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WO FIELD cxperiments were carried out in 2002/2003 and

20032004 seasons at Sakha Agricultural Research Station,
Kafielsheikh Governorate to study the effect of rate and time of
potassium fcrtilization on growth, and physiological characters of
sugar beel (Oscar poly varicty). Potassium fertilization treatments
included the combination between three rates 24. 48 and 72 kg
i\"tOTCLl and 7 application fime cach added as. full rate at sowing . 30
\u vs and 60 duve aller sow |nn orin tun .anlur\l r\rn-tu'\n.\J at sowing and
30 days. at smunu and 60 cl'lys at 30 and 60 days and finally at 30
and 90 days after sowing. In addition to unfertilization treatment.
Applying 72 kg K,O/fed in two equal partions the 17 one at 30 days
and the 2™ one at 60 or 90 days after sowing significantly increased
length and fiesh weight of root. leaf area and dry weight / plant,
Potassium fertilization treatmenis had also significant effect on crop
arowth rate, relative growth rate and net assimilation rate at different
growth periods (105-120. 120-135 and 135-150 days after
sowing). While, root diameter and number of leaves were
insignificantly affected by potassium fertilization.

Keywords: Sugar beet. Potassium fertilizer, Growth. CGR, NAR.

Fertilization is one of the most important factors, which had a distinct role on
production of all crops. Potassium does an important nutrition element, but its
[unctions are not yet fully understood. King et al. (1965) indicated that
potassium does not inter into the formation of solid material in the plant but
remains in solution in the cell sap. The main function of potassium appears to be
in connection with the assimilation of carbon dioxide from the air and the
subsequent formation and translocation of sugars within the plant. It also
apparently conirols water movement in the plant and it is responsible for osmotic
regulation. Evans & Sorger (1966) reported that potassium is especially involved
in conversion of solar energy into chemical energy and is required for the active

conformation of many enzymes participating in intermediately, metabolism and
biosynthesis .

Hassanin (1979) found that application of 48 kg K,O/fed gave the highest
rclative growth rate (RGR) and sugar yield, while net assimilation rate (NAR),
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was not affected. Table ef «/. (1986) showed that the highest dry mater
accumulation, maximum root length and leaf area index at different growth
periods were obtained at 80 kg K,O/fed. However, the highest root/top ratio
resulted from the lower level (40 kg K,Offed} of potassium. Whereas, root
weight and diameter/plant, were not significantly affected by the deferent rates of
potassium fertilizer. Nassar (1992) studied the response of growth attributes, of
sugar beet to different harvesting dates, viz, 180,195 and 210 days after sowing.
Delaying the harvest up to 210 days after sowing increased dry weight/plant,
root/top ratio and root weight.

The questions of potassium fertilization for sugar beet has been discussed in
the present work through studying the effect of different rate and time of
potassium fertilization on yield and quality, compared with unfertilization sugar
beet crop for achieving both quantitative and qualitative improvement in beet
production.

The purpose of this study is to find out the optimum rate and time of
potassium application sugar beet to induce the highest values of growin and
physiological characters.

Material and Mcthods

Two field experiments were conducted at Sakha Agricultural Experimental
Research Station, Kafrelsheikh Governorate, during 2002/2003 and 20063/2004
seasons, to study the effect of potassium fertilization and harvesting time, as well
as their interaction on growth and physiological characters of sugar beet (Oscar
poly cultivar). Where, potassium sulphate (48% K,O) was used at three rates 24,
48 and 72 kg K,O per fed each added as foltow:

1. Full rate at sowing time.

2. Full rate at 30 days after sowing (DAS).

3. Full rate at 60 DAS.

4. One half rate at sowing and the other one at 30 DAS.
5. One half rate at sowing and the other one at 60 DAS.
6. One half rate at 30 DAS and the other one at 60 DAS.
7. One half rate at 30 DAS and the other one at 90 DAS.

A complete block design with three replications was used, potassium
fertilization treatments combination (3 rates x 7 application time) in addition to
without potash fertilizer treatment were allocated randomly. Plot area was 21 m’
(17200 fed) consisted of 6 ridges, 7 m long and 50 ¢m apart, spacing between
hills were 20 cm. The sowing dates were October 23 and 30 for the first and
second season, respectively. Calcium super phosphate {15.5% P,Os) was used at
rate of 30 kg P,Os/fed at seed bed preparation. Whereas, urea (46% N} was used
as a source of nitrogen at the rate of 80 kg N/fed in two equal doses, the first one
was applied after 30 days from sowing and the second one at 30 days later. The
other cultural practices (irrigation used and beet control) of growing sugar beet
were carried out at levels to assure optimum production.
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EFFECT OF RATE AND TIME OF POTASSIUM FERTILIZATION.... 3

Characters studied ~
Physiological characters '
Samples of five plants from each sub plot were taken at 105, 120, 135 and

150 days after sowing to determine the following data:

1- Total dry weight (g/ plant).

