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Abstract

Single or double irrigations of wheat are necessary to obtain optimum yield in a humid region with insufficient rainfall for

agricultural production. Therefore, the hereby study was conducted with the aim of analysis of water productivity under

rainfed and (single or double) irrigated conditions in a Mediterranean environment during 11 cropping years. There were

investigated four treatments for irrigation management of wheat viz. rainfed without irrigation (TO0), single irrigation at the

flowering stage (T'1), single irrigation at the grain filling stage (T2) and double irrigation at the flowering and grain filling

stages (T3). Results revealed that the highest water productivity and optimum yield were acquired with single irrigation at the

grain filling stage. This scheme caused an increase of 20% in grain yield relative to yield from rainfed condition. Rainfall, grain

yield and water productivity of rainfed wheat were analyzed over 11 years and averaged 3,614 m® ha’, 1,970 kgha" and 0.63 kg

m?, respectively. Results also showed that single or double irrigation had a high compensation effect on yield loss from water

stress. Irrigation water productivity (1.31 kg m*), water productivity (0.68 kg m™) and irrigation ratio (2.2) indices determined

for the 11 years. Water productivity of rainfed wheat by single irrigation at grain filling stage increased as 10% during 11 years.
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Introduction

Wheat (T7iticum aestivum L.) is one of the major and
principal cereal food crops growing worldwide. The
occurred rainfall in the some Mediterranean climate
conditions is insufficient to meet wheat requirement for
optimum production. Consequently, single or double
irrigation is necessary for obtaining a potential yield of
wheat in rainfed areas. Single and double irrigation are
known as supplemental irrigation, defined as the application
of limited water to rainfed crops when rainfall fails to
provide the moisture requirement for normal plant growth
(Oweis et al, 2000). An index identified as water
productivity (WP) is applied to compare the productivity of
water and recognizing factors that limit the efficiency of use
of soil moisture or rainfall in crop production (Robinson
and Freebarin, 2005). According to the Molden ez al.
(2010), enhancement of water productivity aims at
producing more food and generating more income with a
lesser amount of agricultural water for better livelihoods and
ecosystem services in the world. Water productivity was

extensively applied in crop irrigation researches in the farms
(Nasseri and Fallahi, 2007; Zamani and Nasseri, 2008;
Nasseri and Bahramloo, 2009; Abadi e al., 2010). Several
findings have resulted that the range of WP for wheat
production being from 0.8 to 1.00 kg m” ( Musick ez 4L,
1984), from 1.00 to 1.20 kg m” (Aggarwal ez al., 1986),
from 1.20 to 1.60 kg m” (Ehling and Le Mert, 1976) and
from 1.50 to 1.90 kg m” (Rao and Bhardwaj, 1981). In
addition, Zwart et al. (2010) reported that water
productivity of wheat varies from 0.2 to 1.8 kg m” of water
consumed. Balwinder-Singh ¢# 4l. (2011) concluded that
the highest water productivity occurred in the plots that
received the least irrigation water. Previous researches
showed that single irrigation produced high water
productivity relative to more events for irrigation. Zhang ez
al. (1998) determined that water productivity of wheat
using single irrigation increased by 24-30% relative to plots
by four-irrigation and reported that WP ranged from 0.93
to 1.55 kg m™ On applying irrigation at the critical growth
stages by deficit irrigation WP is higher. Nasseri (1999)
estimated WP of wheat to be from 0.54 to 1.22 kg m? in
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Moghan plain, Iran. Wang e# a/. (2001) and Zhang e al.
(2003) respectively reported that WP of wheat were 1.07-
129 and 1.28-1.82 kg m® in Luancheng China
environment. According to the report of Mrabet (2002),
water productivity of wheat was from 0.32 to 1.06 kg m” in
Morocco climate conditions. Bandyopadhyay and Mallick
(2003) determined WP in wheat production to be from
111 to 129 kg m”® at West Bengal, India climate
conditions. Moreover, Sharma ez al., (2001) reported that
wheat production in Uttar Pradesh, India, produced water
productivity between 0.48 and 0.71 kg m™. Recently, Jin ez
al. (2018) concluded that the water use efficiency changes in
wheat under water deficit conditions depends on the effects
of water use efficiency components 8.6. crop yield and
actual evapotranspiration), environmental conditions and
water management.

