Research

\‘r, Irrigation Sciences and Engineering (JISE) Paper
‘ ‘ Vol. 44, No. 4, Winter 2022, p. 1-14

Shahid Chamran
University of Ahvaz

Journal homepage: https://jise.scu.ac.ir

EXTENDED ABSTRACT

Effect of Deficit Irrigation on Yield Components and Water Productivity
of Pinto Beans Using Drip Tape Irrigation in Khorramabad Climatic

F. Darabi', M. Sharifipour?” and A.H. Nasrolahi®

1- Master of Science in Irrigation and Drainage, Faculty of Agriculture and Natural Resources, Lorestan University, Khorramabad,
Iran.

2"- Corresponding Author, Assistant Professor, Department of Water Engineering, Faculty of Agriculture and Natural Resources,
Lorestan University, Khorramabad, Iran, (sharifipour.m@Iu.ac.ir).

3- Assistant Professor, Department of Water Engineering, Faculty of Agriculture and Natural Resources, Lorestan University,
Khorramabad, Iran.

ARTICLE INFO TO CITE THIS ARTICLE:

Artlcle history: Darabi, F., Sharifipour, M., Nasrolahi, A. (2021). 'Effect of

Received: 23 October 2019 Deficit Irrigation on Yield Components and Water

Revised: 5 December 2019 Productivity of Pinto Beans Using Drip Tape Irrigation in

Accepted: 8 December 2019 Khorramabad  Climatic',  Irrigation  Sciences and
Engineering, 44(4), pp. 1-14. doi:

Keywords: 10.22055/jise.2020.31391.1885.

Drip tape irrigation, Water
Productivity, Grain yield, Deficit
irrigation.

Introduction

Irrigation has greatly contributed to crop production in arid and semi-arid regions. In addition,
agricultural production in irrigated lands is more sustainable than in rain feed lands, which has
helped significantly stabilize food prices in the world (Hanjra et al., 2009; Rosegrant and Cline,
2003). Considering the role of irrigation and scarce water resources, the United Nations
Development Program has predicted that the future of food supply for the world's growing
population will be affected by the water crisis, not the crisis of arable land (Du Toit, 2011).
Therefore water is a major player in increasing agricultural production (Hanjra and Qureshi, 2010).
At the same time, competition for water between the agricultural, industrial and urban sectors is
also increasing (Dubois, 2011). Under such circumstances, any method or technology that can
increase the productivity of water consumption (product per unit volume of water) will contribute
to the development of food security. Naturally, cheap and simple methods and technologies,
especially among low-income farmers in developing countries, will become more common; deficit
irrigation is one of them.

Beans are an important source of protein, fiber, and nutrients and have for centuries played an
important role in the human diet (Yonts et al., 2018). The bean is a water-consuming plant, its net
water requirement in the Khorramabad Plain (Project Area) is about 5500 m®ha, which is 2.5 times
more than wheat and 2 times more than rapeseed (Zabihiafrous et al., 2018). Deficit irrigation of
beans can be an effective solution to reduce the irrigation water consumption of this crop and
increase its water productivity.

Methodology

The field research was conducted at the research farm of the Faculty of Agriculture and Natural
Resources of Lorestan University, 5 km southwest of Khorramabad. Experimental treatments
consisted of four levels of water supply for bean plant by drip tape irrigation and one by surface
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irrigation method. Water supply levels of drip tape irrigation were 120% of water requirement
(T120, OVer-irrigation), 100% of water requirement (control, T100) and two levels of deficit irrigation
(80% and 60% of water requirement, Tgo and Teo). In addition, to compare crop yield and
productivity in drip tape and surface irrigation methods, a treatment based on 100% water
requirement by surface irrigation (Sio0) was performed.

Experiments were carried out on a randomized complete block design with three replications in
fifteen 4mx2.5m plot. The cultivated pinto bean in this study was COS16 genotype. Although the
cultivation of this genotype is not conventional by Lorestan farmers because of seed size, but in
different studies this genotype had the highest grain yield under normal irrigation conditions and
at 80% water requirement, among other genotypes.

Plants were irrigated completely until the four-leaf stage, which is an index of plant establishment.
Treatments were then carried out in which the evapotranspiration was estimated by evaporation
pan, and irrigation depth was calculated by applying the water requirement level of each treatment.
According to fertilizer recommendation, 100 kg Nitrogen per ha was applied in two times; after
eight leaflets and before flowering stages.

Results and Discussion

During the growth period for the study area under surface and drip tape irrigation, Bean
irrigation water consumption was estimated to be 687.8 and 396.5 mm for full irrigation,
respectively. A comparison of the averages of studied traits and water productivity is presented in
Table (1).

