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ABSTRACT

Two separate experimen"ts1 were carried out in a private farm in El-Matria;
Dakahlia Governorate, Egypt during two successive seasons 2009/2010 and
2010/2011 to study the effect of potassium sources (potassium mono phosphate 52%
K20 potassium sulphate 50% KO and potassium citrate 38% k), ievels (0, 60 and 120
kg K20/ fed for each source), phosphorus sources {calcium super phosphate 15.5 %
P20s, rock phosphate 30 % P20s and phosphoric acid 85% P20s) and levels (0, 30
.and 60 kg P:0sffed for each source) on vegetative growth, tuber yield and
chemical constituents of potato (Sofanum fuberosum L.) "Spunta”. Treatments were
arranged in randomized complete block design in three replicates. The obtained
results indicated that both potassium mono phosphate at 120 kg K:Offed and
phosphoric acid at 60 kg P2Osffed gave the highest values of vegetative growth
parameters, tuber yield and its quality in both seasons as compared with other
treatments and the differences were significant.
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INTRODUCTION

Potato (Solanum tuberosum L.) as a member of the family
solanaceae is one of the most important food crops all over the world
including Egypt. It ranks the first export and the second vegetable crop in
energy. Potato require high amounts of potassium and phosphorus fertilizers
for optimum growth, production and tuber quality (Al-Moshileh and Errebi,
2004).

" Potassium is one of essential nutrients required for plant growth and
reproduction. It is classified as a macronutrient as nitrogen and phosphorus.
It plays a vital role in photosynthesis, carbohydrate transport, protein
formation, control of ionic balance, regulation of plant stomata and water use
activation of plant enzymes (Munson et al., 1985). According to Abd El-Aal-
Faten et al., (2008) studied the addition of K at 80 units/fed and resulted in
the best values of plant growth, average number of shoots, leaves number as
well as fresh and dry weight and gave heaviest tuber yield as well as number
and size of tuber per plant and raised, the concentration of the nutrient
elemental in tubers yield tissues.

The presence of phosphorus in the soil encourages plant growth
because it is an essential nutrient. Practically, phosphorus is & major building
block of DND molecules (Pant and Reddy, 2003). The Potato crop has
fraditionally been regarded as having a large requirement for phosphorus with
the results that substantial applications of phosphate fertilizer are frequently
made in anticipation of significant economic yield responses. Numerous
studies have been found the relationships between P availability and yield
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(Jenkins and Ali, 2000). In addition, (Hinsinger, 2001) reported that the two
forms of phosphorus in soil are organic and inorganic. Organic phosphorus is
the most stable form of phosphorus in the soil. While inorganic phosphorus is
hot stable. Therefore, inorganic phosphorus is readily absorbed and used by
plant if it is not fixed.

The main objective of the present study is to evaluate the effect of
different forms of potassium and phosphorus fertilizer with different levels on
potato growth, chemical composition and yield.

MATERIALS AND METHODS

Two field experiments were carried out in a private farm in El-
Matria,Dakahlia Governorate, Egypt during the two successive seasons of
2009/2010 and 2010/2011 to study the effect of sources and levels of
potassium and phosphorus on vegetative growth , yield and chemical
constituents of potato (Solanum fuberosum L) ¢.v spunta cultivar.

The treatments were arranged in a randomized complete block
design. The first experiment was the simple possible combination between 3
sources of potassium fertilizers (Potassium mono phosphate (52% K;0),
Potassium sulphate (50% K:0) and Potassium citrate (38% k) and three
levels (0, 60 and 120 kg KO /fed). The second experiment was 3 freatments
of phosphorus fertilizers sources (calcium super phosphate (15.5 % P;0s),
rock phosphate (30 % P»0s) and phosphoric acid (85 % P;0s) in three levels
(0, 30 and 60 kg P,Os/fed). Each treatment was replicated three times; thus,
the total numbers of every experiment was 27 experimental units.

The plot area was 10.5 m’ which contained 3 rows, 5m long and
0.7m wide.

Soil samples were taken at random from the experiment field area at
a depth of 15 and 30 cm from soil surface before seil preparation to estimate
the physical and chemical properties of the soil according to the method
described by Jackson (1967) and corresponding data are presented in Table
1.

The land prepared for cultivation and the tuber pieces which treated
with disinfectant fungal were planted on 22" and 25" January (2009/2010
and 2010/2011), respectively at equal distance and depih.

The rates of phosphoric acid fertilization were added to the surface

sail in a foliar way twice one after 30 days and the other 15 days later. The
other sources of P and K fertilization were applied twice at the same times of
phosphoric acid addition as soil fertilization.
Ammonium nitrate (33.5%) 120 kg Nffed and Ca-super phosphate (15.5 %
P,Os) as 60 kg P.Os/fed were added two times one before the second
irrigation (30 days after sowing } and the other before the third irrigation{45
days after sowing) in potassiutm experiment Ammaonium nitrate (33.5 %) 120
kg N /fed and potassium sulphate (48 % K;0) 96 kg K,O /fed were added two
times one before the second irrigation and the other before the third irrigation
in phosphate experiment..
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Table 1: Some physico-chemical properties of the experimental soil
during both seasons of 2009-2010 and 2010-2011.