2- Physiological analysis was carried out according to following formula
(Watson, 1958):
i~ Crop growth rate (CGR): CGR = (W.-W } / (t>-t)). (g/mszeek).

2- Relative growth rate (RGR): RGR = (log, W,- log. W) / (t1r-ty). (g/g/
week ).

3- Net assimilation rate (NAR): NAR= (W,-W,} (log, Ay-log. A}/ (A:-A))
(tz-t[).(g/mzlweek).

where: W, A; and W», A,, respectively refer to dry weight and leaf area per

plant at first time (t,) and second time (t;) in week.

At 150 days from sowing, the following data were recorded:

Growth criferia
I. Root length and diameter (cm).
2. Fresh weight of 1001 and shioot {(kg/plaint).
.
)

. Number of leaves and leaf area per plant (cm?).

Photosynthetic pigments
Chlorophyll a, b and caroteniodes were determined according to method of
Wettstein (1957).

The obtained data were statistically analyzed according to Snedecor &
Cochran (1981). Treatment means were compared by using the least significant
difference (L.S.D.) at 5 % level.

Results and Discussion

Growth criteria

Root growth characters

Root length: Data shown in Table 1| indicated that in both seasons there was
significant increase in root length of plants with potassium fertilizer compared to
unfertilized plants. Tt can be noticed that, applying 72 kg K,0/fed which added at
different application time {Tr. No. 16 to 22) recorded maximum values and clear
mncreases in' root fength, as compared with the other potassium fertilizer
treatments (Tr. No. 1 to 15).

Under potassium fertilization treatments, the taliest root was achieved when
sugar beet plants received 72 kg K,O/fed in two equal portions, the I one at 30
days after sowing and the 2"/ one at 60 days (Tr. No. 21) which gave 30.60 and
29.34 cm, in both growing seasons. On the other hand, unfertilized plants and
plants which received 24 kg K,O/fed at sowing date (Tr. No. 2) gave the shortest
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root length (25.73, 27.16 and 22.30, 23.5§8 cm, respectively) in 2002/2003 and
2003/2004 seasons. Generally, the average root length values at rate of 24, 48
and 72 kg K.O/fed over all application time in the first season were 27.85, 29. I
and 30.10 cm and were 24.60, 27.02 and 28.56 cm, respectively in the second
season. Meantime, root length of unfertilized plants recorded 25.73 and 22.30 cm
for the first and second seasons. These resuits are in good agreement with that
found by ibrahim (1998), Agami (2000), Ismail ef a/. (2002), Ismail & Abo El-
Ghait (2004), Osman (2005) and Moustafa et a/. (2006). They reported that all
rate of Potassium application increased root length of sugar beet plants compared
with unfertilized plants.

TABLE 1. Effect of potassium fertilization treatments on length (cm), diameter (¢cm)

and fresh weight (kg)/ plant of sugar beet root at 150 days after sowing ia
2002/2603 and 2003/2604 seasons.

- L ~ Treatments 2002 /2003 Season | 7003/"(]04 Suson L
N, I K20 (kg/fed) and application lenjtﬂ Dl.llllt(ClJ Fresh Length| Diameter l Fresh |
_ [time weight; =% 1 ___g”fk)}cwht [
o Unh.rl:ll/‘ulon ___________ (2373 848 0.680 22, 30 ﬁjii_? 1 0.601 j
3 4w sowing 27061 783 0628|2338 781 | 6355 |
3 430 day. nitcrsowmﬂ(DA"s) [ 27.43 ; 790  0631[2378] 795 | 0600 |
S 4 2a 00 DAS 127060 800 064812408 T5i . deji
| 5 12atsow. = 122130 DAS 2787 | 807 0673|2437 797 | 0621
6 12 atsow. + 12 a1 60 DAS 2842 ) 810  0.700 [ 26.01 | 8.06 0.640
7 i 30 DAS + 12 at 60 DAS 2826 | 818 0.707 {2568 | 8.13 0.635
. § (124130 DAS + 12 a1 90 DAS 2812 | 806  0.662 (2470 | 805 | 0636 |
. 9 4% atsowing 2830 | 830 07112652 | 8.19 | 00684
Tlo g0 bas T 2873 841 072812617 | 822 | 0683
11 48 a1 60 DAS 29.13 | 888 074927141 835 | 0700 |
(7127124 at o, + 24 a1 30 DAS 2938 | 882 075512739 8§38 | 0720
13 24 a0 v, +24 a1 60 DAS 2962 | 894 0760 | 2730 | 843 0.722
14 [24 a0 DAS + 24 at 60 DAS 2948 1 902 0.759 [ 2765 | 8.7 0.723
15 [24 at 30 DAS + 24 at 90 DAS 2896 830 0.740 [ 26.82 | 8.30 0.709
16 [72 at sowing 2985 906 07722805 871 0.743
| 17 |72 at30 DAS 2974 903 07718 [2778]| 8.73 0737
18 172 at 60 DAS 2996 [ 907 078212861 [ 885 0751 |
19 136 at sow_+ 36 at 30 DAS 13024 ) 913 079512882 | 892 | 0.792
20 36atsow. +36at60DAS 13046, 919 0808 [ 2913 | 906 | 0797 |
| 21 |36 at 30 DAS 7 36 at 60 DAS 30601 918 0816129341 90§ | 0801
22 3630 DAS +36at90DAS 3002 | 910 0790 ] 82 00 L n7gs
Mean " 12888, 860 0731 [ 2633 | 8§40 T 0695 |
COLSD a 005 {042 NS 0080 0.55 NS 0,039

