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ABSTRACT: This work was carried out during two consecutive
summer seasons of 2001 and 2002 at El-Salhyia El-Qadima region
(Private Farm), Sharkia Governorate, to study the effect of irrigation
water quantity and combination between nitrogen and potassium
fertilizers on dry weight; plant water relations and yield of potato
plants grown in sandy soil.

Irrigation water quantity at 2500 m’/fed increased total dry
weight/ plant, average tuber weight, number of tubers/plant
marketable and total yield/feddan. Water quantity at¢ 2000 m Sfed
recorded maximum bound water, cell sap, osmotic pressure in leaf
tlssues and water use efficiency, whereas water quantity at 3000
m Ifed recorded maximom free and total water contents in leaf
tissues.

The combination between N+K,0 at 150+75 or 150+150 kg/fed
recorded maximum total dry weight/plant, and free and total water
in leaf tissues. Meanwhile, N+KyO at 150475 kg/fed recorded
maximum bound water in leaf ticsues, average tuber weight, yield
/plant and marketable yield and total yicld /feddan.

The interaction between 2500 m* water and N+K;O at 150+150
kg/fed increased total dry weight/plant, and N+K,0 at 150+75 kg/fed
increased average tuber weight, yield/ plant and marketable and
total yield/feddan.

The interaction between 2000 m” water and N+K,0 at 150+75 or
150+150 kg/fed increased cell sap and osmotic pressure in leaf
tissues, and N+K,0 at 100+73 kg/ifed increased bound water in ieaf
tissues, but N+K;OQ at 150+75 mcreased water use efficiency, while
the interaction between 3000 m® water and N+K2() at 150+75 or
150+150 kg/fed increased both free and total water in leaf tissues.
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INTRODUCTION

Water quantity is considered
as one of the main factors that
greatly affect plant growth of

potato, particularly, under sandy -

soil conditions. This may be due to
that; sandy soil is very poor in its
ability to preserve water against
leaching, This soil, on the other
hand, had a suitable texture -for
potato  tubers
* formation.

- Increasing the irrigation water
quantity increased yield of potato
(Steyn ef al, 1992, Gunel and
Karadugan, 1998; Ramnik er al.,
1999, Belanger et al., 2000).
Irrigation after the depletion of 20
% or 30 % of available soil
moisture Increased dry weight/
plant, total and free water (%) in
leaf tissues of potato plant cv.
Spunta (Abdel-Rheem, 2003),
mean tuber weight, number of
tubers/plant, yield/plant and yield/
fed as well as water utilization
efficiency of potato plant cvs.
Diamant, Alpha and Mondial {El-
Masry and Abou-Arab, 2000),
whereas, irrigation after the
depletion of 80 % increased bound
water (%) and osmotic pressure in
leaf tissues of potato (Abdel-
Rheem, 2003),

El-Ghamriny ef al. (2005a and
b), under sandy soil conditions,
found that water quantity at 2000

growth  and

and KO at
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m’/fed showed enhancing effect on
dry weight/plant, free and total
water (%) in leaf tissues and total
yield of potato cv. Diamant.
Meanwhile, bound water (%) was
at its maximum value under water
stress (500 m’/fed). Decreasing of
water supply increased water use
efficiency of potato plants (Gameh
et al., 2000; El-Banna et al., 2001).

The combination between N
150+120 kg/ha
(Satyanarayana and Arora, 1985)
and at 80+72 kg/fed (Shehata and
Abo-Sedera, 1994), and at 100+90
kg/fed (Abo-Sedera and Shehata,
1994) increased number of tubers/
plant, yield/ plant and total yicld of
potato.

Total and free water (%) in
leaf tissues of tomato increased,
while the bound water decreased
with increasing N or K0
fertilizers at 150 kg N or 100 kg
K20/fed (Khalil, 1982).

Under sandy soil conditions,
fertilization of sweet potato with
N+K,0 as fertigation at 100+140
kg/fed increased dry weight of
leaves and branches, while at
60+60 kg/fed increased total yieid
(Ayoub, 2005).

The interaction between water
quantity at 904 or 1205 m’/fed (75-
100 % ETP) and N at 120 kg /fed
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significantly increased average
tuber weight, yield, total yield/fed
and water use efficiency of potato
cv. Spunta under El-Nubaria
region (Hegaze and Awad, 2002).
The irrigation treatment every 10
days by intervals combined with
level of 80+72 kg NK/fed recorded

maximum values of tuber yield of -

potato (Shehata and Abo-Sedera,
1994).

Therefore, the objective of
this work was to study the effect of
water quantity and combination
between nitrogen and potassium
fertilizers on growth, expressed as
dry weight, plant water relations
and yield and its components of
potato plants grown in sandy soil.

MATERIALS AND
METHODS

This work was carried out
during two consecutive summer
seasons of 2001 and 2002 at the
Private Farm, El-Salhyia El-
Qadima, Sharkia Governorate, to
study the effect of irrigation water
quantity and combination between
nitrogen and potassium fertilizers
on growth, plant water relations
and yield of potato (Solanum
tuberous L.) under sandy soil
conditions.

