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Abstract

Water is an important item of crop production and Irrigation water is limiting for crop production in arid and
semi-arid areas. On the other hand, considering the population growth and increasing the water and food needs and
also limited resources of water, the optimization of water consumption, especially in section of agriculture is
important. For this purpose, in first step, the production function of expected products in any region should be
obtained acceptably, because in this case, the models are totally dependent on the production function. Thus,
finding the optimal production function has the lowest error in the estimation of risk-taking and decision-making
power in the future will be important. So this study was conducted in Esmaceil Abad in Qazvin plain in Iran in the
growing season of 2009-2012. Deficit Irrigations applied on different growth stages of winter wheat. The
maximum evapotranspiration 641 mm and maximum attainable yield 5847 kg/ha was determined. After that the
different production functions were studied and these methods have been tried to improve a new method with the
least error. On the other hand yield response factor (K,) per month was defined as either one of the standard values
by FAO and the other using correction values by Najarchi et al. (2011). The result showed that the new model in
this study is normalized with yield response factors of Najarchi et al. (2011) with 5% normal root mean square
(NRMSE) has the lowest error. Therefore this technique for estimating water deficits of winter wheat in the Qazvin
Plain was suggested.

Keywords: production function, yield response factor (K,), winter wheat
1. Introduction

The important limit for agriculture in Iran is water, especially in Qazvin plain. So paying attention to the
management of water consumption in agricultural sector as the main consumer of water is necessary. The rapid
increase of the population and the corresponding demand for extra water by sectors such as industries and
municipals, forces the agricultural sector to use its irrigation water more efficiently. Also planning and
management of available water resources in the agricultural sector are to become a national and global priority
(Smith, 2000). One important thing is to discuss in agricultural land is water shortage in under irrigation lands.
There are different strategies to confront with this problem on farm land which are divided into six parts including:
1) Increasing soil water storage at the time of cultivation; 2) Increase water usage by plant in soil; 3) To decrease
the evaporation from soil surface; 4) optimization model for water consumption; 5) improving plant tolerance to
water stress and tensions; 6) irrigation at critical growth periods (Debaeke & Aboudrare, 2004). Apart from field
experiments, a robust simulation model with which specific situations can be simulated would be very useful for
the proper design of deficit irrigation strategies. The mechanistic models however generally require a huge set of
input data which is often not readily available outside research stations. Since they also demand an extensive
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site-specific calibration before they can be applied, this type of model might not be very useful for developing
irrigation strategies under practical conditions (Raes et al., 2006). In this context, By means of a mechanistic crop
growth model, the expected yield for several growing conditions can be estimated (Penning de Vries & Van Laar,
1982; Spitters et al., 1989; Ritchie, 1990; Goudriaan & van Laar, 1994; Bouman et al., 1996; Boote & Jones, 1998;
Soltani et al., 1999 ; Robertson et al., 2001; Batchelor et al., 2002; Stockle et al., 2003; Wang et al., 2003; Ziaei &
Sepaskhah, 2003; Yang et al., 2004). Also we don’t have enough data to run and to calibrate these models in each
region of Iran especially in Qazvin plain. So using of these models is difficult. We need sample models to estimate
crop yield in practical conditions. For this purpose, we try to find monthly sample method for estimating crop yield.
In this study, the sample models, Doorenbos and Kassam (1979), Allen (1994), Stewart et al. (1977) and Raes
(2004) are used to find best simple model. In the other hand, yield response factor (K,) is very important to all of
the models. So In the case of Qazvin Plain, we use yield response factor (K,) that produce by Najarchi et al. (2011).
Therefore, we should see that the impact of this correction factors is how much Influence on the production
functions. Considering the importance of winter wheat as one of important products to supply the food needed in
Iran and deficit irrigation method, the present study was to investigate the production functions with correction
factor Najarchi et al. (2011) was conducted to estimate winter wheat yield to show that production function can be
used and which functions will provide better answers.