Soil characters 2009-2010 2010-2011

[Coarse sand 3.4 2.9

Ei_ne sand 436 44.8

. N ilt 38.2 385
[Mechanical analysis (%) Clay 138 13.8
OM% 1.86 2.05

Texture class Loam Loam

EC dS.m™{1:5) 0.79 0.83
H (paste) 8.97 8.82
CO, n.d n.d

HCOQ, 0.52 0.75

Cl 1.18 1.28

. . S04 0.78 0.90
lAnions (meq/100soil} Ca 083 0.08
Mg 0.63 0.80

Na 0.81 0.93

K 0.21 0.25

lM Fe 217 221
. Mn 145 1.54

icro nutrients (ppm) —Zn 088 0.84
Cu 0.80 0.81

N 38 41

lAvailable (ppm) P 30 a5
® 564 576

Table 2: Amount of fertilizers added for potassium experiment:

Ferti
kg/fe K- mono phosphate K- sulphate K-citrate
units
0 unit K.0 OkgHfed 0 kgffed 0 kgffed
0 unit K;0 115kg/fed(302g/plot) 120 kg/fed(315g/plo) | 157 kgffed(414g/plot) |
h20 unit K,0 230 kg/fed(605a/plot) 240 kg/fed{630g/plot) | 314 kg/fed(828g/plot)

Table 3: Amount of fertilizer added for the phosphorus experiment:

Units grti kgifed Ca;;!;;n;:autger Rock phosphate Phosphoric acid
0 unit P,05 0 kgtfed 0 kg/ffed 0 Lifed

30 unit P,Os 193 kg/fed(508g/plot) | 100 kg/fed(262g/plot) 35 Lffed{S1mblplot)
60 unit P05 386 kg/fed(1016g/plot] 200 kg/fed(525g/pioty | 70 Lifed(185m¥plot)

At harvesting time (110 days after planting), the plants were
randomly taken from each plot to determine the following characters:

plant length (cm), number of stem/plant, fresh weight (g/plant)and dry
weight(%) of plant foliage, tuber fresh weight (g/plant)and tuber dry weight
(%), No. of tuberfplant, average weight of TSS Vit C, tuber and total yield
(tonffed.). Then, the dried plant samples were thoroughly ground and stored
for chemical analysis.
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Plant Analysis:

The oven dried material of plants were ground and wet digested by a
sulfuric-per chloric acids mixture as described by Peterburgski {1968). Total
N, P and K% ,total sugar and starch were determined in the digested plant
materials using the methods described by Pregle 1945, Jackson 1967, and
Black 1965, respectively. '

The obtained data were subjected to statistical analysis as factorial
experiment in @ randomized cornplete block design with three replicates in
the both growing seasons according to Gomez and Gomez, (1984}). Average
means were compared statistically using L.SD at 5%.

RESULTS AND DISCUSSION

1.Vegetative growth:

Data of vegetative growth parameters, i.e., plant length {cm), number
of stem/plant, fresh weight (g/plant) and dry weight {%) of plant foliage after
110 days from planting as influenced by K and P sources and levels are
present in Tables 4 and 5.

1.1. Effect of K sources and levels:

Concerning the effect of potassium fertilization sources, Table 4
reveal that the mean values of ptant length (cm), fresh weight (g/plant) and
dry weight (%) of plant foliage after 110 days from planting significantly
affected with different sources of application except number of stem/plant had
in significant effect and the highest mean values were recorded with using K-
mono phosphate.

Data present in Table 4 show significantly effect by using different
levels of K-application and indicated that the highest mean value of plant
length (cm), number of stem/plant, fresh weight{g/plant) of plant and dry
weight % of plant foliage after 110 days obtained from 120 kg K,O ffed during
both seasons.

Obtained data in Table 4 indicate that the average of all parameters
were significantly increased with K-mono phosphate at rate 120 kg K,O /Hed.
Compare with the other sources under any levels except No. of stem/plant in
the 2™ season.

The increments in plant growth characters because of using two
sources of potassium fertilization at the high level may be due to the
increments in plant growth characters because of using K- meno phosphate
treatment at high level may be due to the effect of phosphorus and potassium
on potato plant growth. As it contains about 34% P,0s +52% K,0. This
means the superiority happened as a results of direct and indirect effect to
this elements on potato plants growih. Phosphorus play an important roles in
a positive impact on growth of plants, it is the second elements of the three
major elements (N, P and K). Phospherus enters in the composition of the
proteins nucleus. It is also an important element in respiration process. Also it
play an important role in carbohydrate exchange as turning starch in to sugar
and fat assimilation.
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The role of such macro nutrients in the physiological process and
cell division and elongation which indirect affect tissue formation and
consequently vegetative growth of plant. These results are in good
accordance with those obtained by (Malakouti ef al., 2005 and Yildirim et al,
2009 EI-Sirafy et al., {2008a).

Table 4: Effect of K sources and levels and interaction effect on
vegetative growth parameters after 110 days from planting
during seasons of 2010 and 2011.