The role of single irrigation on water productivity of
wheat was not precisely detected in Mediterranean climate
conditions. Therefore, the main objective of the present
study is to investigate the effect of single and double
irrigation on water productivity of rainfed wheat under a
Mediterranean environment.

Materials and Methods

The linear relationship between relative wheat yield
(Ya/Ym) and relative evapotranspiration (ETa/ETm) was
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analysed as the following relation, developed by Doorenbos
and Kassam (1979):
ETa ()

Ya
(l—ﬂ)—Ky(l—ETm)

where Ya and Ym are respectively actual and potential
wheat yields; Eta and ETm are respectively actual and
potential evapotranspiration for wheat production. Crop

ield response factor (Ky) was 1.05 and ETm = 1,593 m® ha
for wheat production in this study.

To calibrate Doorenbos and Kassam (1979) relation for
wheat production under Mediterranean environment, the
field experiment was carried out at the North of Iran at the
Agricultural Research Station of Gonbad located at 37° 16°
N, 55° 12" E; elev. 37.2m , with 65-year averages of annual
rainfall and relative humidity of 577 mm and 65%,
respectively. Fig. 1 shows air temperature variation and Fig,
2 displays rainfall and relative humidity during the growing
season of wheat. The cultivated crop received 326 mm
rainfall during growing season.

Wheat (Triticum aestivum L.) variety ‘Kohdasht’ was
sown on December in at seeding rate of 123 k% ha' on 12
rows 5 m long and 17 cm apart (5 x 2.21 m” plots). As
shown in Table 1, there were four treatments for irrigation
management of wheat viz. rainfed (without irrigation) (T0),
single irrigation at the flowering stage (T1), single irrigation
at the grain filling stage (T2) and double irrigation at the
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Fig. 1. Mean, maximum and minimum air temperature during wheat growing season (left) and 65 year averages (right)
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Fig, 2. Rainfall (a) and relative humidity (b) during wheat growing season
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ﬂowcrmg and grain filling stages (T3). Applied water for
irrigation had Ec of 1,260 [.LSm and SAR of 2.92, which
classified as C3S1. Soil moisture contents measurements
were made by gravitational method and mean was recorded
from three samplings. Irrigation water was measured using a
connected-flow-meter to a polyethylene pipe. The water
volume for irrigating plots was estimated based on moisture
deficit from field capacity. Applied water at the TO0, T1, T2
and T3 treatments were as 0, 3, 2.5 and 5.5 cm. Net
nitrogen was applied meanly with 45 kg ha' by three
divisions at planting, tillering and stem elongatlon stages
and other fertilizers with rates of 100 kg P ha™ and 50 kg K
ha! were applied according to wheat requirement. The field
soil was classified as silt loam having average field capacity
and bulk density of 25% and 1.4 g cm?, respectively. The
field soil had 0.15% total N, 15 mg P kg, 350 m Kkg', 2.6
mg Fe kg, 0.60 mg Zn kg' and 20 mg B kg Electrlcal
conduct1v1ty and pH were as 073 dSm’ and 8.1
respectively.

The data were analysed statistically by analysis of
variance techniques and the treatment means were
compared by Duncan’s multiple range tests (DMRT).
Significance level was established at 5%. The least squares
procedure was applied for devclop regression models.

Grain yleld GY in kg ha) divided by rainfall (R in m’)
and irrigation water (\Wlrr in m %) was considered as water

productivity (WP in kg m?).

GY
WP=——"—"— (2)
W.. +R
Irrigation water productivity (IWP) was determined

according to the method proposed by Cassel and Edwards
(1985) and Edreira ez al. (2018), as follows:

err - Ydray
IWP = (3)
where Yix and Yary are grain yield (kg ha') from irrigated
and non-irrigated treatments; and Wi irrigation water
(m?).
Rainfall water productivity (RWP in kg m”) was

estimated as follows which gam yield (GY in kg ha)
divided by rainfall (R in m” ha™)

RWP :G_Y
R

(4)

To determine the effectiveness of single and double
irrigation, an irrigation ratio (IR) was obtained (Fan et 4/,
2005) as follows:

IWP

IR=—— (5)
WP

An IR > 1 indicates that single and double irrigation had

a high compensation effect on yield loss from water stress;

279
an IR =~ 1 indicates yield losses resulting from water stress
were completely compensated by single and/or double
irrigation and an IR < 1 indicates that irrigation is
ineffective in increasing WP, generally because slight or no
water stress occurred.

