Journal of Horticultural Plants Nutrition
Vol.5, No.2, Autumn & Winter 2022-23
Research Paper

DOI: 10.22070/hpn.2024.17899.1185

Using the NIAZAB system to estimate the amount of water
consumed by the eggplant plant using the method of
inverse solution of the production function in deficit

irrigation conditions

Ali Abdzad Gohari r , Arash Tafteh 2 , Niazali Ebrahimipak 3

1- Corresponding author and Researcher of Department of Irrigation and soil physics, Soil and Water Research
Institute, Agricultural Research Education and Extension Organization (AREEQO), Karaj, Iran
(abdzadgohari_a@yahoo.com)

2- Assistant professor, Department of irrigation and soil physics, Soil and Water Research Institute, Agricultural
Research, Education and Extension Organization (AREEQO), Karaj, Iran
(Arash_tafteh@yahoo.com)

3- Associated professor, Department of Irrigation and soil physics, Soil and Water Research Institute,
Agricultural Research Education and Extension Organization (AREEQ), Karaj, Iran
(Nebrahimipak@yahoo.com)

Received Date: 10/07/2022 Accepted Date: 21/10/2022

Abstract

Introduction: Deficit low irrigation is of particular importance as a valuable strategy for areas where
water is the limiting factor in crop cultivation. The ability to estimate in determining the water
requirement, the amount of water consumed and Irrigation scheduling one of the most effective
factors in the irrigated cultivation of agricultural products. Therefore, this research was conducted in
order to investigate the NIAZAB system in determining the actual amount of irrigation water and
eggplant yield based on the inverse solution of the production function under water stress conditions
in Guilan province.

Material and methods: In this research, irrigation management included no irrigation and providing
60, 80, and 100% of the plant's water needs as the main factor and secondary factors nitrogen
fertilizer amounts (from the urea fertilizer source) included two levels of zero and 120 kg/ha. The
experiment was carried out in the form of split plots in the form of a randomized complete block
design in three replications in the years 2020 - 2022. In terms of climate, the region was one of the
temperate and humid regions. The Soil and Water Research Institute of the country presented a
system called "NIAZAB System" which is used to determine the water requirement of agricultural
crops. This system has the ability to estimate and determine water Requirements, water consumption
and plant irrigation planning at the level of the region, city, watershed and plain. One of the
important points of this system is its location-based nature, and the user can extract the needs of the
desired area by referring to the system and estimate the water consumption for the cultivation pattern
under different options.

Results and discussion: The results showed that the highest amounts of evapotranspiration in the
studied years occurred in the irrigation conditions of 100% of the water requirement and the
consumption of 120 kg N fertilizer. In the measured conditions and the methods of Tafteh, Pasquale
and Reas, the amount of evapotranspiration in 2020 were 341, 332, 333 and 333 mm respectively
and in 2021 it were 358, 346, 359 and 346 mm respectively and in 2022 were 620, 576, 615 and 577
mm respectively. The average relative error in the mentioned methods in the first year were 2.6%,
2.3% and 2.3% respectively and in the second year were 3.4%, -0.3% and 3.4% respectively, and in
the third year, were 7.1%, 0.8% and 6.9% respectively. The root mean square error (RMSE) for
evapospiration in Tafteh, Pasquale and Reas methods were 18.6, 79.3 and 18.3 mm/day,
respectively, and the root mean square normal error (RMSE,) was 0.059, 0.251 and 0.058%
respectively. The Index of agreement (d) in the Tafteh, Pasquale and Reas methods were 0.976,
0.595 and 0.977%, respectively. The coefficients of efficiency (EF) of the models were 0.915, -0.536
and 0.918 percent respectively, and the coefficients of determination (R”) were 0.92, 0.35 and 0.92%
respectively.

Conclusions: In general, the statistical results between field data and NIAZAB System showed that
Tafteh and Reas methods are a suitable method for making decisions and estimating the water
consumption of eggplant plants in the study area.

