Beyplian J. Desert Res,, 56, No.2, 333-346 (2006)

DETERMINATION OF OPTIMUM WATER
REQUIREMENTS FOR TOMATOES AND SQUASH
UNDER ARID CONDITIONS AT EL-MAGHARA
REGION, EGYPT,

Seidhom, S.H. and Evon K, Rizk
Soil Physics and Chemistry Department,

‘ Desert Research Center, El-
Matareya, Cairo, Egypt.

h.is yvork is.an attempt to clarify the effect of irrigation
‘ llmlmg, dripper discharge and their interaction in
improving water use efficiency and water economy of
tomatoes and squash vegetables under arid conditions of
El-Maghara, North Sinai Governorate, Egypt.

The study was conducted in strip split design with
three replicates. The treatments include: {wo irrigation
times (quarter and half hour daily) and two GR drippers
with discharge of 4 and 8 liter/hour.

It is suggested to irrigate tomatoes and squash
vegetables with half daily hour irrigation timing by GR
dripper with 4 liter/hour discharges. These management
gave the best water use efficiency (9.12 and 1.62 kg/m?),
water economy (7.37 and 147 kg/m®), investment ratio
(1.44 and 1.16 LE/ILE) and raised Beneficiary factor (Bf)
by about 77 and 89 % for both tomatoes and squash
vegetables, respectively at the same conditions should be
carefully evaluated to the studied area. Meanwhile, there
are some profitable treatment in the experiment could be

adopted with lower gain.

irrigation timi ipper dischar h, water use
Keywords: irrigation timing, drippet discharge, lomatoe.s, squas i i
efficiency, water economy, crop coefficient, environmenta

stress coelficient.

Suitable water for irrigation is a scarce commodity nowaldayséljelrlnrizljll;;?nésr
~ 1 % of the global amount of water as 2 who‘le. ]SO, “i Tultivaleé e
irrigation systems had been urgent especially in lfeb!ne\ﬁsc i anrllhize
which have problems in providing waler for ql.ﬂﬂ' ¢ il B 1
Under these conditions there are two in?pm.mm-dnec“fll’ds’ greenhouses  for
techniques of modern cultivation . like nl.llSCryTl:e O o is the micro-
establishing either fully or semi-atomized systems.
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J
techniques in operating these systems wilh_hi'ghgsl level off‘ii;fiiglencdles as 1o
oet at least two goals; conservation Pflhe Ilm.ne d;(;;rce [o ;a’n getling
the highest beneficial use of water In produ.cmg.. I Aeren] (-:roprs ]\3 }HIEans of
enhancing the water-use efﬁciency.. .ln ['hlS dnem}on hlsd\\or . has been
designedhas {o predict the micro-irrigation {echnique under gleenhpuses
conditions as to achieve the former goals under El-Maghara experiment
ato and squash crops.
found that the seasonal consumptive use of

station, middle of Sinai on tom
El-Gindy ef al. (1991) .
phe and 226.0 mm under a soil moisture

water by squash were 267.0, 2424 . . )
tension of 0.35, 0.45 and 0.55 bar, respectively. The previous studies on

these crops show that crop coefficient (kc) value_s of fomato were 0.64, 1.03,
1.48 and 0.73 during vegetative, flowering, fruit set and fruit development
stages, respectively (Andre and Churata, 1992).

Several investigators conclude that water use efficiency and water
economy increased with decreasing the amount of irrigation water,
increasing irrigation intervals and by adding organic matter (Doorenbos and
Pruitt, 1984; Doorenbos and Kassam, 1986; Allen er al, 1998).
Environmental stress (Ks), which resulted from soil waler shortage, low soil
fertility, or soil salinity, can cause some types of plants to accelerate their
reproductive cycle. Local research and observation is critical 1o identify the
magnitudes and extent of these adjustments (Rana et al., 1996 ; Allen ef al.,
1998).

This work is an attempt to clarify the effect of irrigation timing,
dripper discharge and their inferaction to improve water use efficiency and
water economy of tomatoes and squash vegetables.

