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Table 1. Physical properties of soil

SB Gos S il o) o Cdow Cadyb 55 (i Cugh, SO dali )3 (9 Cugb
Soil depth . ’ Clay Sand Silt <=ly; il
Soil Texture
(cm) (%) (%) (%0) FC (%) pw (%)
0-30 w9 11 73 16 16.7 8.6
Sandy Loam
30-60 e pd 7 79 14 278 6.7
Silty Loam
0 e po)
60-90 Sandy Silty 21 65 14 23.7 14.3
Loam
SB &S Ologad -F Joua
Table 2- Qualitative characteristics of soil
fd L uEs o]
S ses ol T - e - oo en o
) . - [RC b [RC b bl bl Cla bl Cds B
Soil depth oSSl & S = =M - - = =
m) pH K CuU Zn Mn Fe
G EC (dS/m) OC (%)
mg/kg
0-30 6 7.3 0.98 19 250 0.72 1.38 14.28 6.52
30-60 3.9 75 0.72 16.5 300 1.52 1.3 10.18 10
ol (S Sluogad Y Joo
Table 3- Qualitative characteristics of water
o g O e, S G = sl 3lgo
paadS e i eawly Ol ) CWew A0 . .
Ol 2w o S o1 55 Jolomo
Ca®* Mg* Na' K' €O cCI HCO;4 50,2 SAR pH EC TDS
Meq /| dS/m Mg/
5 4.2 4.6 - 0 3.6 2 7.8 2.14 75 1.3 830
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Table 4- Emitters classifications based on the coefficient of manufacturing variation (CV) (9)

OBaoykE gy Chlu Clmiicups  gauaidb
Kind of emitter Classification
CV <0.05 Nl
Good
0.05< CV<0.10 b
labais Medium
Point 0.10< CV <0.15 % b
Rather bad
0.15< CV Jo8 e
Unacceptable
CV<0.1 NS
Good
ok 0.1<CV<02 bogie
Linear Medium
0.2<CV 4 b

Rather bad
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Figure 1- Schematics of sampling points in the soil profile
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Figure 2- Examples of emitter clogging by tree roots (berry shrub rose)
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Table 5- Pressure points examined (bar)

. . B, . (HL) s 58 Ayl dliel j5 HJUid Wl puti o yd
255 o (EY] o311 blas : il
- )’OL;:;I‘: y I;:e)ia‘fmeei: f:nie;t oints Pressure (bar) Percent change in pressure along the lateral
3 POINES "1390 1391 1392 1390 1391 1392
el 28 25 23
Beginning
bl 5l pgw S
1
o - Efrom the beginning 25 21 L7
sl k) 8 20 20 30
First row lateral Il 5l pou 93
g from the beginning 25 2 17
e 2.2 2 1.6
End
ual 28 25 23
Beginning
1ol 1 pous S5
1
L s 5 oy = from the beginning 24 2.1 2
PR ) 2 3 21 28 21
Fifth row lateral 1) jl pgw 33
2 - 2.2 1.9 1.8
3 from the beginning
ke 2.2 1.8 1.8
End
. 27 24 23
Beginning
1ol 5l pgus S5
1
) - Efrom the beginning 25 2 L7
oD indy (£ g 22 21 30
Tenth row lateral Il 5l pgus 93
g from the beginning 22 19 16
ke 2.1 1.9 1.6
End
sl 27 23 23
Beginning
bl 5l pgw S
1
) . = from the beginning 2.6 2.2 2
o5k ) (29 A 3 15 17 9
Fifteenrow lateral lal 5 pgms 93
2 - 2.4 2 2
3 from the beginning
ke 2.3 1.9 2

End
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Table 6- The parameters measured in total 4 selective laterals and their evaluation with clogged emitters