Keywords: Water productivity, evapotranspiration, numerical inverse solution, water requirement.
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Table 1- Meteorological data of the region in the studied years

Month Years Min Temp Max Temp Average relative Wind speed at a height Rainfall Evaporation from
() () humidity (%) of two meters (m/s). (mm) pan (mm per day)
2020 12.1 39.0 41.4 1.9 32.1 6.9
May 2021 11.2 38.4 40.2 2.0 20.3 6.7
2022 11.7 38.7 40.8 1.9 10.0 6.8
2020 17.5 46.6 322 1.8 8.5 12.4
June 2021 16.8 45.5 333 1.9 9.4 11.9
2022 17.2 46.1 32.8 1.9 9.1 12.2
2020 21.0 44.0 31.3 2.0 30.0 13.6
July 2021 20.0 44.6 30.2 2.1 25.5 13.1
2022 20.5 443 30.8 2.0 12.8 134
2020 23.0 45.0 36.6 2.0 154 12.1
August 2021 22.0 445 35.7 2.3 12.3 12.0
2022 22.5 448 36.2 2.1 10.9 12.1
2020 15.0 42.0 29.4 2.7 5.0 114
September 2021 14.7 41.6 254 2.8 2.5 11.0
2022 14.9 41.8 27.4 2.8 38 11.2
Sl o S pled 5 (K58 Sl pas —Y Jpi
Table 2- Physical and chemical characteristics of the soil of the experiment site
Years Soil depth ~ Soil Sand Clay  Silt H EC Total N Available Available Bulk density PWP FC
(cm) texture %) (%) (%) p (ds/m) (%) P(ppm) K (ppm) (g.cm?) (%Vol) (%Vol)
0-30 Sandy 63 5 32 71 031 005 0.99 46.7 143 53 16.0
Loam
2020 Sand
30-60 amey 70 4 26 75 031 004 0.63 55.6 1.43 4.6 13.8
Loam
0-30 Sandy 7 5 28 72 046 005 0.99 472 143 52 15.0
2021 Loam
30-60 Sandy 55 4 21 75 048 004 0.63 56.0 1.42 4.6 12.7
Loam
0-30 Sandy o, 3 30 72 045 003 0.98 46.7 1.42 4.1 14.1
Loam
2022 Sand
30-60 y 72 3 25 7.6 0.26 0.03 0.52 26.2 1.42 4.0 12.9
Loam
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Table 3- The amounts of water consumed (mm) in the conditions measured and estimated by the system in the studied years

Water consumed (mm)

Tretements 2020 year 2021 year 2022 year
Obs™ ;{;{gﬁg d 11\)/?2311?56 llsdee?tio d Obs™ Tafteh Method f/?esgi)aée Reas Method  Obs”™ Tafteh Method i;:&ﬁi;e Reas Method

LN; 127 136 279 137 129 138 288 139 262 300 586 301
LN, 172 147 280 148 173 149 288 150 355 339 586 340
LN, 169 159 279 160 172 161 288 162 349 352 586 352
LN, 230 183 280 184 230 183 288 184 473 391 586 392
LN, 211 171 279 172 215 172 288 173 436 339 586 340
LN, 287 279 280 280 288 276 288 277 591 547 586 548

N S 2o SASAYr 5 (ND) io 105520 555 palie ol sk des ) Ve 5 @D A (@) Vbl co e

Irrigation management: 60% (I,), 80% (1) and 100% (I,) water requirement; Nitrogen fertilizer amounts: zero (N;) and 120KgN/ha (N,). : water consumed Or water consumed (mm).
Observational Or Measured: Obs.

wd\.’a:- RV BT ﬁau.ajo.&fs ‘5}:50}‘-\3‘343‘.4\.«: 3 ealaial b sl :J‘giﬁ é,u"—,;:';;ﬁ—i JJJP:

Table 4- Evapotranspiration estimated using the system and observational and mean relative error (%) amounts

