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his investigation is an attempt to clarify the effect of

agriculture systems, irrigation duration time, drippers
discharge and their interactions in green house to improve water
use efficiency of some vegetable plants (tomatoes and sweet
pepper) in an experimental green house unit located at El-
Sheikh Zuwayid Research station, North Sinai, Egypt.

The study was conducted in split-split-plot design with
four replicates. The treatments include: main plots as two
agriculture systems in slope basin: gullies and pillow systems,
sub-main plots as three daily irrigation duration times, i.e.; 12
hours continuous, 8 hours continuous and 8 hours intermittent
as 4 hours twice and by a constant rate of 10 minute/hour and
sub sub-main plots as two dripper discharges, i.e.; 8 and 4
liter/hour. The results were analyzed statistically. From the
experiments, the following results were obtaned:

There is a positive effect on number of fruits, plant yield
weight for both early and total yiclds, water use efficiency and
investment ratio by cultivating in pillow and by decreasing
irrigation duration times and drippers discharge, while negative
effect has been found with water consumptive use values for
tomatoes and sweet pepper plants. All parameters show highly
significant differences among used treatments. The applied
managements improved water uptake and water use efficiency
as well. The results of applying 4 hours twice daily comparing
to 12 hours continuous irrigation application (which is the
already used rate in the site) show water saving amounts by
about 20.5 and 29.3 % for tomatoes and sweet pepper plants,
respectively.

It is suggested to cultivate in pillow filled by peat-moss
under green house with twice daily-irrigation application by
times of 4 hours with 4 liter/hr dripper discharge under the
conditions of El-Sheikh Zuwayid.
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Maximizing agriculture production from the unit of cultivated land became
the main target of all agronomists to fill the gap between food supply and
demands of the ever increasing population. Hydroponics are recommended
worldwide as a tool for intensive farming and a technique for farming in
areas where crops cannot be grown due to poor soils, high salinity or other
reasons {Ali, 2004).

Hydroponics is often defined as "the cultivation of plants in water” or
soilless cultivation. By this technique the plants can mature faster, yielding
an earlier harvest for vegetable and flower crops. Hydroponic gardens use
less space as the roots do not need to spread out in searching for food and
water. Automation reduces the actual duration time it takes to maintain plant
growth requirements. Automation also provides flexibility to the gardener as
one can go for long periods of duration time without having to worry about
watering the plants (Howard, 1989).

Soilless cultivation of vegetables could be a good alternative to solve
several problems. Moreover, it has some further advantages related to the
improvement of plant growth, yield and earliness, especially in arid region,
where water is scarce commodity. It has the potential ability to reduce the
water consumption of crops to very low levels, not just because it eliminates
the normal loss of water by drainage and evaporation, but it is the only
method of agricultural production that can reduce water consumption to the
essential water loss through the leaves of the plants (Salman, 1995). Sen and
Sevgican (1999) reported that in countries like Holland, Japan, USA,
England, Canada, Germany and Belgium almost all of the protected
cultivation of vegetables is carried out by culture. Ymeri ef al., (1999)
demonstrated that culture of tomato is becoming traditional in the protected
cultivation of vegetables. The difficulty and cost of controlling soil borne
pests and diseases, soil salinity, lack of fertile soil, water shortage etc., have
led to the development of substrates for cultivation (Olympios, 1992).
Rodriguez (1999) evaluated tomato and sweet pepper grown in Argentina
culture so as to improve the investment decisions. The feasibility and
economic indicator such as net present value and internal return rate
indicated that sweet pepper production is economically more attractive than
tomato production. Tuzel et al. (2001) indicated that using closed system
could save up to 24 % of water and 34 % of nutrients compared to the open
system. Noguera et al. (1988) found that plants water consumption grown on
hydroponics was lower, and positively linearly related to crop
evapotranspiration. Ali (2004) found that water consumption of tomato and
sweet pepper growing in culture in Egypt is less than growing in soil. So,
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water use efficiency and water economy were greater compared to soil
cultivation.

Open cultivation in the study area lasted in soil for 120 days growth
season and gets 1680 m*/fed (14 m'/fed/day) for tomato crop with 19 to 27
ton/fed yield, while for sweet pepper it gets 1200 m'/fed (10 m*/fed/day) for
yielding 8 to 11 ton/fed. So, water use efficiency values were 10 to 12 and
1.5 to 3 kg/m’ for the two crops, respectively as recorded by Doorenbos and
Kassam (1979).