] Fresh weight of

plant length No. of H Dry matter of
Char. plant foliage
Mreat. {cm) stem/plant {ant plant foliage (%)
2™ 1= | 2™ 1 Z = ] 2™

A: Effect of sources of K-fertilization
K-mono phosphate] 47.54 | 4885 | 283 3.25 | 72440 | 106.96 | 15.24 | 19.52

K-sulphate 41,76 | 44.17 | 3.22 3.67 | 724.11 | 98.01 13.53 [ 18.35

K -citrate 40.51 | 42,14 | 3.28 3.80 { 706,99 | 93.30 | 13.07 | 17.19

LSD at §% 0.64 0.72 N.S N.S 7.27 227 | 012 0.19
B: Eifect of levels of K-fertilization

0 kg K:0 fed” 42.41 | 45.08 | 2.67 3.44 | 71060 | 98.83 | 13.69 | 18.26

60 kg K0 Sfed” 43.22 | 4455 } 3.06 344 | 72269 | 97.72 | 1391 | 18.06
120 kg KO Jed” | 4418 | 45.11 3.61 3.94 1 72221 | 10080 | 1424 | 18.60
L SD at 5% 0.86 0.90 0.34 0.40 3.86 0.91 0.04 0.08
C: Interaction effect
46.07 | 4712 | 2.50 325 | 716.27 | 102.84 | 14.80 | 18.89
47.00 | 4890 | 2.67 317 [ 72573 { 104.93 | 15.14 | 19.39
H20 49.57 | 4995 | 3.33 333 | 73120 | 111.73 | 1578 | 20.08

0 4123 | 4614 | 2.83 3.50 | 71563 | 101.82 | 13.30 | 18.80
K-sulphate 60 41.77 | 4319 | 3.00 367 | 72623 | 9554 | 13.54 | 1786
2o 4227 | 4319 | 3.83 3.83 | 73047 | 96,68 | 13.76 | 18.28

1] 39.93 | 4266 | 2.67 350 | 699.90 | 93.18 | 12.97 | 17.31
K-citrate 6o 40.90 | 4156 | 3.50 350 { 716,10 | 92.70 | 13.04 | 16.93
fzo 40.70 | 42.20 | 3.67 467 | 70497 { 94.00 | 13.19 | 17.34
LSD at 5% 1.24 1.77 0.57 N.S 6.68 1.57 0.07 0.13

K-mono o
phosphate go

1.2 Effect of P sources and levels: g

Concerning the effect of phosphorus fertilization sources, Table 5
reveal that the mean values of plant length (cm), number of stem/plant, fresh
weight (g/ptant)} and dry weight (%) of plant foliage after 110 days from
planting tended to significantly affected with different phosphorus sources
except with number of stem/plant had no significant effect and the highest
mean values were recorded with using phosphoric acid.

Data present in Table 5 indicate that the average of all parameters
were significantly affect by using different levels of p-application and indicate
that the highest mean values of plant length (cm),No.of stem, fresh weight of
plant(g/plant)and dry weight of foliage% aftert10 days obtained from 60 kg
P.Og/fed during both season obtained data in table 5 indicate that the
average of all parameters after 110 days from plant were significantly
increased with phosphoric acid at rate 60 kg P,Os/fed compared with other
sources under any levels except No.of stem in the 2™ season.
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The highest mean values of parameters under study were obtain with
adding phosphoric acid at the rate 60 kg P;Os/fed. compare with the other
sources under any levels. This increases might be due to that phosphoric
acid as the best solubility and the best source of P-fertilization which had
85%P.

Generally, the role of phosphorus in plant growth are investigated by
many workers (Hinsinger, 2001; Pant and Reddy, 2003 and Shafeek et al,
2004). All of them agreed that, the presence of phosphorus in the soil
encourages plant growth and development

Table 5: Effect of P source, levels and interaction effect on vegetative
growth parameters after 110 days from planting during
seasons of 2010 and 2011.

Fresh weight of

lant length No. of h Dry matter of
T Char. P {cmy} g stem/plant plant foliage plal?: foliage (%)
reat. 1sgljglant)
™ 1 [ 2™ 1™ ] 2 1 2™
A: Effect of sources of P-fertilization
ICa-super
hosphate 43.96 | 45.57 3.28 3.72 96.57 100.11 18.46 19.13

Rock-phosphate 43.11 | 4469 | 2.94 3.39 95.77 §9.28 §18.25 | 1892
Phosphoric acid 46.60 | 48.31 3.50 3.72 102.96 | 106.73 | 19.26 19.97

LSD at 5% 0.41 0.45 N.S N.S 1.68 1.76 0.07 0.06
B: Effect of levels of P-fertilization
0 kg P:Os fed" 4367 | 45.27 | 2.78 3.39 96.41 99.95 | 18.24 [ 18.91

30 kg P:0s .fed” 44.80 | 46.45 3.17 3.28 98.88 102.51 18.41 19.09
60 kg P,0O; .fed” | 4520 | 4686 | 3.78 4.17 | 100.00 | 103.67 | 19.32 | 20.02
LSD at 5% | 0.67 0.70 0.34 0.37 1.67 1,75 0.06 0.07
C: Interaction effect

Ca-super 4373 | 4482 | 267 | 383 | 9477 | 9823 | 1816 | 18.82
bhosphate 0| 43.83 | 4545 | 333 | 317 | 9647 | 100.00 | 1827 | 1889
i60 | 44.80 | 46.44 | 3.83 | 417 | 9847 | 102.08 | 19.00 | 19.69

Rock. o 4220 | 43.75 | 2.33 | 2.83 | 9400 | 97.45 | 17.77 | 18.42
phosphate 20| 43.87 | 45.48 | 267 | 3.00 | 96.80 [ 100,36 | 17.95 | 18.61
60 | 4307 | 44.85 | 3.83 | 433 | 96.50 | 100.05 | 19.03 | 19.73

P 4557 | 47.04 | 333 | 3.50 | 100.47 | 104.16 | 18.80 | 19.49
P:‘i‘és"m”c 30 | 46.70 | 48.41 | 3.50 | 3.67 | 103.37 | 107.16 { 19.07 | 19.77
e 60 | 47.53 | 49.28 | 367 | 4.00 | 10503 | 108.87 | 19.92 | 20.65

ILSD at 5% 0.97 1.56 0.97 N.S 2.51 3.74 0.11 0.1

2.Chemical constituents of l[eaves and tuber:

N, P and K percentages in leaves and tubers as affected by K and P
sources and levels after 110 days from planting during seasons 2010 and
2011 are presenis in Tables 6 and 7.