Evapotranspiration (mm) Mean Relative Error (%)
Year Treatments Yield (t/ha)
Obs” Tafteh Method Pasquale Method Reas Method Tafteh Method Pasquale Method Reas Method
LN, 13.2¢g 128 164 332 163 28.1 159.4 27.3
LN, 18.1¢ 133 189 333 190 42.1 150.4 429
LN, 15.0f 167 176 332 177 5.4 98.8 6.0
LN, 18.7¢ 216 189 333 190 12.5 54.2 12.0
2020
LN, 21.6d 213 202 333 203 52 56.3 4.7
LN, 26.1b 279 228 333 229 18.3 19.4 17.9
LN, 24.4¢ 258 215 333 216 16.7 29.1 16.3

LN, 47.4a 341 332 333 333 2.6 2.3 2.3

Vo
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Continue Table 4
Evapotranspiration (mm) Mean Relative Error (%)
Year Treatments Yield (t/ha) "
Obs Tafteh Method Pasquale Method  Reas Method Tafteh Method Pasquale Method ~ Reas Method

Average (2020 year) 23.1 216.7 211.9 332.8 212.6 16.4 71.2 16.2

LN, 12.7f 113 177 359 177 56.6 217.7 56.6

LN 18.1d 118 203 359 203 72.0 204.2 72.0

LN, 14.6¢ 179 190 359 191 6.1 100.6 6.7

LN, 18.5d 229 203 359 203 114 56.8 11.4
202 LN, 21.4c 228 215 359 216 5.7 57.5 53

LN, 25.7b 293 241 359 242 17.7 22.5 17.4

LN, 21.8¢c 276 229 359 229 17.0 30.1 17.0

LN, 45.2a 358 346 359 346 34 0.3 3.4
Average (2021 year) 22.3 224.3 225.5 359.0 2259 23.8 86.2 23.7

LN, 12.1g 57 303 538 304 843.9 4333 429.5

IIN, 17.4¢ 59 355 615 356 942.4 503.4 499.2

LN, 14.2f 291 329 615 330 111.3 13.4 13.3

LN, 18.8¢ 384 368 615 369 60.2 3.9 -4.0
2022

LN, 21.1c 378 381 615 382 62.7 1.1 1.0

LN, 25.3b 502 420 615 421 22.5 16.1 -16.2

LN, 19.1d 465 368 615 369 323 20.6 -20.7

LN, 42.9a 620 576 615 577 0.8 6.9 -6.9
Average (2022 year) 214 3445 387.5 605.4 388.5 1244 259.5 111.9

)‘QL;.'&J CJ}UJ s lasOlis cé\av\hw d}:vw BE) slael )] A= alises g_é)f (Nz) )LL<A 2 rjf_}lzs \Ye 9 (N1> J.ka Q)’)JL_\: :_55 Jibu,a f;ﬁi )L_u Loy (14) Yoo 9 (13)/\' «(Iz) e ‘(Il> 6)L:JT Q)J.; 6)L:JT Cﬁiﬁv\.&
(p<0.01) ol bajles o SSIs 5031 bl

Irrigation management: No Irrigation (I;), 60% (I,), 80% (I5) and 100% (1) water requirement; Amounts of nitrogen fertilizer: zero (N;) and 120 Kg/ha (N,). Different letters after the
numbers in the observational column, indicate a significant difference between treatments based on Duncan's test (p<0.01). *: Observational Or Measured: Obs.
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Table 5- The relative error percentage of water physical productivity in the conditions observational and estimated by the system

