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Background/Introduction

limitations for agricultural production in arid and semi-arid regions of Iran
Key challenges are:
Water scarcity

Water salinity

Solutions:

 Shallow groundwater contribution to crop water use 

Deficit irrigation

 Saline irrigation water

Salt and water stress tolerant crops:

 Quinoa



Background/Introduction

Aims of the study

Investigate the influence of saline groundwater depths (0.3, 0.55,

and 0.80 m) and deficit irrigation (80, 55 and 30 % of full

irrigation) on growth and physiological characteristics, gas

exchange of quinoa in lysimeters under greenhouse

conditions.



Background/Introduction

Quinoa

 A traditional Andean seed crop

 A food security crop

 Extraordinary tolerance to various environmental stress

conditions

 Interesting nutritional properties

 Halophytic plant



Experimental site

greenhouse at the College of
Agriculture, Shiraz 
University, Iran 
(29◦56N, 52◦02E, 1810m
above mean sea level)
in 2013.

Materials and Methods

Details of experimental set up for constant water table
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Applied treatments

Materials and Methods

Groundwater depths (0.3, 0.55, and 0.80 m)

Deficit irrigation (80, 55 and 30 % of full 

irrigation)

20 dS m-1 water salinity

4  replications
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first EXP

		SY				SGD1		SGD2		SGD3														ET				SGD1		SGD2		SGD3																						EC				SGD1		SGD2		SGD3

				WS1		1.44		2.37		3.11																WS1		379.8		437.6		471.3																								WS1		19.39		18.6		20.7

				WS2		1.07		1.77		2.2																WS2		339.1		408.5		441.4																								WS2		23.48		24.46		26.45

				WS3		0.77		1.16		1.34																WS3		281.5		360.6		402.5																								WS3		24.44		25.22		27.44

				WS4		0.35		0.69		0.89																WS4		239.1		314.6		361																								WS4		26.68		27.67		29.38
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		SY				GD1		GD2		GD3														ET				GD1		GD2		GD3																						SDM				GD1		GD2		GD3

				0.80FI		1.86		2.04		2.08																0.80FI		333.4		347.5		359.6																								0.80FI		7.74		8.02		8.27

				0.55FI		2.05		1.71		1.52																0.55FI		336.3		331.1		318.4																								0.55FI		7.78		7.67		7.32

				0.30FI		1.97		1.6		1.33																0.30FI		335.1		322.7		302.9																								0.30FI		7.71		7.45		7.03

		IWUE				GD1		GD2		GD3

				0.80FI		80.8		77.4		80.4

				0.55FI		85		87.4		83.8

				0.30FI		90.6		90.75		92.6
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Results

Deficit irrigationGroundwater depth
(m)

0.30FI0.55FI0.80FI

Ψ (MPa)

-2.05 bc-1.93 cd-2.00 bc0.30

-2.25 abc-2.15 abc-1.68 de0.55

-2.47 a-2.30 ab-1.50 e0.80

An (µmol m-2s-1)

10.90 d11.21 cd11.63 bc0.30

8.72 f11.10 cd12.00 b0.55

7.53 g9.54 e12.80 a0.80

gs (mol m-2s-1)

0.123 f0.133 d0.145 c0.30

0.098 h0.128 e0.158 b0.55

0.085 i0.115 g0.160 a0.80
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2013

		Yield- 2013										shoot biomass		Seed Weight		Num. of Panicle per plant		Length. of Panicle per plant														kg m-3		kg m-3		g/pot						kg m-3		kg m-3				dS m-1		meq L-1		meq L-1		meq L-1		meq L-1														Mpa				µmol/m2s		mol/m2s		mmol/m2s		TE		IWUE		kPa		kPa

		GWD(m)		water table		Irrigation		Replication		GY(g/pot)		SB(g/pot)		SW (mg)		PPP		LPP		HI		Height m		%protein		ET(mm)		GWC(mm)		G/ET		WUE seed		WUE DM		Protein yield		RDM (g/pot)		Irri (mm)		WPseed		WP DM		SWD(mm)		ECe		Na		Ca		Cl		So4		Surface water saving		T(mm)		WSWC(%)		SY(Mg/ha)		DM(Mg/ha)		LAI		Ψ		Tp,˚c		An		gs		T		An/T		An/gs		es leaf		VPD

		0.3		1		1		1		31.52		122.35		3.8		15.99		32.65		0.258		1.31		14.45		327.56		238.00		0.73		0.60		2.33		4.55		22.5		86.25		2.28		8.87		81.45		20.57		101.9		104.0		203.5		21.9		0.74		265.3		27.15		1.97		9.05		3.15		1.95		30.1		11.51		0.150		2.25		5.12		76.7		4.24		3.64

		0.3		1		1		2		27.65		124.65		3.7		15.33		27.65		0.222		1.37		15.35		337.60		243.90		0.72		0.51		2.31		4.24		22.25		86.25		2.00		9.03		85.23		22.14		109.7		111.8		219.2		23.4		0.74		263.5		28.41		1.73		9.18		3.2		2.25		29		11.94		0.130		2.23		5.35		91.8		3.98		3.38

		0.3		1		1		3		30.74		123.50		3.2		18.00		28.63		0.249		1.32		14.65		334.80		239.70		0.72		0.57		2.31		4.50		23.32		86.25		2.23		8.95		86.2		21.23		105.2		107.3		210.1		22.5		0.74		262.2		28.73		1.92		9.18		3.36		1.85		28.8		11.54		0.160		2.26		5.11		72.1		3.93		3.33

		0.3		1		1		4		29.36		124.96		3.9		15.66		29.85		0.235		1.36		16.25		333.80		240.90		0.72		0.55		2.34		4.77		26.25		86.25		2.13		9.06		80.85		21.07		104.4		106.5		208.5		22.4		0.74		261.8		26.95		1.84		9.45		3.31		1.95		29.5		11.54		0.140		2.2		5.25		82.4		4.09		3.49

		0.3		1		2		1		33.52		126.12		3.2		14.66		29.00		0.266		1.27		15.85		337.26		255.70		0.76		0.62		2.34		5.31		24.55		70.94		2.95		11.11		78.33		22.78		112.9		115.0		225.6		24.1		0.79		266.8		26.11		2.10		9.42		3.13		1.95		28.1		10.35		0.120		2.15		4.81		86.3		3.78		3.18

		0.3		1		2		2		32.25		122.25		3.3		15.00		28.65		0.264		1.30		15.23		334.92		253.40		0.76		0.60		2.28		4.91		24.96		70.94		2.84		10.77		83.25		21.63		107.2		109.3		214.1		22.9		0.79		265.3		27.75		2.02		9.20		3.31		1.85		29.5		11.10		0.140		2.26		4.91		79.3		4.09		3.49

		0.3		1		2		3		30.85		125.50		3.3		16.00		25.35		0.246		1.34		15.44		336.20		251.90		0.75		0.57		2.33		4.76		23.65		70.94		2.72		11.06		81.45		22.21		110.1		112.2		219.9		23.5		0.79		267.5		27.15		1.93		9.32		3.25		2.15		28.2		11.21		0.120		2.12		5.29		93.4		3.80		3.20

		0.3		1		2		4		34.50		124.25		3.1		16.33		29.07		0.278		1.29		15.35		337.14		253.80		0.75		0.64		2.30		5.30		24.95		70.94		3.04		10.95		83.42		21.94		108.7		110.8		217.2		23.2		0.79		267.9		27.81		2.16		9.33		3.41		1.75		27.5		12.16		0.150		2.27		5.36		81.1		3.65		3.05

