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IELD experiments were carried out during 1994/95 and 1995/96

growing seasons at the Farm of Sakha Aricultural Research Station,
Kafr El-Sheikh Governorate to study the N,P,K and Na content of
sugar beet plant and soil salinity, pH, ESP and availabie K as affected
by different drought periods and potassium fertilization. Soils of the
studied area were non saline non sodic (ECe= 1.21 dS/m & ESP=9.91)
in the 15! season and saline sodic (ECe=6.72 dS/m & ESP=16.67) in
the 2 ™ season. The drought periods wete imposed by omitting one or
more irrigation during the growing season. The experimental design
was split plot with 4 replicates. The drought periods (as main plots)
were 3 weeks (treat. A), 6 weeks (treat. B), 9 weeks (treat. C), 12
weeks (treat. D), 15 weeks; 9 weeks before harvesting and 6 weeks at
mid season (treat. E) and 15 wecks before harvesting (treat. F.). The
potassium fertilization treatments were O (K), 48 (K,), 72 (K4) and 96
kg K,0/fed. (K,) (as sub-plots).

The obtained results could be summarized as follows:

Electrical conductivity (ECe) of soil paste extract was increased
with increasing the period of drougt before harvesting during the two
growing scasons. The highest average values of ECe and significant
ESP increase were found under the longest drought period (treat. F) in
the two growing seasons. Increasing the rate of K fertilization resulted
in a significant increase in ESP in the surface soil layer during the two
growing seasons. The lowest values of ESP (4.18) and (9.38) were
obtained under drought treatments (B) and (A) without K fertilization
in the 15 and 2nd season, respectively.

Soil avaliable K was significantly increased by increasing the
drought periods and / or K fertilization rate during the two growing
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seasons. Where application of 96 kg K,0/ Fed under F treatment
resulted in the highest available K.

Increasing the period of drought before harvesting resulted in a
significant decrease in N, P, K and Na uptake by leaves and roots of
sugar beet plants, while increasing the K fertilizer rate significantly
increased N, P and K uptake by leaves and K by roots during the two
growing seasons. Na conc. and uptacke by leaves and roots were
significantly decreased by increasing K rats. The highest N and P
content of leaves were obtained by the interaction between K4 and A
treatments in the 1% and 29 seasons, while the lowest N content of
roots were obtained by the combination of (F) treatment K, and F
treatments.

The interaction between K, and B resulted in a highest K content
in leaves and roots.

But the lowest Na and K concenirations and uptake were resulted
from K, xF combination. The Na uptake by sugar beet was higher
under the higher levies of soil salinity and sodicity in the two studied
scasons.

Keywords: Drought, potassium, mineral content, sugar beet.

Limited work has been done to establish the relationship between soil moisture
levels and nutrient absorption by sugar beet at North Delta. Nutrient absorption
is affected directly by levels of soil moisture as well - as indirectly by the effect of
water on the metabolism activity of the plant, soil aeration and the salt
concentration of the soil solution. Samwel et al. (1990) stated that the major
portion of the phosphorus and potassium moves to roots by diffusion through
the water films around the soil particles. Under moisture stress the water films
are thin and path length of ion movement increases. Hence movement of
phosphorus and potassium in the soil and thus in the soil solution increases
delivery to the roots. Henderson er al, (1968) indicated that irriggation of sugar
beet at late secason caused a very rapid increase in nitrogen and phosphorus

uptake .

Carter et al. (1980) revealed that withholding irrigation of sugar beet at Jate
season resulted in reducing N uptake by the plant, which created a partial N
deficiency in the sugar beet.
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Carter (1986) pointed out that increasing K uptake by sugar beet decreased
the uptake of both Na and N. The antagonism between K and Na in sugar bect
roots and leaves was observed by Rathert er al. (1981a). They showed that the
K* content of root and leaves of sugar beet for extreme Na¥ treatment was
reduced below the value of control. The K* and Na* antagonism in leaves of
sugar beet does not affect metabolic reactions because K* can partly be replaced
by Na* in its physiological function in the case of K deficiency (El-Sheikh and
Ulriech, 1970; Rowell and Erel, 1971; Marschner and Possingham, 1975) .

James et al. (1968) found that K fertilization of sugar beet increased K
content in the plant and decreased Na in roots and leaves and N in roots.

The current work was carried out to study the effect of drought periods before
harvesting and potassium fertilization rates on the NPK and Na concentrations
and its uptake by sugar beet and some soil chemical properties at North Delta.

