 Table 1. Some specific properties of the experimental soil 
	Soil depth (cm)
	Soil type
	Unit weight (g cm-3)
	Field capacity (%)
	Wilting point (%)
	pH
	Total salt (%)
	CaCO3 (%)
	Organic matter (%)

	
	
	
	
	
	
	
	
	

	0-30
	SL
	1.32
	29.43
	21.46
	7.88
	0.037
	16.2
	2.86

	30-60
	SL
	1.35
	27.86
	20.35
	7.90
	0.031
	29.2
	1.59

	60-90
	SL
	1.55
	32.84
	23.68
	7.86
	0.032
	30.8
	1.28

	90-120
	SL
	1.50
	34.45
	27.7
	8.00
	0.034
	32.5
	0.92


SL: Sandy loam
Table 2. Climate characteristics of the study place in 2019-2020
	Ministry of Environment. Urbanization and Climate Change General Directorate of Meteorological

	2019

	Meteorological Elements
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	Annual

	Average temperature
	4.9
	7.6
	9.9
	14.0
	17.3
	21.7
	24.0
	26.2
	20.1
	13.2
	13.3
	7.8
	15.0

	Average maximum temp.
	23.6
	25.6
	22.1
	26.5
	31.5
	37.4
	36.6
	36.0
	34.5
	24.1
	26.3
	26.8
	29.3

	Average minimum temp.
	-15.3
	-11.5
	0.6
	1.7
	2.4
	10.2
	13.3
	12.6
	6.6
	0.5
	0.3
	-5.3
	1.3

	Average relative humidity
	79.6
	77.9
	74.8
	72.1
	65.1
	70.0
	65.6
	59.5
	67.5
	79.0
	69.2
	78.5
	71.6

	Average total precipitation
	75.4
	101.4
	149.2
	109.4
	100.4
	78.0
	23.2
	0.2
	39.6
	302.6
	12.2
	89.2
	1080.8

	
	
	
	
	
	
	2020
	
	
	
	
	
	
	

	Average temperature
	3.7
	6.1
	7.2
	12.8
	17.3
	20.9
	23.4
	23.4
	19.7
	14.6
	9.8
	6.4
	13.8

	Average maximum temp
	19.2
	20.2
	21.9
	27.7
	32.9
	37.8
	38.2
	37.0
	36.7
	36.3
	26.8
	22.3
	29.8

	Average minimum temp.
	-19.7
	-10.3
	0.7
	1.8
	2.4
	10.4
	13.4
	13.3
	6.8
	4.9
	0.9
	-7.6
	1.4

	Average relative humidity
	80.9
	77.8
	75.8
	71.2
	73.4
	73.2
	68.3
	67.6
	70.7
	77.6
	80.0
	82.4
	74.9

	Average total precipitation
	56.1
	47.6
	45.5
	35.0
	69.7
	69.0
	17.1
	7.9
	17.2
	38.5
	30.9
	67.4
	501.9



Table 3. Specific properties of irrigation water
	Water source
	EC25x (106)
	Na+
	K+
	Ca2+
	Mg2+
	pH
	Class
	SAR (meq/L)

	
	
	(me L-1)
	
	
	

	Deep well
	715
	2.3
	2.56
	9.25
	5.7
	7.12
	C2S1
	0.85



Tablo 4. Irrigation treatments
	Treatments
	Crop Development stages 

	
	Vegetative
	Flowering
	Yield Formation
	Ripening

	
	(V)
	(F)
	(Y)
	(R)

	VFYR
	+a
	+
	+
	+

	FYR
	-
	+
	+
	+

	VFY
	+
	+
	-
	+

	VFR
	+
	+
	-
	+

	VYR
	+
	-
	+
	+

	VF
	+
	+
	-
	-

	VY
	+
	-
	-
	+

	VR
	+
	-
	-
	+

	FY
	-
	+
	+
	-

	FR
	-
	+
	-
	+

	YR
	-
	-
	+
	+

	V
	+
	-
	-
	-

	F
	-
	+
	-
	-

	Y
	-
	-
	+
	-

	R
	-
	-
	-
	+


a(+) irrigation at specified crop development stages; (-), non-irrigation at specified crop development stages; (V), Vegetative Stage; (Y), Flowering Stage;Yield Formation stage; (R), Ripening Stage


