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IELD EXPERIMENTS were carried out during 1994/1995 and

1995/1996 growing seasons at Sakha Agricultural Research
Station, Kafr El-Sheikh Governorate to study yield and quality
characteristics of sugar beet plant (Kawe mera sugar beet variety) as
affected by the different periods of drought at mid and /or late season
and K-fertilization. The drought periods were imposed by withholding
oné or more irrigation during the growing season. The experimental
design was a spiit 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 weeks before harvesting (Treat.
F). The potassium treatment were 0,48,72 and 96 kg K,O/Fed. (as
subplots).

The obtained results, under the condition of the studied area
showed that, the maximum allowable soil drought that sugar beet crop
will tolerate without reducing sugar beet yield not exceed 9 weeks
before harvesting. Potassium fertilization replenished the reduction of
sugar beet yield resulted from the drought for a long period before
harvesting. The highest values of root yield (40.7 and 33.1 ton/fed)
and white sugar yield (6.61 and 3.86 ton/fed) were obtained with
addition of 96 kg K,O/fed under treatment (B) and (C) in the 18l and

season, respectively. The yield decrease in 209 season compared
to the 15! one, was atiributed to the high soil salinity of the 28
season.

The highest increment percentage of root yield (22% and 24%)
and that of white sugar yield (25.4% and 37.7%) was obtained at
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addition of 96 kg K,O/fed, proving that K-fertilization increment
improve sugar beet quality more that production quantity.

Roots, shoots, sugar yields and root diameter were all significantly
decreased with increasing drought periods, while root length, sugar
percentage and juice purity all significantly increased with increasing
drought periods. The highest values of these characters were cbtained
under drought treatment (F) with addition of 96 kg K5O/fed during
the two growing seasons.

Keywords: Sugar beet crop, MID, potassium fertilization North Nile
Delta.

The need for water by different plant species depend on how much moisture
stress they are able to tolerate at any particular stage of growth. Economic
irrigation requires application of water at the proper time and suitable amount to
meet the needs of the growing crop, to prevent salt accumulation in the soil and
to prevent excessive waste of water.

Sugar beet could be extensively grown under the Egyptian conditions
because of its adaptation to a wide range of climate, tolerance to salinity,
hardness and its productivity which makes it a good chash crop.

Sugar beet have been credit with a rather wide range of response to mid and
late season drought stress. Carter et al. (1980) among of others, showed that use
of mid to late season deficit water management could substantially reduce sugar
beet production costs in irrigated areas and economically benefit the consumer,
producer and manufacturer. However, sufficient soil water should be present at
harvest to prevent loss of roots by breaking.

On the other hand, potassium is an essential element for plant growth not
only in regard to its concentration in plant tissues but also with respect to its
physiological and biochemical functions. Potassiurn is necessary for activating
the starch synthetase enzyme (Nitoses and Evaus, 1969). Khalifa et al (1995)
reported that root yield and sugar yield of sugar beet significantly increased by
increasing K-rates up to 48 kg K,0/fed.
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Therefore, the current work was carried out to find out the convenient rate of
potassium fertlization under the drought conditions for optimum yield and
quality of sugar beet.

Material and Methods

Field experiments were conducted at Sakha Agricultural Research Station
Farm, Kafr El-Sheikh during 1994/1995 and 1995/1996 growing seasons. The
soil was non-saline in first season (ECe = 1.21 dS/m, ESP = 9.91 and pH (1:2.5)
= 8.11), whereas in the second season the soil was clay saline sodic (ECe = 6.72
dS/m, ESP = 16.67 and pH (1:2.5) = 7.76) for the depth of soil (0-30 cm).
Kwaemera sugar beet varicty was the crop of the experiment. Data of sowing
was Nov. 150 in the 1% season and Nov. 239 in the 284 season. Date of harvest
was June 5% in the 1% season and Junc 23 in the 28 season.

A split plot design with four replications in the 13 and 208 growing season
was used. The plot area was 21 m? (3x7), each plot had five rows 60 cm apart
and 7m in length. The main plots were designated for six drought periods
treaments . The drought treatments were A (3 weeks);, B (6 weeks )} ; C (9
weeks) ; D (12 weeks) ; E (15 weeks at mid-season and 6 weeks before
harvesting) and F (15 weeks before harvesting).