However, in the El-Sheikh Zuwayid experiment station of Desert
Research Center, some weak plant growth and production were noted,
despite the high doses of irrigation water. Therefore, there was a need to
determine the extent to which water application rates could be adjusted
under green house conditions especially when using the modest soilless
techniques of pillow and gullies systems in cultivation. The experiment was
planned on the basis of conserving the total water application and managing
the applied water rate.

This investigation is an attempt to clarify the effect of agriculture
systems, irrigation duration time, drippers discharge and their interactions on
improving water use efficicncy of some vegetable plants (tomatoes and
sweet pepper) under green house conditions.

MATERIALS AND METHODS

The investigation was carried out during the 2003/2004 season, in a
green house (double span) in the El-Sheikh Zuwayid experimental station of
the Desert Research Center, North Sinai Governorate, Egypt. This
experimental green house is 36m long, 18m wide and 3.25m in height.

The study was conducted in split-split-plot design with four replicates.
The applied irrigation system is drip irrigation with drippers having 8 and 4
liter/hour discharges with three irrigation application rates, i.e., a- 12 hours
continuous irrigation application (which is the resident rate in the site), b- 8
hours continuous irrigation application and, c- 8 hours intermittent irrigation
application in equal 4 hours, twice irrigation application. However, for all
methods, the time of application was 10 minute/hour. Two agriculture
systems in slope basins were used; gullies and pillow methods. Each basin
was filled with 60 kg peat-moss by means of 15 kg for each gully and
pillow. Table (1) shows irrigation water amounts of tomatoes and sweet
pepper crop grown under green houses.
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TABLE (1). Amounts of irrigation water for tomatoes and sweet pepper
crops grown under green houses at El-Sheikh Zuwayid region.

rrigation periods cﬁ;:;:;ise Liter/m” | m’/plant |Liter/plant| Liter / basin
° L/hrb /day /213 days /day / day
12 hours 8 16.00 0.84 4.00 384
4 8.00 0.42 2.00 192
8 hours 8 10.66 0.56 2.67 256
4 5.33 0.28 1.33 128

The drained water was recycled to be applied to plants; therefore, a
200 liters plastic tank was used for each basin for this purpose. The recycling
of drained water aimed to prevent rapid changes in nutrient concentrations.
The nutritional concentrations of irrigation water were daily fixed using 5 %
acid mixture of nitric and phosphoric acid (3 parts of HNO; + 1 part of
H;PQO,) at pH between 5.5 — 6.0 and EC between 1.8 — 2.0 dS/m. Two stock
solutions were prepared in two separate containers for compensation was
carried out automatically, as described by El-Behiary (1994) and Ahmed
(2003), table (2). The flow rate of stock solutions was adjusted to 2.5
liter/min.
TABLE (2). Some chemical properties of stock solutions.

N P K* Ca™ Mg S
259.6 35.0 300.0 160.2 50.0 221.0
Tank A ppm
Fe Mn B Cu Mo Zn
5.0 1.0 0.3 0.1 0.1 0.1
Tank B Calcium nitrate and iron

ppm = part per million

Tomato seeds. Lycopersicon esculentum, variety Samson and seeds of
sweet pepper, capsicum annuum were sown on foam cubes in November 10,
2003 and in December 25, 2003, respectively. Seedlings were transferred
after the cotyledon leaves were fully expanded. When seedlings reached
proper vigor, they were further selected and placed in the final place, made
of peat-moss culture media. Plant density for either vegetable crop was four
plants/m>. The nutrient solution was immediately circulated through the
basins and returning to the tank by gravity.

The greenhouse was divided into two parts. Each part has 6 tilted
basins, 1: 12 cm slope directed towards the middle of the greenhouse. Each
basin was 2.25 m wide, 12 m long, 50 cm apart containing 96 plants. Table
(3) shows some the chemical properties of the used peatmoss.

Egyptian J. Desert Res., 57, No.1 (2007)



WATER UPTAKE MANAGEMENT FOR SOME ............... 79

TABLE (3). Some chemical properties of the peat-moss used.

