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ABSTRACT

Two field experiments were carried out at Mallawy Water Requirements Research
station — EI Minia , Governorate ; Egypt Water Management Research Institute — National
Water Research Center during seasons 2012 and 2013 seasons. The present research was
carried out to study the effect of water stress and planting method on water use efficiency,
yield, saving of water and total irrigation efficiency for Potato crop (Solanum tuberosum L.).
A split plot design with four replications was conducted. The main plots were assigned to
four water stress treatments (100 % , 90 % , 80 % & 70 %) beside traditional of irrigation for
potato in studied area (the farmers practices to compare with water applied and actual water
consumptive use only) and the sub plot to two planting methods (furrow and beds). The
treatments of irrigation were distributed at random in the main splits. While planting methods
treatments were distributed at random in the sub —plots.

Results indicated that the planting Potato crop by irrigated until 80 % of F.C in beds
(As by) leads to an increase in productivity with rate equals 38.52 % , more water saving
about by 29.72 % per year , decrease both the costs of irrigation and the irrigation time by
17.65 , 29.40, respectively and rising the total irrigation’s efficiency by 71.00 % . It also
saving water by about 179.216320 million m® / area (Average area cultivated by Potato in
Egypt) compared with the traditional irrigation. This amount of saving water enough to
cultivate area about (general) 208245 fed in old land or cultivates different areas of
horticulture and field crops under EI-Minia conditions. The results indicated also from the
economic view point also this treatment recorded the highest values of field and crop water
use efficiencies (7.02 and 11.45 kg/m®, respectively). The highest values of total income,
production , financial benefits (L.E/area) , net return of each and water of irrigation ( L.E/m3)
and economic efficiency were gained with it. Therefore, the economics of irrigation water
becomes very important for planting irrigation management project where the over irrigation
practices by farmers usually lead to low irrigation efficiency, water logging and high losses
of water. It could be recommended to application irrigated potato crop until 80 % of field
capacity and planting in beds instead of planting in furrow to produce high yield with less
amount of water applied under EI-Minia province conditions.
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INTRODUCTION

Agricultural sector plays an important role in the economic development in Egypt. It is
considered one of the national economy basis and the main income source for more than half
of Egypt's population. Agriculture is responsible for satisfying the consumers' needs for
clothing and food. In addition, it provides the industry sector with raw materials needed for
various industries. The extension of this role requires achieving the economic development
which is derived from two main sources: horizontal and vertical agricultural expansion.
Horizontal agricultural expansion depends on the availability of the production resources. In
arid regions, water resources are considered the scarcest element among other economic
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production resources. Consequently, it is not only one of the man determinants but also the
strategic one which determines the horizontal expansion through reclamation of new lands.

The optimal use of water is the corner stone of the agricultural development sector
because the present water sources available in Egypt are not enough for the future horizontal
agricultural expansion, in the scope of the present techniques and irrigation practices .
Comprising the 21™ century challenges arises under conflicts on water shares of Egypt , and
the attempt to continue the policy of agricultural horizontal expansion , it gets worst . This
matter shows the necessity of achieving the maximum efficiency of water sources in Egypt
through some parameters which can be used in achieving the best use of the available water
sources in Egypt .

Potato (Solanum tuberosum L.) was selected in this study for economic importance in
Egypt. It is the leading export vegetable crop and one of the important cash crops in Egypt.
One of major production problems of potato is the proper irrigation, because potato plants are
drought sensitive and respondent to irrigation. Minting health crop and quality requires not
only accurate crop water requirement determination, but also, when and how much water
should be applied to get the optimum water use efficiency. Many researchers recorded in this
content. Nagy et al. (1970) found that the average water consumption increased from 5051
m3/ha without irrigation to 5797 ma3/ha the highest irrigation rate, and that the water
consumption was highest in June, July and Aug. during flowering and tuber formation.
Kazantsev (1973) growing potatoes in soil with moisture contents maintained, at 50,60,70
and 80% of field capacity with applying 3,5,7 and 10 irrigations, respectively. He found that
the third level gave the highest tuber yields of 31.5 t/ha, compared to 20.2 , 25.3 and 30.5
t/ha for the first , second and fourth level, respectively. Mikhailov (1973) he obtained the
highest tuber yield with soil moisture content of 80% field capacity in the 0.7 m soil layer .He
added that a pre- planting irrigation increased yield, whereas its effectiveness was negligible
when irrigations were applied during growth. Petrunin et al. (1975) reported that irrigations at
the depletion of soil moisture contents 80% of field capacity gave the highest tuber yield.
Tomar et al. (1976) found that the highest tuber yield was obtained with optimum irrigation
to be at 55% available soil moisture in the top of 30 cm soil layer.