WP (kg/ha) Mean Relative Error (%)
Year Treatments "
Obs Tafteh Method Pasquale Method ~ Reas Method Tafteh Method Pasquale Method ~ Reas Method
LN, 11.8¢c 11.0 5.4 10.9 0.07 0.54 0.07
LN, 10.9d 12.7 6.7 12.6 0.17 0.39 0.16
LN, 12.8b 13.6 7.7 13.5 0.06 0.39 0.06
2020
LN, 11.3¢ 14.3 9.3 14.2 0.26 0.18 0.25
LN, 11.6¢c 14.3 8.7 14.2 0.23 0.24 0.23
LN, 16.5a 17.0 16.9 16.9 0.03 0.03 0.03
Average (2020 year) 12.5 13.8 9.1 13.7 0.14 0.30 0.13
LN, 11.3¢ 10.6 5.1 10.5 0.07 0.55 0.07
LN, 10.7d 12.4 6.4 12.3 0.16 0.40 0.15
LN, 12.4b 13.3 7.4 13.2 0.07 0.40 0.06
2021 LN, 11.2¢ 14.0 8.9 14.0 0.26 0.20 0.25
LN, 10.1d 12.7 7.6 12.6 0.25 0.25 0.24
LN, 15.7a 16.4 15.7 16.3 0.04 0.00 0.04
Average (2021 year) 11.9 13.2 8.5 13.2 0.14 0.30 0.14
LN, 5.4c 4.7 2.4 4.7 0.13 0.55 0.13
LN, 5.3c 5.5 32 5.5 0.05 0.39 0.04
LN, 6.0b 6.0 3.6 6.0 0.01 0.40 0.01
2022
LN, 5.3c 6.5 43 6.5 0.21 0.19 0.21
LN, 4.4d 5.6 33 5.6 0.29 0.26 0.28
LN, 7.3a 7.8 7.3 7.8 0.08 0.01 0.08
Average (2022 year) 5.6 6.0 4.0 6.0 0.13 0.30 0.12

(Nz) )L“&/»& 2 (:iji.; \Ye 3 <N1>Jw Q)’)}L_\; bjsj.iéuﬁ f&T )L_q do <l4> Voo 9 (I3>/\' g(lz)-\' 6)\.:;] ‘:"iji"\"
Irrigation management: 60% (I,), 80% (I3) and 100% (I,) water requirement; Amounts of nitrogen fertilizer: zero (N;) and 120 KgN/ha (N,). *: Observational Or Measured: Obs.
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Figure 1- Evapotranspiration amount measured and
estimated using the method of Tafteh et al., 2014
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Figure 2- Evapotranspiration amount measured and
estimated using the method of Pasquale (Reas ef al,
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Figure 3- Evapotranspiration amount measured and estimated using the method of Reas et al., 2004
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Figure 4- Water productivity in measured and estimated
conditions using the method of Tafteh ef al., 2014
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Figure 5- Water productivity in measured and