I PR EP I o SIS
Jho e Ay ke e s b sy o
Year Place of latral . Evaluation Evaluation Evaluation
(lit/s) (cv) (cu) (EV)
Beginning manifold Unacceptable Fairly good Fairly good
Ayl gl I pow S
L;l,p|4,<,,',:; . G Gl .
1390 1 L. 4 15 2 80 =5 74 =5 [
3 from the beginning Weak Good Fairly good
manifold
g ghal ) pgus 90
holaas o ot e
2 o 4.1 13 e 89 e 82 e
3 from the Beginning Weak Good Good
manifold
End manifold Weak Fairly good Fairly good
el 3.9 15 Cisnd 80 = 745 w9 b
Average Good Fairly good
holies dy) s 42 18 ot S 75 o Lo 68 ignd
Beginning manifold Unacceptable Fairly good Weak
Ay bl jl pge S
holaas e L ne
1 . 41 16 ot S 82 =P 77 29> Bl
3 from the beginning Unacceptable Good Fairly good
manifold
dg ghl ) pges 9o
holaas . " o
1391 2 o 3.9 16 o BBt 79 ~9 73 29> sl
3 from the Beginning Unacceptable Good Fairly good
manifold
End manifold Unacceptable Fairly good Fairly good
Oels 3.9 167 Josb by 78 o5 b 72 2> L
Average Fairly good Fairly good
holess 4y sl 28 19 5 Ly 7 o s 65 i
Beginning manifold Unacceptable Fairly good Weak
Ay szl pgw S
holaas o i e
1 . 3.9 16 ot S 80 = 74 29> B
3 from the beginning Unacceptable Good Fairly good
manifold
dos ) (gl il pous g ;
2 Jod LBy e g lans
1392 =fromth | 3.9 17 80 71
g romine uhe Unacceptable Good Fairly good
Beginning manifold
End manifold Unacceptable Fairly good Weak
05k 3.7 17.5 ot S 76 o5 ld 69 sl
Average Unacceptable Fairly good Weak
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Table 7- The parameters measured in total 4 selective laterals and their evaluation by removing clogged emitters
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Jlo =2 U9 ol = 5 O i b ERRY b s L3y
Year Place of latral Evaluation Evaluation ) Evaluation
(I/s) (cv) (cu) (EV)
holaas gl 42 13 Ciunds 89 s 83 cP
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1 o 4.1 13 e 90 m 83 m
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manifold
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manifold
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Table 8- Comparison of measurement parameters in Selected laterals in three years of experiment by removing clogged emitters
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First Second Third
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(CU) 815, cups 0pp 865 835 78
(EU) Ly (31685 2oy 80 76 71

Jgl 4 @93 Jlw P93 4 pgw Jlw Jyl 4 pgmr JUw
Second year to the first  Third year to second  Third year first
7 13 21
35 6.6 9.8
5 6.5 11
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Figure 6. Soil moisture at different distances and depths from the first to third year
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Table 9- Physical properties measured of tree over three years of experiment
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A Cond Cé 3 u?. G Tree height (cm) Trunlzcc::qa;meter Shadoweérr};/)lronment Shado(\ivnf)urface
holdon dg) 35 895
Tree row Selected tree
position relative on the row 1390 1391 1392 1390 1391 1392 1390 1391 1392 1390 1391 1392
to the manifold
Fh'blt 260 300 357 8.6 89 105 6.6 7.26 8.2 3.5 4.2 5.4
irs
s 230 280 340 6 79 102 5 53 6.1 2 23 296
o) Seventh
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L 201 220 280 51 68 83 49 49 55 2 2 241
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Table 10- Comparison of the average physical parameters measured and their changes in the three years of the experiment
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RPN STICRPINCRRN Year of experiment Percentage changes
Measured parameters Jo! 093 ol g Jl 93 4 P Jbo - Jyf e Jbw
. Second year to Third year to Third year to
First Second the first second first
iy el
Tree height 245 290 +15.5 +13.5 +34
(cm)
a5 a3
Trunk diameter 6.3 8.1 +28.5 +22 +57
(cm)
el Lo
Shadow environment 5.7 6.1 +7 +16 +24.5
(m)
Sl le mdaw
Shadow surface 26 3 +15 +33 +54
(m?)
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Figure 7- Water consumption depth in different months over three years
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Introduction: Subsurface drip irrigation is one of the sub-surface irrigation methods which, despite its high
costs, has become increasingly important today. The water distribution pattern is not visible in this system.
However, a survey on water distribution model allows it to achieve the expected pattern with the design and
operation management predicted. However, the mismatch of water distribution with a subsurface drip irrigation
system may be due to many factors such as pressure changes, changes in emitter production, emission sensitivity
to clogging, temperature effects and others cases are relevant, but hydraulic properties are the most important.
Evaluation of a drip irrigation system under field conditions is important in order to ensure uniform distribution
of droplets and to prevent them from clogging and uniformity of growth in the field. It can also be effective in
optimizing water use.