Table 1- Comparison of mean performance, quality and water productivity indices

Irrigation treatments

Traits investigated

S100 T120 T100 Teo T60

Grain yield (kg / h) 3053a 2752.6b 2588.2c 821.7d -
Biological yield (kg / h) 6204a 5874.7bh 5668.0c 3946.0d 1605.7 e
Number of seeds in the pod 5.2a 46D 4.2 bc 3.8¢ -
Number of seeds per plant 215a 21.4a 20.7 a 8.0b -
Hundred seeds weight (gr) 3b55a 323ab 31.3b 26.7¢ -—
Harvest index 49.0a 46.8b 45.7b 208 ¢ -—
Water Productivity per grain yield (kg / m3) 0.40c 0.52b 0.59a 0.23d -
Water Productivity per biological yield (kg/ m3)  0.81d 1.13b 1.28 a 1.08¢ 0.56 e

The averages in each Rows with at least one letter in common were not significantly different at the 1% level
of probability based on Duncan's test.

Low grain yield at 80% and lack of seed formation at 60%, indicates high susceptibility of this
genotype to deficit irrigation. Under dehydrated conditions, plant production is impaired due to
damage to plant physiological processes, including photosynthesis. Decreased photosynthetic
material buildup and increased intra-plant competition with the fall of flowers due to water deficit
stress, will reduce the number of pods and infertility of more pods (Wakrim et al., 2005; Santos et
al., 2006). Another possible reason may be that at the end of the growing season, due to the scarcity
of available water, the ability to transfer the cultivated material to the seed is reduced and results
in a loss of grain yield.

Conclusion

The results show that surface irrigation will still produce the highest yield per unit area if water
use efficiency is not the first priority in choosing the irrigation method. This can be a major
impediment to farmers' tendency towards more efficient irrigation methods with higher installation
costs. The results also show that 20% reduction of water consumption by drip tape irrigation (from
100% to 80% of water requirement) caused a significant decrease in all productivity indices.
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Therefore, if water productivity is not a priority, a drip tape irrigation method deficiency will not
help increase productivity.

Acknowledgments
This research was funded by the second and third authors' research grant and is hereby to thank
the deputy of research and technology at Lorestan University for funding this research.

References

1- DuToit, D.C., Ramonyai, M.L. and Ntushelo, V., 2011. Food Security by Directorate Economic Services.
Production Economics Unit. Department of Agriculture, Forestry and Fisheries, South Africa. Available
online at: http://www. nda. agric. za/docs/GenReports/FoodSecurity. pdf (accessed 10 April 2017).

2- Dubois, O., 2011. The state of the world's land and water resources for food and agriculture: managing
systems at risk. Earthscan.

3- Hanjra, M.A., Ferede, T. and Gutta, D.G., 2009. Pathways to breaking the poverty trap in Ethiopia:
Investments in agricultural water, education, and markets. Agricultural Water Management, 96(11),
pp.1596-1604.

4- Rosegrant, M.W. and Cline, S.A., 2003. Global food security: challenges and
policies. Science, 302(5652), pp.1917-1919.

5- Santos, M.G., Ribeiro, R.V., de Oliveira, R.F., Machado, E.C. and Pimentel, C., 2006. The role of
inorganic phosphate on photosynthesis recovery of common bean after a mild water deficit. Plant
Science, 170(3), pp.659-664.

6- Wakrim, R., Wahbi, S., Tahi, H., Aganchich, B. and Serraj, R., 2005. Comparative effects of partial root
drying (PRD) and regulated deficit irrigation (RDI) on water relations and water use efficiency in
common bean (Phaseolus vulgaris L.). Agriculture, ecosystems & environment, 106(2-3), pp.275-287.

7- Yonts, C.D., Haghverdi, A., Reichert, D.L. and Irmak, S., 2018. Deficit irrigation and surface residue
cover effects on dry bean yield, in-season soil water content and irrigation water use efficiency in western
Nebraska high plains. Agricultural Water Management, 199, pp.138-147.

8- Zafarani-Moattar, P., Raey, Y., Ghassemi Golezani, K. and Mohammadi, S.A., 2010. Effect of Limited
Irrigation on Growth and Yield of Bean Cultivars. Journal of Agricultural Knowledge and Sustainable
Production, 21 (4), pp 85-94. (In Persian).

© 2022 Shahid Chamran Universiry of Ahvaz, Ahvaz, Iran. This article is an open access
B article  distributed under the terms and conditions of the Creative

Commons Attribution 4.0 International (CC BY 4.0 license) (http://creativecommons.org/licenses/by/4.0/).



