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ABSTRACT

The effect and relationship between water stress, potassium (K) and phosphorus (P) fertilizers
rates on water consumptive use, water requirements, and yield of potato cv. Valor was studied
under field conditions at Dokki Protected Cultivation Experimental Site, Agricultural Research
Center (ARC), Giza Governorate, Egypt. The study concerned with the use of different rates of K
fertilization (50, 100 and 150 kg K,Ol/fed) and P fertilization (50 and 100 kg P,Os/fed) under
different irrigation scheduling (100, 75 and 50% of irrigation requirements by Penman-Monteith
method) on potato crop cultivated in alluvial soil. The highest plant growth was recorded when
water irrigation level reached 75% of irrigation requirement in the presence of 100 kg P,Os/fed and
150 kg K,Of/fed. Results also revealed that more or less similar values of macronutrient uptake
were found in plant leaves at different treatments. Finally, results obtained indicated that this
treatment is the most effective treatment on growth parameters also recorded the highest tuber
yield and its content from carbohydrates and protein. Thus, farmers should not supply water
irrigation of potatoes more than 75% of irrigation requirement to obtain economic tubers.
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1. INTRODUCTION

Potato (Solanum tuberosum L.) is one of the
most important field crops grown under a wide
range of climates. Hence, it is one of the world's
prime sources of human nutrition. The
protein/carbohydrate ratio in potato is higher than
in most cereals and even higher than those of
the other tuber and root crops [1]. In terms of
composition, potato tuber contains 70-82%
water, 17-29% dry matter, 11-23%
carbohydrate, 0.8—-3% protein, 0.1% fat and 1.1%
minerals. In addition, production per hectare of
important vitamins, such as thiamine, riboflavin,
niacin and vitamin C is higher in potato than in
other major crops such as rice, maize and wheat

2].

Water is considered an economical scare
resource in many areas of the world, especially
in arid and semi arid regions like Egypt.
Therefore, improving water use efficiency for new
hybrids is one of the major objectives in plant
breeding programs for crops grown in dry areas.
Kijne et al. [3] declared that the economic tuber
yield divided by the volume of water consumed in
the production of that yield expressed by kg
tuber/m® water. Shock [4] found that all growing
stages of potato, especially tuber formation
stage, were very sensitive to water deficit stress.
Similar conclusion was previously found by [5]
who added that the number of tubers/plant and
tuber yield are reduced by water stress. On the
other hand, stolonization and tuberization stages
were more sensitive than bulking and tuber
enlargement stages [6]. Water saving may be
achieved by drip irrigation, and even improved
results seemed to be possible with partial root
zone drying [7] which is a new water-saving
irrigation strategy being tested in many crop
species.

In the concept of crop nutrition, phosphorus is
considered one of the necessary elements for
the complete function of plants, especially for
potato tubers and dry matter as well as
contribution to growth of roots. It also enhances
the root hair distribution and the hardening of
stalks of crops [8]. Moreover, potassium
fertilization is considered one of the most
important factors affecting the growth and yield of
potato. Many researchers recorded an increase
of potato tuber yield as a result of increasing the
levels of K fertilization [9]. Such increase in the

yield of potato tubers was either due to the
formation of large sized tubers, increasing the
number of tubers per plant or both. Potassium
also played a key role in improving the quality of
the product [10]. Talal et al. [11] mentioned that
K" regulates the amount of water in the plant and
plays a role in maintaining turgidity of plant cells
and osmotic adjustment. In the absence of
sufficient K, crops do not use water efficiently
and become less able to withstand water stress
during drought periods. Addition of K fertilizer
improved water relations of different crops under
water stress conditions [12]. Muhammad et al.
[13] previously reported that to achieve high
tuber quality, it is recommended to fertilize using
NPK fertilizers with less N than P and K.

Production of potato (Solanum tuberosum L.)
takes a very important place in the world
agriculture; it is a water-stress-sensitive crop.
Potato plants are more productive and produce
higher tuber quality when watered precisely
using soil water tension than if they are under or
over irrigated. Thus, the aim of this study was to
evaluate the effect of different levels of
phosphate and potassium fertilizers on growth
and yield of potato plants grown under different
irrigation water levels.

2. MATERIALS AND METHODS

The present study was carried out during the two
successive autumn seasons of 2013 and 2014
under open field conditions at Dokki Protected
Cultivation Experimental Site, Central Laboratory
for Agricultural Climate (CLAC), Agricultural
Research Center (ARC), Giza Governorate,
Egypt. Climatic data at Dokki site during the
autumn seasons of 2013 and 2014 are shown in
Fig. 1. The cultivation period took about 17
weeks during the studied seasons without any
significant difference on the environment that
affect negatively on the plant growth and yield.
Average air temperature in the field 19+5.6°C,
relative humidity 60+8% and ET, 3.7£1.5
mm/day, in the both studied seasons.