Root diameter: Insignificant effect of potassium fertilization treatinents on
root diameter of sugar beet plants (Table 2) was recorded in both growing
seasons with some increasing in root diameter by increasing potassium rates at
any time but these increases were not great enough to reach the level of
significance. Similar findings were also obtained by Table er «f {1986}, while,
Saif (2000). Hassanin (2001) and Osman (2005) found that application of
potassium fertilizer significantly increased root diameter of sugar beet plants.

Levpt. J Agron 31, No.l (2009



" EFFECT OF RATE AND TIME OF POTASSIUM FERTILIZATION.... 5

TABLE 2. Effect of potassium fertilization trecatments on Ieaves number, leaf arca
(cm?) and shoot fresh weight (kg) / plant of sugar beet at 150 days after
sowing in 2002/2003 and 2003/2004 scasons.

r*ﬁL o Trcatmcﬁsﬂﬂ-g-lr- _7_9_0’/’003 Season | 2003 / 2004 Season |
© No. ¢ K0 (kg/fed) and application | Leaves] Leal  Fresh |Leaves Leaf are: ' Frosh |
. : . h calarea] . |
e  time i No, | area_weight | No. | weight
| {Unfenilization _~_ 123.67 3464 0398 |2330) 2977 | 0.395 |
2 7124 at sowing 23.66 | 3580 0420 12300 | 2935 | 0408 |
| 31240130 day after sowing (DAS) [ 25781 3794 0428 |23.05| 3003 | 0412 ]
.4 _|24at60 DAS 2384 [ 3815 0443 12366 | 3041 | 0420 |
3 2aisow +12at30DAS 12430 | 3882 0.446 | 2366 | 3137 | 0430
!T(_jh_wliZ at sow. + |2 at 60 DAS ~ ) 23 9]_ 3996 0457 [23.67 ﬂ_;ﬁlﬁ_(wcl i 0431
7 112at30DAS +12al60 DAS [ 2447 | 4006 0449 3378, 3098 | 0.424
8 230 DAS 1290 DAS [ 24523927 0497 | 2400 | 3193 . 0430
O T qRatsowing 134466 | 4045 _ 0473 13336 | 3455 i 0488
10 a8 a 30DAS 2462 | 4118 ~ 0481 2380 _3_48_3_,._;__9_-‘}_8_@_,;
| 11|48 at 60 DAS 24.66 | 4152 0495 | 23.86 | 3346 | 0.498 |
12 124 atsow. + 24 al 30 DAS 2489 | 4384~ 0.500 [24.10 | 3731 | 0.494 |
13 [24 atsow. + 24 at 60 DAS 24921 4295 0495 [24261 3751 | 0499 |
14 [24 at 30 DAS + 24 at 60 DAS 25.00 | 4374~ 0.500 | 24301 3766 | 0498 |
13 _;24 A30DAS+24at90DAS 124874218 0490 12400 ( 3381 | 63500 |
‘46 j72atsowing 12333 4247 0.360 | 24.30 | 3804 0.309 |
N “ﬂ 2t 30 DAS R O I T :ST!Q”"T".) T
L _s 72a60DAS 2567 4779 0.565 | 2433 | 3%37 j_g;:,f(]_'.';
19 S6atsow. +36a30DAS T 123701 4865 0572 124481 4084 | 0517
(20 36atsow. + 36at60DAS " 712600 | 4893 0380 {2464 4339 | 0322 ]
. 21136230 DAS +36 at 60 DAS ﬂ’zs.ﬁs 3000 0575 | 2447 ] 4373 1 0517
| 22" [36a030DAS +36a190 DAS [ 26.03 | 4798 0395 | 24.65 | 3868 | 0.538 |
L Mean | 24.80 | 4245 0499 [23.96| 3543 | 0.474 |
L _ LSD. at 0.05 T TITNS 37190 0.060 | NS | 38040 | 0.037 |

Root fresh weight: Results of the first season as shown in Table t and
presented data cleared that insignificant differences were detected between root
fresh weight of sugar beet plants with application of 24 or 48 kg K,0/ted at any
application time (Tr. No. 2 to 13) and with unfertilized plants. However,
fertilized sugar beet plants by 72 kg K,O/fed at any application time (Tr. No. 16
to 22) significantly increased root fresh weight of sugar beet than the unfeitilized
treatment. Also, it can be noticed that the differences between root fresh weight
under 72 kg I<,O/fed which due to the application time were not significant. Data
of the second season (Table 1) indicated that a gradual and significant increases
in root fresh weight of sugar. beet plants, with all increase in leve! of potassitim
application. These increases were 3.10, 17.47 and 28.62 % with 24, 48 and 72 kg
K,O/fed, respectively over all application time as compared with no K fertilized.

