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1- Subsurface Drip Irrigation
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1- Deep Subsurface Irrigation
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Table 1. Characteristics of soil sample of research farm.

(e sl) Gose - S0 el S (Ao 33) O35 5 il
Depth (cm) EC (ds/m) K (ppm) P (ppm) N% Texture
0-30 8.4 0.781 232 2.8 0.03 o7t
Sandy-Loam
30-60 8.2 0.895 210 2.1 0.03 o7t

Sandy-Loam
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Table 2. Characteristics of water sample of research farm.

(meq/lit)
ECus/em) pH SAR Class
Ca®*+Mg*" Na"
910 7.2 4.7 5.36 1.16 GsS,
Ol Sl g S o T 5 dgar
Table 3. Water requirement of South Kerman Citrus.

Js Ll e &> 550 ol & BETgTR 33 e e A Sl s olo
Total Mar. Feb. Jan.  Dec. Nov. Oct. Sep. Aug. Jul. Jun. May. Apr. Month
.

6442 377 307 186 232 344 514 673 819 960 866 637 527

Water requirement
(m*/ha)
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Figure 1. Outline of Deep Subsurface Irrigation.
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Figure 2. Deep Subsurface Irrigation.
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Table 5. Means comparison of the simple effect of Deficit irrigation on measured traits.

JS > Ses e gl s w5 b A, I wld b s,
R . sl s s
S5 =S R o) A FAEEl sl ol SAdeS
(Ctys 53 (oSe 0) (rale) Increase the badlr (e ssla) Increase the Deficit
Total vield Increase the Increase the Tmnk Number Increase the le“gth of the irrigation
((l)<g/tryw) Canopy Tree height diameter ofbuds  [enoth of the sub main branch
ce volume (m®) (cm) (mm) branches (cm) (cm)
B VATE
46.23 ° 0.63 68.74 ° 6.30 1049 ° 147.11° 52.75° 100% Water
requirement
. . AT RN
b a a a a a
41.09 0.59 64.76 5.63 10.16 133.95 47.25 60-100% Water
requirement
b 2 b b S TA
41.38 0.59 63.91° 5.32° 9.93° 124.51 46.98 80% Water
requirement

e Gl LT 4 Cd SN Ao YD
(a3 Skl g8 3 Ole 3 paen 355 0
G Cad Gie 3Shes s b b
(V) 313 0L 395 3l a5 (lo b (5Ll

Al (gl e M) S i G S shils sla p Kle (D A s
In each column, means followed by the same letter are not significantly different.
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Table 6. Means comparison of the simple effect of Irrigation method on measured traits.

BoSles 6 e s, s i 4 R RS g Sbeladbas esladsb g,
S s . R . -
£S5 AS) (xS 20) (sl W) sl G Bl) (oSl kol ST i
(e 5 Increase the Increase the Increase the Number Increase the Increase the Irrigation method
Total yield Canopy volume Tree height (cm) Trunk diameter of buds length of the sub length of the
(kg/tree) (m) € (mm) branches (cm) main branch (cm)
46.36° 0.66 * 67.39° 6.17° 10.84* 147.66 * 51.72° < < 2
Deep Subsurface
o sy (gl ad
44.06° 0.60* 66.56° 575° 1047 127.36° 48.10° 23 sl
Subsurface Drip
o (glo o
38.28"° 0.55° 63.46° 533° 9.26° 130.56° 47.15° sl

Drip Irrigation

In each column, means followed by the same letter are not significantly different.
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Table 7. Means comparison of Interaction of Deficit irrigation and Irrigation method on measured traits.

