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Table 1- Physical and chemical properties of soil of experimental field

SBEE My ozn Fe K P

OoC pH EC o

soil depth "_ﬂ’ =l
(cm) (mg kg™') () (mmhos cm*) S0l texture
0-30 21 1 43 198 147 125 8 0.69 Clay Loam
30-60 25 04 62 8 24 053 8 1.1 Clay Loam
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Table2-Technical data for used trickle irrigation systems

Sap o Y 5,6 ;L - 1o slass il S o
e o Discharge pressure SR Sl S g -
Dripper (Lit hrl) (m) Number per tree Manufacturer
AL 70-400 10-15 1 il okt
Bubbler Gatranettesal
Microjet Gatranettesal
#0950 8 10 6 et
Microfloper Netafim
o3l 3,90 (S5l 5yl (sAllw 3 Wlasuin —Y Joua
Table3- Technical data for used sprinkle irrigation systems
&bl (g 3 2,5, L b ks “b g, oijlw 8 3

Irrigation method Discharge(LitS™) Pressure (m)  Nozzle diameter (in) Riser height(m) Manufacturer
Over tree
3055 0.1 20 0.6 RainBird
Under tree

addlas 390 4l )3 33 (5l aSd Ol S - F Jgoa
Table4- Dez network irrigation water quality in the study area

SO, Cl HCO;, Ca+ Mg K Na EC
pH ] h -1
mg Lit (mmhos cm™)

7.7 167 73 153 69 2.4 105 0.55
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Figure 1- Monthly rainfall pattern in Safiabad climatology station in the three years study
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Figure 2- Average of monthly maximum temperature in Safiabad climatology station in the three years study
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Figure 3- Consumed water in various irrigation treatments
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Table 5- Combined analysis of variance different traits for Mars orange

iizsle S.OV. df Y  WUE Pulp Skin W D Juice CitA. VitC. TSS

JLs Year(A) 2 213* 0.0Ins 1017™ 140™ 914™ 023" 1878** 3.9%* 8477** 12.3*
s Error 6 23 0.02 10.7 47 271 0.09 6.4 001 413> 22
&b Irrigation(B) 5 14.8*  1.18**  3g™  184™ 15647 0.24™ 19.7ns  0.04*  243**  7.7*

JloX o Ll AXB 10 114* 0.07** 1p06™ 187™ 482" 0.64~ 38.4ns 0.01lns 83.6ns 2.8ns
L5 Error 30 42 0.02 9.9 9.2 127 0.03 25.2 0.01 45.3 2.1

CcV 28.5 21 8.8 103 883 284 143 12.7 936 112

Gl H3 gize Loy g gy g )d s 4 #%NST NON-Significant+caus )b sxens
* and **: Significant at 5 and 1 probability level percent respectively
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Table 6- Comparison means different traits for Mars orange in the three years study

JwYear Y WUE Juice Pulp Skin W D CitA VitC. TSS

JJFirst  76% 069" 324° 382° 294° 1276° 62° 0.65° 657 1317
spSecond 8.1% 0.7 463* 27.1° 266° 1351° 6.4° 145° 96"  121°
s Third 6% 073" 263° 415 322° 912° 62° 062° 539° 138

Al ged (P<0.05) jlo sixe B! (glyly g yo 50 S yidio By by dlas]
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table 7- Comparison means for different traits for Mars orange in the different irrigation methods

o9, lrrigation method

; WUE  Juice Pulp Skin W D CitA. VitC. TSS
Sl

e Surface 74704 353 533  295°  126° 62° 082° 69° 116
5,5l Over tree 63 04"  362* 364* 275° 1514° 66° 0997  642° 123
53,05 Under tree 53 034" 353 354 293 1326° 63" 095° 69 133
L, Bubbler 9*  11*  362* 356°  282° 123 g1° 086° 75¥ g3
o SeaMicrojet 77 108" 322*  364*  315* 1199  e2* 088° 77° 390

Mg ScoMicrofloper 78" 097" 35 347° 303 1140 61° 09 7710 40

Al ged (P<O.05) jlo size B! (glyly (gt yo 50 S yidio By b dlas]

Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table 8- Combined analysis of variance different traits for Valencia orange