Material and Methods

The present investigation was carried out at Sakha Agricultural Research
Station Farm, Kafr El-Sheikh during 1994/95 and 1995/96 growing seasons. The
soil type is Typicustorthent and was non-saline non-sodic in the 15t season and
saline sodic in the 29 season (Table 1). The experimental area characterized by
a cold rainy winter with mean air temperature about 6.4° in winter and exceeds
32" in summer with mean relative humidity 73.5%. Total rainfall was 114.3 and
76.6 mm during the first and second growing seasons, respectively. The EC of
irrigation water is 0.4 dS/m and SAR is 1.50 so, it is suitable for irrigating
different crops. Kwaemera sugar beet variety was the crop of the experiment.
The effects of drought periods at mid to late scason and/or potassium
fertilizeration on the mineral composition and some soil chemical properties
were studied. The experiment design was split plot with four replications. The
plot area was 21 m? {3x7), each plot had five furrows 60 cm apart and 7 m in
length., The main plots were designated for ix drought treatments. Drought
treatments were A (3 weeks),B (6weeks), C(9weeks), D(12 weeks), E(15 weeks;
9 weeks at mid-season and 6 weeks before harvesting ) and F(15 weeks) before
harvesting. Sugar beet roots and leaves were collected at harvest, dried, ground
and digested by sulfuric and perchloric acids to determine the dry matter
content and the NPK and Na concentrations and uptake as described by Page
(1982). Soil samples were collected at harvest from the surface layer (0-30 cm)
to determine the salinity, exchangeable sodium percentage and available
potassium according to page (1982).
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TABLE 1. Soil physical and chemical characteristics of the studied surface layer
(0-30 cm) before planting during the two successive seasons.

First season (1994/95) Second season (1995/96)
Particle size distribution
Sand, % 16.67 23.15
Silt, % 30.06 27.80
Clay, % 53.27 49.05
Textural class Clayey Clayey
Sotl moisture characteristics:
FC., % 42,14 43.86
WP % 22.90 23.84
Av. W 19.24 20.02
Bulk density 1.21 1.20
Soil chemical characteristics;
pH (1: 2.5) 8.11 7.76
ECe, dS/m 1.21 6.72
Solubie ions, me/L
2" 1.81 19.72
Mg** 2.09 21.04
Na’ 8.80 26.05
K 0.112 0.98
co’; 0.00 0.00
HCO; 343 7.72
cr 4.32 31.72
SO%, 5.06 2835
CEC, me/100 g soil 26.00 24.74
ESP 9914 16.67
Available K, ppm 195.0 565.5

Furrow irrigation of sugar beet every 3 weeks was controlled by syphons
methods (FAO, 1974) to reach the soil profile (60 cm) at field capacity.

The sub-plots were subjected to potassium fertilization treatments, 0 (K,;), 48
(K,), 72 (K3) and 96 kg K,0/fed.(K,) in the form of K-sulfate (48% K,0)
added by dressing in one dose after thinning and before the 1% irrigation.
Nitrogen was added at the recommended rate (90 kg N/fed.) as urea {46.5% N)
in two equal doses after thinning and before the second irrigation. Phosphorus
was broadcasted before planting as superphosphate (15.5% P,05) at the
recommended rate (15 kg P,Os/fed.).

Dates of sowing were November 15t and November 237 and harvesting
were June 5 1 and June 23 " in the 1% and the 289 seasons, respectively.
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Results and Discussion

Soil salinity

Data in Table 2 indicated that the electrical conductivity of soil paste extract
increased with increasing the period of drought before harvesting sugar beet
crop. The lowest values of ECe {1.63 and 4.09 dS/m) were found under
full-irrigated treatment (A) while the highest values (2.28 and 7.38 dS/m) were
obtained under the driest treatment (F) in the 15t and 2™ seasons, respectively.
Regarding the effect of K fertilization of soil ECe, the obtained results indicated
that there were no regular trend during the two growing seasons.

It was inferesting to note that the applied irrigations had a major effect in
decreasing the concentrations of soluble cations and anions particularly Nat, Cr
and 802'4. Data also showed that 802'4 was the dominant anion comparing with
other anions . This may be resulted from the applied K-fertilizer (K5S0,) which
increase soil solution by 302'4 after its dissolution by the applied irrigation
water (Khalifa and Ibrahim, 1995).

Soil pH

Results in Table 2 revealed that increasing the 'period of drought more than 6
and 9 weeks in the 15! and 27 seasons, respectively increased scil pH.
Concerning the effect of K-fertilization on soil pH, the obtained results showed
that it had no regular trend to be detected.

Ilustrated data in Table 3 showed that extending the period of drought before
harvesting resulted in a significant increase in the ESP during the two growing
seasons. The rate of increase was more pronounced in the 2 nd geason compared
to the 1% one . Increasing the rate of K fertilizer caused a significant increase in
ESP during the two growing seasons. This could be attributed to the antagonism
between uptake of K and Na by roots of sugar beet. However, Rathert et al
(1981a) noticed the preferential uptake of K compared to Na. The lowest ESP
values (4.18 and 4.14) were obtained with drought period 6 weeks without K
fertilization in the first and second seasons, respectively.

