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ABSTRACT

This study was carried out to investigate the effects of water regime under drip
irrigation system on growth, tubers yield, tuber quality, leaf total chiorophyll, free
proline and mineral composition as well as water relations of potato crop.

The study was conducted at Ali Moubarek Village, EL-Boustan (North Tahrir
Agricultural Experimental Station, 95 Km south of Alexandria-Egypt} during 2001/2002
growing season of potato crop. The texture of the experimental soil was sandy.

imported potato tuber seeds (Solanum tuberosum, ) of Diamont cultivar were
used in the present study. Planting was done on 2* of October 2001, in wet soil. The
potato tuber seeds were planted at 0.25 m apart, in rows of 0.75 m width and 40.0 m
length. irrigation water was applied throughout a drip irrigation network using drippers
cf 4.0 L/hr capacity. The irrigation water was applied at six frequencies: 60, 70, 80, 80,
100 and 110% of reference evapotranspiration. The results revealed that foliage
characteristics (i.e., plant height, shoct fresh weight, shoot dry weight, shoot dry
matter and shoot water content) were significantly affected by irrigation regime, in
which increasing the amount of Irrigation water increased the vegetative growth. The
data also, clearly indicated that increasing irrigation significantly increased leaf
characteristics {tolal chiorophyil, teaf waler contents i.e., free water content { FWC),
beund water content (BWC), total water content (TWC), and relative water content
{RWQC)). Leaf proline content substantially increased with increasing water stress
{decreasing the amount of irrigation water). Increasing the amount of irrigation water
resulted in increasing the leaf nutrients content. irrigation at 90% of ETy resulted in
improving the potato tuber physical and chemical characteristics. The maximum
tubers yiefd was attained at 90% of ET, treatment (21.359 ton/fed.). In addition, the
maximum water use efﬁ01ency was attained at the same level of irrigation water
(17.249 kg tubers/ m® of applied water). The most soil moisture was extracted from
the top 40 cm soil layer and was found to increased significantly with increasing the
amount of irrigation water. The optimum scil moisture tension for potato crop was
between 0.25 and 0.35 bar. The most important outcomes from the present study are
clarifying the important role of irrigation regime with drip irfgation system in improving
the potato growth and tuber yield. Also, good distribution of moisture overall the root
zone depth, that can enhance the plant growth and yield of potato crop. The present
study recommends 90% of ETy (1238.3 m® of applied waterffed) to achieve highest
potato yield and tuber quality under the same present conditions.

Keywords: potato crop, reference evapotranspiration, water-use efficiency. soil
moisture extraction pattern, soil moisture tension, water stress.

INTRODUCTION

Water is the most important factor in agriculture, especially in areas
of limited water resources such as arid regions. Water deficit can cause
serious losses in most crops and has been shown to affect many plant
physiological processes, for example, stomatal opening (Henson et al,
1989), plant water use (Bradford and Hsiao, 1982), plant water potential
(McCutchan and shackel, 1992), CQO, assimilation (Robinson et af., 1988),
- plant growth (Acevedo et al,, 1971 and Abdel-Nasser and EL-Shazly,2000),
plant productivity (Bradford and Hsiac, 1982) and sugar accumulation,



Abdel-Nasser, G.

{Handa ef al, 1983). On the other hand, water logging can reduce
photosynthesis (Childers and White, 1950), transpiration and stomatal
conductance {Andersen ef al, 1984}, shoot and root growth (Rom and
Brown, 1979) and fruit yield (Olien, 1987 and Abdel-Nasser and EL-
Shazly,2000). Thus, improving management of irrigation water may lead to
substantial water saving and improvement of plant growth and productivity.
Cne of the best approaches to achieve good water management program is
estimating the response of crop to different irrigation regimes.

At the new reclaimed area in Egypt such as sandy soil, there is a
critical balance between water requirements and water consumgption, thus,
water saving is becoming a decisive factor for agricultural expansion. So,
irrigation should be manipulated to maximize plant production per unit of
applied water. In such areas, demands for irrigation scheduling and
determining the crop water requirements impose the need to study and
measure water status in the continuous soil-plant-atmosphere system.
Maximizing plant production depends on timely available water, also water
conservation practice, which enhance this availability to be useful.