2.1.N, P and K% in leaves and tubers :
2.1.1. Effect of K sources and levels:

Regarding-to the effect of adding potassium-sources, Table 6 show
that the mean values of N, P and K percentages in leaves and tubers after
110 days from planting were significantly affected with different sources of
potassium-fertilization k-mono phosphate gave the highest vaiues of all
measured parameters after 110 days in leaves and tubers and the
differences were significant.
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Concerning the effect of potassium fertilizers levels on N, P and K
concentration in leaves and tubers after 110 days from planting , data in the
same table show clearly that addition of 120 kg K,O /fed gave the highest
values of all estimated elements during both season except K% in the first
season

it is evident from the data in Table 6 that, K-sources and levels had a
significant effects on N, P and K percentages in leaves and tubers after 110
days from planting. As for the effect of K-sources and levels ,the highest
mean values of N, P and K percentages in leaves and tubers were recorded
with adding of K-mono phosphate at the rate 120 kg K;O /fed followed by 60
kg KO /fed from the same sources.

Table 6: Effect of K sources, levels and interaction effect on N, P and K
in leaves and tubers after 110 days from planting in during
season 2010and 2011 .

) Char. Leaves Tubers
Treat. N% P% K% N% P% K%
SRR TSl R Pl K el I Sl Il

- A: Effect of sources of K-fertilization
IK-mono phosphate 1.86(1.57]0.286|0.271({2.81]2.57|0.80[0.658|0.146{0.138[1.7711.62

K-suiphate 1.65[1.43[0.250(0.223|2.75}2.47]0.71!0.62]0.128|0.114|1.73}1.56
K-citrate 1.58{1.35/0.223|0.209]2.70{2.36]|0.68|0.580.114]0.107[1.70| 1 49
LSD at 5% 0.02]0.05]0.011]0.007|0.05]0.030.01]0.02]0.007|0.004{0.030.02
B: Effect of lovels of K-fertilization
0 kg KO fed’ 1.66(1.43/0.240(0.233|2.67|2.46[0.71|0.6210.123]|0.119[1.68|1.55
60 kg K:0 fed? 1.70(1.4510.275(0.228[2.71(2.42]0.7310.620.140]/0.11641.71{1.52
120 kg K0 fed” 1.7411.46]0.244{0.238]2.89|2.5110.7510.63{0.124]0.121{1.82|1.58
LSD at 5% 0.0310.03/0.012(0.004{0.02{0.03]0.01{0.01}0.007(0.004(0.02}0.02

C: Interaction effect

K-mono o0 1.78]1.490.281|0.265|2.74|2.52(0.77]0.64|0.143]0.135{1.73]1.58
phosphate 60 {1.85/1.57(0.292/0.268)2.79]2.53/0.80}0.680.149]|0.137]1.76|1.60
120 [1.96(1.62[0.28410.277(2.91{2.64]0.84{0.70{0.145{0.14111.841 .66
b 1.62]1.47]0.225|0.232]2.65(2.48{0.70/0.63|0.115|0.118/1.67 [1.56
K-sulphate 0  [1.64]1.4110.294(0.212[2.70|2.3910.71}0.61[0.150/0.10811.70]1.51
120 [1.68|1.41]0.231/0.226]2.89{2.55(0.7210.61{0.118|0.115]1.82|1.61
0 1.5611.3510.215|0.214j2.61]2.41|0.67|0.58|0.110{0.109}1.64/1.52
K-citrate 60 [1.59]1.3610.23810.204(2.6412.33(0.69{0.5810.12210.10411.661.47
20 [1.59/1.35(0.217]|0.210(2.85|2.35|0.68]0.58(0.111{0.107]1.80/1.48
LSD at 5% 0.05{0.05]0.021(0.007{0.04|0.05]0.02}0.02{0.013(0.007{0.03{0.03

Comparing with the other sources under any levels, the mean values
of N, P and K percentages in leaves and tubers were decreased during both
seasons. This result may be due to the increase of enzymatic activities which
affect absorption of mineral nutrients by plant and in turn increase its
concentration in plant parts. This positive effect may be related to the main
important role of K in plant. In this concern, Tawfik (2001) indicated that
application of K-rates (60 and 120 kg K;Offed) increased leaf K-
concentration. Also, Al-Moshileh and Errebi (2004) point out that tuber K-
content increased significantly with K-rates (0, 150, 300, 450 and 600 kg
K250, /ha).
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2.1.2. Effect of P sources and levels:

. With regard to the effect of adding phosphorus sources, Table 7
show that the mean values of N, P and K percentages in leaves and tubers
after 110 days from planting were significantly affected with different sources
of phosphorus application. Phosphoric acid equipped the first order and gave
the highest values of N,P and K cencentrations in leaves and tubers and
differences were significant.

