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Introduction

Iran is the fourth world producer of figs with an average of 75,833 tons from 1993 to 2013 (FAO,
2016). Estahban area provides about 90% of dried fig in Iran (Jafari, Abdolahipour-Haghighi and
Zare, 2012). The rainfed fig orchards in this area have been extremely affected by severe drought in
recent years, leading to 10% to 80% reduction in fig trees and fruit in 2010, respectively (Jafari,
Abdolahipour-Haghighi and Zare, 2012). For this reason, the tendency to apply supplemental
irrigation in Estahban fig orchards has increased in previous years. However, the lack of information
about the amount, timing, and application position of supplemental irrigation to achieve efficient use
of water in this area makes it difficult to deal with this issue in the study area. The main objective of
this study was, thus, to investigate the effect of different amounts and times of supplemental
irrigation at different distances from tree trunk on soil water variation, quantity of fruits, and fig
growers’ income under drought conditions.

Methodology

The experiment was conducted in a fig orchard in Estahban, Fars Province, Iran (29°07" N, 54°04'
E, elevation 1749 m) from 2013 to 2015. The annual average rainfall is reported about 354 mm
(Bagheri and Sepaskhah, 2014) in the region. The experiment was done on 72 uniform, 45-year-old,
edible fig cultivars of Sabz fig trees. The experiment was, indeed, performed in a split plot design
with four replications. The supplemental irrigation treatments included irrigation application
positions: close to tree trunks; under tree canopy (1-1.1 m from tree trunk) and outside of tree
canopy. In turn, the amount of irrigation water included no supplemental irrigation (Control), 1000
and 2000 liters irrigation water per tree, and irrigation times: in early spring and mid-summer. Soil
water content (SWC) was, then, measured monthly at 30 cm intervals up to 150 cm soil depth. The
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access tubes were installed at three different distances from the tree trunks in the closest place to the
applied irrigation water. The fruits of each tree were collected from the mid-summer to the beginning
of autumn. To evaluate the pomological characteristics, the collected figs were divided in three
different commercial grades (AA, A, and B) using the local commercial method of grading. In this
method, a sorting machine including vibrating sieves separated the fruits based on their diameter.
Higher quality fruits included figs with larger diameters. The sieves with the given different mesh
sizes separated fruits based on a defined diameter standard: >22 mm (grade AA), 17-22 (grade A)
and <17 mm (grade B). The fruit weight for different classes of size for each tree was found. The
measured data for the yield and quantity of fig production were statistically analyzed by using the
SAS program. Duncan’s multiple range test at 5% level of probability was used for comparison of
the means.

Results and Discussion

The minimum soil water content was observed after the fruit harvesting period during autumn.
The highest one was occurred at the beginning of spring during the vegetative phase of growing
season. Higher SWC in the irrigated trees continued till the following irrigation event, however, the
increase in SWC after early spring irrigation was higher compared to the mid-summer irrigation
treatment probably due to the higher temperature and higher evaporation during summer. Higher soil
water content was obtained in soil depth lower than 0.9 m. The lower SWC for the superficial layers
was probably due to higher root density and consequently higher root water absorption in shallow
layers. Higher yield was considerably observed in NT treatment for the first (42 and 18% higher than
UT and OT treatment) and second year. Indeed, the OT showed the highest yield without significant
difference with NT. The results of irrigation amount treatments also showed a significant high yield
for the irrigated trees. However, there was no significant difference between 1000 and 2000 liters
irrigation water treatments in the second year and also between the irrigation timing treatments.
Higher fruits with bigger size (>22 mm) were observed for OT treatment in the first year and this
trend continued in the second year. Furthermore, irrigation with 2000 liters per tree resulted in
considerably higher yield compared to the rainfed treatment. Conversely, no significant difference
existed in the production of 1000 and 2000 liters in the second year. Irrigation in the early spring and
middle of summer resulted in higher fruit quality and quantity, respectively.

