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Abstract: Irrigated torripsamment have several constraints that could be alleviated using natural or artificial soil 
amendments. A field experiment was carried out in sandy soils to investigate the effect of natural amendments applied 
as a subsurface thin layer on water use efficiency (WUE) of squash and the distribution of moisture, salts and roots in 
the root zone. Treatments consisted of two rates (0.5% and 1%) of bentonite (B), rawdat deposits R, organic matter (OM) 
and I: 1 mixture ofB+OM and R+OM. Squash fruit yield (tonlha) was generally higher in the sub-surface drip irrigation 
treatments and the increase was 121.8% to 187.3% more than the surface drip in the different treatments. The highest 
squash yield was found in the mixed treatment (B+OM, 0.5%) followed by (R+OM, I %), whereas the lowest yield was 
obtained in the B (I %) treatment alone. WUE was increased in the subsurface drip irrigation treatments over the surface 
drip and the increase varied from 119.4 to 183.5 %. Results showed that salts were concentrated close to the surface layer 
in the subsurface drip treatments while it concentrated mostly in the wetting front and around the dripper in the surface 
drip treatments. Soil moisture and root distributions in the root zone were closely related to the rate and the location of 
the applied amendments. They increased in the treated layer particularly under subsurface drip irrigation. The study 
concluded that management practices which include subsurface drip irrigation and the subsurface applications of natural 
deposits have high potential for improving WUE and the distribution of soil moisture,· salts and roots in the root zone 
area of the irrigated torripsamment. 
Keywords: Torripsamment, water use efficiency, surface drip irrigation, sub-surface drip irrigation. 
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122 125 1.32 19.85 1.08 15.92 SOl 
173 175 1.42 21.15 0.82 12.07 SOIl 

~~I';..IUIt-" B) S 0-<> 1:1 ~.b~ BO, SO,uL..:.,J)I~:S '~~';..IL.. : o '~fo.:B 

(% I ) ~L..:.! I.S~ : II ,(%0.5) ~L..:.ll.S~ :I 
~1.b....i:LJ1.. )l.. (:, t.:i.:. ~I ~.b....i:LJ1.. )1 j WUE 1J~I j ';..IL)I ~ _ _.e,?..) _ -.e,? _ ,J _ - . 