Soil available potassium

The obtained results (Table 4) demonstrated that increasing the period of
drought before harvesting resulted in a significant increase in soil available
potassium during the two growing seasons. This increase could be attributed to
two reasons: the first was that the severe soil water stress resulted in a secondary
salinization and accumulation of soluble salts in stressed zone, and the second
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TABLE 2, Electrical conductivity (ECe), soil reaction (pH) and soluble cations and
anions in surface soil layer (0-30) after the two growing seasons of sugar

beet.
F o Il il St T TR, T m ww v
Drought K ECe pH aluble catio luble anions {m
treatments treat. ds/m catt Mg2+ Nat Kt C032' HCO, Ccr 5042-
1094/93 season
Ko 129 | 768 | 255 { 576 | 480 | 0004 | 096 | 342 | 470 | 434
K 156 § 786 | 408 | 336 | £45 { 0006 | 048 | 324 | 553 | 685
A 48 | 190 | 805 [ 714 | 334 | 850 j o008 | 072 | 348 | 775 | 754
K72 1.75 7.65 3.06 6.24 B35 | 6006 | 072 288 636 170
Kog
Ky 144 7.55 4.59 4.60 5.50 0.01 0.72 2.16 4.13 169
B K 2.24 778 510 816 9.50 0.01 0.96 2.64 9.39 3.9
48 201 7.55 6.08 5.41 878 0.05 0438 1.92 947 845
K2 192 7.63 6.12 5.68 6.80 0.012 .96 RXil] 4 80 984
Kg6
Ko 213 7.66 T.14 6.24 8.25 0.01 0.4% 336 5.53 12.27
c K 1.82 7.80 5.44 4.00 g.20 0.006 0.96 3.00 157 672
48 2.00 772 5.10 .72 840 0.007 0.72 336 7.19 896
Kpp [ 207 | 7272 | 357 | 7468 | 975 [ 0006 | 048 | 232 | 664 [ 1137
Ky 19¢ | 164 | 459 | 800 | 727 | 005 | 048 | 240 | &10 | 894
D K 233 | 768 | 612 [ 624 | 1120 | 001 | o048 | 372 [ 174 | 1L63
48 196 | 773 f st | s28 | 957 | eo1 | 072 | 299 | 6138 | 1007
Koz | 208 | 7288 | 439 | 576 | 1070 | 001 144 | 252 | &2 | 908
Kp 207 | 776 | 439 | 612 | 960 | 0.007 | 072 | 264 | 719 | 1037
E K 204 | 786 § 357 | 617 | 1091 | 0.015 | 048 | 144 | 522 | 1352
48 [ 243 | 755 | 314 | 648 | 1490 | 0038 | 048 | 288 | 752 1| 1348
Kog | 220 | 780 | 434 | 693 | 1081 | 001 096 | 252 | 690 | 11.80
Ko 2.00 788 | 510 | 480 | 1660 | 0.022 | 048 | 228 | 996 | 781
F K 248 | 798 } 530 | 576 | 1420 | 0079 | 096 | 360 | 855 | 1199
48 | 203 | 787 [ 408 | 528 | 1140 | 0023 | 120 [ 284 | 664 | 1031
K | 26 778 | s61 | 902 | 1165 | 0010 F 006 | 264 | 747 | 1533
Ko
K5 ASONS
Kg 10 ] 776 | 6.5 | 519 | 1950 | 039 | 072 | 444 | 1476 | 113
K 421 | 762 | 1581 | 967 | 1668 | 037 | 000 | 562 | 1496 | 2195
A 48 429 166 1336 10.56 18.25 .56 0.64 4.92 14.83 2234
Kn 477 7.82 1632 13.20 17.75 0.84 0.64 2.76 11.62 33.08
Koo
Ky 528 | 770 § 1887 | 912 | 2450 | 084 | 000 | 470 | 2571 | 2289
K 520 | 775 1633 | 1152 | 2230 | 089 | o095 | 336 [ 21146 } 2552
B 48 | sg1 | 770 | 2141 | 1556 | 2075 | 087 | 096 | 648 | 2406 | 2709
Ky | 602 | 775 | 2038 | 1357 | 2581 | 090 { 048 | 324 | 2544 | 3149
¥og
Ko 6.12 1.65 19.49 17.76 1335 0.68 1.20 5.09 16.60 3R70
C K 539 | 767 1 1943 | 1536 | 1925 | 072 | 072 | 484 | 1880 § 3040
48 | 573 | 770 | 2040 | 1632 | 2005 | 081 | 048 | 590 | 1747 § 3383
Koz | 560 | 773 | 2447 | 1152 | 1910 | 092 § 048 | sS04 | 1770 | 3238
Koo
Ko 682 | 780 | 2244 | 2016 | 2544 | 077 | 048 | 720 | 4259 | 18.54
K 691 769 | 1989 | 2292 | 2613 F 076 | 168 | 69 | 3935 | 21.8
D 48 | 583 | 765 ! 1683 | 1056 | 3045 | 070 | 072 | S0 | 2283 | 299
Kyz | 65t | 273 | 1904 | 1201 | 2833 | 096 | coo | 578 | 2980 | 3056
Kee
Ko 445 | 773 | 1479 | 1008 | 1975 | 039 | 000 | 384 | 1881 | 2236
E K 514 165 19.59 £.06 23.40 0.74 048 4.56 234 2442
48 542 183 17.14 1037 26.21 0.84 0.72 519 1725 3137
Kpz | se4 | 780 | 1897 | vid3 { 2555 [ 079 | 072 | 396 | 1859 | 33.47
Kog,
Ky 719 | 780 | 2168 | 2088 | 2804 | 102 | 000 | 516 | 33.60 | 33.76
F X 860 § 775 | 2275 ] 2496 | 3769 | 099 | 000 | 672 | 40.62 | 3908
48 | g5 [ 73 | 2473 | 2247 | 3949 | 105 | ras | 588 | 4135 | 3918
Kgo | 780 | 773 | 2142 | 2496 | 3075 | 124 | 000 | 380 | 3309 | 42358
X
G