The economic and income analysis considered the fig price of different grades (AA, A and B)
during 2013 and 2014. Irrigation in OT treatment increased the annual average revenue per tree to
31% (18 and 44% in first and second year, respectively) compared to the other position treatments.
The results showed that the application of supplemental irrigation could increase farmers’ income.
Compared to the rainfed treatment, using 1000 and 2000 liters irrigation water increased farmers’
income (rial/tree) by 11 and 57%, and 39 and 47%, in the first and second year, respectively.
However, no significant difference was observed between 1000 and 2000 liters irrigation water on
the fruit price (rial/kg) in two years and on the farmers’ income (rial/tree) in the second year. This
indicates the efficiency of 1000 liters of supplemental irrigation per tree. Compared to the early
spring, the mid-summer irrigation increased significantly the fruit price in the second year, while the
mid-summer irrigation could improve the fig growers’ income in the first year. The results showed
that the irrigation with 1000 liters, out of tree canopy in the middle of summer would lead to the
highest economical revenue. However, all limitations parameters should be carefully taken into
account in the financial analysis of the supplemental irrigation application.

Conclusion

There was lower soil water content (SWC) loss after the early spring irrigation treatment than the
summer one. The control treatment showed the lowest fig production among the water irrigation
treatments. Compared to the irrigation application under canopy, irrigation close to tree trunks and
outside of the canopy produced higher fig yield. In effect, irrigation out of the canopy resulted in
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31% higher annual revenue (rial/tree). Although the irrigation with 2000 liters per tree in early spring
showed higher SWC for rainfed fig orchards, the results indicated the adequacy of 1000 liters per
tree. Irrigation in the mid-summer increased the fruit price (rial/lkg) and revenue (rial/tree). Using
1000 liters of supplemental irrigation water, out of the canopy in the mid-summer would be
recommended to achieve higher income for fig growers, and use the regional water resources
sustainably under drought conditions.

Acknowledgement

The authors would like to acknowledge the financial support of Shiraz University, and Drought
Research Center, and the Center of Excellence for On-Farm Water Management and the Center of
Excellence for On-Farm Water Management A special thank also goes to Mr. Ramezan Jafari, the
technician of Water Engineering Department at Shiraz University, for his contribution to this
research project.

References
1- Bagheri, E. & Sepaskhah, A.R., 2014. Rain-fed fig yield as affected by rainfall distribution. Theoretical and
applied climatology, 117(3-4), pp.433-439.

2-FAOSTAT, F., Available online: http://www.fao.org/faostat/en/#data (accessed on 17 June 2016).
3-Jafari, M., Abdolahipour-Haghighi, J. & H. Zare. 2012. Mulching impact on plant growth and production of

rainfed fig orchards under drought conditions. Journal of Food, Agriculture & Environment, 10(1): 428-
433.

© 2019 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access
EY 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 (qwiige 9 pole ﬂrﬁ

V-YE . (ing Hlio AA Oliue) ¢ Sosled Y W

Jnr,lg;f,._ﬁ;égu,
FUiS Lyl 50 OLIMEL daTys 3 Jguaom w5 agh 5 oS ST 5T

L )‘gdl slhéb 39
25 o5 5 Loy F Al ol gl Lo e T i ST ST e )y lle dees

Dl o&asls (Ssles 01l L&_'JT e (-jl.& 6,:5: Seiils =)

akbarkamgar@yah00.com ¢}, oKl ¢(s 5 5LiS” 0uSils c T punnkige idu slial ¢ gims odien 5 =Y
e oBils (65558 0dSlails (T wikige i sbiwl ¥