The interval between each two irrigation was about 3 weeks. Irrigation water
was applied by 2-inches in diameter plastic siphons.

The subplots were subjected to potassium fertilization treatments at rates of
0,48, 72, 96 kg K50/ fed in form of potassium sulfate (48% K,0). Each rate was
added in one dose before the first irrigation.

Nitrogen and phosphorus fertilization were added at the recommended
rate of 90 kg N/Fed and 15 kg P,0¢/Fed, respectively. N was added in form of
area (46.5%N) in two equal doses. The first dose after thinning and the second
one beforc the 298 irrigation. P was broadcasted before planting as super
phosphate (15.5% P,0s).

The following parameters of sugar beet yield and quality were determined
from the central three ridgges of the plots: root and shoot yields (Ton/Fed),
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TABLE 1. Root and shoot yields of sugar beet (ton/fed.) as affected by drought
periods -and potassium fertilization during the two growing seasons.

Drought ' Potassium treatments (Kg K;0 / Fed.) 1
1« First scason {1994-1995) Second season (1995-1996)‘
K.[K,.Ixn“ﬁﬁ Drought Knl‘(n[Kn|Kh£Dm§M
medns i__Means
Root yield
A 2875 | 3245 | 3333 35.20 3243 26.70 2798 2944 | 29.81 2848
B b44 [ 3191 | 35469 | 4076 34.95 2872 30.00 3064 3142 1 30.20
C 3190 1 3:78 ; 3485 | 3730 34.23 2588 25.48 2876 | 3311 28.41
D 2588 | 2636 | 2694 | 31.39 27.69 24.26 2599 2605 | 3086 | 2678
E 2552 | 2594 | 2655 | 2937 | 2684 20.4 24.86 1 2629 | 292% [ 253
F 1976 | 20.14 | 24.84 | 25.27 22.5G 16.58 20.55 2198 { 22.9] 20.50
K i
means 1 27.22 ;2829 | 3037 { 3321 | 23 82 2588 | 2719 29.571
L.SD at .05
Drought (D) 276 3.17
R-fertilization 184 215
D xK 451 5.50
Shoot yield
A 581 764 | 17Y | 1.92 727 550 610 6062 | 625 | 597
B 620 | 696 | 746 | 859 730 383 6.13 578 | 628 I 6.01
[§ 6.66 7.45 686 791 722 5.34 5.55 5.52 5.00 I 535
|8 5.09 3.26 518 637 5.47 529 520 545 6.18 553
E 5.03 &.11 £37 6.51 6.00 531 5.50 595 5.83 .64
F 4.18 48] . 456 575 482 477 4,93 5.31 537 5.09
K !
neans 350 | 6.37 i 636 | 7.18 5.34 5.57 567 | 582
LSD at005 ‘
Drought (D) L7 0.76
K-fertilizagon 0.72 0.41
DxK 1.76 , i.00

These results were in general agreement with those of Carter et al. (1980),
Winter (1980), Zalat, (1986); Khalifa and Ibrahim (1995); El-Kammah and Ali
(1996) and El-Rammady (1997).

Root length and root diameter (cm)

Data in Table 2 showed that increasing the drought period resulted in
significantly increase root length and decrease root diameter in the first and the
second seasons. The longest period of drought (treatment F) had the longest root
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of sugar beet (40.22 and 38.94 cm) and the smallest root diameter (10.5 and
14.48 cm) in the first and second growing seasons, respectively. The same
finding were found by Winter (1980) and Eid (1994) who reported that roots
grow longer under moisture stress. Potassium fertilization had a highly
significant effect on root length of sugar beet during the two growing seasons.

M.M. IBRAHIM et al

Application of 96 kg k,O/Fed resulted in the highest average values (40.35 and
38.11 cm) of root length in the first and second growing season, respectively.

TABLE 2. Root length and diameter of sugar beet (cm) as affected by drought

periods and potassium fertilization during the two growing seasons.

