 1- Physical and chemical properties of soil

Soil Depth  Texture Field Permanent Bulk density Saturation EC

(m) capacity wilting point (gram/cm®) Humidity (dS/m)
(cm*/cm?) (cm*/cm®) (%)

0.2 Silt loam 20.15 10.01 1.36 44.64 3.55

0.2 Sandy loam 20.45 10.22 1.23 43.58 4.69

0.2 Sandy loam 21.45 10.65 1.32 40.84 4.01

0.6 Sandy loam 18.82 9.60 1.33 48.57 1.55

ST glowd Do gas ¥ 9o
Table 2 - Chemical properties of water
Ca+Mg Na pH EC
(meq/lit) (meq/lit) (dS/m)
Value 16 2.9 7.2 14

Parameter
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Fig. 1- Schematic of statistical design of different treatments and repetitions, A: 2015 crop year, B:
2016 crop year
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Table 3- Irrigation quantities during the growing season for two years 2015 and 2016

Row 2015 2016
Days after Irrigation Days after Irrigation depth
planting depth planting (mm)
(mm)
1 3 30 5 25
2 9 30 11 25
3 16 30 17 25
4 22 41 24 25
5 28 41 28 41
6 29 41 35 41
7 40 41 40 41
8 46 41 46 41
9 53 41 51 41
10 58 41 56 41
11 63 41 61 41
13 69 41 66 41
14 75 41 70 41
15 80 41 74 41
16 85 41 78 41
17 90 41 83 41
18 95 41 88 41
19 100 41 93 41
20 106 41 98 41
21 Sum 746 103 41
22 107 41
23 Sum 797
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Table 4- Conservative Inputs to the AquaCrop Model for Corn

Symbol Description Value
Thase Base temperature (°C) 8
Tupper Upper temperature (°C) 30
CCo Soil surface covered by an individual seedling at 90% emergence (cm2/plant) 6.5
CGC Canopy growth coefficient (% day ™) 19.9
Kcrrx Crop coefficient when canopy is complete but prior to senescence 1.05
- Decline of crop coefficient as a result of ageing, nitrogen deficiency, etc. (% day ™) 0.3
CDC Canopy decline coefficient 12.7
pexp,lower  Soil water depletion threshold for canopy expansion - Upper threshold 0.14
pexp,upper  Soil water depletion threshold for canopy expansion - Lower threshold 0.72
- Shape factor for Water stress coefficient for canopy expansion 2.9
psto Soil water depletion threshold for stomatal control - Upper threshold 0.69
- Shape factor for Water stress coefficient for stomatal control 6
psen Soil water depletion threshold for canopy senescence - Upper threshold 0.69
- Shape factor for Water stress coefficient for canopy senescence 2.7

WPpP* Water productivity normalized for ETo and CO2 (gram/m2) 33.7
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