Culture media | pH fs‘/cn'l OMlca Nw | Pa| ke C/NJ
| Peatmoss 772 | 184 52282933 221 [ 048 | 081 [1327]

OM = Organic matter C = Carbon N = Nitrogen C/N = ratio

White and black polyethylene sheets, 200-micron thickness, 90 cm
wide and 12 m long were used to form either gullies or pillows. Four gullies
or pillows were placed on each elevated basin. To construct channels, the
polyethylene sheets were laid down. The white side faced the sand fills. A
rectangular galvanized frame 25 cm wide, 6 cm in height and 12 m long
were laid down on the polyethylene sheets. The sides of the sheets were
raised and turned around the galvanized frame then stapled together at one
edge of the frame. Plant holes were made in the middle of the formed gullies
or pillows.

The solution volume was measured twice a week and adjusted to a
constant volume by adding tap water (Table 4), Richards (1954) up to a
recognized mark in the tank. The amount of water consumption was
measured and recorded.

TABLE (4). Chemical analysis of tap water used for irrigation.

| e |
E.C. Soluble cations Soluble anions ‘\7
Total

RS.C|T.DS.

pH S.AR me/l | ppm Units Total Class
ppm. |dS/m Ca*™ (Mg Na* | K COTIHCOy | 8047 CF
ppm. |68.54)22.61|064.86|19.6]175.6] 0.00 | 257.46]54.75|114.9[298.38
7.3 602 10941 1.74 | -1.1 4739 {epm.| 3.42 | 1.86 | 2.82 10.50| 8.60 | 0.00| 4.22 | 1.14 | 3.24 | 8.60 | (1S
L ) % | 39.8 121.63132.79|5.81]100.0} 0.00 | 49.07 13.26|37.67] 100.0
pH =soilreaction  E.C. =clectrical conductivity ~ dS/m = deci Siemens per metre
S.A.R = Sodium adsorption ratio R.S.C. = Residual sodium carbon
T.D.S. = Total dissolved solids ppm = part per million epm.= equivalcot per million

It is important to note that both crops lasted in open fields about 120
days for each growth season, while under greenhouse conditions they lasted
for 213 days. At the end of the experiment the number of fruits, plant yield
weight and total yield of tomato and sweet pepper were harvested and
recorded respectively. Accumulative water consumptive use was recorded
using water budget method described by Cooper (1979). Water use
efficiency was calculated by dividing the crop yield by the amount of
seasonal actual evapotranspiration (Giriappa, 1983). Data were subjected to

the analysis of variance according to Snedecor and Cochran (1989).
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RESULTS AND DISCUSSION

Yield

Table (5) reveals a highly significant increase in number of fruits,
weight plant yield for early and total yield of tomatoes and sweet pepper
plants by cultivated pillows than gullies and by decreasing irrigation
duration times and drippers discharge. All parameters show highly
significant effect and highly significant differences among treatments.

For convenience, the highest values for growth parameters, yield and
yield components were commonly associated with agriculture in pillow and
daily irrigated 4 hours twice with drip irrigation dripper 4 L/hr, while the
lowest values were associated with agriculture in gully and daily trrigated 12
hours continuous with drip irrigation dripper of 8 L/hr.

These decreases with the excess amount of irrigation water could be
attributed to fast circulation of irrigation water through the saturated root
zone, which could result in minimizing the time of contact between the
solution and plant roots (circulation cycles in the highest irrigation rate of 12
hrs with 8 L/hr dripper reaches to about 7 times daily). Also, the excess
wetting of the top soilless strata may have resulted in declining solution
uptake time with increasing solution flow and may leach some nutrients
from the root zone. These results are quite similar to those reported by
Howard (1989); Sen and Sevgican (1999); Ymeri et «l., (1999) and Ali
(2004).

Water Consumptive Use

One of the important objectives of this research was to maximize the
beneficial use of water under green house conditions, as the general notices
about growth under ordinary practices were negative. The results suggest
that the water cycling under green house conditions needs proper
management which has been adopted by irrigation treatments either by
changing irrigation duration or application.

Tables (6 a and b) show the effect of soilless agriculture systems in
slope basin (gullies & pillows), irrigation duration time (12 and 8 hrs),
drippers discharge (8 and 4 L/hr) and their interactions on water
consumptive use of tomatoes and sweet pepper under green house
conditions, the data reveal the following findings:

I- The ordinary applied rates of irrigation water under green house
conditions were higher than the recommended consumptive use
value (Doorenbos and Kassam, 1979) with about 49.36 and 63.83 %
for tomato and sweet pepper crops.
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TABLE (5). Effect of cultivation systems, irrigation duration and
drippers discharge and their interaction on tomatoes and
sweet pepper yield grown under green houses at El-
Sheikh Zuwayid region.