The physical and chemical
properties of the experimental soil
(average two seasons) were 96.90

' 2.62 % WP, 7.60 pH, 2.00 dSm’
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% sand, 0.90 % silt, 2.20 % clay,
1.0 % organic matter, 9.39 % FC{

EC, 10.40 ppm available N, 2.98
ppm available P and 34.44 ppm
available K. For irrigation water
analysis, 7.72 pH, 1.83 dSm™ EC,
5.86, 3.54, 9.28, 0.20, 9.84, 2.63
and 6.41 mg/100 gm soil for Ca"™,
Mg™,Na", K', .SO,", Cl' and
HCO;™, respectively.

~ This experiment included 18
treatments, which were the .
combinations  between  three
irrigation water quantities and six
rates of combination between
nitrogen and potassium fertilizers
as follows: ‘

Irrigation  water  quantity:
2000, 2500 and 3000 m® Ifed.
Amounts of . combination

between nitrogen and potassium
fertilizers: 100 + 735, 100 + 150,
125 + 75, 125 + 150, 150 + 75 and

150 +150 kg N+K,0/fed,
respectively.

These  treatments  were
arranged as split plot in a

randomized block design with
three replications. The irrigation’
water quantities were randomly
distributed in the main plots and
amounts of combination between
nitregen and potassium fertilizers -
were randomly arranged in the sub
plots.
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. The plot area was 22.5 m’. It
contains two dripper lines with
12:5m length and 0.9 m width.
One line was used for samples to
measure the plant growth (dry
weight) and the other line was used
for yield determination. Drip
irrigation system was used and the
distance between drippers was 50
cm. In addition, one row was left
bétween each two experimental
plots as a guard area to avoid the
over lapping infiltration of
irrigation or fertilization.

All experimental units received
equal amounts of water during
germination (100 m® water/fed).

Khalil, ef al.

The itrigation treatments started 20
days after planting and were added
by two days intervals. The water
was added using water counter and
pressure gauge at 1 bar. The
amounts of added water at
different treatments were
calculated and expressed in terms
of time based on the rate of water
flow through the drippers (4 liter
/h.) to give such amounts of water.
The irrigation treatments were
stopped five days  before
harvesting time. Irrigation
numbers, the time (min.) and water
quantity (m®) in every irrigation
are shown in Schedule 1.

Schedule 1: The time (minute) and amounts of applied irrigation
water (m’/fed as well as /plot) in every irrigation during
the growth period of potato via dripper lines with
discharge of 4 liter /h. for each dripper at 1 bar

Water Irrigation Irrigation time in Water quantity every
quantity =~ numbers every irrigation  irrigation (m®)
(m */fed.) (min.)

) (m’) Plot feddan
2000 45 71 0.0105 0.235 4444
2500 45 89 0.0132 0.294 55.55
.3000 45 107 0.0158 0.353 66.66
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Tuber seeds were sown on
Feb.10" and Jan29 % in both
summer seasons of 2001 and 2002,
respectively and spaced at 25 cm
apart. The weight of potato tuber
seed was about 60 gm. Tuber seeds
were sown in hills on one side of

ridge.

Tuber seeds of potato cultivar
(Diamant) were used and its source
was Hort. Res. Ins., Agric. Res.
Center. The sources of nitrogen
and potassium fertilizers were
ammonium nitrate (33% N) and
potassium sulphate (48-52% K;0),
respectively. One third of amount

of ammonium nitrate and
potassium sulphate and all amount
of calcium superphosphate (15.5%
P,0s) were added during soil
preparation with farmyard manure
(30 m/fed) in the center of
planting rows and the fertilizers
were covered by sand. The rest of
ammonium nitrate and potassium
sulphate were splited into 30 equal
portions and then added to the
plants every two days, beginning
21 days after planting through
irrigation water (fertigation). Other
recommended agricultural
practices for commercial potato

production were followed.
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Data Recorded

A random sample of six plants
was taken from every plot at 75
days after planting, in both seasons
of swdy, to determine the
foliowing parameters;

Plant growth: (expressed as dry
weight): Different plant parts were
dried at 70 °C till constant weight
and the following data were
recorded: Dry weight of roots,
stems, leaves, tubers and total dry
weight/ plant.

Plant water relations: Total, free,
bound water, cell sap and osmotic
pressure in the fourth upper leaf of
potato plants were determined for
every experimental unit at 75 days
after planting in both seasons.
according to the method described
by Gosev (1960).

Yield and its components: At
harvest (115days after planting)
tubers.- from each plot were:
calculated, weighed, counted and
graded into three sizes according
to specification laid down by the
Ministry of Economic for potato
exportation (1963) as follows:
Gradc 1: tubers with diameter
above 5.5 e¢m, grade 2: tubers with
diameter between 3.5- 5.4 om.
grade 3: tubers with diameter less
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than 3.5 ¢m and marketable yield
{grade 1+ grade 2) ton/fed. After
that each grade was weighted
separately. Also the following data
were -recorded: Number of
tubers/plant, average tuber weight:
(gm), tuber yield per plant (gm),
total yield (ton/fed) and relative
yield (%).