Statistical analysis of data in Table 1 indicated that there were insignificant
differences between root fresh weight of unfertitized plants and which received
24 kg K,O/fed at any application time while. applying 48 or 72 kg K,O/fed at
any application time significantly increased root fresh weight compared with no
fertilized treatment,

Fgypt. ] Agron 31 . No. 1 {2009)
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Generally, the highest root fresh weight in both seasons produced when beet
plants received 72 kg K,O/fed in two equal portions, the first one at 30 days
after sowing and the other at 60 days age (Tr. No. 21) which gave (0.816 and
0.801 kg, respectively) in 2002/2003 and 2003/2004 seasons followed by adding
72 kg K,O/fed in two equal portions the 1" one at sowing and the 2" one at 60
days later (Tr. No. 20) which gave (0.808 and 0.797 kg/plant, respectively) in the
first and second seasons. While the lowest root fresh weight in both seasons
was achieved by applying 24 kg K,O/fed at sowing {Tr. No. 2) which gave
(0.628 and 0.594 kg/plant, respectively) in the 17 and 2" seasons. Therefore it
can be concluded that, separated the rates of potassium fertilization to two equal
portions at any application time was more effective on root fresh weight than
applying it in a single portion at any time. These finding are in line with
Ramadan (1997), Agami (2000), Saif (2000), Ismail ef a/. (2002), Osman (2005)
and Moustafa er al. (2006) who found that fresh weight of sugar beet root was
significantly increased by potassium fertilizer treatiments. On the other hand,
Table et af. (1986) reported that root weight/plant was not significantly affected
by different rates of potassium fertilizer.

Such increase in fresh weight of sugar beet root by increasing the fevel of
potassium fertilizer application may be due o (2 iimporiant rofe of potassiuin in
metabolites translocation from leaves to be accumulated in root.

Shoot growth characters

Number of leaves: Although, potassium fertilizer treatments had insignificant
_effect on number of leaves per plant in two growing seasons, but it can be
noticed that plants which received 72 kg K,O/fed at any time had more number
of leaves than the other plants in both seasons (Table 2). These results are in
accordance with Agami (2000) who revealed that all potassium fertilizer level
had no significant effect on number of leaves /plant. On the cilier hand, El-
Taweel (1999) found that, potassium fertilization significantly increased number
of sugar beet leaves per plant.

Leqgf area per plant: Data of both growing seasons in Table 2 show a
significant difference in leaf area due to potassium fertilizer treatments. in the
first season all potassium treatments under study except applying 24 ke K,0/fed
at sowing (Tr. No. 2) significantly increased leaf area per plant as compared with
unfertilized treatment, also it can be noticed that, plant which rcceived 72 kg
K.O/fed at any application time except at sowing date (Tr. No. {6} recorded
maximum values of leaf area per plant (Table 2}. In the second scason, eaf area
per plant, which fertilized by 24 kg K,O/fed at any time of anplication had
insignificant differences as compared with no fertilized plants. While applying
48 and 72 kg K,0/fed at any time significantly increased the leaf arca compared
with no potassium treatment. In addition, significant differences for leaf area
were detected between 48 or 72 kg K.O/ fed and 24 kg K,O/fed at any
application time {as compared with the same application time).

Eeavpr J. Agron 31, No.| (2009)
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The maximum leaf area per plant in both seasons, was obtained by applying
72 kg K,O/fed in two equal portions, the first one at sowing or at 30 days after
sowing and the other one at 60 days after sowing (Tr. No. 20 and 21}, which
vave 4893 and 5010 cm’, respectively in the first season and 4259 and 4373cmz.f
respectively in the second season (Table 2). This finding are in agreement with’
those obtained with El-Taweel (1999), Agami (2000) and Moustata ef al. {2006)
who showed that increasing of K fertilizer significantly increased leaf area per
plant.

Shoot fresh weight: In both growing seasons (Table 2) a gradual and significant
increase in shoot fresh weight was recorded with increasing potassium levels,
Average of shoot fresh weight values of 24, 48 and 72 kg K,O/fed in the first season
over all application time were 0.449, 0.491 and 0.573 kg/plant and were 0.422, 0.495
and 0.516 kg/plant in the second season. Meantime, the average of shoot fresh weight
with unfertilized treatment were 0.398 and 0.395 kg/plant, respectively for the two
Seasons.

The treatment of 72 kg K,O/fed which added in two equal portions, the 1"
one at 30 days after sowing and the 2™ one at 90 days later (Tr. No. 22)
produced the greatest value of shoot fresh weight in both growing seasons.
Therefore, it can be observed from Table 2 that fresh weight of shoot was
positively correlated with the highest level of potassium fertilizer 72 kg K,0/fed
and late application time. This treatment, increased fresh weight of shoot of
sugar beet plants by 49.50% in the first seasoin and by 36.20% in the second
season over the unfertilized treatment.