Treatmenis \ Tomato crop Sweet pepper crop
Cultivation| litigation Eminet‘%ﬂ'y ylcldjLN TO[Q%M I:—“rl)’)“dd LN Total yield
systems eriods [discharge| NO o antl ad| YO o.
y P e fruits kg/plant fruits kg/plant|Ton/fed fruits kg/plant fiuits kg/plant| Ton/fed

i

8 L/hr |20.65] 2.71 |61.45] 7.31 50.53 |13.41] 1.59 [43.16] 4.37 | 30.21
4 L/ (2179 3.38 [68.23 9.01 | 62.97 |15.34] 1.79 [48.17| 5.83 | 40.30 ]
Average 21.221 3.05 [64.84] 8.2 56.75 114.38) 1.69 |45.67] 5.10 | 35.25
8 hours 8§ L/hr |21.87] 2.89 |66.23| 817 | 5647 |15.44) 183 146.37| 577 | 39.88
Gullies 41/ |23.75] 3.63 |71.35] 1023 | 70.71 |17.23] 1.91 [52.26] 638 | 44.10
\ Average 22811 3.26 [68.79] 9.20 | 63.59 [16.34] 1.87 [49.32| 6.08 | 41.99
4hours | 8I/hr (2298 3.00 |77.28] 975 | 67.39 [16.78] 1.91 |5027] 6.29 | 4347 ]
twice 41/hr 120.14] 3.69 |82.15] 11.86 | 81.98 |18.24] 2.05 |56.78] 6.85 | 47.35
Average 24,56 3.35 [79.72) 10.81 | 74.08 [17.51] 1.98 |53.53| 6.57 | 4541
Average irrigation periods  |22.86] 3.22 |71.12] 941 | 65.01 [16.07] 1.85 [49.50] 5.92 | 40.88
ishr 2101 2.89 (7344 845 | 5841 (15.14] 1.88 [49.37| 587 | 40.57 1
4 L/hr [22.68) 3.56 |[78.27] 10.25 | 70.85 |16.89] 2.03 [53.24]| 6.59 | 4555 }
Average 2190 3.23 |75.86| 9.35 | 64.63 [16.02] 1.96 |51.31] 6.23 | 43.06
\iuhr 22.17] 3.05 [79.33] 9.08 W 62.76 [16.54] 198 |51.13| 6.11 | 42.23

12 hours

12 hours

. 8 hours
Pillows | 4 Lmr [24.24] 3.71 |83.25( 11.34 | 78.38 [18.11] 2.09 [57.43] 6.78 | 46.80
Average 2321 3.38 [81.29) 10.21 | 70.57 |17.33] 2.04 |54.28] 06.45 | 44.55

4howrs | 81/hr |23.54] 3.13 |85.17) 10.15 | 70.106 [17.44] 2.02 |53.16| 6.48 | 44.79
twice 41/r [27.01) 3.82 |91.11| 12.87 | 8896 |19.36] 2.13 [62.17| 7.19 | 49.70
Average 2533 348 |88.14| 11.51 | 79.50 [18.40[ 2.08 [57.67| 0.84 | 47.24
4.95

Average irrigation periods 2348 3.36 [81.76] 1036 [ 71.59 [17.25] 202 [s54.42] 650 |4

A"C“‘gce”“l"/f"“di“““rge8 2205 295 |7382] 8.82 | 60.95 1579 1.87 |4891! 582 | 40,19
LANr

A"e“g“m‘;‘jffd‘“h‘“gc4 2429 3.63 lw.oo 1094 | 7564 17.53] 2.00 |5501| 6.60 | 45.64

Cultivation systems | 0.11 | 0.13 | 0.14 ] 024 | ** [043] 004 [1.03] 007 | »*
LSD Irrigation times  [0.48 | 0.17 | 0.51 ] 0.21 ** 1052 007 [1.23] 0.006

