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ABSTRACT: This study was carried out to evaluate the effect of
some potassiumn sources (potassium sulfate and potassium chloride)
and levels on growth, chemical analysis of different parts of potato
(solanum tuberosum L.) plant, tuber quality and yield of potato at
harvest under the effect of gypsum application in newly cultivated
sand soil located at El-qassasin Horticulture Research Station,
Esmailia Governorate. During autumn of the two successive seasons
2000/2001 and 2001/2002.

Application of potassium sources (K;SO, 48% K;O or KCl
60% K;0) each at the rate of 0, 48, 96 and 144 kg K,;0/fed. with or
without gypsum application (1metric ton/ fed.).

The addition of gypsum significantly increased total fresh
weight of leaves, dry weight of stem/plant, dry matter percentage of
stems, number of tubers/ plant, weight and volume/ tuber and tuber
yield.

The application of potassium sulphate significantly increased
tubers yield while, the addition of potassium chloride significantly
increased carbohydrate percentage in tuber. Increasing potassium
~ level significantly increased weight and volume/ tuber, potassium
percentage in stem, leaves and tubers and carbohydrate percentage
in tuber while, significantly decreased starch percentage, )

Key words: Potato, potassium source, potassium levels, gypsum
application, yield quality.
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INTRODUCTION

Potato (Solanum tubersum L.) is
considered one of the major and
the most important vegetable crop
in Egypt. There is a high demand
on potatoes for human local
consumption as well as
exportation. In the past few years,
a great attention was paid to
increase the cultivated area by
adding new reclaimed lands in the
Egyptian desert. However, these
new reclaimed lands suffer from
deficiency in macro and
micronutrients as well as organic
matter.

Potassium and calcium are
considered major limiting factors
in potato production specially in
the new reclaimed lands of the
Egyption desert. Yogesha ef al.
(1999) mentioned that most growth
and yield parameters increased by
adding up to 150 % of the
recommended K rate. Singh and
Singh (1995) found that total tuber
yieid of iarge and medium size
tubers increased with increasing K
rate, while the number and yield of
small tibers decreased as K rate
increased, Negrila et al. (1994)
added potassium in different
proportions of KNO; and KCI and
recorded increase in tuber yield
with increasing KNO; compared
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with KCl. Oktay et al (1997)
found that K sources had no
significant effect on yield. Reis-
Junior and Fontes (1996)
Concluded that starch content
decreased with increasing K rates.
Reixota et al. (1996) reported that
tuber dry matter yields and average
tuber weight increased linearly
with increasing K rates. Kamar and
Omar (1987) found that the
application of gypsum
significantly increased total potato
yield, average tuber weight and the
dry matter percentage of tubers.
Awad et al. (2002) concluded that
addition of gypsum increased plant
height foliage dry weight, N, P and .
K per plant while, the foliage fresh
weight was not affected. Shahid-
Umar et al (2001) studied
different rates and sources of K on
potato yield. Application of S
(as gypsum) along with potassium
chloride significantly enhanced
tuber yield, and a similar trend was
recorded with sulfate of potassium
with respect to S supply.

Craighead and Martin (2003)
found that trials on seed crops
showed no significant effect of N
or K on yield; and that potato yield
response to K was not related to
soil exchangeable K levels. K
applied as KCl increased yield but
reduced tuber dry matter content



Zagazig J. Agric. Res., Vol. 33 No. (1) 2006

 compared to K applied as K2SO,.

Lu-Jinwei et al. (2001) found that
adequate K levels increased yield
- and quality assessed by measuring
the average weight and starch
content of Sweet potato. However,
KCl was more efficient, in terms
of yield, than K804 .Total starch
yield was higher with KCl due to
higher fresh sweet potato yield.
Davenport and Bentley (2001)
mentioned that no correlation was
found between applied K (KCl or
K280;) and commercial yield of
potato or the starch or water
content.