		0.3		1		3		1		28.54		120.48		2.8		11.33		27.65		0.237		1.23		15.25		333.18		268.80		0.81		0.54		2.26		4.35		24.25		54.38		3.28		13.85		79.35		21.85		108.3		110.4		216.3		23.2		0.84		268.5		26.45		1.78		9.05		3.2		1.90		28.4		10.63		0.130		2.25		4.72		81.8		3.84		3.24

		0.3		1		3		2		33.65		121.65		3.0		14.66		29.03		0.277		1.25		16.02		332.34		264.60		0.80		0.63		2.29		5.39		22.25		54.38		3.87		13.98		77.33		22.32		110.6		112.7		221.0		23.6		0.84		267.3		25.78		2.10		8.99		3.21		2.10		28.3		10.58		0.120		2.15		4.92		88.2		3.82		3.22

		0.3		1		3		3		32.84		122.65		3.0		12.00		27.80		0.268		1.27		15.63		334.80		269.60		0.81		0.61		2.29		5.13		27.65		54.38		3.77		14.10		78.51		21.26		105.3		107.4		210.4		22.6		0.84		267.8		26.17		2.05		9.39		3.18		1.70		29.2		11.02		0.140		2.27		4.85		78.7		4.02		3.42

		0.3		1		3		4		30.85		128.85		2.8		16.00		28.96		0.239		1.37		17.45		339.90		270.60		0.80		0.57		2.37		5.38		26.32		54.38		3.55		14.81		77.19		21.85		108.3		110.4		216.3		23.2		0.84		267.4		25.73		1.93		9.70		3.34		2.50		28.5		11.38		0.100		2.17		5.24		113.8		3.86		3.26

		0.55		2		1		1		32.25		125.25		3.9		17.00		31.25		0.257		1.41		15.85		341.91		178.00		0.52		0.59		2.29		5.11		22.52		165.94		1.21		4.72		143.11		23.72		117.6		119.7		235.0		25.0		0.51		287.4		26.02		2.02		9.24		3.17		1.45		27		12.73		0.190		2.77		4.60		67.0		3.54		2.94

		0.55		2		1		2		32.56		129.12		3.2		16.99		32.25		0.252		1.39		16.75		348.39		170.00		0.49		0.58		2.32		5.45		24.25		165.94		1.23		4.86		144.62		24.1		119.5		121.6		238.8		25.4		0.52		288.3		26.29		2.04		9.59		3.55		1.75		27.4		11.52		0.160		2.63		4.38		72.0		3.62		3.02

		0.55		2		1		3		34.25		127.36		4.0		16.33		30.25		0.269		1.34		16.25		347.29		168.60		0.49		0.62		2.29		5.57		23.52		165.94		1.29		4.80		141.85		25.32		125.6		127.7		251.0		26.6		0.52		288.8		25.79		2.14		9.43		3.33		1.65		27.6		11.88		0.150		2.51		4.73		79.2		3.67		3.07

		0.55		2		1		4		31.20		131.75		3.3		14.00		28.65		0.237		1.32		15.32		352.39		166.80		0.47		0.55		2.34		4.78		22.35		165.94		1.18		4.96		145.63		25.02		124.1		126.2		248.0		26.3		0.53		287.9		26.48		1.95		9.63		3.65		1.85		26.5		11.87		0.130		2.41		4.93		91.3		3.44		2.84

		0.55		2		2		1		28.50		119.56		3.3		15.00		29.00		0.238		1.27		16.32		329.64		175.50		0.53		0.54		2.27		4.65		23.25		140.63		1.27		5.31		135.2		22.15		109.8		111.9		219.3		23.5		0.57		271.6		24.58		1.78		8.93		3.24		1.95		30.2		10.98		0.140		2.22		4.95		78.4		4.26		3.66

		0.55		2		2		2		26.46		126.73		2.9		13.66		28.36		0.209		1.30		16.28		334.24		179.50		0.54		0.49		2.37		4.31		22.48		140.63		1.18		5.63		138.48		23.02		114.1		116.2		228.0		24.3		0.58		272		25.18		1.65		9.33		3.32		2.15		29.3		11.31		0.130		2.19		5.16		87.0		4.05		3.45

		0.55		2		2		3		26.56		123.50		2.9		14.00		25.65		0.215		1.29		16.42		331.24		174.30		0.53		0.50		2.33		4.36		21.65		140.63		1.18		5.49		140.65		24.15		119.8		121.9		239.3		25.5		0.58		273.1		25.57		1.66		9.07		3.27		2.15		28.7		11.15		0.120		2.18		5.11		92.9		3.91		3.31

		0.55		2		2		4		27.65		121.36		3.3		15.33		27.12		0.228		1.28		16.35		329.20		175.50		0.53		0.52		2.30		4.52		23.50		140.63		1.23		5.39		136.45		23.11		114.6		116.7		228.9		24.4		0.57		272.1		24.81		1.73		9.05		3.17		2.35		29.3		10.97		0.120		2.12		5.17		91.4		4.05		3.45

		0.55		2		3		1		26.53		119.63		2.7		13.33		29.85		0.222		1.21		17.25		321.46		214.00		0.67		0.52		2.33		4.58		18.25		95.94		1.73		7.79		133.52		20.75		102.8		104.9		205.3		22.1		0.70		266.3		24.28		1.66		8.62		3.21		2.00		30.1		8.50		0.110		2.16		3.94		77.3		4.24		3.64

		0.55		2		3		2		26.35		119.75		2.3		11.00		24.35		0.220		1.18		17.25		323.50		215.60		0.67		0.51		2.31		4.55		24.63		95.94		1.72		7.80		131.09		21.42		106.1		108.2		212.0		22.7		0.70		265.2		23.83		1.65		9.02		3.19		2.10		29.8		9.02		0.100		2.1		4.30		90.2		4.16		3.56

		0.55		2		3		3		24.35		119.45		2.7		12.66		26.85		0.204		1.22		17.15		321.50		209.80		0.65		0.47		2.32		4.18		19.25		95.94		1.59		7.78		131.65		21.13		104.7		106.8		209.1		22.4		0.70		266.3		23.94		1.52		8.67		3.17		2.40		28.5		8.54		0.100		1.78		4.80		85.4		3.86		3.26

		0.55		2		3		4		24.89		117.75		2.4		11.66		25.62		0.211		1.17		17.16		324.30		207.80		0.64		0.48		2.27		4.27		24.25		95.94		1.62		7.67		134.52		21.63		107.2		109.3		214.1		22.9		0.70		265		24.46		1.56		8.88		3.15		2.50		27.3		8.81		0.080		1.95		4.52		110.1		3.60		3.00

		0.8		3		1		1		34.65		134.60		3.9		17.66		30.05		0.257		1.38		16.85		357.73		144.00		0.40		0.61		2.35		5.84		24.52		200.94		1.08		4.19		219.58		23.87		118.4		120.5		236.5		25.2		0.44		302.5		27.45		2.17		9.95		4.11		1.45		25.9		12.97		0.180		2.45		5.29		72.1		3.32		2.72