Gunbatiti (1986) found that irrigation at 20% or 35%depltion of available water was
recommended as economic. Mackerrron and Jefferies (1988) found the drought of potato
decreasing the yield. the main reason for lower yield in the drought crops was hat fewer tuber
reached the min size ((40 mm). Rashid and Ahmed (1988) found that the actual water
consumption of potatoes grown at Pakistan calculated using gravimetric method was 383 ,
365, 333 and 288 for 40 , 55, 77 and 85 % depletion fro available soil moisture, respectively.
Pisa et al. (1989) studied the effect of irrigation treatment with ratios of 50, 100 and 150
maximum evapotranspiration of potato yield, that tuber yield increased with increasing the
volume of the irrigation water applied and with increasing evapotranspiration. Guseinoy
(1990) studied irrigation regime of potato under condition of Azerbaidzhan. He found that
irrigation at 60, 70 or 80% of field capacity (2,3 or 4 irrigations ) gave tubers yields of (15.7 -
17.21) , (16.29-17.77) and (17.48-19.19t/ha), respectively , in the first season compared with
4.67t/ha under rain fed condition. In the second (dry year) 3, 4 and 7 irrigations gave yields of
(16.26-17.59) , (16.62-18.24) and ( 18.00-21.58t/ha) respectively and gave no yield under
rained conditions. Ali (1993) using irrigation as farmer irrigation level 0.5 bar, 1.0 bar 1.5 bar
and at 50% depletion treatments found that 0.5 bar irrigation was the best in maximizing
potato tuber yield Bonsiak and et al. (1997) found that tubers yield were highest in the 75-
80% field capacity. This was equivalent to a water requirement of 460-480mm/ season. El-
Nagger (1997) showed that the seasonal amounts of consumed water during growth season
were 306.4.271.92 and 192.07 mm as measured gravimetrically method and 285.74.264.87 an
199.8 mm as measured by using neutron probe, when the added amounts of irrigation water
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were 400.300 and 200 mm / season, respectively under drips irrigation system. El-Marsafawy
et al. (2000) studied the response of potato crop productivity to different irrigation intervals
(number of irrigation) by using SUBTOR-potato through DSSAT 3-5 model . They reported
that result of simulation showed that the application of 10 days apart irrigation for potato crop
could be recommended at Giza (Middle Egypt region) to obtain the best results potato tuber
yield and other yield component. Balanger et al. (2000) studied the response of two potato
cultivars to supplemental irrigation. They found that irrigation increased total yield from 31.9
t038.4 t/ha and marketable yield from 26.6 to 30.7 t/ ha. Frish (2000) carried out field
experiments during (1995-96) in Germany to investigate the effect of irrigation (no, rescued
and optimal) and N fertilizer ( 0-200 kg /ha), on yield , potato starch content and starch yield.
Hen ported that irrigation is required to obtain positive economic result. Potato cultivation
without irrigation is impossible entail conditions. Water use efficiency increased from 5.129
to 7.379 kg m™ for furrow irrigated treatments, and from 6.907 to 10.257 kg m_3 for drip-
irrigated treatments. Tolga et al. (2006) found that Potato was grown under furrow and drip
irrigation methods and three regimens: irrigation applied when 30, 50, or 70% of the
available water was consumed. The seasonal potato evapotranspiration ranged on 501 to 683
mm in 2003, and 464 to 647 mm in 2005. The furrow and drip irrigation methods had no
significant effect on tuber yield for both years. Irrigation regimens influenced tuber yield (P <
0.05) in 2005, and the highest tuber yield was registered for 30% irrigation regimen, reaching
35.13 t ha-1 in 2003, and 44.56 t ha-1 in 2005. Water use efficiency values increased from
4.70 to 6.63 kg m-3 for furrow-irrigated treatments, and from 5.19 to 9.47 kg m-3 for drip-
irrigated treatments Ati et al. (2012) found that, actual potato evapotranspiration ranged from
357.3 to 511.4 mm in the growth season for all treatments. Furrow and drip irrigation
methods had no significant effect on tuber yield under the experiential conditions. Water use
efficiency increased from 5.129 to 7.379 kg m_3 for furrow irrigated treatments, and from
6.907 to 10.257 kg m_3 for drip-irrigated treatments. Yavuz et al. (2012) found that the
highest seasonal evapotranspiration through potato growth seasons was obtained from
sprinkler irrigated plots with 670.23 mm when considering two years averages. The seasonal
evapotranspirations were calculated as 618.30 mm and 572.17 mm in furrow irrigation and
drip irrigation methods, respectively. Seasonal evapotranspirations were found 17.1% and
8.1% higher in sprinkler irrigation and furrow irrigation regarding to drip irrigation,
respectively. The highest water use efficiency (WUE) and irrigation water use efficiency
(IWUE) were obtained with drip irrigation plots while the lowest were obtained from
sprinkler irrigation plots for both years. Mean WUE and IWUE was calculated as 8.32 kg/m3
and 7.51 kg/m3 in drip irrigation and 6.09 kg/m3 and 5.76 kg/m3 in sprinkler irrigation,
respectively.. The aim of this work is to study the effect of irrigation regime and planting
method (furrow and beds) on water use efficiency, yield and saving water for potato cane
crop .