MATERIALS AND METHODS

The current work was carried out inside semi-closed (2 months close
and 2 months open) green house in the Agricultural Experimental Station of
the Desert Research Center at EL-Maghara region, about 90 km south of El-
Arish city, north Sinai Governorate during season 2004,

The meteorological station is located inside the experimental field site
whoge altitude is about 200 meler above sea level, at latitude 30°35" N and
longitude 33°20" E. Meleorological dafa for (he § years (1999-2003)
(Table,la) were collected to compute polential evapotranspiration (ETO)

rates by Penman-Montei : . sk
(Smilh? 1992) j‘m onteith equation using CROPWAT, software version 5.7
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TABLE (12). Meteorological data of | - . '
N w (1999-2003). EL-Maghara region during 5 years

m Max. | Min. | Avgoair) Relative | Wind [Sunshine
| temp. | femp. | temp. | humidity speed unshing

Total Solar ETo
ag og e hours rai adiati 2
Month | ey L €O | CC) | %) | tanmn | ) o} r;:;;:::(;n b
o | 2185 | 728 | 1456 | 8329 | 837

~Veb, | 2225 | 742 | 1483 | K15 770 | 657 | ol2 | 223
b 22 %50 : S0 | 777 | 820 | 697 0.16 261
“apr._| 3032 | 1001} 2021 | 7269 | 899 | 960 | o0 o 063
May | 3370 | 1123 | 2247 | 7533 -

84) g
Tune | 37.82 | 1261 | 2522 | 7799 0 1 05 026 6.24

757 12 6¢

ﬂ 40,80 13.60 2720 77.80 627 12 4(; gg((; 2?7.2 ?i 417.2
Aug, 42,39 14.13 28.26 77.84 631 11.40 000 0.28 697
 Sep. | 40.02 13.34 26.68 78 02 575 10.60 0.00 0'27 5.78
L Oct. 35,50 11,83 23167 78.53 7.04 9.30 409 022 4.55
Nov. | 3313 | 1104 [ 2209 | 7639 | 722 | 780 | 8 016 3.50
Dee. | 2903 | 968 | 1935 | 7702 | 666 | 700 | 1353 | 014 264
Amnual | 3272 1 1091 | 2181 | 7800 | 738 | 965 | 4455 | 022 482

['To = polential evapotranspiration

w/m = walt/m*

TABLE (Ib). Metcorological data of EL-Maghara region during the
rrowing period in 2004 season.

Max. Min,  |Avg. air| Relative | Wind [Sunshine| Total | Solar
Flements| temp. temy, temp, | humidity | speed | hours rain  {radiation kYo
(C) ¢O) | O | @ kmmn| ) | (mm) | (e (M)
Jan, 22.11 740 14 76 83 25 834 7 80 663 013 226
I'eb. 22 40 7.6 15.01 8027 179 823 6 85 013 266
Mar, 25.69 8.64 1717 79 68 816 8 50 375 022 3 66
Apr. 3085 11,12 20.99 73.12 893 970 112 023 531
May 33.14 12,15 22.65 7613 8 89 1113

055 | 025 623
June | 3791 1266 | 2520 | 7800 | 757 | 1250 | 000 | 02% 716 |

July | 4069 | 1372 [ 2721 | 7763 | 636 | 1238 | 000 | 027 724 |
Aug, | 4284 1512 | 2898 | 7825 | 638 | 1120 | 000 | 026 | 697 |
ETo = potential evapolranspiration w/m= watt/m’

The physical and chemical characteristics of the studied soil site are
recorded in tables (2a and b). The relevant physical and chemical properties
of the soil of the experimental site were determined according (o Richards
(1954). The soils are non-saline and non-alkali. Soil texture is sandy having
(5.29 10 5.40 %) w/w available moisture, ‘ . _

The study was conducted in strip split design in which three replicates
for each treatment were used. The experiments include two green houses, the
area of which is equal 330 m* (55 x 6. m) each. The tr‘cu.lmc'nls mf:‘ludc: m?
irrigation times, quarter and hall hour daily by drip irrigation system with
GR dripper with discharge of 4 and 8 liter/hour.
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TABLE (2a). Some physical properties of the soils selected for
experimenial work.