		0.8		3		1		2		32.25		131.85		3.8		16.99		28.40		0.245		1.36		16.63		358.32		141.20		0.39		0.56		2.30		5.36		28.25		200.94		1.00		4.10		213.65		24.02		119.1		121.2		238.0		25.3		0.44		301.7		26.71		2.02		10.01		4.16		1.55		25.7		12.85		0.160		2.91		4.42		80.3		3.28		2.68

		0.8		3		1		3		31.65		134.35		4.0		15.33		30.13		0.236		1.34		16.32		359.40		142.00		0.40		0.55		2.34		5.17		23.25		200.94		0.98		4.18		214.42		25.32		125.6		127.7		251.0		26.6		0.44		302.6		26.80		1.98		9.85		4.22		1.55		25.2		12.30		0.150		3.31		3.72		82.0		3.19		2.59

		0.8		3		1		4		34.83		128.25		3.7		19.00		27.95		0.272		1.33		16.63		363.10		141.80		0.39		0.60		2.21		5.79		23.20		200.94		1.08		3.99		215.75		24.1		119.5		121.6		238.8		25.4		0.45		302.4		26.97		2.18		9.47		3.91		1.45		26.7		13.08		0.150		2.83		4.62		87.2		3.48		2.88

		0.8		3		2		1		23.63		117.25		3.0		13.00		29.63		0.202		1.15		16.85		319.94		147.10		0.46		0.46		2.29		3.98		23.22		150.94		0.98		4.85		208.23		23.12		114.6		116.7		229.0		24.4		0.53		262.3		26.03		1.48		8.78		3.14		2.45		28.5		9.72		0.100		2.01		4.84		97.2		3.86		3.26

		0.8		3		2		2		24.25		113.95		2.9		13.66		25.55		0.213		1.19		18.02		313.64		145.30		0.46		0.48		2.27		4.37		20.65		150.94		1.00		4.72		207.85		22.63		112.2		114.3		224.1		23.9		0.52		261.5		25.98		1.52		8.41		3.13		2.55		29.8		9.61		0.110		2.04		4.71		87.4		4.16		3.56

		0.8		3		2		3		22.53		119.35		2.6		14.00		26.30		0.189		1.24		17.35		319.48		150.00		0.47		0.44		2.33		3.91		17.25		150.94		0.93		4.94		204.37		22.85		113.3		115.4		226.3		24.2		0.53		261.8		25.55		1.41		8.54		3.25		2.05		30.3		9.08		0.120		2.11		4.30		75.7		4.28		3.68

		0.8		3		2		4		26.63		117.82		2.4		15.33		27.25		0.226		1.23		17.95		320.54		147.10		0.46		0.52		2.30		4.78		23.48		150.94		1.10		4.88		206.75		24.75		122.8		124.9		245.3		26.1		0.53		261.9		25.84		1.66		8.83		3.17		2.15		28.3		9.75		0.130		1.95		5.00		75.0		3.82		3.22

		0.8		3		3		1		19.52		112.35		2.1		9.33		22.50		0.174		1.01		17.85		303.30		153.30		0.51		0.40		2.32		3.48		18.85		125.31		0.97		5.60		197.52		20.82		103.1		105.2		206.0		22.1		0.59		248.1		24.69		1.22		8.20		2.98		2.54		30.4		7.44		0.110		1.75		4.25		67.6		4.31		3.71

		0.8		3		3		2		22.63		109.53		2.1		11.33		23.56		0.207		1.09		18.85		299.60		158.30		0.53		0.47		2.28		4.27		19.25		125.31		1.13		5.46		195.34		20.57		101.9		104.0		203.5		21.9		0.58		247.5		24.42		1.41		8.05		2.85		2.74		30.2		7.33		0.060		1.85		3.96		122.2		4.26		3.66

		0.8		3		3		3		21.30		114.25		2.1		12.00		28.65		0.186		0.97		17.85		303.84		154.50		0.51		0.44		2.35		3.80		18.25		125.31		1.06		5.70		196.34		20.83		103.2		105.3		206.1		22.1		0.59		248.7		24.54		1.33		8.28		3.17		2.34		29.8		7.46		0.080		1.94		3.85		93.3		4.16		3.56

		0.8		3		3		4		21.52		113.35		2.1		8.66		23.45		0.190		1.06		17.84		305.30		156.94		0.51		0.44		2.32		3.84		20.25		125.31		1.07		5.65		191.2		21.05		104.3		106.4		208.3		22.4		0.59		247.3		23.90		1.35		8.35		3.11		2.24		29.2		7.87		0.090		1.95		4.04		87.4		4.02		3.42

														.																																																																		TE		IWUE

										GY(g/pot)		SB(g/pot)		SW (mg)		PPP		LPP		HI		Height m		%protein		ET(mm)		GWC(mm)		G/ET		WUE seed		WUE DM		Protein yield		RDM (g/pot)		Irri (mm)		WPseed		WP DM		SWD		ECe		Na		Ca		Cl		So4				T(mm)		WSWC(%)		SY(Mg/ha)		DM(Mg/ha)		LAI		Ψ		Tp,˚c		An		gs		T		An/T		An/gs		es leaf		VPD

								D1W1		29.82		123.87		3.63		16.25		29.70		0.241		1.34		15.18		333.44		240.63		0.72		0.56		2.32		4.52		23.58		86.25		2.16		8.98		83.43		21.25		105.26		107.36		210.33		22.55		0.74		263.20		27.81		1.86		9.22		3.26		2.00		29.35		11.63		0.145		2.24		5.21		80.78		4.06		3.46

								D1W2		32.78		124.53		3.20		15.50		28.02		0.263		1.30		15.47		336.38		253.70		0.75		0.61		2.31		5.07		24.53		70.94		2.89		10.97		81.61		22.14		109.70		111.80		219.20		23.44		0.79		266.88		27.20		2.05		9.32		3.28		1.93		28.33		11.21		0.133		2.20		5.09		85.00		3.83		3.23

								D1W3		31.47		123.41		2.90		13.50		28.36		0.255		1.28		16.09		335.06		268.40		0.80		0.59		2.30		5.06		25.12		54.38		3.62		14.18		78.10		21.82		108.10		110.20		216.00		23.12		0.84		267.75		26.03		1.97		9.28		3.23		2.05		28.60		10.90		0.123		2.21		4.94		90.61		3.89		3.29

								D2W1		32.57		128.37		3.55		16.08		30.60		0.254		1.37		16.04		347.50		170.85		0.49		0.59		2.31		5.23		23.16		165.94		1.23		4.83		143.80		24.54		121.70		123.80		243.20		25.84		0.52		288.10		26.15		2.04		9.47		3.43		1.68		27.13		12.00		0.158		2.58		4.66		77.38		3.57		2.97

								D2W2		27.29		122.79		3.05		14.50		27.53		0.223		1.29		16.34		331.08		176.20		0.53		0.52		2.32		4.46		22.72		140.63		1.21		5.46		137.70		23.11		114.54		116.64		228.88		24.41		0.58		272.20		25.04		1.71		9.09		3.25		2.15		29.38		11.10		0.128		2.18		5.10		87.44		4.06		3.46

								D2W3		25.53		119.15		2.53		12.16		26.67		0.214		1.20		17.20		322.69		211.80		0.66		0.49		2.31		4.39		21.60		95.94		1.66		7.76		132.70		21.23		105.16		107.26		210.13		22.53		0.70		265.70		24.13		1.60		8.80		3.18		2.25		28.93		8.72		0.098		2.00		4.39		90.75		3.97		3.37