2.1 Plant Material

Tuber seeds of potato (Solanum tuberosum L.
cv. Valor) were sown on 25" and 27" September
2013 and 2014, respectively. The potato plants
started to emerge after ten days from sowing.
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Fig. 1. Climatic data at Dokki site during the
two studied seasons of 2013 and 2014

2.2 Treatments

The experiment was laid out in a split-split-plot
design with three replications. The treatments
included three factors with different levels i.e.
three levels of irrigation water (50, 75 and 100%
of irrigation requirements IR) which were
assigned in the main plots, two rates of
phosphate fertilizer (50 and 100 kg P,Os/fed) in
the form of calcium superphosphate (15.5%
P,Os) which occupied the sub plots, the
recommended rates as suggested by the Ministry
of Agriculture were 60-75 kg P,Os/fed in form of
calcium superphosphate were applied to the soll
before plant cultivation, and three rates of
potassium fertilizer (50, 100 and 150 kg K,O/fed)
in the form of potassium sulphate (48% K,O) in
the sub-sub plots, the recommended rates as
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recorded by the Ministry of Agriculture were 72-
96 kg K,Ol/fed and applied to the studied soil on
two batches; the first before plant cultivation and
the second after the completion of germination
and start to format the new tubers.

2.3 The Field Experiment

Plot area was 15 mz, consisted of four rows each
row was 75 cm in width and 5 m in length. Flow
meter was installed for each irrigation level
treatment; two meters were left between each
two irrigation levels. Potato plants were irrigated
by using drippers of 4 L/h capacity; distance
between plants was 0.5 m. The chemical
fertilizers were injected within irrigation water
system. The fertigation was programmed to three
times weekly and the duration of irrigation time
depending upon the treatments. All other
agriculture practices of potato cultivation were in
accordance with the standard recommendations
for commercial growers by the Ministry of
Agriculture, Egypt.

2.4 Estimation of Water Requirements

Calculations of irrigation levels were performed
whereas the irrigation control was practiced via
manual valves for each experimental plot. The
total amount of irrigation requirement was
calculated by FAO, Penman-Monteith procedure
[14]. The potential evapotranspiration was
calculated as follows:

900
— 0.4084 (R,, — G) + ywuz(es —ey)
e A+ y(1+ 0.34uy)

(1
Where:

ET,= Dail;l/ reference evapotranspiration (mm
day— )1

R, = Net radiation at the crop surface (MJ m
day™),

G = Soil heat flux density (MJ m™ day™),

T = Mean daily air temperature at 2 m height
(T),

U, = Wind speed at 2 m height (m s™),

es = Saturation vapor pressure (k Pa),

e, = Actual vapor pressure (k Pa),

A = Th? slope of vapor pressure curve (k Pa
T

y = The psychometric constant (k Pa C '1).

The second step was to obtain values of crop

water consumptive use (ET.p) as described by
[14]; it was calculated as the following:



ETcrop = EToX K¢ mm/day 2)

Where:

ET, =The rate of evapotranspiration from an
excessive surface of green cover of
uniform height (8 to 15 cm), actively
growing, completely shading the
ground and did not suffer from water
shortage.

K. = Crop coefficient (ranged from 0.6 to
1.2).

Water requirements (WR) for each treatment
were calculated as follows, see Table 1.

WR = ETeropx %LR ... mm/day 3)
Where:

%LR = Leaching requirement percentage
(22% of the water requirement
based on the leaching fraction
equation).

Irrigation requirement (IR) was calculated as
follows:

IR =WR x R * 4200/1000 (m3/fed/day) (4)
Where:

R = Reduction factor for drip irrigation that
only covers a part of land and the rest
dry leaves. It was recommended by [14]
to use R value which ranged between
0.25 and 0.9 for drip irrigation system.
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2.5 Measurements

Soil sample was taken before carrying out the
field experiment for some physical and chemical
analyses (Table 2) according to [15]. The
permanent wilting point (PWP) and field capacity
(FC) of the trial soil were determined according
to [16]. The water use efficiency (WUE) was
calculated according to [17] as follows; the
ratio of crop yield (Y) to the total amount of
irrigation water used in the field for the growth
season (IR).

WUE (kg/m®) = Y (kg)/IR (m®) (5)

Samples of five plants of each experimental plot
were taken at the end of the both studied
seasons to determine growth parameters, i.e.
plant height, number of stems per plant, fresh
and dry weights of whole plant and potato yield.
Chlorophyll readings were recorded in the fourth
upper leaf after 90 days from cultivation by using
Minolta chlorophyll meter SPAD 501, also,
number of leaves per plant counted at the same
time. For mineral analysis, the dried youngest
mature leaves were digested in the mixture of
H,SO4/H,0, according to the method described
by [15]. Total nitrogen and protein were
determined by Kjeldahl method according to the
procedure described by [18]. Phosphorus content
was determined using Spectrophotometer
according to [19]. Potassium content was
determined  photometrically using  Flame
photometer as described by [20]. Carbohydrate
content was determined according to the
procedure described by [21].