Many irrigation experiments have shown that potato plant is relatively
sensitive to meisture stress (Epstein and Grant, 1973; Phene and Sanders,
1976; Shaihevet et al., 1983; Hang and Miller, 1986; Marutani and Cruz,
1989; Shock et al., 1998, Opena and Porter, 1999; Porter et al., 1999 and
Fabeiro et al., 2001). Because it has a sparse root system and approximately
85% of the root length is concentrated in the upper 0.3 m soil layer {Opena
and Porter, 1999), water stress causes reduction of yieid by reducing growth
of crop canopy and biomass.

Scheduling water application is very critical to make the most efficient
use of drip irrigation system, as excessive irrigation reduces yield, while
inadequate irrigation causes water stress and reduces production. On the
other hand, the intensity of the operation requires that the water suppiy be
kept at the optimum level to maximum returns to the farmer. High-frequency
water management by drip irfigation minimizes soil as a storage reserveir for
water, provides at least daily requirements of water to a porticn of the root
zone of each plant, and maintains a high soil matric potential in the
rhizosphere to reduce plant water stress (Phene and Sanders, 1976).

However, the production of a high guality potato crop requires the
maintenance of relatively high soil moisture levels throughout the tuber
growth period. Extended periods of drought can reduce total yield by reducing
leaf area and photosynthetic rate. Short period of water stress can
substantially increase the incidence of secondary growth, misshaped tubers,
growth cracks and sugar end (Stark and Dwelle, 1989}

Therefore, the present investigation was carried out to study the effect
of water stress under drip irrigation system on growth, yield, fruit quality, leaf
total chiorophyll, free proline and mineral composition as weli as water- use
efficiency of potato plant.

MATERIALS AND METHODS

The present study was conducted at Ali Moubarek Village, EL-Boustan
(North Tahrir Agricultural Experimental Station, 95 Kn south of Alexandria -
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Egypt) during 2001/2002 growing season of potato plant. The texture of the
experimental soil was sandy. Some of its physical and chemical properties
were determined before cultivation according to Carter (1993). The main
physical and chemical characteristics of the soil are presented in Table (1).

Table (f): The main physical and chemical characteristics of the

experimental soil for growing potato plant during 2001/2002
growing season

— Soil depth, cm
Parameters 930 1060
article-size distribution
and% 89.2 87.3
St 7.7 a5
: Clay% 3.1 42
Textural class Sandy Sandy
Saturation water content, cm e’ 0.382 0.391
rield capacity om” 0.211 0.275
Permanent wilting point, cm’/em 0.055 0.054
Avanlable water, cm’/em’ 0.156 0.161
Bulk density morm- 1.638 1.649
Saturated hvdraulic Conductivity, cm/day 2341 2273
Organic matter, % 0.45 (.41
Caicium carbonates, % 4.1 3.2
pH {1 . 1 scil ; water suspension) 7.8 7.8
EC(1: 1 soil: water extract), dS/m 1.25 1,10
@oluble Cations, Cmole(+/Kg soll
‘ a2+ 385 3.41
Mg 2.10 1.92
Nz~ 575 5.25
i Q.70 0.42
Boluble Anions, Cmolel-VKg soil
C0; - -
HCO 1.62 1.73
cr 4.00 3.50
S04 6.42 5.63
Avaitable nutrients, mg/Kg seil . ,
N 32.1 28.1
P o 57 ~- 6.1
K 65.3 58.8
Fe 3.2 29
Mn 1.1 2.2
Cu 0.15 (.18
Zn 0.55 0.61
B 0.21 0.25

Imported potato tuber seeds (Sofanum tuberosum, L.) of Dlamont
cultivar were used in the present study. Planting was carried out on 2% of
Qctober 2001, in wet soil. The potato seeds were planted at 0.25 m apart in
the row, in 0.75 m width and 40.0 m length rows.