								D3W1		33.35		132.26		3.82		17.25		29.13		0.252		1.35		16.61		359.64		142.25		0.40		0.58		2.30		5.54		24.81		200.94		1.04		4.11		215.85		24.33		120.64		122.74		241.08		25.63		0.44		302.30		26.98		2.08		9.82		4.10		1.50		25.88		12.80		0.160		2.88		4.51		80.39		3.32		2.72

								D3W2		24.26		117.09		2.69		14.00		27.18		0.207		1.20		17.54		318.40		147.38		0.46		0.48		2.30		4.26		21.15		150.94		1.00		4.85		206.80		23.34		115.69		117.79		231.18		24.64		0.53		261.88		25.85		1.52		8.64		3.17		2.30		29.23		9.54		0.115		2.03		4.71		83.81		4.03		3.43

								D3W3		21.24		112.37		2.10		10.33		24.54		0.189		1.03		18.10		303.01		155.76		0.51		0.44		2.32		3.85		19.15		125.31		1.06		5.60		195.10		20.82		103.09		105.19		205.98		22.12		0.59		247.90		24.39		1.33		8.22		3.03		2.47		29.90		7.53		0.085		1.87		4.02		92.62		4.19		3.59

								IWUE		kPa		kPa

		water table		Irrigation		An/T		An/gs		es leaf		VPD

		1		1		5.12		76.73		4.24		3.64

		1		1		5.35		91.85		3.98		3.38

		1		1		5.11		72.13		3.93		3.33

		1		1		5.25		82.43		4.09		3.49

		2		1		4.81		86.25		3.54		2.94

		2		1		4.91		79.29		3.62		3.02

		2		1		5.29		93.42		3.67		3.07

		2		1		5.36		81.07		3.44		2.84

		3		1		4.72		75.93		3.32		2.72

		3		1		4.92		88.17		3.28		2.68

		3		1		4.85		68.88		3.19		2.59

		3		1		5.24		113.80		3.48		2.88

		1		2		4.60		67.00		3.78		3.18

		1		2		4.38		72.00		4.09		3.49

		1		2		4.73		79.20		3.80		3.20

		1		2		4.93		91.31		3.65		3.05

		2		2		4.95		84.46		4.26		3.66

		2		2		5.16		94.25		4.05		3.45

		2		2		5.11		92.92		3.91		3.31

		2		2		5.17		99.73		4.05		3.45

		3		2		3.94		65.38		3.86		3.26

		3		2		4.30		75.17		4.16		3.56

		3		2		4.80		77.64		4.28		3.68

		3		2		4.52		88.10		3.82		3.22

		1		3		5.29		58.95		3.84		3.24

		1		3		4.42		61.19		3.82		3.22

		1		3		3.72		64.74		4.02		3.42

		1		3		4.62		68.84		3.86		3.26

		2		3		4.84		97.20		4.24		3.64

		2		3		4.71		87.36		4.16		3.56

		2		3		4.30		75.67		3.86		3.26

		2		3		5.00		75.00		3.60		3.00

		3		3		4.25		53.14		4.31		3.71

		3		3		3.96		104.71		4.26		3.66

		3		3		3.85		74.60		4.16		3.56

		3		3		4.09		66.42		4.02		3.42

				water table		Irrigation		An/T		An/gs		es leaf		VPD				water table		Irrigation		An/T		An/gs		es leaf		VPD

				1		1		4.43		66.47		4.24		3.64				1		1		4.43		66.47		4.24		3.64

				1		1		4.66		80.00		3.98		3.38				1		1		4.66		80.00		3.98		3.38

				1		1		4.42		62.50		3.93		3.33				1		1		4.42		62.50		3.93		3.33

				1		1		4.55		71.43		4.09		3.49				1		1		4.55		71.43		4.09		3.49

				1		2		4.35		77.92		3.78		3.18				2		1		4.03		58.74		3.54		2.94

				1		2		4.47		72.14		4.09		3.49				2		1		3.78		62.19		3.62		3.02

				1		2		4.82		85.08		3.80		3.20				2		1		4.11		68.73		3.67		3.07

				1		2		4.92		74.40		3.65		3.05				2		1		4.27		79.23		3.44		2.84

				1		3		4.41		70.86		3.84		3.24				3		1		4.62		51.45		3.32		2.72

				1		3		4.59		82.25		3.82		3.22				3		1		3.85		53.33		3.28		2.68

				1		3		4.54		64.44		4.02		3.42				3		1		3.22		56.05		3.19		2.59

				1		3		4.92		106.70		3.86		3.26				3		1		4.04		60.16		3.48		2.88

				2		1		4.03		58.74		3.54		2.94				1		2		4.35		77.92		3.78		3.18

				2		1		3.78		62.19		3.62		3.02				1		2		4.47		72.14		4.09		3.49

				2		1		4.11		68.73		3.67		3.07				1		2		4.82		85.08		3.80		3.20

				2		1		4.27		79.23		3.44		2.84				1		2		4.92		74.40		3.65		3.05

				2		2		4.50		76.77		4.26		3.66				2		2		4.50		76.77		4.26		3.66

				2		2		4.71		85.92		4.05		3.45				2		2		4.71		85.92		4.05		3.45

				2		2		4.66		84.58		3.91		3.31				2		2		4.66		84.58		3.91		3.31

				2		2		4.70		90.64		4.05		3.45				2		2		4.70		90.64		4.05		3.45

				2		3		4.40		73.08		4.24		3.64				3		2		4.84		97.20		3.86		3.26

				2		3		4.77		83.50		4.16		3.56				3		2		4.71		87.36		4.16		3.56

				2		3		5.36		86.73		3.86		3.26				3		2		4.30		75.67		4.28		3.68

				2		3		5.03		98.10		3.60		3.00				3		2		5.00		75.00		3.82		3.22

				3		1		4.62		51.45		3.32		2.72				1		3		4.41		70.86		3.84		3.24

				3		1		3.85		53.33		3.28		2.68				1		3		4.59		82.25		3.82		3.22

				3		1		3.22		56.05		3.19		2.59				1		3		4.54		64.44		4.02		3.42

				3		1		4.04		60.16		3.48		2.88				1		3		4.92		106.70		3.86		3.26

				3		2		4.84		97.20		3.86		3.26				2		3		4.40		73.08		4.24		3.64

				3		2		4.71		87.36		4.16		3.56				2		3		4.77		83.50		4.16		3.56

				3		2		4.30		75.67		4.28		3.68				2		3		5.36		86.73		3.86		3.26

				3		2		5.00		75.00		3.82		3.22				2		3		5.03		98.10		3.60		3.00

				3		3		5.13		64.14		4.31		3.71				3		3		5.13		64.14		4.31		3.71

				3		3		4.79		126.71		4.26		3.66				3		3		4.79		126.71		4.26		3.66

				3		3		4.64		90.00		4.16		3.56				3		3		4.64		90.00		4.16		3.56

				3		3		4.88		79.25		4.02		3.42				3		3		4.88		79.25		4.02		3.42



A.C.C:
30 cm

DI1
0.80% FI

aseman:
zarib 12 ra be 10
taghir dadam

DI2
55 %FI

DI3
30%FI

A.C.C:
55 cm

DI1
0.80% FI

DI2
55 %FI

DI3
30%FI

A.C.C:
80 cm

DI1
0.80% FI

DI2
55 %FI

DI3
30%FI

A.C.C:
30 cm

DI1
0.80% FI

DI2
55 %FI

DI3
30%FI

A.C.C:
55 cm

DI1
0.80% FI

DI2
55 %FI

DI3
30%FI

A.C.C:
80 cm

DI1
0.80% FI

DI2
55 %FI

DI3
30%FI

A.C.C:
30 cm

DI1
0.80% FI

A.C.C:
55 cm

DI1
0.80% FI

A.C.C:
80 cm

DI1
0.80% FI

DI2
55 %FI

DI2
55 %FI

DI2
55 %FI

DI3
30%FI

DI3
30%FI

DI3
30%FI

A.C.C:
30 cm

DI1
0.80% FI

A.C.C:
55 cm

DI1
0.80% FI

A.C.C:
80 cm

DI1
0.80% FI

DI2
55 %FI

DI2
55 %FI

DI2
55 %FI

DI3
30%FI

DI3
30%FI

DI3
30%FI



2013

		



