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ABSTRACT

Two field experiments were carried out to find out the “Effect of drip irrigation
schedules and mulching on growth and tuber yield of Potato (Solanum tuberosum L.)
Var. Spunta grown on sandy loam soils at Balteem, Kafr EI — Sheikh Governorate,
Egypt during winter seasons of 2005-2006 and 2006-2007. Six treatments
combinations involving two drip irrigation regimes (I1: 60% ETo and l2: 80% ETO0) in
main plots and three kinds of mulch (Mo: No mulch, Mi1: Organic mulch and Mz: Plastic
mulch) in sub plots were tested in a split-plot design with four replications.

Tuber yield obtained was significantly higher with the drip irrigation regime of
80% ETo (52.0 t/ha in 2005-06 and 48.2 t/ha in 2006-07) as compared to 60% ETo
(47.2 t/ha in 2005-06 and 43.4 t/ha in 2006-07).

Use of black polyethylene mulch resulted in significantly higher yield of tubers (53.7
t/ha in 2005-06 and 49.8 t/ha in 2006-07) as compared to rice straw mulch (50.6 t/ha
in 2005-06 and 46.6 t/ha in 2006-07) and no mulch (44.5 t/ha in 2005-06 and 41.0 t/ha
in 2006-07).

The seasonal water consumptive use of potato crop was higher with the drip irrigation
regime of 80% ETO (1708.55 and 1654.2 m3/ha) as compared to 60% ETO (1281.41
and 1240.7m3/ha) in the 1st and 2nd seasons, respectively.

The total water applied to potato crop was higher with the drip irrigation
regime of 80% ETo (3417.11 and 3308.42 m3/ha) as compared to 60% ETo (2562.83
and 2481.31 m%ha) in the 15t and 2™ seasons, respectively.

The crop water use efficiency (C.W.U.E.) was significantly higher with the
drip irrigation regime of 60% ETo (18.42 and17.49 kg/m®) as compared to 80% ETo
(15.22 and14.47 kg/m3) in the 15t and 2™ seasons, respectively.

The field water use efficiency (F.W.U.E.) was significantly higher with the drip
irrigation regime of 60% ETo (36.83 and 34.98 kg/m?) as compared to 80% ETo (30.44
and 29.14 kg/m3) in the 15t and 2" seasons, respectively.

Using plastic mulching resulted in the highest (C.W.U.E.) which the values were
(17.98 and 17.20 kg/m?3) in the 15t and 2" seasons, respectively and (F.W.U.E.)
values (35.92 and 34.41 kg/m3) in the 15t and 2" seasons, respectively.

Therefore to maximize tuber yield (52.0 t/ha), drip irrigation should be
scheduled at 80% ETo under the conditions of limited water availability. In order to
optimize irrigation water, drip irrigation should be scheduled at 60% ETo. This gives a
tuber yield of 47.2 t/ha and saves 40% of irrigation water under conditions of limited
water availability.

It is economically beneficial to use organic mulch. Apply organic manure at
rate of 12.5t/ha along with the recommended dose of fertilizers. Incorporate organic
mulch and potato plants after harvest to enrich soil fertility and sustains potato
production for long time in sandy loam soil.
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INTRODUCTION

Drought is a severe environmental stress that limits agricultural

production. Vegetable crops, including potato, have high water requirements
and in most countries full or supplemental irrigation is necessary for
successful vegetable production. However, water availability for agriculture is
being reduced as a consequence of global climate change, environmental
pollution and growing demand for other uses. Therefore, great emphasis is
placed on crop management for dry conditions with the aim of increasing
water use efficiency. Irrigation systems affect water use efficiency and yield of
potato.
This sensitivity to water stress makes potato a water-demanding crop,
requiring from 400 to 600 liters of water to produce 1 kilogram of tuber dry
matter (Beukema & Van der Zaag, 1979). Under field conditions, the water
requirements vary between 350 to 500 mm over the growing season,
depending on the crop period, environmental conditions, soil type and cultivar
(Sood & Singh., 2003). Potato plants can respond with increments of up to 2
t/ha for each 2 cm of water lamina (Harris, 1978). The optimal yield is highly
dependent on well-planned watering with low volume and high frequency
(Vayda, 1994 and Wright and Stark, 1990).