Table 1. The average of weekly irrigation water requirements under different irrigation levels
for potato at Dokki site

Weeks after planting Year 2013 Year 2014
m°/feddan m°/feddan

50% 75% 100% 50% 75% 100%
1 39 49 59 41 52 62
2 43 53 64 44 55 66
3 44 55 66 47 59 71
4 49 61 74 52 65 78
5 54 67 80 56 69 83
6 57 71 85 58 73 88
7 60 75 89 61 76 91
8 64 80 96 67 84 101
9 71 89 107 74 93 112
10 77 97 116 81 101 121
11 81 102 122 78 97 117
12 75 94 113 72 90 108
13 70 87 105 67 83 100
14 35 43 52 61 76 91
15 60 75 91 61 76 91
16 58 73 87 58 72 86
Total 937 1172 1406 977 1221 1465
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Table 2. Some physical and chemical properties of the surface layer (0-20 cm) of studied soil

Particle size distribution Texture  SP FC PWP BD CaCO3; OM
% class % gem?® %

Sand Silt Clay

14.2 16.5 69.3 Clay 89.5 75.6 29.9 1.37 1.51 1.03
pH EC. Soluble ions, meq L™

(1:2.5 soil: water dsm* ca®* Mg® Na* K’ COs*  HCOs cr S0~
suspension)

7.65 2.67 6.89 4.84 9.65 5.32 0 6.08 12.1 8.52

Statistical analysis was determined using SAS
program. The differences among means for all
traits were tested for significance at 5% level
according to the procedure described by [22].

3. RESULTS AND DISCUSSION
3.1 Growth Characters

Data in Tables 3, 4 and 5 represented the
influence of different water supply treatments
along with different rates of P and K fertilizers as
well as their interactions on some growth
parameters of potato plants. Results revealed
that the most effective treatment in water
irrigation was up to 75% of irrigation requirement.
It gave the highest values of plant height, number
of stems/plant and number of leaves/plant in the
first and second seasons, whereas the lowest
values of such traits were more pronounced
when depletion of water reach up to 50% of
irrigation requirement. Generally, water stresses
hasten leaf senescence whilst in most cases,
growth parameters delay this phenomenon. In
this regard, [23,24] reported that shortage of
water decreased most growth characters.
Regarding the P and K fertilization, the treatment
of 100 and 150 kg/fed, respectively, recorded the
highest values. The interaction among the
studied treatments showed that water irrigation
up to 75%, P fertilization at 100 kg/fed and K
fertilization at 150 kg/fed from the recommended
rates gave the highest values of growth
parameters. It may be due to that with increasing
fertilization from P and K, which considered
necessary nutrients for plant growth, the plant
vigor and growth parameters increased; these
benefits increased with suitable amount of
irrigation water not less than it which put the
plant under stress conditions or over than it
which leaches the fertilizers from the soil profile
[25].

Data presented in Tables 6 and 7 showed that
the haulm fresh and dry weights varied
significantly due to the different treatments. The
highest values were obtained when 75% of

irrigation water was applied compared to other
treatments. Average fresh weight per plant
increased with increasing P and K applications;
the linear and quadratic components were both
significant (Table 6). Regarding the interaction
among the studied treatments, the haulm fresh
weight ranged from 262 and 286 g/plant by
application of 75% irrigation level, 100 kg
P,Os/fed and 150 kg K,Olfed fertilization, in the
first and second seasons, respectively. The dry
weight per plant varied from 184 to 54.9 g
according to the studied treatments (Table 7).
The mean values of dry weight per plant ranged
from 42.5 to 48.6 g in the treatment of irrigation
level up to 75% of irrigation requirement
interacted with 100 kg P,Os/fed and 150 kg
K,Olfed fertilization in the first and second
seasons, respectively. This agrees with results
reported by [26].

3.2 Nutrient Percentages and Chlorophyll
Content in Leaves

Data presented in Table 8 indicated that the N
percent of potato leaves differed significantly due
to the application of different levels of P and K
fertilizers and irrigation level; value ranged from
2.99 to 4.31%. The maximum N percent in potato
leaves was observed by the treatment of 50% of
irrigation water level, 100 kg/fed for P and 150
kg/fed for K fertilization; the lowest one was
obtained by 100% of irrigation water level, 50
kg/fed for P and K fertilization. The results
indicated that increasing fertilizer application rate
increased the N percent in potato leaves; such
results confirmed the data reported by [27,28].

The percent of P in potato leaves was
generally not affected by irrigation level.
This is in line with the results obtained by [29]
who declared that although water is the
main medium through which soil nutrients are
made available to plants, the mobilization
of the individual nutrient to other plant
parts depends on the amount of nutrients
present. There was a significant variation in P
uptake by potato leaves due to the application of



fertilizer (Table 9). Phosphorus content in plant
varied from 0.21 to 0.48%. The highest P value
was found by application of 100 kg/fed for P and
150 kg/fed for K fertilization in the second
season.

The potassium percent of potato leaves was
influenced significantly due to the studied
treatments (Table 10). Logically, the maximum
concentration of K was obtained by the treatment
of 150 kg K,O/fed. On the other hand, data
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showed that increasing irrigation level led to
decrease N, P and K percentages during the two
studied seasons.

Data in Table 11 showed that the highest value
of chlorophyll content was obtained by 50% of
irrigation water level combined with 100 kg
P,Os/fed and 150 kg K,O/fed. In this concern,
[30] mentioned that increasing chlorophyll
content in plant leaves indicates that plant suffer
from stress.