In both season, Table 2 showed insignificant differences for shoot fresh
weight were detected between no potassium and applying 24 kg K,O/fed at any
application time except treatment (No. 8) in the first season. In the first season
applying 24 kg K,O/fed in two equal portions, the first one at 30 days after
sowing and the other one at 90 days later (Tr. No. 8) which gave 0.497 kg/plant
and caused a significant increase in shoot fresh weight of sugar beet plants
compared with unfertiized plants. Meantime, it's exhibited insignificant
differences compared with plants which received 48 kg K,O/fed at any
application time {Tr. No. 9 to I5).

increasing potassium level up to 72 kg K,O/fed which added at ¢~y time
under study (Tr. No. 16 to 22) significantly increased fresh weight of shoot
compared with the other treatments. Such increase may be due to the increases in
leaf area per plant and number of leaves whereas, it is noticed that, the increase
in number of leaves was not enough to reach the level of significance as mention
before (Table 2).

Egvpt. J Agron 31, No.l {2009)
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In the second season, as shown in Table 2 the differences between 48 and 72
kg K,O/fed at any time (compared with the same application time) were not
significant except, applying 72 kg K,O/fed in two equal portions the 1" one at 30
days after sowing and the 2"/ one at 90 days (Tr. No. 22). These results are in
line with Basha (1994), Ei-Taweel (1999), Agami (2000) and Moustafa et al.
(2006) who found that application of potassium significantly increased shoot
fresh weight. On the contrary, El-Maghraby er al. {1997) stated that increasing in
potassium fertilizer caused a significant decreased in top weight.

Total dry weight (g/plant}

Results in Table 3 indicated that, 'in both seasons all potassium fertilizer
treatments exhibited significant differences in dry weight per plant at four
sampling dates, ie. 105, 120, 135 and 150 days after sowing. Also, it can be
noticed that, all potassium rates (24, 48 and 72 kg K,O/fed) at any application
time caused a significant increase in plant dry weight at all sampling dates as
compared with unfertilized plants, except plants which fertilized by 24 kg
K,O/fed at sowing (Tr. No. 2) at sample of 105 days after sowing. Data in Table 3
also revealed that at aii sampiing datcs piants which received 72 kg K,Ofied at any
time (Tr. No. 16.to 22) significantly increased drv weight /plant as compared
with the other treatments {Tr. No. | to 15) in two growing seasons.

The highest values of dry weight /plant were achieved when beet plants
received 72 kg K,O/fed in two equal portions the first one at 30 days age and the
other one at 60 days after sowing (Tr. No. 21) for all sampling dates which gives
~ 143.36, 256.24, 352.00 and 387.23 g/plant, respectively in the first season,
corresponding to the age of 105, 120, 135 and 150 days after sowing and
recorded 135.97, 179.18 and 302.78 g/plant, respectively at age 105, 120 and

150 days in the second season, except, the sample at age of 135 days after
sowing in the 2" season the highest value of this trait (270.18 g/plant) was
achieved by applying 72 kg K,O/fed in two equal portions the 1™ one at sowing
and the other one at 60 days after sowing (Tr. No. 20) with significant
differences as compared with the other treatments in both seasons. While the
lowest dry weight /plant resulted from unfertilized plants and plants which
received 24 kg K,O/fed at sowing (Tr. No. 2) over all sampling dates in both
seasons. These results are in harmony with that reported by Table ef a/ {1986),
- Ashmaye (1998), Et-Taweel (1999), Agami (2000} and Moustafa er af (2006)
who reported that dry weight per plant of sugar beet significantly increased with
increasing K fertilizer application.

- The increase in dry weight per plant as a result of potassium treatments may be
due to the essential role of potassium in activating the photosynthesis operation (there
is a positive correlation between K application and photosynthesis rate in sugar beet

plant (Suciu & Sebok, 1979) and encouraging the translocation of the metabolites
from leaves to be accumulated in sugar beet root.

Leavpr J Agron . 31, No.1 (2009)
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TABLE 3. Effect of potassium fertilization treatments on total dry weight (g /plant)
of sugar beet at different dates of sampling in 2002/2003 and 2003/2004