Water use efficiency (WUE.): It
was calculated according to
equation of Begg and Turner
(1976) as follows:

Water use efficiency =

Water quantity (m’/fed)
(kg/m’)

Yield (kg/fed)
Statistical Analysis

The data were subjected to
proper statistical analysis of
variance according to Snedecor
and Cochran (1980) and means
separation were done according to
L.S.D. at 5 % level of probability.

RESULTS AND
DISCUSSION
Plant Growth
Effect of water quantity

Data in Table 1 indicate that the
growth, expressed as dry weighi of
roots, stems and leaves/ plant
significantly  increased  with

- Khalil, et al.

increasing water quantity up to
3000 m’/fed, whereas dry weight
of tubers and total dry weight
significantly  increased  with
increasing water quantity up to
2500 m’/fed without significant
differences between 2500 and
3000 m’/fed, in the first season,
with respect to total dry weight/
plant. The increases of total dry
weight were about 16 and 20 % for
water quantity at 2500 mjlfed and
18 and 10 % for water quantity at
3000 m’fed over the water
quantity at 2000 m*/fed in the first

~ and second season, respectively.

It could be suggested that
increasing water quantity applied
to potato plant led to keep higher
moisture content in the soil, and
this in turn might favoured the
plant metabolism that leads to
increase  the plant  growth
characters and to produce higher

- dry matter. Water stress, on the
" other hand,

led to cause a
reduction in the uptake of
nutritional elements; that might
causes a disturbance in the
physiological processes need for
plant growth (Salter and Goode,
1967). Obtained results are in good
line with those reported by El-
Ghamriny et al. (2005a) on potato.



Table 1: Effect of irrigation water quantity on the dry weight of potato plants grown in sandy seil

at 75 days after planting
Irrigation water K Dry weight (ginlplant) L Relative
quantity (m*/fed) ~ Roots  Stems Leaves Tubers Total (%)
2001 season
2000 7.92 11.15 63.73 171.42 254.23 100
2500 917 12.01 75:55 . 200.14 297.10 116
3000 9.89 13.18 86.81 191.37 301.73 118
LS.D. at0.05level 043 1.0 271 7 451 6.76 -
_ ’ 2002 season
2000 5.63 8.01 23.55 175.84 213.03 100
2500 5.65 9.75 27.56 213.63 256.59 120
3000 6.28 10.91 32.60 © 185.73 235.57 110.
LS.D. at0.05level 023 026 0.99 3.55 3.57
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Effect of combination between N
and K>;0

Data in Table 2 show that
fertilization of potato plants with
N+K,O at 150 +150 kg/fed
significantly increased dry weight
of roots, stems, leaves, tubers and
total dry weight/ plant, except
tuber dry weight in the first season,
without significant differences
among N+K,0 at 150 +150, 125
+150 and 150 +75 kg/fed in the
second season with respect to total
dry weight/ plant. The increases of
total dry weight were about 41 and
30 % for N+K;0 at 150 +150 over
the N+K,0 at 100+75 kg/fed in the
first and  second  season,
respectively.

The increase in plant growth
may be attributed to the beneficial
effects of N on stimulating for
aerostatic activity for producing
more tissues and organs, since N
plays major roles in the synthesis
of structural proteins and other
several  macromolecules, in
addition its vital contribution in

several biochemical processes in :

the plant related to growth
(Marcher, 1995). Besides, nitrogen
is an important constituent of
protoplasm. Also, enzyme, the
biological catalytic agents, which
speed up life processes, have N as

Khalil, et al.

their major cwstituents (Mengel
and Kirkby, 1978). Moreover,
potassium  element is  very
important in oveall metabolism of
plant enzymes ctivity, it was
found to serve 1 vital role in
photosynthesis by direct increasing
in growth and leaf area. Potassium
also has a beneficia\ effect on
water consumption (Mengel and
Kirkby, 1978; Gardener  ef al.
1995). These results are in
harmony with those reportad by
Ayoub (2005) on sweet rotato
under sandy soil conditions,

Effect of the interaction between
water quantity and combination
between N and K;0

Data in Tables 3 and 4 show
that the interaction between water
quantity at 3000 m’/fed and
N+K;O at  150+150  kg/fed
significantly increased dry weight
of roots, stems and leaves, except
roots dry weight in the second
season. The interaction between
water quantity at 2500 m®/fed and
N+K, 0 at 150+75  kg/fed
significantly increased dry weight

~of tubers and total dry weight/

plant and without significant
differences between the interaction
of water quantity at 3000 m’/fed
and N+ERO at 150+150 Kgifed in
the second season. The increases in
total dry weight were about 81 and



Table 2: Effect of combination between nitrogen and potassium fertilizers on the dry weight of