Table 7: Effect of P sources, levels and interaction effect on N, P and K
in leaves and tubers after 110 days from planting during
seasons of 2010 and 2011 .

Char : Leaves Tubers
Treat. b N% P% K% N% P% K%
1* [2“ 1% = [ 2% 1° |2" 1® 2" 1 2

A: Effect of sources of K-fertilization
ICa-super phosphate 1.74(1.5010.245{0.248(2.41{2.27|0.75{0.64]0.125]|0.126{1.52|1.43

Rock-phosphate 1.71|1.4610.253{0.236|2.31(2.15(0.74(0.63}0.129|0.120[1.45]1.35
Phosphoric acid 1.84[1.57(0.278{0.265]2.48(2.26]0.79]0.68{0.142|0.13511.56]1.42
LSD at 5% 0.05(0.040.0031{0.004[0.02]|0.06/0.02/0.02}{0.003(0.004/0.01{0.04
B: Effect of levels of K-fertilization
@ kg Pa0s fed” 1.72{1.46]0.245{0.24412.31|2.10/0.74}0.63(0.125]0.124[1.46| 1.33
30 kg P05 fed™ 1.7711.51]0.26610.25012.39(2.21{0.76]0.65|0.136]0.1271.51{1.39
60 kg P.Os fed” 1.80]1.56|0.266[0.255(|2.49{2.36|0.7710.67|0.136]0.130|1.57(1.48
LSD at 5% 0.03[0.04]|0.003{0.003{0.04]0.04/0.01{0.02/0.003/0.003]0.02{0.02

C: Interaction effect
011.69(1.44{0.223]0.246|2.30{2.11]0.73]0.62|0.114]0.125{1.45{1.33
ICa-super phosphate [30[1.74]1.50]{0.254[0.246(2.4112.1210.75{0.65{0.130[0.125]1.52|1.33
60(1.78]1.55{0.259(0.251|2.5112.58[0.77{0.67]|0.132|0.128(1.58(1.63
0]1.66{1.40{0.244[0.232{2.24{2.04|0.72[0.60|0.124{0.118{1.41[1.29
Rock-phosphate 30(1.74/1.48(0.266[0.239]2.3112.29(0.75]0.63/0.135[0.122(1.45(1.44
60(1.73({1.52]|0.251[0.236]2.37{2.11|0.74]0.65|0.128(0.12011.50({1.33
0 11.79]1.55(0.268}0.253{2 40|2.16|0.77{0.67|0.137{0.129]/1.561({1.36

Phosphoric acid 3011.84(1.56)|0.27810.264|2.46|2.23/0.7910.67|0.142{0.135[1.65|1.40
’ 60[1.89{1.62|0.288|0.277(2.58/2.38/0.81]0.70|0.147;0.141{1.62|1.50
LSD at 5% 0.05|0.06/0.0040.006]0.06/0.06{0.02|0.03|0.005/0.006|0.04}0.04

As for the effect of P-levels in the same Table, found a significant
effect on N, P and K percentages in leaves and tubers after 110 days by
increasing levels P-levels up to 60 kg P,Os/fed.

With respect to the effect of P-sources and levels in forms of Ca-
super phosphate, Rock-phosphate and Phosphoric acid, data in Table 7
reveal that there were significant differences between the average values of
N, P and K percentages in leaves and tubers after 110 days from planting
due to adding P-sources under any level. Comparing with the untreated
plants, N, P and K percentages in leaves and tubers were increased with
increasing the levels from 0 up to 60 kg P;Osffed. And found that the highest
mean values were obtained with adding phosphoric acid at the rate 60 kg
P,Osffed during both seasons. The favorable effect of phosphorus fertilization
on minerals content of potato leaves may be due to the direct effect of
phosphorus form in increasing photosynthesis rate which increased
carbchydrate concentration in the plant leaves , subsequently activated
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elements absorption by the roots which reflected on the increment in N, P
and K percentages in the leaves and tubers. These results are in accordance
with those of Shabana (2004), Turan et al.,, (2007}, Magda and Asmaa (2009)
and Gad-Nadia and Kandil-Hala (2010).

3.Yield and its components :

Table 8 and 9 present the response of yield and its components of
potato plants, i.e., tubér fresh weight (g/plant), tuber dry weight (%), No. of
tuber/plant, average weight of tuber and total yieid (ton/fed) after 110 days
from planting as affected by K and P sources and levels.
3.1.Effect of K sources and levels:

Data in Table 8 show that application of potassium fertilization
sources gave significant effects on the mean values of tuber fresh weight
{g/plant), tuber dry weight (%),and total yield (tonffed) and had in significant
effect on No. of tuber/plant and average weight of tuber. Potassium mono
phosphate was superior more than other treatments. As for the effect of
potassium levels, table 8 show significant effects on tuber fresh weight
(g/plant),tuber dry weight percentage and total yield (ton/fed) after 110 days
from planting by increasing potassium levels up to 120 kg K0 /fed.