An (µmol m-2s-1)

TDM (Mg ha-1)



Sheet2

		



gs (molm-2s-1)

An (µmol m-2s-1)

An= 49.54 gs + 4.3
R2 = 0.72



Sheet3

		



An (µmol m-2s-1)

LAI (m2 m-2)



		



Ψ  ( -MPa)

gs (molm-2s-1)

gs = 0.413e-0.59Ψ
R2 = 0.73



		



VPD (kPa)

An (µmol m-2s-1)



		



VPD(kPa)

gs (molm-2s-1)



		



VPD(kPa)

I W U E (µmol mol-1)



		



gs (molm-2s-1)

I W U E (µmol mol-1)



		



VPD(kPa)

TE (µmol mol-1)



		



SGD1

SGD2

SGD3

VPD (kPa)

I W U E ( µmol mol-1)



		



Tr (µmol m-2s-1)

An (µmol m-2s-1)



		



VSWC(%)

Ψ  ( -MPa)



		





		







Results

gs = 0.413e -0.59Ψ

R2 = 0.73

0.000

0.050

0.100

0.150

0.200

0.250

0.00 0.50 1.00 1.50 2.00 2.50 3.00

Ψ  ( -MPa)

g s
 (m

ol
m

-2
s-1

)


Chart2

		1.95

		2.25

		1.85

		1.95

		1.95

		1.85

		2.15

		1.75

		1.9

		2.1

		1.7

		2.5

		1.45

		1.75

		1.65

		1.85

		1.95

		2.15

		2.15

		2.35

		2

		2.1

		2.4

		2.5

		1.45

		1.55

		1.55

		1.45

		2.45

		2.55

		2.05

		2.15

		2.54

		2.74

		2.34

		2.24



Ψ  ( -MPa)

gs (molm-2s-1)

gs = 0.413e-0.59Ψ
R2 = 0.73

0.15

0.13

0.16

0.14

0.12

0.14

0.12

0.15

0.13

0.12

0.14

0.1

0.19

0.16

0.15

0.13

0.14

0.13

0.12

0.12

0.11

0.1

0.1

0.08

0.18

0.16

0.15

0.15

0.1

0.11

0.12

0.13

0.11

0.06

0.08

0.09



2013

		Yield- 2013										shoot biomass		Seed Weight		Num. of Panicle per plant		Length. of Panicle per plant														kg m-3		kg m-3		g/pot						kg m-3		kg m-3				dS m-1		meq L-1		meq L-1		meq L-1		meq L-1														Mpa				µmol/m2s		mol/m2s		mmol/m2s		TE		IWUE		kPa		kPa

		GWD(m)		water table		Irrigation		Replication		GY(g/pot)		SB(g/pot)		SW (mg)		PPP		LPP		HI		Height m		%protein		ET(mm)		GWC(mm)		G/ET		WUE seed		WUE DM		Protein yield		RDM (g/pot)		Irri (mm)		WPseed		WP DM		SWD(mm)		ECe		Na		Ca		Cl		So4		Surface water saving		T(mm)		WSWC(%)		SY(Mg/ha)		DM(Mg/ha)		LAI		Ψ		Tp,˚c		An		gs		T		An/T		An/gs		es leaf		VPD

		0.3		1		1		1		31.52		122.35		3.8		15.99		32.65		0.258		1.31		14.45		327.56		238.00		0.73		0.60		2.33		4.55		22.5		86.25		2.28		8.87		81.45		20.57		101.9		104.0		203.5		21.9		0.74		265.3		27.15		1.97		9.05		3.15		1.95		30.1		11.51		0.150		2.25		5.12		76.7		4.24		3.64

		0.3		1		1		2		27.65		124.65		3.7		15.33		27.65		0.222		1.37		15.35		337.60		243.90		0.72		0.51		2.31		4.24		22.25		86.25		2.00		9.03		85.23		22.14		109.7		111.8		219.2		23.4		0.74		263.5		28.41		1.73		9.18		3.2		2.25		29		11.94		0.130		2.23		5.35		91.8		3.98		3.38

		0.3		1		1		3		30.74		123.50		3.2		18.00		28.63		0.249		1.32		14.65		334.80		239.70		0.72		0.57		2.31		4.50		23.32		86.25		2.23		8.95		86.2		21.23		105.2		107.3		210.1		22.5		0.74		262.2		28.73		1.92		9.18		3.36		1.85		28.8		11.54		0.160		2.26		5.11		72.1		3.93		3.33

		0.3		1		1		4		29.36		124.96		3.9		15.66		29.85		0.235		1.36		16.25		333.80		240.90		0.72		0.55		2.34		4.77		26.25		86.25		2.13		9.06		80.85		21.07		104.4		106.5		208.5		22.4		0.74		261.8		26.95		1.84		9.45		3.31		1.95		29.5		11.54		0.140		2.2		5.25		82.4		4.09		3.49

		0.3		1		2		1		33.52		126.12		3.2		14.66		29.00		0.266		1.27		15.85		337.26		255.70		0.76		0.62		2.34		5.31		24.55		70.94		2.95		11.11		78.33		22.78		112.9		115.0		225.6		24.1		0.79		266.8		26.11		2.10		9.42		3.13		1.95		28.1		10.35		0.120		2.15		4.81		86.3		3.78		3.18

		0.3		1		2		2		32.25		122.25		3.3		15.00		28.65		0.264		1.30		15.23		334.92		253.40		0.76		0.60		2.28		4.91		24.96		70.94		2.84		10.77		83.25		21.63		107.2		109.3		214.1		22.9		0.79		265.3		27.75		2.02		9.20		3.31		1.85		29.5		11.10		0.140		2.26		4.91		79.3		4.09		3.49

		0.3		1		2		3		30.85		125.50		3.3		16.00		25.35		0.246		1.34		15.44		336.20		251.90		0.75		0.57		2.33		4.76		23.65		70.94		2.72		11.06		81.45		22.21		110.1		112.2		219.9		23.5		0.79		267.5		27.15		1.93		9.32		3.25		2.15		28.2		11.21		0.120		2.12		5.29		93.4		3.80		3.20

		0.3		1		2		4		34.50		124.25		3.1		16.33		29.07		0.278		1.29		15.35		337.14		253.80		0.75		0.64		2.30		5.30		24.95		70.94		3.04		10.95		83.42		21.94		108.7		110.8		217.2		23.2		0.79		267.9		27.81		2.16		9.33		3.41		1.75		27.5		12.16		0.150		2.27		5.36		81.1		3.65		3.05