Fertilization:

Fertilization was carried out using nutrient solution containing all
essential nutrients for potato. The nutrients were supplied with irrigation water
(fertigation system). The concentrations of all essential elements in irrigation
water are presented in Table (2). The fertigation was applied during the
growing period two times weekly.
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Table{2):Sources and concentrations of nutrients used for preparing
the nutrient solutions used for potato fertigation

Element Con{crﬁg}[:-;t:on Sources
NOs-N 120 Caicium Nitrates
NH-N 30 Ammeonium Suiphate
P 70 Calcium super phosphates
K 280 Potassium Suiphate
Ca 140 Calcium Nitrates
Mg 24 Magnesium Sulphate
Fe 5.00 Fe —-EDTA
Mn 0.60 Mn —-EDTA
Cu 0.15 Cu-EDTA
Zn 0.25 Zn-EDTA
Mo 0.05 Ammonium Molybdate
B 0.50 Boric Acid
PH 6.4

Irrigation regimes:
Irrigation water was supplied throughout a drip irrigation network

(Karmeli and Keller, 1975) using drippers of 4.0 L/hr capacity. The irrigation
regimes were:
1. [rrigation at  60% of reference evapcetranspiration.
2. frrigation at  70% of reference evapotranspiration.
3. Irrigation at  80% of reference evapotranspiration.
4 irrigation at  90% of reference evapotranspiration.
5. Irrgation at 100% of reference evapotranspiration.
8. Irrigation at 110% of reference evapotranspiration.
The irrigation requirement was computed according to the following
equation:

ET

drip

TC‘FO I ——
P
E_(1-LR)
where:
ET.ep is the crop evapotranspiration, mm/day
ETunip is the water consumptive use under drip irrigation  system, mm/day
= is the efficiency of irrigation system (assumed as 90 % for drip
irrigation system).
LR is the Leaching Requirements required for salt leaching {assumed as 15 %) .

and
=K, *K *ET,

ETdrip

K. is the reduction factor that reflects the percent of soil covering by piant
foliage. K: can be calcuiated by the equation described in (Karmeli and
Keller, 1975):

K, =GC +0.5(1-GC)
Where

GC is the ground cover fraction (the plant canopy area divided by soil area
occupied by one plant). We can assumed that GC = 0.60.
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Kc s the crop coefficient ranging from 0.40 to 1.15 for potato ¢rop ( Alien et
al, 1998).

ETe ic the reference evapotranspiration calculated with FAQO Penman-
Monteith equation (Allen et al., 1998) expressed as :

0.408A(R, -G )+ _ 2004 (e, —e,)
ET, = T _+273 > "
A+y(l1+0.34U ,)
where:
ETC Potential evapotranspiration, mm dayr‘1
Rn Net radiation at the crop surface, MJ m-2 day™,

Scil heat flux density, MJ m-2 day™', Generally
very smali and assumed to be zero).

T Mean daily air temperature at 2.0 m height, °C,

U2 Wind speed at 2 m height, ms™,

s Saturation vapor pressure at 1.5 to 2.5-m
s height, kPa,

e Actual vapor pressure at 1.5 to 2.5-m height,
2 kPa,

€5 €, Saturation vapor pressure deficit, Kpa,

A Slope of vapor pressure curve, kPa’C™’,

¥ Psychrometric constant, kPa*C™’

The climatic data were collected from the Tahrir Meteorology Station
near by the experiment location.

Soil moisture tension was monitored for each treatment at 30 cm depth
during the growing season. ‘ -

The irrigation treatments were started at 16 October 2001 and lasted
up to February 9, 2002, ten days before harvesting (19" of February, 2002).
The treatments were arranged in randomized complete biock design with four
replications (the replication is represented by one row, 0.75 m width and 40.0
m length with area of 30.0 m?).