The aim of this study was to

assess the effect of two potassium
sources out different levels alone

or in combination with or without

gypsum on growth, yield and yield
quality of potato plants in a newly
cultivated sandy soils, Ismailia
Governorate, Egypt. ‘

MATERIALS AND
METHODS

Two field experiments were
carried out during the autumn of
the two successive seasons
2000/2001 and 2001/2002 in a
newly reclaimed sand soil located
at  El-qassasine  Horticulture
Research Station, Ismailia
Governorate under drip irrigation

‘experiment
16 treatments which
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to study the effect of potassium
sources (K2804, 48 % K;0 or KC],
60 % K>0) each at the rate of 0,
48, 96 and 144 kg K,O/fed. with
the addition of  gypsum,
1 metric ton/fed. or without
gypsum application. Chemical and
physical properties of the soil were
conducted by methods described
by Piper (1950), Jackson (1958)
and Black (1965) and are shown in
Table 1.

The experiment was conducted
in a randomized complete block
design, factorial. There where
3 factors involved in the
experiment. They were (A)
gypsum: without, and with; (B)
source of K: sulphate and chloride;
{(C) rate of K: four rates. Thus, the
consisted of
were
(2 gypsum levels X 2 potassium
sources X 4 potassium levels);
executed in 3 replicates

~ ie., 48 plots Each plot arca was

21 m? including 10 rows with
70 cm. distance between rows and
each row contained 10 hills with
30 cm, distance between hills and
cach hill contained one plant. The
first experiment 2000/2001 was
sown on 28 October and harvested
on 2 March 2001 while the second -
on¢c was sown on 17 November
and harvested on 22 March 2002.
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Table 1: Physical and chemical properties of experimental soil

for the two seasons
Mechanical anslysis ED **  Tons me/L
semson S:Zdﬁf?fﬁipn Wa Co" Mg" Na' K oy BODY T Soi
20002001 90.8 42 50 sand 8.4 2.1 033 054 098 0.07 - 043 054 125
043 0.34 094007 - 035 034 1.15

200172002 873 43 84 sand 83 26

* 1:2.5 so0il; water;

Potassic fertilizers were split in
two equal doses at planting and 45
days after sowing, while the
nitrogen  fertilizer (ammonium
nitrate, 33% N) was split in 4 doses
as the 30, 40, 50 and 60 days after
planting at percentage 10, 20, 40
and' 30% of the total rate
(120 kg Nffed.) and. calcium
superphosphate (15.5% P,04) was
added before planting at 70 kg
P,Os/fed. Irrigation water (well
water) was used with dripper
spaced 25 cm. on line and the rate

of  water discharge  was
4 L/h./dripper.

Data Recorded:

Plant growth: Random samples of

three plants each from each plot
were taken at harvest, Stem,
leaves, total fresh and dry weight
and dry matter percentage of each
were recorded.

Yield and yield attributes:
Number and volume of tubers
/plant, single tuber and volume,
tuber fresh and dry weight /plant,

** in saturation extract

and total yield metric ton/fed. were
recorded.

Chemical constituents: Total
macronutrients of N, P and K in
stems, leaves and tubers as well as
total carbohydrates and starch in
tubers were determined according
to Michel et al. (1956), Reda
(1970), Black (1956), and Jackson
(1958).

Statistical analysis: data were
subjected to the statical analysis
according to Fisher (1960).

RESULTS AND
DISCUSSION

1. Plant Growth
1.a. Plant fresh weight

Data presented in Table 2 show
that the addition of gypsum

significantly increased leaves fresh

weigh/plant in the two successive '
seasons as well as total fresh
weight/ plant in the second season
and did not significantly affect
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. Table 2: Main effects of gypsum application, potassium source
and level on fresh weight (g/plant) of potato plant at
harvest -

Season Season 2000/2001 Season 2001/2002

\Qauﬂer
Stems Leaves Total Stems Leaves Total
Treatment

Without gypewm (A1) 18.72 29.37 48.09 5,725 3391  39.63
Witk gypsum  (A2) 2115 40.18 61.34 6.845 56.86 63.71
L.S.D 0.05 n.s 9.51 ns ns 12.51 10.52
K;S0, (BD) 19.94 34.06 54.00 7.077 4724 5427
KCl (®2) 19.94 35.50 5544 5.543 43.53 49.08

L.S.D 0.05 ns ns ns ns ns ns

Level K kg. K O/fed.