. Particle size — —_— Moisture  [Available Infiltration
Sl distribution % I‘cxiurcll"rl_'.clc llu!!( Porosity 0'}" ¢ content (%) soil rate
depth |=—— e olie densitydensity (%) malter Field [Wilting] water [
(em) [CoarsqFine| o, Clay] =~ |( fem’)(glem?’) (%o) - em/MHClas

sand [sand capacity| point (%)

0-30 | 0.36 P32138712.56] Sand | 2.64 | 1.56 | 4091 | 0.33 9.93 | 4.56 5.37

30-60 | 0.82 92673 064)2.87 Sand | 265 | 1.59 | 40.00 | 0.37 9.87 | 448 539

60-90 [ 089 P2 11[3.71[3.29] Sand | 263 | 158 | 39.92 | 034 | 1041 | 471 | 540 |3367/YeY

90-120 | 045 P3.552 893,11 Sand | 264 | 1.55 | 4129 | 039 | 991 | 462 | 3529 Ripid

120-150| 135 P277293]295| Sand | 261 | 157 | 3985 ] 032 | 1005 | 4.68 5.37

TABLE (2b). Some chemical and physico-chemical properties of the
soils selected for experimental work.

Soildepth | CaQ; | pll | E.C Soluble cations (me/l) Soluble anions (me/l)
(C!“) (“/u) il parie (dSlll-l)

Ca” | Mg™ | Na* K' '€

0-30 341 | 735 | 240 | 670 | 330 | 13.50 | 031
30-60 375 | 744 | 241 6 34 345 [ 1381 ] 029
60-90 382 | 751 | 240 | 6.61 341 13,67 | 034
90-120 358 1768 ] 238 | 6350 | 334 13.75 | 025
120-150 366 | 773 | 2306 6.48 348 | 1337 | 027

s (NCos| so” | cr
120 | 7.01 | 1580
1.87 | 747 [ 1475
1.95 | 7.12 | 1496
134 | 727 | 1523
1.65 | 6.58 | 1537

olo|le|o|leld

Seeds of tomatoes and squash were sown in lines on January 15" and
April 15", 2004. The distance between the lateral tubes were one meter,
drippers and plants were half meter each other. All plants received the
recommended doses of organic (chicken manure 20 m*/fed) fertilizers, once
in each season. Mineral fertilizations were applied as NPK of (100 kg N/fed
& 50 kg P;Os/fed & 120 kg K,0/fed) and (50 kg Nffed & 50 kg P,0s/fed &

120 kg KZ_O/fed) for tomatoes and squash respectively, as fertilizers every
two irrigation times.

At the Erlldd of growth seasons, both crops were harvested on May 25
and August 23"°2004 for fomatoes and squash, respeciively.

The chemical analysis of irrigation water (Table, 3) was carried out using the
standard method. The analysis, revealed that the water is highly saline with

med!umlsqdiu.m contents, i.e., Cy S, water (Richards, 1954). The amount of
applied irrigation water is shown in table (4).

To determine the actual wale
measured by tensiometer, while

th

I consumption soil moisture tension was
asu moisture content was determined by
weighing method and hence the actyal cvapotranspiration was calculated by
the following equation according to Doorenbos and Pruitt (1984):

E'I‘a=(M.z%-M.;%)xdhxDxIODO |

Where :

ETa = actual evapotranspiratjon (mm),

M., = Moisture content afier irrigation (%)

M.; = Moisture content before irrigation (%)

dy = Bulk density of soj| (g/cm), I

D = Active root depth (0.5 m),
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TABLE (3). Chemical analysis of the irrigati
atio '€ * e
research station. gation water of El-Maghara

E.C. &
Season |pll S.A.R T.D.S

(ppm
. ppn._|mmhos/cm pm) Ca” M| Na' [ K [coTiicoJso T o
ppm |142.7032 §541 209 38[12.9(203 2 |82 31137
winter 77096144 463 | 6.49 2859 86|epm. |7 12[19.1303 530240 43| 3 33 114 2132 06)C. S,
% 14238 2747 020 8[0 86 | 6.66 28 4064 08
B ppm. [266 3[155 7H69.4(85 6| 105|783 4| %%
summer|7.3p19563] 499 | 565 [2803.97 e
cpm |13 20[12.8120.41[2.190.35 |12 84 |13 113242 >

Units Soluble cations Soluble anions

Class

L L 1 : - % [27.29P26.3041 91H.50{0 72|26 35 26.91}46 02
S.A.R = Sodium adsorplion ratio, ~ T.D.S. = Total dissolved solids,

per million,  ppm = part per million

epm = equivalent

TABLE (4). Irrigation water applied of tomato and squash crops grown
under green house at EI-Maghara region.