sl A gEIL g g, I Sl b A,
B 5 G . B Slies b oclaenls L _ _
0S5 Ta N o) » SFP G (rasla) Lol Sl s # oS
(cotys (nSa 20) (e 5le) Increase the g (e s5lw) Increase the Deficit irrigation *
Total vield ~ [merease the Increase Trunk Number Increase the length of the Irrigation method
(kg/tzlee) Canopy the Tree diameter of buds length of the sub main branch
volume (m*)  height (cm) (mm) branches (cm) (cm)
50.98° 0.75° 70.53° 6.90° 11.78° 166.37* 56.60° 2
100% * Deep Subsurface
. . . . . . PP BT YR AR
48.16% 0.58° 69.18° 5.89%® 9.87%® 129.80 % 49.13 % 25 S
100% * Subsurface Drip
. . . . abe . P IS AR
39.55¢ 0.57° 66.50° 6.09® 9.83 % 145.16 * 5250 sle 2
100% * Drip Irrigation
. . . . . . . 4 P AR
44.00 0.61% 64.41° 641% 1.18* 147.92 48.97° s e ¥
60-100% * Deep Subsurface
. . . . . . . elas 3 (glo Jad e — Ve
41.03% 0.61%® 65.22° 5.24%® 10.79 % 133.19% 46.67 25 Sle i .
60-100% * Subsurface Drip
. . . . ela (glo Jad s /o= e e
38.23°¢ 0.56° 64.67° 5.24%® 8.50° 120.74 % 46.11° sle 2
60-100% * Drip Irrigation
4 5 3% JAr
4410 0.62% 64.75° 521 9.57%® 128.68 ™ 49.57% s e
80% * Deep Subsurface
. . . . . . ; o 3 (glo lad s AN
43,00 0.61%® 67.78° 6.11%® 10.75 % 119.07°¢ 48.50 25 Sle i
80% * Subsurface Drip
. . . . o glo Jad s /A
37.05°¢ 0.52° 59.22° 4.64° 9.47%® 125.79 % 42.85° sle 2

80% * Drip Irrigation

Al (gl e M) S i G S shls e Kle (O A s
In each column, means followed by the same letter are not significantly different.
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80% Water requirement
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60-100% Water requirement
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100% Water requirement

(D) a5 8 b
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Figure 3. Interaction of deficit irrigation in irrigation method on length of the main branch.

YA



Oy Ko 5 ol Lo o Lows!

! 5L A

- 80% Water requirement

_J VAT TN
60-100% Water requirement
180 I EPARE {

100% Water requirement

s kT

~ 8
9 3
L)
1
3 BE
] 2510
3 B3
9 8410
o w §
yE580
5w
3¢ w0
ie
2Eow
20
0

(D) e ) 0 B8 (SDI) (gabn ) 51 0 p0E (DS} (e g3k 4

(P SBELE I b s 6ol s s soleleS Jlie St JSS
Figure 4. Interaction of deficit irrigation in irrigation method on length of the sub branches.

Sk A
80% Water requirement
P A BT
60-100% Water requirement
14 S RPATY
100% Water requirement
12 1
4 10 }: j[
3
1 a
] 8
L
1t
3 S 6
z
4
2
0

(D) b st (SDI) pabae ) ) 2k (DSI) e b

kil sl 555 5T s o> okl i -0 S
Figure 5. Interaction of deficit irrigation in irrigation method on number of buds.

o 3k A
= 80% Water requirement
- PIE VAT
9 60-100% Water requirement
.Jj B{*WARK
8 100% Water requirement
—_
£ 7
=
% 6
5
3 § 5
3 £ 4
13
.
‘1- v 3
i 8
o -
3 2
L]
&
E 1
0

(DI) ok 51 8 8 (SD) (skime i} 51 8 S (DS o gmbame

RO S RTINS ¥ B TPRY 6)‘:‘.];'5 Jle J1-AUSs
Figure 6. Interaction of deficit irrigation in irrigation method on trunk diameter.

va



WAV (F) ko (Y0) s (ALS S5 (slasirg iy & puld

. A
80% Water requirement

B VAT
60-100% Water requirement

B VAT
80 100% Water requirement

s IH IM IH

(DI) b 51 0 i (SDI) b a3 s) 8 (DSI) s ada

(il s o plis )l as,
Increase the Tree height(cm)
w
<)

S L &) ol ras e 6)‘*.‘.%5 e S1-v S
Figure 7. Interaction of deficit irrigation in irrigation method on height Tree.