Drought Potassium lrutln% {kg K:0 / Fed)
Treaticenia First o (1994-1 ond season (1 |
K, ] Ka I K ‘ Ky | Drought | XK, } Ka l Kr: | K | Drowght
means Means
Root length
A 3492 | 3550 | 3658 | 3733 36,08 3247 | 3320 | 3400 | 3433 33.50
B 36.78 | 38.70 { 3853 | 40.57 38.64 3195 | 33.97 | 3644 | 3705 34.46
C 37.50 | 3738 | 3858 | 3870 38.04 3538 | 36.00 ; 3600 | 3665 36.01
D 3720 | 3788 [ 37.78 { 41.63 38.62 3123 § 3360 ) 17.58 | 38.15 35.14
E 3695 | 3683 | 3755 | 41.88 38.30 3460 | 34.13 | 3897 | 4130 | 37.25
EF 3933 | 39.65 | 39.88 | 42.00 40.22 3585 ; 3733 | 39.88 | 42.70 33.94
K
means J 3711 | 3765 | 1815 | 4035 3358 | 3470 | 3714 | 3811
L.8.D, at 0.05
Drought (0} 206 248
K-fertilization” 1.59 1.18
N xK 3.50 2.89
Root diameter
A 1193 | 1232 1248 12.80 1238 1498 | 15.15 15.48 1588 1537
B 11593 } 1252 ] 1240 | 1290 1244 1527 ; 1550 | 1375 1598 R 15.63
C 101.60 | 1243 | 1250 § 1375 12.57 1545 | 16.88 | 1698 17.48 16.69
D 1003 | 1073 [ 1143 11.63 10.95 1520 F 1538 | 1532 15.71 1540
E 1802 | 1127 ¢ 1L52 | 1238 1155 1525 § 1525 | 1548 1598 L5.49
F 10.32 | 1035 | 1038 | 11.33 10.50 1398 | 1448 | 14.50 14.95 1448
K
teRns iLl4 | 1180 | 1078 12.47 15.02 | 1544 | 1558 1600
L.S.D. at 0.03
Drought (D) 0.62 0.16
K-fertifization 0.34 0.07
DK 0.84 0.17
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Data also showed that the interaction between drought and potassium
treatments had a highly significant effect on root length. The longest roots of
sugar beet (42.0 and 42.7 cm) were obtained with K-fertilization rate of 96 kg
K,0O/Fed under drought treatment (F) in the first and second growing seasons,
respectively. It was noticed that root length was higher in the 15 season than in
the 284 one. This attributed to the higher salinity in 204 season which hindered
the growth and elongation of root in comparison with the condition of the lower
soil salinity in the first season. The obtained results were in close agreement with
those of Winter (1980), Emara (1990) and Eid (1994),

With respect to root diameter of sugar beet, data in Table 4 showed that the
highest average values of root diameter (12.57 and 16.69 cm) were obtained
under drought treatment (C) in the first and second seasons, respectively.
Increasing the rate of potassium fertilization resulted in a significant increase in
root diameter. The highest average values of root diameter resuited from addition
of 96 kg XK,O/Fed (12.47 and 16.00 cm) in 15t and 2 season, respectively. Data
also, showed that the interaction between drought periods and K-fertilization on
root diameier was highly significant. The biggest root diameter of sugar beet was
obtained with application of 96 kg K,O/Fed under drought periods treatment
(O), (15.57 and 16.69) in the first and second season, respectively. The obtained
results were in close agreement with those of Abd El-Wahab et al. (1996)
Abo-Soliman et al (1996) and El-Rammady (1997).