55 2l S.OV. df Y WUE  Pulp Skin W D Juice  Cit.A Vit.C. TSS
JusYear(A) 2 241" 0.06ns 185 39" 706™ 0.16™ 367"  0.04™ 18176~ 12.37
L3 Error 6 2.3 0.02 33 6.1 4382  0.08 6.4 0.02 72.8 0.33
< Wllrrigation(B) 5 82" 096" 25" 2417 9117 0217 18" 0.13™ 33.9™ 3.4"™
JuX g lLIAXB 10 12" 01"  39™ 6.8" 136™ 035 6.7 007" 1885 2"
L3 Error 30 35 0.02 6.5 3.2 803  0.06 7 0.03 62.4 0.92
cv 223 20.8 7.8 6.2 7 38 6.9 12.6 17.4 7.9

Cawl ) Gixe dioyd S g iy ko yd )5 4y *gNS]

* and **: Significant at 5 and 1 probability level percent respectively

Non-Significant+cw.s ;s szens
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Table 6- Comparison means different traits for Valencia orange in the three years study

JW Year Y WUE Juice Pulp Skin w D CitA. VitC. TSS
Js! First 8.8% 0.8 38.6° 334" 281" 1343* 62° 137° 111° 11.6°
pg> Second 9.3°  0.8* 432° 291° 247" 129° 64* 129° 515" 13.1°
pss Third 71°  07°  341° 354% 304° 121.8° 64° 132 737 118°

3l o3 (P<0.05) I sz AMB] (glls i yo 13 S yidio gy | Sl
Numbers followed by the same letter are not significantly differentns (P<0.05)

skl il (gl gy )3 Lowadly JUES 5y iliee Olio (10S5lo duanglio-Y + Jga
Table 10- Comparison means for different traits for Valencia orange in the different irrigation methods

&oWl eg,lrrigation method Y WUE  Juice Pulp Skin w D CitA. VitC TSS
> Surface 91% 048  402°  327° 27.1° 1358 64® 1.13° 481° 11.3°

5,3V, Over tree 6.9° 044° 376%™ 333" 292% 1406° 6.5° 1.26™ 44.4% 11.8°

5 Under tree 75 048  40® 326° 27.3°  132® 63"  146*° 46.2° 126°

L4, Bubbler 8.8 095" 39.3%  331° 276" 1245° 6.3° 132* 468" 118
cag,SwsMicrojet 93 11% 375 318  30.7%° 1249° 64® 14® 4420 125°

M S.Microfloper g7 11° 37° 32.4%  306% 1123 6.1° 1.39% 428 11.3°

Sbly o3 (P<O.05) Jlo gize BB (gl)ls g jo 1> S i By b dlael

Numbers followed by the same letter are not significantly differentns (P<0.05)

el o 4 p3 Mg Sen g g e b (s L]
loylad cla gy 4l o alw aw Ol G yae ) s 8
U 2 ;5 M 4 pobailen g (5l (slasdg, s 5| 5L
Laogio )i 5 paB Galidl s W (3359 GLL )bl by,
hass ol bl gy 9 Jlo Jlie S gls 9 0l ol ogee
i o gine Blite 1 el a5 slaci plo 1S o auls
slacio gly Jlo 5 )lel by e 315 Jol> b
P9 ole JWy 5l Oglite 63945 U bwlly JWy (o5 9 (S
S el Sl g ol gy iz B oS ol ol s
Golds gl Al g Congy duopd oo bawgio (39 > 4
Sl Jols zols (A Jods) 05 doyd & g Vardow 3 (g ime
a0y Shoe o i &5 3l (Ui G gy 4 (5 Al
5 e Ll Gy an g ped Sl )3 5l )3 (Y (i
3 )bl aw o 53 5l gy b g ansh pelaidl cag S
9 G295 kel g BV GhL () Ol ey ol
D9 Jgl Jlw )3 )85 (glajloss b o o pod Jlo M9 Se
2 A N Ab ogee 2,Sles ialS cel pow Jluyd Ld i3l
ol s> 53 o5 a8 )l s Js 4 SUL o)l b,
o Il s ol sy Jlie 51 ol polis ol oty i3
sloylad sla iy il ookl a5 pspte ool &2 g ojle JWi