Tomato Squash Tomato & squash
(m’/fed) (m*/fed) (mm / day)
Treaiments Time hour & emitler iro o iment Time hour & emitter | Time hour &
discharge discharge emitier discharge
Quarter|] Half Quarter} Half Quarier Half hour Quarier| MHalf
hour | hour | hour | hour hour i hour hour
Nonth | 4Vh |81/ ]| 4Vh | 8Vh | Month |41h 81/m | 41/ | 8 1/h |4 1/h(8 I/h|4 1/h{8 V/h

Jan 108.0 [216.0] 2160 | 4320 Apr 108 0[216.0[216.0]4320]1.71]3.43|3 43]6 86
Feb 208.8 {417.6] 417.6 | 8352 May [2232]446.4]4464]8928]1.7! 343|3 4316.86
Mar 2232 |4464| 4464 | 8928 Jun 216 0432 0{432.0] 864 0]1.71]3 43|3 4316 86
Apr 2160 [432.0] 432.0 | 864.0 Jul 1737|446 4|446.4[89281.71]3 43|3 43]|6 86
Nay 108.0 [216.0] 2160 | 4320 | August 936 |1872]1872]374.4]1.71[3 43|3.436 86
Annual | 864.0 [17280] 17280 3456 0| Anuual [8640[1728 017280 456 0]1.71{3 43]3.43]6 86

At the end of the experiment, all plants were harvested and yield
recorded. Data were statistically analyzed according (o Sne‘dr:acpr and
Cochran (1989). The water us€ efficiency was ca!cui_ated b?’.dl\«’ldln%g‘}‘]c
crop yield by the amount of seasonal f«:.vz.\p.olransplrahon. (Gn‘iapEa, 1 3)i
The water economy was calculated by dividing the crop yield by?}‘ ¢ HTOL:]‘I
of water added as kg/m® (Talha ef al., 1980).. Tl?e crop coell) lcnenl r::ﬁ,si
calculated by dividing the acmal.evapmransplranor: (ETa)(1)9’7§;)eT1:e
evapolranspiration (ETo) .accordang to ;Yajotncd Lb[y (jcri\;idino the. ke
environmental stress coefficient (Ks) was C? Cl:sair’l’[ion (ETe) :ccording =
evapotranspiration by maximum crop evapotral pira

Allen et al., (1998). The beneficiary factor (Bf) was calculated by dividing

irati lied irrigation water (Diw) as
the actual evapotranspiration by the apph Ry

i io (IR) =
reported by Allen et al. (1998). The investment Ratio (IR)
Input LE = costs (Rana ef al., 1996).

@ 2006
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RESULTS AND DISCUSSION

Crops yield

Table (5) shows the obtained daf
and squash, with different irrigation tre
increase for tomatoes and squ
with substantial differences b
drippers discharge of 4 L/hr
the yields proportionally,

a of the tested (wo crops; i,
atments. The data reveg|
ash fruit yield by increasing irrigation lime,
chween treatments. The Yield increase With
at 30 minutes daily, bul higher rates decreageq
Therefore, the highest values of fomatoeg and
squash fruit vield were associated with half hourly irrigation with cIischarge
of 4 liter/hour. These resulls arc in agreement with lindings of EI-Gindy ¢
al. (1991), Andre and Churata (1992) and El-Nagar (2002),
TABLE (5). Effect of irrigation time and dripper disch
interaction on tomato

. lomagg
4 S1gnifican

arge and thejr
and squash yields grown under

green houses at El-Machara region.
————~—ajaidregion. @~ 000 .
) Tomato yield Squash yield
Time houor d}::ll:‘ll::e kgfareen kg/green
TR kg/plant lh : kg/fed kg/plan( P hg/fed
10Use house
_—“—%-——..__ﬁ_-—__*_—ﬁ_—‘—___h—*__
Quarter 4Vh 0.86 517.30 6207.60 0.15 87.46 1049.52
BT e ol B i
hour 8 Ihr 1.39 83120 | 997440 0.30 178,24 2138.88
—»________________ﬁ__
Average 112 67425 8091.00 022 132.85 1594,20
il 41/h 1.77 1061 40 12736.80 0.35 21228 2547 36
alf hour —— ]
8 l/hr 1.51 904.70 | 1085640 0.31 188.14 2257.68
| S .| ot
Average 1.64 983.05 11796.60 0.33 200,21 2402.52
Time * 1639 .63 ok 27631
L.S.D. 0.05 Discharge ns 106977 Kok 161.74
Interaction *% 756.32 kkk 114.35
ns = Non signific