The potato’s limited tolerance to drought is due to its comparatively
shallow root system (50-60 cm) and the stomatal tendency to close (Harris,
1992 and Kleinkopf and Westermann, 1981), which reduce leaf extension
rates (Haverkort & MacKerron, 2000). Stomatal closure also reduces CO2
uptake and photosynthetic activity, increases leaf temperature and
photorespiration, and is therefore negative for crop production (Egusquiza,
2000). The longer the reduction of stomatal opening lasts, the higher the
reduction in yield (Martinez and Huaméan 1993). The critical period to water
deficit in potato is during tuber development; achieving high yields requires
an adequate water supply from tuber initiation to maturity (Salter and Goode,
1967; Jensen et al., 2000 and Egusquiza, 2000) and even short episodes of
water stress during this period can cause significant reductions in yield and
quality (Miller and Martin, 1987; Kumar et al., 2003) causing chained, hollow
and small tubers (Jensen et al., 2000).In drip irrigation, 31% increase in yield
over furrow irrigation was obtained with 20% saving in fertilizer, 36% saving
of irrigation water, 42% higher WUE besides reduced acidification problem
below the emitters(Veeranna et al., 2001).

Agronomic practices that reduce soil evaporation should tend to
increase water productivity. In a study of the benefits of surface mulches on
yield, Midmore et al. (1986b) showed that mulch increased tuber yield during
the summer by 20%. Although it was not directly determined how much water
productivity might have been affected, Midmore et al. (1986a) did conclude
that mulch always increased soil-moisture retention. Thus enhanced yields
obviously mean increased water productivity for the same amount of applied
water, at least for the summer season in Lima. These same studies also
showed that mulch resulted in earlier tuber initiation and greater tuber bulking
rates.Manriqgue and Meyer (1984) also studied the impact of mulches on
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potato yield during winter and summer seasons. They showed no effect on
yields during the winter, but summer yields were increased by 58% with
surface mulch, which improved soil moisture retention. High frequency
irrigation given in smaller quantities and polyethylene or rice straw mulch was
superior in dry matter accumulation, tuber yield, uptake of nutrients and water
use efficiency when compared to no mulching(Abd Al - Gaffar and
Kumaraswamy, 1992a, b and c). Mulching with straw or polythene resulted in
reduction of weed bio-mass and higher economic benefit (Abd Al - Gaffar and
Kumaraswamy, 1993).

Therefore, an investigation has been planned to find out the
performance of growing potato under limited water availability under drip
fertigation with water conservation techniques such as soil mulching.

MATERIALS AND METHODS

The Spunta variety of potato crop which comes up in 120-130 days was

grown under irrigated conditions from November to March. Disease free, F1
class A seed tubers of grade 35/55 mm with bold buds ready to sprout were
used for planting. Large sized tubers were cut into pieces in such a way that
each piece containing at least two eye buds and weighing approximately 35-
40 grams each. Small tubers weighing about 65 grams or less were not cut.
After cutting every tuber, the knife was dipped in formalin (10% v/v) to check
the spread of bacterial diseases carried through the tubers. Seed tubers
were dipped in a solution of Rhizolex (1 g) dissolved in 1 liter of water for 5
minutes and dried in shade before planting, which prevents the decay of seed
tubers.
The soil was ploughed 3-4 times and brought to a fine tilth. Leveled beds with
furrows were made at 50cm apart. The plot area was 45 m2 (3 m x 15 m).
The entire quantity of poultry manure was applied (12.5 ton/ha.) and mixed
well in the soil before planting. Cut tubers were planted on the beds all along
the drip line 50 cm apart. The crop was earthed up after 4-6 weeks after
planting. Later mulching was done using rice straw at 5t/ha and black
polyethylene sheets of 4009 thickness.

The sandy loam soil at Balteem, Kafr El — Sheikh Governorate(Table 1)
initially had pH 7.3, EC 1.65 dSm', OM 0.42%, N 38 ppm, available P 15
ppm and K 150ppm.Soil chemical and physical properties were determined
according to Page ( 1982 ) and Klute (1986).

Table (1): Some chemical and physical properties of the experimental

soil.
Available Soil moisture
EC,d| pH OM. % C;—Pbtglna nutoruirr:ts, Soil texture characteristics
S/m| 1:25 | DM P

te,% Clay, | Silt, |Sand, [Texture| FC, | WP, | AW,

N |PIK % % % class | % % %
Sandy
7.3 0.42 1.54 38 |15|150|18.3 [35.8| 45.9 13.7 7.7 | 6.0
1.65 loam
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The N, P20s and K0 fertilizer was applied through drip irrigation in
weekly intervals starting from 4-6 weeks after planting until tuber
development as shown in Table (2).

Table (2);: Schedule of Chemical fertilizer (Kristalon: 18-18-18-3% N,
P20Os, K;O & Mg O) applied to potato crop during winter
seasons of 2005-06 and 2006-07 under drip fertigation.

