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Abstract

Introduction

Deficit irrigation is a solution for less water use with the aim of maximum use of the unit volume of water use
and water storage and saving for the development of agriculture or the development of other consumption
sections. Although the direct result of the lack of irrigation is the reduction of yield at the unit level, the
reduction of production costs and the optimization of net profit will compensate for the reduction of yield. In
order to adapt and deal with the limitation of water, it is necessary to use mechanisms to increase the efficiency
of water use and water resources. Deficit irrigation is used as a technical and economic method in irrigation to
improve the relationship between drinking water and the functioning of agricultural plants, and also as one of the
productivity solutions in conditions of water shortage. This method requires consistent, accurate, and efficient
management, which is different from traditional irrigation management. Another to solve this problem is the use
of crop models that simulate crop yield under different soil and climate conditions. The great advantage of these
models is the low cost and the short time spent to obtain results, besides helping better agricultural planning and
management towards higher profits. The DSSAT model is a computational system that includes a database
management system, crop models, and application programs. Plant simulation models can be useful for
predicting crop yield and investigating the effect of drought stress on plant growth and development. The
DSSAT model is able to evaluate the impact of environmental factors such as weather, soil properties, and field
management decisions. The data and information needed to run the model include spatial location (longitude and
latitude, altitude above sea level, average annual temperature) and meteorological information (daily minimum
and maximum temperature, solar radiation, and radiation), soil science (such as soil texture, soil structure and
depth of each layer, apparent specific weight, nutrients, wilting point, and electrical conductivity), and
agricultural operations (type of number and Its type is planting date, planting depth, line spacing, planting
density, irrigation dates, amount of irrigation water). In this research, the DSSAT model was used to simulate
seed yield, pod, biomass, soil water balance components, and water consumption efficiency in cowpea cultivars.

Materials and Methods

This experiment was conducted for two consecutive cropping seasons in 2018 and 2019 in Guilan province and

in Astaneh-Ashrafiyeh city with an average height of -5 meters at sea level. The amount of rainfall during the

growing season of cowpea in the first and second years was 93 and 94 mm, respectively. This research was done

in the form of split plots and in the form of a randomized complete block design with three replications, and the

main factor in it includes irrigation at three levels: 100% of water requirement (1), 75% of water requirement (I>)
and 50% of water requirement (I3), and the secondary treatment included three cultivars of cowpea, Kamran

cultivar (C;), Khuzestan local variety (C,) and Dehsari local cultivar (C3). The amount of water supplied to each

experimental unit was measured by a counter. The amount of water used during the plant growth period included

the total amount of irrigation water and the amount of rainfall.
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Results and Discussion

The results showed that the average relative error between the observed and simulated values in 2018 and 2019
for biomass yields were -0.88 and -0.89%, respectively. With full irrigation and providing 100% of water needs,
the amount of biomass, seed, and pod yield in cowpea cultivars increased and the model was able to simulate the
process of yield changes in different water needs. The relative error (MRE) between the observed and simulated
values in biomass yields in 2017 were between -1.14 and -0.55 percent and in 2018 between -1.19 and It was -
0.55 percent. The root mean square error in estimating the productivity of water use based on biomass yield
based on water use, for Kamran, Khuzestan, and Dehsari cultivars in 2017 respectively 0.0106, 0.01078, and
0.01087 kg.m™ and per the year 2018 were estimated as 0.01044, 0.01079, and 0.01091 kg.m™ respectively.
Examining the values of simulation and observation on biomass, seed, and pod yield showed that root means
square error and average relative error rate and other statistical tests were within the acceptable range and the
DSSAT model was able to reproduce the yield of cowpea cultivars in simulate well the conditions of deficit
irrigation. The average relative error between observed and simulated values in water productivity based on
water use in biomass, seed, and pod yields in 2018 were -0.95, 0.29, and -0.47 % respectively, and in 2019 it was
-0.67, 0.001, and -0.40 % respectively. The mentioned values in water productivity based on transpiration and
also based on evaporation and transpiration in the yield of biomass, seeds, and pods were -0.88, 0.08, and -0.45%
respectively in 2018 and in 2019, were -0.89, 0.07, and -0.45%, which indicates the appropriate evaluation of the
model in simulation and observation conditions.