. i'~)'1 J:.h:J1 2 JJ~ t;aU 

0.01 I.S~ ~ LCD & J,.laJl 

o4-J\ t'1~\ i,.liS ~ 

(.j.;ll ~ 
A.1.1.a...J1 

W)Lala...J1 x t..S.)I ~ :Jclilll 

0.131 
0.39 

t..S~ ..J#

1.251 
3.765 

t..S~ ..J#

"~Iu...b.ll" .L)I ."-11 'l:i:, ' 1 . - _L .. .II
':? - • ':? '-F-:r= I.S~ ~ u. ~ .....-

~~~~..)w~~~l~I~lu~ 
ut.:::: ~I~ ~I J L>.'~)I e,?~1 ~ ~I 
dlj " (3 t<") - L ... 11 ~ .b....i:LJ1 ~b" L...........:. I~ I~,J v--"" ~ _ ':? _. ~ 

Uh.:.... t} ~I~1,J..rl1 UL.;.l' ~~I0=~1 ~1..)1 
t} ~UI.h.i..::.. .;..)~ ';..Il:>':' ~ dlj u.L....... ~ ..),Jl;.JI..)l....!.:i....;1 

l..b.iIl j 1~1 JI ")1 1.1:" ti.oWI ~I~ u...b.llt _ U""'"" _ ~~,J _ . 

. ~~u......:..... 

~ EC(dS/m)()l.~It-=':''''':;~1.:U (3)J,J~I~~ 
~I ~;;.JI uo l .;. i ~ .;..)wl,J ..),Jl;.JI ..)l...!:....:.l Uh.:.....0 

~I,J ~t.::::..o ~~ ..I..p.-,J..)I ~t.:J1 ~ .(~L.. 1: ~;; 1) ~ 
t} ..lAWI Uol.....o t} ()L..~I ~I;; u..ll.:, ~ ()L..'l'1 t=':',.,:;J 

ti.ol.....o ~ (dS /m 8.9 -3.75 ~ ~,JI;; EC) ~I';~I 

~~I t} EC ~ ..:.Ul!>,J ~I~~~ 1.S.rl1 

J,p. EC) T~ ;; e.g';' "0 (;;s1) f'-'"" 15 ..)I,p.~) ~I 

4:..::...,.,.u1 ~ ';..I~j~)L.. t-" (1.05 - 0.70 ~ (,JI';;:;.b.i:J.1 

t=j,.,:;JI [j~ ._Dl~..;..! JI ~t.:J1 ~ .J.l:J1 JI.h:. [..)~ 4i 

.(%19.5 ~~)I ~) ~I~~4 e,?)1 ~b t} 

t} ~I."...... (%1) ~~I';..IUI t-" .b,.,w,1 ~~I Uol.....o t},J 

'-F~)I e,?~1 ut.:::: ~I~ ,J1 ~I~4 e,?)1 

- 1.04 ~ ~",.b.rll ~ ~,JI.;-:; ~ (...~ ~~..>-" 

.JI,.,:;JI u-k e,?)1 'E"U:.:. 0-<> JS t) %15.2 - 2. 1 ~,J %14.7 

U<-h]1 ........... 1,J)~I~~L..:.l'I·'L.o..l,u ~'t.:J1 .t-" _ __ ~,J 

~ .L)I.l:.h . T "b "<"/..:.Ut.:::: - L ... 11 ~.b....i:LJ1.. )1.-:r= .r..):!oJ .....-- I.S~I _. 

.b......i:uJ1..• I.S..>-'II ~..) l..i... .bJ1 ..)~I.u..b..:......, . ~..)~I _ C;-" ..),J . ~ _ 

.b,.,w,1 ~~I ti.ol.....o ~ u)L..WI ~, ..:.Ut.::::,J ~I 

dlj ~,>:,J .(%1) ~,).I~;;.JI (1:1) ~~~I';..IUI t-" 

~UI .l:.h ~~~I ';..IUI,J ~I,J)I ,;..)"u ..)1 ~L.....l ~ 

~..)..1 ~ u.L,..:.,J ~~U~ ~14..)..1 e:...o dlj~,J 
%95 ..)1 uL..:.,J)1 ~,J ~~I ~ (%SP) ~U4 ~I 

j .L)I -"- II . I L.o..I 't.:J1 . - .JI _"II I~ %74 _ L>.'-:r= e,?~ u _ ~ ~ ~ -.s- ,J 

u......:..... Jil ..:..:.t.:::: uL..:. )1 U<.b Uol.....o j .bJ1 L..!.:UI ~. ,J _ _ ..),J. ..) 

0-<> ~~1 ut.:::: w)t.:::: ~,J ~~I Uo~ (:'..)l:il4 ~~ 
~,J ~I~4 e,?)1 (:'..)t.:i.:. ~,J ,ti.oWI ~ ~;;.JI 



108 

. C)~I..l~.J..,...:J1 r""Y' ~4.:.) ~~I.J ~I 

(dS mol) EC C:ll4S'I~ji ~.jb}1 % 
J-li 
i'""" 

'llA1..a.I.1~.::w.JI~1 ~I~I ~.::w.JI~1 ~I~I 

.)~ .b..uJ ~ .)~ .b..uJ ~ .)~ .b..uJ ~ *.)~ * .b..uJ *~ 

7.00 

0.85 

0.80 

8.90 

1.05 

0.85 

3.75 

0.70 

0.70 

0.59 

0.60 

0.73 

0.82 

0 .78 

0.73 

1.65 

0 .84 

0.67 

0.84 

4.74 

5.38 

1.21 

4.90 

7.64 

0.64 

4.41 

4.93 

5.32 

5.02 

7.05 

4.99 

5.42 

5.00 

1.83 

4.82 

5.24 

~ 

15 

30 

.aL.!J1 

2.80 

0.80 

0.95 

6.10 

1.20 