After 80 days from planting, plant samples were collected from each
freatment (10 plants of each replication) to determine the vegetative
measurements i.e., plant height and foliage fresh and dry weights. Also,
foliage dry matter was calculated,

Leaf samples were collected from each treatment (10 plants for each
replication). Each leaf sample was divided into two portions. In the first
portion, leaves were washed with tap water, distilled water, air-dried then
oven dried at 65C: to a constant weight. The dried sampies were ground and
then digested with concentrated sulfuric-acid + 30% hydrogen peroxide
according to the method of Wolf (1982). Total N was determined by micro-
Kjeldahi method (Jackson, 1973). Total phosphorus was determined
according to the method of Murphy and Riley (1962). Total potassium was
determined by a Flame Photometer (Jackson, 1973). In the other portion of
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each leaf sample (fresh leaf material), total chiorophyll content was
determined according to the method of Moran and Porath (1980). Total water
content (TWC) and relative water content (RWC) were determined by the
method of Weatherly (1350 and 1951). Free water content (FWC) and bound
water content {(BWC) were determined according to Abdel-Rasoul et al.
{1987). Leaf free proline content was determined as described by Bates et al.
(1973},

At harvesting time, tubers vyield and tuber characteristics were
determined as average of 10 random plants ie., No. of tubers per plant,
tubers yield per plant, average tuber weight and no. of tuber available for
export. Physical and chemical characteristics of potato tubers were
determined, i.e., tuber dry matter content, ash content, tuber length, tuber
diameter and specific gravity (by dividing the tuber weight by its volume).
Grading index was calculated by grading the tubers yield of 10 hills into 3
grads according to the tuber diameter; | (<30 mm); Il (30-60 rmm) and HI (> 60
mm) as reported by EL-Gamal (1980):

Grading index= _. {the weight or number of the first grad (!} x 1

+ the weight or number of the second grad (Il} x 2

+ the weight or number of the third grad (lll) x 3}

Starch content (%) was determined using the method described in
A.Q.AC.{(1980) in the tuber dry matter. Reducing and nor-reducing sugar
contents (%) were determined using the method of Dubcis et al.(1958) on
fresh weight basis. Protein content (%) was determined in dry matter basis
using the metheod of Richards (1972) with suitable constant (N X 6.25). Tuber
nutrients content was determined by digesting the dry matter with H,SO, +
30% H;O, digest (Wolf, 1982). The final soluticn was empioyed for the
determination of N, P and K contents as menticned before,

The collected data were subjected to anaiysis of variance according to
Steel and Torrie (1982). Correlation and regression were carried out
according to Draper and Smith (1982) using statistical package of Microsoft
EXCEL software,

RESULTS AND DISCUSSION

1. Foliage characteristics:

Foliage characteristics (i.e., plant height, shoot fresh weight, shoot dry
weight, shoot dry matter % and shoot water content) as affected by irrigation
regime are presented in Table (3).

Increasing soil water at irrigation resulted in significant increases in
vegetative growth. The highest values were attained at the high level of
irrigation (110% of ETy).

The reduction of vegetative growth as a result of decreasing the
volume of irrigation water (6G% of ETO) may be due to the major effect of
water stress in decreasing the water uptake by root system as a resuit of
decreasing root function (Rowe and Bearsell, 1973). The present results are
in accordance with the previous results of Abdel-Nasser {1991) and Abdel-
Nasser and EL-Shaziy(2000).
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Table(3): Foliage ¢haracteristics of potato crop as affected by irrigation

regime
! Irrig§tion Pl.ant ?;‘;?: R?:;igifts h Sg::yot Shoot dry ?:;?::
regime height . o matter
(cm) weight (g/plant) weight %) content
_{g/plant} (g/plant) _{%)
0.6 ET, 28.8 231.42 28.41 2532 10.94 89.06
0.7ETy  29.7 236.33 29.82 26.88 11.37 88.63
08ETd 313 | 24125 3071 28 48 11.81 88.19
0.9 ET, 34.7 248.51 3213 29.85 120 87.99
10ETy 37.2 256.44 33.45 3212 12.53 87.47
11ETy 385 264.26 34.72 34.01 12.87 87.13
L.S.D.{0.05) 1.72 283 T 226 269 | 122 [ 122 |

2. Leaf characteristics:

Total chiorophyll content of potato leaves as affected by irrigation
regimes is presented in Table (4). The data clearly indicate that increasing
amount of irrigation water significantly increase the total leaf content of
chiorophyll. Such increase may be due to improve the plant growth as a
result of more water and nutrients uptakes, such as N, K, Mg and Fe. Such
elements have close association in chlorophyli biosynthesis (Hall and Rao,
1996). Also, it may be atiributed for increasing photesynthesis rate as a resuit
of more absorption of available nutrients, which cause an increase in growth
and photosynthesis efficiency.