MATERIALS AND METHODS

Two field experiment were carried out for two seasons summer and winter of 2011
and 2012 seasons, at Mallawy, Water Requirements Research Station —El Minia Governorate;
Water Management Research Institute- National Water Research Center. The present
research was carried out to study the irrigation regime and planting method (furrow and beds)
on water use efficiency, yield and saving water for potato cane crop.

A split plot design with four replication was conducted the main plots were assigned
to four water stress treatments (100% , 90% , 80% & 70% ) beside tradition of irrigation for
potato in studied area (the farmers practices to compare with water applied and actual water
consumptive use only) and the sub plot two planting methods (furrow and beds). Irrigation
treatments were distributed randomly by in the main plots while planting method were
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distributed at randomly in the sub-plots potato crop cultivate namely (c.v Cara) was planted
on 10™ September & 12" in 2012 and 2013 season, respectively. The experiment consists of
32 plots and each plot was 24 m? included 10 rows when planting in furrow and five beds
when planting in beds 4 m in length and about 60 cm apart. Potato tubers were planted at
spacing of 30 cm with in furrow & beds and 10 cm in depth.

Soil analyses showed that the experimental soil was silt clay loam containing (0.11
and 0.10 % of total N) , (11.8 and 11.0 ppm available P) and (0.44 and 0.40 meq/100 g soil
K) with pH 8.10, in both studied seasons, respectively. Other agricultural practices required
for growing potato crop except irrigation were carried out as usually practiced in the region.
Some physical properties of the experiments soil were and shown in Table (1)

Table (1) . Some physical properties of the experiments soil
Average for two studied

Bulk density Field Capacity

Depth (cm)

3
g/ cm om? %

0-15 1.19

15-30 1.24

30-45 1.28

45-60 141

Average 1.28

e Bulk density was determined by using the undistributed core samples according to Kluke
(1986).
e Field capacity (f.c%) was determined by field method according to (Black 1965).

Soil- water relationships
Recorded data :
Water Measurements

In the two growing seasons , water was measured by using a rectangular sharp crested
weir. The discharge was calculated using the following formula :
Q = CLH*'? ( Masoud, 1967)
Where:
Q : The discharge in cubic meters per second.
L : The length of the crest in meters.
H: The head in meters.
C : An empirical coefficient that must be determined from discharge measurements .

The quantity of water was measured in studied area (the farmer practices) by cut throat
Flume size ( 20 x 90 cm) where applied water was added during each irrigation and at the
end of each growth season the total quantity of water applied was estimated (m®/ fed.)

Water consumptive use (CU) :

The quantities of consumptive use were calculated for the 60 cm soil depth which was
assumed to be the depth of the root zone as reported by many investigators. Monthly and
seasonal water consumptive use were calculated by the summation of water consumed for the
different successive irrigation through the whole growth season (Serry et al.
1980).Calculation of CU was repeated for all irrigation until the harvesting date. Water
consumptive use per fed. (4200m?) can be obtained by the following equation which
described by Israelsen and Hansen (1962):

CU= [(62 - 61)/100] x b.d x (depth/100) x area ( 4200m?)
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Where :

CU= Amount of water consumptive use .

0, = Soil moisture content % by weigh after irrigation .

0,= Soil moisture content % by weigh before the next irrigation
b.d = Bulk density (g/cm®)

Crop water use efficiency (C.W.U.E)

The crop water use efficiency is the weight of marketable crop produced per unit
volume of water consumed by plants or the evapotranspition quantity. It was computed for
the different treatments by dividing the yield( kg / fed) on units of evapotranspiration
expressed as cubic meters of water per fed. (Abd EI- Rasool et al., 1971) It was calculated by
the following formula.

C.W.U.E (m®/fed.) = Yield (kg / fed. ) / Water consumptive use ( m®/ fed. )

Field water use efficiency ( F.W.U.E.)