_potate plants grown in sandy soil at 75 days after planting

Amount of

N+ K70 Dry weight (gm/plant) . Relative
9,
(kelfed) Roots Stems Leaves Tubers Total %)
2001 season '
100+ 75 6.88 9.63 55.72. 156.24 228.47 100
100 + 150 - 777 10.91 60.63 . 182.86 262.23 114
125+ 75 8.82 11.97 68.00 182.72 271.96 119
125 + 150 8.98 12.38 78.87 204.13 304.37 133
150+ 175 10.55 12.66 86.82 206.91 316.89 138
150 + 150 10.95 15.13 102.14 193.00 322.21 141
L.S.D. at0.05 level 0.41 0.64 2.44 4.99 3.00 -
2002 season
100+ 75 4.45 7.49 21.84 162.85 196.63 100
100 + 150 537 870 2465 189.07  227.78 115
128+ 75 5.61 9.14 26.55 187.19 228.48 114
125 + 150 5.77 9.94 28.07 214.82 258.60 131
150+ 75 7.01 10.54 30.80 193.85 242.35 123
150 + 150 6.92 11.52 35.54 202.60 256.58 130
L.S.D. at 0.05 level 0.28 0.50 0.68 4.61 13.93 -
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Table 3: Effect of the interaction between irrigation water quantity and combination between
nitrogen and potassium fertilizers on the dry weight of potato plants grown in sandy
soil at 75 days after planting

Water Amount of Dry weight (gm/plant) L
quantity X N+K,O - Relative
(m*/fed) (Kglfed) Roots Stems  Leaves  Tubers Total (%)

oo ‘ 2001 season

2000 100+ 75 5.63 8.10 41.77 147.93 203 .43 100
100 + 150 6.96 9.71 4943 175.44 241.66 118

125+ 75 7.51 11.10 58.90 169,93 247 44 121

125+ 150 7.56 11.97 62.19 206.34 288.06 141

156+ 75 9.61 12.40 7027 183.44 27572 135

150 + 150 10.23 13.64 99.81 145.42 269.08 132

2500 100+ 75 7.33 9.60 54.36 163.25 234,54 115
100 + 150 7.63 11.30 61.01 205.83 285.83 140

125+ 75 8.93 12.20 62.72 177.37 262.55 129

125+ 150 9.30 12.28 83.70 205.16 310.44 152

150+ 75 10.64 12.42 91.60 246.20 360.86 177

150 + 150 11.20 14.26 99,90 203.02 328.38 161

3000 106+ 75 7.69 11.17 71.02 157.53 24743 121
100 + 150 872 11.72 71.44 176.32 259.20 127

128+ 75 10.03 12.62 82.38 200.86 305.89 150

125 + 150 10.07 12.89 90.73 200.90 314.62 154

150+ 78 . 1141 13.17 98.60 191.08 314.09 154

150 + 150 11.42 17.50 106.71 230.54 316917 181

L.S.D. at 0.05 level 0.70 1.14 4.23 8.64 10.39 -—




Table 4: Effect of the interaction between irrigation water quantity and comblnatmn between
nitrogen and potassium fertilizers on the dry weight of potato plants gmwn in sandy
soil at 75 days after planting

Water Amount of Dry weight (gm/plant) Relativ
antity N+KO0 — or
((l:li(fe &) X (Kg/fed) Roots  ‘Stems  Leaves Tubers  Total (%)
o - 2002-$easen -
2000 100+ 75 3.93 6.16 : 1760 ~ 14766 17535~ 100
100 + 150 5.57 6.80 19.96 188.45 . 220.78 125
125+ 75 5.08 . 7.05 21,19 163.41 = - 196.74 112 0
125 + 150 530 8.40 22:41 226.78 - 262.89 149
150+ 75 7.30 8.92 2786 - 16532 209.40 119
150 + 150 6.62 10.71 3227 163.41 213.01 121
2500 100 + 75 4.52 - 719 22.18. X :196.34 230.19 131
100 + 150 4.79 8.47 2396 "227 25 264.48 150
125+ 75 522 937 . 2608 - 203.20 243.88 139
125+ 150 5.48 10.32 2867 - 209.01 253.48 144
150+ .75 6.76 11.35 29.14 230.34  277.69 158
150 + 150. 7.11 11.77 35.33 21562  269.84 153
3000 - 100+ 75 4.89 9.13 25.62 144.55 184.19 105
' 100 + 150= _ 5.75 10.83 30.02 151.50 198.10 112
125+ 75 6.52 1099 3238 19495 24483 139 .
125+ 150 6.53 1110 3314 20868  259.44 147
156+ 75 6.96 11.35 35.40 185.90 239.96 136
150 + 150 7.03 S 12.08 - 39.02 228.78 286.91 163
L.S.D. at 0.05 level 2.49 0.87 1.18 8.00 24.13 ---
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63 % for the interaction between
3000 m® water/fed combined with
N+K,O at 150 +150 over the
interaction between 2000 m’
water/fed combined with N+K,O
at 100+75 kg/fed in the first and

second season, respectively.
Plant Water Relations
Effect of water quantity

Data in Table 5 indicate that
the percentage of free and total
water in leaf tissues significantly
increased with increasing water
quantity at 3000 m’/fed, while
bound water, cell sap and osmeotic
pressure significantly decreased
with increasing water quantity up
to 3000 m’/fed. This means that
water quantity at 3000 m’/fed
significantly increased free and
total water, while water quantity at
2000 m’/fed significantly increased
bound water, cell sap and osmotic
pressure in leaf tissues.