Tablo 5. Evapotranspiration (ET) and tuber yield (2019)
	Treatment
	ET for crop development stages ETa (mm)
	

Tuber Yield               (t ha-1)
	Dry Matter Ratio (%)

	
	Vegetative (V)
	Flowering (F)
	Yield  Formation (Y)
	Ripening (R)
	Seasonal ET (mm)
	Applied Water (mm)
	
	

	
	Days after planning (day)
	
	
	
	

	
	0-27
	28-49
	50-71
	72-92
	0-92
	
	
	

	VFYR
	182.8
	193.4
	176.3
	132.5
	685.0
	660.0
	48.0 a
	12.0

	FYR
	154.8
	177.6
	176.3
	132.6
	641.3
	617.8
	47.9 ab
	11.0

	VFY
	182.8
	191.1
	172.7
	126.0
	672.6
	589.1
	46.0 bc
	11.7

	VFR
	181.9
	190.9
	168.4
	132.5
	673.7
	649.1
	45.6 c
	11.5

	VYR
	182.8
	150.5
	176.3
	132.5
	642.1
	618.7
	45.5 c
	11.4

	VF
	175.6
	185.0
	138.6
	126.1
	625.3
	602.5
	41.8 d
	13.0

	VY
	182.6
	130.0
	170.9
	125.8
	609.3
	587.1
	39.7 e
	12.8

	VR
	182.6
	151.5
	168.4
	132.7
	635.2
	612.0
	42.1 d
	13.2

	FY
	139.9
	160.0
	171.1
	126.0
	597.0
	575.2
	38.6 e
	12.6

	FR
	115.1
	138.8
	168.4
	132.5
	554.8
	534.6
	30.5 f
	11.7

	YR
	154.8
	89.1
	176.3
	132.6
	552.8
	532.6
	23.5 h
	11.5

	V
	175.6
	95.7
	138.6
	126.1
	536.0
	516.4
	28.8 g
	11.3

	F
	136.8
	154.7
	138.6
	126.1
	556.2
	535.9
	22.0 hi
	11.0

	Y
	138.1
	76.2
	171.1
	126.0
	511.4
	492.7
	21.1 I
	10.2

	R
	115.0
	68.7
	168.4
	132.6
	484.7
	467.0
	18.8 j
	9.3


1, no significant difference at 0.05 level amongst mean value given in the same letters

Tablo 6. Evapotranspiration (ET) and tuber yield (2020)
	Treatment
	
	ET for crop development stages ETa (mm)
	

	
	Vegetative (V)
	Flowering (F)
	Yield  formation (Y)
	Ripening (R)
	Seasonal ET (mm)
	Applied Water (mm)
	Tuber Yield              (t ha-1)
	Dry Matter Ratio (%)

	
	Days after planning (day)
	
	
	
	

	
	0-27
	28-49
	50-71
	72-95
	0-95
	
	
	