		0.3		1		3		1		28.54		120.48		2.8		11.33		27.65		0.237		1.23		15.25		333.18		268.80		0.81		0.54		2.26		4.35		24.25		54.38		3.28		13.85		79.35		21.85		108.3		110.4		216.3		23.2		0.84		268.5		26.45		1.78		9.05		3.2		1.90		28.4		10.63		0.130		2.25		4.72		81.8		3.84		3.24

		0.3		1		3		2		33.65		121.65		3.0		14.66		29.03		0.277		1.25		16.02		332.34		264.60		0.80		0.63		2.29		5.39		22.25		54.38		3.87		13.98		77.33		22.32		110.6		112.7		221.0		23.6		0.84		267.3		25.78		2.10		8.99		3.21		2.10		28.3		10.58		0.120		2.15		4.92		88.2		3.82		3.22

		0.3		1		3		3		32.84		122.65		3.0		12.00		27.80		0.268		1.27		15.63		334.80		269.60		0.81		0.61		2.29		5.13		27.65		54.38		3.77		14.10		78.51		21.26		105.3		107.4		210.4		22.6		0.84		267.8		26.17		2.05		9.39		3.18		1.70		29.2		11.02		0.140		2.27		4.85		78.7		4.02		3.42

		0.3		1		3		4		30.85		128.85		2.8		16.00		28.96		0.239		1.37		17.45		339.90		270.60		0.80		0.57		2.37		5.38		26.32		54.38		3.55		14.81		77.19		21.85		108.3		110.4		216.3		23.2		0.84		267.4		25.73		1.93		9.70		3.34		2.50		28.5		11.38		0.100		2.17		5.24		113.8		3.86		3.26

		0.55		2		1		1		32.25		125.25		3.9		17.00		31.25		0.257		1.41		15.85		341.91		178.00		0.52		0.59		2.29		5.11		22.52		165.94		1.21		4.72		143.11		23.72		117.6		119.7		235.0		25.0		0.51		287.4		26.02		2.02		9.24		3.17		1.45		27		12.73		0.190		2.77		4.60		67.0		3.54		2.94

		0.55		2		1		2		32.56		129.12		3.2		16.99		32.25		0.252		1.39		16.75		348.39		170.00		0.49		0.58		2.32		5.45		24.25		165.94		1.23		4.86		144.62		24.1		119.5		121.6		238.8		25.4		0.52		288.3		26.29		2.04		9.59		3.55		1.75		27.4		11.52		0.160		2.63		4.38		72.0		3.62		3.02

		0.55		2		1		3		34.25		127.36		4.0		16.33		30.25		0.269		1.34		16.25		347.29		168.60		0.49		0.62		2.29		5.57		23.52		165.94		1.29		4.80		141.85		25.32		125.6		127.7		251.0		26.6		0.52		288.8		25.79		2.14		9.43		3.33		1.65		27.6		11.88		0.150		2.51		4.73		79.2		3.67		3.07

		0.55		2		1		4		31.20		131.75		3.3		14.00		28.65		0.237		1.32		15.32		352.39		166.80		0.47		0.55		2.34		4.78		22.35		165.94		1.18		4.96		145.63		25.02		124.1		126.2		248.0		26.3		0.53		287.9		26.48		1.95		9.63		3.65		1.85		26.5		11.87		0.130		2.41		4.93		91.3		3.44		2.84

		0.55		2		2		1		28.50		119.56		3.3		15.00		29.00		0.238		1.27		16.32		329.64		175.50		0.53		0.54		2.27		4.65		23.25		140.63		1.27		5.31		135.2		22.15		109.8		111.9		219.3		23.5		0.57		271.6		24.58		1.78		8.93		3.24		1.95		30.2		10.98		0.140		2.22		4.95		78.4		4.26		3.66

		0.55		2		2		2		26.46		126.73		2.9		13.66		28.36		0.209		1.30		16.28		334.24		179.50		0.54		0.49		2.37		4.31		22.48		140.63		1.18		5.63		138.48		23.02		114.1		116.2		228.0		24.3		0.58		272		25.18		1.65		9.33		3.32		2.15		29.3		11.31		0.130		2.19		5.16		87.0		4.05		3.45

		0.55		2		2		3		26.56		123.50		2.9		14.00		25.65		0.215		1.29		16.42		331.24		174.30		0.53		0.50		2.33		4.36		21.65		140.63		1.18		5.49		140.65		24.15		119.8		121.9		239.3		25.5		0.58		273.1		25.57		1.66		9.07		3.27		2.15		28.7		11.15		0.120		2.18		5.11		92.9		3.91		3.31

		0.55		2		2		4		27.65		121.36		3.3		15.33		27.12		0.228		1.28		16.35		329.20		175.50		0.53		0.52		2.30		4.52		23.50		140.63		1.23		5.39		136.45		23.11		114.6		116.7		228.9		24.4		0.57		272.1		24.81		1.73		9.05		3.17		2.35		29.3		10.97		0.120		2.12		5.17		91.4		4.05		3.45

		0.55		2		3		1		26.53		119.63		2.7		13.33		29.85		0.222		1.21		17.25		321.46		214.00		0.67		0.52		2.33		4.58		18.25		95.94		1.73		7.79		133.52		20.75		102.8		104.9		205.3		22.1		0.70		266.3		24.28		1.66		8.62		3.21		2.00		30.1		8.50		0.110		2.16		3.94		77.3		4.24		3.64

		0.55		2		3		2		26.35		119.75		2.3		11.00		24.35		0.220		1.18		17.25		323.50		215.60		0.67		0.51		2.31		4.55		24.63		95.94		1.72		7.80		131.09		21.42		106.1		108.2		212.0		22.7		0.70		265.2		23.83		1.65		9.02		3.19		2.10		29.8		9.02		0.100		2.1		4.30		90.2		4.16		3.56

		0.55		2		3		3		24.35		119.45		2.7		12.66		26.85		0.204		1.22		17.15		321.50		209.80		0.65		0.47		2.32		4.18		19.25		95.94		1.59		7.78		131.65		21.13		104.7		106.8		209.1		22.4		0.70		266.3		23.94		1.52		8.67		3.17		2.40		28.5		8.54		0.100		1.78		4.80		85.4		3.86		3.26

		0.55		2		3		4		24.89		117.75		2.4		11.66		25.62		0.211		1.17		17.16		324.30		207.80		0.64		0.48		2.27		4.27		24.25		95.94		1.62		7.67		134.52		21.63		107.2		109.3		214.1		22.9		0.70		265		24.46		1.56		8.88		3.15		2.50		27.3		8.81		0.080		1.95		4.52		110.1		3.60		3.00

		0.8		3		1		1		34.65		134.60		3.9		17.66		30.05		0.257		1.38		16.85		357.73		144.00		0.40		0.61		2.35		5.84		24.52		200.94		1.08		4.19		219.58		23.87		118.4		120.5		236.5		25.2		0.44		302.5		27.45		2.17		9.95		4.11		1.45		25.9		12.97		0.180		2.45		5.29		72.1		3.32		2.72

		0.8		3		1		2		32.25		131.85		3.8		16.99		28.40		0.245		1.36		16.63		358.32		141.20		0.39		0.56		2.30		5.36		28.25		200.94		1.00		4.10		213.65		24.02		119.1		121.2		238.0		25.3		0.44		301.7		26.71		2.02		10.01		4.16		1.55		25.7		12.85		0.160		2.91		4.42		80.3		3.28		2.68