2. Method and Materials
2.1 Experimental Site

This study was conducted in Esmaeil Abad in Qazvin province, Iran in the growing season of 2009-2012.This
experiment was performed on a land area of 600 square meters in Esmaeil Abad Research Station (49° 52' N, 36°
15'E, 1285 MSL). There was no salinity and sodium hazard by using the irrigation water. In this experiment 200
kg/ha Nitrogen and 45 kg/ha phosphate fertilizer with 5 million plants per hectare density was applied.
Randomized complete block design with 5 treatments and 3 replications was used. In each crop year and after
preparing the ground with dimensions of 6m long, 4m wide, for each plot (24 m) were classified. Soil physical and
chemical properties are given in Tables 1 and 2 respectively. In order to cultivate the seed of Alvand was used.
Deficit Irrigations applied in during the Germination, Tillering, Stem elongation, flowering, Milky and dough and
ripening stages. The evapotranspiration and crop yield in each method shown in Tables 3, 4 and 5. To ensure of
significant difference between treatments in per year, Duncan test was applied, and the results were added to the
tables.

Table 1. Some physical properties of the experimental soil

Depth Clay Silt Sand Bulk density Field capacity Permanent wilting point

cm % % % g cm cm’ cm” cm’ cm™
0-25 51 34 15 1.44 0.21 0.11
25-50 35 50 15 1.42 0.2 0.1
50-75 47 38 15 1.47 0.23 0.12
75-100 39 54 7 1.53 0.23 0.12
100-125 37 54 9 1.55 0.23 0.13
125-150 39 42 19 1.6 0.24 0.13

Table 2. Some chemical properties of the experimental soil

Depth pH EC N0, K P Ca Na Mg
cm dS/m meq/l meq/l meq/l meq/1 meq/l meq/1
0-50 7.3 0.86 0.7 5.7 0.25 1.8 0.27 0.48

50-100 7.5 1.1 1.2 6.1 0.32 2.1 0.31 0.52
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2.2 Measurement and Methodologies

The amount of irrigation water, in the basis of soil moisture in depths of 25, 75, 100, and 125 cm was measured,
and amount of water demand in each layer in the region of plant's root relation was obtained by Equation 1.

dy = XiL1(Brei — 014, (1

Where d, is the net irrigation depth (m), O¢; and 6; are the volumetric soil water contents in layer i at field capacity
and before irrigation, respectively (m® m™), A, is the soil layer thickness (m) and n is the number of soil layers.
Using Equation given by Borg and Grimes (1986) root growth during the growing season was calculated as
follows:

3.03Das
Dtm

Z. = Rpy [0.5 + 0.5 SIN( - 1.47)] )

Where z, is the root depth, Rpy is maximum rooting depth, Dry is the number of days required to reach the
maximum depth, D,g is the number of days after they are planted, The maximum depth of the root is 1 meter for
winter wheat was placed 160 days after planting (Hosseini, 2005).

After calculating the amount of irrigation water needed due to the type of treatment applied, the soil water balance
Equation for each treatment was calculated as the winter wheat evapotranspiration (Jensen, 1973).

ET=I+P-D+(3(0:1-62)AS)) (3)

where I is the irrigation amount (mm), P is the precipitation (mm), D is the deep percolation (mm) at the bottom of
the root zone, n is the number of layers, AS is the thickness of each soil layer (mm) and 6, and 6, are the volumetric
soil water contents (cm’ cm™) before two consecutive irrigations. These values are presented in Table 3, 4, and 5.
In this test, the farming field capacity and bulk density during test was assumed constant. At the time of growth
season, necessary cares like weeding, spraying against pests and plant diseases were performed and harvesting was
done by hand. Then the product was dried and next the seeds were separated from the Straw and yields were
measured for each treatment.

2.3 Yield Production Functions

According to information obtained (Table 3, 4, and 5), different production functions used. These functions for
were as follows:

Doorenbos and Kassam (1979) have presented the relationship between relative yields, relative evapotranspiration,
and crop coefficients were as follows:

1-2 =k, (1-22) &)

Where y, is the actual harvested yield (kg/ha), y,, is the maximum attainable yield (kg/ha), K, is the yield response
factor (non-dimensional), and ET, and ET, are the actual evapotranspiration (mm) and maximum
evapotranspiration (mm), respectively, during the growing period. Y .« and K are crop-related coefficients, which
must be known.