Field water use efficiency is the weight of marketable crop produced per the volume
unit of applied irrigation which was expressed as cubic meters of water (Michael, 1978).
It was calculated by the following equation :

FW.U.E. (kg/ m®)=: [Yield (Kg/Fed.)]/ [Water applied (m*/Fed.)]

Application efficiency ( Ey) :
The values of application efficiency (E,) in percent for each treatment were obtained
by the equation of Downy (1970) as follow: Ea = (Ws/Wd) x 100
Where :
Ea = Water application efficiency ( % )
Ws = Water stored in the root zone ( m* fed.)
Wd= Water applied to the field plot ( m* fed.)

Water distribution efficiency (Ed) :_was calculated according to Jame ( 1998) as follow :
Eq=(1-y/d)x 100

where :

Eq = Water distribution efficiency (%)

d-Average of soil water depth stored in long the furrow during the irrigation (cm).

y = Average numerical deviation from d (cm).

Storage efficiency ( Es) :
Values of storage efficiency (E;) in percent for each treatment were obtained as given
by Sharl (1991) as follow: Es= ( Ws/Wm) x 100

Where :

Es = water storage efficiency (%) .

W, = water storage in the root zone (m®/ fed.)

W= the amount of irrigation water that must be added before irrigation (m*/fed.)

Economic efficiency :

The economic efficiency refers to the combination of inputs that maximize individual
or social objectives. Economic efficiency is defined in terms of two condition : necessity and
sufficiency. Necessary conditions are met in the production process when they are is
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producing the same amount with fewer inputs or producing more with the same amount of
inputs .But , the sufficient condition encompasses individual or social goals and values (John
and Frenk 1987 ) It was calculated by the formula :

Economic efficiency = Net profit ( L.E/ fed)/ Total costs ( L.E /fed )

The financial benefits (LE/area) :

Data collection (from view point of economic ) calculate economic befits financially
(L.E / area ) as result from saving of water + saving of yield + saving of quantity water +
saving irrigation cists.

Statistical analysis :

The proper statistical analysis of all data was carried out according to Gomez and
Gomez (1984). Homogeneity of variance was examined before combined analysis the
differences between means of the different treatments were compared using the least
significant difference (LSD) at 5% level.

RESULTS AND DISCUSSION
Total yield ( ton/ fed) and quality :

Total vyields as influenced by the different irrigation regimes and plating methods
were presented in Table (2) . The highest yield of potato was obtained by irrigation until 80
% of filed capacity (13.507 ton/ fed) in the two studies seasons. On the contrary the lowest of
total yields of potato were obtained when irrigated potato until 70 % of field capacity (7.750
ton / fed .) This results are similar to those Mikhailov (1973), Bonsiak and et al. (1989) and
Ghosh et al. (2000)

Reading the plating methods effects on the yield , data in Table (2) show that the
highest mean values were obtained when plating potato in beds (11.802 ton / fed ) while the
lowest values were obtained when plating potato in furrow (10.790 ton / fed) results are
agreements with Melha (2002) and Abdel Rheem (2010). Concerning the interaction between
the two studies factors data in the Table (2) show that the highest values obtained from
treatments (Asb,) which irrigation until 80 % of field capacity and planting in beds (14.268
ton / fed). These results reflex how much of irrigation water can be save to reduce the highest
yield with least possible amount of water applied.

Table (2): Effect of irrigation regions and plating methods on productivity of potato
crop in both studied seasons.

Irrigation regime(A) Total yield (ton/fed.)
Planting method (B)
bl b2

Al 10.500 11.120

A2 12.445 13.820

A3 12.746 14.268

A4 7.500 8.00

Mean (B) 10.798 11.802

LSD 5% A=0.06 B =0.18
LSD 1% 0.14 0.26
Al=irrigation until 100 % of field capacity bl = plating in furrow
A2=irrigation until 90 % of field capacity b2 = plating in beds

A3=irrigation until 80 % of field capacity
A4=irrigation until 70 % of field capacity
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Seasonal irrigation water applied :

The amount of applied water delivered (m3/fed ) to different treatments are shown in
Table (3). It is cleared from the data which obtained that water applied for potato crop were
2709.01, 2527.11, 2350.07 and 2170.47 for Ay, Ay, Az and A, respectively under irrigation
regime in furrow , while were 2356.16, 2197.96, 2033.72 and 1856.47 for A;, A,, Az and
A, respectively under irrigation regime in beds, respectively in the both studied seasons .