Conclusion

In the field experiment, with the increase in the amount of irrigation water, the seed and biomass yields in
cowpea cultivars increased and the DSSAT model was able to change these traits at different levels of irrigation,
in accordance with the results observed in the simulation field. However, with the increase of drought stress, the
percentage of simulated relative error was higher in stressed conditions than in irrigated conditions. The values
of RMSE and RMSE, statistics for each function and water productivity parameters showed that the DSSAT
model has an acceptable error. The simulation of the yields of seed, pod, and biomass under the influence of
deficit irrigation was acceptable with the mentioned model and it is able to be an efficient tool to support
decisions and improve research in management. Water use in cowpea should be recommended for the study area.
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Figure 1( Meteorological variables measured from the beginning of the simulation for the study area in 2018 and 2019
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Table 3( Relative error percentage, yield values, and harvest index in simulated and observed conditions

#OICENS 3% # Ywol B BEA - #Ywol 3Aywil #lhwol 3 CAEE (3

1398 1397 1398 1397 1398 1397 1398 1397 wa Y
0.31 0.31 1956 1940 1547 1534 4977 4923 1,Cy
0.29 0.28 1797 1727 1422 1367 4962 4869 1,C,
0.27 0.28 1620 1701 1283 1347 4803 4849 1,Cs
0.31 0.31 1557 1568 1230 1237 4009 3978 1,Cy _ .
0.29 0.29 1423 1414 1123 1117 3886 3807 1,C, ¢ <‘,AI\03{
0.27 0.28 1267 1277 997 1005 3638 3554 1,C3 a0 E
0.27 0.28 826 916 649 719 2389 2529 15Cy
0.27 0.28 775 856 606 668 2241 2361 15C,
0.25 0.27 724 768 557 590 2207 2223 1:C3
0.28 0.29 1327 1352 1046 1065 3679 3677 uaCo
0.32a 0.32a 1943a 1927a 1549a 1536a 4920a 4867a 1,Cy
0.29b 0.29¢ 1786b 1717b 1424b 1369b 4903a 4812a 1,C,
0.27d 0.28d 1611c 1691c 1284c 1349b 4747b 4792b 1,C3
0.31b 0.31a 1549d 1560d 1231c 1238c 3972c 3942¢c 1,Cy R
0.29b 0.30b 1416e 1407e 1124d 1118d 3850c 3773d 1,C, OcCv
0.28¢c 0.29c 1262f 1272f 998e 1006e 3606d 3524e 1,Cs Ca&° 3\
0.27d 0.29¢ 8249 913g 649f 719f 2375e 2514f 1:Cy
0.27d 0.29¢ 773h 854h 6069 6689 2229f 2348g 1:C,
0.25e 0.27e 722i 766i 557h 590h 2195¢g 2211h 15C3
0.28 0.29 1321 1345 1047 1066 3644 3643 ucCo
1.27 1.27 -0.67 -0.67 0.13 0.13 -1.16 -1.15 1,Cy
1.03 1.40 -0.62 -0.58 0.14 0.15 -1.20 -1.18 1,C,
1.48 1.42 -0.56 -0.59 0.08 0.15 -1.18 -1.19 1,Cs
0.97 0.96 -0.52 -0.51 0.08 0.08 -0.93 -0.91 1,Cy i .
1.03 1.01 -0.49 -0.50 0.09 0.09 -0.94 -0.90 1,C, CwO-
1.08 1.05 -0.40 -0.39 0.10 0.10 -0.89 -0.85 1,Cs (‘:{ /Ey
0.37 0.70 -0.24 -0.33 0.06 0.07 -0.59 -0.60 15Cy
0.74 0.70 -0.26 -0.23 0.06 0.06 -0.54 -0.55 1:C,
0.79 0.75 -0.28 -0.26 0.06 0.06 -0.55 -0.54 1:Cs
0.97 1.03 -0.45 -0.45 0.07 0.08 -0.89 -0.88 ucCo
wHom$S ¢ Av edtallAWigCIEEERE, 3l B0 G Ao R bl 4%wo Yiv A
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Table 4( Relative error percentage and water productivity values in simulated and observed conditions