Results and Discussion

Applied water and wheat grain yield from irrigation
treatments was depicted, as seen in Fig 3. Eq.s 2 and 3 and
irrigation ratio with Eq. 5 for cultivated wheat under
different treatments of irrigation management (Fig. 3)
estimated water productivity and irrigation water

productivity.
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Fig. 3. Applied water and wheat grain yield for different

irrigation treatments
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Fig. 4. Water productivity (red bar) and irrigation water
productivity (green bar) of wheat from different irrigation
treatments

Table 1. Treatment description for investigating rainfall and irrigation water productivity of wheat with single and double irrigations

Irrigation water (Win) Rainfall
Treatment abbreviation Irrigation treatment 5 5
(m?) (m?)
TO Rainfed 000 3,260
T1 Single irrigation at the flowering stage 300 3,260
T2 Single irrigation at the grain filling stage 250 3,260
T3 double irrigation at the flowering and grain filling stages 550 3,260
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Overall, WP ranged from 1.3 to 1.5 kg m® (red bar in
Fig. 4). This range is in agreement with that reported by
Musick ez al. (1984), Aggarwal ez al. (1986), Aggarwal ez al.
(1986), Ehling and Le Mert (1976), Zwart et al. (2010),
Zhang ez al. (1998), Nasseri (1999), Wang et al. (2001),
Mrabet (2002), Bandyopadhyay and Mallick (2003),
Sharma et al. (2001). Note that the highest and the lowest
water  productivity were respectively obtained from
irrigation at the grain filling stage and rainfed conditions.
This finding is in consistence with McMaster e 4l. (1984)
which reported that irrigation at grain filling caused an
increase in grain weight. Since grain, weight is one of the
main components of yield. Therefore, irrigation at the grain
filling increased grain yield Here, WP has three
components of grain yield, rainfall and irrigation water.
Since rainfall was similar for all the applied treatments.
Consequently, differences in WP originated from grain
yields and irrigation water amounts. In general, with
increasing grain yields and/or irrigation water cause an
increase in water productivity. However, produced grain
yield and WP (1.48 kg m”) from T2 (with irrigation water
of 25 mm) was more than that produced by T1 (1.37 kg m’
?) with IW of 30 mm. This result may be originated from
relative sensitivity of grain filling stage to flowering stage of
cultivated wheat.

The highest (4.5 kg m”) and the lowest (2.3 kg m”)
IWP respectively were acquired from single irrigation at the
grain filling and double irrigation at the flowering and grain
filling stages (Fig 3). Note that, IWP has three components
of irrigation water (component 1) and grain yields from
irrigation (component 2) and yields from rainfed conditions
(component 3). The produced grain yield (5,336 kg ha') by
double irrigation was more than the yield from other
irrigation treatments. Due to irrigation water of 550 m? ha'!,
acquired IWP (2.26 kg m”) was less than IWP produced by
the other treatments.

Results showed that irrigation ratio for T1, T2 and T3
averaged respectively 1.9, 3.6 and 1.6. Therefore, all IR
values obtained were more than 1, thus indicating that
irrigation had a high compensation effect on yield loss from
water stress. The highest value was from plots irrigated at
the grain filling stage. As a result, it can be said that to have
the highest WP, IWP and irrigation ratio, rainfed wheat
may be irrigated at the grain filling stage with irrigation
water of 25 mm. Therefore, the farm receives irrigation
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Fig. 5. Water productivity of rainfed wheat

water of 250 m® ha™ and rainfall of 3,260 m® ha” and total
water of 3,510 m® ha” from both of rainfall and irrigation
practice.

Rainfall averaged 3,614 and ranged from 1,920 (2008-
2009) to 6,080 (2005-2006) m’ ha'; and grain yield
averaged 1,970 and varied from 820 (2010-2011) to 3,611
(2015-2016) kg ha. Rainfall and irrigation water ranged
from 2,218 (2008-2009) to 6,379 (2005-2006) m® ha™ with
an average of 3,914 m’ ha™.