Results indicated also that ,from view point water when we use the irrigation regime
in that beds we can save irrigation water by about 328.09 m3/fed (13.45 %) under El-Minia
conditions, compared with the common conventional methods in furrow .It could be
concluded that the use of traditional irrigation regime ( irrigation regime in furrow ) by many
farmers leads to use irrigation water with high rates than the recommended rates , that leads
to negative effect on the environment soil , fertilizer and ground water over the long term . So
the irrigation regimen in beds is responsible for obtaining a high productivity of potato with
least possible amount of water applied. This result is in line with those reported by Meleha
(2002) .

Table (3) : Average of the quantity of applied water applied (m® fed) and save water
(m®/fed & %) of potato for different treatments in the two studied seasons .

Irrigation Planting methods

regime bl b2

Water applied Saved water Water applied (m3/fed) Saved water

(m3/fed) m3/fed % m3/fed %

Al 2709.01 184.57 6.36 2356.16 537.42 18.57

A2 2527.11 366.47 12.66 | 2197.96 695.62 24.04

A3 2350.07 543.51 18.78 | 2033.72 859.86 29.72

A4 2170.47 723.11 24,99 | 1856.47 1037.11 35.84

Average 2439.17 2111.08

Average water applied (m3/fed) for conventional irrigation (by farmer practices) was 2893.58
in the two studies seasons (Source: Actual field measurements).

A; = irrigation until 100 % of field capacity b1 = plating in furrow

A2 = irrigation until 90% of field capacity. b2 = plating in beds

As = irrigation until 80% of field capacity.

A, = irrigation until 70% of field capacity.

Water saving (m*/ area) :

Data in Table (4) show the average quantity of water saving (m® fed.) for the best
treatment Asb, (irrigated potato until 80% of field capacity and planting in beds) when
compared it with conventional irrigation in furrow (common method in region).

The obtained results in present study show that when the best method is use
(irrigated potato until 80% of field capacity and planting in beds) the irrigation water is
saved more than the normal planting in furrow (common method in region ) by about 29.72%
.The results show also that, the amount of water irrigation which can be saved (as average)
by about 179.216320 million m*/ area compared to normal planning in furrow. This amount
of saving water enough to cultivate area about (generally) 208245 feddan in old land or
cultivate different areas of horticulture and field crops under El-Minia conditions. These
results reflex how much irrigation water can be saved when using this treatments. In general,
it could be concluded that water fast becoming an economically scarce resource in many area
of the world. So, the use of transplanting method is very important to save water. The best
method to plant Potato should give favorable crop yield and optimum amount of irrigation
water. Therefore, estimating economic of irrigation water becomes very important for
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planning irrigation management where the over irrigation by the farmers usually leads to low
irrigation efficiency and high loss of water and fertilizer. These results reflex how much
irrigation water can be save to produced the highest yield with least possible amount of water
applied where the farmer’s practices in potato (conventional irrigation treatment) utilized
much water without giving higher productivity .

Daily , monthly and seasonal actual water consumptive use :

Daily water consumptive use values are presented in Table (5). The data obtained
indicated, that daily consumptive use increased gradually until it reached to its maximum
values on September in both seasons. The average amounts of water consumptive use by
potato crop at the period of maximum daily consumptive use were 3.15 , 4.91 , 4.83 , and
459 mm/ day for A1, A, , Az, A and As respectively under irrigation regime in furrow
while were 4.69 , 458 , 4.51 and 3.99 for same treatments, respectively under irrigation
regime in beds . These results reveal that the water consumptive use reached its peak value in
November (tuber formation period) which is considered the critical period in water demands
of potato. Then, it declines by the end of growing and the water loss is almost due to
evaporation from soil surface, while small amount lost by consumptive use. Data in Table (4)
show also that the mean values of seasonal water consumptive use were 37.55, 35.13, 32.93
and 30.39 cm/ season for A; , Az, Az and A4, respectively under irrigation system in furrow
while were 32.81 , 31.50 , 29.71 and 24.60 cm/ season for same treatments, respectively
under regime in beds .It obvious from data that seasonal water consumptive use reduced by
irrigation regime in beds. These results are in agreement with those reported by
Rashid & Ahmed (1988) and EIl-Nagger (1977).