	VFYR
	177.0
	187.3
	170.7
	128.5
	663.5
	640.2
	45.4 a
	12.0

	FYR
	150.0
	171.0
	171.7
	128.5
	621.2
	598.4
	41.8 d
	11.0

	VFY
	177.0
	185.0
	167.3
	122.2
	651.5
	570.6
	43.6 b
	11.6

	VFR
	176.2
	184.9
	163.1
	128.3
	652.5
	628.7
	43.2 bc
	11.5

	VYR
	177.0
	145.7
	170.7
	128.5
	651.9
	628.1
	43.0 c
	11.3

	VF
	170.1
	179.2
	134.3
	122.1
	605.7
	583.6
	39.6 e
	12.5

	VY
	177.0
	126.0
	165.7
	122.1
	590.8
	569.3
	38.6 f
	12.2

	VR
	177.0
	147.6
	163.1
	128.5
	615.3
	592.8
	39.8 e
	13.0

	FY
	135.5
	155.0
	165.7
	122.1
	578.3
	557.2
	36.6 g
	12.0

	FR
	111.5
	134.5
	163.1
	128.3
	537.4
	517.7
	27.7 h
	11.5

	YR
	149.9
	86.3
	170.7
	128.4
	535.3
	515.7
	21.9 j
	11.3

	V
	170.1
	92.7
	134.3
	122.0
	519.1
	500.1
	27.1 i
	11.2

	F
	127.7
	149.9
	134.3
	126.9
	538.8
	519.1
	20.9 k
	10.9

	Y
	159.4
	87.8
	197.4
	145.5
	590.1
	568.5
	20.0 l
	10.2

	R
	111.5
	66.5
	163.1
	128.4
	469.5
	452.3
	17.9 m
	9.0


1, no significant difference at 0.05 level amongst mean value given in the same letters
53,



Table 7. Crop water production functions
	Source                              Crop water production functions                 Type/Independent variable


Jensen (1968)	                   [image: ]                  Multiplicative/Relative Evapotrnspiration (ET)
Minhas et al. (1974)	      [image: ]           Multiplicative/Relative (ET) deficit
Blank (1975)		      [image: ]		          Additive/Relative ET
Stewart et al. (1977)	     [image: ]             Additive/Relative ET deficit
Rao et al. (1988)	     [image: ]                          Multiplicative/Relative (ET) deficit

Table 8. Sensitivity indices of the crop to water stress in the models
	Model
	Sensitivity indices of the crop to water stress for different crop growth stages
	Constant
	r2
	Std. Error

	
	
	
	
	

	
	V
	F
	Y
	R
	
	
	

	Jensen (1968)
	0.627
	0.763
	0.920
	0.294
	 
	0.897
	0.856

	Minhas et al. (1974)
	0.997
	1.867
	3.436
	0.540
	
	0.881
	0.833

	Blank (1975)
	0.633
	0.641
	0.733
	0.297
	
	0.909
	0.873

	Stewart et al. (1977)
	0.633
	0.641
	0.733
	0.297
	
	0.909
	0.080

	Rao et al. (1988)
	0.633
	0.641
	0.733
	0.297
	
	0.909
	0.080



[bookmark: _GoBack]Table 9. Sensitivity indices of the crop to water stress in the models for dry matter content
	Model
	Sensitivity indices of the crop to water stress for different crop growth stages
	Constant
	r2
	Std. Error

	
	
	
	
	

	
	V
	F
	Y
	R
	
	
	

	Jensen (1968)
	1.383
	0.352
	3.129
	3.895
	 
	0.827
	0.886

	Minhas et al. (1974)
	1.534
	0.412
	3.326
	3.931
	
	0.823
	0.807

	Blank (1975)
	0.224
	0.128
	0.357
	0.598
	
	0.920
	0.827

	Stewart et al. (1977)
	0.224
	0.128
	0.357
	0.598
	
	0.920
	0.827

	Rao et al. (1988)
	0.224
	0.128
	0.357
	0.598
	
	0.920
	0.827










Table 10. Relative yield (field measurements vs model simulations)
	Treatment
	Relative yield (field measurements) 
	Relative yield (model simulation) 

	
	
	

	
	
	Jensen
	Minhas
	Blank
	Stewart
	Rao

	VFYR
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	FYR
	0.92
	0.85
	0.96
	0.86
	0.85
	0.86