Seasons.,

. Treatmeats | 206272003 Scason 2003 /2004 Scason
iN(). K:0 (kg/fedy and Days from sowin Days from sowing
| | apptication time (05 [ 120 [ 138 | 180 |"f05 [ 120 " 13§ T 150 "
|| Unfertifization 6517 [ 149.36 | 21862 (246,90 | 60.15 | 101.11] 160.50 | 1&;5__52_1-
'3 24 a sowing 63.69 [ 134.76 23180 {259.12| 6104 | 11053 ] 170.06 20134 |
. _ |
Ly |24 at 30 day alter| 5, o0 |16 38]239.60 |272.10] 69.52 | 113191 177.89 1 20420 |
|~ {sowing (DAS) T _ I
4" 134160 DAS 7456 | 16359 | 247.12 |279.18| 7521 | 11879 183.05 | 21130 |
: 2 3 _ -
E [';A"S‘ sow. + 124t 301 g3 19 [ 170.79 | 252.00 |283.50{ 79.41 (12193 189.18 | 218.88 |
..——- 4 ————r _._5. [ H
6 ;)ZA;' o I 6] gy 1y | 178,07 263.11 294.00] 87.40 | 13119 2081412342‘3;
L—-—L-—-I —— — .
5 12a30DAS + 12at] 3 | aeg o ) an N Ej ;
7 odeopas | P00 I 2000T 2RI D 1A 200 0
; 122030 DAS + 120! g -0 R | N ‘
f_,,_k")i)_%i* 8878 | 17387 | 255,60 :s_:,.nal 831 “24,?.)_;, 20112, 22241
[0 [48asowing | 0733 118732 275.101303.90] 90,23 | 13307 21535 341,69 |
10 48 a30DAS G934 187071 2978 3170 0628 13463122679 | 24967 |
s ﬁs a60DAS 1. >9, 19440 | 288.52 [325.00] ¥3.25 1143.63 | 220.79 | 255.69 |
."_ 7{' at ‘n'T':T’T " "11 H B ﬁ_;'-_ i ! ‘I ' ]'
" o B3 72 20507 | 29839 333,941 15063 | 15040 235.47 | 267.10 |
[aaaie ‘A"-)—“_'_—‘_' *—45"_&-—_—'- R e -
fj3 |28 atsow. + 2460 45 cr o181 29045 (33674 10482 115317 24035 2?|.52%_
| DAS | R S — o i
S T34 e e ]
j1a |20 ASODAS 28t o g5 (oniia ) 30872 [396.07] 106,08 15820 | 24326 | 274.64
14 leoDAs i | | | }
PAREYRTE - ; e == t T e e
(5 |o0 i 39 DAS +2i"‘ 109.76 | 201.78 29415 [330.00( 9930 | 146.81| 23376 | 26451 |
116" [72asowins 7 719348 335,76 | 312,81 332,631 11032 | 16203 | 245.92°] 27825 |
RETED BAg ™ T 12408 [ 277.54] 310,14 ]360.66 | 112.80 [ 164.03 | 247.09 | 28351 |
8 T G0 DAS 12941, 239,60 | 326,81 [364.82 | 117.04 [ 167.16 | 250.39 | 287.75
i a3 b Ny . _
19 iff’\: sow. + 36 at 0£ 13557 {250.12 1 35723 1371.35 ) 124.03 | 170.94 ¢ 259.11 | 292.53
Lo BAS
: ! HH + 3 ! -
Bl mﬁmm 36.9060] 135 571 25238 | 34097 |379.87] 12845 [173.19| 27018 | 298, 58 |
W BAS T T : : " by
2 obas "] 14236 25624 | 3520038723 | 13597 | 79,18 | 26300 ﬁﬂfﬂ‘
122 ;g i‘)‘/\’g DAS +36 a1 35 15124677 | 333,71 |367.60 | 12223 117007 | 25692 | 289.93 ‘
(T T A o L A a4 — i s | ! ]

S Mean - T0S 361 20146 [ 38817 (332 57| 9743 14348 22330 25342 |

CUED a6 T a5 107 LU 145 . 105 1 097 1 128 | 147

Physiological analysis

Crop growth rate (CGR)

Data shown in Table 4 cleared that, CGR was maximized at the growth
period of 105-120 days in the first season and of 120-135 days in the second
season, thereafter a clear reduction was observed.

Levpt. J dgron 31, Na. 1 (2009)
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Statistical analysis of data indicated that potassium fertilization treatments
resulted significant differences in CGR at the three growth penods in 2002/2003
and 2003/2004 seasons.

TABLE 4. Effect of potassium fertilization treatments on CGR (g/m*hweek) of sugar
beet at different growth periods in 2002/2003 and 2003/2004 seasons.