#y P17 U %o '@ x Ad A #y bl U %o X'BPaA z Ad R #y b1 Uz CHERBLAEQ

Ly 6aY %l ¢ ¥ubf 13T 60 WCY%Y £¢ Biwh { 1Y) Q&% x| Ew|

AEa Ayv!? ae e ¢ aEa Ayv! acaE ¢ aEa Ayv!? ae KL ¢
L A4, 4, 4, 4, 4, 4,4, 4, 4, 4, .4 ,.4,.4,.4 ,.4 ,.4 ,.4,.4waY

a°E ¢¢.wA AC{E O¢v%E

088 0.88 0.70 0.70 2.24 2.24 0.42 0.42 0.33 0.33 1.06 1.06 0.44 0.44 0.34 0.35 1.11 1.12 IL,C,
080 0.77 0.63 0.61 2.20 2.17 0.38 0.37 0.30 0.29 1.06 1.05 0.42 0.41 0.33 0.33 1.15 1.16 LG,
071 0.74 0.56 0.59 2.10 211 0.35 0.37 0.28 0.29 1.04 1.05 0.41 0.43 0.32 0.34 1.20 1.23 L,Cs
077  0.79 0.61 0.62 1.99 2.00 0.37 0.37 0.29 0.29 0.94 0.94 0.46 0.48 0.36 0.37 1.19 1.21 LC,
070 0.71 0.56 0.56 1.92 1.90 0.34 0.34 0.27 0.27 0.92 0.91 0.44 0.45 0.35 0.35 1.20 1.21 LC,
064  0.65 0.50 0.51 1.83 1.80 031 0.32 0.25 0.25 0.90 0.88 0.42 0.43 0.33 0.34 1.21 1.20 LCs
052 0.56 0.41 0.44 1.49 1.55 0.23 0.26 0.18 0.21 0.67 0.73 0.37 0.42 0.29 0.33 1.06 1.15 LG,y
050 054 0.39 0.42 1.44 1.48 0.22 0.25 0.18 0.20 0.65 0.69 0.36 0.41 0.28 0.32 1.04 1.12 ILC,
046  0.49 0.35 0.38 141 1.42 0.21 0.23 0.16 0.17 0.65 0.66 0.36 0.39 0.28 0.30 1.10 1.13 LG

066  0.68 0.52 0.54 1.85 1.85 0.32 0.33 0.25 0.26 0.88 0.89 0.41 0.43 0.32 0.34 1.14 117 uCo