ant,

* = Significan af 0.03,
ignificant at 0,007

** = Significant at 0.01,

*k% = g

Actual Evapotranspiration (ETa)
Table (6) shows that there
consumptive use of water by
decreasing irrigation time and d
difference between freatments;
with %4 hourly application rateg
data reveal some findings as fol]
a- Increasing water application,
4 to 8 L/hrat 15 Minutes (
104 % for tomato
for squash than to;

is a significant decrease for waf.ef
tomatoes and squash crops associated W'_”‘
rippers discharge. There is also a substantial
the lowest valyes of ETa were associated
daily with 4 discharge of 4 liter/hour. The
Ows;

so ETa valyes (T
aily) incre

and squash res pe
mato for inc

able 6) by {wo folds (from
ase the yielded crops by = 60 % and
ctively, this impress higher response
reasing irrigation water at this level.
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TABLE (6). Effect of irrigation time and dripper discharge and (heir

Treatments| Time hour & Emitter discharge [Treatments

™ Jan__| 534 | 561 | 567 | 762

interaction on water consumptive use of tomato and squash

crops grown ur:der green houses at EI-Maghara region.
Tomato, ETa (m'/fed) Syuash, ETa (m*fed)

Time hour & Emitter discharge
Quarter hour Half hour
4 1/h 8 1/h 41/h 8 1/h

¢ Apr 819 | 1342 [ 1418 | 1493
Feb 2010 [ 2399 | 2570 [ 2741 | Mav 1966 | 3737 | 3776 | 3429

Mar | 2200 [ 4205 [ 4362 [ 5039 | Jun | 2142 4208 T 306 | 7724
Apr | 2155 14297 14300 [7522 | Jul | 2206 | 4390 3553 [ 6553
May | 1027 | 2148 [ 2055 [ 3037 | Awgust | 917 | 1802 T1807 T 2265
Annual | 7946 [ 13611 (13962 | 19100 | Annual | 8071 15539115700 1 3350 5

Quarter hour Half hour
Month 4Vh S Uh 4Vh 8 I/h Month

2799 * Time 2292 *%
L.S.D.0.05] 5132 % Discharge | 1449 *ea
L 3629 e Interaction| 102 3 g
* = significant at 0.03, ** =signilicant at 0.01, *** = gignificant at 0001

b- Using the same amount of irrigation water, which resulted in almost the

same ETa values (with 8 L/hr at 15 minutes and 4 L/hr at 30 minutes), the
yields increased by ~ 28 % and 19 % for tomato and squash respectively
by increasing irrigation time. This behaviour indicate the importance of
irrigation management under modern irrigation systems as the shorter
time of water application could cause large shape of water cone under the
cultivated plants than the large time. So, it is suggested that these
conditions will oblige plants to consume more energy to enlarge their
roots as well which could be reflected on somehow weak shoots growth
compared with the lower rate of water application.

¢- Doubling the water application (from 4 to 8 L/hr at 30 minutes daily),

d

which in turn, gives two folds, ETa values increase by 37 and 50 % for
tomato and squash respectively. However, this trealment gave
considerable decrease in crop yields by = 15 % and 13 % for tomato and
squash, respectively. This behaviour could be attributed to the high
leaching rates. which accumulate the nutrient at a far distance from the
plant roots. Therefore, much more energy will be consumed to benefit
from the leached nutrients, which could be reflected in smaller shoots
growth than the moderate rates of water application.
Statistical correlation values between: a- applied irrigation water, .b-
consumed water and crops yield of tomato and squash gave polynomial
relations; . .
Tomato yield (kg/fed) y = 20.0024x*4+12.206x (1.W.A.m"/fed)-2538.8
r=0.884** R™=0.7816
Tomato yield (kg/fed) y = -0.0079x + 25.689x (ETa m’/fed) - 9223.9
r=0.886%* R’=0.7847 ) .
Squash yield (ke/fed) y = -0.0006x" + 3.0439x (LW.A. m/fed)=1135
(=0.943** R’=0.8886