This result is true because of by increasing water stress, the plant has
less ability to absorb water. Thus, the nutrients uptake decreased. Aiso, such
reduction in chlorophyll content may be attributed to the role of water as a
substrate for all vital processes in plant tissue especially in chlorophyll
formation (Abdel-Nasser and E!-Shazly, 2000 and Abdel-Nasser and
Hussein, 2001).

Data presented in Table (4) indicate significant effects of irrigation
regime in increasing the leaf water contents i.e., free water content {FWC),
bound water content (BWC), total water content {TWC), and relative water
content (RWC). This resuit may be attributed to more water absorption by
notato plants as a result of more vegetative growth and more nutrients
uptake. The less leaf water contents under water stress conditions (less
amount of irrigation water at 60% of ET;) can be explained on the fact that
under high scil moisture tension, the moisiure becomes less available to plant
absorption, thus the leaf water content decreased (Werner, 1954, Slatyer,
1969, Epstein and Grant, 1973 and Abd-Allah, 1986). The same trend was
noticed with specific leaf area, in which it increased with increasing amount of
irrigation water. This result my be attributed to the role of water in increasing
the plant growth.

It is evident from the data in Table (4) that leaf proline content
substantially increased with increasing water stress {decreasing irrigation l.e.
60% of ETq). Moreover, there were significant differences between irrigation
treatments. Such results may be due to the role of proline in regulating water
transport in plant tissues (Aicni and Rosenshtein, 1584 and Srinivasa Rao.
1986). Similar results were cbtained by Good and Zapiachinski {(1994), they
found a marked increase in proline content of drought-stressed leaves. Also,
the data of Abdel-Nasser and Ei-Shazly {2000) confirmed the present resuit.
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The resuits of many studies suggest that the relative accumulation of proline
in response to water stress is likely to vary between plant species (Good and
Zaplachinski, 1994, and Abdel-Nasser and El-Shazly, 2000). They found a
marked increase in proline content for water-stressed leaves.

The data in Table (4) generally indicate that increasing amount of
irrigation water increased leaf nutrients content (N, P and K,}. The marked
decrease of [eaf nutrients content was found at higher water stress (60% of
ET, treatment). Such a reduction may be explained on the basis that under
water stress, the soil moisture became unavailable to root uptake, thereby,
decreased nutrient uptake by plants {Mengel and Kirkby, 1987), in addition to
general weakness of plant conditions as a result of water stress that reflected
on plant absorption and transiocation (Abdel-Nasser and EL-Shazly, 2000).

3. Tuber physical characteristics:

Data presented in Table (5) show the effects of irrigation regimes on
potato tuber physical characteristics. Tuber physicai characteristics, such as
No. of tubers per plant, average tuber weight, tubers available to export,
grading index by number and by weight, tuber length, tuber diameter, tuber
shape index and tuber specific gravity, significantly affected by irrigation
regimes {Table, 5). The present results are In accordance with the results of
Abd-Allah (1996). The maximum values were attained with 100% of ETO
treatments and a reduction was noticed with higher irrigation water {110% of
ETy). The reduction in tuber physical characteristic at highest water
application may be due to the role of excessive water in decreasing some
metabolic processes of root system.

4. Tuber chemical ¢characteristics:

Data presented in Table (8) show the effects of irrigation regimes on
potato tuber chemical characteristics. Tuber chemical characteristics such as
dry matter content, ash content, starch content, reducing sugars and protein
content significantly increased by increasing the amout of irrigation watyer. In
addition, highest irrigation treatment (100 and 110% of ET,) decreased the
chemical characteristic of tubers. The same resuits were reported by Abd-
Altah(1996). : : -

The effects of irrigation regimes on tuber nutrients content are also
shown in Table {6). Tuber nutrients content significantly increased with
increasing the amount of irrigation water.

5. Tubers yield, Water-Use Efficiency and production function:

The calculated water use according to the irrigation regimes were

2066, 4132 and 8264 m°ffed/season corresponding to 15, 30 and 60 minutes

per day.

x‘abie {7) shows the effect of irrigation regimes on potato tubers yield
and water-use efficiency. Increasing amounts of Irriyation significantly
improved tubers yield. The highest values of tubers yieid were attained with
90% of ET; (21.359 ton /fed.).