Materials and Methods: A study was conducted to evaluate the performance of the subsurface drip
irrigation and its effect on the growth parameters of olive trees in Isfahan province during 2010-2013. Therefore
a manifold system was randomly selected from the irrigation system and four emitter laterals were located along
it; one near the inlet, two near the third points, three near the two- thirds points and the fourth near the outer end.
Every year, the selected lateral pipes were uncovered and the water flow rates of all the emitters (108 emitters)
were measured to calculate average emitter discharge (gay), Christiansen uniformity coefficient (CU), emission
uniformity (EU), manufacturer’s variation coefficient (CV). To calculate the volume of water consumed,
potential evapotranspiration (ET,) was determined using daily meteorological data and by the FAO Penman-
Monteith method. Then, using olive crop coefficient (Kc) at different growth seasons for Isfahan region, the
amount of irrigation water was calculated based on plant water requirement. To measure the performance of
garden trees, In addition to 16 trees mentioned above, 32 other trees were selected from the other two semi-main
tubes and their yield was measured (48 trees in total). Soil sampling was carried out to study the moisture
distribution in the irrigation system at three points, beginning, middle and end of a sub-tube, 36 hours after
irrigation, and the samples were transferred to the laboratory to calculate soil moisture content.

The results of emitter flow rate measurements indicated that approximately 6 to 10% of the emitters in every
lateral were clogged. The reason for this was the rooting of the mulberry trees and rose shrubs, which were
planted sporadically among the olive trees. Hence, the foregoing indices were calculated for two conditions; with
and without the clogged emitters.

Results and Discussion: Considering the clogged emitters, the average values of three years of Q,,, CU,
EU, and CV indices were 3.8 Lit/ h, 78, 72 and 16.4 % respectively, and in the case of clogged emitters were
equal to 4 Lit/ h, 82.5, 75.5 and 15% respectively, and according to ASAE classification, the latter measurements
(i.e. excluding the clogged emitters) were evaluated as “acceptable. The moisture distribution profiles indicate
that the soil moisture has lasted to a depth of approximately 90 cm, and a higher accumulation of moisture was
observed at a lower depth due to the lighter soil texture in the upper layer (up to a depth of 60 cm) compared to
the lower layer (8% clay versus 21% clay). Also changes in moisture to a distance of about 70 cm from the
lateral in different depths is almost the same (the lines with the same moisture are parallel to each other), but
from this point on, moisture decreases. The effect of moisture radius was observed to a distance of 60 to 70 cm
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of the emitter. The results related to growth parameters indicated that in contrast to the data of the first year, the
average height, trunk diameter, canopy perimeter and area for the third year were 34, 57, 24.5, and 54% larger,
respectively. In the present study, the percentage of increase in height and diameter of the tree in the seventh
year of growth was 17% and 22%, respectively.

Conclusion: It is concluded that the olive trees have shown an increasing trend in vegetative growth under
the subsurface drip irrigation system. The average efficiency of olive water consumption during the three years
of the experiment was estimated at 0.4 kg/m®. Given that the trees were young this amount can increase under
good management conditions in the coming years. The evaluation indicators showed that the observed defects in
the design resulted from the three main factors of the design, implementation and incorrect use of the system.

Keywords: Emitter clogging, Field evaluation, Subsurface drip irrigation system, Water applied, Water
distribution, Water uniformity coefficient