0.75 

4.50 

0.65 

1.20 

1.90 

1.20 

0.80 

1.85 

1.05 

0.90 

1.70 

1.10 

0.55 

0.94 

4.97 

6.73 

0 .82 

6.87 

4 .71 

0 .81 

4.72 

5.92 

4.49 

4.95 

4.86 

3.76 

6.40 

1.91 

3.42 

4.32 

5.03 

~ 

15 

30 

BI 

7.85 

1.75 

0.60 

17 .5 

1.60 

0.65 

1.30 

1.15 

0.65 

1.35 

0.80 

0.90 

1.30 

0.80 

0.80 

5.70 

0.90 

0.75 

4.06 

5.51 

7.13 

3.27 

6.55 

6.91 

3.46 

6.92 

6.45 

5.61 

6.95 

9.35 

6.25 

6.13 

6.82 

5.43 

5.88 

5.65 

~ 

15 

30 

BII 

2.55 

1.90 

0.60 

4.10 

1.55 

0.65 

6.65 

1.40 

0.85 

3.50 

0.70 

0.55 

0.80 

1.25 

0.70 

3.30 

0.95 

0.55 

4.48 

7.27 

5.28 

2.87 

6.76 

5.08 

1.41 

7.04 

4.73 

4.36 

5.17 

4.09 

5.59 

7.78 

4.54 

4.32 

7.79 

5.65 

~ 

15 

30 

SI 

4 .80 

0.72 

1.05 

2.80 

1.20 

1.05 

2.80 

1.35 

1.00 

4.85 

1.40 

0.84 

0.88 

2.80 

0.90 

3.30 

1.30 

0.84 

4.14 

6.23 

5.20 

3.98 

8.38 

6.32 

4.14 

6.92 

6.14 

4.36 

5.17 

4.09 

5.59 

7.78 

4.54 

4.32 

7.79 

5.65 

~ 

15 

30 

SII 

6.90 

1.30 

1.25 

8.80 

1.25 

1.15 

1.70 

1.54 

0.90 

3.90 

1.70 

0 .85 

3.90 

0.80 

2.10 

3.45 

0.90 

0.95 

2.49 

8.15 

9.60 

2.67 

6.86 

8.14 

4 .51 

6.96 

7.86 

3.80 

9.60 

8.05 

1.88 

5.04 

14.6 

1.87 

4.79 

9.38 

~ 

15 

30 

01 

1.30 

2.05 

0.90 

7.10 

4 .25 

0.75 

9.85 

2.00 

0.70 

0.90 

1.75 

1.05 

1.75 

1.30 

0.80 

0.80 

0.75 

0.65 

2.17 

10.1 

5.5 

3.43 

19.5 

5.53 

1.64 

5.41 

4.77 

4.47 

6.19 

5.78 

5.10 

5.67 

5.28 

4.60 

6.41 

5.82 

~ 

15 

30 

on 

8.75 

1.85 

1.55 

4.05 

3.35 

1.80 

2.70 

1.15 

0.95 

1.60 

1.05 

0.80 

3.55 

1.10 

0.52 

3.75 

0 .65 

0.65 

1.74 

10.5 

6.37 

1.18 

11.7 

8.05 

2.98 

7.33 

5.96 

4.83 

12.4 

5.24 

1.32 

5.03 

5.50 

3.34 

5.19 

5.64 

~ 

15 

30 

BOI 

6.20 

1.35 

1.60 

8.70 

1.80 

1.65 

9.80 

1.65 

1.60 

0.79 

0.79 

0.59 

3.15 

4.60 

3.16 

5.75 

1.50 

1.05 

3.40 

11.3 

7.38 

2.10 

15.2 

10.6 

2.74 

8.11 

7.70 

5.01 

6.22 

6.31 

4.32 

14.7 

11.7 

1.04 

5.22 

6.57 

~ 

15 

30 

Ball 

5.10 

0 .74 

0.90 

2.65 

1.80 

1.50 

3.35 

0.65 

1.75 

1.25 

1.40 

0.90 

1.20 

1.35 

0.85 

1.20 

1.35 

1.05 

0.79 

5.88 

7.77 

1.02 

6.98 

7.89 

3.31 

5.23 

10.6 

5.10 

9.54 

6.54 

5.89 

7.54 
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4 .87 

6.81 

6.82 

~ 

15 

30 

SOl 

2.15 

1.75 

0.65 

1.55 

1.05 

0.62 

3.70 

1.90 

0.60 

3.25 

2.20 

2.32 

1.85 

3.25 

1.50 

2.40 

1.50 

1.45 

4.24 

10.2 

5.14 

3.68 

7.59 

5.10 

0.70 

5.23 

5.96 

2.69 

8.37 

4.92 

3.85 

9.33 

6.02 

3.26 

6.46 

7.69 

~ 

15 

30 

SOIl 
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