Water productivity of wheat was estimated based on
rainfall and grain yield (Fig 5). Resuls showed that water
productivity of rainfed wheat averaged 0.63 and was from
026 (2010-2011) to 1.53 (20152016) kg m>. An
increasing trend was observed in water productivity from
20140-2011 to 2015-2016 (Fig. 5).

The relationship developed by Doorenbos and Kassam
(1979) between Ya/Ym and ETa/ETm, was modified as:

(1-Ya/5336) = 1.05(1- Eta (1593) (6)

In this relation, crop yield response factor (Ky) was 1.05
and Ym = 5,336 kgha" and ETm = 1,593 m’ ha™ for wheat
production in this study. Therefore, applying single
irrigation with water volume of 300 m® ha'! (}gor example) at
the grain filling stage in wheat production increased about
20% in grain yield in Mediterranean environment.

Water productivity (WP) and irrigation water
productivity (IWP) of wheat was estimated during 11 years
(2005-2016) based on rainfall, irrigation water at grain
filling stage and grain yield (Fig. 6). Results showed that
irrigation water productivity of rainfed wheat averaged 1.31
and was from 0.55 (2010-2011) to 2.41 (2015-2016) kg m™.
Also, water productivity of wheat averaged 0.68 and was
from 0.28 (2010-2011) to 1.63 (2015-2016) kg m”. The
present finding is similar to those reported by Musick ez 4.
(1984), Aggarwal et al. (1986), Aggarwal er al. (1986),
Ehling and Le Mert (1976), Zwart ez al. (2010), Zhang ez al.
(1998), Nasseri (1999), Wang et al. (2001), Mrabet (2002),
Bandyopadhyay and Mallick (2003), Sharma ez 4/. (2001).
In addition, as shown in Fig. 7, irrigation ratio with an
average of 2.2, ranged from 123 (2008-2009) to 3.54
(2005-2006).

Water productivity of rainfed wheat by single irrigation
at grain filling stage increased with an average of 10% guring
11 years. Increase in water productivity ranged from 3.8
(2008-2009) to 14.4% (2005-2006).
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Fig. 6. Water productivity of rainfed wheat
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Conclusions

Rainfall, wheat grain yield and water productivity
variability during 11 years (2005-2006 to 2015-2016) was
analyzed under a Mediterranean environment. Results
revealed that the highest water productivity and optimum
yield was acquired with single irrigation at the grain filling
stage. The average of irrigation water productivity (1.31 kg
m”), water productivity (0.68 kg m”) and irrigation ratio
(2.2) indices determined for 11 years. App?ying single
irrigation at grain filling stage of rainfed wheat increased
grain yield (average 20%) and water productivity (average
10%) relative to full rainfed conditions during 11 years.
Therefore, irrigating at this stage is recommended to have
the optimum vyield and the highest water productivity.
Supplementary studies are necessary to investigate the
interaction effect of single irrigation and fertilizers on yield
and water productivity of wheat in Mediterranean
environment.

Acknowledgements

The Iranian Agricultural Research, Education and
Extension Organization (AREEO) have supported this
rescarch on rainfed wheat under Mediterranean
environment. The authors are grateful to the AREEO for
their supporting to complete this research.

Conflicts of interest

The authors declare that there are no conflicts of
interest related to this article.

References

Abadi AGF, Nasseri A, Nosrati A E (2010). Water use efficiency and yield of
garlic responses to the irrigation system, intra-row spacing and nitrogen
fertilization. Journal of Food, Agriculture and Environment 8(2):344-
346.

Aggarwal PK, Singh AK, Chaturvedi GS, Sinha SK. (1986). Performance of
wheat and triticale cultivars in a variable soil-water environment. Field
Crops Research 13:301-315.

281

Balwinder-Singh GDS, Humphreys E, Eberbach PL, Katupitiya A, Kukal
SS (2011). Growth, yield and water productivity of zero-till wheat as
affected by rice straw mulch and irrigation schedule. Field Crops
Rescarch 121(2):209-225,

Bandyopadhyay PK, Mallick S (2003). Actual evapotranspiration and crop
coefficients of wheat (T7iticum aestivum) under varying moisture levels
of humid topical canal command area Agricultural Water
Management 59(1):3347.