Exchangeable sodium percentage (ESP):
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TABLE 3. Exchangeable sodium percentage (ECP) and soil available potassium
{PPm) in the surface soil layer (030 cm) as influenced by drought
periods and potassium fertilization after harvesting in the two growing
SeAsons,

Drought Potassium treatments (kg K,O/fed.) )
treatments | Ko | K | K72 | Ko |Drought] Ko | Kus | Ksz | Kgs { Drought
means means

First season {1994-1995) Second season (1995-1996)

ESP

5221678479 {482 540 J5541789|591{427] 59

418 | 568 ] 7.13 | 629 | 557 {414 ;7666681717 641

482|586 | 540 | 646 | 564 § 775738729810 7.63

7.07 5751676 7.76 | 6.84 f10.59| 9.84 |12.33{11.951 11.18

8.88 | 7.10 | 7.69 | 7.57 | 7.81 j13.63:12.75112.33116.32{ 14.53

12.55112.68({12.90(13.11] 10.81 §113.49114.30|15.40{17.15] 15.09

712 1731|1745 | 7.70 9.39 [ 997 | 998 {10.82

D. at 0.05 *D K DxK D K DxK

0.76 0.49 119 1.34 0.51 125

Soil available potassium {ppm)

109.3[175.8(205.3{222.3( 178.2 §249.1(337.1{380.61502.1| 367.2

156.0178.0| 185.01196.0! 178.8¢ | 374.5{413.8|440.3|507.1| 433.9

161.3[191.10(210.91235.11 199.6 [413.3(487.8|503.5|529.9| 4827

253.61292.6(324.3{331.8] 3006 452.6{470.41510.8|523.2| 4893

243.71331.9(337.1 (341.8] 313.6 [ 457.1(480.3|1547.6|572.1] 5145

409.61462.6 [487.3[514.8] 468.5 1459.5]497.6|534.8|585.8| 5144

K. means | 222.31272.0]| 291713069 401.01447.8)486.3]536.0

L.S.D. at 0.05 D K DxK D K DxK

39.11 19.51 47.80 50.1 35.81 87.73

*D (drought), K {K-fentilization)

e
wElmmoawe

:

[

mmo oW

was that with the prolonged periods of drought, the growth of sugar beet plant
hindered and consequently there was a redduction in K uptake from the soil.
Application of K fertilizer caused a significant increase in available K compared
to the control treatment in the two growing seasons. The highest values of
available K (514.8 and 585.8 ppm) in surface soil layer were obtained with
application 96 kg K,0/fed. (K,) under the longer period at drought treatment F)
in the 15t and 209 seasons, respectively. Data also showed that soil available K
was higher under saline sodic conditions in the second season than that under
non-saline non-sadic conditions in the first season. The obtained results were in
general agreement with those of Mengel and Kirkby (1980), Kovar and Barber
{1990) and Khalifa and Ibrahim (1995).

Nitrogen

Ilustrated data in Table 6 showed that drought treatment had a significant
effect on N concentration and its uptake by leaves and roots of sugar beet
during the two growing seasons. It was obvious from the obtained data that the
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TABLE 4. Nitrogen concentration (%) in the dry matter and aptake (kg N/fed). by
sugar beet as affected by drought periods and potassium fertilization,