EX3
Emitters discharge |0.33[ 031 [036] 038 | ** [041] 003 [1.15] 0.08 | ** |

Interaction 1 0.13] 023 [0.5] 029 | * Jo237] 002 [121] 000 | = |

** = gignificant at 0.01
2- Some rates of the applied irrigation water treatments were higher
than the recommended open field values, while others were lower.
3- All measured ETa values for the applied irrigation treatments gave
lower values than the recommended ones as follow;

a- Gully method consumed more water than pillow method. The
difference in values was smaller in the former than the latter.

b- The large values of water application periods (12 hrs) gave the
highest differences than for 8 L/hr drippers between measured
and applied ETa values.

c- The differences between the two treatments of 8 hrs irrigation
periods were almost similar for both crops.

d- The 4 L/hr drippers were generally superior to the 8 L/hr ones
for making water consumptive use values close to the applied

Egyptian J. Desert Res., 57, No.1 (2007)



82

Seidhom, S.H. et al.

rates which is the main philosophy of using green house and

hydroponic syste

m.

e- Sweet pepper show higher response than tomato to variations in
the application of irrigation water.

f-
i-
system.

Evaluating the ETa data given in tables 6 a and b, indicate that;
Pillow cultivation system saved water more than gully

ii- 8 hrs irrigation period save water more than 12 hrs
irrigation period.

iti- 4 L/hr drippers saved water more than 8 L/hr ones.

iv- Sweet pepper generally consumed lower values than

tomato.

These findings are in harmony with Noguera ¢z al. (1988); Tuzel et al.

(2001} and Ali (2004).

TABLE (6 a). Effect of cultivation systems, irrigation durations and
drippers discharge and their interaction on water
consumptive use and water use efficiency of tomatoes
and sweet pepper crops grown under green houses at

El-Sheikh Zuwayid region.

Treatments Tomato crop J Sweet pepper croj
Cultivation Trrigation Emitters [ — Seasonal ETa - WUE l - Seasonal ETu3 WUE
systems periods discharge| ™ /fed aVied ™ fplant kg/m‘ m’/fed mfed M /plant kg/m‘
/day /season /day /season

12 hours S L/w [10.387 ] 221252 | 0.320 | 22.84 16.214] 1323.50] 0.191 | 22.82
4L/ | 9988 | 2127.44 | 0.308 | 29.60 |5.977|1273.101 0.184 | 31.65
Average 10.188 ] 2169.98 | 0.314 | 26.15 |6.095]1298.30 | 0.188 | 27.15
8 hours T_ 8 L/hr | 9.600 | 2044.82 | 0.296 | 27.62 [6.046[1287.82| 0.186 | 30.97
Giollies ) [ Jishe | 9055 | 1928466 | 0.279 | 36.66 15.690| 1211.87] 0.175 | 3039
Average 9.327 | 1986.74 | 0.287 | 32.01 [5.808|1249.84| 0.181 [ 33.60
4 hours 8L/ | 9412 { 200480 | 0.290 | 33.62 [5.892)1254.94 | 0.132 | 34.64
twice 4Lmr ) 8873 | 1889.85 | 0.273 | 43.38 | 5.041[1201.63[ 0.174 | 39.40
Averige 9.142 1 194732 | 0.282 | 3835 15.767]122829) 0.178 | 30.97
Average irrigation periods 9.552 | 2034.68 | 0.294 | 3195 [5910|1258.81 | 0.180 | 32.48
[ §L/Mr | 8308 | 1769.59 { 0.256 | 33.0! 16.15111310.11) 0.190 | 30.97

12 hours 7—_1‘-~
[ 4 LM | 7934 1690.00 | 0.245 | 41.92 |5.984]1274.61| 0.184 | 35.74
Average 8.121 [ 1729.80 { 0.250 [ 37.36 [6.067]1292.36| 0.187 | 33.32
SL/hr | 8268 | 1761.07 | 0.255 | 35.64 16.093|1297.79| 0.188 | 32.54