This Equation acts as simple and general. So it is usable for total growth period and other methods based on this
method have been written. In order to use this model, using yield response factor of product recommended by FAO
and once again using yield response factor of product recommended by Najarchi et al. (2012) was applied.
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Table 3. Monthly evapotranspiration rates of winter wheat in different irrigation treatments

year/month Nov. Dec. Jan. Feb. Mar. Apr. May. Jun. Jul rzrim E;Ea
39.8 133 147 113 104 672 87.1 1515 1764 571.7 50002
239 10.1 147 113 104 672 917 151.1 1764 556.8 5100
469 242 147 113 104 672 917 151.5 1764 5943 5170
202 0.0 147 113 104 672 752 1515 1764 5269 5250°

2010 389 203 147 113 104 672 917 151.1 1764 582.0 5450:
469 242 147 113 104 672 91.7 151.1 1764 5939 5400
324 99 147 113 104 672 834 1515 1764 5572 5550°
262 47 147 113 104 672 79.7 151.5 1764 542.1 5700°
188 0.0 147 113 104 672 91.7 151.1 1764 541.6 5800°
30.1 157 147 113 104 672 91.7 151.1 1764 568.6 5850"

Testifier 464 24 146 112 103 76.5 108.8 1583 1843 6344 5884°

*Means followed by the same letters in each parameter are not significantly different at 5% level of probability

Table 4. Monthly evapotranspiration rates of winter wheat in different irrigation treatments

year/month Nov. Dec. Jan. Feb. Mar. Apr. May. Jun. Jul 2 yield
mm Kg/ha
469 242 147 113 104 672 91.7 1515 764 4943 4500¢

432 225 147 113 104 672 174 1303 1693 486.3 4500°

394 209 147 113 104 672 660 340 1764 4403 4600'

394 208 147 113 104 672 0.0 106.1 162.3 4322 4600

2011 450 234 147 113 104 672 760 360 1764 4604 5050°
469 242 147 113 104 672 91.7 1510 1764 593.8 5250°

469 242 147 113 104 672 87.0 1180 1764 556.1 5250°

46.9 237 147 113 104 672 66.0 1454 1746 560.2 5500°

450 232 147 113 104 672 413 1409 1729 5269 5630

469 242 147 113 104 672 81.0 91.0 1764 523.1 5900°

Testifier 469 242 167 123 104 675 121.7 159.5 181.7 6409 5800"

*Means followed by the same letters in each parameter are not significantly different at 5% level of probability

Table 5. Monthly evapotranspiration rates of winter wheat in different irrigation treatments

year/month Nov Dec Jan Feb Mar Apr May Jun Jul 2 yield
mm Kg/ha
39.9 242 147 113 104 672 91.7 742 720 4056 4700"
46.9 242 147 113 104 672 889 1500 564 4700 4750
469 242 147 113 104 672 91.7 1515 1764 5943 4800°
46.9 242 147 113 104 672 917 985 98.0 4629 4950°
2012 469 242 147 113 104 672 889 150.0 1340 547.6 5000
469 242 147 113 104 672 91.7 1515 1764 5943 5100°
469 242 147 113 104 672 889 1500 935 507.1 5150°
469 242 147 113 104 672 91.7 1150 119.0 5004 5150°
46.9 242 147 113 104 672 889 1300 30.0 423.6 5700°
469 242 147 113 104 672 91.7 1341 149.0 549.5 6000°
Testifier 474 265 158 134 125 779 102.6 173 1782 6473 5857"

*Means followed by the same letters in each parameter are not significantly different at 5% level of probability
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Minimum product loss is another method which was expressed by Allen (1994) and different growth period was
considered:

i—z = Min {2 Jo2 | Jai} ®)

Yp1' Yp2' T Yoy

Where Y, is the actual harvested yield (kg/ha), Y, is the maximum attainable yield, Y.i/Y,; are expected relative
yield as result of water stress in growth stage i. The expected yield is estimated by the sum of the right hand terms
of Equation 1 determined for each period.

In this study, instead of taking minimum, the Average of product reduction was considered, as the Equation can be
written as follows;

Ya_ iy fla Yao ) 6)

Yp  n“i=1lyp, vp, T gy

Where Y, is the actual harvested yield (kg/ha), Y, is the maximum attainable yield, Y,i/Y,; are expected relative
yield as result of water stress in growth stage i. The expected yield is estimated by the sum of the right hand terms
of Equation 1 determined for each period.