Egyptian J. Desert Res., 56, No.2 (2006)
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000018+ 4.2735% (ETa mYfed) - 168 5

r0.950*% R™ 0.9033

12 & Tabulated r-value at 0.05 = 0.353 and at 0.01 = 0.684

Squash vield (kg ted) »
Where: N

The polynomial equations show that the .ET:‘. :ulurr's are  better
correlated to the yields in comparison to the applied irrigation water for
tomato and squash. Itis important to note that if we interpolate the inflection
pointon the polynomial curves (the highest r value) it gives the following;
1= About 11800 kg fed with using 1700 m*/fed of ETa values for tomato and

2300 kg fed with using 2000 m*/fed of ETa values for squash.

- lmigation management by decreasing the rate of water application by
doubling the time of application (from 15 to 30 minutes) with the same
amount of irrigation water gave actually high yields than interpolated
with polynomial curve. This may indicate that even with this predicted
value the irrigation management could enlarge the benefit from this
amount of water with increasing the time of application. So, the expected
vield by this assumption could reach to 15000 kg/fed and 3000 kg/fed for
tomato and squash, respectively,

The crop vields corresponding to mean ETa values as extracted from
the relation are 16 ton'fed and 3 ton/fed for tomato and squash, respectively
which are in agreement with the findings of Doorenbos and Kassam (1986).
Similar trends were obtained by EI-Gindy er al. (1991), Andre and Churata
(1992) and El-Nagar (2002),

Water Use Efficiency of Crops (WUE)

.D.n:n presented in Table (7) reveal (ha the highest value of WUE is
associated with irrigated time, half daily hour with discharge 4 liter/hour.
This management strategy gave the best Water use efficiency of 9.12 and
1.62 ke m for both tomatoes and squash vegetables, respectively given the
same conditions in the studied area. i
TABLE (7). Water use efficiency WUE and water economy (WEco) of

tomato and squash crops 8rown under green houses at El-
Maghara region,

7 | ’_\Tumiilﬂ Squash
- Time hour | Fminer discharge T
! l WUE kg/my? WEco. kg/m? WUE kg/m® | WEco. kg/m’
| 1y BT

| Quarter hour }'—'—-l—h_._ 781 718 130 121

| | 51 <

g——.ﬁ*___,l_._ﬂ'___nhMQJ___ 577 I 38 124

| Average 75

a [ am | — 24t o Lt

L 1aif bour |!—"_“_'——“—- 12 737 1.62 147

\ 8 Ih s T————|

‘- 7 L _,___:‘ﬂ‘____ 3 0.96 (065

! Average 740 _____:(____

——H—-ﬁ-—_____—h_.__________ 526 1.29 1.06
’__'_—-—\_p_-
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Table (7) shows the WUE data from tables (5 and 6) for ET
and the corresponding values of tomato and squ
the following notes:

I- Doubling ETa values under 15 minutes
drippers, the WUE v
by = 6 % for squash.

2- Using the same ETa values by 8 L/ for 15 minutes and 4 L/hr for 30
minutes the WUE values increased by =

_ =24 % and 17 % for tomato and
squash crops. This indicates how we can manage the irrigation systems

under similar conditions and achieve more beneficial use from a unit of
walter consumed.,

Doubling ETa values by using 8 L/ instead of 4 L/hr for 30 minutes
daily gave the lowest WUE values overall the tested {reatments,

a values
ash crops. The data reveal

application with 4 and 8 L/hr
alues decreased by = 6 % for tomato while increased

From this
parameter, 1t can be conclude that despite the relatively high yields

corresponding to these treatments, the net benefit from per unit of water
consumed is very low compared to the other freatments. Similar trends were
obtained by El-Gindy er al. (1991), Andre and Churata (1992) and El-Nagar
(2002).

Water Economy of Crops (W. Fco.)

The same trends for water use efficiency were observed in table (7) for
water economy. The highest value of W. Eco. is associated with irrigated
time, half daily hour with discharge 4 liter/hour. These managements
strategies gave the best waler economy of 7.37 and 1.47 kg/m® for both
tomatoes and squash vegetables. respectively. Similar trends were obtained
by Allen et al. (1998) and El-Nagar (2002).