Sucrose and juice purity percentages

Values of sucrose and juice purity percentage as affected by drought periods
and potassium fertilization were shown in Table 3. Data showed that sucrose
percentage and juice purity were increased significantly with increasing the
period of drought. The highest average sucrose percentage (20.41 and 16.8%)
and juice purity percentage (85 and 73.49%) were obtained under the longest
period of drought treatment (F), in the first and second seasons, respectively.
‘While, the lowest percentage of sucrose (18.75 and 14.84%) and juice purity
{81.94 and 68.09%) were found under full-irrigated treat (A) in the first and
second growing scasons, respectively. These obtained results were in good
agreement with those of Winter (1980),Carter et al. (1980) and Fuehring and
Finkner (1973) who found that water stress secveral weeks before harvest
increased sucrose and juice purity percentage due to the dehyduration of sugar
beet toops and roots.
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TABLE 3. Sucrese percentage and juice purity % of sugar beet roots as affected by
drought periods and potassium fertilization during the two growing

5€a50nS,
Drought P unt trestmen K0 / Fed.
T First season {1994-1995) Second sesson (1995.19
meme® Ky | Ka | Kn | Ky [ Prouwght I K | Ki | Kn | Ks | Drought
theans Means
Sucrose %
A 1847 | 18.70 | 1885 | 19.00 | (8.5 ] 1438 | 1450 | 15.14 | 1545 | 1487
B 1891 11915 | 1933 | 1944 | 1922 | 1445 | 14.76 | 1526 | 1551 { t3.01
C 1927 | 1920 | 19.39 | 1960 | 1937 | 1553 | 1562 | 1570 | 1629 | 1578
D 2022 | 2013 | 2011 | 2072 | 2036_J 1551 | 1595 | 1646 | 1671 | 16.16
E 19.89 | 19.89 | 1988 | 20.17 | 1998 | 1507 | 1553 | 1579 | 1629 | 1566
[ F 2010 | 20.11 | 2069 | 20.75 | 2041 | 1552 | 1595 [ 16.18 | 17.05 | 16.18
| X |
means | 1948 | 1954 | 19.72 | 1995 15.08 | 1539 | 1575 | 1622
LS.D.at0.05
Drought (D) 0 0.40
K-fertilization 0.17 0.20
DxK 0.41 .50
Juice purity %
A 8123 | 81.73 | 82.10 | 82.73 | 81.94 | 6647 | 71.55 | 6647 | 6788 | 68.09
B 83.00 | 82.82 | 83.89 | 8335 | 8326 ] 67.90 | 67.65 | 68.60 | 6965 | 68.45
C 83.30 | 82.78 | 83.40 | 83.18 | 83.16 | 69.65 | 68.82 | 68.82 | 7147 | 69.69
D 8445 [ 83.82 | 8420 | 8513 | 84.40 | 7007 [ 69.15 | 7213 | 7297 | 71.08
E 82.78 | 83.50 | 83.50 | 83.10 | 8322 [ 7007 | 70.70 | 7115 | 7232 ] 7106
F 84.96 | 84.80 | 85.08 | 85.17 | 8500 | 7220 | 7290 | 73.10 | ™97 | 73.49
K
means ;| 83.29 | 8324 | §3.69 | 83.78 69.40 | 7013 { 7018 | ¥
L.S.D. a1 0.05
Drought (D) 0.51 0.73
K-fertilization 0.47 214
DxK 1.15 538

Increasing the rate of potassium fertilization significantly increased the
sucrose and juice purity percentage, during the two growing seasons, The highest
average values due to potassium fertilization were found to be (19.95 and
16.22%) for sucrose percentage and (83.78 and 71.55%) for juice purity (Table
3) with application of 96 kg K,0 /Fed in the first and second seasons,

respectively.
The interaction between the longest period of drought (treat. F) and

application of 96 kg K,OfFed resulted in the highest values of sucrose
percentage (20.75 and 17.05%) and juice purity percentage (84.17 and 74.97%)
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in the first and second seasons, respectively. The higher soil salinity in the 2nd
season resulted in decreasing sucrose percentage and juice purity in comparison
with the 15 season. The obtained resuits were in close agreement with these of
Abu-Amou ef al. (1996), Abd El-Wahab et al (1996), Khalifa and Ibrahim
(1995), El-Kammah and Ali (1996) and El-Rammady; (1997) and Herlihy

(1992).

TABLE 4. Gross sugar yield and white possible extractable sugar of sugar beet (ton/
fed.) as affected by drought periods and potassium fertilization during
the two growing seasons 1994-1995 and 1995-1996.