Listed data present in Table 8 indicate the tuber fresh weight
(g9/plant), tuber dry weight (%), No. of tuber/plant and total yield (ton/fed) after
110 days from planting affected significantly by adding K-source and levels
during both seasons. The highest mean values of obtained parameters were
with K-mono phosphate as K-source at rate of 120 kg KO /fed comparing
with other sources under any level. This effect was true during both seasons.
This trend was obtained by Anwar (1998) who reported that the number of
tubers/plant significantly increased with increasing K fertilizer level. Also,
Asmaa and Magda (2010) found that the total tuber yield was gradually
and significantly increased with increasing the level of potassium
application. Also, they concluded that the nutritive values of potate tubers
were significantly affected by potassium application from (40, 80 up to
120 kg K,Offed.).
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Table 8: Effect of K source, levels and interaction effect on tuber fresh
weight (g), tuber dry weight (%), number of tuber/plant,
average weight of tuber and total yield (ton/fed) after 110 days
from planting during seasons 2010 and 2011.

Char Tuber fresh | Tuber dry No.of |Average weight] Total yield

- T lweid lant)] weight (%) | tuber/plant of tuber {ton/fed)
Treat. 1 2 20 (1 [ 22 ™ | 2° | 17 [ 27
, A: Effect of sources of K-fertilization

K-mono T24.40|745.99 | 1524 | 15.70 | 439 | 450 [190.21[193.11[ 17.78] 17.84
hosphate

K-sulphate 7241174552 (1353 114,27 | 3.83 | 4.44 [196.88|179.88|15.76] 16.28
K-citrate 706.99 [ 731.20 | 13.07 [ 13.64 [ 4.50 | 4.78 {160.43[155.84{15.11]| 15.36
SD at 5% 7.27 7.38 | 012 | 014 | N.S | N.5 N.S N.S 0.23 | 0.47

B: Effect of levels of K-fertilization
0 kg K:O fed"[710.60[73528[13.69 14.47 | 3.61 | 4.19 [203.41]191.49[15.81 | 16.27
160 kg K;O fed?[72269(74024]1391[1438| 4.39 | 4.56 [177.85|172.45]| 16.18| 16.30
120kg K;O fed?[72221[746.00[14.24 | 1462 4.72 | 4.94 [166.26 | 164,70 | 16.66 | 16.74
LSD at 5% 3.86 3.92 [ 004! 0.04 | NS | NS N.S N.S 0.26 | 0.31
C: interaction effect
K-mono 0 |716.27 [737.91|14.80]15.22| 3.50 | 3.75 | 212.07 | 205.15] 17.00 | 16.93
phosphate| 60 | 725.73|744.34 | 15.14 [ 15.57 | 467 | 417 [182.24{203.13| 1767 [ 17.84
120 | 731.20 ] 753.02 {1578 16.14 | 5.00 } 5.33 [{176.33[175.06| 18.69 | 18.45
K-sulphate| 0 |715.63]739.07(13.30|14.66| 3.33 | 4.33 [223.17]203.95] 15.50| 16.74
60 | 726.23|744.33|13.54{13.95] 3.83 | 4.50 |195.16] 166.91 | 15.69] 16.07
120 [730.47 {753.16 | 13.76 [ 14.21 | 4.33 | 4.50 {172.30|168.79{ 16.08 ] 16.02
IK-citrate 0 1699901729741 12.97{13.78[ 4.00 | 4.33 {174.98]169.94{14.93] 15.34
60 171610 732.05| 13.04] 1362 | 467 | 500 {156.16]|147.33]| 15.18] 15.01
120{704.97{731.8113.19{13.53 [ 4.83 1 5.00 | 150.15|150.25] 15.22| 15.76
LSD at 5% 6.68 680 [ 007 | 0.06 [012] 009 ] NS N.S 0.46 | 0.52

3.2.Effect of P sources and levels:

It is clear from data present in Table 9 that; adding phosphorus
sources (Ca-super phosphate, Rock-phosphate and Phosphoric acid) gave
significantly higher magnitudes of tuber fresh weight (g/plant), tuber dry
weight (%) and total yield (ton/fed) after 110 days from planting. Adding
phosphorus sources as phosphoric acid was the one typeserior for increasing
aforementioned traits followed by Ca-super phosphate and finally the Rock-
phosphate. As for No. of tuber/plant and average weight of tuber had in
significant effect. This trend were true during both seasons.

As for the effect of P-levels data in the same Table, revealed that the
parameters under investigation were significantly increased with increasing
the levels up to 60 kg P.Os/fed. except with the average weight of tuber
during both seasons and No. of tuber/plant in the 2™ season had in
significant effect.

With regard to the effect of phosphorus -sources and levels as Ca-
super phosphate, Rock-phosphate and Phosphoric acid under levels 0, 30
and 60 kg P,Os/fed. data in Table 9 reveal that there were a significant
differences between the average values of tuber fresh weight (g/plant), tuber
dry weight (%) and total yield {tonffed) after 110 days from planting during
both seasons. The highest mean values for the previously mentioned traits
were found to be associated with adding Phosphoric acid at rate of 60 kg
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P.Osffed. compared with other treatrments had a major effect on the
productivity of potato plant, hence increased total yield and its components. I
may be aftributed to the enhancement of phosphorus of the plant growth and
it consequently reflected on the tuber yield. Many investigators obtained a
similar trend of results (Gupta, et al., 1999 and Ghoname and Shafeek 2004).

Table 9: Effect of P source ,levels and interaction effect on tuber fresh
weight {(g), tuber dry weight (%), number of tuber/plant,
average weight of tuber and total yield {ton/fed} after 110 days
from planting during seasons 2010and 2011.