o mmem o -

_ Drought Potassiwm treatments (kg K,O/fed.
treatments | Ko [ K I Kn Kos ’Dmught Ko Ka Ku—!—K-m Drought
means means
. First season (§994-1995) Second season (1995-1956) i
i N% of dry matter
Leaves
A 2341243 | 240 1312 | 257 | 2.55 | 3.20 | 3.31 | 3.37 311
g 1.78 } 166 | 2.17 | 239 | 2.00 § 3.09 | 3.21 | 3.13 ] 3.33 3.19
D 1.72 1 208 | 213 | 2,10 | 201 251 2441284324 2.76
E 1.72 1 208 | 2,13 { 208 1 2.00 § 2.05 | 2.12 1212|281 2.28
F 161 | 1587161} 231} 178 162 1167|164 1.78 1.68
1.68 [ 166 1203 1208 1.8 1.52 {1.65 1213|2591 2.05
K.means| 1.81 | 1.92 | 2.08 | 2.35 222 123812531291
L.8.D.at0.05 D K DxK D K DxK
0.43 0.28 0.68 0.36 0.29 0.71
Roots
A 078 | 0.75 | 0.67 | 0.57 | 0.69 1.65 | 1.21 | 1.16 | 0.99 1.25
B 0.75 | 0.61 | 0.71 | 0.67 | 0.69 147 ;1.26 | 1.14 | 0.82 1.17
g 0711043 ] 043 ; 042 0.50 140 | 1.25 1 1.18 | 0.91 1.19
£ 0.57 1040 ) 0.38 | 0.38 [ 0.43 1.28 | 1.16 | 1.14 | 0.89 1.12
F 05710451036 032 ) 0.43 1.28 [ 1.16 | 1.04 | 0.95 1.11
0.57 1043 1040 | 025 1 0.41 131 [ 1.0511.03§ 0380 1.04
K.means| 0.66 | 0.5] 0.49 | 044 1.40 1.40 1.18 1 1.12 | 0.90
L.S.D.at0.05 D K DxK D K DxK
0.063 0.052 0.127 0.16 0.15 (.37
Uptake (kg N/fed.)
Leaves
A 25.51]34.75|34.56 (46.18 135.25 1 36.27 | 36.48 | 37.40 | 38.76 | 3722
B 20.65121.58|30.16 3848 (27,72 33.68 | 36.92 | 33,80 | 3863 35,76
C 21.50|28.91 12748 |31.08127.24F 251 2538 29.54 3046 2762
D 1634 ;20.38 20,66 (24,75 (20.53 ¢ 20.30 1 19.50 } 21,62 | 32.03 2336
E 111101801 11966228.18119.12% 1604117205 18,20 | 1940 17.71
F 13.1011494117.26[22.26[16.89] 13.53 1 13.70 | 17.89 } 29.39 13.63
| K. means 18.04 123.10124.88{31.87 24.15124.86 | 26.41 [ 31.45
L.S.D. at 0.05 D K DxK D K DxK
6.694 3.443 §.44 4.76 3,751 9.188
Roots
A 51.63|56.03|51.3946.17|51.31J101.48[ 7792 { 78.65| 67911 81.49
B 54,3 144.84158.36|62.91155.105 97.17] 87.07 | 80.37 | 5937 81.00
C 52.26|33.47|3449136.04|38.82§ 83.44 | 745 | 78.12169.34 | 68.11
D 33.92{24.443556(|27.47]2735] 71.55| 69.48 | 68.29 1 63.10 | 63.65
E 33.46(26.8721.67124.83(26.71]61.31 [ 6635|6292 {64.04| 4849
F 25.94120.04 123.28[14.55{20.95149.91 [ 49.62 | 52.12 142.24
K. means 141.92]3428[37.46[35.33 77.48 | 70.82 | 70.08 | 61.00
L.8.D. at 0,03 D K DxK D K DxK
1.653 3.068 7.715 9.782 £.47 20.75
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length of drought period caused the lowest N concentration and its uptake by
leaves and roots of sugar beet. The highest mean values of N concentration in
leaves (2.27 and 3.11%) and in roots (0.69 and 1.25 %} at harvest during the
first and second seasons, respectively were found under full-irrigated treatment
(A). However, Henderson er al. (1968) reported that the ability of dry soil to
supply nutrients was the dominant factor. Data in the same table showed also
that the highest mean values of N uptake by leaves (35.25 and 37.22 kg N/fed.)
were resulted under (A) treatment A in the first and second season respectively.
While the lowest N uptake by roots were obtained under (F) treatment. The
obtained results also showed that potassium fertilization significantly affect the
concentration and the uptake of N by leaves and roots of sugar beet. Increasing
the rate of K fertilization increased the concentration and the uptake of N by
leaves but decreased in roots K, treatment resulted in the highest mean values of
N concentration and uptake by leaves in the two seasons.

The interaction (A x K) resulted in the highest values of N concentrations
and uptake by leaves of sugar beet in the two seasons. The lowest N
concentrations and driest uptake by roots were found under the driest trewatment
F with K, treatment. The reduction of root N concentration due at K fertilization
was also obtained by Kochl (1978). It was interesting to mention that at harvest
time it was much more desirable to have the higher levels of N and K in leaves
rather than in root of sugar beet. These finding are in coincide with those
reported by Powers and Payne (1964).

Phosphorus

Data of P concentration in leaves and roots of sugar beet (Table 5) revealed
that increasing the period of drought before harvest caused a significant decrease
in P concentration in leaves and roots during the two growing seasons. Potassium
fertilization resulted in a significant increase in P concentration in leaves and a
significant decrease in roots during the two growing seasons. The interaction
between periods of drought and K fertilization had a significant effect on P
concentrations (0.25 and 0.27%) were resulted from (K4 x A) treatment. While
the highest values of P concentration in roots were found under (K; x A)
treatment (A).