Irrigation efficiencies :

Irrigation efficiency for different treatments of potato crop are shown in Tables
(6 & 7) It is obvious that the highest values of total irrigation efficiency (71.01, 74.53 %)
were obtained from when irrigate potato crop until (80% , 70 %) of field capacity and
planting it in beds instead of furrow while the lowest values (54.61 % ) were obtained from
conventional irrigation in furrow (common method in region). So it could be concluded that
when the best treatment A3b2 (from view point water and economic) the total irrigation
efficiency increased from (54.61 % ) to (71.01 % ) compared with the conventional method
in region where the over irrigation practiced by the farmers usually lead to low irrigation
efficiency and high losses of water. It is obvious that the highest values of total irrigation
efficiency (71.79%) were obtained from transplanting method in beds while the lowest values
(51.58%) were obtained from normal planting in furrow (common method in experimental) .

So it could be concluded that when transplanting method used in beds the total
irrigation efficiency increased from (51.73%) to (71.79% ) compared with the conventional
method in region where the over irrigation practiced by the farmers usually lead to low
irrigation efficiency and high losses water.
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Table (4): Water saving (m® fed) which obtained from the best treatment (Asb.)
compared with conventional methods in the region for potato crop during
the both studied seasons .

Increase of vield Saved waler The area (fed) of ol
Seaf Water *Average area To twtalof land which can be
Increase | applied culltlyated of potato crop | water saving coltivated as »
Treatment Tonfed | Tonfed | InyieM | (wMfed) | md'fed * In Egypt milliond md resulting of savieg
‘ares waler
2893 58

Normal planting i 010 | 4166 | 4124% 159 86 Wn 208425 179216320 28002 550
furrow{ common e
method in reglon)

14 268 2033712
the best treatment
from view polst water
and agricubture s

——————————————————————

Average of total yield ( ton /fed) for conventional irrigation (by farmer practices ) was 10.102 ( ton/
fed) in the two studies seasons.

* Economic Bulletin, Ministry of Agriculture in 2013.

Table (5). Average actual water consumptive use values (daily, monthly and seasonal)

Potato crop plants as affected by irrigation regime and planting methods
(furrow & beds) in both seasons.
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Table (6): Average values of irrigation efficiency’s (%) (application storage and
distribution efficiency) and total irrigation efficiency for different irrigation
regime under planting methods in furrow (b1) for Potato crop in both studied

seasons .
lirigation efficiency s ( %)

No.of Al A2 Al Al
irrigation ['E;§, [ ESc | Eug'e |HOMI | E.% |ES [ Eugfe [Toml | E% [ES | Enfe [Toml | E.% [Efe | Ewg® | ol

irrigation irrigation irmgation | frrigation
1 | 68.9 | 81.85 | 977 |5510 73.90 | 78.80 |98.1 $7.10 7520 | 83.50 | 980 |&201 | 76.49 | 84.50 | 99.10 | 6558
2 | 67.77 | 82.91 | 96.90 | S4.45 70.77 | 82.12 | 97.90 | 5639 74.20 | 8484 | 98.10 | 6178 | 77.01 | 86.17 | 200 [68570
3 6673|8263 (970 %399 | 7120 8140 |982 | 5690 75.01 | 83.54 | 98.30 | 6166 | 76.90 | 86.51 | 992 | 66.00
Fl 168,10 | 51.81 | 98.74 18801 | 7040 | 5190 |98.10 | S6.78 | 74.10 | 5342 | 99.10 | 6200 | 77.1 |83.84 | 9035 | 6499 |
S | 68.7 | 80.64 |99.10 £4.90 | 70.90 | 82.24 [ 99.3 | S790 73.94 | 84.39 | 920 | 6190 76.90 | 85.9¢ | 99.40 [65:66
6 | 690 | 70,18 | 992 £4.20 7270 80,54 | 904 5$8.20 7301 8303 |90% 6188 77.01 | 85,03 | 9060 | 65322
Avemge | | T [wae| 1T lsmAa | T Tews | 6187

Bource : Actual field measurements E.-application efficiency

E.~ storage efficiency
E gg-water distribution effiGency

Table (7): Average values of irrigation efficiency’s (%) (application, storage and
distribution efficiency) and total irrigation efficiency for different irrigation
regime under planting methods in beds (b2) for Potato crop in both studied

v I
mpat |

nnN
1)
YY)
750
- . -

[Avragr | 0L | 1 Wy
Source : Actual field measurements E,. application efficiency

,,,,,

E, = stomge cfficiency
Egs. water distribution efficiency

seasons.

Water use efficiency (WUE ) :

The water use efficiency is obtained by evaluating the two parameters of total yield
per unit of water applied and water consumptive use. WUE is a tool for maximizing crop
production per each unit of water irrigation. Effect of the different planting methods and
system irrigation on WUE is presented in Table (8). From the presented data , it is clear that
values of WUE of potato differed from one treatment to anther .