0(C1) 18.43 3338 51.81 5.455 40.21 45.66
48 (C2) 18.78 36.26 55.04 6.243 47.62 53.86
9% (C3) 1161 30.65 4825 6701 4334  50.04
144 (C4) 2463 3883 6376 6741 5033  57.12

L.S.D 0.05 ns ns n.s ns ns ‘s

Table 2-a: Main Effect of gypsum application, potassium source
and level on foliage dry matter (%) and dry weight
(g/plant) of potato plant at harvest
Season Season 2000/2001 Season 2001/2002

haracter Dry weight Dry matter Dry weight Dry matter
(g/plant) % (g/plant) %
Leaves Stems Leaves Stems Leaves Stems Leaves Stems

Withoutgypsam (A1) 9660 0911 37.37 4994 6.810 0724 2134 7418
Witk gypsum (A2) 9891 1770 50.76 8256 11.000 0576 1828 8.553
L.S.D 0.05 ns 0157 ns 0953 ns n.s n.s R.§

KyS0, (B1) 9969 1372 47.10 6.732 8750 0528 1944 8.080

KC1 (B2) 9583 1309 4103 6521 9.067 0475 2038 7.891
L.S.D 0.05 ns ns n.s ns n.s n.s n.s n.s

Level K kg. K O/fed.

0(CI) 9217 1362 4405 6672 8155 0412 2233 6.99

48 (C2) 9801 1404 4286 6490 8972 0550 1898 9.397

96 (C3) 9132 1112 4724 6773 88%9 0509 1974 7.641

144 (C4) 10953 1484 42.11 6571 9608 0536 1858 7913
L.S.D0.05 ns s n.s ns LS n.s 2.78 ns

Gypsum rate: 1 metric ton/fed
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stem fresh weight/ plant in the two
successive seasons as well as total
fresh weight/plant in the second
season. The obtained data show
that according to the main effect
the two potassium sources were
similar in effect regarding the
studied characters in the two
successive seasons, Also
increasing potassium rate did not
significantly affect these characters
in both seasons. In contrast Awad
et al. (2002) found that the foliage
dry weight per plant of potato
significantly increased by gypsum
application while foliage fresh
weight was not significantly
affected in both growing seasons.

Lb. Plant dry weight

Table 2-a show that addition of
gypsum significantly increased
stem dry weight/plant and dry
matter percentage in the first
season only, while addition of
gypsum did not significantly affect
leaves dry weight/plant as well as
leaves dry matter percentage in the
two successive seasons and stem
dry matter percentage in the
second season. The recorded data
show that the two potassium
sources were mnot significantly
different from each other on leaves
and stems dry weight/plant or

second

leaves and stems dry, matter
percentage in the two successive
seasons. Also increasing potassium
rate did not significantly affect all
these studied characters except for
dry matter percentage in the
' season  where the
increasing of potassium rates
resulted in decreases. Values of %
dry matter were 22.3, 18.96, 19.74
and 18.58 % for the addition of 0,
48, 96 and 144 K,O/fed,
respectively. These results are in
agreement with those obtained by
Awad et al. (2002) who found that
the foliage dry weight /plant was
significantly increased by gypsum
application and they attributed
these results to gypsum decreasing
in the pH of the soil.

2. Yield and Yield Components

2.a. yield component

Data in Table 3 show that the
addition of gypsum significantly
increased the number of tubers per
plant only in the second season
while addition of gypsum did not
significantly affect the weight/
tuber or the volume/ tuber in both
seasons as well as the number of .
tubers/plant in the first season.
Also, the two different potassium
sources were similar in effect on
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Table 3: Main Effect of gypsum application, potassium source
and level on yield component of potato plant at

harvest ' .
Season Season 2000/2001 Season 2001/2002
Character Numberof  Singly  Singly Number Singly  Singly
tuber plant - tuber tuber of tuber tuber

weigh(y) volume tuber  weigh(g) volume
Treatment (cm)  Plant em)