SI. | Weeks Weekly | Weekly | Total | gm/plant | gm/m? | kg/ha
No. | duration splits % % /week /week week
1 4 - 7" wk 4 10.0 40 2.50 10.0 100
2 8 — 11thwk 4 12.5 50 3.13 12.5 125
3 12 -13twk 2 5.0 10 1.25 5.0 50

The main line in drip irrigation net was 63.0 mm. and the laterals
were 16.0 mm in diameters. The distance between laterals was 50 cm and
lateral length was 15 m. The discharge of dripper was 4 L/hour.

Light irrigation was provided immediately after planting. Subsequent
irrigations were scheduled by drip irrigation adjusted based on ETo ( Class A
Pan Evaporation) with crop coefficient values at different stages of crop
growth for efficient utilization under scarce water conditions as shown in
Table (3). The plots were kept free from weeds. Tubers exposed to sun at the
surface were covered with soil to prevent greenness.

Table (3): Irrigation intervals as affected by potential evapotranspiration

(ETo)Z
ETo,mm/day Type of frequency Interval, days
<3.0 Low 3
3.0-5.0 Moderate 2
>5.0 High 1

Note:
Water relations:
1. Total available moisture (TAW),mm = FC — CEW
Where:
FC is field capacity , mm.
CEW is crop extractable water , mm.
2. Frequency of irrigation (lt) = AMao / Etmgs
Where: Etmgs is the evapotranspiration at the midpoint of the growing season.
The quantity of water applied was estimated using the class A
pan evaporation equation:
ETr= Kp Epan
Where:
ETe = Evapo-transpiration of grass reference crop, mm/d
Kp = pan coefficient (0.8 — 1.0).
Epan = pan evaporation, mm/d.
3. Water consumptive use (ETy:
ETcrop=EToxKc
*Q =AD
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a. 11-60%ETO 12-80%ETo0 b.Crop spacing:50cmx50cm
(0.25m?/plant)

Crop coefficient for potato crop for different growth stages was taken
from FAO Irrigation and Drainage Technical Paper No. 24 according to
Doorenbos, J and W.O.Pruitt (1977).

Kc= Crop factor: 0.45(Initial), 0.45(Devt.), 0.75(Mid-season),
1.13(Late season) and 0.90(At harvest).

4. Field water use efficiency: was calculated as follows:
FWUE (kg/m3 = Yield (kg/fed.)/Amount of water applied (m3/fed).

5. Crop Water use efficiency (C.W.U.E) was calculated by using formula:
C.W.U.E (kg/m® = Yield (kg/fed.) / Seasonal water consumptive use
(m3/fed), (Doorenbos and Pruitt, 1977).

Table (4): The metrological data of Sakha Climatologically Station
during the growing seasons.
Month | Air Temp.C°® |Relative humidity,%|wind peed

Solar Soil Total

, km /24 radiation| Tem Ep, mm/ rain

T, MAX|T, MIN RH, MAX| RH, MIN | hr.at2m Im? Cop' day !

height |*MJ/m mm

Nov. 05| 20.697 |11.766| 94.483 | 54.552 73 9.4 17.40 | 3.02 7.0
Dec. 05| 18.440 | 9.480 | 94.600 | 52.800 59 6.6 13.97 | 2.06 8.0
Jan. 06| 20.967 |11.177| 94.933 56.233 48.43 8.1 10.580 | 1.93 84.0

Feb. 06| 23.067 |11.515| 92.185 | 48.741 69.72 13.7 |14.600 | 2.64 16.0
Mar-06 | 26.547 [16.647| 93.967 | 47.433 103.87 154 119.320| 4.19 17.0

Nov. 06| 23.5 8.9 77.0 58.6 63.0 13.0 18.3 2.89 0.0
Dec. 06| 19.7 4.5 82.0 62.2 58.2 9.2 13.3 2.03 0.32
Jan. 07| 18.7 4.1 87.0 58.5 57.2 8.1 134 1.94 0
Feb. 07| 21.6 5.6 95.4 67.6 60.0 12.4 16.2 2.33 1.6
Mar-07| 22.0 5.8 79.5 51.7 75.0 16.7 18.5 3.5 0

Harvesting and yield

When the aerial stems and foliage turned yellowish brown and
started drying up, the crop was harvested during March. Irrigation was
stopped 8-10 days before harvesting the crop. The plants were dug out
carefully without damaging the tubers when the soil moisture was optimum.
The tubers were cured for 10-15 days in a well ventilated place.