S g )Sen g Mg See B9y 3 Sl Bpae S
Wl s e )bl gy a9 bl g, 51 5L 5 s
d9- Lajlowi s Jl 5ol g cdaw o > (B0 9 (5L
ogse bawglo (59 9 b (5 o )sde A U ol ol (V+ Jgi2)
> oge s slopdad (sl gy 4 Comsd Shb sl by 5
Shle slaghs, jl yde loy b (slahgy )3 3 Ses 9 8
4 b gyl gy s a5 eals ol 50s Cldllas ol
Sl adlaie )3 Lwdlly JLy (LS5 el slokad ol g,
4 Camd o )d VY Ol G yme ST o 0391 s ) Sal By i)
Ly 5 oge kB ST ol iy (1F) cosl adly JialS (das ()l
sl oy bl asly oYU coenl 55 dnly 10 ogue dlaas
g b bl Glagdyy 4 Ludly Jy )bl @y (sl kb
Dgdiso 00 g (B35 5 BVl Gk )l

Jlaug okl B9y Juldse 30
slacio @y Jlo g bl Gogy Jlize §1 51 Jols mls
039 9 »lB iy Aty 13 05pe s ol Byae ) 0 Ses
09 maw o (g)h xe slacgles 2959 0z LS oo lawgio
O0Sbe duslie | Jols gl (A Jgaz) 39 Slao ol sl 2oy
P o WY e 4 0,Slee oy g a8 3 L SOy gy &
2 a8 dz e (Ve Jgde) Canl pgd Jlo JLL gy 4 bgiye S
ps> Jlw sl 5 g Sang bl ()0 WL Sl ilel gl Jlo



VAP LS e glis o 0 Shos p o Sl 5Lid coni 65T sailols & oxdaw g bl Joos

el Liolsol pgid il oo 3 Slos inli8l j3 i g ol
Ot Jp sladile dng) (o ) (80 )] Gl byl
Slapmw g H5ly a8 bl ) ST cpsle 33,5 50 M1 ol
lee jlaidl e (3350VL L (slol Sl )3 0428 g
o ang L g 3 Kigh o wguime o)l oy ol 2]
ajp ppen o OIS0 Sy S 5 ol Brae 2l 35l
s ) 3 it ellad g, 4 s 5Vl (5551 e
L oacs el sloyhad ()bl (630510 2098 o5 Aoy (5 ,3L
Sl il e )bl Hlade caas dgus > gyl O Gyae
2 Ol BLbl jew (dgy (bl g adlate (slod (13 Vb (B)b
S (o) w4 0duus) (Slo)S B o el (gloyhad (glalos

2 Gl me ©glas oy i S ks (oS0l s
a9 bl il glaiyy 5 Ll gl w0y O o
bl lp ot (5268 9 WY i 2 9 (2305 Sk )l
4 bgoye ol el cants VY e 0 pgd 9 Jol Jlo xaw
Goldy y 00 S lacio 3ilen (TSS) Jsbro tols 3lge
Sy ol oylol Calize (glayle o o )> O praws 13 (gyd xe
BV Sk bl sl WA Jslome sl dlgo im0 02ty
Jole del> dlge Jlade (pjieS 9 A5 Jol> pos Jlo (50325 9
Joloe dals dlge an s iy Lolaid] gl Jlo oxdaw (o5l &

Dy lwgs jd dae 90 (ol e iz gla Sl )0 bejlew audy

2 OB g odd WS Cd)d Cuom & Dime by ()9
bgio ()9 9yl gyl 5 .05,5 )18 (gytde (Sl G5 oy
oS (o (5)lal gy 4 S (o B (slasyy 5 oo
b (12l jless) (e (5l b aw oo o 0,Slae 5 il
a0y Glwjss Gliel Jlod OlS je lp slojhd o)l ol pli

Do oo

5 (5 Ao

Sl loydad gyll gy 4 (e (o)Ll 3y s
I me HialS gan liwjes Jlad ddlaie > LS e (LS )

YU L bl s i el s olSal 3 Shes
).Dal._]o )9 J.>|9 30 ogr0 sy uu.mlf 9 0920 )]0_9 L)AA)‘)B‘ Cygo 4

&l

1- Alizadeh A. 2007.Irrigation system design, volume2:pressurized irrigation system design. Imam Reza university,
Mashhad.(in Persian)

2- Ashrafi S., Haidari N., and Abbasi F. 1997. Design,construction and calibration of W.S.C. flumes.Proceedings of
the2nd Iranian congress on soil and water issues. Tehran,Iran.206-216.(in Persian)

3- Brewer R.F., Opitz K., Aljibury F., and Hench K. 1979.The effects of cooling by overhead sprinding on June drop of
power oranges. In Proceedings of the International society of citriculture. March 1979.Colifornia. 3: 1045 — 1048.