Table 3. Effect of different levels of P, K and irrigation requirement on potato plant height (cm)
during the two studied seasons of 2013/2014

Irrigation P levels First season (2013) Second season (2014)

level of (kg/fed) K levels (kg/fed) K levels (kg/fed)

ET. 50 100 150 Mean 50 100 150 Mean

50% 50 17.5k 18.5i 25.1d 20.4d 16.5m 17.31 216i 18.4 a
100 18.2j 21.1¢g 27.9¢c 22.4bc 17.81 20.0j 29.0c 22.2¢
Mean 17.9f 19.8 e 26.5b 21.4B 17.1f 18.7 e 25.3¢c 20.3C

75% 50 20.0 h 24.6 e 29.9b 24.8b 19.9] 26.2f 29.8b 25.3b
100 23.3f 27.8¢c 339a 28.3a 22.6 h 25.8f 34.2a 275a
Mean 21.6d 26.2b 319a 26.6 A 21.3d 26.0 c 32.0a 26.4 A

100% 50 18.1j 21.2¢g 25.0d 21.4cd 16.7m 2459 275e 229¢c
100 20.2 h 25.0d 29.6b 249b 19.2k 25.9f 28.3d 245b
Mean 19.1e 23.1c 27.3b 23.2 A 18.0e 25.2¢c 279b 23.7B

P levels * K levels

50 185e 21.4d 26.6b 22.2B 17.7e 22.7¢c 26.3b 22.2B
100 20.6d 24.6 c 30.5a 252 A 19.9d 239¢c 305a 24.7 A
Mean 195C 23.0B 28.6 A 18.8C 23.3B 28.4 A

This is a factorial experiment from three factors: irrigation water levels (A), P fertilization (B), K fertilization (C) in a spilt plot
design, letters A B C D among the main factors, letters a b ¢ d ... among the interaction between the three factors (AxBxC),
and different letters means significant

Table 4. Effect of different levels of P, K and irrigation requirement on number of stems per

potato plant during the two tested seasons of 2013/2014

Irrigation P levels First season (2013) Second season (2014)

level of (kg/fed) K levels (kg/fed) K levels (kg/fed)

ET. 50 100 150 Mean 50 100 150 Mean

50% 50 3.041 3.15j 3.75e 33le 3.01m 3.48h 3.88¢c 3.46¢c
100 3.10k 3.20jj 421a 350¢c 3.131 3.60¢g 3.90c 354 ¢
Mean 3.07h 3.17¢g 3.98a 3.41B 3.07f 3.54 e 3.89b 3.50B

75% 50 3.10k 3.39h 3.67f 3.39d 3.71e 3.62fg 3.86¢c 3.73b
100 3.16j 351g 4.06 b 3.58b 3.38j 3.79d 439a 3.85a
Mean 3.13g 345e 3.87c 348A 355e 3.70c 412 a 3.79A

100% 50 3.22i 3.76 e 3.86d 3.61b 3.35j 3.40i 3.30k 3.35d
100 3.35h 3.87d 3.99¢c 3.74a 3.96b 3.66f 3.95b 3.86 a
Mean 3.29f 3.82d 3.93b 3.68A 366cd 353e 3.62d 3.60 B

P levels * K levels

50 3.12d 3.43c 3.76 b 344A 3.36d 3.50¢c 3.68b 3.51B
100 3.20d 3.53¢c 4.09 a 361A 349c 3.68b 4.08 a 3.75A
Mean 316C 348B 392A 3.428B 3.590B 3.88A

See footnotes of Table 3
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Table 5. Effect of different levels of P, K and irrigation requirement on number of leaves per
potato plant during the two studied seasons of 2013/2014

Irrigation P levels First season (2013) Second season (2014)

level of (kg/fed) K levels (kg/fed) K levels (kg/fed)

ETc 50 100 150 Mean 50 100 150 Mean

50% 50 26.3i 26.6 i 39.6 f 30.8d 251m 29.0j 32.3h 28.8 e
100 25.3j 34.1¢g 43.4d 343¢c 26.11 30.0i 45.0c 33.7d
Mean 25.8g 304e 415b 326C 2569 29.5f 38.7cd 31.3C

75% 50 3429 389f 449c 39.3b 30.9i 38.5f 40.5de 36.6¢C
100 346g 459b 47.0 a 425 a 36.5¢ 399e 53.2a 43.2 a
Mean 344d 42.4b 459a 409 A 33.7e 39.2¢ 46.9 a 39.9A

100% 50 26.8i 31.3h 405e 329c 279k 36.79 41.3d 35.3cd
100 30.8h 40.6e 446 ¢c 38.7b 32.7h 38.9f 47.1b 39.5b
Mean 28.8f 36.0c 42.6b 35.8B 30.3f 37.8d 44.2b 3748B

P levels * K levels

50 29.1e 32.3d 41.7b 344 A 28.0e 347c 38.0b 33.6 A
100 30.2e 40.2c 45.0a 38.5B 31.8d 36.2bc 484a 38.8B
Mean 29.7C 36.3B 433 A 299C 35.5B 43.2A