RESULTS AND DISCUSSION

A. Tuber yield of potato
Data of tuber yield of potato per plant and per unit area is provided in
Table (5). On an average over two years, tuber yield recorded was 47.7 t/ha.
However, the tuber yield obtained was higher during 2005-06(49.6 t/ha)
which is 8.3% higher when compared to 2006-07 season(45.8 t/ha).
Tuber vyield obtained was significantly higher with the drip irrigation
regime of 80% ET. (52.0 t/ha in 2005-06 and 48.2 t/ha in 2006-07) as
compared to 60% ETc(47.2 t/ha in 2005-06 and 43.4 t/ha in 2006-07). The
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average tuber yield increase was 10.6% higher with the drip irrigation regime
of 80% ETc(lz) when compared to 60% ET. (I2).Higher level of drip irrigation
regime of 80% ETc(l2) is responsible for maintaining higher content of actual
soil moisture before every irrigation and better uptake of nutrients. Hence,
growth and tuber yield of potato will be better when irrigation is scheduled
with the drip irrigation regime of 80% ETec.

These results are in agreement with the findings of Veeranna et al.
(2001) who reported that there are large savings in irrigation water with
increased yields and water use efficiency due to higher regime of drip
irrigation.

Use of black polyethylene mulch resulted in significantly higher yield of
tubers (53.7 t/ha in 2005-06 and 49.8 t/ha in 2006-07) as compared to rice
straw mulch (50.6 t/ha in 2005-06 and 46.6 t/ha in 2006-07) and no mulch
(44.5 t/ha in 2005-06 and 41.0 t/ha in 2006-07). Such an increase in the yield
of potato tubers may be attributed to significant improvement in the growth
and yield components during both years. Similar results were reported by
Abd Al - Gaffar and Kumaraswamy (1992a, b and c) and Abd Al - Gaffar and
Kumaraswamy (1993).

Table (5): Effect of irrigation schedules and mulching on tuber yield per
plant and per unit area of potato crop grown in open field
under drip irrigation during 2005/2006 and 2006/2007seasons.

Treatments Tuber | Tuber Tuber Tuber Tuber Tuber
yield, | yield, yield, yield, yield, yield,
kg/plant| kg/m? | ton/ha | kg/plant | kg/m? ton/ha
First season Second season
Main plots
11 (60 % ETc) 1.18 472 47.2 1.09 4.34 43.4
12 (80 % ETc) 1.3 5.2 52 1.21 4.82 48.2
S.Em. + 0.033 | 0.132 1.32 0.03 0.118 1.18
C.D. at 5% 0.119 | 0.474 474 0.109 0.434 4.34
Sub - plots
MO ( No mulch) 1.11 4.45 445 1.83 4.1 41
M1 ( Rice straw) 1.27 5.06 50.6 1.17 4.66 46.6
M2 (Plastic mulch) 1.34 5.37 53.7 1.25 4.98 49.8
S.Em. + 0.014 | 0.055 0.055 0.017 0.068 0.681
C.D. at 5% 0.041 | 0.164 0.164 0.054 0.217 2.17
C mean 1.24 4,96 49.6 1.15 4.58 45.8
S.Em.+ = Standard error of means C.D. = Critical difference

B. Water requirement and water use efficiency of potato

Data of water applied, water consumptive use and water use efficiency
of potato are provided in Table (6).0n an average over two years, the total
water applied was 2942.42 m3/ha.The obtained results showed that, water
applied to potato crop was higher with the drip irrigation regime of 80% ETc
(3417.11 and 3308.42 m3/ha) as compared to 60% ETO (2562.83and 2481.31
m3/ha) in the first and second seasons, respectively.
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The seasonal water consumptive use of potato crop was higher with
the drip irrigation regime of 80% ET.: (1708.55 and 1654.2 m?%ha) as
compared to 60% ET(1281.41and 1240.7 m3/ha) in the first and second
seasons, respectively. The increase in the average water consumptive use
was 33.3% higher with the drip irrigation regime of 80% ETc (I2) when
compared to 60% ET. (I1). It is obvious that the water consumptive use of the
crop generally decreases when irrigation is scheduled with the lower drip
irrigation regime of 60% ET.. Hence, there will be a water saving in this lower
irrigation regime Ia.

The water use efficiency value was higher during 2005-06 when
compared to 2006-07. Such an increment in the water use efficiency of potato
crop may further be related to the higher vyield of tubers and lower
requirement of irrigation water.