4- Daryashenas A. 1999. Comparison of irrigation methods on yield and quality of local citrus variety (Siavaraz
variety). Scientific and agro-economical magazine of water, soil and machine.37:38-42. (in Persian)

5-Falivene S., Giddings J., Hardy S. and Sanderson G. 2006.Managing citrus orchards with less water. NSW
Department of Primary Industries, p.1-12.

6- Jifon J.L., and Syvertsen J.P. 2001. Effects of moderate shade on citrus leaf gas exchange fruit yield and quality.
Proceedings of the Florida State Horticultural Society.114:177-181.

7- KallsenC. E., and Sanden B. 2011. Early Navel Orange Fruit Yield,Quality, and Maturity in Responseto Late-season
Water Stress. Hortscience 46(8):1163-1169.

8- Koor C.J. 1985. Response of marsh grapfruit trees to drip, Under tree spray and sprinker irrigation of the florida
state. Proceeding of Florida stateHorticultural society, 98: 29- 32.

9- Ladaniya M. 2008.Citrus Fruit, Biology, Technology and Evaluation.first edition. Awvailable at

http://www.Elsevier.com/locate/permissions (visited 4 February 2015).

10- Mamanpoush A.R., Abbasi F., and Mousavi S.F. 2002. Evaluation of application efficiency in surface irrigation of
some fields in Isfahan province.Journal of Agricultural Engineering Research.2(9):43-58. (in Persian with English
abstract)

11- Punnuzio A., Genoud J., Covatta F., Texidor B., and Agulla A. 2000. Orange response at different percentage of
wetted soil. Proceeding of 6" International Micro-irrigation Congress,South Africa. 22-27 October 2000.

12- Rodney D.R., Roth R.L., and Gardner B.R. 1977. Citrus responses to irrigation methods. Proceedings of the
International Society of Citriculture.1:106-110.

13- Roth R.L., Gardner B.R. and Rodney D.R. 1978. Comparison of irrigation methods, rootstocks, and fertilizer
elements on Valenciaorange trees. University of Arizona Citrus Report Series. 44:35-49.

14-Roth R.L., Sanchez C.A. and Gardner B.R. 1995. Growth and yield of mature “valencia” oranges converted to
pressurized irrigation systems.Applied Engineering in Agriculture. 11(1): 101 — 105.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.fcla.edu%2Ffshs%2F&ei=F13UVJ7_O8HPaN2FgMgH&usg=AFQjCNHe_Dl0zgXNQh5Hcl4nrLap92XeFw&bvm=bv.85464276,d.d2s
http://www/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%3A%2F%2Fbooks.google.com%2Fbooks%2Fabout%2FProceedings_of_the_International_Society.html%3Fid%3DSWIjAQAAMAAJ&ei=p2LUVMDaJ4raaO2ZgoAF&usg=AFQjCNEESaTQjn4BWDzA5T53DaLXT6aDeA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%3A%2F%2Fbooks.google.com%2Fbooks%2Fabout%2FProceedings_of_the_International_Society.html%3Fid%3DSWIjAQAAMAAJ&ei=p2LUVMDaJ4raaO2ZgoAF&usg=AFQjCNEESaTQjn4BWDzA5T53DaLXT6aDeA

AP 60— 3T cBojylois YA ul> (S gl ayis VY

15-Sepaskhah A.R., and Kashefipour S.M. 1994. Relationship between leafwater potential, CWSI, yield and fruit-
quality of sweet lime under drip irrigation. Agricultural water management.25(1):13-22.

16-Uckoo R.M., Nelson S.D., Enciso J.M., and Shantidas K.J. 2005. Irrigation and fertilizer efficiency in south Texas
grapefruit production. Subtropical Plant Science. 57:23-28.

17-Zekri M., and Parsons J.R. 1989. Grapefruit leaf and fruit growth in response to, microsprinkler, and overhead
sprinkler irrigation. Journal of the American Socityof Horticultural Science. 114(1): 25-29.