estimated conditions using the method of Pasquale

(Reas et al., 2017)
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Figure 6- Water productivity in measured and estimated conditions using the method of Reas et al., 2004
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	Evaporation from pan (mm per day)
	Rainfall 
	Wind speed at a height of two meters (m/s).
	Average relative humidity (%)
	Max Temp (°C)
	Min Temp (°C)
	Years
	Month
	(mm)
	6.9
	32.1
	1.9
	41.4
	39.0
	12.1
	2020
	6.7
	20.3
	2.0
	40.2
	38.4
	11.2
	2021
	May
	6.8
	10.0
	1.9
	40.8
	38.7
	11.7
	2022
	12.4
	8.5
	1.8
	32.2
	46.6
	17.5
	2020
	11.9
	9.4
	1.9
	33.3
	45.5
	16.8
	2021
	June
	12.2
	9.1
	1.9
	32.8
	46.1
	17.2
	2022
	13.6
	30.0
	2.0
	31.3
	44.0
	21.0
	2020
	13.1
	25.5
	2.1
	30.2
	44.6
	20.0
	2021
	July
	13.4
	12.8
	2.0
	30.8
	44.3
	20.5
	2022
	12.1
	15.4
	2.0
	36.6
	45.0
	23.0
	2020
	12.0
	12.3
	2.3
	35.7
	44.5
	22.0
	2021
	August
	12.1
	10.9
	2.1
	36.2
	44.8
	22.5
	2022
	11.4
	5.0
	2.7
	29.4
	42.0
	15.0
	2020
	11.0
	2.5
	2.8
	25.4
	41.6
	14.7
	2021
	September
	11.2
	3.8
	2.8
	27.4
	41.8
	14.9
	2022
	FC
	PWP (%Vol)
	Bulk density
	Available  K (ppm)
	Available  P (ppm)
	Total N (%)
	EC (ds/m)
	Silt (%)
	Clay (%)
	Sand (%)
	Soiltexture
	Soil depth (cm)
	pH
	Years
	(%Vol)
	(g.cm-3)
	Sandy Loam
	16.0
	5.3
	1.43
	46.7
	0.99
	0.05
	0.31
	7.1
	32
	5
	63
	0-30
	2020
	Sandy Loam
	13.8
	4.6
	1.43
	55.6
	0.63
	0.04
	0.31
	7.5
	26
	4
	70
	30-60
	Sandy Loam
	15.0
	5.2
	1.43
	47.2
	0.99
	0.05
	0.46
	7.2
	28
	5
	67
	0-30
	2021
	Sandy Loam
	12.7
	4.6
	1.42
	56.0
	0.63
	0.04
	0.48
	7.5
	21
	4
	75
	30-60
	Sandy Loam
	14.1
	4.1
	1.42
	46.7
	0.98
	0.03
	0.45
	7.2
	30
	3
	67
	0-30
	2022
	Sandy Loam
	12.9
	4.0
	1.42
	26.2
	0.52
	0.03
	0.26
	7.6
	25
	3
	72
	30-60
	Water consumed (mm)
	2022 year
	2021 year
	2020 year
	Tretements
	Pasquale Method
	Pasquale Method
	Reas Method
	Pasquale Method
	Tafteh Method
	Reas Method
	Tafteh Method
	Obs**
	Reas Method
	Tafteh Method
	Obs**
	Obs**
	301
	586
	300
	262
	139
	288
	138
	129
	137
	279
	136
	127
	I2N1
	340
	586
	339
	355
	150
	288
	149
	173
	148
	280
	147
	172
	I2N2
	352
	586
	352
	349
	162
	288
	161
	172
	160
	279
	159
	169
	I3N1
	392
	586
	391
	473
	184
	288
	183
	230
	184
	280
	183
	230
	I3N2
	340
	586
	339
	436
	173
	288
	172
	215
	172
	279
	171
	211
	I4N1
	548
	586
	547
	591
	277
	288
	276
	288
	280
	280
	279
	287
	I4N2
	Mean Relative Error (%)
	Evapotranspiration (mm)
	Yield (t/ha)
	Treatments
	Year
	Reas Method
	Pasquale Method
	Tafteh Method
	Reas Method
	Pasquale Method
	Tafteh Method
	Obs*
	27.3
	159.4
	28.1
	163
	332
	164
	128
	13.2g
	I1N1
	42.9
	150.4
	42.1
	190
	333
	189
	133
	18.1e
	I1N2
	6.0
	98.8
	5.4
	177
	332
	176
	167
	15.0f