Regarding to the data of P uptake by sugar beet in Table 5 showed that
drought periods and K festilization had 2 significant effect. The prolonged
periods of drought before harvest caused a significant decrease in P uptake by
leaves and roots of sugar beet during the twe growing seasons. Results indicated
that increaseing the rate of K fertilization up to 96 kg K,O/fed resulted in a

Egypt. J. Soil Sci. 42, No. 2 (2002)



210 M.A. KORIEM et al.

TABLE 5. Phosphorus concentration (%) in the dry matter and uptake (kg P/fed).
by sugar beet as affected by drought periods and potassium fertilization.

r - -

Drought Potassiutn treatments (kg K.O/fed.
treaments | Ko I K [ K5, l Ky | Drought] K, l K x,?l Kes | Drought
means means
First season {1994-1995) Second season {1995-1996%
P% of dry matter
Leaves
A 0.14 0.15 0.18 0.25 0.18 0.19 0.22 0.23 0.27 0.23
B G6.13 0.1 G.19 022 0.18 0.18 0.20 | 0.21 0.24 0.21
C 0.16 0.17 0.17 0.21 .18 0.17 0.2] 0.21 0.26 0.21
D 0.13 0.15 017 020 0.16 0.16 0.16 0.20 | 022 0.19
E 0.16 0.16 0.17 0.20 0.17 0.21 0.21 0.2 0.25 0.22
F 0.14 0.14 0.16 0.18 0.16 0.17 017 | 0.192 | 0.19 0.18
K.means | 0.14 015 0.18 0.21 0.18 0.20 | 0.21 0.24
L.8.D. at0.05 D K DxK D K DxK
0.02 0.02 0.05 0.02 .02 005
Ruoots
A "0.14 0.14 0.12 0.06 0.12 0.26 022 021 021 .23
B 0.12 0.12 0.1¢ 0.09 0.11 0.23 0.21 020 ; 0.14 0.20
C 0.13 0.10 0.10 0.09 0.1 0.26 020 | 0.17 0.17 0.20
D 0.12 0.09 0.07 0.07 0.09 0.24 0.22 0,17 § 0,16 0.20
E 0.13 | 010 | 0.07 { 006 0.05 0.22 0.19 | 019 ; 0.17 10.19
F 0.12 | 0.1 Q.11 0.09 Q.11 0.23 021 | 0.16 | 0.16 9.19
K.means | 0.13 0,11 0,10 { 008 024 021 | 018 1 0.17
L.8.D. ar0.05 D K DxK D K DxK
0.024 0.012 .045 0.030 0.030 .060
P uptake (kg P/fed.)
Leaves
A 153 12151259 |13.70 12491 196} 251 | 2.60 1 3.11 2.55
B 1.51 | 2.08 1 264 | 354 | 244 F 196 | 230 | 2,27 | 2.78 233
C 20041236 (2191311242 1.70 ) 2,181 2.18 | 2.44 2.13
D 1.24 | 147 1 165 | 238 | 169 ] 1.58 | 1.47 | 2.04 | 2.51 1.90
E LI1)1.82 1202244 | 1.85] 205 | 2,16 ] 244 | 2.73 2.35
F 1.09 | 126 j 136 | 193 {141 0 151 | 1.41 | 160 { 192 1,61
K. means P41 | 1.86 | 2.08 1.80 [ 201 | 2.19 | 2.58
L.S.D. at 0.05 D K DxK D K PxK
0.471 0.357 (.874 0.356 0.306 0.750
Roots
A 927 11046 9.20 | 486 | 845 11599{14.171 142411441 14.70
B 569 | 8.82 | 822 | 8.45 [ 825 )1520([14.51 | 14101 10.14 13.49
C 957 | 755 (8021772 (8221155011921 11.25)12.95 12.41
D 7.14 | 550 | 434 § 506 { 5.50 [ 13421 13.18[10.18] 11.34 12.03
E 763 1597|361 ) 466547 ]10.54)10.87711.50]11.46 11.09
F 546 [ 5131515 | 52415251876 | 993 | 8.10 | 8.45 8.81
K. means 7.96 | 7.24 | 6.42 | 6.00 13.24 11243 | 1.56 | 11.46
1..8.D. at 0.05 D K DxK D K DxK
1.85 1.307 3.202 {.749 0.659 L.616

significant increasc in P uptake by leaves and a significant decrease in P uptake
by roots of sugar beet.These findings are in full-agreement with those of Sayed
(1988)Maani Abu Amou et al. (1996) and El-Rommady {1997).

The interaction A x K, resulted in the highest P uptake by leaves. The
shortest perdiod of drought treatment (A) resulted in the highest P uptake by
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roots (10.46 kgP/fed.) with 48 kg K,0/fed in the first season and (15.99 kg P/fed
without K fertilization in the second season.

Potassium

Registered data in Table 6 showed that increasing the period of drought led
to a significant increase in K concentration in leaves and roots of sugar beet
during the two growing seasons. Recorded data also revealed that increasing the

TABLE 6. Potassium concentration (%) in the dry matter and uptake (kg K/fed) by
sugar beet as affected by drought period and potassiom fertilization.