The increase in the bound
water and decrease in free water
under water stress was mainly due
to the increases in cell sap
concentration and its osmotic
pressure  resulted from  the
conversion of starch into soluble
carbohydrates (Lancher,
These results are in harmony with
those reported by El-Ghamriny er

al. (2005a) on potato.

1993).-
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Effect of combination between N
and KzO

Data in Table 6 show that
fertilization of potato plants with
N+K20 at 150+75 or 150+150
kg/fed significantly increased free
and. total water (%), cell sap and
osmotic pressure without
significant differences among 150
+ 150, 150 + 75, 150 + 125 and
125 + 75 kg/fed with respect to
total water (%) in leaf tissues,
while N + K0 at 100 + 75 kg/fed
significantly  increased  bound
water (%) in leaf tissues without
significant differences among N +
K20 at 100+ 75, 100 + 150, 125 +
75 and 150 + 150 kg/fed in the first
season only.

It could be suggested that the
highest levels of N or K;O
fertilizers (150 kg N or 120 kg
K;0O/fed) enhanced free water and
total water due to the depressive
effect on bound water as well as
cell sap and osmotic pressure.
These results are in harmony with
Khalil 1982 on tomato.

Effect of the interaction between
water gquantity and combination

between N and K;O
Data in Tables 7 and $§
indicate that the interaction

between water quantity at 3000

m>/fed and N + K0 at 150 + 75 or
150 + 150 kg/fed significantly



Table 5: Effect of irrigation water quantity on the plant water relations of potato leaves grown in

sandy soil at 75 days after planting

Irrigation water Free water Bound water Total water Cell Osmotic
quantity (m*/fed) (%) (%) (%) sap pressure
2001 season
2000 32.77 54.32 87.09 6.75 5.36
2500 42.83 48.73 91.56 5.53 437
3000 55.46 38.28 93.74 4.06 3.20
L.S.D. at 0.05 level 7.16 491 2.45 1.27 1.04
2002 season
2000 33.87 55.04 88.91 9.19 7.52
2500 45.50 44.89 90.39 7.50 5.98
3000 60.61 31.04 91.65 5.56 439
L.S.D. at 0.05 level 7.60 4.58 0.56 0.59 0.53
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Table 6: Effect combination between nitrogen and potassium fertilizers on the plant water
relations of potato leaves grown in sandy soil at 75 days after planting

: ’Amount of Free water Bound water Total water Cell Osmotic
N+ K;O (%) (%) (%) sap pressure
2001 season. -

100+ 758 38.90 4971 - 8861 ... . . 483 381
v 1000+ 150 40.92 48.02 - 8894 .. 4.89 3.85
125+ 75 42.26. . 48.47 90.73 5.17 4.08
125 + 150 44 65 47.60 9225 5.61 4.44
156+ 75 46.67 45.07 91.74 6.00 4.76
150 + 150 48.71 43.79 92.5 6.17 4.90
L.S.D. at 0.05 level 2.46 3.64 2.28 041 034

2002 season

100+ 75 40,73 48.91 89.64 6.61 528
100 + 150 4432 . . 4545 89.77 7.00 5.61
125+ 75 45.59 44,572 90.11 7.22 5.79
125 + 150 46.98 43.37 90.35 7.39 5.94
1sa+ 75 50.08 40.85 90.93 8.00 6.46
150 + 150 52.27 38.82 91.09 8.28 6.70
L.S.D. at 0.05 level 2.12 2.15 0.27 0.35 0.48




Table 7: Effect of the interaction between irrigation water quantity and combination between
nitrogen and potassium fertilizers on the plant water relations of potato leaves grown in
sandy soil at 75 days after planting

Water Amount of

A’ Free Bound : Total Cell Osmotic
%;%ﬁ:;?; X ?K-;I_lf(':;)) water (%) Water (%)  water (%) sap pressure
2001 season

2000 100+ 75 30.10 52.52 82.62 6.17 487
100 + 150 31.89 50.93 82.82 6.17 4.87
125+ 75§ 32.46 5544 - 87.9 6.33 5.01
125 + 150 33.00 55.87 88.87 6.67 530
150+ 175 34.02 55.36 89.38 7.33 5.83
150 + 150 3517 55.81 90.98 7.83 6.26

2500 100+ 75 36.22 54.87 91.09 5.00 3.95
100 + 150 39.14 52.13 91.27 5.00 395
125+ 175 4191 49.64 91.55 533 4.21
125 + 150 4431 46.29 90.60 5.83 461
150+ 75 46.73 45.14 91.87 6.00 4.74
150 + 150 48.65 4332 91.97 6.00 474

3000 100+ 75 50.39 41.75 92.14 3.33 2.60
100 + 150 51.73 41.00 92.73 3.50 2.74
125+ 75 52.41 40.34 92.75 3.83 3.02
125+ 150 56.64 " 3965 96.29 4.33 3.42
150+ 75 59.26 34.72 93.98 4.67 3.69
150 + 150 62.31 32.23 94 .54 4.67 3.69

L.S.D. at0.05 level 425 6.31- 3.94 0.72 0.61
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Table 8: Effect of the interaction between irrigation water quantity and combination between
nitrogen and potassmm fertilizers on the plant water relations of potato leaves grown in
sandy soil at 75 days after planting

