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Introduction

Optimizing the use of water resources is inevitable due to water shortages in agricultural areas.
Pistachio gardening has been an attractive agricultural activity for several decades in Iran. Given
the limited water resources, areas under pistachio cultivation in arid regions are not economical
due to low production. There has been a continuous trend towards application of efficient irrigation
systems such as pressurized subsurface drip irrigation methods, but their complexity and high
initial investment, make them less suitable for small scale and scattered owners. This research
describes the field performance of a very low-pressure subsurface irrigation method which has
been introduced before (Dastorani et al., 2010). In this subsurface porous pipe irrigation system,
water is delivered directly to the pistachio tree’s roots via perforated PVC pipes covered by plastic
textile sleeves. The feasibility of this system has been demonstrated for irrigating pistachio
orchards. They compared the effect of traditional (surface) irrigation and such subsurface irrigation
method on crop yield and annual growth traits. Their results showed that subsurface irrigation
method had relatively higher performance than the surface method. To accurately design such a
system, it is necessary to assess the time variations of irrigation parameters including lateral
infiltration g (leakage flow rate per unit length), local water pressure along laterals Py in terms of
input water flow rate I, and pipe orifice density n, as it is the subject of this research.

Methodology

In this novel subsurface irrigation method, water is delivered directly to the plant through
perforated lateral pipes. The applied input water pressure is very low (less than 0.1 bar). The
perforated lateral pipes are covered by woven propylene sleeves and are preferably buried in the
sandy bed. In this method, PVC pipes with a diameter of 63 mm are perforated on four sides. The
orifices (holes) diameter is 6 mm and their average density is n (10 or 27) orifices per meter of pipe
length. This system can be treated as a porous pipe but containing finite macroscopic orifices.
These lateral porous pipes are laid down in trenches that are 40 to 50 cm deep with a suitable width
and are drilled on both sides of each row of trees at a distance of 70 to 100 cm from the trunks.
Water flows from the main network into the laterals and through the orifices, and then passes
through the fabric cover (seeps) into the sandy bed or soil and finally into the root zone. In order
to evaluate the temporal dependence of local water pressure, line filling time (Teg), the irrigation
process of five similar plots was carried out for different input water flow rates. To measure and
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compare water pressure at the beginning (Psm), middle (P2sm) and at the end of laterals (Pagm or Pso),
transparent and graduated tubes (as manometer) were used. After water flow reached the mentioned
points, the local water pressure was measured in consecutive time intervals (see Fig 1).

Results and Discussion

The input water flow rate to subsurface porous pipes (If) was in the range of 1.6- 3.75 lit/s. The
filling time of the pipeline (Trr) was proportional to its length (Ltr ) and orifice density (n), but it
decreases as the input flow rate enhances. The local water pressure was measured along five pipe
lines having 50 to 60 m length and 10 to 27 orifice density. The results indicate that local water
pressure increases with irrigation duration but decreases along the pipeline as an exponential decay
function in steady state condition (t=5Ter ). We found that the water head (at the inlet) varies from
33 cm up to 76 cm as input flow rate enhances. Given the power low of pressure and discharge
(leakage) rate relationship (Zamani and Fattahi, 2019), it was revealed that the average of discharge
rate per unit length (gav) varies from 27 mlit/s.m up to 75 mlit/s.m as the input flow rate increases
from 1.6 up to 3.75 lit/s irrespective of the orifice density in the range of 10 to 27. Finally,
decreasing the input flow rate down to 1.6 lit/s leads to the desired irrigation distribution
uniformity.
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Fig. 1- Time variations of local water pressure along the lateral porous pipes measured in: (a) Plot 1,
(b) Plot 2 under study. Triangles, squares and circles symbols are the measured results, while
straight lines are linear regression.
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Conclusions

In subsurface irrigation systems, the crop water requirement is distributed in the proper depth
and the amount of evaporation is significantly reduced. In perforated pipes of novel subsurface
irrigation system, water is delivered directly in the root zone of the plant. The perforated lateral
pipes are covered with plastic clothes and are buried on both sides of the row of trees. For the
precise designing of such a system, the relevant hydraulic and irrigation parameters should be
determined. This field research showed that the pipe filling time increases with orifice density but
decreases as the input water flow rate enhances from 1.6 to 3.75lit/s. Furthermore, local water
pressure decreases exponentially along the pipe line, but enhances with irrigation duration and
input flow rate. The results of the discharge-pressure equation (power low) showed that the
discharge rate of water from the laterals increases in the range of 27 to 75 mlit/s.m and is
proportional to the input flow rate to the line. However, it does not depend on orifice density in the
range of 10 to27. Therefore, in designing this irrigation system for the tree row length of 50 to 60
meters (common length) the use of pipes having lower orifices density (maximum 10 orifices per
meter length) with the input flow rate of 1.5 liters per second is recommended.
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Fig. 1- (a) Cross section of porous lateral pipes and tree’s row, (b) the layout of porous pipes in the
bilateral trenches of tree’s row.