Without gypsum (A1) 7.417 74.67 67.71 - 4.604 59.04 5548
Withgypsum  (A2)  7.000 106.27 8693 6.792 57.56 54.06
L.S.D 0.05 ns ns ns 1.087 n.s n.s
K80, ®) 7.708 86.49 71.13  5.542 60.11 56.89
KCI (B2) 6.708 94.45 8351 5854 56.49 52.66
L.S.D 0.05 ns ns ns n.s n.s n.s
Level K kg. K Offed. '
0(C1) 5557 7278 7207  6.500 44.92 38.19
48(C2) 7.000 76.56 79.17 5333 60.94 58.11
96 (C3) 7.500 100.21 85.84  6.625 58.16 57.47
144 (C4) 8.667 11233 7221 5.333 69.18 65.32
L.S.D 0.05 ns ns n.s ns 14.37 16.18

Table 3-a: Main Effect of gypsuin application, potassium source
and level on yield component per potato plant at
harvest

Season Season 200012001 Season 2001/2002

Character Teber Taber Tuber Tuberdry Taber Taber Taber Tuber

fresh  volume/ dry matter/plant fresh volwme/ dry  matier
weigh! plant weigh! (%)  weight plant weight/ dry/plast
plant(p) (ew’) plant(p past(@ (cw’) plaatg) (%)

Withoutgypsum (A1) 528.8 499.2 10042 18.90 2604 238.1 43.16 17.05
With gypsum  (A2) 7143 5827 1349 1392 3685 3473 5941 17.00
L.S.D 0.05 ns ns ns  ns 65.03 6854 ns n.s
Kzso" (B1) 632.0 537.1 181 1871 3145 2982 5416 1726
KO (B2) 611.1 5447 1173 19.11 3143 2922 4841 16.78
L.S.D 0.05 ns ns ns ns ns ns ns ns .
Level K kg. K O/Fed. : 7
0(C1) 4943 4483 9620 1921 3877 253.8 4583 1646
48 (C2) 6183 5232 1163 1871 3166 2994 5647 1799
96 (C3) 676.9 591.0 -125.0 1850 319.7 302.8 5145 16.32
144 (C4) 696.6 601.1 1333 1921 3338 3148 5140 1682
L.S.D 0.05 n.s ns ns n.s ns n.s ns n.s

Gypsum rate: 1 metric ton/fed
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number of tubers/plant, weight and
volume per tuber in both seasons.
Increasing potassium rate did not
significantly affect number of
tubers/plant, weight and volume/
tuber in the first season as well as
number of tubers/plant in the
second season. The addition of
48 kg K,;Offed. significantly
increased both tuber weight and
tuber volume, in the second
season.

Further potassium application
(96 and 144 kg K;O/fed.) had no
effect on these parameters
compared with the 48 kg K,O/fed.
These results are in agreement
with those obtained by Awad

 etal. (2002)

Data in Table 3-a show that the
addition of gypsum did not
significantly affect tuber fresh
weight/plant, tuber volume/plant,
tuber dry weight/plant and tuber
dry matter percentage/plant in the
first season as well as tuber dry
- weight and tuber dry matter
percentage/plant in the second
season. However, addition of
gypsum significantly increased
tuber fresh weight and tuber
volume/plant in the second season.
The two different potassium
sources did not significantly differ

Awad, et al.

from each other for these studied
characters in the two successive

-seasons. Also the obtained data

show that increasing potassium
rates from did not significantly
affect these studied characters.

These results are in agreement
with those of Singh and Singh
(1995), Reis-Junior and Fontes
(1996), Lu-Jianwei et al. (2001)
and Shahd-umar et al. (2001).

2.b. Total yield

Data in Table 4 show that the
addition of gypsum significantly
increased potato yield in the two
successive seasons. The two
potassium  sources differed
significantly on potato yield, only
in the second season when
potassium sulphate was superior to
potassium chloride. However, the
two different sources did not
significantly differed regarding the
yield in the first season. Increasing
potassium rate did not significantly
affect potato yield, in the two
successive seasons. These results
were in agreement with those of
Noqueian Kamar and Omr (1987),
Tawfik (2001) and Awed ef al.
(2002) and this was a disagreement
with the resuits of Negrila ef ai.
(1994) and Oktay et al. (1997).
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Table 4: Main Effect of gypsum application, potassium source
and level on total yield metric ton/fed. of potato plant

at harvest .
Season Season 2000/2001 Season 2001/2002
haracter
: Total yield ton/fed. Total yield ton/fed.
Treatment
Without gypsum (A1) 9.524 7.728
With gypssm  (A2) 13.821 10.276
L.S.D 0.05 2.718 2.104
K;S0, (B1) 11.702 9.504
KCI (B2) 11.644 8.499
L.S.D 0.05 n.s 0.834
Level K kg. K O/fed.
0 (C1) 10.257 8.494
48 (C2) 12.833 9.677
96 (C3) 12.494 9244
144 (C4) 11.107 8.592
L.S.D 0.05 n.s n.s