	I2N1
	12.0
	54.2
	12.5
	190
	333
	189
	216
	18.7e
	I2N2
	2020
	4.7
	56.3
	5.2
	203
	333
	202
	213
	21.6d
	I3N1
	17.9
	19.4
	18.3
	229
	333
	228
	279
	26.1b
	I3N2
	16.3
	29.1
	16.7
	216
	333
	215
	258
	24.4c
	I4N1
	2.3
	2.3
	2.6
	333
	333
	332
	341
	47.4a
	I4N2
	Mean Relative Error (%)
	Evapotranspiration (mm)
	Yield (t/ha)
	Treatments
	Year
	Reas Method
	Pasquale Method
	Tafteh Method
	Reas Method
	Pasquale Method
	Tafteh Method
	Obs*
	16.2
	71.2
	16.4
	212.6
	332.8
	211.9
	216.7
	23.1
	Average (2020 year)
	56.6
	217.7
	56.6
	177
	359
	177
	113
	12.7f
	I1N1
	72.0
	204.2
	72.0
	203
	359
	203
	118
	18.1d
	I1N2
	6.7
	100.6
	6.1
	191
	359
	190
	179
	14.6e
	I2N1
	11.4
	56.8
	11.4
	203
	359
	203
	229
	18.5d
	I2N2
	2021
	5.3
	57.5
	5.7
	216
	359
	215
	228
	21.4c
	I3N1
	17.4
	22.5
	17.7
	242
	359
	241
	293
	25.7b
	I3N2
	17.0
	30.1
	17.0
	229
	359
	229
	276
	21.8c
	I4N1
	3.4
	0.3
	3.4
	346
	359
	346
	358
	45.2a
	I4N2
	23.7
	86.2
	23.8
	225.9
	359.0
	225.5
	224.3
	22.3
	Average (2021 year)
	429.5
	433.3
	843.9
	304
	538
	303
	57
	12.1g
	I1N1
	499.2
	503.4
	942.4
	356
	615
	355
	59
	17.4e
	I1N2
	13.3
	13.4
	111.3
	330
	615
	329
	291
	14.2f
	I2N1
	-4.0
	3.9
	60.2
	369
	615
	368
	384
	18.8e
	I2N2
	2022
	1.0
	1.1
	62.7
	382
	615
	381
	378
	21.1c
	I3N1
	-16.2
	16.1
	22.5
	421
	615
	420
	502
	25.3b
	I3N2
	-20.7
	20.6
	32.3
	369
	615
	368
	465
	19.1d
	I4N1
	-6.9
	6.9
	0.8
	577
	615
	576
	620
	42.9a
	I4N2
	111.9
	259.5
	124.4
	388.5
	605.4
	387.5
	344.5
	21.4
	Average (2022 year)
	Mean Relative Error (%)
	WP (kg/ha)
	Treatments
	Year
	Reas Method
	Pasquale Method
	Tafteh Method
	Reas Method
	Pasquale Method
	Tafteh Method
	Obs*
	0.07
	0.54
	0.07
	10.9
	5.4
	11.0
	11.8c
	I2N1
	0.16
	0.39
	0.17
	12.6
	6.7
	12.7
	10.9d
	I2N2
	0.06
	0.39
	0.06
	13.5
	7.7
	13.6
	12.8b
	I3N1
	2020
	0.25
	0.18
	0.26
	14.2
	9.3
	14.3
	11.3c
	I3N2
	0.23
	0.24
	0.23
	14.2
	8.7
	14.3
	11.6c
	I4N1
	0.03
	0.03
	0.03
	16.9
	16.9
	17.0
	16.5a
	I4N2
	0.13
	0.30
	0.14
	13.7
	9.1
	13.8
	12.5
	Average (2020 year)
	0.07
	0.55
	0.07
	10.5
	5.1
	10.6
	11.3c
	I2N1
	0.15
	0.40
	0.16
	12.3
	6.4
	12.4
	10.7d
	I2N2
	0.06
	0.40
	0.07
	13.2
	7.4
	13.3
	12.4b
	I3N1
	2021
	0.25
	0.20
	0.26
	14.0
	8.9
	14.0
	11.2c
	I3N2
	0.24
	0.25
	0.25
	12.6
	7.6
	12.7
	10.1d
	I4N1
	0.04
	0.00
	0.04
	16.3
	15.7
	16.4
	15.7a
	I4N2
	0.14
	0.30
	0.14
	13.2
	8.5
	13.2
	11.9
	Average (2021 year)
	0.13
	0.55
	0.13
	4.7
	2.4
	4.7
	5.4c
	I2N1
	0.04
	0.39
	0.05
	5.5
	3.2
	5.5
	5.3c
	I2N2
	0.01
	0.40
	0.01
	6.0
	3.6
	6.0
	6.0b
	I3N1
	2022
	0.21
	0.19
	0.21
	6.5
	4.3
	6.5
	5.3c
	I3N2
	0.28
	0.26
	0.29
	5.6
	3.3
	5.6
	4.4d
	I4N1
	0.08
	0.01
	0.08
	7.8
	7.3
	7.8
	7.3a
	I4N2
	0.12
	0.30
	0.13
	6.0
	4.0
	6.0
	5.6
	Average (2022 year)