Drought Potassium fertilization treatments
treatments Ky ’ Ka ] Ko 1 Kos | Drought | K, l Ki l Krn I Kes |Drought
means meaﬁj
First season {1994/95) Second season (19935/96)
K % of dry matter
Leaves
A v447 ] 464 | 504 | 514 4.83 369 | 527 | 553 | 5.66 5.04
B 454 | 474 | 480 | 5.24 5.02 417 | 494 | 521 | 606 5.19
C 483 | 494 | 501 | 5.01 4.95 444 | 539 | 540 | 5.63 522
D 480 | 494 | 520 | 5.24 5.05 509 15271541 | 574 | 538
E 449 | 463 | 464 | 4.77 4.63 4.18 | 554 | 451 | 4.87 | 4.53
F 531 | 519 | 533 | 598 5.45 479 | 541 | 564 | 592 5.44
K. means 4,74 ) 485 | 5.14 | 523 439 | 5.14 | 528 | 5.62 A
LSD. at0.05 D K DxK D K DxK
0.32 0.25 0.60 0.68 0.51 1.26
Roots
A 044 [ 05! ¢ 077 | 0.84 0.64 1.39 [ 148 | 1.51 | 1.70 1.52
B 048 | 065 | 069 | 0.8) 0.66 155 1 156 | 157 | .78 1.62
C 064 | 066 | 0.75 | 0.76 0.70 1.50 1 1.55 | 1.66 | 1.68 1.60
D 067 | 0.70 3 075 | 0.80 0.73 1.65 | 168 | 1.71 | 1.80 1.71
E 066 | 0.70 | 0.77 | 0.79 073 J 162 1.89 { 1.91 | 196 1.85
F 0.63 t 0.67 | 0.79 | 0.9¢ 0.75 172 1 1.73 | 180 | 1,99
K. means 059 1 064 | 075 | 0.82 157 t 165 | 169 | 182
L.S.D. at0.05 D K DxK D K DxK
Q.10 0.04 0.11 0.27 0.i8 0.41
K uptake (kg K/fed.)
Leaves
A 48.69 | 66.10 | 73.15 | 76.37 66.08 38.50 [ 60.2262.27 [66.21 | 56.30
B 5229 |1 5972 [ 6731 | 86.88 66.55 4561 | 56.60 [ 56.13 1 70.10[ 57.11
C 5937 [ 6838 | 69.96 1 74.14 67.96 4520 150,70 54.27 | 68.4 | 54.64
D 45.58 | 48.77 | 50.35 | 63.16 51.97 49.06 | 51.04 | 54.79 {1 63.54 | 54.61
E 4259 [ 5157 | 5548 { 5786 51.88 41.51 14696149913 5348} 47.97
F 4145 3 47.24 | 52.50 | 63.31 5i.13 42.65 149.5]1 [55.84 [59.05| 51.76
K.means [ 4833 | 56.96 | 61.43 | 70.29 51.96 [ 52.51|55.52 | 63.46
L.S.D. at 0.05 D K DxK D K DxK
10.52 8.06 19.75 9.87 6.04 14.80
Roots
A 28.57 | 37.73 | 58.95 | 67.97 4831 85.30 (94.78 [102.49]117.231 9995
B 23.81 1 40.77 | 56.88 | 76.34 49.45 103.66 |107.021109.92|129.17| Fi2.44
o} 47.02 | 4962 | 61.12 | 64.65 55.60 88.62 | 93.53 [108.67[128.10 104.73
D 40.00 1 4519 ¢ 5141 1 60.15 49.19 91.71 ;99.54102.27]128.08] 105.40
E 4069 { 41.32 | 47.24 | 54.43 47.59 77.61 [108.69)114,76(131.26| 108.08
F 28.36 | 31.39 | 4045 | 50.49 39.67 65.93 [ 83.61 | 90.48 [104.62| 86.19
K.means | 3474 | 41.00 | 52.68 | 62.34 8547 [97.86[104.77)123.08
1.5.D. at Q.05 D K DxK D K DxK
7.56 4.18 10.22 15.09 10.70 2622
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rate of K fertilizer significantly increased the K concentration and its uptake by
leaves and roots of sugar beet during the two growing seasons . Although K
concentration was increased with drought. The uptake took the reverse direction
because the reduction of the dry matter production under drought conditions.
Application of 96 kg K,O/fed under the direst treatment (F) gave the highest K
concentration in leaves (5.98 and 5.92) and 1.99%) in roots during the 15! and
ond season, respectively. The highest K uptake by leaves (86.88 and 70.10 kg
K/fed.) were obtaincd with the application of 96 kg K,0O/fed. in the first and
second growing seasons, respectively. However, Mengel and Kirkby {1980)
concluded that when low soil moisture conditions were limiting K availability,
the apptlication of K may result in a yield response and K uptake.

Sodium

Tlustrated data in Table 7 showed that increasing the period of drought
before harvest resulted in a significant increase of Na concentration in leaves and
root of sugar beet during the two growing seasons. While the drought at late
season {treatment E) gave the highest Na uptake leaves. The obtained data
(Table 7) also revealed that increasing the rate of K fertilizer caused a
significant reduction in Na concentration and uptake by leaves and roots of
sugar beet. These results were in good agreement with those of Kochl (1978)
and Rathert et al. (1981) who found that increasing the K fertilizer rate reduced
Na concentration of sugar beet. Also, Hamid and Talibudeen (1976) observed
the antagonism of Na and K in sugar beet throught the growth periods. The
lowest Na concentrations in leaves and in roots were obtained under (K4 x A)
treatment.