Another productive method of generating functions is that Stewart et al. (1977) presented the following Equation
for the stress at different growth stages:

hY ET g

22 i (1K (1- 22 o
Where y, is the actual harvested yield (kg/ha), y,, is the maximum attainable yield, ET, is the actual
evapotranspiration in each period (mm), ET,,; is the maximum evapotranspiration in each period (mm), Ky; is the

yield response factor (non-dimensional) at any stage of growth, i is the stage of development, and n is the number
of stages of growth.

Therefore, according to Equation 7, reduction rate in one-month period was determined. So that the final product
can be gotten, as this method, one time with yield response factor of FAO and another time with yield response
factor of Najarchi et al. (2011) were performed.

To improve and increase the accuracy of the Equation 7, Raes (2004) in the water and solute balance model
(BUDGET), the following Equation was used where the different stages are divided into a number of smaller
periods:

)

ETg; ET, i\ \Li
1k (1= 52) = it (1 K (1- 52 ®

Where [] stands for the product of the M functions between square brackets, M for the number of time steps with
length At; (day), during the growth stages i, L; for the total length of the stages(day), and ET,; and ET,; for
respectively the actual and maximum evapotranspiration during the time step j. In this study length of period (At;)
is 30 days, and Equation 8 was used with monthly intervals, and range of (At/L;) is given in Table 6.

So, using the table of values and evapotranspiration values in each interval, yields were estimated by this method.
In this way, the yield response factors of the two types of plants were used.

To improve and increase the accuracy of the Equation 8 and to increase the accuracy of production function, it has
been tried, the weighting of length of periods with yield response factor is replaced and the new Equation is as
follows:

K_‘yi
P i
Ya | 1K, 1 T, - 9)
Yo = 1li=1 — Ryj - ]
P ETm’j

Where Y, is the Actual yield (Kg/ha), Y, is the maximum attainable yield (kg/ha), ET,; is the actual
evapotranspiration (mm) in each period, and ET,,; is the maximum evapotranspiration (mm) in each period, K; is
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the yield response factor (non-dimensional) at any stage of growth, i:stage development, and n is the number of

stages.

The computed values for new coefficients are given in Table 6. According to the values obtained the new method

was launched.

Table 6. Monthly coefficients of the Raes (2004) and the new method

Month > Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul.
Ay - 15 31 30 31 31 30 31 30 15
Atj/ - 0.04 0.13 0.13 0.13 0.13 0.12 0.12 0.12 0.06

Li
Kyrao 5 0.20 0.50 0.60 0.60  0.60 0.60 0.60 0.50 0.40
K, - 0.04 0.1 0.12 0.12  0.12 0.12 0.12 0.1 0.08
n K-
i=1"yi
KyNaj 6.1 0.31 0.61 0.71 0.71 0.71 0.71 0.71 0.61 0.51
K, - 0.05 0.1 0.12 0.12  0.12 0.12 0.12 0.1 0.08
n K-
i=1"yi

2.4 Analyses Method

Simulation yield were compared with the measurement values. The goodness of fit of the simulations was assessed
with the help of three statistical estimators:

RMSE = |31, (X; = Y))? (10)

Where RMSE is the Root Mean square error, n is number of data, X; is the Data Measurement and Y; is data

estimated by the model.
1
;Z?:l(xi—yi)z
NRMSE = ¥*—— (11

Where NRMSE is the Normal Root Mean square error, n is the number of data, X; is the measured data, Y; is the
data estimated by the model, and X is the average of measured data.

d=1-— [ Z?:l(xi—J’i)z ] (12)

i, (=X 1+ly=71)2

Where d is Agreement index, n is the number of data, x; is the measured data, y; is the data estimated by the model,
X is the average of measured data, and Y is the average of estimated data.