ST (qwige 9 polke ﬁ‘rﬁ

;Ir‘:lg)l/‘?:':nph

V=18 .o oty dlio VE e+ Ol  Soslod £E Mo

S osliil b o g ST a0 (539050 9 3 o STzl ¢ ST 51
STp B ouldl T4l 55 S5lg Slo kb skl

B s e 5 T S e s s

Ol alTp s ol J ol ¢ ac e 5 635518 oSty (28085 5 (6olT Al ()18 s paT il -

sharifipour m@1u.ac.ir «of 1 esLTp 5 ol S oKils ks oo 5 s5oskS oSzl (T gdign 03,5 5Lkl (st okivs 5 =Y
Ol bTp 5 0l oils ¢ nch e 5 (655318 oSl (T (pwdign 03 8 bkl -

WWAAANY o s dy

WAAANF s S5k VWAA/A/Y 1ol s

o>

29488 53 (oS b (5,8 3L ool 51 (i lgie s o B pae (5590 50 Pl 331 B L e aleS & (81,5 LS STy (o 2
4,50 33 (o bagd Of Bpaan (559000 9 3, 500s (152l 3 )Shas 1 (5lnleS 51 (o2 ysliiods (iR (2l 3,15 sl Conon!
(Slogk (6l s, & s ltgd oS (8Tt (6l s ey ol (pinlogl (5l o s ol (lins ) Sl i
il 3 aopn Yo e ¢ ol 5l w03 VY bl e (glel ) O ool g 251 (e kel gy S g (o) (19
J,M S99 9 b)s.lo& M&b le).i Uif 5934.9 .-\539{ (T60 9T80 c‘:ji )Ly oy T SA‘) d)lﬁ-’ips @a.w 93 ‘(T100 ¢ ‘..\hluu)
(S100) Mb 121 (g1t 5 292 )l (g 41 (2T 5l o3 Voo ool bl jlowd Sy (P 9 (g5l Slads 2
slowi 53 oLS Al e snalive (AYY/Y Kg/ha) Tao g (W« 0% kg/ha) S100 (gla lowi 55 4ild wdgi 3,5 ow yinS 9 o5 b
i 300 )3 YA e (6 bl Ay Cannd (e (5l 40 o yd Voo gl a3 dild 5o i dild JSWiS 4 3390 Teo
L3 ,Slos (w35 i 305 4313 a0 (59 9 Aigy 4D Ald Dluad (BIL 4D Aild el (Cild y (aA LS (ST jglgm 3 Sdes ildo 43 5y
Kg/m® &ifs 3 )Shos (gllas 1 (590 82 ot 5 it vl Sliio poalle (B Carge ()l 5 Jols (b )kl Jlowd 2

ol Cowdas T100 jlows ;5 a5 s 35510 V/YA KG/M® S 5900m 3,5hes (515145 5 +/04

d)b’lpf aily 5 Slas ol (599082 s d)":—?] :thjb s

Ao\

Hanjra and Qureshi, ) cuwl (gj)lis olulg Lol
SinliS slagise om ol o p By Jo e (2010
» (Dubois, 2011) col jialiél s 55 pb wpb g Coio
Bpuao (590 00 Slg &5 (£)l8 L g bg) A3 ym alpd (i
Anwgs 4 amd i3l ) (O wos S5y gl Jguamme W)
oyl 5 sy bab 53 el SaS lie cuel
sloystS 2ol308 f3yldS o ohaghr sl 5 Byl
ol 3G lleS il sals gly, tin dmwg o)
by olS oS T Jlie o )3 o canl g, 5)lleS
Chai et ) ol o) Jewils 13, (gl p3Y lade ) a8 S o
IS Ubey vl @l 2016; Howell et al., 2007
sl (65,918 > Ol e > og2dbye 1S lacs)glid
(Chai et al., 2014)

Cusl i g9l Plawe (e Sl (S0 (2liE ol

SaS syl cliane oyl Jo (sl ,> (Fisher et al., 2018)
bl s )lel cow ol )3 (55,5US 35 ol ogde g 03,8
Cuogd CalS &y (o 9 Sl 923 (3] 1 G 63Vl gl
Hanjra et ) cusl o505 23 6 oS oles ) (olié dlge
» Mgl (al., 2009; Rosegrant and Cline, 2003
Wl 123 28l 51 3V Sl cgylol o Lol 5> s snlg
2 olke ©iyS Cladg S5l s Bl i a8 JSS 4
cod wol) IS 5l dopd Ve s &S 20 0 g5 L, Sl
a4 b (Anonymous, 2019,8) 5,5 o p» 1y Hlee cuiS
Jo ol dmwgi 28 o &bo 0358 :,,JBL;)L,,JJ..S.;A.;
Jo 3 Cuman 6l 138 ol o] 48l 03,8 s iy doxie
B laiyes ol g ol Ol ) Sle le 43,
» ol 505b ol ol pls (Du Toit et al., 2011) (¢j,9Lis