See footnotes of Table 3

Table 6. Effect of different levels of P, K and irrigation requirement on total plant fresh weight
(g/plant) during the two studied seasons of 2013/2014

Irrigation P levels First season (2013) Second season (2014)

level of (kg/fed) K levels (kg/fed) K levels (kg/fed)

ETc 50 100 150 Mean 50 100 150 Mean

50% 50 135m 214 240g 196d 156 m 237i 248 gh 214 e
100 198 k 217 jj 270d 228c 2001 245 h 249¢g 231d
Mean 167 f 216d 255¢ 212C 178¢g 241 e 249d 223C

75% 50 218i 268d 280b 255b 26le 285c¢c 294 b 280 b
100 222 h 275¢c 309a 269a 238i 297 b 340 a 292 a
Mean 220d 271b 295a 262 A 250d 291b 317 a 286 A

100% 50 1801 256 f 263e 233c 214 k 232 255 f 234d
100 214 j 263 e 274c¢  251b 254 f 249 gh 271d 258 ¢
Mean 197 e 260 c 268 b 242 B 234 f 240 e 263 ¢ 246 B

P levels * K levels

50 178 e 246 ¢ 261b 228B 210 e 251c 266 b 243 B
100 212d 252 bc 284a 249A 231d 264 b 287 a 260 A
Mean 195C 2498B 273 A 221C 258 B 276 A

See footnotes of Table 3

3.3 Yield, Carbohydrates and Protein of
Tubers

Data clearly showed gradual significant reduction
in line with increasing water stress treatments in
most of yield, carbohydrates and protein (Tables
12, 13 and 14). The highest decrease was
detected at the highest stress level, when water
irrigation was supplied up to 50% of irrigation
requirement. Such effect was expected since the
irreversible effect was early detected in most of
plant growth parameters. On the other hand,
adequate water supplies up to 75% of irrigation
requirement promoted growth (Tables 3, 4, 5, 6
and 7) and resulted in higher yield and thereby
increased the rate of photosynthesis and better
translocation of carbohydrates from leaves and
stems to the sink; this in turn, favorably

influenced tuber weight and production per
feddan. In this concern biological yield and water
use efficiency were also affected by the same
treatments and the same function tended to
seem the same trend. These findings are in
agreement with those reported by [31,32] who
reported that low soil moisture content caused an
irreversible loss in yield potential.

In respect of fertilization treatments, results
presented in Tables 12, 13 and 14 showed the
effect of the studied treatments on potato yield
and the tuber contents of carbohydrates and
protein. More P and K applied to the studied soil
improved significantly yield production of
potatoes and tuber contents of carbohydrates
and protein in the two studied seasons. Similar
conclusion was also reported by [33] who found



that P and K fertilization markedly increased
production of potato and improved tuber quality.
Regarding the interaction among the studied
treatments, the treatment of 75% water irrigation,
100 kg/fed for P and 150 kg/fed for K fertilization
were superior in increasing the tuber contents of
carbohydrates and protein which were reflected
on potato quality and its yield production. It is
obvious that carbohydrates and protein
percentages increased with decreasing irrigation
water level but increased with increasing P and K
fertilization especially K fertilization up to 150
kg/fed. Protein percent matched with N percent
inside the plant under water stress conditions. It
may be due to the role of P and K in encouraging
the plant cells to exudates and rapidly make
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carbohydrates and amino acids chains to form
protein like proline to increase their osmotic
pressure to face the water stress. Many
researchers confirmed the role of K in justifying
the osmotic and water potential inside the plant
cells to face the stress outside them. Ati and
Nafaou [34] mentioned that K has the ability to
regulate the water status of potato plants under
conditions of drought, and that the protective
effect of K under drought stress conditions was
achieved by increasing the water uptake capacity
of the root system. This fact can insure by
subtract plant dry weight from its fresh weight,
the highest difference between them is due to
increase water uptake by the plant to face the
stress (as declared in Tables 6 and 7).

Table 7. Effect of different levels of P, K and irrigation requirement on total plant dry weight
(g/plant) during the two studied seasons of 2013/2014

Irrigation P levels First season (2013) Second season (2014)

level of (kg/fed) K levels (kg/fed) K levels (kg/fed)

ET. 50 100 150 Mean 50 100 150 Mean

50% 50 18.4 k 37.7f 38.1f 314e 243m 43.2f 43.2f 36.9a
100 34.2i 35.7gh 42.7e 37.5d 34.61 43.9f 37.0k 385c
Mean 26.3f 36.7d 404 c 344C 294g¢g 435¢c 40.1e 37.7C

75% 50 36.1¢9 45.0b 44.8 bc 420 a 47.4 d 49 0c 49.7 c 48.7 a
100 355h 443 ¢ 49.1a 429 a 39.0j 51.5b 549a 485 a
Mean 35.8d 446 b 47.0a 425A 432c 50.2b 52.3a 48.6 A