Char. Tuber fresh Tuber dry No. of [(Average weight| Total yield
Treat. weight (g/plant} | weight (%) | tuber/plant of tuber (tonl/fed)
1 2 [l IS A R N A L
A: Effect of sources of P-fertilization
[Ca-super 714,82 | 735.97 114,11 }14.62| 4.83 | 472 | 153.34 | 157.34
phosphate . 16.58{16.30
Rock- 705.46 | 72662 [ 13.890|14.41| 461 | 533 | 155.63[137.93
hosphate 16.33]15.99
Phosphoric acidl 723.58 | 746.30 | 14.87 [ 16.01| 4.56 | 5.00 | 160.14 | 14892 |17.59(17.04
LSD at 5% 1.88 199 1011 [012 | NS | NS | NS N.S | 0.01 | 0.01

B: Effect of levels of P-fertilization
0 kg P.Os fed'[ 709.60 [ 731.83 [14.08[14.60[ 3.89 [ 4.44 [ 182.86 [ 164.92[16.38]15.96
30 kg P;Os Jed [ 713151 734,63 [14.23]14.75| 4.67 | 5.06 | 153.40| 146,39 16.90 ] 16.44
60 kg P.Os fed’| 721.11 | 742.44 [14.56 [ 15.70| 5.44 | 5.56 [ 132.85 133.88 [17.22]16.92
LSD at 5% 2.62 266 | 0.05) 006 106 NS | NS NS | 0.04 | 0.04
C: Interaction effect
Ca-super 0] 711.50 { 732.85 {13.95]|14.46| 3.67 | 4.17 [193.87 [175.7416.14{15.78

30| 714.35 | 735.98 {13.99]14.50( 5.00 | 467 | 142.91 | 157.60{16.58|16.32

phosphate o 718.43 739,05 [14.38 | 14.91] 5.83 | 533 [123.23 | 13867 | 17.03 | 16.80
ook, 0]697.03 | 717.93 |13.68| 14.18 | 3.83 | 450 | 181.00 | 150.54 | 15.8515.34
ohosphate |30 701.93 | 723.00 [ 13.80| 14.31 | 4.67 | 567 [150.51 127,51 [16 52| 16.10

60 717.43 | 738.94 [14.22]14.74| 5.33 | 5.83 | 134.60| 126.75|16.58 [ 16.52
Phosphoric 0] 72027 | 744.70 | 1461|1515 417 | 4.67 [172.73[159.46 [17.13]16.77
cid 30| 723.00 | 744.92 [14.90115.45| 4.33 | 4.83 | 166.97 | 154.06 | 17.60[16.90
F 60y 727.47 | 749.28 | 15.0815.64| 5.17 | 5.50 | 140.17 | 136.23 | 18.05[17.44
LSD at 5% 4.54 461 1009 [010 | NS | NS | NS N.5 | 0.07 | 0.07

4. Tuber quality:

Data of tuber quality, i.e., TSS %, total sugar%, starch% and Vit C
{mg/100g) of tuber after 110 days from planting as influenced by K and P
sources and levels are present in Tables 10 and 11.
4.1.Effect of K sources and levels:

It appeared from the data at Table 10 that with adding K-
monophosphate as K-sources gave the highest
mean values of TSS %, total sugar%, starch% and Vit C (mg/100 g) of tuber
after 110 days from planting during both seasons.

As shown in Table 10, there are significant differences among mean
vaiues of TSS %, total sugar%, starch% and Vit C (mg/100g) of tuber after
110 days from planting as affected by increasing K-fertilization levels up to
120 kg K0 ffed.
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Data in table 10 reveal that the average of all parameters were
significantly increased with potassium mono phosphate at rate of 120 kg K,O
Ifed comparing with the other sources and levels after 110 days from planting
during both seasons. The higher yield and physical quality in case of using
the high leve! of potassium sources may be attributed to the role of potassium
in translocation of produced photosynthetic assimilates and its accumulation

~in storage tubers and in turn increase the tuber weight, which consequently
affect positively on yield. Also, such increases are connected with the
increase in vegetative growth which correlated greatly with the productivity of
the plants. In this connection, (AbdEl-Aal, Faten et al,, 2005, Malakouti et al.,
2005 and Yildirim ef al., 2009).

Table 10: Effect of K sources, levels and interaction effect on TSS %,
total sugar%, starch% and VC (mg/100g)} after 11¢ days from
planting during seasons 2010and 2011.

Char. TSS % Total sugar¥% starch% Vit C (mg/100:
reat. ] 2" 2™ ™ ] ™

A: Effect of sources of K-fertilization
K-mono phosphate - | 5.58 3.91 1.97 2.01 19.25 | 19.57 { 13.05 11.00

" {K-sulphate 553 | 389 | 1.88 | 198 | 1908 | 1943 | 11.56 | 10.04
K-citrate 5.48 3.85 1.80 1.88 18.89 | 19.23 11.09 9.48
LSD at 5% 0.01 0.01 0.04 0.03 0.03 0.04 0.17 0.35

B: Effect of levels of K-fertilization
E kg KO fed” 5.46 3.86 1.75 1.93 18.84 19.29 11.60 10.03
[1] kg K:0 fed”’ 5.51 3.86 1.82 1.86 19.00 19.29 11.88 10.15
1120 Igg_PS;O fed™ 562 3.92 2.08 2.07 19.38 19.62 12.22 10.23
LSD at 5% 0.01 0.01 0.03 0.04 0.03 0.06 0.19 0.23