The water-use efficiency (WUE) was calculated according to the

following equation:
X Ti eld| Kg/ fed.
WU Kg tubers/ n appliecwater | = ubersyi (Kg fed)
Applied uata'(m’ / fed./ semon)
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Table(4): Leaf total chloro

I, water contents and nutrients content of potato crop as affected by irrigation regime

ph
Irrigation Leaf ‘ﬁ Free Bound } Total Relative | Specific | Proline Leaf nutrients
regime Total Water water water water |leaf wezig ht| content content, %
chlorophyll | content | content | content | content {g/m~) (mglg) N p K
(mg/100g) (%) (%) (%) (%)
0.6 ET, 7 262 18.72 59.82 78.54 76.76 28.21 6.99 212 [ 0.38 | 2.75
0.7 ET, 278 19.31 60.81 80.12 78.75 32.31 6.75 219 | 041 ¢ 2.82
0.8ET, 282 20.82 61.00 8182 79.21 34.68 5.80 225 1049 | 294
0.9 ET, 298 21.43 62.34 83.77 80.87 36.54 487 232 | 055 | 3.07
1.0ET, 308 | 2198 62.84 8482 | 8121 37.42 377 | 238 | 060 [ 317
1.1 ET, 312 22.84 62.88 8572 82 76 38,78 3.75 242 | 063 | 3.21
L.S.D.(0.05) | 11.72 [ 131 1.36 1.64 1.42 1.32 0.76 0.09 | 012 | 0.15
Table(5): Tuber physical characteristics of potato crop as affected by irrigation regime
. Average | tuber . -
Irrlg?tlon No.of Tuber | available Qradmg _Gradlng Tuber Tuber Tuber Specific
regime tubers/plant! weight | to éxport index by mdgx by | length | diameter §hape gravity
(g) (%) number weight (cm) (cm) index
@EL%_W__ | 480 130.01 (8142 15.40 1982.42 8.00 5.00 1.600 1.0684 |
0.7 ET, 510 133.41_% 84.31 15.70 2054 .18 8.20 5.20 1.577 1.0712
0.8ET, 5.70 136.22 86.21 16.20 2132.41 8.60 540 1.693 1.0784
- 09ET| 670 142.32 87.45 16.90 231672 | 890 5.60 1.589 1.0882_ |
1.0 ET, 6.50 140.21 86.82 16.70 224175 8.80 5.50 1.600 1.0811
1.1 ET, 6.30 138.85 84.32 16.50 2189.42 8.60 5.30 1.623 1.0782
L.S.D.{ 0.05) 028 | 354 | 151 0.72 1218 0.38 0.42 0.071 | 0.0119

5002 ‘AeW ‘(5) 0€ “Aluf) einosuey 19§ UBY '
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Table(6): Tuber chemical composition of potato crop as affected by

lrﬁgatmn regime

. Reducing Tuber nutrients

irrigation regim Dg:;:r Ash c;ntent cs:‘:::t sugars :;z::in': content, %
%) (%) %) °°{',;Z$“t % | N|P|K
0.6 ET, 18.82 5.11 14.51 0.382 713 [1.1410.17|2.15
0.7ETg _15.05 5.24 14.61 0.375 7.19 [115]019]2.21
0.8ETy 19.41 5.30 14.78 0.362 725 11.16]0.2112.24
0.9 ETy 2013 5.41 15,22 0.352 738 (1.18]0.22]2.26
1.0 ETd 20.00 528 15.00 0.341 7.31 11.1710.23]2.26
11ETq 1933 5.20 14.85 0.332 719 [1.18]0.2272.27
i..5.0.{ 0.05) 062 | 0.18 0.40 0.022 022 15.03/0.03{0.10

Table (7). Potato tubers yield, water use efficiency and soil moisture
extraction at scil depths as affected by irrigation regime