100% 50 29.4j 44.7bc 428e 39.0c 38.1j 36.3k 40.5h 383c
100 36.1g 43.3d 42.7e 40.7b 456e  39.8hi 42.1g 425b
Mean 328¢e 44.0b 42.8b 39.8B  41.8d 38.0f 41.3d 4048B

P levels * K levels

50 28.0e 425b 419 bc 37.5B 36.6d 42.8b 445a 41.3A
100 35.2d 41.1c 448 a 404 A 39.7c 45.0a 44.7 a 431 A
Mean 31.6B 418A 43.4 A 38.2B 43.9A 446 A

See footnotes of Table 3

Table 8. Effect of different levels of P, K and irrigation requirement on total nitrogen percentage in
leaves of potato plants during the two studied seasons of 2013/2014

Irrigation P levels First season (2013) Second season (2014)

level of (kg/fed) K levels (kg/fed) K levels (kg/fed)

ET. 50 100 150 Mean 50 100 150 Mean

50% 50 3.34i 3.68d 3.89a 364a 325k 3.70f 416 b 3.70 bc
100 341h 3.71cd 3.86b 366a 326jk 384e 431a 38la
Mean 3.38d 3.70 b 3.88a 3.65A 3.26f 3.77c 424 a 3.75A

75% 50 3.06 m 3.20k 3.60e 3.28¢c 3.31i 3.34i 3.66 f 3.44d
100 3.52f 3.59e 3.71cd 36la 350g 380e 3.91d 3.74a
Mean 3.29e 3.40d 3.65b 345B 3.40e 357d 3.79¢c 3.58B

100% 50 3.141 3.28j 351f 33lc 2991 343h 4.02c 3.48d
100 3.131 3.69cd 3.47g¢g 3.43b 3.22k  3.27jj 427b 3.59¢
Mean 3.14f 3.48¢c 3.49c 3.37B 3.10¢g 3.35ef 4.15b 3.53B

P levels * K levels

50 3.18¢c 3.39b 3.67a 341B 318e 347d 3.95b 3.53B
100 3.36b 3.66 a 3.68 a 357A 333de 364c 417 a 3.71A
Mean 3.27C 3.53B 3.67A 325C 3568B 4.06 A

See footnotes of Table 3
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Table 9. Effect of different levels of P, K and irrigation requirement on total phosphorus
percentage in leaves of potato plants during the two studied seasons of 2013/2014

Irrigation P levels First season (2013) Second season (2014)

level of (kg/fed) K levels (kg/fed) K levels (kg/fed)

ET.c 50 100 150 Mean 50 100 150 Mean

50% 50 0.31i 0.39e 0.52b 041b 0.29i 045c 0.48b 041b
100 0.37f 0.46¢c 0.55a 0.46 a 0.42d 044c 052a 0.46 a
Mean 0.34d 0.43b 0.53 a 0.43 A 0.35e 0.45b 0.50a 0.43 A

75% 50 0.25k 0.33h 0.44d 0.43c 025k 0.33g 0.35f 0.3lc
100 0.32hi  0.38 ef 0.46 ¢ 0.39b 0.31h 0.35f 0.48b 0.38b
Mean 0.28 e 0.36 cd 0.45b 0.36 B 0.28f 0.34e 041c 0.34B

100% 50 0.211 0.32 hi 0.32 hi 0.28d 0.231 0.29i 0.36f 0.29c
100 0.28] 0.35¢g 0.43d 0.35c 0.27j 0.29i 0.40e 0.32c

Mean 0.25f 0.33d 0.38 ¢ 0.32B 0.25g 0.29f 0.38d 0.31B
P levels * K levels

50 0.26d 0.35c 0.43b 0.34B 0.25d 036c¢c 0.40b 0.34B
100 0.32c 0.40b 0.48 a 0.40 A 033c 036c 0.47a 0.39 A
Mean 0.29C 0.37B 0.45A 029C 0.36B 0.43A

See footnotes of Table 3

Table 10. Effect of different levels of P, K and irrigation requirement on total potassium
percentage in leaves of potato plants during the two studied seasons of 2013/2014

Irrigation P levels First season (2013) Second season (2014)

level of (kg/fed) K levels (kg/fed) K levels (kg/fed)

ETc 50 100 150 Mean 50 100 150 Mean

50% 50 3.04f 2.86gh 329d 3.06b 257h 3.53¢c 3.79a 3.30b
100 3.06 f 3.17e 3.86a 3.35a 2.92f 3.64b 3.78a 3.45a
Mean 3.05¢ 3.01c 358a 321A 274d 3.59b 3.78a 3.37A

75% 50 2.27i 2.70j 344c 280c 284g 291f 3.34d 3.03¢
100 2.76 j 2.85h 354b 3.05b 325e 3.33d 3.83a 3.47a
Mean 252f 2.78 e 349b 293B 3.04c 312c 3.59b 3.25B

100% 50 2.67] 286gh 292g 28lc 245i 2.80g 349c 291d
100 2771 2.86gh 3.08f 290c 255h 285¢g 3.52c 2.98 cd
Mean 2.72f 2.86d 3.00c 286B 250e 2.83d 3.50b 2.94C