SALl 5 53 1915 gt (5 55 318 Camog (2 9 UL 58 L35 91915 13 Sdlgd o 4o alado (Slod (M- JCh
Ol s Lady Bk 98 Hd ol >

<— Manifold

<«— Valve

<— 90mm pipe

T
©
g

<—Lateral

b P25m

Lyg=50-60m

< P48m
< P5om

FY S % % % = % ¥ - 5 meam
P X X X X ¥ X & ¥ %
A > 3> 3> 3> B> > B> > B> W
2> 3> 3> 3> > B> > B> > B>
PICE & X % % X X % X =% 5

=
@
=4

Fig. 2- Schematic of porous pipes network and monometers positions in the subsurface irrigation
system under study.

gl b Job 38 by g 3L (i Jowo 9 1815 gt  oeba ) (ol T s 55498 4Cad Slod Y S



49

Ab—ﬁ\/dp\fd JL.«:\ c‘)ufﬁ )92

ST (kg 5 sk

(35 0)93 y pio ko YYD (505 9 e b) pio o Voo 290>
Gos p SB (SK38 Glasuie )8 8 Slae obsl 5y
dallae cov glacgbl o e gl Ye=Fe g o il Yoo
2 LTR a3 @y Job ool sl 23 (V) Jgda o
ol 23 2 () Jsb) s Frog 00 sl claogbl
b (5So3ll ol p geihie &5 Ly gl (Sl
s ool 2 Qu ol Cindy ja ) 01d @y o o2
0 bl 05y VO ()bl 493 5 doyd B0 A LIS S
Ol e (Gilear w35 Sbsyl )bl Cog m e p 1
W bld I VO - byl (620 00 sy o (bl (sl Y
CuiS ) o b g sl lss Bk 2 )l] oS Mos
el U8 ploj e bl al 2 g e EL
b (< M) Jgl yislejl bl oo conts TIR= Qu /it talay),
pso Ltalel 5 a5l 2 I YIVO Il A Las o 4y (5399 (20
b (4 ) pow ialesl 5 4l 2 YIVO (0 b (99 &)
5 plsl 2 YV o L (F o) el ool 5 YV
ool 5 20,5 el 2 VE 05 b (D) oty ialel
Hlosd g3 (V) Jgio 53 dbgiye
2 oles ool rdse Jlad Sloj (Stly )] pskaton
4 ysde O gy olel SnlB (sdgyg Of 0 4 bs
bl > Of Ui auglio g (gySojll gl 0 plosl 5 2%
¢ (Psom & Pagm) dg) bkt clasil g (P2sm) Lwg ¢ (Psm)
ol (ogile olginy) syt e gpde g Blad oSl
baoil ) ol Lid 683e bIE 4 ol gl sy 3l o g

2235 6 Sojlul Jlgie 5 (pme Soj

oS olacis, sl b aslyay clf causy o 4y (6359 O s
s (13l 5k plojen o alayd) Bsdce )l Glojar
O ol aie o 51 Jlio ssbar el s L5 IS,
@ ML plojen b a9 WSk 4l ) Ve Lo
390 slp g 29wl 4l p I VIO lgls g pa 4 (639
S il 3 5 455 ) 53 4 y55he (3 leien e b
4l p i VEY 4 Jlde ol s (o )ll lojen Cndy s
@ el plo gy J3 2 4 @95 (20 5 Mo L2
Lug bies & Glid o8 by alels ol o bl
o (rdge L A1 35 o (cu) bratle S S 5le 5950
3 ,Lis) Px lgls g b Jsbs > (Local water pressure)
o 4 53905 o (0 & s (s lnd 5 X alobiay (sleas
i) A Dol b Ll 4 oSl g b 5 i
Slel 95 3 olos 4 orizen 9 (o] Casby 9 SBcdl
b e bl 4 gl ey olej )l (K 5 T i,
adbie sl 5w cuS Tor (Sady olef) Ay
5 Sy oloj g ks m ol 5 OF rdge )b ol
(Local (45} Jsb 15 J| sl <Sial) @ sl oo
Doty opl jd &S Lk wlie sbeascus leakage rate)
ol 2285 1B gy )90 e (ul 3o L)l sl
) o 55 05 L] Slacoshly > 555ie cslosiolly imsy
5 s 5 4w g 30°49'07.1'N 55'43'47.3'E clazses |y 63
ailate )3 a8lg (30°44'40.0'N 55°53'39.5°E cilaises b iy
VLo (S b KiS 5 pF ol b orindy Jlad 5 3