e oty (555l 0aSltils (T wikign idw skawl -F

e ol (655 sl 0uaSliils (T wdkign idw LD -0

WASN /XS Wag/) /Y g S5 ST ZAL R P

o>

2oly3 g Jgpatme (S Cugb,y g Ci 0 4T I il Jolgd 10 eSS (6 bl itke palie g oy il (idgd o) 43
2251 9y 2 bl diliio ,3 (YFAY SIFAY) JUo 93 (b Bilesl i oy JlaSuid baylpdd 13yl ol ldls
OB 55 51w 53 (S 45 AT Sud 3 i3 3 bl diold Joldd aoST (5l (5 low o ool G oy o8 (SThed
g3 b glyy il Yoow g Vove (L) 6ylil o9 g bl ylde 5lailasles 1 2,1 5 40 &5 51 50 V/) B ) aloold
B9t FeS 31350 (5)lel &1 Comud ¢(32319,8 Golul Jlowd 51 (g SB- Cagby (AL G s 392 31350 9 (13598 15 Syl o
el (g pm o 8 )3 45 S35 (5Ll 92 (55l 9 slesi 41 bty gyl e Lo (o 43 Jgnazes ylade (1 oS
Pl A o 1y &Vl sl yd olime Glilaslu 1z B gyl 5,8 Wdgi (g s Jgamme jluilaglur 13 (5l U amglis
U and 1,8 G yd L] 45 1y g i Cugby Comdlyd ol yid Yoo o U 055958 30 (gylal 515 i3580 aod Y'Y U by low
OIEL Sl 45 g 0ga0 (335,) 51ale 31550 3 (oS (g )bl gy b 43 2 (gl Ol i Yo v e Sy sl s (Jbs o
SlSuid Lyl 45 Wilgh g0 jlailaslun 5 5 13 313 50 13 Cd 33 12 (gl pid Yoo o U daoST (g bl el by 515 i30T
WS oG 1y alllaie oy O @b 51 ,laly edliiw! u g o3l AEL olyd Hial381 lojen joba

.MT).) ‘d)l:‘.-éT e wosby ¢ JluSis bylyd ¢ LaSS Lg)l,';j oles :thjb s

LS 51 onl 353 Sl 32y b sl il Sy
Gob JLSis Ll 035 Cgeme (S5 4 polis
Stover et al., ) 34 00 30 cpl 4 W15 ol el e
2007; Hallag-Turk and Aksoy, 2011; Gholami et
[(al., 2012
AlS g ol US> Sy oy Slgee JSiS g4
Hallag-Tirk ) wsb awils o » 1) o] ogee cutS g oS
«leoyg> (and Aksoy, 2011; Tehrani et al., 2016
O3 (gds jobay VAN Jlo ;0 S (o o0 JluSlis
Ve o Sl el g 03ges a5 plipiel ddlaie )3 1) 3yl
Jafarietal., ) 15,5 sy Jgamme jl lod Ae g gl do )
sl Gusay S cugby e ( JlSiis bylys (2012
Axl)uA u.dhlg oS Ja.w}: @‘J.C .)|9o 9 u-‘ Cds douls 29 a8l
5 ol byl & I o (Rostami and Rahmei, 2013)
oS ol ite sl g 2yl (St (LS slagial)l g lgn
bye (LS 45, dojo g olS 45 g9 ol AT 20 4
sl imgs wlel 5 (Demirevska et al., 2009) il .

4o

wile ohe 132 0 Lol gue Ky olsieds 6w
Mo 5l dop Ve=Fe g OY guame maw jl doyd Ar &S g ysbay
Falkenmark and ) 5,50 » » ke ew » |
.(Rockstrom, 2004

My bwgle b pedl lplo g g 0 1) p)lee plie ol
sl (FAOSTAT, 2016) 5yl 4335 ams ¢35 y3 o5 VOAYY
adaio Gagh pogadar 5 o)l gl 3 Glpl sl (s
3 emd sgl opl > (Jafari et al., 2012) sl )18 \lgz!
w5 Gl JSs e ST sl e iey b ol o
o3 (Bl a1 g o 03liinl 03 S g0l C
» by, 5l Jlastl OI 0psd cel dilato ) Gues g
Eros > O3 Glp ) gy culio 035 5 00,5 CansVL,
Sleie walp S

dly G0l s SIS s Ll > pedl Ay
shp bl Gl G plgis 4 aVlo ()L Sllog 5 23l o



70

FAVE Lo NFAA Lo ¥ o,la FY o5

ol omige p ke

95 9 Slge
2 &ly ol adbte (508 1 (S gL B ol

daw jl 5YL yie WA 4 29°07" N, 54°04' E) el ol
A plogl VYAY 5 VYA el JLo 13 (L) olj]