. 8 hours —

Piilows 4L/mr | 7.663 | 1632.27 | 0.236 | 48.02 [5.791]1233.42] 0.178 | 37.99
Average 7.966 | 1696.67 | 0.245 | 41.59 [5.942]|1265.61] 0.183 | 35.20
4 hours 8 L/r | 8.109 | 1727.24 | 0.250 | 40.62 {5.556]1183.461 0.171 | 37.85
twice 4 LA | 7.635 | 162626 | 0.235 | 5470 [4.394] 936.02 | 0.135 | 53.09
Average 7.872 | 1676.75 | 0.243 | 47.45 [4.975]1059.74] 0.153 | 4458
Average irrigation periods 7.986 | 1701.07 ] 0.250 | 42,13 ]5.662]1205.90| 0.170 | 37.70
Average emitters discharge 8 L/br 0.014 | 192001 | 0.278 | 32.22 [5.992] 1276.27] 0.185 | 31.63
Average emitters discharge 4 1br 8.525 | 181575 | 0.263 | 42.38 |5.580] 1188.44| 0.172 | 39.04
Cultivation systems i ok 0.013 | 655 ** il 0.008 | 0.19
LSD hrrigation times i el 0.003 | 4406 il o 0.003 | 037
o Emitters discharge il o 0.004 | 512 ) *» ** ] 0.007 | 033
Interactions ** *x 0.005 | 475 | ** ** 0.002 | 0.28

ETc¢ value calculated for open field is 2.71 and 3.04 L/plant/day for tomatoes and

sweet pepper, respectively, Doorenbos and Kassam (1979).

** = Significant at 0.01
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TABLE (6 b). Effect of cultivation systems, irrigation periods and
drippers discharge on differences between amounts of
applied irrigation water and water consumptive use of
tomatoes and sweet pepper grown under green houses
at El-Sheikh Zuwayid region.

Differences Differences
Applicd Tomato Penper between % of between % of
] ST . Spplie PP applied and|differences|applied and|differences
“ultivation|Irrigation| Emitters | irrigation | measured [ measured )
™ measured from measured from
systems | periods dischargel water ETa ETa ETa for {omato ETa for pepper
L/planvday|L/planvday|L/plant/day tomato ETa pepper ETa
L/plant/day L/plant/day
12 hours 8 Li/hr 4.00 1.50 0.90 2.50 62.43 3.10 77.53
4 L/hr 2.00 1.45 0.86 0.55 27.75 .14 56.76
Avg.imigation | 5 5, 1.47 0.88 153 | 5087 212 | 7001
___periods
8 hours 8 L/hr 2.67 1.39 0.87 1.28 47.92 1.79 67.20
. 4 L/hr 1.33 1.31 0.82 0.02 1.75 0.51 38.26
Gullies Ave riaah
110,
Ve amgation | g9 1.35 0.85 0.65 3253 1.15 57.55
periods
4 hours | 8 L/hr 2.67 1.36 0.85 1.30 48.94 1.81 68.04
twice | 4 Uhr 1.33 1.28 0.82 0.05 3.73 0.52 38.79
Avg.imigation | 5 132 0.83 0.68 33.87 1.17 58.29
periods
Average cultivation systems 233 1.38 0.86 095 40.77 1.48 63.36
12 hours 8 L/hr 4.00 1.20 0.89 2.80 69.95 3.11 77.75
4 L/hr 2.00 1.15 0.87 0.85 42.61 1.13 56.71
Avg. imigation | 5 o 1.17 0.88 1.83 60.84 212 70.74
periods .
8 hours 8 L/hr 2.67 1.20 0.88 1.47 55.14 1.79 606.94
. " | 4Uhr 1.33 1.11 0.84 0.22 16.85 0.50 37.17
Pillows Ave irrizali
o,
ve-fmgation 15 g 115 0.86 085 | 4238 114 | 57.02
periods
4 hours | 8 L/hr 2.67 1.17 0.80 1.49 56.01 1.86 69.86
twice | 4 L/hr 1.33 1.10 0.64 0.23 17.15 0.70 52.32
Avg-imigation |5 g .14 0.72 086 | 4306 | 128 | 6401
periods
Average cultivation systems 2.33 1.16 0.82 1.18 50.48 1.51 64.90
Average 2.33 1.27 0.84 1.06 40.25 1.50 60.69

ETc value calculated for open field is 2.71 and 3.04 L/plant/day for tomatoes and
sweet pepper, respectively, Doorenbos and Kassam (1979).

Water Use Efficiency
Data in table (6 a) show highly significant increase of water use
efficiency values for tomatoes and sweet pepper plants by cultivation on
pillow greater than gully system and decreasing irrigation durations and
drippers discharge. All parameters show highly significant differences
among treatments. From table (6 a) of WUE as a parameter for both water
consumption and yielded crops; the following can be noted:
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a- Pillow systems gave higher WUE values than recommended
methods of Doorenbos and Kassam (1979) for the two crops as =
78 and 94 % for tomato and sweet pepper, respectively.

b- The increase in WUE values were in the order of 4 hours twice > 8
hours > 12 hours irrigation periods by 35, 25 & 12 % and 34,22 &
12 % for tomatoes and sweet pepper, respectively.