Potassium treatments (kg K,O / Fed.)
Drought First season (1994-1995) Second sexsan (1995-1996)
Treatments K, Ka | Kn | Ks | Drought Ks Ka | Kn Ks | Drought
means Means
Gross sugar yield
A 531 | 629 | 629|669 6.05 ] 334 |4.06] 445 | 462 | 424
B 595 | 6.12 | 680|793 | 672 | 4.17 [ 444 | 468 | 488 | 453
C 616 | 630 | 6.76 | 731 | 663 | 4.02 | 405| 452 | 537 | 449
D 523 | 538 | 542|650 | 563 | 348 |4.14| 428 | 514 | 435
E 5.08 | 5.16 | 530|593] 536 | 3.14 |6831 415 | 47 3.98
¥ 397 | 406 | 5.10 | 5231 450 | 2.57 | 328 355 | 39 333
K
means 528 | 555 | 596660 360 1397 427 |
LSD.at0.05
Drought (D) 0.50 0.52
K-fertilization 0.37 0.35
DK 0.91 0.87
White possible extractable sugar (ton/fed.)
A 431 | 496 | 5.16 | 554 499 | 255 |270] 296 | 3% | 282
B 494 | 5.07 | 5.78 | 661 | 560 | 284 |3.01] 347 | 34 | 3.8
C 5103 | 523 |5641608] 552 | 279 (279 3.11 | 38 | 3.13
D 442 | 451 |456|554] 476 | 270 |286] 3.10 | 375 | 310
E 420 | 431 | 443 492 446 | 227 282 3.07 | 35 | 293
F 337 | 345 |434| 4451 350 | 180 |232| 2.53 | 28 | 238
K .
means 440 | 459 | 495|552 249 {275 304 | 39
L5D.a10.05
Drought (D) 0.43 0.44
K-fertilization 0.27 031
DxK 0.66 0.75
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Gross sugar yield and white sugar yield (Ton/Fed.)

As shown in Table 4 drought periods and K-fertilization had a highly
significant effect on gross sugar and white sugar yields during the two growing
seasons. The highest average values of gross sugar yield (6.72 and 4.54 Ton/Fed)
and that of white sugar yield (5.60 and 3.18 ton/fed) were obtained under
drought treatment (B) during the first and second growing seasons, respectively.
The lowest yield of both gross sugar and white sugar resulted under treatment

.

Increasing the rate of potassium application resulted in significant increase in
both gross sugar and white sugar yields. The highest average values either for
gross sugar yield (6.60 and 4.78 Ton/Fed) or white sugar yield (5.52 and 3.43
Ton/Fed) were obtained with potassium fertilization rate of 96 kg K,O/Fed., in
the first and second seasons, respectively.

The interaction between drought periods and potassium fertilization on both
gross sugar and white sugar yields was highly significant during the two growing
seasons. The highest values of gross sugar yield (7.93 Ton/Fed) and whitc sugar
yield (6.61 Ton/Fed) were obtained with K-fertilizer rate of 96kg K,O/Fed.
under drought treatment (B) in the first season. Meanwhile, in the second season,
the highest yield of gross sugar (5.37) Ton/Fed and white sugar yield (3.86) were
obtained with K-fertilization of 96 kg K,O/Fed under drought treatment (C). The
obtained results were in general agreement with those of Carter (1985), Khalifa
and Ibrahim (1995}, El-Kammah (1996) and El-Rammady (1997).

General Discussion and Conclusion

Data presented in Table 5 show that sugar beet is able to tolerate moderate
soil drought. Periods of drought from 6 to 9 weeks before harvesting (treat. B
and C) resulted in marked increase in roots and sugar vields of sugar beet crop.
Losses in both roots and sugar yields occurred only after 12 weeks of drought
periods before harvesting. In other words, stopping irrigation after the 5t one,
e, drought period longer than 9 weceks before harvesting (treat. D, E and F)
resulted in marked decrease in root and sugar yields. The highest decrement
percentage for roots yield (30.6 and 28%) and for sugar yield (21.8 and 15.9%),
in1% and 20 seasons, respectively were obtained under drought period
treatment of 15 weeks before harvesting (treat. F). This means that prolonged
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TABLE 5. Effect of K-fertilization and drought periods on increment obtained of
root obtained of root and white sugar beet yields during the two growing