A°E a°awEu Oeév %E

088 088 0.70a 0.70a 222a 22la 042a 042a 033a 033a 1.05a 1.05 043c 0.44c 0.34c 0.35b 1.09f 111g NLC
079 077 063b 061c 217b 215b 038b 037b 0.30b 0.30b 1.05a 1.04b 0.42d 0.41f 0.33d 0.33d 1.14d 115d LG,
070 074 056d 059d 207c 208 0.35d 0370 028 029c 1.03b 1.04b 0.40e 0.43d 0.32e 0.34c 1.19b 1.2la 11Cs
077 078 0.61c 062b 198d 198d 0.36c 037b 029c 0.29c 0.93c 0.93c 046a 047a 0.36a 0.38a 1.18c 119c IC;
070 0.70 056d 0.56e 19le 1.8% 0.33e 0.34c 0.27e 027d 091d 090d 0.44b 0.45b  0.35b 0.35b 119 1206 LG,
0.63 0.65 0.50e 051f 1.81f 1.79f 031f 032d 025f 0.25¢ 0.89e 0.87e¢ 042d 0.43d 0.33d 0.34c 1.20a 1.19¢c I:Cs
052 056 041f 044y 148y 1549 023g 0.26e 0.18g 021f 067f 0.72f 037f 0.42e 0.29f 0.33d 1.06g 1.14e 1;C
050 054 0.39g 042h 143h 148h 022h 025f 018y 0.20g 0659 0.69g 0.36g 0.41f 0.28¢g 0.32e 1.04h  1.12f  1C,
046 049 035h 0.38 1.40i 1.41i 0.21i 0.23g 0.16h 0.17h 0.65g 0.65h 0.36g 0.39g 0.28g 0.30f 1.10e  1.12f  15Cs

066  0.68 0.52 0.54 1.83 1.84 031 0.32 0.25 0.26 0.87 0.88 0.41 0.43 0.32 0.34 1.13 116 0 Co

C{&Ey ¢wO- ©° w

-0.67 -0.67 013 0.13 -1.16  -1.15  -0.67  -0.67 0.13 013 -116 -115 -0.69 -0.68 0.001 0.001 -1.83  -090 ILC,
-0.62 -0.58 0.14 0.15 -1.20 -1.18 -0.62 -0.58 0.14 015 -120 -118 -0.72 -0.49 0.002 0.001 -0.88 -0.87 LG,
-056 -059 0.08 0.15 -118  -1.19  -056  -0.59 0.08 015 -118 -119 -050 -0.70 0.002 0.001 -0.84 -165 LG
-052  -0.51 0.08 0.08 -093 -091 -052 -0.51 0.08 008 -093 -091 -044 -042 0.001 2.632 -0.85 -1.68 I,.Cy
-0.49 -0.50 0.09 0.09 -094 -090 -0.49 -0.50 0.09 0.09 -094 -090 -046 -0.45 0.001 0.001 -0.84 -0.83 .G,
-040 -0.39 0.10 0.10 -089 -085 -0.40 -0.39 0.10 010 -089 -08 -024 -047 0.001 0.001 -0.83 -0.84 I,Cs
-0.24  -0.33  0.00 0.00 -059 -060 -0.24 -0.33 0.00 000 -059 -060 -0.27 -0.24 0.001 0.001 0.00 -0.88 IC;
-0.26  -0.23  0.00 0.00 -0.54 -055 -0.26 -0.23 0.00 000 -054 -055 0.00 -0.49 0.001 0.001 0.00 0.00 15C;
-0.28  -0.26  0.00 0.00 -0.55 -054 -0.28 -0.26 0.00 000 -055 -054 -028 -0.26 0.001 0.001 0.00 -0.89 I5Cs

-0.45 -045 0.07 0.08 -0.89 -0.88 -045 -0.45 0.07 008 -089 -088 -040 -0.47 0.001 0.29 067 -095 UCo

p#001$ ¢ Av  wELpWIG M@ A wBe A ®%T Tveovv v

Y] GWD %8P BEv A 6 ¥ © «

Table 5( Water balance components in different irrigation management

ewtzAO% Céay Cawunlt %C,{ ¢¥%ubf ¢ %b £ Cvwz ¢ ¥%wC(
#:8 BC U #EHC AEBHBC HMEHBC AEHC #EHBCU AEBC HEBHBC & v
4 44 4 v
’ v 3 2 3 2 3 2 3 2 T 3 2 3 2
68 67 8 3 544 533 246 243 222 220 468 463 94 93 450 440 I,C
48 46 8 3 524 513 242 239 226 224 468 464 94 93 430 420 1,
26 25 7 3 494 488 231 230 229 230 461 460 94 93 400 395 I,G
-2 -2 8 3 432 423 225 223 201 199 426 422 94 93 338 330 LG,
-14 -14 8 3 417 408 221 219 202 200 423 419 94 93 323 315 LG,
-17 -17 5 3 394 389 207 206 199 197 406 403 94 93 300 296 LG,
-40 -48 5 3 319 303 194 186 160 163 354 348 94 93 225 210 LG
=51 =51 5 3 299 293 189 183 156 159 345 341 94 93 205 200 LG,
-54 -53 5 3 289 288 181 181 157 157 338 338 94 93 195 195 LG,
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Table 6( Statistical analysis and model estimation accuracy in simulating yields, harvest index, and water use efficiency based on
biomass, seed, and pod yield