" Water ‘Amount of

Free Bound . Total Cell Osmotic
((l;aﬂ-gg X ?K;l_lf(eztg water (%) = Water (%)  water (%) sap pressure
o 2002 season '
2000 100+ 75 26.48 61.63 88.11 8.33 6.74
100+ 150 3238 55.96 8834 .. 883 7.17
125+ 75 33.04 55.80 88.84 9.00 7.33
125+ 150 3479 54.24 89.03 9.17 7.49
150+ 75 . 37.07 52.36 89.43 9.67 7.95
150 + 150 39.49 . 50.23 89.72 10.17 8.40
2500 100+ 75 41.14 48.74 89.88 6.83 . 542
100+150, = 4305 4688 ... 8993 7.17 5.70
125+ 75 43.61 46.72 90.33 7.33 5.83
125+ 150 . 44.87 4572 90.59 7.50 5.68
150+ 75 49.57 41.17 90.74 8.00 6.41
150 + 150 50.74 40.12 90.86 817 6.56
3000 100+ 75 54.57 36.38 90.95 4.67 3.69
100 + 150 57.52 33.51 91.03 5.00 395
125+ 75 60.11 31.05 91.16 533 4.21
125 + 150 61.27 30.15 91.42 5.50 434
150+ 75 63.61 29.03 92.64 6.33 501
150 + 150 " 66.59 26.10 92.69 6.50 5.15

L.S.D. at 0.05level 3.67 3.73 1.46 0.95 - 0.82
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increased free and total water,
while the interaction between
water quantity at 2000 m’/fed and
N + K,0 at 100 + 75 kg/fed
significantly  increased  bound
water, without significant
differences between water quantity
at 2000 m*/fed and N + K,0 at 100
+ 75 0r 100 + 75 0or 125+ 75 or
150 + 75 or 150 + 75 or 150 + 150
kg/ fed and the interaction between
water quantity at 2500 m’/fed and
N+K;O at 100+75 , or 100+
150 or 125 + 75 kg/ fed in the first
season. The interaction between
water quantity at 2000 m*/ fed and
N+ KO at 150+ 75 or 150+ 150
kg/fed significantly increased
bound water, cell sap and osmotic
pressure in leaf tissues. This
finding might be due to depressive
effect on free and total water
contents. The results hold true in
the two growing seasons.

Yield and Its Components
Effect of water quantity

Presented data in Table 9
show that water quantity at 2500
m’/fed significantly  increased
average tuber weight, number of
tuber/plant, yield of grade 1,
marketable and total yield/fed in
both seasons and vield of grade 2
in the second season, while water
quantity at 2000 m’/fed
significantly increased water use
efficiency of potato plants. The
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increases in yield were about 5 and
5 % for water quantity at 2500 m®/
fed over the water quantity at 2000
m’/fed in the first and second
season, respectively. The increase
of total yield/fed might be due to
the increase in average tuber
weight (Table 9). Also this might
be due to the favourable effect of
higher amounts of irrigation water
on dry weight (Table 1).

Higher water quantity applied
(2500 m*/fed) to plants led to keep
higher water content in the plant
tissues and this in turn produced
heavier tubers than those under
water stress. Water stress causes an
increase in ABA/CYT ratio, which
in turn decreased plant growth
(Marchner, 1995). He added that
under sufficient water conditions
there was a decrease in ABA and
increase in CYT, GA (Gibberellic
acid) and IAA (Indole acetic acid)
reflecting good growth, dry matter
content and yield. Moreover, under
water stress the synthesis of ABA
from carotenoids in roots occurs
and then transport to different parts
of plant especially leaves and this
in turn affect the dry matter
accumulation in leaves and
different organs (Lancher, 1993).

These results meant that
increasing the amount of irrigation
water (3000 m’/fed) could lead to



Table 9: Effect of irrigation water quantity on the yleld and its components as well as water use
efficiency (W.U.E.) of potato plants

Irrigation A Tubers/ plant Ton/fed
verage
water Number Weight (kg) Gradel Grade2 Grade3 Marketable Total yietd Relative W.U.E.
tuber weight 0
quantlty (&gm) yield yield (%) (Kg/m%)
(m’/fed)
,3. _ 2001 season
2 2000 68.20 14.733 1.003 3971  12.558 2202 16530  18.732 100 9.366
E- 2500 7476 . 14111 1.055 4461 12943 2288  17.403  19.691 105 7.877
5 3000 - 7081  .14.481 1.024 4.151- 12748 2214 16899  19.113 102 6.371
. L.S.D. at 270 - NS. 0018 ~ 0330 NS. = NS. 0335 0334 - 0.146
0.05 level ;
2002 season
2000 80.581 14308  1.145 7787 . 11622 1646 19409 21056  .100 10.528
2500 84.198 14330 1207 8423 - 12099 1709 20522 22230 105 8.892
3000  31.892 14265  1.167 8260 11.729 1628 19989  21.617 102 7.206
L.S.D. at 2.78 N.S. 0.047 0290 0217 NS 0.454 0.559 - 0.237
0.05 level

N .8.: Not significant at 0.05 level of probability.
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nitrogen deficiency according to
leaching of NQOj" from the root
zone of potato plants, in sandy soil.

