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Introduction

Water scarcity is the main challenging issue in supplying sufficient food in arid and semiarid regions.
Agricultural production in Razavi Khorasan, like other arid and semiarid provinces, depends on underground
water. Groundwater exploitation alongside climate change has dramatic effects on the availability of surface water
for agricultural production in semiarid areas. Crop water use estimation is the first step to increasing Water Use
Efficiency (WUE). From the water resource point of view, assessing the gap between actual and attainable crops,
WUE is so important, especially for future mitigation strategies. The term water use efficiency refers to production
per unit of water used by evapotranspiration, with units such as kg grain/ha per mm water or kg/m?® water, so it
does not scale in the 0-1 range. This paper aims to evaluate WUE for main crops (wheat, barley, sugar beet, onion,
potato, tomato, cucumber, and watermelon) in the different areas of Razavi Khorasan province (Torbat-e
Heydarieh, Torbat-e Jam, Chenaran, Mashhad, Sabzevar, Quchan, Kashmar, Gonabad, and Neyshabour) for 26
years (1985-2010).

Material and Methods

WUE shows crop production per unit of water use. It was calculated as production per unit of crop water used
(CWU) by evapotranspiration. CWU was acquired by estimating two components: reference evapotranspiration
(ET,) and crop coefficient. ET, was calculated via the Blaney-Criddle equation. Although this method has a coarse
accuracy in comparison to other methods, this is ideal when only air-temperature datasets are available. We
examined the relationship between yield and CWU, as well as WUE and CWU for wheat, tomato, alfalfa, and
sugar beet. A polynomial line was fitted to describe the best relation between two variables. The maximum yield
at each point of CWU was determined as the highest attainable yield. Mann-Kendall test was applied to detect the
trend of data over time.

Results and Discussion

The long-term average of WUE showed a similar trend for wheat and barley. The highest wheat WUE was
about 0.59 and 0.53 yield per m® in Torbat-e Jam and Chenaran. Chenaran and Torbat-e Heydarieh had the highest
WUE of sugar beet (3.12 and 3.08 kg fresh root per m®). The highest amount of potato WUE (4.05), tomato WUE
(4.7), and onion WUE (4.9) were found in Torbat-e Jam, Chenaran, and Chenaran, respectively. Kashmar,
Gonabad, and Sabzevar had the lowest WUE for most of the crops. It seems that high temperature during crop
growth caused a decrease in WUE in the mentioned locations. WUE of all crops had an intense fluctuation between
1986 and 1996, while it modified in the later years to the extent that a mild increasing slope was found in WUE.
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A polynomial line was fitted to show yield and WUE changes, then the upper boundary line and the lower
boundary line were fitted to represent attainable yield and WUE and minimum yield and WUE. The highest yields
were obtained around 540, 880, 940, and 850 mm water use for wheat, alfalfa, sugar beet, and tomato, respectively
and the law of diminishing returns was observed between yield and CWU. An increase in temperature caused yield
and WUE to decrease. The upper boundary line was more resistant to environmental changes, whereas the lower
boundary line was sensitive.

The effect of 1 and 2 °C temperature rise on yield and WUE was negligible, while with a three °C increase,
yield and WUE of lower boundary line decreased by 20%. Although a three °C increase in temperature had a
negligible impact on WUE in the higher boundary line, WUE in the lower boundary line decreased dramatically.
Alfalfa was known as the most sensitive, and sugar beet was the most tolerant crop to temperature in terms of
WUE.

Conclusion

WUE was negatively associated with mean annual temperature rise. The results indicated that global warming
damages vield stability. Yield and CWU showed a positive correlation up to the maximum yield; then, excessive
CWU increases led to yield decline. When temperature increases and environmental conditions become worse,
appropriate agronomic management such as changing sowing date, balancing crop nutrition, and proper irrigation
schemes can play an effective role in enhancing yield. We concluded that when temperature increase, the WUE
gap will widen, and agronomic management will play a more important role in this condition.
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Table 1 - Selected weather stations in Razavi Khorasan province
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Table 2 - Single crop coefficients (Kc) of different stages of crop growth (FAO)