mailto:sharifipour.m@lu.ac.ir

VSVF o NFe L osles FF o5

ST oo phe

o9 o) » by cutS (558 5 coenl o8 e

lp )y sloplad )l (bey dwgs sl gl ()l IS Al yuo
9 o sty awlie ly (il (98T (Jpaxe
oxts ploxil dgy ol & LIS Bl (yp 5 9 )l (sloskad

L]

LSRR LT

e 9 (55,9LiS o3l (Slados de)je > (Sline Liagh
@ECEE Sk gy ly gl oRih (b
o g Jolis alejl (slojloss 0 plosl ablp 3l o
5 () )l slokd )bl gy 4 rlegd olS el o)l
o il 3 Ol el g 3y e )l Lbg) K
3k 2op3 Ve (T120 syl i) (o 5 2ops VY- ¢ Jolis
Teo cl o 200+ g A+) o)l s 93 5 (Ta00 cials)
9o 9 O8kae duglie (dly ol egde idg (Teo 4
ol e S e 5 G ool oty 0 Jpasme
45 121 (S100) (o ()bl Gy b ol 35 b0y Vov el
s (Byme (V) Jsi )3 oialejl sloless

2 oSS d b (olas JolS Sl b iy o stules]
ooy siwodlal 5l LB .8 )5 g yie ¥XY/D S VD LB
o lo Ye=Fe g =Y ol Gas jl diges g3 cde)io dlads duws |
9 it S SRy (e b able (S § diged g Cuty
S Sluogas (15 Y glaJgir) 13 6 pS0jlul SB olord
o @l &5 85 8 bl 550 5 Slidiow 450 (gl
Sad g b 5l g a3 390 (e oansl 08 0, (F) oo 5
9 23)5 uashd &5 g plowy, I odliil b e8]y bwg
Sl )3 (ol sl oo 5l oolazul b uislej] (clalos
S 29 e e Job 4 9)b gy Jold 5 2 L0 Sl
Gos 3 (erlog) CulS B85 )13 o 5l yia ol 0+ alolé 4,
A Gjgods qipepie 3 g ¥ o815 L g e Bl Cdn
A ploal WAV L oledls )5 Jol and j> ()8

i 05 dw 3 (egee JSB 4 alo pB)
o3yl pB)) g3 095 390500 o3kl pB)l) Jol 09,5 $23,5 oo
p)] &S (3905el 45 5 0235, pB)) pows 09,5 (39400l A3
P s g P93 Sog)S I Fite Gl Gl 3 endents
S92 Jgl 09,5 5| COSIE iy (3.5 (nl )3 oadulS (slug!
e g Consd pyuye Sl i pgliS Lags iy ol cBlS
g ol calise ladsg ) bl bl e o g0 joyaih o
b g 3 g Jloy )bl bl 53 1y 4l 5,Shae o5 st
ol aih bewgs ple ghe 3 (o L aop A
Ghanbari and Taheri Mazandarani, 2004; )
Zafarani-Moattar et al., 2010; Nazari Nasi et al.,
Sy il 0yse 4 (2012; Karimzadeh et al., 2017

025 45 i 2 Bly 1935 g Sl

S ply (SN el e e mogd IS JSbey g
A CubgS Sl A jeS (23Rl g L9y 00 sloday (S ]
e oo S0 Ly (Maphosa and Jideani, 2017)
2 oo G & Gl b8 g Cul (6350 dlgo g yud gy
51 S oS ol (Yonts et al., 2018) 5yl bl olié w23y
Jo> sly5aS Sl 53k > (BLS g (el ool lia
93 L) (g ys Jlade (DUrSUN, 2007) 54 oo gmo druwgd
R A R L L
55l Lol (Soheili Movahed et al., 2016) col (gloss
JOSe ades Yol Olges odlgls ol 1 Sete A8
Ol &5 WS o Mg lagd (5 Ggree YO VLo (e (oS)]
Farid et) cul ol slals Sbgos JS 2o )3 8+ 393 50
2 &S Dgd e S baylil 11,5 gl ol s (@l., 2016
VI ity Gliwjs g o)) (o) slaplisl bl ole
loliol g cuiS ) e oy 5 e S )i VO/Y 5 VYA
o YMY g ¥V AYN b i pa b g gl oy )ld
(Anonymous, 2017) x5 1y Lug ss5 oy 5 s