That highest values of field and crop water use efficiencies (7.12 kg/m® and 11.45
kg/m®) were obtained from treatment Asb,, respectively. This is mainly due to the higher
yield of potato and decrease water applied and water consumptive using this treatments in the
transplanting method compared with the other treatments. While the lowest value of and crop
water use efficiencies (3.46 and 5.60 kg/m®, respectively) were obtained from treatments
A:b; . These results indicated that irrigation potato crop until 80% of field capacity and
planting in beds instead of furrow is the best treatment from the view point of water
management for Potato yield.
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Table (8) : Values of total yield ( kg/ fed.) of potato crop , water applied (m®/fed) , water
consumptive use (m*/fed.), field and crop water use efficiencies (kg/m°) in

both two studies seasons .

Treatments

Water
applied
(. m3/fed)

Total
yield
(kg/ fed.)

Field water
use efficiency
( kg/ m3)

Water
consumptive use
( m3/fed)

Crop water
use efficiency
( kg/m3)

(A)  conventional
method ( Control)

In furrow ( b)

2709.01

10500

3.87

1577.10

6.66

In beds(b,)

2356.16

11120

4.72

1378.02

8.07

(A2)

In furrow(b,)

2527.11

12445

4.92

1475.46

8.29

In beds(b,)

2197.96

13820

6.29

1323

10.84

In furrow b,)

2350.07

12746

5.42

1383.06

9.21

In beds (b,)

2033.72

14268

7.12

1247.40

11.45

In furrow(b,)

2170.47

7500

3.46

1339.27

5.60

1856.47

8000

4.31

1033.20

7.74

In beds(b,)

Saving of irrigation time ( minute / fed) and irrigation costs (L.E / fed )

Saving of irrigation time and irrigation costs as influenced by irrigation system and
planting methods were presents in Table (9). The results in Table (9) show that irrigation time
decreased by 25.17% by irrigation until 90 % and planting in beds Asb, , compared with the
conventional irrigation in region (conventional irrigation in region). Also, the results in Table
(9) show that when we using this treatment the irrigation costs decreased from 25 L.E/ fed
(costs of oils and diesel only ) 17.65 L.E/fed equal about (29.40 %) compared with the
common conventional irrigation. From these results it could be concluded that the using
treatment Asb, decreased irrigation time and irrigation costs /fed which will lead to reduction
in the overall costs of production requirements for potato crop compared with traditional
irrigation method.

The Economic Evaluation :
Total costs , production , total income ( L.E / fed.), And Economic efficiency:

Data in Table (10) illustrated that values of total cost , production , total income
(L.E / fed.) and net return from unit of irrigation water ( L.E/ m®) as influenced by irrigation
regimes and different planting methods of potato crop in both studied seasons. The
maximum values of total income and net profit (17121 and 7175.4L.E/ fed.) and return from
a unit of irrigation water applied and consumptive (3.53 and5.75 L.E/m®) were obtained from
plants which irrigated until 80% of field capacity and planting in beds (Asb,), respectively .
While , the lowest values of total income and net profit ( 9000 and -1005 L.E/fed ) and net
return from a unit of irrigation water ( applied and consumptive use ) -0.46 and -0.75 were
obtained from the plants irrigated until 70 % of field capacity and planting in furrow (Asb;)
respectively. Also, results indicated that the lowest values of economic efficiency was
obtained from treatments Asb; (-0.10) for each Egyptian pound ( L..E) spend for production
while , the highest economic efficiency ( 0.72) was obtained from plants which irrigated until
80 % of field capacity and planting in beds ( Asb2). These increase in economic efficiency
due to the enhancement of net profit in this treatment irrigation compare with other
treatments.

From these results it could be concluded that treatment A,bs lead to increase in total
income , not profit and , net return of irrigation water and economic efficiency The data in
Table (9) indicated that the highest values of yield ( 14.268 ton/ fed) were obtained from
treatments Asb, . While the lowest values of yield (10.500) were obtained from treatment
(A1by) . These results reflex how much irrigation water can be saved to produce the highest
yield with least possible amount of water applied



30
Abdel-Ati Y.Y et al.

Table (9 ) Comparison between saving of irrigation time ( minute /fed & % ) and
saving of irrigation costs ( L.E / fed & % ) for conventional irrigation and the
best treatment A3b2 for Potato crop in the to studied seasons .