While the lowest Na uptake by leaves and roots resulted from (K, x F)
treatment. It obvious from data that Na concentration and uptake by sugar beet
were higher under soil salinity and sodicity conditions during the second season
comparing with the non-saline non-sodic conditions during the first season.
These results are in good agreement with khalifa e al. (1995) and El-Rammady
(1997).

Conclusion

It could be concluded that the drought stress at mid to late season of sugar
beet resulted in decreasing the N,P,K and Na uptake by leaves and roots. Soil
salinity also increased by increasing the period of drought before harvesting .
Increasing the rate of K-fertilization increased the N,P and K uptake by leaves
but decreased the Na uptake by leaves and roots. The concentration and uptake
of N,P.K, and Na were higher under the saline sodic soil than under non saline
non sodic one.
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TABLE 7. Sodium concentration (%) in the dry matter and uptake (kg Na/fed.) by
sugar beet as affected by drought periods and potassium fertilization.

Drought : Potassium treatments (kg K,0O/fed.)
weatments | Ko rK., } K ] Ko |Drought] K, ] Kas ] K7 1 Ke | Drought
means means
First season {1994-1995) Second season (1995-1996)
Na % of dry matter
Leaves
A 400 | 360 | 3.54 | 3.15 | 3.57 548 [ 529|495 4.13 4,96
g 4.03 { 3.88 ¢+ 3.79 | 3.17 | 3.72 558 1508|488 1| 4.55 502
D 4.66 | 427 | 4.15 1 408 | 429 | 579 | 5.71 [ 491 | 4.25 515
E 4.82 | 447 | 439 | 4.36 | 4.51 6.07 | 538 15101 4.74 5.32
F 587 | 542 | 526 {493 | 437 | 612 [ 6.03 | 562|552 5.82
474 1 461 | 424 1409 | 442 § 528 | 531 {4.83 | 4.53 4.99
K. means]| 4.62 | 4.38 | 4.23 | 3.96 572 1546 ] 5.0514.72
L.S8.D. at 0.05 D K DxK D K DxK
.57 0.30 0.73 0.82 0.49 1.26
Roots
A 016 | 014 } 0.14 | 0.12 | 014 § 037 [ 032|028 | 0.27 0.31
Ié 017 10161016 ) 0.12 | 0.15 § 044 | 041 | 0.38 ] 0.33 0.39
D 017 1016 | 0.15 | 014 | 0.16 | 0.45 | 039 ] 0.36 ] 0.35 0.39
E 0.19 | 0.18 | 0.14 | 0.14 | 0.16 ] 0.52 | 0.40 | 0.35 | 0.31 0.40
F 020 (019 {018 | 0161 0.18 § 048 | 046 | 0.44 | 0.4] 0.45
029 1 0.19 ] 0.6 | 0.16 | 0.20 [ 0.50 | 0.49 | 0.41 | 0.38 0.45
K. means| 020 | 0.17 | 0.16 046 | 0.41 | 037 | 0.34
L.8.D. at 0.05 D K DxK D K DxXK
0.041 0.026 0.060 0.067 0.025 0.063
Na uptake (kg Na/fed.)
Leaves
A 58.15(51.28[49.98 | 41.85| 50.30 ] 56.32 |55.60|53.24|52.08| 5431
B 51.36152.68(53.41|51.27) 52.18 § 57.80 | 58.36(52.97]152.72| 5546
g 58.28155.32156.1651.92| 5542 [ 57.37 |50.08 (46.58[45.57( 4990
E 46.46 | 45.53148.20144.29 | 4537 | 61.31 {52.59]52.07 (4526 52.81
F 58.35|63.21 | 62.10 57.91 | 60.39 § 61.44 161.72161.35160.46| 61.24
39.26 | 36.58136.26 | 34.73 | 36.71 } 51.94 |49.14|47.77144.41| 48.32
K. means|52.00a] 50.76 | 50.52 | 46.99 57.70 154.58{52.33/50.08
L.S.D. at0.05 D K DxK D K DxK
7.81 4,92 12.06 11.51 6.48 15.87
Roots
A 1031510881 10.03) 830 1 9.88 | 22.61 {20.61118.96]16.03| 19.55
g 12.11{12.03|10.38[11.78¢{ 11.58 | 28.91 {28.06:26.88124.22| 27.02
o 12.58712.03;11.85|11.87| 12,08 § 27.28 [23.27|23.85{24.94] 24.99
E 1148 (11.19110.63 | 997 | 10,52 § 29.08 (23.95(|21.14|21.89} 24.02
F 1141 111.33]110.99]10931 11.17 | 2532 {25.91[24.85122,18} 24.56
13.051 995 1 9.17 1 850 § 10.16 } 23.02 123.44121.41120.06] 21.98
K.means| 11.82 1 11.24 | 10.5]1 | 10.22 26.04 [24.2112285]21.55
L.5.D. at 0.05 D K DxK D K DxK
1.35 0.76 1.85 1.73 2.60 6.36
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