	VFY
	0.96
	0.96
	0.99
	0.97
	0.96
	0.96

	VFR
	0.95
	0.95
	0.99
	0.96
	0.96
	0.96

	VYR
	0.95
	0.83
	0.91
	0.86
	0.86
	0.86

	VF
	0.87
	0.75
	0.85
	0.78
	0.78
	0.79

	VY
	0.85
	0.71
	0.81
	0.76
	0.75
	0.76

	VR
	0.88
	0.80
	0.91
	0.83
	0.83
	0.83

	FY
	0.81
	0.70
	0.89
	0.71
	0.70
	0.73

	FR
	0.61
	0.56
	0.73
	0.56
	0.55
	0.61

	YR
	0.48
	0.50
	0.51
	0.56
	0.56
	0.59

	V
	0.60
	0.45
	0.49
	0.48
	0.48
	0.55

	F
	0.46
	0.55
	0.73
	0.54
	0.54
	0.60

	Y
	0.44
	0.62
	0.49
	0.75
	0.75
	0.72

	R
	0.39
	0.33
	0.31
	0.32
	0.32
	0.43




Table 11. Relative yield (field measurements vs model simulations) for dry matter ratio
	Treatment
	Relative yield (field measurements) 
	Relative yield (model simulation) 

	
	
	

	
	
	Jensen
	Minhas
	Blank
	Stewart
	Rao

	VFYR
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	FYR
	0.85
	0.78
	0.96
	0.86
	0.96
	0.86

	VFY
	0.89
	0.77
	0.90
	0.95
	0.96
	0.93

	VFR
	0.88
	0.85
	0.95
	0.92
	0.98
	0.92

	VYR
	0.87
	0.92
	0.91
	0.86
	0.97
	0.85

	VF
	0.96
	0.86
	0.85
	0.78
	0.88
	0.77

	VY
	0.94
	0.65
	0.91
	0.75
	0.92
	0.74

	VR
	1.00
	0.90
	0.91
	0.80
	0.96
	0.82

	FY
	0.92
	0.78
	0.89
	0.70
	0.89
	0.70

	FR
	0.88
	0.80
	0.73
	0.53
	0.86
	0.60

	YR
	0.87
	0.60
	0.51
	0.55
	0.90
	0.53

	V
	0.86
	0.29
	0.49
	0.48
	0.82
	0.57

	F
	0.84
	0.26
	0.73
	0.53
	0.83
	0.65

	Y
	0.78
	0.69
	0.49
	0.72
	0.86
	0.77

	R
	0.69
	0.32
	0.31
	0.30
	0.90
	0.48







Table 12. Statistics of comparison between measured and model predict relative yields
	Statistical performance indicators
	Jensen
	Minhas
	Blank
	Stewart
	Rao

	Arithmetic mean of the errors (BIAS)
	0.088
	0.015
	0.043
	0.027
	0.005

	Mean absolute deviation (MAD)
	0.128
	0.121
	0.155
	0.133
	0,122

	Mean square error (MSE)
	0.116
	0.003
	0.027
	0.011
	0.000

	Mean absolute percentage error (MAPE)
	20.582
	19.426
	25.471
	21.452
	20.145

	Root mean square error (RMSE)
	0.340
	0.057
	0.165
	0.104
	0.020

	Modeling efficiency (EF)
	78.48
	99.39
	94.94
	94.94
	99.93

	Coefficient of residual mass (CRM)
	0.118
	0.020
	0.057
	0.541
	0.007




Table 13. Statistics of comparison between measured and model predict relative yields for dry matter ratio
	Statistical performance indicators
	Jensen
	Minhas
	Blank
	Stewart
	Rao

	Arithmetic mean of the errors (BIAS)
	2.401
	0.403
	2.022
	2.027
	0.205

	Mean absolute deviation (MAD)
	0.168
	0.123
	0.155
	0.153
	0,125

	Mean square error (MSE)
	0.101
	0.013
	0.027
	0.031
	0.012

	Mean absolute percentage error (MAPE)
	24.862
	17.970
	17.481
	21.452
	14.165

	Root mean square error (RMSE)
	0.140
	0.012
	0.035
	0.034
	0.010

	Modeling efficiency (EF)
	77.38
	99.29
	92.54
	92.54
	99.34

	Coefficient of residual mass (CRM)
	0.095
	0.010
	0.029
	0.032
	0.009
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