A Y L=V o adhaie (0 Led (p iy g oy
Jlis b o Joo YOF dgao eVl ()b ylade sl 55 b
Bagheri and )a_sb o , 2o Lo V¥ Sl s 44Y
o FO dgn wicagb, bowgio (Sepaskhah, 2014
OBl s > Jgazme Cutlypy g amsy oloj 3 &5 bl oo
7 9 by Jmad p30l 53 ()L it (piomen S (0 Iy
S oilesl 0yg0 4y basye (cwlidlen cleMbl uad 0 &) lins
oyl 35 dalaie 1> dgrge (cwlidlgn oK) j0 o i (glaodl>
il ol Joxo S5 (o358 Sluogas () JS5) ool o
ol o o3l L5 (V) g 5o

4 oy ool Glagl » ol g Copte Gy
Alus oyl Caodl (sl (gy9p podl Ci My alisee o ye
alailyd (el 9d 0 (laiz gy eSS (bl Sl odlizal o 5
Ay bawlgl B )98 3ol 5l lnas L wisy ¢ lpitl dilaie A5l
Lulgl 3 goy¥a LS ilacee bulpd 4 a8l oo (551
03> &) 35 B (n2)9)8 5l (md0gee g (23S 29 o0 JolS ol 5
b Lol lgn (slad &S joa g £9,5 21350 I laogeo () 9
S g ond Sl Sy oy aldy 0y93 31 55 b e ash]
5 3915258 cod Wile laee Joloe b o ol yinl 0y90 3l
Cal S50 ol Jpao 5 ponl €800 dnng (g9 Ip Cugh,
(Flaishman et al., 2007)

(2012) Jafari et 5o sile (ola by, 5l edlitul ansiS
céls (2015) Sepaskhah 4 Honar by 58 al.
oo 5 (2004) Fooladmand 4 Sepaskhah la )5
ol 3l wles » (2015) Sepaskhah 4 Kamgar-Haghighi
o) il ol s ]y JlSas e

Sl Cute i oxmd s wibie p» 8 sladdlas
Jypame (rzen 5 (Sjghyge Cluogad gm0 13 (e
Kamgar-) cool o0 JuSis llyd o w0 pocl s
Haghighi and Sepaskhah, 2015; Honar and
LL g oglhasl oloj eSS oWl (Sepaskhah, 2015
Aol sl ool s g e B Sl e bl lade
S92 2l 033 ol 5l 5y90 5 (Sl el S sy
.(Dominguez, 1990) »,l>

e g 28l G5 )kl sl ST ag)ie eolitel

O P oeged heing ol aBD p Lite ol
Sl (giyllS Ol codgae  glb a5 bl
.(Abdolahipour and Kamgar-Haghighi, 2015)

ol Jad Bl 5 adlats ol > (eSS ()l oS bl
ot 2950 Bl (eSS (o)lel e g (loj 0,8 o g0
» b cuenl (2014) Sepaskhah 4 Bagheri 5,5 )8
Ol didbate w23 20l Jpame iall )3 1) s 3y
0o 5 loj ylade 3y50 0 (B SleMbl d5uaS . 053,8 5)55
Ol slily ) sl i3 Bkl 3 (eSS (6l cuslia
1l 0391 jlo IS o)lsan dilate 13 Ol 51 (690,00 Lo,
Cadge 9 50,8 Ol e loj 1 (g1 30l Sl
orizen o S Cugby Ol p 080 45l eSS )l
bulyd ) sl Jpame olaidl (o) p (w9 Jpame ko
Ao (eSS ()l

= 80 — - — 7005
E mmm Rainfall =-o=-Evap-average —o—Temp-average —a&— RH-average £
L

= 70 L 60 2
£ 5
=1 =9
;% 60 | <o E
! k=)
5 50 §
- =
=4 | 40 Sj
= 40 ol
=] =
2 L 30 ‘é
2 30 5
g L 20 2
g 20 =
= E
] -
= F 10 =
B 10 h 5
= . )
s 0 el o
g B s R O O T e - - A A - g
= = = = = 1<) > = = =) = 1= = = = = =
‘ fl'l (ll :él fll l'I] (ll ('Il fll :é] ('I'l (ll (ll fll fI] fél N

- Q = =] i B (=] b= (= ) 5 2]
g & E & 5 2 3 & & £ & 2 &8 & B

Date (month)
Fig. 1- Mean daily agrometeorological data for Estahban
Olgiw! dilaig 30 (wbidlgd (Sdodld 439y fawgio -1 Kb