Doorenbos J, Kassam AH (1979). Yield response to water. Irrigation and
Drainage Paper 33:257.

Edreira JT, Guilpart N, Sadras V, Cassman KG, van Ittersum MK, Schils RL,
Grassini P (2018). Water productivity of rainfed maize and wheat: A
local to gobal perspective. Agricultural and Forest Meteorology
259:364-373.

Ehling CF, Le Mert RD (1976). Water use and productivity of wheat under
five irigatio treatments. Soil Science Society of America Journal
40(5):750.755.

Fan T, Stewart BA, Payne WA, Wang Y, Song S, Luo J, Robinson CA
(2005). Supplemental irrigation and water—yield relationships for
plasticulture crops in the loess plateau of China. Agronomy Journal
97(1):177-188.

JinN, Ren W, Tao B,He L, Ren Q,Li S, Yu Q (2018). Fffects of water stress
on water use efficiency of irrigated and rainfed wheat in the Loess
Plateau, China. Science of the Total Environment 642:1-11.

Molden D, Oweis T, Steduto P, Bindraban P, Hanjra MA, Kijne J (2010).
Improving agricultural water productivity: between optimism and
caution. Agricultural Water Management 97(4):528-535.

Mrabet R (2002). Wheat yield and water use efficiency under contrasting
residue and tillage management systems in a semiarid area of Morocco.
Experimental Agriculture 38(2):237-248.

Musick JT, Dusck DA, Mathers AC (1984). Irigation water management
of wheat. ASAE paper 842094 The American Society of Agricultural
and Biological Engineers, St. Joseph, ML

Nasseri A, Bahramloo R (2009). Potato cultivar ‘Marfuna’ yield and water
use efficiency responses to early-season water stress. International Journal
of Agricultural Biology 11:201-204.

Nasseri A (1999). Analysis and optimization of water use-crop yield relation
in Moghan plain. In 9th Seminar of Iranian National Committee on
Irigaion and  Drainage: Allocation and Optimum  Utdlization
Management of Water in Agriculture. Tehran Iran pp 271-288.

Nasseri A, Fallahi HA (2007). Water use efficiency of winter wheat under
deficitirrigation. Journal of Biological Sciences 7(1):193-201.

Oweis T, Zhang H, Pala M (2000). Water use efficiency of rainfed and
irrigated bread wheat in a Mediterranean environment. Agronomy
Journal92(2):231-238.

Rao YG, Bhardwaj RBL (1981). Consumptive use of water, growth and
yield of aestivam and durum wheat varieties at varying levels of nitrogen
under limited and adequate irrigation situations. Indian Journal of
Agronomy 26:243-250.

Robinson B, Freebarin D (2005). Water use efficiency of wheat.
WWW.ApSIULEOVALL

Sharma KS, Samra JS, Singh HP (2001). Influence of boundary plantation
of poplar (Populus delsoices M) on soil-water use and water use efficiency
of wheat. Agricultural Water Management 51(3):173-185.



Nasseri Aet al / Not Sci Biol, 2019, 11(2):277-282

282
Wang H, Zha.ng L, Dawes WR, Lu C (2001). Improving water use Zhang X, Pei D, Hu C (2003). Conserving groundwater for the North
efficiency of irrigated crops in the North China Plain-measurements and China Plain. Irrigation Science 21(4):159-166.
modelling, Agricultural Water Management 48(2):151-167. Zwart S, Bastiaanssen WG, de Fraiture C, Molden DJ (2010). A global
Zamani AS, Nasseri A (2008). Response of dryland wheat production and benchmark map of water productivity for rainfed and irrigated wheat.
precipitation water productivity to planting date. Asian Journal of Plant Agricultural Water Management 97(10):1617-1627.
Sciences 7(3):323-326.
Zhang], Sui X, Li B, Su B, Li J, Zhou D (1998). An improved water- use
efficiency for winter wheat grown under reduced irrigation. Field Crops
Rescarch 59(2):91-98.