,4306wA , 426 wA
VARG 0 QweChg A Ovedd ¥%/AaoY d 0 weChey A G v %0\

0.99985 0.99986 0.99985 0.99985 0.99983 0.99982 d (%)

0.99867 0.99866 0.99855 0.99872 0.99851 0.99835 EF (%)
0.038074 0.040242 0.040038  0.037693 0. 03904 0.03935 RMSE (tha) 5 1 jgp 1,340
1.08294 1.09928 1.06606 1.07417 1.07139 1.4275 RMSE, (%)

-0.00953 -0.00970 -0.00958 -0.00939 -0.00954 -0.00947 CRM (%)

1.60290 1.59941 51513/1 1.61309 1.55965 1.47349 ME (%)

0.99986 0.99987 0.99986 0.99986 0.99984 0.99983 d (%)

0.99999 0.99999 0.99998 0.99999 0.99998 0.99998 EF (%)

0.99640 1.22979 1.45971 1.07691 1.16748 1.46008 RMSE (t/ha) Ayvi o
0.10527 0.11697 0.12768 0.10971 0.11101 0.12537 RMSE, (%)

0.00093 0.00103 0.00112 0.00097 0.00100 0.00112 CRM (%)

0.15226 0.16906 0.18448 0.16192 0.15597 0.17825 ME (%)

0.99997 0.99997 0.99996 0.99997 0.99996 0.99995 d (%)

0.99973 0.99969 0.99964 0.99971 0.99961 0.99956 EF (%)

6.00482 7.42459 8.81350 6.49067 7.05141 8.79944 RMSE (t/ha) AE4 'Y
0.50108 0.56028 0.61263 0.52218 0.53179 0.59990 RMSE, (%)

-0.00441 -0.00491 -0.00535 -0.00457 -0.00479 -0.00535 CRM (%)

72986/0 0.81215 0.88633 0.77580 0.74964 0.85514 ME (%)

0.98924 0.98821 0.99717 0.98567 0.97539 0.99430 d (%)

0.90947 0.89574 0.97327 0.87871 0.70577 0.94658 EF (%)

0.00291 0.00293 0.00303 0.00277 0.00302 0.00313 RMSE (%) CEV! %z
1.08880 0.02795 1.01219 0.99453 1.04497 1.02633 RMSE, (%)

0.01054 0.01007 0.00949 0.00970 0.01006 0.01006 CRM (%)

1.39000 1.22491 1.33121 1.26629 1.22441 1.21681 ME (%)

0.99535 0.99741 0.99535 0.99367 0.98895 0.98980 d (%) R R
0.94388 0.97265 0.95749 0.92519 0.89350 0.91424 EF (%) C & ¥d By,
0.01091 0.01079 0.01044 0.01087 0.01078 0.01060  RMSE (kg/m®) Lyl G
0.93879 0.95994 0.94157 0.92616 0.93460 0.92398 RMSE, (%) o
-0.00893 -0.00912 -0.00907 -0.00879 -0.00897 -0.00899 CRM (%) ax e ¢
1.22817 1.22830 1.15680 1.23704 1.18853 1.11694 ME (%)

0.99998 0.99999 0.99999 0.99998 0.99996 0.99996 d (%)