; Bl Tuber Gro'ss Wat;er use WUE3 Soil moisture
b , Yield ield mifed) | {(Kg/m extraction, %
Irrigation regime 0 ant) (Tgnlfed) ( s 920 | 2040 | 40-80
om cm cm
6.6 E1q 624.05 13.074 8255 15838 | 56.32 | 28.32 | 15.96
0.7 ET 680.39 15,799 963.1 16.405 [62.34 254311223
! 0.8ET, 776.45 18.301 1100.7 16.627 [ A652 12258 10.90
DOETy  953.54 21350 1238.3 ;| 17.249 | 71.82|20.82 | 7.36
1.0ETy 91137 20799 13759 | 15117 |76.22 | 18.24 | 5.54
11ETy B74.76 19.19% 1613.4 | 12685 | 78.82 | 16.48 | 4.70 |
L.S.D. {0.05} 53.93 1.363 585 + 1.051 3.71 1 194 | 555 |

Concerning the waler saving concept, the values of WUE as affected
by irrigation regimes are presented in Table (7). The results indicate that the
best tuber water use eﬁ‘“ iciency was aitained with 90% of ET,. The WUE was
17.249 Kg tubers/m® applied water. The higher and lower amounts of
1rr|gatfon water tend to decrease the WUE.

In the present study, the production function was done between the
total amount of applied irrigation water vs. fresh tuber yield. Through non-
linear regression analysis, the ebtalned mathematical function showed a
highly significant determination factor(R*=0.9559).

Y =3E-05*X*+0.0848* X —35.667
where

Y s the tuber yield, ton/fed

X is the water applied, m*fed

Figure(1) shows the relationship between the tota! amount of applied
irrigation water and total fresh tuber yield. The productlon function showed
that tuber yield near the 80% of ET, (13256 mlfed) was close to the
theoretical maxmum tuber yield(20.56 ton/fed.), then the water use efficiency
is 15.51 kg tuber/m’ of applied irrigation water.

6. Soil moisture extraction pattern and soil moisture tension:

The resuits illustrated in Table (7) showed that most of the sail
moisture was extracted from the top 40 cm soil layer for all treatments,
moreover, the soil moisture extraction from the top 40 cm soil layer was
increased significantly as the amount of irrigation water increased.
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The high percentage of moisture extraction from the top 40 cm soil
layer might be due to increase evaporation loss from the surface layer
against the atmospheric conditions (Ritchie, 1971 and Hsiao, 1973). The
moisture extraction from the deeper layer was due to less root ramification.

25
20
5 15 — |
_a_% 12 T Ty =.3E05xT+0.0B48x - 35667
_ ;% o - R=09559 :
800 1000 1200 1400 1600 -

Applied water, m3/fed.

Figure(1): Tuber wéter-prod_ﬁction f_t-mction_

The increasing moisture extraction under high irrigation frequency
(110% of ETy} may be due to that water was more available for evaporation
and plant uptake, consequently increased the moisture contribution (Gardner,
1980). Under low water application (60% of ET, treatment), moisture
exfraction was increased from the deeper layer. Such results could be
interpreted on the basis that, as soil moisture tension increased (less applied
water), the root penefration increased to get more moisture from deeper
layers (Sen et al,1984). Dargan and Ram {196%) reported that moisture
depletion percentage decreased with increasing the depth of root zone. The
results of Abdel-Nasser and Hussein (2001) and Abdel-Nasser and EL-
Shazly (2000} confirmed the present results.

The scil moisture tension were recorded during the growing season at
30 em depth. Soit moisture tension of 80% ET, treaiment was ranged
between 0.75 and 0.85 bar, while the soil moisture tension for 100%ET,
treatment was ranged between 010 and 0.20 bar. These values corfirmed
the water stress at low irrigation regime. The optimum soil moisture tension
for potato was between 025 and 0.35 bar corresponding to 90% ET,
treatment.

The most important outcomes from the present study are clarifying the
important roie of irrigation regime with drip irrigation system in improving the
potato growth and tuber yield. Also, good distribution of moisture overall the
root zone depth, that can enhance the plant growth and yield of 3oo’tato crop.
The present study recommends the 90% of ET0 (1238.3 m™ of applied
water/fed) to achieve highest potato yield and tuber quality under the present
conditions.
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