s S A
80% Water requirement
. P AT
09 60-100% Water requirement
i ([ *yARD
) sl
E 04 100% Water requirement . }:
= ]
1 E 0.7
]
b3 o0 {
>
Y
3, § 05
58
1 2 04
=
130
-8
g 02
0.1
0

(Dl) s s 8 (D) b 5 0 (DS e grb ]
(a3 e s skl s 5o olleS Bl FI-A S
Figure 8. Interaction of deficit irrigation in irrigation method on canopy volume.

ol 3 1A
80% Water requirement
- ol Sk =Y e
60 60-100% Water requirement
EATE
100% Water requircment {
50
15
-
S 40
? —
13
w £ 30
o
% B
ENR]
'5 E 20
10
0

(D)) il sV 088 (SDI) ki sV o (D) e pan s
g5 s Ses 5 6ol ey 02 6)‘:‘.];'5 Jolame 14 S

Figure 9. Interaction of deficit irrigation in irrigation method on total yield.

Ao



Oy o2 g diold o Jas loww!

ooy Cow gl 5L Aoy Av Ol 15K
Aiy SalS Osk LIS s des ) ool
2 2o Ao TV w5 Sles 5 )
G pas SIS (gdos £V0 Ll s Of G s
Bl 5338 @ Sam U5 e ol st O
oS olleS Sl eslial OF gl O 58
s Ol s s ol BB A A Ol pen

S Ol S Slial g (JE ) DS 50 53 s

Jjg.l».& u,:,.hls Q}.L: "‘""j:"L;‘ 9 o> )\J.§J:.';U

LS"I CLuﬂ )\%cbwtjh}wcdw

S skl gla ey ml L S ol s
(YE 5T 00 08) 5l Sl Sals

1.Advali, B. and Golain, B. 2011. Citrus.
Novin Pouya, Tehran. 172p. (In Persian)

2.American  Society of  Agricultural
Engineers (4SAE). 2001. Soil and water
terminology. Michigan. 21p.

3.Camp, C.R. 1998. Subsurface drip
irrigation. A Review. Transactions of the
ASAE. 41: 5. 1353-1367.

4.Chalmers, D.J., Mitchell, P.D. and Van
Heek L. 1981. Control of peach tree
growth and productivity by regulated
water supply. Tree density and summer

pruning. J. Am. Soc. Hort. Sci.
106: 307-312.
5.Davis, S. 1967. Subsurface irrigation.

Agr. Eng. 48: 654-655.

6.Edlin, F.E. 1970. Mechanical subsoil
irrigation. Arizona State University.
USA. 173p.

7.Esfandyari, S. 2015. Citrus irrigation
instructions. Agricultural and Natural
Resources Research and Education
Center of Jiroft. Pp: 8-12.

8.Farm note. 2007. Citrus irrigation.
Department of Agriculture and Food,
Waroona District Office. 275:0-21.

9.Fok, Y.S. and Willardson, L.S. 1971.
Subsurface irrigation analysis and design.

M

I 5 5 A

Jlesl &5 3> 0L Jrassy ol Sl Jols bt

Slatls Jsb hos 4 il o olileS
shiss Deopat ple 2T Jseld o
s Ses Al e L;)LJVS Oeeeas )
dos A S e olaleS A8 a3 1) Ol pes,
R KPS VW P VR COUUI I B
355 4 1y SV Jpams 3 Sas ol 5L Ao s
SApS sy Ay sl S b s sl jolan
Ghoss Yo L e a5 o]
4 s 3 Shes Ghoys YV 5 b 2L e
355 2 e Sl e (gl ki oL
SoleleS Jlasl Jol> z=E bl s b

J. Trrigat. Drain. Eng. 97: 449-455.

10.Ganji Khoramdel, N. and Keykhayi, F.
2016. Comparison of growth and yield
changes of pistachio seedlings in the
transition from surface irrigation to drip
irrigation in Saveh. J. Water Res. Agr.
30: 1. 39-49 (In Persian)

11.Garcia, I.F., Duran, V.H., Hernandez,
A., Salguero, A. and Fernandez, J.L.
2011. Improving Almond productivity
under deficit irrigation in semiarid
zones. Open Agr. J. 5: 56-62.