Crop water use efficiency (C.W.U.E.) obtained was significantly higher
with the drip irrigation regime of 60% ETc: (18.42 and 17.49 kg/md as
compared to 80% ETc(15.22 and 14.57 kg/m3 in the 1st and 2" seasons,
respectively. Field water use efficiency (F.W.U.E.) obtained was significantly
higher with the drip irrigation regime of 60% ET. (36.83 and 34.98 kg/m? as
compared to 80% ETc(30.44 and 29.14 kg/m3 in the 1st and 2" seasons,
respectively.

The average increase in water use efficiency of potato crop higher
with the drip irrigation regime of 60% ET. (I1)) when compared to 80% ET(l2).
Such an increment in the water use efficiency of potato crop may further be
attributed to the lower requirement of irrigation water with I1.

Whereas, the water use efficiency obtained was significantly higher

with the drip irrigation regime of 60% ET.as compared to 80% ET.. Therefore
to maximize tuber yield (50.1 t/ha), drip irrigation should be scheduled at 80%
ETc under the conditions of limited water availability. In order to optimize
irrigation water, drip irrigation should be scheduled at 60% ET.. This gives a
tuber yield of 45.3 t/ha and saves 40% of irrigation water which is a scarce
and costly resource.
The highest average values of (C.W.U.E.) as affected by mulching (17.46
and 17.2 kg/m?3) in the 1st and 2" seasons respectively were obtained under
(M2) treatment. While, the highest average values of (F.W.U.E.) as affected
by mulching (35.92 and 34.41 kg/m3) in the 1st and 2" seasons, respectively
were obtained under (M2) treatment. The obtained results are in agreement
with those of Sood and Singh, 2003; Vayda, 1994 and Wright and Stark,
1990).

Use of plastic or rice straw as mulch maintains higher content of actual
soil moisture before every irrigation which may in turn be attributed to its
better water holding capacity. Therefore, it is economically beneficial to use
organic mulch by applying rice straw at rate of 12.5t/ha along with the
recommended dose of fertilizers. Incorporation of organic mulch and potato
plants after harvest enriches soil fertility and sustains potato production for
long time in north Delta. Veeranna et al. (2001) have also revealed similar
results and quoted that potato production can be sustained over a long time
by maintaining the soil moisture and nutrient status. The obtained results are

7157



Abd Allah, M. A. A. et al.

in agreement with those of Midmore et al. (1986a) ; Midmore et al. (1986b)
and Manrique and Meyer (1984)

Table (6): Effect of irrigation schedules and soil mulching on applied
water, water consumptive use, and water use efficiency
(WUE) of potato crop during 2005-2006 and 2006 - 2007.

Irrigation | Applied water |0\ g [Ew.U.E| TYPET | Applied Water lo w U E|FW.UE,
regime |water m3/haconsum3pt|ve Kg/m3 | Kg/m3 yield, water mglhaconsumptlve Kg/m3 | Kg/m3
’ use,m®ha kg/ha ’ use,m®ha
First season Second season

11 2562.83 1281.41 18.42 36.83 [43400| 2481.31 1240.7 17.491f 34.98138
12 3417.11 1708.55 15.22 | 30.44 [48200| 3308.42 1654.2 14.569| 29.13778
Mulching

MO 2989.97 1494.98 14.88 | 29.766 |41000| 2894.87 1447.4 14.163| 28.32665

M1 2989.97 1494.98 16.92 | 33.847 [46600| 2894.87 1447.4 16.097| 32.19566

M2 2989.97 1494.98 17.96 35.92 [49800| 2894.87 1447.4 17.203] 34.40652

Summary and Conclusion

The total water applied to potato crop was higher with the drip irrigation
regime of 80% ET. (1219.2 m%ha) as compared to 60% ET. (915.5 m?ha).
Whereas, the water use efficiency obtained was significantly higher with the
drip irrigation regime of 60% ET. (49.6 kg/m?) as compared to 80% ET. (41.1
kg/m3).

In order to maximize the tuber yield of potato (50.1 t/ha) under the
conditions of limited water, drip irrigation should be scheduled at 80% ETe.

In order to optimize the irrigation water, drip irrigation should be
scheduled at 60% ET. under the conditions of limited water availability. This
gives a tuber yield of 45.3 t/ha and saves 40% of irrigation water.

It is economically beneficial to use organic mulch (rice straw) in potato
crop. However to maximize yields, plastic mulch (black polyethylene) is
advantageous.

Since the soils are sandy and poor in organic matter content, it is
advisable to apply organic manure at rate 12.5t/ha along with the
recommended dose of fertilizers. Incorporate organic mulch and potato
plants after harvest to enrich soil fertility and sustain potato production.
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