Similar findings were reported
by Steyn et ai. (1992), Gunel and
Karadugan (1998), Ramnik et al.
(1999), Belanger et al. (2000), El-

Masry ~and.Abou-Arab (2000), . nitrogen concentration in the soil

Gameh et al.:(2000), El-Banna et
al. (2001), Abdel Rheem (2003)
and E\-Ghamsiny et al. (2005b).

Effect of combination between N
and K,0O

Results in Table 10 indicate
that the "fertilization of potato
plants with N+K,O at 150+75
kg/fed significantly increased
average tuber weight, yield/ plant,
yield of grades 1, 2 and 3,
marketable and total yield in both
secasons as well as water use
efficiency of potato plants and
number of tubers/ plant in the
second season. The increases in
yield were about 31 and 33 % for
N+K,0 at 150+75 kg/fed over the
N+K,0 at 100+75 kg/fed in the
first and second  season,
respectively. The increase in total
yield/fed might be due to the
increase of average tuber weight
(Table 10). Also this might be due
to the favourable etfect of N +
KyO at 150 + 75 kg/fed on dry
weight (Table 2).
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This might be related to the
favorable effects of nitrogen on the
plant leaf area that possibly.
increased the efficiency of
photosynthesis and resulted in
more accumulation of stored food
in the tubers. Also, this might be
due to the results of increasing the

solution, which increases potato
vegetative growth, which activates
the photosynthesis and other
physiological processes, and forms
strong root system, which absorb
adequate amount of water. These
results are in harmony those
reported by Styanarayan and Arora
(1985), Shehata and Abo-Sedera
(1994), Abo-Sedera and Shehata
(1994), Hegazi and Awad (2002)
on potato and Ayoub (2005) on
sweet potato.

Effect of the interaction between
water quantity and combination
between N and K0

Presented data in Tables 11
and 12 show that the interaction
between water quantity at 2500
m’/fed and N+K,0 at 150+75 kg/
fed significantly increased average
tuber weight, yield/ plant, yield of
grades 1, 2 and 3, marketable and
total yield/ fed in both seasons and
number of tubers/ plant in the
second season. The interaction
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Table 10: Effect of combination between nitrogen and pdtassium fertilizers on the yield and its
components as well as water use efficiency (W.U.E.) of potato plants

Amount of .average___ Tubers/ plant Ton/fed ‘
fertiliocrs tuber Number Weight Grade Grade Grade Marketable Total Relative W-U-ES-
N+K;0 weight (kg) 1 2 3 yield yield yield (Kg/m’)
(kg/fed) (gm) (%)
2001 season

100+ 75 5841 14422 0840 2724 11.178 1.786 13.902 15.687 100 6.427
100+ 15¢ 6735 14731 0990 3973 12481 2019 16.454 18.473 117 7.582

125+ 75 7226 14175 1.022 4240 12.667 2.17i 16.908 19.079 121  7.815
125+150 7415 14489 1.074 4567 13.124 2.358 17.691 20049 127 8225
150+ 75 7698 14.383 1.106 4660 13479 2515 18.139 20654 131 8.527
1504150 7837 14450 1132 5002 13569 2559 18571 21130 134 8651
LSD st “oasc o NS, 0024 025 0329 0165 0452 0452  ~  0.186
05 Jevel : ‘

2002 season
100+ 75 §8.294 .14.710 © 0.997 - 6522 10715 1223 17237 18460 100  7.552

100+150 79170  13.990 1.107  7.605 11.334  1.490 18.940 20430 110 8.383
125+ 75 83366 13420 1.117 7.630 11.604 1.552 19.234 20.786 112 8.506

125+ 150 83915 14246 1.192 8285 11991 1.783 20276  22.059 119 9.016
IS0+ 75 89283 15.049 1342 9664 1298 1964 22650 24614 133 10.170
150+ 150 89315 14391 1.283 9235 12269 1954 21504 23458 127  9.624

eoD.al' 98 080 0044 0282 0451 0247 0S5l 0600 - 0.245
.05 level

N.S.: Not significant at 0.05 level of probability



Table 11 : Effect of the interaction between irrigation water quantity and both nitrogen and
potassium fertilizers on the yield and its components as well as water use efficlency

{W.U.E.) of potato plants
Water X Amountof Average Tubers/ plant Ton/fed
quantity Nand tuber  Namber Weight Grade Grade Grade Marketab  Total Relative  W.U.E,
(n’ifed) K0  weight (Kg) 1 2 3 leyield  yield yied  Kgm®
(Kg/fed) (@) o)
2001 season .
2000 100+ 75 54.75 14.575 0.797 2.198 10.727 1960 12.925 14 885 100 7.443
100 + 150 63.35 15042 0.950 3.7 11980 1974 15.760 17.734 119 8.867
125+ 75 67.81 14.792 1.003 4.195 12.461  2.060 16.656 18.716 125 9.358
125 + 150 72.22 14.833 1.071 4.622 13.130 2242 17.752 19.994 134 9.997