		0.8		3		1		3		31.65		134.35		4.0		15.33		30.13		0.236		1.34		16.32		359.40		142.00		0.40		0.55		2.34		5.17		23.25		200.94		0.98		4.18		214.42		25.32		125.6		127.7		251.0		26.6		0.44		302.6		26.80		1.98		9.85		4.22		1.55		25.2		12.30		0.150		3.31		3.72		82.0		3.19		2.59

		0.8		3		1		4		34.83		128.25		3.7		19.00		27.95		0.272		1.33		16.63		363.10		141.80		0.39		0.60		2.21		5.79		23.20		200.94		1.08		3.99		215.75		24.1		119.5		121.6		238.8		25.4		0.45		302.4		26.97		2.18		9.47		3.91		1.45		26.7		13.08		0.150		2.83		4.62		87.2		3.48		2.88

		0.8		3		2		1		23.63		117.25		3.0		13.00		29.63		0.202		1.15		16.85		319.94		147.10		0.46		0.46		2.29		3.98		23.22		150.94		0.98		4.85		208.23		23.12		114.6		116.7		229.0		24.4		0.53		262.3		26.03		1.48		8.78		3.14		2.45		28.5		9.72		0.100		2.01		4.84		97.2		3.86		3.26

		0.8		3		2		2		24.25		113.95		2.9		13.66		25.55		0.213		1.19		18.02		313.64		145.30		0.46		0.48		2.27		4.37		20.65		150.94		1.00		4.72		207.85		22.63		112.2		114.3		224.1		23.9		0.52		261.5		25.98		1.52		8.41		3.13		2.55		29.8		9.61		0.110		2.04		4.71		87.4		4.16		3.56

		0.8		3		2		3		22.53		119.35		2.6		14.00		26.30		0.189		1.24		17.35		319.48		150.00		0.47		0.44		2.33		3.91		17.25		150.94		0.93		4.94		204.37		22.85		113.3		115.4		226.3		24.2		0.53		261.8		25.55		1.41		8.54		3.25		2.05		30.3		9.08		0.120		2.11		4.30		75.7		4.28		3.68

		0.8		3		2		4		26.63		117.82		2.4		15.33		27.25		0.226		1.23		17.95		320.54		147.10		0.46		0.52		2.30		4.78		23.48		150.94		1.10		4.88		206.75		24.75		122.8		124.9		245.3		26.1		0.53		261.9		25.84		1.66		8.83		3.17		2.15		28.3		9.75		0.130		1.95		5.00		75.0		3.82		3.22

		0.8		3		3		1		19.52		112.35		2.1		9.33		22.50		0.174		1.01		17.85		303.30		153.30		0.51		0.40		2.32		3.48		18.85		125.31		0.97		5.60		197.52		20.82		103.1		105.2		206.0		22.1		0.59		248.1		24.69		1.22		8.20		2.98		2.54		30.4		7.44		0.110		1.75		4.25		67.6		4.31		3.71

		0.8		3		3		2		22.63		109.53		2.1		11.33		23.56		0.207		1.09		18.85		299.60		158.30		0.53		0.47		2.28		4.27		19.25		125.31		1.13		5.46		195.34		20.57		101.9		104.0		203.5		21.9		0.58		247.5		24.42		1.41		8.05		2.85		2.74		30.2		7.33		0.060		1.85		3.96		122.2		4.26		3.66

		0.8		3		3		3		21.30		114.25		2.1		12.00		28.65		0.186		0.97		17.85		303.84		154.50		0.51		0.44		2.35		3.80		18.25		125.31		1.06		5.70		196.34		20.83		103.2		105.3		206.1		22.1		0.59		248.7		24.54		1.33		8.28		3.17		2.34		29.8		7.46		0.080		1.94		3.85		93.3		4.16		3.56

		0.8		3		3		4		21.52		113.35		2.1		8.66		23.45		0.190		1.06		17.84		305.30		156.94		0.51		0.44		2.32		3.84		20.25		125.31		1.07		5.65		191.2		21.05		104.3		106.4		208.3		22.4		0.59		247.3		23.90		1.35		8.35		3.11		2.24		29.2		7.87		0.090		1.95		4.04		87.4		4.02		3.42

														.																																																																		TE		IWUE

										GY(g/pot)		SB(g/pot)		SW (mg)		PPP		LPP		HI		Height m		%protein		ET(mm)		GWC(mm)		G/ET		WUE seed		WUE DM		Protein yield		RDM (g/pot)		Irri (mm)		WPseed		WP DM		SWD		ECe		Na		Ca		Cl		So4				T(mm)		WSWC(%)		SY(Mg/ha)		DM(Mg/ha)		LAI		Ψ		Tp,˚c		An		gs		T		An/T		An/gs		es leaf		VPD

								D1W1		29.82		123.87		3.63		16.25		29.70		0.241		1.34		15.18		333.44		240.63		0.72		0.56		2.32		4.52		23.58		86.25		2.16		8.98		83.43		21.25		105.26		107.36		210.33		22.55		0.74		263.20		27.81		1.86		9.22		3.26		2.00		29.35		11.63		0.145		2.24		5.21		80.78		4.06		3.46

								D1W2		32.78		124.53		3.20		15.50		28.02		0.263		1.30		15.47		336.38		253.70		0.75		0.61		2.31		5.07		24.53		70.94		2.89		10.97		81.61		22.14		109.70		111.80		219.20		23.44		0.79		266.88		27.20		2.05		9.32		3.28		1.93		28.33		11.21		0.133		2.20		5.09		85.00		3.83		3.23

								D1W3		31.47		123.41		2.90		13.50		28.36		0.255		1.28		16.09		335.06		268.40		0.80		0.59		2.30		5.06		25.12		54.38		3.62		14.18		78.10		21.82		108.10		110.20		216.00		23.12		0.84		267.75		26.03		1.97		9.28		3.23		2.05		28.60		10.90		0.123		2.21		4.94		90.61		3.89		3.29

								D2W1		32.57		128.37		3.55		16.08		30.60		0.254		1.37		16.04		347.50		170.85		0.49		0.59		2.31		5.23		23.16		165.94		1.23		4.83		143.80		24.54		121.70		123.80		243.20		25.84		0.52		288.10		26.15		2.04		9.47		3.43		1.68		27.13		12.00		0.158		2.58		4.66		77.38		3.57		2.97

								D2W2		27.29		122.79		3.05		14.50		27.53		0.223		1.29		16.34		331.08		176.20		0.53		0.52		2.32		4.46		22.72		140.63		1.21		5.46		137.70		23.11		114.54		116.64		228.88		24.41		0.58		272.20		25.04		1.71		9.09		3.25		2.15		29.38		11.10		0.128		2.18		5.10		87.44		4.06		3.46

								D2W3		25.53		119.15		2.53		12.16		26.67		0.214		1.20		17.20		322.69		211.80		0.66		0.49		2.31		4.39		21.60		95.94		1.66		7.76		132.70		21.23		105.16		107.26		210.13		22.53		0.70		265.70		24.13		1.60		8.80		3.18		2.25		28.93		8.72		0.098		2.00		4.39		90.75		3.97		3.37