O €S 5 s o Canl Lug) Elgl o ke 3l )
5 ool Lug) gl a5 s JS 2oy B 3505 4535 3
Beyzaiee ) 5,5 jolail ol 4 bg) g5 US| o 51 e
=y SV game o yicasdo)S el (et al.,2013
> plp Ghb paS plp cdn aleg p)SOkS a b
(Anonymous, 2019,b) cul wie plp VD o 155 ply g
Sle s cusd ol ol Lals 5L sl cangda] alS Loy
A V10 &S Canl iS50 Koo DO+ + 2945 43 (gl adlais)
Zabihiafrous et ) sl e 1315 51 i ply 93 9 pi5 51 Lo
YL s olie 55wy de S omen 4 (@l 2018
ol gle il plie Codgizme (o culio Sk g Jame
(ol 5 4 ol ol Gl D92l il g M5 5 1S
Conty (blio 3> (ola 5 lug) Jpas §) 2oy £+ 905
(Souza et al., 2003) x,ls )1, oS bl s cos oS W] o
ol Gpao tals (sl S50 el S Wlgie Lug) )luleS
A8k o 5 Sl g0 BRIl g Jpae ol ol

Cusl odgmy il by Sas o4 STy
SSles wad jals cel sb, i (Trapp etal., 2016)
A5 B g oloj & it 3 )Shos (yialS e 4l 3550 L)
Frahm et al., 2004; ) ool cglize aadllae 3,90 Cig} 0 9
S s e > Sis 5 (Shenkut and Brick, 2003
il 5,Shas linl (2als Lsa Baes dg) cldME 05
oils el (a5 0 M dluss g gy jo wily dluss &l (y30)
»» (Boutraa and Sanders, 2001) >g5 0 3,5ee
i Liul8l g il ged o Ml el 6 2A5 5 an 0yg0
Isik et) 5,5 0 4l (35 Laals Colesyd 5 00Sg s (slaails
(al., 2005



DOI: 10.22055/JI1SE.2020.31391.1885

9

S50 95 SN L;lklﬂL;)LiTrijl:Q\)\i».A)&!)b

b3l ssles -1 Jgue
Table 1- Experimental treatments
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Table 3- Soil chemical properties of research field
Soil Depth Absorbable Absorbable Organic Lime Electrical
(cm) Potassium Phosphorus (ppm) Carbon %) Conductivity pH
(Ppm) (ppm) (%) (dS/m)
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Table 4- Properties of irrigation water
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Table 5 - Analysis of variance of grain yield, biological yield, yield components and water
productivity

Average of Squares

Degrees . Weight . Number  Number of
Sources of grain of 100 Grain of seeds  seeds per Harvest
changes freedom performance seeds yield per pods Shrub index
Repeat 2 886.95"™ 6.41"™  0.00765™  0.05™ 1.095" 0.314m
Irrigation 3 3040857.37" 46.002" 0077 103"  131.53"  1474.9"
management
Error 6 844.90 2.64 0.0019 0.07 0.702 0.21
Coefficient
of variation 1.26 5.22 1.67 5.93 4.67 1.60
(%)

ns: non-significant, ** : significant at 1% probability level

0 Jgu dlaf
Continued table 5

Average of Squares

Sources of changes Degrees of Biological Biological Yield
freedom Performance
Repeat 2 0.000" 2618.46"
Irrigation 4 0.247" 11064595.3
management
Error 8 0.000 2864.8
Coefficient of 113 138

variation(%)
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Table 6- Comparison of mean performance, quality and water productivity indices

Irrigation treatments

Traits investigated

S100 T120 T100 Teo T60
Grain yield (kg/h) 3053a 2752.6b 2588.2c 821.7d -
Biological yield (kg/h) 6204a 5874.7b 5668.0c  3946.0d 1605.7 e

Number of seeds in the pod 52a 46D 4.2 bc 38¢ -—

Number of seeds per plant 215a 214a 20.7a 80D -

Hundred seeds weight (gr) 355a 32.3ab 31.3b 26.7¢ -—

Harvest index 49.0a 46.8b 45.7b 20.8¢ -

Water P_roductlwty per grain 040 ¢ 052b 059 a 023d .
yield (kg / m3)

Water Productivity per biological 081 d 113b 19282 108¢ 056

yield (kg / m3)

The averages in each Rows which having at least one letter in common, were not significantly different at the 1% level

of probability based on Duncan's test.
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Fig. 3- Depth of irrigation events in experimental treatments
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