3. Results and Discussion

According the measured values and different functions of production which were used in this study, the yield of
winter wheat was estimated in any method with separation of yield response factor are given in Tables 7, 8 and 9.
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Table 7. Prediction yield by difference production functions (2010)
Predict Method(kg/ha)

Measured Eq.(4) Eq.(4) Eq.(5) Eq.(5) Eq.(6) Eq.(6) Eq.(7) Eq.(7) Eq.(8) Eq.(8) Eq.(9) Eq.(9)
(Kg/ha) Krao Ky Krao K Krao Ky Krao K Krao Kaj Krao Kinaj
5000 5246 5463 3404 2898 5374 5200 2855 1871 5302 5120 5340 5170
5100 5319 5557 4039 3674 5476 5324 3631 2562 5451 5318 5483 5356
5170 5170 5365 2850 2223 5288 5063 2249 1220 5170 4911 5220 4978
5250 5243 5459 2850 2223 5345 5141 2500 1403 5235 4999 5290 5069
5450 5503 5795 5690 5683 5698 5697 5681 5670 5699 5698 5698 5897
5400 5444 5719 5241 5107 5633 5582 5045 4581 5634 5598 5643 5608
5550 5321 5560 4016 3645 5464 5340 3557 2717 5426 5308 5452 5342
5700 5393 5653 4416 4134 5536 5464 4145 3576 5510 5440 5528 5463
5800 5505 5798 5690 5683 5699 5698 5688 5680 5699 5699 5699 5698
5850 5377 5633 4699 4455 5557 5450 4348 3482 5553 5470 5573 5493

Table 8. Prediction yield by difference production functions (2011)
Predict Method(kg/ha)
Measured Eq.(4) Eq.(4) Eq.(5) Eq.(5) Eq.(6) Eq.(6) Eq.(7) Eq.(7) Eq.(8) Eq.(8) Eq.(9) Eq.(9)
(Kg/ha) Krao Kingj Krao KiNaj Krao Kingj Krao Kinaj Keao Ky Keao Ky
4500 4968 5104 2929 1677 5344 5174 2541 1340 5000 4842 5195 4851
4500 4699 4757 2280 735 5195 4950 1686 455 4966 4290 4968 4311
4600 4840 4938 3527 2741 5409 5292 3082 2222 5314 5124 5351 5181
4600 4740 4809 3490 2689 5325 5155 2614 1677 5223 4984 5264 5047
5050 5170 5365 3820 2971 5470 5362 3547 2646 5401 5228 5396 5232
5250 5315 5553 5070 4842 5618 5587 4905 4612 5603 5564 5612 5577
5250 5151 5341 4562 4150 5545 5485 4235 3717 5509 5428 5525 5452
5500 5336 5579 4742 4309 5583 5532 4571 4096 5558 5489 5556 5491
5630 5503 5795 5690 5683 5698 5697 5681 5670 5699 5698 5698 5697
5900 5505 5798 5690 5683 5699 5698 5690 5683 5700 5699 5699 5700

Table 9. Prediction yield by difference production functions (2012)
Predict Method (kg/ha)
Measured Eq.(4) Eq.(4) Eq.(5) Eq.(5) Eq.(6) Eq.(6) Eq.(7) Eq.(7) Eq.(8) Eq.(8) Eq.(9) Eq.(9)
(Kg/ha) Krao Ky Keao K Krao Ky Keao K Krao Kiaj Krao Kiaj
4700 4426 4403 3420 1767 5232 4910 2084 664 5283 4877 5247 4877
4750 4746 4816 4643 3877 5393 5207 3150 2048 5410 5222 5415 5222
4800 4703 4761 3875 2552 5349 5099 2755 1309 5403 5124 5373 5124
4950 4416 4391 4203 3117 5253 4959 2318 1094 4873 4970 5279 4970
5000 4911 5030 4105 2949 5420 5221 3256 1926 5483 5297 5446 5297
5100 4962 5096 4937 4383 5481 5347 3777 2841 5498 5370 5501 5370
5150 5246 5463 5328 5059 5595 5530 4710 4163 5606 5549 5607 5549
5150 5135 5319 4330 3337 5495 5350 3823 2691 5562 5452 5516 5452
5700 5505 5798 5690 5683 5699 5698 5690 5683 5700 5699 5699 5699
6000 5506 5799 5700 5700 5700 5700 5700 5700 5700 5700 5700 5700
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For better results, first, we explain the review of results of the production function of Doorenbos and Kassam
(1979). For this work, the estimated parameters measured using the index of sensitive plants FAO in Figure 1a and
the coefficients of yield response factor of Najarchi et al. (2011) in Figure 1b, compared to the one by one line
along with the values of RMSE, NRMSE and d is presented. As, it's clear, this production function the index of
sensitive plants FAO can act better and amount of normal risk is 6% and this is while with the index of sensitive
plants of Najarchi et al. (2011), the amount of error reaches to 5%, thus, in the case of using this production
function, coefficients of Najarchi et al. (2011) are proposed.