o Treatments 2002/2003 Scason | 2003 /2004 Season
LNO ! K.0 (k,,/fctl) and application Days from sowing Days from sowing
time 105-120 | 120 -135 | 135 -150 105 -120{120 -135| 135 -150
| Unfertilization 4209 | 43.63 | 1404 | 2048 | 2969 | 1251
12_ 124 at sowing 4453 | 38352 | 1366 ] 24.74 | 2976 | 15.64
3 {24 at30 day after sowing (DASY  44.23 39.4i [6.25 | 21.83 | 3235 13.15
4 _7I35_a:_gg DAS 45.62 | 4077 | 1603 | 2179 | 3213 | 14.12
S anm sow. + [2 at 30 DAS 4380 | 4061 | 1575 | 21.26 | 33.63 | 1485
6 L12atsow. + 12 a1 60 DAS 43.95 | 4252 | 1545 | 21.89 | 3847 | 13.07
7 ; [122030 DAS + 1221 60 DAS | 4257 | 4290 | 1650 | 19.54 | 4137 | 15.02
12 1120130 DAS + 12190 DAS | 42.55 | 4236 L1478 | 2051 | 3909 | 964 |
19 A8 at sowing [ 4205 | 4579 | 1540 2142 | 4104 | 1317 |
110 ;48 m 30 DAS 43.57 | 45.0i | i83i | 2207 ; 46.08 | li.id
11 {48 a1 60 DAS 44.91 L_zw.os 18.24 | 24.19 | 3858 | 1745
112 |24 at sow. + 24 at 30 DAS 46.65 | 46.19 | 17.78 | 2438 ; 4254 | 1582
13 |24 at sow. + 24 at 60 DAS 4807 | 4382 | 18.64 | 24.17 | 4359 | 1338
14 [24 2130 DAS +24 at 60 DAS | 49.89 | 4530 | 1873 | 26.06 | 4253 | 15.69
15 124 30 DAS +24 at 90 DAS | 46.02 | 4620 | 1791 | 2375 | 4348 | 15.38
{16 |72 at sowing _ 5004 | 4453 | 1992 | 2631 | 4149 | 1616
117 {72 a130 DAS 5173 | 4580 | 2076 | 25.62 | 4153 | 182}
18 |72 at 60 DAS 5524 | 4361 | 1900 | 2506 | 41.62 | 1868
19 |36 at sow. + 36 at 30 DAS 57.38 | 4356 | 17.06 | 2346 | 44.09 | 1671
20 |36 atsow. + 36 at 60 DAS 56.81 | 4429 | 1945 | 2237 | 45.00 | 1770 |
121 |36 at30 DAS +36 a1 60 DAS | 5644 | 47.88 | 17.61 | 21.60 | 4441 | 17.39
122 136130 DAS +36 2190 DAS | 5731 | 4347 | 1694 | 2392 | 4343 | 1651
|  Mean | 48.00 | 4336 J_ 1720 | 23.04 | 39.83 | 1516
 LSDa00s | 073 | 066 | 076 | 070 | 079 | 037

In the first season (Table 4) at growth period of 105-120 days applying 72 kg
K,O/fed in two equal portions at any time (Tr. No. 19 to 22) gave the highest
CGR values and caused significant increase as compared with the other
treatments with insignificant differences between them . Concerning, the second
season {Table 4), the highest value (46.08 ) was achieved at 120 - [35 growth
period when beet plant received 48 kg K,O/fed at 30 days after sawing (Tr. No.
10). On the other hand, the lowest CGR value (13.66) at growth period of 135-
£50 in the first season was produced by adding 24 kg K,0O/fed at sawing (Tr. No.
2) with insignificant differences as compared by unfertilized treatment,
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meanwhile, adding 24 kg K,O/fed in two equal portions, the first one at 30 days
and the other at 90 days after sowing (Tr. No. 8) gave the lowest CGR value
(9.64) in the second season in growth period of 135-150 days after sowing
(Table 4).

Relative growth rate (RGR)

Data in Table 5 indicated that, the maximum RGR value was obtained 1 the
growth periods of 105-120 days in the first season and of 120-135 days in the
second season, then the clear reduction was recorded. Same results were
obtained by Mohamed (2000) who reported that RGR was declined as the plant
developed.

TABLE 5. Effect of potassium fertilization treatments on RGR (g/g/week) of sugar
beet at different growth periods in 2002/2003 and 2003/2004 seasons.

| Treatments 2002 / 2003 Scason _2003/2004 Season |
No. f K;O (kg/fed) and application Days from sowing Days from eowmg_ﬁ‘i
L time ] 105120 nm 135-150 | 105120 120.135 [135-150]
PolT Uintertilization | 0314 n"lﬂu,pju_f,;\;’ﬂz_; 0.231 \ 0.072
2 24 atsowing iﬁQﬂ"f’&ﬂ_Q"O_" P 0035 1 0297 }tmO 7|q__' 0.084 ¢ '
3 124 at 30 day aller sowing (DA‘;)_il_ 9_;9_7___4_0__1£ 1 0064 | 0244 | 0226 | gg@g_;
;’i 124 at 60 DAS . [ 0400 0200 0.061 0‘2.2.1._h~92.!“7_..i_.0 072-_{
5 [Darsow +12a30DAS | 0364 049510059 | 0214 | 0220 | 0073,