Journal of Water and Soil (8329US slus 5 poke) S g Of & i
Vol. 29, No. 5, Nov.-Dec. 2015, p. 1131-1142 A WEI-NEY . o AFRF (co— ;5T o e ¥4 uls>

Converting Surface Irrigation to Pressurized Irrigation Systems and its Effecton
Yield of OrangeTrees (Case Study:North of Khouzestan)

M. Khorramian®
Received: 03-03-2013
Accepted: 13-04-2015

Introduction: North of the Khouzestan is one of the most important citrus production center. Usually border
irrigation is used to irrigate citrus in this area. This system has generally low application efficiency. Several
investigations in other arid region have demonstrated in addition to improved irrigation efficiency with low-
volume pressurized irrigation systems, citrus trees have adapted with these new irrigation systems. However
limited information exists on the performance of mature orchards converted from border surface irrigation to
pressurized irrigation systems. Therefore, the current research was conducted to evaluate the feasibility of
converting surface irrigation to pressurized irrigation systems on mature citrus trees in climate conditions of
North Khouzestan.

Materials and Methods: This study was conducted during three years at Safiabad Agricultural Research
Center to evaluate the yield of citrus trees and the quality of fruits for two Marss and Valencia varieties which
grow 7 years previously with surface irrigation and converted to pressurized irrigation systems. The treatments
consisted of six irrigation methods including Overhead sprinkle irrigation (OHSI), Under tree sprinkle
irrigation(UTSI), Trickle irrigation(T1)(six 8 L/h Netafim emitters), Microjet irrigation (MI)(two 180 microjet
were located under canopy near of the trunk at opposite sides of trunk),Bubbler irrigation(Bl1)(a single located
under the canopy of each tree)andSurface irrigation(S1) method.Soil texture was clay loam well drained without
salinity(ECe=0.69ds m™), with 1.25 percent organlc carbon. The experimental design was completely
randomized design. The trees were irrigated during spring and summer seasons. For calculating irrigation water
depth in T1, MI and BI systems, daily evaporation from a class A evaporation pan of the Safiabad weather station
(nearby the experimental field) was collected, and evapotranspiration of the citrus trees was calculated applying
a pan coefficient of 0.8. During the growth season, soil moisture content was measured before irrigation in root
zone depth using weighing method at two points of the beginning and the end of the garden to obtain an average
showing changes of the field moisture content. Applied water were measured with flow meter for OHSI,
UTSI,TI, MI and Bl methods and WSC flume for SI treatment. In middle January after fruit ripening, fruit yield
was determined by harvesting all the fruits from six trees located in the center of each plot. Weight of fruits from
every tree was recorded. Then, 3kilogram fruits per tree were randomly separated and peel thickness, diameter,
weight, juice solid percent, total dissolved solids(TSS) and Citric acid were measured.

Results Discussion: The annual precipitation was 385,345, and 336 mm for 2004, 2005, and 2006 years,
respectively. The mean temperature of June, July and August (the warmest months) for 2004, 2005, and 2006
was 45.6, 45.2 and 45.8°C. Higher temperature in third year caused to increase heat stress S0 fruit yield
decreased. Irrigation water consumption in OHSI and UTSI were among 15000 to 17000 m°ha™. Continues
contact of irrigation water contacting with leaves in OHSI causes the accumulation of salts on the leaf surface
and leaf drop in harvest season. Consumed water in BI, Ml and TI compared with SI method reduced by as much
as 48.6%, 57.2%, and 58.4%, respectively. Because soil wetted area in Bl, MI and T1 methods were low and
about 30 to 50 percent of soil area.

There were significant differences in citrus yield, water use efficiency (WUE) and quality in 1% and 5%, so
that comparison of means in Mars variety showed that the yield of trees in T1 and SI methods were significantly
higher than UTSI method. On the other hand, fruit yield was similar in OHSI, MI, Tl and SI methods. Valencia
variety fruit yield was similar for in BI, MI, Tl and SI methods in all 3 years, and significantly more than OHSI
and UTSI although BI, MI, TI used only 48% to 58% of irrigation water compared with SI method. WUE under
BI, Ml and TI methods was enhanced by 2 to 3 times more than SI,OHSI and UTSI methods because consumed
water decreased in BI, Ml and TI about 50%. Fruit size and fruit weight of Marss variety in the OHSI and fruit
size and fruit weight of Valencia variety in the OHSI, MI and SI were better than other systems and had a
significant difference in 1% probability.
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Conclusion: Overall results of this study indicated that it is possible to convert Sl to BI, Ml and Tl methods
in northern khouzestan orchards without decreasing in fruit yield and quality of citrus trees. Salt accumulation on
leaf surface in OHSI method was caused to drop leaves in harvest season.

Keywords: Sprinkle irrigation, Drip irrigation, Water use efficiency, Marss orange, Valencia orange