C: Interaction effect
5.52 3.86 1.83 1.89 | 19.05 | 1930 | 12.48 10.44
5.57 3.91 1.92 1.97 | 19.22 [ 1954 | 12.97 11.00
20 5.65 3.86 2.16 214 | 1948 | 19.79 | 13.71 11.38
5.46 3.88 176 | 200 | 1884 | 1940 | 11.38 10.33
K-sulphate |0 5.52 3.85 1.82 1.88 | 19.02 | 18.27 | 11.52 9.91
H20 5.62 3.93 2.06 2.05 | 19.38 { 1963 | 11.80 9.88
5.40 3.84 1.67 1.88 | 1864 | 1818 | 10.96 9.46

K-mono go
phosphate

IK-citrate 60 544 | 3.81 1.71 1.74 | 18.76 | 19.06 | 11.17 9.53
H20 559 | 389 | 202 | 203 | 1928 | 1945 | 11.14 9.44
LSD at 5% 002 | 0.02 | 0.04 | 0.06 0.06 0.11 0.33 0.38

4.2 Effect of P sources and levels:

Listed data present in Table 11 indicate the TSS %, total sugar%%,
starch% and Vit C (mg/100g) of tuber after 110 days from planting were
significantly affected with adding different phosphorus fertilizer during both
seasons and the highest values were recorded with using phosphoric acid.

The same Table shows significant increment of TSS %, total sugar
%, starch % and Vit C (mg/100g) after 110 days in both season with
increasing p-fertilizer level up to 60 kg P,Os/fed.

It could be observed that application of P-fertilization sources and
rates in Table 11 show that, adding P-sources as Ca-super phosphate, Rock-
phosphate and Phosphoric acid at levels of 30 and 60 kg P,Ogffed.
significantly increased of TSS %, total sugar%, starch% and Vit C (mg/100g)
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of tuber after 110 days from planting than the untreated plants. Adding
Phosphoric acid at rate of 60 kg P,Os/fed gave the highest mean values
during both seasons. These data are in agreement with those obtained by
Moustafa et al, (2005), these found that, available phosphorus
supplementation significantly improved the processing quality characteristics
in tomato fruits i.e. total soluble solids, vitamin "C", color, titrable acidity.

Table 11: Effect of P sources , levels and interaction effect on T.S.S %,
total sugar’%, starch% and Vit.C {mg/100g) after 110 days
from planting during seasons 2010and 2011.

Char. TSS % Total sugar starch% Vit C (mg/100g)
[Treat. 1 st znd 1 ] 2nd 1 st an 1:! znd

A: Effect of sources of P-fertilization
Ca-super phosphate]| 5.19 | 4.65 1.51 1.55 { 17.91 | 18.25 | 1217 10.50

Rock-phosphate 512 | 460 ] 144 | 151 | 1764 | 1802 { 1199 | 1026

IPhosphoric acid 528 | 471 1.59 1.68 | 1819 [ 1856 | 12.91 11.04

LSD at 5% 0.01 0.01 0.06 | 0.05 0.04 0.05 0.33 0.26
B: Effect of levels of P-fertilization

0 kg P;0; fed" 513 4.61 144 1.49 | 17.68 [ 18.05 [ 12.02 10.25

30 kg PoOs fed” 5.18- | 4.64 1.52 158 | 17.87 | 1821 | 12.42 10.60
M P05 fed” 5.28 4.71 1.59 1.66 | 18.20 | 1857 | 1262 10.95
ILLSD at 5% 0.01 0.01 0.02 0.03 0.03 0.04 0.21 0.25
C: Interaction effect

casuper 0 510 | 460 | 142 | 1.47 | 1756 | 17.98 | 11.85 | 1012
phosphate 30 518 | 4.63 | 152 | 1.47 | 17.85 | 1817 | 12.17 | 10.51
0 530 | 4.72 | 160 | 1.53 | 1828 | 1861 | 12.50 | 10.86

ock. ] 507 | 458 | 1.38 | 163 | 1749 | 17.88 | 1166 | 9.79
phosphate 10 511 | 460 | 1.46 | 1.44 | 17.64 | 17.99 | 12.47 | 10.35
0 516 | 4.64 | 149 | 1.50 | 17.80 | 18.19 | 12.13 | 10.65

) 521 | 466 | 153 | 160 | 17.96 | 18.30 | 12.57 | 10.84
::‘izs"h”'" 0 5.25 | 460 | 158 | 1.67 | 18.12 | 1847 | 12.92 | 10.93
0 537 | 4.78 | 167 | 1.70 | 18.50 | 18.90 | 13.25 | 11.33

[LSD at 5% 0.01 | 0.02 | 0.03 | 0.05 [ 0.05 0.07 0.36 0.39

CONCLUSION

The positive perspective of this study emphasized the importance of
potassium and phosphorus fertilization for potato. It is obvious that yieid and
its components of the potato variety spunta can be improved with the
application of K and P fertilizers. Hence, application of 120 kg K,O /fed in
form of K-mono phosphate and 80 kg P,Osffed in form of phosphoric acid is
found to be the appropriate rates for optimum productivity of potato plants in
loamy soil.
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