P levels * K levels

50 2.66 e 2.81d 322b 289B 262d 3.08¢c 354a 3.08B
100 286cd 296¢ 349a 3.10A 2091c 3.28b 3.71a 3.30A
Mean 276 C 2.88B 335A 276 C  3.188B 3.62A

See footnotes of Table 3

Table 11. Effect of different levels of P, K and irrigation requirement on leaf chlorophyll reading
(SPAD) of potato plants during the two studied seasons of 2013/2014

Irrigation P levels First season (2013) Second season (2014)

level of (kg/fed) K levels (kg/fed) K levels (kg/fed)

ETc 50 100 150 Mean 50 100 150 Mean

50% 50 41.7j 51.1e 53.0b 48.6b 50.4 f 54.7d 56.1c 53.7a
100 4211 52.2c 58.5a 509 a 45.3 k 56.9 b 64.4 a 55.5a
Mean 419e 51.6b 55.7a 49.8A 47.9d 55.8b 60.3a 54.6 A

75% 50 34.3m 49.0¢g 49.9f 444 c 41.3m 43.7 1 48.3 gh 445¢c
100 41.0k 50.1f 51.7d 476b 49.09g 47.2 jj 51.2 e 49.1b
Mean 37.7f 49.6 ¢ 50.8 b 46.0 B 45.2 f 45.4 f 49.8 ¢ 46.8 B

100% 50 25.2n 412k  455h 37.3d 2950 45.9 k 47.6 hi 41.0d
100 38.01 41.4jj 51.0e 435¢ 38.4n 47.2 jj 46.8 j 441c

Mean 31.6¢g 41.3e 48.2d 40.4 C 34.0¢9 46.5e 47.2de 426C
P levels* K levels

50 33.7e 471c 49.5Db 43.4B 404 e 48.1c¢c 50.7b 46.4B
100 40.4d 479¢c 53.7a 47.3 A 44.2d 50.4 b 541 a 49.6 A
Mean 37.0C 475B 51.6 A 42.3C 49.3B 52.4 A

See footnotes of Table 3
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Table 12. Effect of different levels of P, K and irrigation requirement on potato yield production
(ton/fed) during the two studied seasons of 2013/2014

Irrigation P levels First season (2013) Second season (2014)

level of (kg/fed) K levels (kg/fed) K levels (kg/fed)

ET. 50 100 150 Mean 50 100 150 Mean

50% 50 5.881 6.06 k 766g 6.53e 5501 5.76 k 7199 6.15e
100 5.96 ki 6.54 i 9.31c 7.27d 6.07 | 6.25i 9.34b 7.22d
Mean 592e 6.30 e 849c 6.90B 5.79f 6.00d 8.26 ¢ 6.68 B

75% 50 6.66 h 8.21f 8.71d 7.86¢c 6.86 h 8.73¢c 8.38e 7.99b
100 7759 83lef 11.3a 9.12a 7.92f 8.60d 114 a 9.30a
Mean 7.21d 8.26 ¢c 10.0a 8.49A 7.39d 8.66 C 9.89 a 8.65 A

100% 50 566m 825ef 881d 7.58c 5.58 1| 8.69c¢c 8.37e 755¢c
100 6.31] 8.34e 9.88b 8.18b 6.18j 8.63 cd 9.42b 8.07b
Mean 599e 8.29¢c 9.34b 7.88A 5.88f 8.66 C 8.90 b 7.81A

P levels * K levels

50 6.07 e 751c 8.40b 7.32A 598 ¢ 7.73¢c 7.98b 7.23 A
100 6.68d 7.73¢c 102a 8.19A 6.72d 7.82¢c 10.1a 8.20 A
Mean 6.37C 7.62B 9.28 A 6.35C 7.778B 9.02 A

See footnotes of Table 3

Table 13. Effect of different levels of P, K and irrigation requirement on total carbohydrates
percentage of potato tubers during the two studied seasons of 2013/2014

Irrigation P levels First season (2013) Second season (2014)

level of (kg/fed) K levels (kg/fed) K levels (kg/fed)

ETc 50 100 150 Mean 50 100 150 Mean

50% 50 56.1lm 62.3h 67.8d 62.1c 50.6m 609¢g 69.7b 60.4 b
100 58.3]j 69.1b 71.3a 66.2a 55.3k 66.1d 71.0a 64.1a
Mean 57.2¢g 65.7 c 69.6 a 64.2A 529g¢g 63.5d 70.4a 62.3 A

75% 50 56.4 | 57.5k 66.5 f 60.1d 53.61 57.3i 62.3f 57.7c
100 62.1 h 66.99 68.1cd 657a 59.4h 64.7 e 68.0c 64.1a
Mean 59.2 f 62.2e 67.3b 629B 56.5f 61.0 e 65.2¢c 60.9B

100% 50 57.3k 59.3i 65.99 60.8d 49.5n 57.4i 66.9d 579c
100 56.0m 68.3c 66.2 fg 63.5b 55.7jk 56.2]j 69.9b 60.6 b
Mean 56.6 g 63.8d 66.1c 62.2B 52649 56.8 f 68.4 b 59.3B