Py o
<=1y 0l Crop coefficient ols gl ySTas
Crop 9l y adgl dls po 2y (o als g Sy (s2lol als o Maximum crop height (m)
The initial stage The mid-season stage  The end of the late season stage
P 0.15-0.5 115 0.25-0.4 1
Wheat
= 0.3 1.15 0.25 1
Barley
e ; 1 1 0.3
Onion
RN 0.35 12 0.705 05
Sugar Beet
) e - 115 0.754 0.6
Potato
GRS ; 115 0.70-0.90 0.6
Tomato
s 0.6 1.002 0.75 0.3
Cucumber
&lgain
Water 0.4 1 0.75 0.4
melon
N 0.4 0.95 0.90 0.7
Alfafa
WUEsy=SY.ET? (v) slso ooll g ady0y9d Jobo pd £ly5 0lS 5)%5 g et Al

w4 39290 sloodly 4 4555 b (WUET) O G pas Lol
o> «(Triticum avestivum L.) pa5 > Sles g e S 5
Solanum) X 5, 34 »s § (Hordeum vulgare L.)
v 1oly 45 (Medicago sativa) 4 o (lycopersicum L.
WA BAYEY Jlo 5l dlo Y8 000 S gl (65y0liS &Y gz
Beta ) .3,ux (Allium cepa) Ly Jols LS L w
Cucumis ) ,Ls (Solanum tuberosum) _.ejww {vulgaris
Sl Alw YY 090 S5 (sl (Citrullus lanatus) aslsais ((sativus
Joda) w5 dnwbre i b yliw jod &5 sl YWAF BAYSY Jlo
(¥

gy sl
oloj Jsb ) el s oxiaslis Kig) b g &

2- Water Use Efficiency

g ol 1 g550li S dlea sla o )l5S o o5 oads &l s S 5,6
Ole3 U Jg—aze y2 5l5 3)90 59) 423 oll 3 by 20,6
390 30 S SleMbl pae 4 drgi b4 plul (GDD') S,
Gblis )0 (4sdS Jlw ¥8) e SYsb ojly )3 ouds cis plB)|
ralé)l A wywd g css pie 9 (S9—2) ULM)‘)> UL‘“" aliseo
185 3939 pB] ] alS o ps pMol g adlae Sl ¢ o
odie plo A5lea el)j GlalS ol 5L avs e sl gy o0l ]
Bhojaraja et al., ) s ool glb oas &l 2lS s jl

.(2015; Yeaetal., 2015

Al L 9 0guo o)'b' J}.a.?u cu.sl}fb PlJ.:‘ S s odle caild J)S.Lo&
(o) (ET) 355 9w S (lien 2 (et 2 p55) (SY)
.(Ghosh et al., 2006) 4.5 duwl>e

1- Growing degree days



1P ke Voylouds AF wls (65,9l sul.l.& P Ay \'74

o ol cws t gyall gesl b dunlie gy )i
Lgy 55y (asul jehaled @l 3 )b (g Jeinl w98

A5 03y Sy JWS e syl pgesl oS

090i] 5 s Tg el igeil (ylol g 99 51 eolital b &S e
2 0903l 9 2 o) 1300 0 plosl SIS — 00 (520l b
0Nnoz &) el g 590 Ll wad o alin gbs 3)l50 51 (65buw

JS = (opmal e 905l &S Wiols ol (Bayazit, 2003

YYAA-AR £1y5 Jlw 13 sao ) bl b bl (65,9LiS Y grame 3,Sdos o CuiS s 5 gdaw —Y Joan
Table 3-Area cropland and yield of agricultural products in Khorasan Razavi province in 2009-2010
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Table 4- Long-term average of crop water use in Razavi Khorasan province for the period of 26 years (1984-2010)
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Fig. 1 - Long-term average of crop water use efficiency in Razavi Khorasan province (1984-2010)
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The dashed red and solid black lines represent the average water use efficiency of the province and the regression line, respectively.
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The dashed red and solid black lines represent the average water use efficiency of the province and the regression line, respectively.
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Fig. 7- Trend analysis of tomato water use efficiency (WUE) by Mann-Kendall test from 1985 to 2010
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The dashed red and solid black lines represent the average water use efficiency of the province and the regression line, respectively.
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