Wl cov GGl 18 B T b Olaskie -1 Jgi>
Table 1- Soil physical characteristics of the plots under study

Plot number  Soil depth (cm)  Sand (%) Silt (%) Clay (%) Texture
1,2 0-30 67.4 14.4 18.2 SalL
1,2 30-60 59.9 16.7 234 SaCL

3,4,5 0-30 65.9 12.7 21.4 SaCL
3,4,5 30-60 63.3 14.3 22.4 SaCL
ke cov sghl 5o ST S ol -V Jau>
Table 2- Irrigation parameters of the plots under study

Plot Ltr n Qw If Tir Tee
number  (m) (h/m) (lit) (lit/s) (s) (s)
1 50 10 7500 3.75 1000 78

2 50 10 7500 2.25 1660 198

3 60 27 7800 3.12 1250 122

4 60 27 7800 2.1 1850 355

5 60 27 7800 1.6 2500 380
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Fig. 3- Time variations of local water pressure along the lateral porous pipes measured in: (a) plot 1,
(b) plot 2 under study. Triangles, squares and circles symbols are the measured results, while
straight lines are linear regression.
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Fig. 4- Time variations of local water pressure along the lateral porous pipes measured in: (a) plot 3,
(b) plot 4, plot 5 under study. Triangles, squares and circles symbols are the measured results, while
straight lines are linear regression.
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Table 3 —-Determined parameters via regression the local water pressure at t=5Trr in the plots under

study.
Plot I¢ 5Ter Qw Po c R?
number  (lit/s) (s) (lit) (kPa) (103 /m)
5 16 1900 7500 3.3308 6.315 0.986
4 2.1 1770 7500 3.902 10.56 0.999
2 2.25 1000 7800 4.6 15.4 0.96
3 3.12 610 7800 5.199 17.2 0.997
1 3.75 390 7800 6.746 15.59 0.99
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Fig. 5- Variations of local water pressure Px, along the lateral porous pipes measured at t =5Ter in
plots under study with different water input flow l¢, as indicated. Symbols are the measured results and lines
depict the exponential decay function regression analysis.

Sl Gl £9,5 31T =5Tpr Sloj 30 X 1915 dgl b (SIAbI 3 dhold s g ¢ P ST (mogo s Ol i —0 TS
&6 Ogaw 55 oglas 9 ouls (6 8 031051 polie dvdles . I 58 ¢ Ir oud Laskin b 20 b adlllae coxi (Sl

-

O——T—T—T7T T 1T T T T T 7

F t=5T, I.=3.75 lit/s

f

[=2.121it's  1,=1.6lit/s

f

2ol I,=3.12 lit/s]
w B i ]
2t [.=2.25 lit/s]
=t |~ ]
560 T~ -~ E
% .‘n._‘\ ]
= - — - !
= - — — -
D40 e =~

= | ----—— ]
= i ————-. 3
'2 _Dllc ------------------- -.-
= AR SR T T PP p
gaor

— L

=]

o
[=:]
o

10 20 30 40 50
Distance from lateral inlet x (m)

Fig. 6- Variations of local water leakage q , along the lateral porous pipes x , measured at t = 5Tpr in
plots under study with different water input flow rates It , as indicated. Lines depict the power low function

regression analysis.
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Table 4 — Determined leakage parameters at t=5Trr in the plots under study

Plot n If a A=na Qav Aq/qav Q1av
number (h/m) (lit/s) (mlit/s.m) (%) (mlit/s)
5 27 1.6 0.61 16.47 26.7 19.1 1
4 27 2.1 0.77 20.79 35 31 1.27
2 10 2.25 2.51 25.1 45 37 45
3 27 3.12 1.08 29.16 52 50 1.93
1 10 3.75 3.44 34.4 75 37.5 7.5
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