This increase in WUE was due to: a) the decrease of actual
evapotranspiration at low amount of irrigation water and b) the
correspondent high yield. It is suggested that these practices activate both
water and nutrient consumptions by plant roots which increased crop yield,
thus increased WUE. These findings are in harmony with Rodriguez (1999),
Sen and Sevgican (1999), Tuzel ef al. (2001) and Ali (2004). Nevertheless,
the best treatment was apparently the cultivation on pillow and 4 hours
twice-daily irrigation with 4 L/hr drippers.

Economic Evaluation

Table (7) shows the economic evaluation of the investigated ratio
(IR) for the cultivation systems, irrigation period and drippers discharge
rates. The obtained results are as follows:

1. Pillow soilless cultivation system is more beneficial than gully
system.

2. For irrigation duration, 8 hours intermittent (4 hours twice) is
more beneficial than 8 hours continuous, while both are higher
than 12 hours continuous.

3. Drippers discharges, 4 L/hr are more beneficial than 8 L/hr one.

CONCLUSION AND RECOMMENDATIONS

From the aforementioned discussion, it is suggested to cultivate in
pillow system filled by peat-moss under green house conditions and daily-
irrigated by 4 hours twice duration with drip irrigation dripper 4 L/hr.
However, there are several beneficial alternatives that could be used in
which their investment ratios are smaller than the best former one. This
management method improved irrigation cycle, water and nutrients uptake
and water use efficiency as well. However, these treatments saved water by
about 26.5 and 29.3 % compared to 12 hours continuous irrigation
application (which is the resident rate in the site) for tomatoes and sweet
pepper plants, respectively.

Finally, it is recommended that more work under green house
conditions for detecting the nutritional status for irrigation water and plants
could be undertaken in order to get more information about nutrient uptake
situation.
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TABLE (7). Input and output items for tomatoes and sweet pepper yield
_grown under green houses at El-Sheikh Zuwayid region.

Economical jtems

Slope basin cultivation

Gullies system

Pillows system

]
|

::) Managenient ::f 12 hours 8 hours 4 hours twice 12 hours 8 hours 4 hours IM
= - SWVh | 4Uh | 8¥h | AWk | BWh | 4Vh | 8Vh | 4Vh ) 8Vh | 4Vh | BUh JM
Land preparation LE/ted 360 360 | 360 | 360 | 360 360 360 | 360 360 360 360 3@
Green house cost LE/fed | 12000 | 12000 | 12000} 12000 | 12000 | 12000 | 12000 | 12000 | 12000 | 12000 | 12000 llm
Secds LE/fed 120 120 120 120 120 120 120 120 120 120 120 120
Cultivation LE/fed 360 360 360 | 360 360 | 360 360 360 360 360 360 360
hrrigation LE/fed 553 332 M 482 501 472 442 423 440 408 432 4@
Culture media Li/ted | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000
E Stock solution LE/fed 360 360 360 360 3060 360 360 360 | 360 360 360 300
Er__ Weed control LE/fed 120 120 120 120 120 120 120 120 12 120 120 120
"5 Pest control LE/fed 120 120 120 120 120 120 120 120 120 120 120 120
'3 Lahors ¢osts LE/fed 120 120 120 120 120 120 120 120 120 120 120 120
\ Instruiments LE/fed 120 120 120 120 120 120 120 120 120 120 120 120
Fue) LE/fed 360 360 | 3060 360 | 360 | 360 360 360 360 360 360 360
Harvesting LE/ted 360 360 | 360 | 360 360 | 360 360 360 360 360 360 360
Crop transport LE/fed 360 360 ) 360 | 360 | 360 | 360 360 360 360 360_| 360 3&)
Rent (per season) LE/fed 600 | 600 | 600 | 600 | 600 600 600 | 600 600 600 600 (\@
Total input LEAed | 2191321892 21871 21842 | 21861 [ 21832 | 21802 | 21783 | 21800 | 21768 | 21792 21@
Yield ke/fed ] 50527 | 62908 | 56471 | 70710 | 67392 | 81976 | 58406 | 70848 | 62761 | 78382 | 70157 | 88957
E '3; Price LE/&g 050 | 050 | 050 ) 050 | 050 ) 050 ) 050 ) 050 | 0.50 | 0.50 | 0.50 Om
4 05 Total price LE/fed 125264 | 31484 | 28230 | 35355 | 33696 [ 40988 | 29203 | 35424 | 31381 | 29191 | 35079 4447‘)—l
Net incone LE/ted | 3350 | 9392 | 6304 | 13513 [ 11835 ] 19156 | 7401 | 13642 | 9580 | 17423 | 13287 | 22712
Investment ratio LEALE | 115 ] 144 ) 129 ] 1.62 ] 154 | 1.88 | 134 | 1.63 | 144 | 1.80 | 1.61 ﬁ