12.Golabi, M. and Akhond Ali, A.M. 2007.
Evaluation of increasing pressure
head on water movement in dry soil by
vertical installation of subsurface
leaky pipe. J. Agr. Sci. Nat. Resour.
14: 5. 216-225. (In Persian)

13.Kazemi Nejad, A.A., Kargar, A., Kargar,
H., Sadri, S., Dehghan, S., Ghazanfareyan,
V.A. and Kebreyayi, H. 2007.
Investigation of the effect of subsurface
irrigation on the development of
halophytes in desert areas using clay
pipes. Forest Range Q. 9: 74. 88-94.
(In Persian)

14.Levy, Y. and Syvertsen, J. 2004.
Irrigation water quality and salinity



WAV (F) ko (Y0) s (ALS S5 (slasirg iy & puld

effects in citrus trees. Hort. Rev.
30: 37-82.

15.Martinez, J. and Reca, J. 2014. Water
use efficiency of surface drip irrigation
versus an alternative subsurface drip
irrigation method. J. Irrig. Drain. Eng.
140: 10. 301-309.

16.Mohammadi, A. 2000. Investigating the
possibility of changing the irrigation
system from surface to substrate and
determining the impact of the system on
the early splitting of fertilized pistachio
trees. Research Report of the Pistachio
Research Institute. Pp: 13-18. (in Persian)

17.Morgan, K.T., Zotarelli, L. and
Dukes, M.D. 2010. Use of irrigation
technologies for citrus trees in Florida.
Hort. Technol. 20: 74-81.

18.Najafi, P. and Tabatabaei, S.H. 2007.
Effect of using subsurface drip irrigation
and ET-HS model to increase WUE in
irrigation of some crops. Irrigat. Drain.
56: 477-486.

19.Nasseri, A., Babazadeh, H. and
Nakhjevani, S. 2011. Drip discharge
selection based on soil moisture
distribution analysis. J. Water Soil Resour.
Conservat. 1: 1. 29-42. (In Persian)

20.0mima, M., Sayed, E. and Mohamed,
E.E. 2014. Evaluation of ultra-low drip
irrigation and relationship between
moisture and salts in soil and Peach
(Prunus Persica) yield. J. Am. Sci.
10: 8. 12-28.

21.Piri, H. and Parsa, M. 2016. Quantitative
and qualitative study of forage sorghum
at different levels of salinity and

AY

irrigation water in subsurface drip
irrigation system. J. Water Res. Agr.
30: 4. 467-482. (In Persian)

22.Qiang, C. 2016. Regulated deficit
irrigation for crop production under
drought stress. A review. Agron.
Sustain. Dev. 36: 3. 0-21.

23.Quinones, A., Folgado, C., Bacab, U.,
Alcantara, B. and Martinez, F. 2010.
Water productivity and fruit quality in
deficit drip irrigated Citrus Orchards.
P 33-58. In: Teang, S.L. (edi). Irrigation
Systems and Practices in Challenging
Environments. Rijeka, Croatia.

24 Rangrizi, S., Bahrami, H.A., Kiani Rad
M. and Shoja Addini A. 2016.
Evaluating the performance of bio-
composite pipes as a subsurface
irrigation method in culturing Panicum
(Panicum Antidotale). J. Water Soil
Resour. Conservat. 6: 1. 33-46. (In Persian)

25.Ruiz-Sanchez, M.C., Domingo, R. and
Castel, J.R. 2010. Review. Deficit
irrigation in fruit trees and vines in
Spain. Span. J. Agric. Res. 8: 2. 5-20.

26.Sedaghati, N., Hosseini Fard, S.J. and
Mohammadi Mohammadabadi, A. 2012.
Comparing effects of surface and
subsurface drip irrigation systems on
growth and yield on mature Pistachio
Trees. J. Water Soil. 26: 3. 575-585.
(In Persian)

27.Siyal, A.A., Siyal, A.G. and Hasini,
M.Y. 2011. Crop production and water
use efficiency under subsurface porous
clay pipe irrigation. Pak. J. Agri. Agril.
Engg. Vet. Sci. 27: 1. 39-50.