1

No. of Time saving of irrigation saving of irrigation Costy
irrigation ( minute /fod & % ) (LE fed & ")
Irrigation thne Irrigation Costs (oll «
(mimute fod) for the best trestment \b: diesel) LE Ted for the best treatment Asb:
com entional coav entional
krrigation n Irrigation | Saving of irrigation  lrrigation n furrow Irrigation | Saving of irrigation costs
farrow tume | thame ( the common method in Coasty
( the common I region " LE Y
method in region ) e menute .~ “" fod .
fed fed

| s

3 5 pLE L} 38.20%
) 360 | [
2 I8 | <8 s | 29

N | F13 B $
3 o = R l 30.00%

0% ) 3557 33 | .
4 1 85 30.60%
5 =5 oo - |71 1m0

242
6 - e 7 43 10.50%
Averige %0 i b7 I b1 1763 735 20.40%

The financial benefits ( LE/ area) :

Data in Table (11 ) show that the values of financial benefits (L.E/ area) as a result of
saving of water , yield , irrigation costs and irrigation time ( L.E/ area ) . From these results it
could be concluded that using the best method (Asb,) get total of financial benefits as a result
of saving water by about (6.631004 million L.E / area ) + saving of yield ( 1.041958260
billion L.E / area ) + saving of irrigation costs ( 9.191543 million L.E/ area ) + saving of
irrigation time ( 8.899748 million L.E/ area ) = 1.066680555 billion L.E / area .

Table ( 10) : Average values of total costs , production , total income ( L.E ) and net
return per cubic meter a water ( L.E /m3) for different treatments for Potato
crop in the two studied seasons .

|
Total reomem |
Frentments iy~ LE tea | W aner tssmes L X
(mn fad )
-':'. - - - - LEETSE—
= | ‘ o iame
(LX) - i 5 .|
5 = a | -
SHEEEEEE T WY LY (R e A AT
3 s: 8 | : s l{}! P ;‘51! -3
23 £ 2 il - ’ -
- + + + + + . + ‘o
forvaw 1eo40 103500 130 12eem ten i 10 ia ‘ ‘e ) L% 2]
|
. e ' } ' ' ' +
"':)‘ wezzve | anize 120 11340 2007 | e 24l | 23%aa 14
' r
-
|
furruw 18038 13408 130 L e ‘ 1ATEA8 » 53 3T 1~
A an ¢ + T '
"":‘."' 1eeiae | 1aaze 130 1edn4 et | 1am axs | zievsm | "
el ' ’ +
" 19630 124 13 1529 2t | mase | 2 | e ‘
facven |
AY) =) + + - ’ '
L) 1438 130 mn N4 | 134T | A | 3w LEL)
= ' + + ' + ' +
1enos T.800 130 e wes | 1w avs | 11 s
tasvem
) - ' ' +
hedh | wmise | ame L3 sass s | eze | e | e a3

Average of total costs ( L.E / Fed ) for conventional irrigation ( by farmer practices ) was
10050 LE/Fed
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Table (11 ) : The total of finical benefits (L.E/ area ) when the best methods (A3b2 )
using and compare it with conventional irrigation method in the region
for potato crop in the two studied seasons.
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*Resource : Egypt : study on cost Recovery in the irrigation and Drainage sector ,
Ministry of irrigation and water Resources ( KFW.) September 2004 Cairo

Conclusion

Considering the previous discussion and the use of irrigated potato until 80% of field
capacity and planting in beds instead of furrow has a positive effect on increasing
agricultural production in both vertically and horizontally ; vertically by increasing yield per
unit of land area , horizontally by saving water in order to irrigate more old or new lands .
Thus the method becomes very important in saving water and obtaining high yield. So we
have search for applicable solutions and how to limit the potato consumption of water and
keep the planted land as it is, and to expand the production of potato crop in new lands . One
of these solutions is to study the effect of this treatment on water consumptive use and the
water use efficiency for the crop in order to have a high yield and good quality with least
quantities of water.

Results indicated that the planting Potato crop by irrigated until 80 % of F.C in beds
(As by) leads to an increase in productivity with rate equals 38.52 % and to more water
saving about by 29.72 % per year , and rising the total irrigation’s efficiency by 71.00 % . It
also saving water by about 179.216320 million m® / area (Average area cultivated by Potato
in Egypt) compared with the traditional method in this region . The results indicated also
from the economic view point also this treatments recorded the highest values of field and
crop water use efficiencies (7.02 and 11.45 kg/m?® , respectively) . Therefore , the economics
of irrigation water becomes very important for planting irrigation management project where
the over irrigation practices by farmers usually lead to low irrigation efficiency , water
logging and high losses of water .

It could be recommended to apply irrigated potato crop until 80 % of field capacity
and planting in beds instead of furrow to produce high yield with less amount of water
applied under EI-Minia province conditions.
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