Crop Coefficient (Kc¢) of Crops

Data presented in table (8) reveal that significant increases for crop
coefficient of tomato and squash crops have occurred by increasing
irrigation time and drippers discharge. This indicates that if crop yields are to
be used as parameters o the efficient use of water, there the Kc values for 4
I/hr dripper with 30 minutes are the most acceptable values for application.
Similar trends were obtained by Doorenbos and Kassam (1986); El-Gindy er
al. (1991); Andre and Churata (1992) and Allen et al. (1998).

TABLE (8). The best crop coefficient of tomato and squash crops grown
under green houses at EI-Maghara region.

Tomalo Half hour Squash Half hour

Month 41/ Month 41/h
Jan 0.40 Apr 0.42
Feb 0.79 May 0.47
Mar 0.92 June 047
Apr 0.64 July 0.47
May 0.55 August 047

Annual 0.66 Annual 0.46

Egyptian J. Desert Res., 56, No.2 (2006)
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Euvironmental Stress Coefficient (Ks) '

Environmental stress coefficient (Ks) is used as a reduction factor for
planting and is useful in estimating the irrigaflion n_eeds ofc'mps. (Table 9y,
also shz)\\'s data for soil water limiting conditions, Ks < 1. Where there js no
soil water stress. Ks, = 1. o

The data reveal that the best treatment in water application (4 | hr for
30 minutes) which results in 16 and 31 %o of water being saved for lomato
and squasﬁ crops, respectively after recalculation. Similar trends Were
reported by Rana er ol (1996) and Allen ¢ al. (1998).

TABLE (9). Environmental stress coefficient (Ks) of tomato and squash
crops for the best treatment grown under green houses af
El-Maghara region.

Toniaky Szc;;tslin FAO lla!:\ﬁnur Squask Séol:ljn J FAO J ll-.nl]f\I:nur ?

Mouth |ETo mm/day B 4Vh \onth m:"l;:‘ I: - ! 41h :
JFin, 236 040 | 099 Apr. 53t | 0so | oss |
Feb. 266 080 | 099 May 623 | o070 | o067 |
Mar. 366 100 | 092 June 716 095 | 050 |
Apr. 531 113 036 July 724 073 063 |
May 623 075 0.73 Augusl 697 060 0om |

Annual 402 082 084 Annual 6 38 070 j (69

FAO Ke = crop coefficient from FAO book. ETo = potential evapotranspiration
Beneficiary Factor (Bf)

Data in table (10) show that the beneficiary factor (Bf) increases by
decreasing irrigation time and drippers discharge. Table (10) also shows the
calculated Bf values for all treatments. The data indicate clearly the
beneficial water use by the three lower water application treatments than the
highest one of § I/hr for 30 minutes. So. (he resulting Bf values for this
treatment are more or less quite close, while those of the last treatment are
very low indicaling over-use of water application (o produce sufficient vield
crop.

TABLE (10). Beneficiary factor (Bf) of tomato and squash crops grown
under green houses af El-l\lnut hara region.

. Tomato Squash _
Freatments | Time hour & emitler discharge Treatments | Time hour & emitter discharse
Quarter hour Half hour Quarter hour Half hour
Month 4Vh | 8Vh [ 4vn | s Month dh | SUh | 40n | Shh
Jan, 051 | 026 | 036 018 s 076 1 062 | 066 | 035 |
Feb, 096 0.57 062 _[l"ﬁ_ﬁ___.\‘;m» 08s 0 ‘\;; 085 061
Mar. 099 0.94 098 056 June 099 097 0 Gy 080 |
Apr. 100 0.99 100 087 Juhy T 1 (.]('] 090 1 00 TI—T—"'—
May D95 ] 099 | 100 | 070 August 098 | 0% 097 | v6l
Annual 0.88 0.73 077 | 033 Annual | 0 l):_. 088 089 0 r'w-]_:
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This may be attributed to the reduction amounts of water percolating
under shorter irrigation time and low water discharge compared with water

less for the treatment of 8 L/hr for 30 minutes. Similar trends were stated by
Allen eral. (1998) and El-Nagar (2002).
Economical Assessment

The economical evaluation of the experimental findings in any
research is of great importance depending on the net return of such
treatments, which could guide the farmer to use it, or not. The values of
investment ratio (IR) are illustrated in table (11). The data reveal the
following notes:

I- The highest IR value for the overall treatment is the application of 4 I/hr
for 30 minutes for both tomato and squash.