SeAsons.
1% season 94/95 2* season 95/96
Treatments Root yield ‘White sugar Root yield White sugar
yield yield
Tow/fed. L7 Tor/fed. LV Ton/fed. o, * | Toafed. oy .
Drought period
{weeks)

(A) 3 {control) 3243 | 0.00 4.99 0.0 2848 0.00 2.82 0.00
(B) 6beforeharvest | 3495 | +7.77 | 5.60 +1222 ] 3020 | +1.72 | 3.18 [ +12.76
(C) 9 before harvest | 34.23 | +555 | 5.52 +10.62 | 2841 | -0.24 3.13 +10.99
[1y))] 12 before 2121 |1 -1591 | 476 -71.61 26.05 | -8.53 3.10 +9.93
harvest
(E) 15 (9 at mid 26.84 1 -1723 | 446 -10.62 | 2531 | -1113 7 293 +3.90
season + 6
before harvest
(3] 15 before 2250 [ -3062 | 390 <2084 7 2050 | -28.02 ( 238 -15.90
harvest

e . T - I R W i TR e S e A

K- fertilization
0 Kg K,O/fed. 2102 0.00 4.40 0.00 23.82 0.00 249 0.00
48 Kg K;Offed. 2829 | 43.93 4.59 +4.32 25.88 +8.65 2.75 +10.44
72 Kg K O/fed. 3037 § 1137 4.99 +13.41 27,19 | +1405 3.04 +22.09
96 Kg K;O0/fed. 33.21 20| 552 [ 42545 ) 2087 | 42404 343 1 43775

* Increment percentage of the control

drought period from mid to late season for a period of 15 weeks before
harvesting is not desirable for yield or yield quality of sugar beet crop. Data also
showed that the prolonged drought from mid-season up to late season
interrupted by a single irrigation (treat.F) is advantageous, since it decreased the
harm of the prolonged drought. However, the length of the interval between the
last irrigation and harvest that can be tolerated will depend on other factors such
as local weather, soil type, soil depth, root distribution and the extents to which
the soil water reservoir is filled at irrigation cutoff. It is not prudent to stop
irrigation long enough to allow plants to will severely under the condition of

Egypt. J. Soil Sci. 42, No. 1 {(2002)



98 M.M. IBRAHIM ef al.

the present study the allowable drought that sugar beet crop will tolerate without
reducing sugar yield can be estimated by 9 weeks before harvesting.

With respect to the increment of root and sugar yields as a function of
potassium fertilization rates, data in Table 5 showed that the highest increment
percentage of root yield (22% and 24.1%) and that of sugar yield (25.45% and
37.75%) was obtained at 96 kg K,0/fed. In the 1¥ and 229 scason, respectively,
compared with the control (0.0 K,O/fed)) these means that K-fertilization
increment improved sugar beet quality more than its productive quality. In other
words white sugar yield response to K-fertilization is higher than root yield
response.

The above mentioned results indicated also, that the drought and
K-fertilization effects varied according to soil salinity. This can be illustrated by
differences of results in 1% and 28 season. The response of sugar beet to
K-fertilization was higher in the 284 season than in the 1% one due to the
reduction of sodium absorption by roots of sugar beet and higher absorption of K
especially in the saline sodic soil of the 284 season. Also, the higher soil salinity
and Na - content in the second season resulted in decreasing roots and sugar
yields in comparison with the 15 season.

Under the condition of the present study, it could be concluded that: (1) The
maximum allowable drought that sugar beet crop well tolerate, without reducing
the roots or sugar yiclds, must not exceed 9 weeks before harvest, (2)Application
of 96 kg K,O/fed, with irrigation withholding 9 weeks before harvesting
{treatment C) resulted in the highest root and sugar yields of sugar beet crop.
Such irrigation management saved 2 irrigations which could save about 30% of
applied water irrigation, (3) Potassium fertilization replenish the reduction of
sugar beet yield resulted from the drought for a long period before harvesting.
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