Trrigation water m'/fed

_
22]2.5'2127.4 2044.811928.7]2004.8] 1889.91769.6 [ 1690.0[ 1761.1 l632ﬂl727.1 1626.3
|

Avg. IR for cultivation systenis 49 .4 J
1.56 ]
Avg. IR for ivigation period L.30 [ 145 J L71 148 J L62 183 |
139 | 154 1.77
Avg. IR for dripper discharges JT}—I'} 164 146 | 182
L40 | 173 )
Economical items Sweet pepper yield 4[
Land preparation LE/ed 360 | 360 | 360 | 360 | 360 | 360 | 360 | 360 | 360 360 M 3@
Green house cost LEfed 112000 | 120003 12000 | 12000 | 12000 | 12000 | 12000 ] 12000 | 12000 | 12000 | 12000 IZ@
Seeds LE/fed 120 120 120 120 120 120 120 120 120 120 120 120
Cultivagion LE/ted 360 3060 360 360 360 360 360 360 360 360 360 3@
Irrigation LE/fed 331 318 322 303 314 300 328 319 324 308 296 QM
Culture media LEMed | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 | 6000 60(M
z Stock solution LE/fed 360 360 360 360 360 360 360 | 360 360 360 360 3@
§ Weed control LE/fed 120 120 120 120 120 120 120 120 120 120 120 IZ%}
E Pest control LE/fed 120 120 120 120 120 120 120 120 120 120 120 120
_ﬁ Lahors costs LE/fed 120 120 120 120 120 120 120 120 120 120 120 \”_@
Instrunents LE/ted 120 120 120 120 120 120 120 120 120 120 120 ll(ﬂ
Fuel LE/ted 360 360 360 360 360 360 360 360 360 360 360 36041
Harvesting LE/fed 360 1 360 | 360 | 360 | 300 | 360 | 360 | 360 | 360 | 360 | 360 3(&}
Crop transport LE/fed 360 360 360 360 360 360 360 360 360 360 360 RGQ
Rent (per season) LE/ted 600 600 600 000 600 600 600 600 600 600 600 60ﬂ
Total input LEded 2169121678 | 21682 | 21663 | 21674 | 21660 | 21688 | 21679 | 21684 | 21668 | 21656 | 21594
F Yield _kp/ted | 30205 1 40297 | 39882 | 44099 | 43476 | 47347 | 40573 | 45550 ) 42232 | 46863 | 44790 | 49697
Price LE/kg 075 1 075 1075 | 075 | 075 |1 075 | 075 | 075 [ 075 1075 {07510 75 |
3 3 Total price LE/fed | 22654 | 30223 | 29912 | 33074 | 32607 | 35510 | 30430 ] 34163 | 31674 | 35147 | 33593 [ 37273
Net inconwe LEMed | 963 | 8544 | 8230 | 11411 ] 10933 | 13850 | 8742 | 124841 9990 | 13479 | 11937 | 15679
Tnvestiment ratio LE/ILE 104 1 139 | 138 | 153 | 150 | 164 | 140 | 158 1.46 | 1.62 | 155 1713
lvigation water | m'fed | 1324 ] 1273 | 1288 | 1212 | 1255 [ 1202 | 1310 | 1275 | 1298 [ 1233 | 1184 | 936
Avg. IR for cultivation systems K] n ]; 1.56
Avg. IR for irigation period 1.22 I 1.45 | 137 1.49 j 1.54 1.64
135 | 1s0 161
Avg. IR for dripper discharges J "3‘—[ 152 | ) 14T 163
{139 [ s
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