Second function of production, which has been examined, is a minimization method, as amount of estimated
values with this method is brought using FAO plant yield response factors in Figure 2a and yield response factor
Najarchi et al. (2011) in Figure 2b relate to a line, one by one and together with values of RMSE, NRMSE and d is
presented. Considering the results obtained, this method with two aforesaid yield response factors didn’t work and
only based on the extremist tension can make decision, thus, its results are not imputable and has normal error of
21-34%, as it was not suggested.
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Figure 1. Relationship between amount of measured and yield was estimated by Equation. (4) with:
a) FAO plant yield response factors. b) Plant yield response factors of Najarchi et al. (2011)
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Figure 2. Relationship between amount of measured and yield was estimated by Eq. (5) with:
a) FAO plant yield response factors. b) Plant yield response factors of Najarchi et al. (2011)

The third function is the averaging method of production was investigated in this study, this method was used to
correct for the minimal approach. Values estimated by this method using the FAO crop yield response factor in
Figure 3a and Najarchi et al. (2011) plant yield response factor in Figure 3b compared to the one by one line along
with the values of RMSE, NRMSE and d are presented. Considering the results obtained this method Najarchi et al.
(2011) yield response factor work better and based on the averaging of imposed tensions estimates the amount of
crop. Thus, results of this method are acceptable and using Correction Coefficient (Najarchi et al., 2011) its
Normal Error reduces from 8 to 6 percent. So, this method can increase the accuracy of estimate and comparing to
method of minimum offers more reasonable answers.
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Figure 3. Relationship between amount of measured and yield was estimated by Equation. (6) with:
a) FAO plant yield response factors. b) Plant yield response factors of Najarchi et al. (2011)

Next function of production, which has been examined, is a simple multiplication method, as in this method, water
tension in each cycle, have influence on each other as multiplying and decrease the crop in this function. Amount
of estimated values with this method is brought using FAO plant yield response factor in Figure 4a and yield
response factor Najarchi et al. (2011) in Figure 4b relate to a line, one by one and together with values of RMSE,
NRMSE and d is presented. Considering the results obtained, this method with two aforesaid yield response
factors didn’t work and only based on the extremist tension can make decision, thus, its results are not imputable

and has normal error of 32-48%, as it was not acceptable and is not suggested.
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Figure 4. Relationship between amount of measured and yield was estimated by Equation. 7 with:
a) FAO plant yield response factors. b) Plant yield response factors of Najarchi et al. (2011)

Raes (2004) in order to improved simple multiplication method, the multiplying function of production with
coefficients were defined to the length of each period were corrected. As in this method, water tension in each
cycle, have influence on each other as multiplying and decrease the crop. Amount of estimated values with this
method is brought using FAO plant yield response factorin Figure 5a and yield response factor Najarchi et al.
(2011) in Figure 5b relate to a line, one by one and together with values of RMSE, NRMSE and d is presented.
Considering the results obtained this method Najarchi et al. (2011) Plant yield response factor work better. Thus,
results of this method are acceptable and using Correction Coefficient its Normal Error reduces from 8 to 6 percent.
So, this method can accurately increase the accuracy of estimate and comparing to method of simple multiplication
offers more reasonable answers.
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Figure 5. Relationship between amount of measured and yield was estimated by Equation 8 with:
a) FAO yield response factors. b) Plant yield response factors of Najarchi et al. (2011)

Raes (2004) multiplication method defined multiplication function with strength coefficients, which is dependant
to the proportion of length of each time period, but, the important thing is sensitivity of plant during each period.
Thus, in this study, these coefficients are distributed according to yield response factor of each period so that it can
be observed that this strength proportion is much dependent to the length of period or rate of yield response factor
of each period. And the severity of crop reduction in each period can be controlled with these new coefficients.
Amount of estimated values with this method is brought using FAO plant yield response factor in Figure 6a and
yield response factor Najarchi et al. (2011) in Figure 6b relate to a line, one by one and together with values of
RMSE, NRMSE and d is presented. Considering the results obtained this method Najarchi et al. (2011) Plant yield
response factor work better. Thus, results of this method are acceptable and using Correction Coefficient its
Normal Error reduces from 8 to 5 percent. So, this method can accurately increase the accuracy of estimate and
comparing to method of Raes (2004) offers more reasonable answers.
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Figure 6. Relationship between Amount of measured and yield was estimated by Equation 9 with:
a) FAO yield response factors b) Plant yield response factors of Najarchi et al. (2011).