Table 5: Main Effect of gypsum application, potassium source
and level on total nitrogen percentage of potato plant
at harvest '

-Season Season 2000/2001 Season 2001/2002
Character

_Treatment
Withoutgypnm (A} 0816 2128  1.089 1442 2189  1.047
With gypsum  (A2) 1,020 1.832  1.041 1461 1186  1.224
L.S.D 0.05 ns 0.0962 ns ns n.s ns
KySO, (Bl) 0983  1.886 1062 1457 1.697  1.194
KCl (B2) 0852 2074 1068 1445 1678 1077
L.S.D 0.05 ns ns ns  ns ns n.s
Level K kg. K O/fed. : :
0(C1) o3850 2.137 1170 1507 1603  1.117
48(C2) 0.098 2038 1023 1442 1635 1123
96 (C3) 09% 1.826  1.067 1433 1742 1217
. 144(C4) 0733 1925 1000 1423 1770  1.086
L.S.D 0.05 n.s n.s ns n.s n.s n.s

Gypsum rate: 1 metric ton/fed

Stems Leaves Tuber Stems Leaves Tuber
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3. Chemical Constituents

3a. N, P and K percentage in
~ different plant parts

Data in Table 5 show that the
addition of gypsum did not
significantly  affect  nitrogen
percentage in stems and tubers in
the two successive seasons as well
as in leaves in the second one
while, these additions decreased
significantly nitrogen percentage
in leaves in the first season. The
two different potassium sources
were similar on  nitrogen
percentage stems and tubers of
potato plant and this was true in
the two successive seasons.
Increasing potassium rate had no
significant effect on nitrogen
percentage in the three plant
organs in the two successive
scasons. These results are in
agreement with those obtained
Kanzikwera et al. (2001) and in
disagreement with those of Lalitha
et al. (2000).

Data in Table 6 indicate that the
addition . of gypsum did not
significantly affect phosphorus
percentage in potato stems, leaves
and tubers in the first season as
well as stems and leaves of the
second = season. However,
significant decrease in phosphorus
percentage in tubers of the second
season occurred. The two different
potassium sources had the same

. the
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_ effect on phosphorus percentage of

potato_stem, leaves and tubers in

two  successive seasons. -
Addition of potassium
significantly decreased phosphorus

_percdentage in potato leaves in the

first season while, increasing
potassium rate gave the same
effect.  However, increasing
potassium levels had no significant
effect on phosphorus percentage of
potato stems and tubers in the first
season as well as stems, leaves and
tubers in the second one. These
results are in disagreement with

those obtained by Reis-Junior and

Monnerat (2001) who found that
the increasing K,SOy fertilizer did
not affect removal of potassium
but increased the removal of P.

Data in Table 7 indicate that in
the first season, addition of
gypsum significantly . decreased
potassium percentage in potato
leaves while, did not significantly
affect it in stems and tubers.
However, in the second season,
addition of gypsum significantly
increased potassium percentage in
potato stems and leaves and did
not affect it in tubers. The two
different potassium sources were
similar on potassium percentage of
potato leaves, stems and tubers and
this was true in the two successive
$easons,