P levels * K levels

50 56.6 d 59.7 ¢ 66.8 b 61.0B 51.2e 58.5d 66.3 b 58.7 B
100 58.8 ¢ 68.1a 68.6a 65.1A 56.8d 62.3¢c 69.6 a 62.9 A
Mean 57.7C 63.9B 67.7A 54.0C 60.4B 68.0A

See footnotes of Table 3

Table 14. Effect of different levels of P, K and irrigation requirement on total protein
percentage of potato tubers during the two studied seasons of 2013/2014

Irrigation P levels First season (2013) Second season (2014)

level of (kg/fed) K levels (kg/fed) K levels (kg/fed)

ETc 50 100 150 Mean 50 100 150 Mean

50% 50 209g 23.0b 243 a 22.7a 20.3Im 23.0g 26.0c 23.1b
100 21.3f 23.2b 24.1a 229a 20.4 ki 24.0f 27.0a 238a
Mean 21.1d 23.1b 24.2a 22.8A 20.4f 235¢c 26.5a 234 A

75% 50 19.1k 20.0i 225c¢ 20.5¢ 20.7 20.7 j 229g¢ 21.4d
100 22.0d 225c 23.2b 226a 21.9h 23.8f 244 e 23.4b
Mean 206e 21.2d 22.8b 21.58B 21.3e 22.2d 23.7¢c 22.4B

100% 50 19.6 20.5h 219de 20.7c 18.7n 21.4i 25.1d 21.7d
100 19.6 23.0b 21.7e 21.4b 20.1lm  20.5jk 26.7b 224c
Mean 19.6 f 21.8¢c 21.8¢c 21.1B 19.4¢g 209 e 259b 22.1B

P levels * K levels

50 19.9d 21.2b 229a 21.3B 199e 21.7cd 247b 22.1B
100 21.0c 229a 230a 22.3A 20.8de 22.7c 26.0a 23.2A
Mean 204C 22.0B 23.0A 20.3C 22.2B 25.4 A

See footnotes of Table 3
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. Effect of irrigation levels, P and K fertilizer rates on water use efficiency (kg/m3) of

potato plants during the two studied seasons of 2013/2014

Irrigation P levels First season (2013) Second season (2014)

level of (kg/fed) K levels (kg/fed) K levels (kg/fed)

ETec 50 100 150 Mean 50 100 150 Mean

50% 50 6.28 h 6.47 g 8.18 ¢ 6.97 b 5.63 ] 5.90i 7.36¢ 6.29d
100 6.36 gh 6.98e 994a 7.76a 6.21 h 6.40 g 9.56 a 7.39b
Mean 6.32 e 6.72d 9.06 a 7.37 A 5.92e 6.15d 8.46 a 6.84 A

75% 50 5.68j 7.01e 7.43d 6.71c 5.62] 7.15d 6.86 f 6.54 c
100 6.61 f 7.09e 9.63 b 7.78 a 6.49 g 7.04 e 9.33b 7.62a
Mean 6.15 e 7.05c 8.53b 7.24 A 6.05d 7.10c 8.10b 7.08 A

100% 50 4.031 5.87i 6.27 h 5.39e 3.811 5.93i 5.71j 5.15f
100 4.49 k 5.93i 7.03 e 5.82d 4.22 k 5.89i 6.43 g 5.51e
Mean 4.26 g 5.90 f 6.65 d 5.60 B 4.01f 5.91e 6.07d 5.33B

P levels* K levels
50 5.33 e 6.45 ¢ 7.29b 6.36 B 5.02e 6.33¢c 6.65b 6.00 B
100 5.82d 6.67 c 887a 7.12A 5.64 d 6.44bc 8.44a 6.84 A
Mean 557 C 6.56 B 8.08 A 5.33C 6.38 B 7.54 A
See footnotes of Table 3
3.4 Water Use Efficiency (WUE) Abd-Ellatif S. Alsebaay, Soil Science

Data in Table 15 showed the effect of studied
treatments on WUE by potato plants cultivated at
Dokki site in the two tested seasons. Increasing
irrigation quantity over 50% of ET. led to
decrease in WUE for all irrigation treatments.
These results agree with those obtained by [35].
There was a significant interaction between
irrigation water treatments and inorganic fertilizer
ones for WUE. The highest WUE value was
obtained by 50% of ET, combined with 100 kg
P,Os/fed and 150 kg K,Offed. Importance of
fertilizers for good yield and better utilization of
water can be attributed to the role of P and K in
improving crop resistance to water stress
[17,36,37]. Fabeiro et al. [38] previously reported
that WUE values for potato crops in Spain
ranged between 6.3 and 8.6 kg m™, while [39]
reported values ranging between 4.8 and 7.4 kg
m'3, as a function of both irrigation method and
nitrogen level.

4. CONCLUSION

It could be concluded that application of K
fertilizer with rate 150 kg/fed, from the
recommended amount by the Ministry of
Agriculture of Egypt, is optimal for good potato
growth and tuber quality. Also, application of P
fertilizer at rate of 100 kg/fed proved to be
superior in terms of characteristics under study
with low irrigation water level 75%.
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