4. Conclusions

Considering functions of planned production in this study, it's needed that results which are obtained should be
collected in a table so that we can get an appropriate conclusion. Therefore, a summary of statistical results are
given in Table 10. The values obtained in the method of Doorenbos and Kassam (1979), the yield response factors
of Najarchi et al. (2011) are recommended. However, this method is general and does not feature a monthly
breakdown. In the Average method, the normal error rate is reduced to 8 percent. And with the use of Najarchi et al.
(2011) yield response factors, this error can be reduced to 6 percent.
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Table 10. Values of RMSE, NRMSE and d for production functions

Method Ky RMSE NRMSE d
Doorenbos FAO 292 0.056 0.84
Doorenbos Naj 277 0.053 0.86

min FAO 1116 0.214 0.03
min Naj 1777 0.341 0.03
AVE FAO 416 0.080 0.75
AVE Naj 314 0.060 0.76
multi FAO 1647 0.316 0.04
multi Naj 2509 0.482 0.05
Raes FAO 394 0.076 0.83
Raes Naj 295 0.056 0.86
New FAO 390 0.075 0.86
New Naj 270 0.050 0.89

In simple multiplication method and minimum method, we see high error as in these methods. Therefore, these
methods with error of 21% and 31% are not recommended to estimate the crop of Winter wheat. The method of
Raes (2004) with monthly stage cause a suitable weighting is done and the normal error rate is reduced to 8 percent.
Therefore, with this method, we can reach satisfactory answers and it can act better than the average method. Also,
the normal error rate is reduced to 6 percent by using corrective coefficients of Najarchi et al. (2011). In this new
method that the weighing power is connected to the coefficient of sensitivity, the normal error rate is reduced to 7.5
percent and in the case of corrective coefficients of Najarchi et al. (2011), the normal error rate is reduced to 5
percent. So, what is the more effective on weighting is not length of course of plant sensitivity. Thus, the new
method can provide a more acceptable solution. Therefore, among aforesaid methods, the new method works
better than others and is proposed as a suitable method. Finally, in order to increase the accuracy of plant yield in
Qazvin Plain response factor of Najarchi et al. (2011) is proposed.

Acknowledgement

This study supported by the Soil and Water Research Institute (SWRI) of Iran and Department of Water
Engineering, Science and Research branch of Tehran, Islamic Azad University of Iran.

References

Allen, R. G. (1994). Memorandum on application of FAO-33 yield functions. Department of Biological and
Irrigation Engineering, Utah State University, Logan, Utah.

Batchelor, W. D., Basso, B., & Paz, J. O. (2002). Examples of strategies to analyze spatial and temporal yield
variability = using crop  models.  European  Journal  of  Agronomy, 18,  141-158.
http://dx.doi.org/10.1016/S1161-0301(02)00101-6

Boote, K. J., & Jones, J. W. (1998). Simulation of crop growth: CROPGRO model. In R. M. Curry (Ed.),
Agricultural Systems Modeling and Simulation. Marcel Dekker, Inc.

Borg, H., & Grimes, D. W. (1986). Depth development of roots with time: An empirical description. Trans of the
ASAE., 29,194-197.

Bouman, B. A. M., van Keulen, H., van Laar, H. H., & Rabbing, R. (1996). The ‘School of de Wit’ Crop Growth
Simulation Models: a pedigree and historical overview. Agricultural System, 52, 171-198.
http://dx.doi.org/10.1016/0308-521X(96)00011-X

Debacke, P., & Aboudrare, A. (2004). Adaptation of crop management to water-limited environmental.
European Journal of Agronomy, 21, 433-446.

Doorenbos, J., & Kassam, A. H. (1979). Yield response to Water. irrigation and drainage. paper No. 33, Food
and Agricultural Organization. Rome. Italy.

121



www.ccsenet.org/jas Journal of Agricultural Science Vol. 5, No. 3; 2013

FAO (1992). CROPWAT, a computer program for irrigation planning and management by M. Smith. FAO
Irrigation and Drainage paper No. 26. Rome.