150+ 78 74.65 14,742 1.099 4315 13635 2573 17.950 20.523 137 10.261
150 + 150 76.39 14.417 1.10¢ 4.726 13.409 2405 °  18.135 20.540 137 10.270

2500 100+ 75 64.23 13.942 0.894 3.504 11.424 1759 14.928 16.687 112 6.675
100 + 150 73.66 14.375 1.058 4.408 13315 2.024 17.723 19.747 132 7.899
128+ 75 74.32 13.517 1.003 4.194 12326 2.200 16.520 18.720 125 7.488
125 + 150 74.22 14.000 1.035 4,292 12728 2371 17.019 19.390 130 7.756
150+ 75 84.67 14.308 1211 5.448 14274 2882 19722 22.605 151 9.042
150 + 150 77.46 14.525 1.125 4917 13.589 2492 18.507 20.999 141 3.399

3000 100+ 75 56.25 14.750 0.830 2.469 11.384  1.637 13.852 15.490 104 5.163
100 + 150 65.05 14775 0.961 3.739 12.140  2.060 15878 17938 120 5979 -
128+ 75 74.64 14217 1.061 4332 13215 2254 17.546 19.801 133 6.600
125 + 150 76.02 14.633 1112 4787 13515 2462 18.302 20.764 139 6.921
150+ 75 71.61 14,100 1.00%9 4216 12529  2.088 16.745 18.833 126 6.278
156 + 150 8126 14.408 L1171 5.362 13.709 2780 19.07] 21.851 146 7.284

L.S.D. at 0.05 level 4.25 N.S. 0.041 0.440 0.569 0.286 0.783 0.334 —- 0.323

9007 (€) 'ON €5 10A “say -ouBy ' Spvivy

N.S.: Not sigmificant at 0.05 level of probability.
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Table 12: Effect of the interaction between irrigation water quantity and both nitrogen and
potassium fertilizers on the yield and its components as well as water use efficiency
(W.U.E.) of potato plants

Water X Amountof Average Tubers/ plant Ton/fed
quantity Nand tuber Number Weight Grade Grade Grade Marketable Total  Relntive W.U.E.
(w’ifed) K0 weight Kg) 1 2 3 yield yield yied  Kg/m®
(Kg/led.) @ o)
2002 season _
2000 100+ 75 5953 15991 0947 5,701 10422 1254 16123 17.377 100 B.689
100+ 150 74697 14.151  1.057 7.194 10920 1288 18115 19.403 1t 9,701
125+ 75 83961 13.067  1.093 7.366 11.566 1478 18931 20.409 117 10.205
125+150 84934 13744 1164 7.801 11.848 1890 19.649 21.539 123 10.770
150+ 75 91022 14780 1346 9.816 12732 2218 22548 24676 142 12.338
150+150 89338 14.115 1261 8.845 12245  1.839  21.090 22,929 131 11.465
2500 100+ 75 73527 14330  1.053 7.154 11077 1263 18231 19.494 . 112 7.798
100+ 150 84183 14444 1215 8.353 12110  1.831 20463 22,294 128 8.918
125+ 75 80244 13451 1079 7.311 11.206 1.454 18.517 19972 114 7.989
125+150 81592 13958  1.I34 7.611 11785 1.594 19396 20.990 12 8.396
150+ 75 92957 15746 1458  10.629 13907 2224 24.536 26.760 143 10.704
150+150 92685 14050 1303 9.481 12.507 1.884 21.988 23.872 137 9.549
3000 100+ 75 71819 13.808  0.99] 6.712 10.645  1.151 17357 18.508 106 6.169
100+150 78632 13375  1.050 7.268 10973 1352 18241 19.592 112 6.531
125+ 75 85893 13742 1177 8213 12040 1.724 20253 21977 126 7.326
125+ 150 85217 15037 1278 9.442 12340  1.865 21.783 23.648 136 7.883
150+ 75 23870 14620  1.221 8.546 12320 1.540  20.866 22.406 128 7.469
150+150 85920 15007  1.285 9380 12054 2,139 21434 23.573 135 7.858
L.S.D. at 0.05 level 5.17 1400 0077 0.488 0.782 0429  0.886 1.030 - 0.496
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between water quantity at 2000
‘m’/fed and N + K0 at 150 + 75
kg/fed increased  water
- efficiency of potato plants.

The increases in the yield were
about 51 and 53 % for the
interaction between water quantity
at 2500 m’/fed and N + K0 at

- 150+75 kg/ fed over the interaction
. between water quantity at 2000

m’/fed and N + K,0 at 100 + 75
kg/fed in the first and second
- season, respectively. These results
suggested that
amount of irrigation water could
lead to nitrogen deficiency

. according to leaching of NO; from

- the root zone of potato plants in
sandy soil. These results agree
with those reported by Shehata and
Abo-Sedera (1994), and Hedges

and Awad (2002) on potato.
In general, it could be
concluded that the interaction

between 2500 m® water/fed and N

+ K50 at 150 + 75 kg/fed was the,

superior treatments for increasing
average tuber weight, yield/plant
and marketable and total : yield/
feddan.
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