2- The similar amount of total water but with high application rate (4 I/hr for
15 minutes) gave somehow sufficient (IR) value for tomato, while loss
with squash.

3- The two extremes of treatment for both crops seem to be inapplicable
depending on the lowest IR values resulted from them.

It is suggested that irrigating tomatoes and squash vegetables with
irrigation time, half daily hour with dripper discharge 4 liter/hour (1643 and
1847 m'/fed) could gave the best values of investment ratio (1.44 and 1.16
LE/ILE, respectively) under the same conditions. However, more work
needs to be carried out to determine accurate results for other conditions.
TABLE (11). Input and output items of tomatoes and squash crop

grown under green houses at EI-Maghara region.

Economical items

Tomato yield

i Squash yield
é M i Quarter hour Half hour Quarter hour Talf hour
z S
> ABMpemaT b | stm | 4um SUh | 4Uh | 8Uh | 4Uh | 8Uh
land preparation, LE/Aed 30 00 30.00 30 00 30.00 30 00 3000 30.00 3000
“"““"“"I"gf;f‘"l“ season). | oo oo | 1000 00| 1000.00 | 1000.00 | 1000.00 | 1000.00 | 1000.00 | 1000.00
Jed
Seeds, LEAed 50.00 50 00 50 00 50.00 50 .00 50 00 50.00 50 00
Cultivation, LE/fed 3000 | 3000 | 30.00 2000 | 3000 | 3000 | 3000 | 30.00
Irriaation, LE/fed 21600 | 13200 | 43200 | 86400 | 21600 | 432.00 | 432.00 | 864.00
Organic Fertilizer. LE/ed | 20000 | 20000 | 20000 | 20000 | 200.00 | 200.00 | 200.00 | 200.00

Mineral Fertilizer, LE/ed | 100,00 | 100.00 | 100.00 | 10000 | 100.00 | 100.00 | 100.00 | 100.00
Weed Control, LF/fed 3000 | 30.00 30.00 30.00 30,00 | 3000 | 3000 | 30.00

List of Input

Pest Control, LE/fed 30 00 30.00 3000 30.00 30.00 30 00 30.00 30 00
I.abors Costs, [ F/fed 30 00 3000 30.00 30.00 30,00 30.00 30.00 3000
Machines, LE/fed 30 00 30.00 3000 3000 30.00 30.00 3000 30.00
Fuel, LF/fed 30 00 3000 3000 3000 3000 3000 | 3000 | 3000
-Il:ar\ esting, LE/fed 40.00 10 00 40 00 40.00 30.00 3000 30,00 3000

Crop Transport, LE/Aed 3000 30.00 30.00 30.00 30.00 30.00 30.00 30.00

Rent (on season), LEAed 150,00 | 150.00 | 150,00 150.00 | 150.00 | 15000 | 150.00 | 150.00

Total Input, LEAed 19060 | 22120 | 22120 26410 | 19860 22:12.0 2:.!“2_40 2()-."14 0
Yicld, kg/led 6207 60 | 9974 40| 1273680 | 10856 40 | 1049.52 2138.88 | 2547.36 | 2257 68
kK .:.5:. Price, LE/Kg 025 025 025 025 1.00 1.00 I_OO 100
2' .-:_.' Total Price, LEMed 15519 | 2493.6 | 31842 27141 10495 | 21389 2:4714 2257.7
mF Net Income, LE/fed 4441 | 28100 9722 70.10 03648 ] 63512 | 34536 | 376 32
Investment Ratio, LE 0.78 113 1,44 103 0.53 0.97 1.16 0 86
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CONCLUSION

It is suggested to irrigate lonmlqcs and_ sthflshl Vege-;ab.les with
irrigation time, half daily hour by GR dripper v:nlh dllsc;grge 4 l.ller/hmm
The irrigation rate was intended to be arqund 2 liter/p adnl ay,k ]]g; type of
management gave the best wate}r use efficiency (?.12 an l.6d2 | %/m ), Water
cconomy (7.37 and 1.47 kg/m’), investment ratio (1.404 and .16 LE/ILE)
and raised beneficiary factor (Bf) by about 77 and 89_ /o for both tomatoes
and squash vegetables, respectively at the same conditions. More research

needs to be done to confirm these results.
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