								D3W1		33.35		132.26		3.82		17.25		29.13		0.252		1.35		16.61		359.64		142.25		0.40		0.58		2.30		5.54		24.81		200.94		1.04		4.11		215.85		24.33		120.64		122.74		241.08		25.63		0.44		302.30		26.98		2.08		9.82		4.10		1.50		25.88		12.80		0.160		2.88		4.51		80.39		3.32		2.72

								D3W2		24.26		117.09		2.69		14.00		27.18		0.207		1.20		17.54		318.40		147.38		0.46		0.48		2.30		4.26		21.15		150.94		1.00		4.85		206.80		23.34		115.69		117.79		231.18		24.64		0.53		261.88		25.85		1.52		8.64		3.17		2.30		29.23		9.54		0.115		2.03		4.71		83.81		4.03		3.43

								D3W3		21.24		112.37		2.10		10.33		24.54		0.189		1.03		18.10		303.01		155.76		0.51		0.44		2.32		3.85		19.15		125.31		1.06		5.60		195.10		20.82		103.09		105.19		205.98		22.12		0.59		247.90		24.39		1.33		8.22		3.03		2.47		29.90		7.53		0.085		1.87		4.02		92.62		4.19		3.59

								IWUE		kPa		kPa

		water table		Irrigation		An/T		An/gs		es leaf		VPD

		1		1		5.12		76.73		4.24		3.64

		1		1		5.35		91.85		3.98		3.38

		1		1		5.11		72.13		3.93		3.33

		1		1		5.25		82.43		4.09		3.49

		2		1		4.81		86.25		3.54		2.94

		2		1		4.91		79.29		3.62		3.02

		2		1		5.29		93.42		3.67		3.07

		2		1		5.36		81.07		3.44		2.84

		3		1		4.72		75.93		3.32		2.72

		3		1		4.92		88.17		3.28		2.68

		3		1		4.85		68.88		3.19		2.59

		3		1		5.24		113.80		3.48		2.88

		1		2		4.60		67.00		3.78		3.18

		1		2		4.38		72.00		4.09		3.49

		1		2		4.73		79.20		3.80		3.20

		1		2		4.93		91.31		3.65		3.05

		2		2		4.95		84.46		4.26		3.66

		2		2		5.16		94.25		4.05		3.45

		2		2		5.11		92.92		3.91		3.31

		2		2		5.17		99.73		4.05		3.45

		3		2		3.94		65.38		3.86		3.26

		3		2		4.30		75.17		4.16		3.56

		3		2		4.80		77.64		4.28		3.68

		3		2		4.52		88.10		3.82		3.22

		1		3		5.29		58.95		3.84		3.24

		1		3		4.42		61.19		3.82		3.22

		1		3		3.72		64.74		4.02		3.42

		1		3		4.62		68.84		3.86		3.26

		2		3		4.84		97.20		4.24		3.64

		2		3		4.71		87.36		4.16		3.56

		2		3		4.30		75.67		3.86		3.26

		2		3		5.00		75.00		3.60		3.00

		3		3		4.25		53.14		4.31		3.71

		3		3		3.96		104.71		4.26		3.66

		3		3		3.85		74.60		4.16		3.56

		3		3		4.09		66.42		4.02		3.42

				water table		Irrigation		An/T		An/gs		es leaf		VPD				water table		Irrigation		An/T		An/gs		es leaf		VPD

				1		1		4.43		66.47		4.24		3.64				1		1		4.43		66.47		4.24		3.64

				1		1		4.66		80.00		3.98		3.38				1		1		4.66		80.00		3.98		3.38

				1		1		4.42		62.50		3.93		3.33				1		1		4.42		62.50		3.93		3.33

				1		1		4.55		71.43		4.09		3.49				1		1		4.55		71.43		4.09		3.49

				1		2		4.35		77.92		3.78		3.18				2		1		4.03		58.74		3.54		2.94

				1		2		4.47		72.14		4.09		3.49				2		1		3.78		62.19		3.62		3.02

				1		2		4.82		85.08		3.80		3.20				2		1		4.11		68.73		3.67		3.07

				1		2		4.92		74.40		3.65		3.05				2		1		4.27		79.23		3.44		2.84

				1		3		4.41		70.86		3.84		3.24				3		1		4.62		51.45		3.32		2.72

				1		3		4.59		82.25		3.82		3.22				3		1		3.85		53.33		3.28		2.68

				1		3		4.54		64.44		4.02		3.42				3		1		3.22		56.05		3.19		2.59

				1		3		4.92		106.70		3.86		3.26				3		1		4.04		60.16		3.48		2.88

				2		1		4.03		58.74		3.54		2.94				1		2		4.35		77.92		3.78		3.18

				2		1		3.78		62.19		3.62		3.02				1		2		4.47		72.14		4.09		3.49

				2		1		4.11		68.73		3.67		3.07				1		2		4.82		85.08		3.80		3.20

				2		1		4.27		79.23		3.44		2.84				1		2		4.92		74.40		3.65		3.05

				2		2		4.50		76.77		4.26		3.66				2		2		4.50		76.77		4.26		3.66

				2		2		4.71		85.92		4.05		3.45				2		2		4.71		85.92		4.05		3.45

				2		2		4.66		84.58		3.91		3.31				2		2		4.66		84.58		3.91		3.31

				2		2		4.70		90.64		4.05		3.45				2		2		4.70		90.64		4.05		3.45

				2		3		4.40		73.08		4.24		3.64				3		2		4.84		97.20		3.86		3.26

				2		3		4.77		83.50		4.16		3.56				3		2		4.71		87.36		4.16		3.56

				2		3		5.36		86.73		3.86		3.26				3		2		4.30		75.67		4.28		3.68

				2		3		5.03		98.10		3.60		3.00				3		2		5.00		75.00		3.82		3.22

				3		1		4.62		51.45		3.32		2.72				1		3		4.41		70.86		3.84		3.24

				3		1		3.85		53.33		3.28		2.68				1		3		4.59		82.25		3.82		3.22

				3		1		3.22		56.05		3.19		2.59				1		3		4.54		64.44		4.02		3.42

				3		1		4.04		60.16		3.48		2.88				1		3		4.92		106.70		3.86		3.26

				3		2		4.84		97.20		3.86		3.26				2		3		4.40		73.08		4.24		3.64

				3		2		4.71		87.36		4.16		3.56				2		3		4.77		83.50		4.16		3.56

				3		2		4.30		75.67		4.28		3.68				2		3		5.36		86.73		3.86		3.26

				3		2		5.00		75.00		3.82		3.22				2		3		5.03		98.10		3.60		3.00

				3		3		5.13		64.14		4.31		3.71				3		3		5.13		64.14		4.31		3.71

				3		3		4.79		126.71		4.26		3.66				3		3		4.79		126.71		4.26		3.66

				3		3		4.64		90.00		4.16		3.56				3		3		4.64		90.00		4.16		3.56

				3		3		4.88		79.25		4.02		3.42				3		3		4.88		79.25		4.02		3.42
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• Results showed that mean value of leaf water potential (Ψ) dropped from -1.7 
to -2.25 MPa by reducing the irrigation regime from 0.80FI to 0.30FI.

• Deficit irrigation significantly affected the leaf stomatal conductance (gs) and 
leaf photosynthesis rate (An).

• 70% reduction of the irrigation water resulted in only 41% reduction in An as 
compared with maximum An (12.8 µmol m-2 s-1 at 0.80 m GD with 0.80FI)

• Intrinsic water use efficiency (IWUE) determined as An/gs increased 15%. 

Conclusions
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