0.99985 0.99987 0.99988 0.99975 0.99958 0.99964 EF (%) e
0.00029 0.00032 0.00036 0.00031 0.00032 0.00038  RMSE (kg/m?) Ca Wj'aWs
0.09215 0.10018 0.10818 0.09515 0.09675 0.10706 RMSE, (%) Ayv?i 139
0.00089 0.00095 0.00102 0.00092 0.00094 0.00103 CRM (%)

0.11421 0.12540 0.13604 0.12094 0.11453 0.13012 ME (%)

0.99955 0.99967 0.99968 0.99920 0.99894 0.99893 d (%)

0.99541 0.99660 0.99678 0.99091 0.98901 0.99062 EF (%) C & ¥d B
0.00169 0.00195 0.00221 0.00184 0.00194 0.00229  RMSE (kg/m®) LU 6 G
042728 0.48094 0.52776 0.44213 0.46033 0.51866 RMSE, (%) e
-0.00404 -0.00451 -0.00494 -0.00418 -0.00443 -0.00495 CRM (%) dEa
0.55011 0.61640 0.67538 0.58456 0.56010 0.64386 ME (%)
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Table 7( Statistical analysis and model estimation accuracy in simulating water productivity based on transpiration and

B < » O <

evapotranspiration

Y Ma0g s 0 waClss Aié Ov %o wi Awhze ®§iA z
.4 ., .4 , .4 ,. 4 .4 ,. 4 !
1000 1.000  1.000  1.000  1.000 _ 1.000 d (%)
0997 0997 0997 0996 0997  0.996 EF (%) L
0009 0009 0009 0009  0.009  0.009 RMSE (kg/m’) LY 00y %%z
1010 1.009  1.033 1009  1.013  1.012 RMSE, (%) acAEe ¢
20.009  -0.009 -0.010  -0.009  -0.009  -0.010 CRM (%)
1.402 1401 1383 1371 1356 1330 ME (%)
1000 1.000  1.000  1.000  1.000  1.000 d (%)
1.000 1.000  1.000 0998  1.000  1.000 EF (%)
0.001  0.001  0.001 0002 000l  0.001 RMSE (kg/m?®) X v o1 1 3 AN
0435 0418 0328 0792 0374 0361 RMES, Ay v 7l ey
20.002  -0.001  -0.003  -0.008  -0.001  -0.001 CRM (%)
0435 0418 0402 0793 0375 0362 ME (%)
1000 1.000  1.000  1.000  1.000  1.000 d (%)
1.000 1.000 0999  1.000 0999  0.999 EF (%) L
0.001 0.001  0.001 0001 0002  0.002 RMSE (kg/m?) LY 60Y ¥z
0425 0443 0444 0451 0541 0618 RMSE, (%) AEa
20.003  -0.003  -0.004  -0.004 -0.004  -0.006 CRM (%)
0659 0687 0628  0.638  0.889  0.859 ME (%)
1000 1.000  1.000  1.000  1.000  1.000 d (%)
0996 0996 0996 0996 0996  0.995 EF (%)
0017 0018 0019 0019 0019 0019 RMSE (kg/m?®) s BER s 1 37 e
0981 0992  1.052 1008  1.020  1.002 RMSE, (%) 3% RE ¢ 71607
20.009  -0.009 -0.010  -0.009  -0.010  -0.009 CRM (%)
1.363 1421 1472 1415 1374 1.360 ME (%)
1000 1.000  1.000 1000  1.000  1.000 d (%)
1.000  1.000  1.000  1.000  1.000  1.000 EF (%)
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Figure 2( Simulated and observed values of biomass yield, seed, pod, and harvest index in cowpea cultivars
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Figure 3( Simulated and observed values of water use efficiency based on biomass, seed, and pod yields
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Figure 4( Simulated and observed values of water productivity based on transpiration based on biomass, seed, and pod yields
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Figure 5( Simulated and observed values of water productivity based on evapotranspiration on biomass, seed, and pod yields
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