DOI: 10.22055/jise.2018.23455.1672

55

S yghy s eSS LT LS 0 5 s gl

Falo3T Jow S (50 b Fpe-) Jooe
Table 1- Physical parameters of soil in the study area

Soil parameters

Sand (%) 30

Clay (%) 22

Silt (%) 48

Gravel (%) 30

Texture Gravelly loam
pH 7.54

Field capacity (volumetric %) 31

EC (dS m?) 1.34
Permanent wilting point (volumetric %) 13
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Table 2- Volumetric soil water content (%) of treatments in different depths (m) during two

experimental years (2013-2014)

Year 2013 2014
Volumetric soil water content (%) in different depths (m)

0-03 0306 06-09 09-12 1.2-15 003 0306 06-09 0.9-12 1.2-15
Distance
NT 17.01 16.64 17.10 17.62 18.31 16.36 16.70 18.08 18.16 18.69
uT 16.39 15.86 15.87 16.83 17.66 15.90 15.98 16.64 17.56 18.14
oT 15.47 15.86 15.32 17.10 18.67 15.69 16.34 16.03 17.64 19.43
volume/tree
Rainfed 15.47 15.62 14.88 16.26 17.32 15.72 16.01 15.97 16.89 18.00
1000 liters 15.92  15.80 15.94 16.89 17.74 1580 16.15 16.80 17.48 18.39
2000 liters 17.48 16.94 17.47 18.41 19.59 1644  16.86 17.97 19.00 19.86
Time
Early spring 16.22 16.18 15.81 17.40 18.85 15.53 16.51 16.88 18.05 19.37
Mid-summer 16.35 16.06 16.38 16.97 17.58 16.45 16.17 16.94 17.53 18.14

A NT: near the tree trunk; UT: under the tree canopy and OT: out of tree canopy.
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Table 3- Mean yield (kg/tree) for different treatments based on fruit diameter in two study years
(2013-2014)

Year 2013 2014 2013 2014 2013 2014 2013 2014
Fruit diameter
<17 mm 17-22 mm >22 mm
Distance
AT 24 828a* 7.24ab 393a 48la 255a 146a 1.80ab 0.90a
uT 24 584c 6.70b 214b 38la 236a 137a 134b 152a
oT 24 7.01b 8.60 a 192b 406a 270a 221a 238a 23la
Amount
Rain-fed 24 582c 6.15Db 240a 3.76a 191b 124b 151b 1.15b
1000 liters 24 6.63b 8.04 a 288a 437a 213b 204a 162b 1.63ab
2000 liters 24 867a 8.34a 270a 455a 357a 176a 240a 2.03a
Time
Early spring 36 6.82a 7.88 a 269a 472a 25la 174a 162b 142a
Mid-summer 36 7.27a 7.15a 264a 373b 256a 163a 206a 1.79a
*Means followed by the same letter are not statistically different according to Duncan multiple
ANT: near the tree trunk; UT: under the tree canopy and OT: out of tree canopy.
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Table 4- Fruit yield (kg/ha), fruit price and revenue (rial/tree) for different treatments in two years
(2013-2014)

Year 2013 2014 2013 2014 2013 2014
Treatment” Fruit yield (kg/ha) Fruit price (rial/kg) Revenue (rial/tree)
Distance
AT 24 82845a 724.39ba 133136b  142921b 1111570a 1042209 b
uT 24 583.7¢c 670.26 b 142036 b 164221 ba 831766 b 1101757 ba
oT 24 700.7b 859.23 a 162727a 176472 a 1153119a 1548042 a
Amount
Rain-fed 24 58285c 614.94b 143640a 151019b 840920 b 955656 b
1000 liters 24 663.16b 804.48a 141920a 162919ba 931805 b 1327369 a
2000 liters 24 866.84a 83446a 152339a 169676 a 1323729 a 1408982 a
Time
Early spring 36 681.82a 787.88a 141855a  151165b 967844 b 1229384 a
Mid-summer 36 726.75a 714.71a 150078 a 171244 a 1096459a 1231955 a
*Means followed by the same letter are not statistically different according to Duncan multiple
A NT: near the tree trunk; UT: under the tree canopy and OT: out of tree canopy
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