Goudriaan, J., & van Laar, H. H. (1994). Modelling potential Crop Growth Processes. Current Issues in
Production Ecology, 2. Dordrecht, the Netherlands: Kluwer Academic Press Publishers.

Hosseini, S. (2005). Effects between alternate furrow irrigation and different levels of nitrogen on winter wheat
in Bajgah and kooshkak. M.Sc. Thesis. Irrigation department, Shiraz University.

Jensen, M. E. (1973). Consumptive Use of Water and Irrigation Water Requirements (p. 215). ASCE.

Najarchi, M., Kaveh, F., Babazadeh, H., & Manshouri, M. (2011). Determination of the yield response factor for
field crop deficit irrigation. African Journal of Agricultural Research, 6(16), 3700-3705.

Penning de Vries, F. W. T., & Van Laar, H. H. (1982). Simulation of plant growth and crop production.
Wagening, the Netherlands: Center for Agricultural Publishing and Documentation.

Raes, D. (2004). Budjet: a soil water and salt balance model. Reference Manual. Version 6.0
(http://www.iupware.be) and select downloads and next software. last updated June 2004.
http://dx.doi.org/10.1016/j.agwat.2005.04.006

Raes, D., Geerts, S., Kipkorir, E., Wellens, J., & Sahli, A. (2006). Simulation of yield decline as a result of water
stress with robust soil water balance model. Agricultural Water Management, 81, 335-357.

Ritchie, J. T. (1990). Specifications of the ideal model for predicting crop yields. In C. Russell, & J. Muchow, A.
Bellamy (Eds.), Climatic risk in crop production, Brisbane (pp. 97-123). Australia.

Robertson, M. J., Carberry, P. S., Chauhan, Y. S., Ranganathan, R., O’Leary, G. J. (2001). Predicting growth and

development of pigeonpea: a  simulation model. Field Crops Res., 71, 195-210.
http://dx.doi.org/10.1016/S0378-4290(01)00160-5

Smith, M. (2000). The application of climatic data for planning and management of sustainable rain fed and
irrigated crop production. Agriculture Forest Meteorology, 103, 99-108.
http://dx.doi.org/10.1016/S0168-1923(00)00121-0

Soltani, A., Ghassemi-Golezani, K., Khooie, F. R., & Moghaddam, M. (1999). A simple model for chickpea
growth and yield. Field Crops Res., 62, 213-224. http://dx.doi.org/10.1016/S0378-4290(99)00017-9

Spitters, C. J., Van Keulen, H., & Van Kraalingen, D. W. G. (1989). A simple and universal crop growth
simulator: SUCROSS87. In: R. Rabbinge, S. A. Ward, H. H. va n Laar (Eds.), Simulation and Systems
Management in Crop Protection, Simulation Monographs 32. Wageningen.

Stewart, J., Cuenca, R. H., Pruitt, W. O., Hagan, R. M., & Tosso, J. (1977). Determination and Utilization of
water production functions for principal California Crops. In: W-67 California Contribution Project Report.
Univercity of California, Davis.

Stockle, C. O., Donatelli, M., & Nelson, R. (2003). Cropsyst, a cropping system simulation model. European
Jjournal of agronomy, 18, 289-307. http://dx.doi.org/10.1016/S1161-0301(02)00109-0

Wang, F., Fraisse, C. W., Kitchen, N. R., & Sudduth, K. A. (2003). Site-specific evaluation of the
CROPGRO-soybean model on Missouri claypan soils. Agric.  Syst, 76, 985-1005.
http://dx.doi.org/10.1016/S0308-521X(02)00029-X

Yang, H. S., Dobermann, A., Lindquist, J. L., Walters, D. T., Arkebauer, T. J., & Cassman, K. G. (2004).
Hybrid-maize-a maize simulation model that combines two crop modeling approaches. Field Crops Res., 88,
131-154. http://dx.doi.org/10.1016/j.fcr.2003.10.003

Ziaei, A. N., & Sepaskhah, A. R. (2003). Model for simulation of winter wheat yield under dryland and irrigated
conditions. Agriculture Water Management, 58, 1-17. http://dx.doi.org/10.1016/S0378-3774(02)00080-X

122




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