In the first season increasing
potassium  rate, did not
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Table 6: Main Effect of gypsum application, potassium source
and level on total phosphorus percentage of potate

plant at harvest ‘
Season Season 2000/2001 Season 2001/2002
Character
Stems Leaves Tuber Stems lLeaves Tuber
Treatmen :
Withontgypeum (A1) (117 0.150 0152 0131 0.131 0.185
With gypoum  (A2) 0.124 0.155 0.151 0.122 0.139 0.166
L.S.D 0.05 ns ns ns ns ns 0.012
KZSO‘ (B1) 0.119 0.153 0.148 0.127 0.133 0.172
KCl (B2 0.122 0.153 0.155 0.126 0.137 0.179
L.S.D 0.05 n.s n.s n.s n.s n.s ns
Level K kg, Kpfl‘ed.
0(C1) 0119 0165 0141 .127 0128  0.173
48 (C2) 0.126 0.151 0.160 0.121 0.139 0.176
96 (C3) 0.121 0.144 0.155 0.125 0.133 178
144 (C4) 0.116 0.151 0.149  0.133 0.140 0.175
L.S.D 0.05 ns 0.008 ns ns n.s ns

Table 7: Main Effect of gypsum application, potassium source
and level on total potassium percentage of potato

plant at harvest _
Season Season 2000/2001 Season 2001/2002
Character

Stems Leaves Tubers Stems Leaves Tubers
Treatmen:

Without gypssm (A1) 4,536 4198 2.843 3.981 3823 2.536
With gypsum  {A2) 5134 3.573 2.549 5.094 4.231 2448
L.S.D 0.05 ns 0.419 ns 0.349 0.403 ns
K80, (B1) 4957 ° 3798 2700 4458 4.042 2514
KCl  (B2) 4713 3973 2.692 4618 4.011 2470
L.S.D 0.95 ns ns ns ns ns n.s
Levet K kg. K O/fed. - |
0(C1) 4450 3.563 | 2.645 3993 3,752 2.340
48 (C2) 4603 4093 2852 4391 4343 2467
96 (C3) 4971 3.795  2.565 4.704 4.012 2.606
144 (C4) 5316 3,092 2533 5.063 4.000 2.556
L.S.D 0.05 n.s ns n.s 0.714 0.365 0.196

Gypsum rate: I metric ton/fed
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Table 8: Main Effect of gypsum application, potassium source
and level on total carbohydrates and starch

percentage of potato glant at harvest

Season Season 2000/2001 Season 2001/2002
S———Character Tofsl carbobydrates Starch. Total carbohydraies  Starch
Tmf\r' (%) (%) (%) __{%)
“Without pypsam (A 84.55 66.09 , “Tv 43 54.44
With gypsum  (A2) 79.19 66.14 78.86 62.20

L.S.D 0.05 0.341 ns n.s ns

K50, (B1) 82.64 67.00 75.92 58.82
KCl~ (B2) 81.11 65.23 80.37 57.82
L.S.D 0.05 ns ns 342 ns
Level K kg, K G/fed.
0(C1) 80.19 74.50 7230 55.89
48(C2) 81.27 66.10 80.17 62.40
96 (C3) 80.11 62.33 83.17 57.88
144 (C4) 85.91 61.52 76.55 56.40
L.S.D 0.05 1. 5.66 6.47 5.088

Gypsum rate: 1 metric ton/fed
significantly  affect potassium
percentage in stems, leaves and
tubers. However, in the. second
one, addition of 48 kg K,Offed.
significantly increased potassium
percentage in stem, leaves and
tuber. Similar trend was obtained
by Reis-Junior and Monnrat
(2001), Tawfik (2001) and in
contrast with Craighead and Matin
(2003).

3.b. Total carbohydratu and

starch percentage in fubers
- Data in Table 8 indicate that
addition of gypsum significantly
decreased total carbohydrate
percentage in the first season only
while did not significantly affect
starch percentage in the first
secason as well as carbohydrate
and starch percentage in the
second one. Addition of potassium

chloride was superior to potassium
sulphate for total carbohydrate
percentage in the second season
only while, the two potassium
sources had the same effect on
carbohydrate and starch percentage
in the first season a$ well as starch
percentage in the second one. In
first season, addition of increasing
potassium rates had no significant
effect on total carbohydrate but
decreased starch percentage. In the
second season it increased
carbohydrates as will as starch
contents. However, = increasing
potassium rates from 48 to 144 kg
K;0/fed. had no more effect than
48 kg K,O/fed. These results were
in disagreement with those
obtained by Lulianwi et al. (2001)
and in contrast Abdel Gader et al.
(2003).
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