Lg__p:zdmw.+tz‘ueoi)/\s 0340 | 0.196 | 0056 | 0203 | 0230 0.059 |

7 1230 DAS +12at60DAS | 0317 [ 0.194 | 0058 | 0183 | 0250 | 0.066

|8 112030 DAS+12a090DAS | 0336 01991 0057 | 0199 | 03a) +i004<j
9 j48atsowing | 0312 02041 0054 | 0194 | 0240 | 0.058 |
110 14w30DAS | 0318 0197, 0062 | 0200 | 0262 | 0047
(11 [48a060DAS 0310 10197 0060 | 0206 | 0215 | 0.074 |
12 [24atsow +24a030DAS | 0302 {085 | 005 | 0.96 | 0224 | 0.063 )
13 124 atsow, + 24 at 60 DAS | 0303 {0173 0059 | 0098 | 0225 | 0.06!
|14 |24 at 30 DAS + 24 at 60D | 0306 JTO 174 | 0058 | 0201 | 0215 | 0.06]
15 (242030 DAS +24 2190 DAS | 0304 | 0488 | 0058 | 0197 | 0235 | 0.062
16172 w sowing 029'{_J_ 0.168 | 0.059 | 0195 | 0206 | 0062
17 [72 30 DAS ] | 0303 10170 | 0062 | 0187 | 0205 | 0.069 |
s [aeonAs o Joiss| ooss | oirs | o2 0on
|19 |36atsow. +36at30 DAS | 0307 (0150 ; 0048 | 0lol | 0208 | 0063
l@.U '16 at sow. - +3()dt 60 D.‘\‘) 7”__L “229 [()7]“"14770_0747‘ i)_,_lﬂ'-l:)ﬁ‘ i U’i()r ‘ 00()4 i
’l,l i(ld{ 30_%1;{(3 at 60 DAS L 029[ G 0. 1\9 .0;074,%,,Lﬁ0;@._ . )?ﬁ(}_l_ F(lg)()ul L
22 136 030 DAS+36at 90 DAS | 0312 ] 0151 1 0048 | 0165 1 0206 | 0.0601
—— e e ——-— =
U TMen 0330 0082 0057 0199 | 0222 | 0064 |
_LSDa00s L ooos {0004 0006 | 0008 | 0008 | 0601 |

In both season ( Table 5) data also revealed that applying 24 kg K,O/fed at
sowing (Tr. No. 2) gave the highest values of RGR at growth period of 105-120
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days after sowing which recorded 0.428 and 0.297 in 2002/2003 and 2003/2004
season, respectively. While, the lowest value of RGR (0.047) in the first season
(Table 5) was achieved when beet plants received 72 kg K,O/fed in two equal
port one at sowing and the other one at 30 days after sowing (Tr. No. 19} at
growth period of 135-150 days after sowing. But in the second season (Table 5)
the lowest value of RGR (0.045) was achteved when beet plants fertilized by 24
kg K,O/fed in two equal portions the 1™ one at 30 days age and 2™ one at 90
days after sowing (Tr. No. 8) at the same growth perlod. In this connection,
Hassanin (1979) indicated that the effect of K fertilizer treatments on relative
growth rate (RGR) was highly significant and application of 48 kg K,O/fed
significantly increased RGR. El-Taweel (1999) found that, there was some
increases in RGR by increasing the application of K fertilizer up to 48 kg
K,O/fed but these increases were not enough to reach the level of significance.

Net assimilation rate (NAR)

Data presented in Table 6 indicated that the highest NAR value in the first season
was achieved at growth periods of 105 -120 days, while it was obtained in the second
season at growth periods of 120-135 days, thereafter a clear reduction was recorded.

TABLE 6. Effect of potassium fertilization treatments on NAR (g/m*/week) of sugar
beet at different growth periods in 2002/2003 and 2003/2004 seasons.

— T,
! Treatments ?00?/2003 Season 2003 /2004 Season ?
.\" I\,O(kg/fcd)dnd appllcanon Days frnm sowing Days fmm sowing
L time 105-120 [ 120 -135 [ 135-150 | 105-120 | 120 -135 {135 -150
|_U T Unfertilization 18040 | 11430 | 4206 | 10203 | 12028 | 46.03
| 2 | 24 atsowing 189.58 [ 124.58 | 39.14 | 11568 | 11069 | 51.70
3 ] 24 a1 30 day after sowing (DAS] 18573 | 126.12 | 4567 | 97.18 | 11418 | 41.76
4 | 24 60DAS 18258 | 12913 | 4406 | 9550 | 11075 | 43.28
5 | P2atsow.+12at30DAS | 17254 | 12594 [ 4278 | 91,51 | 112.85 | 42.77 |
6 [ DDasow + 12at60DAS | 16390 | 12790 | 41.07 | 8746 | 11967 { 3644 ]
7 1230 DAS+ 122160 DAS| 156.72 | 12845 | 4293 1 7895 : 13091 | 42.89
"8 12w 30DAS+ 12 at90 DAS| 16207 | 12897 | 3908 | 7828 ! 12725 (3800
L9 a8 atsowing 113430 113475 U 4021 4921 | i27.70 | 36.41
10 | 48 at30DAS 15990 713217 | 4742 | 8693 | 13888 | 20.32
11§ 48 at 60 DAS 160.05 | 137.84 | 4623 | 9289 | 11674 | 46.88
112 [ 24atsow. +24at30DAS | 15846 | 13113 | 4467 | 8868 | 12237 | 41.53
113 | 24 atsow. + 24 60 DAS | 161.14 | 12236 | 4673 | 8525 | 12407 | 41.22
14 124 at 30 DAS +24 at 60 DAS| 16393 | [24.86 | 4646 | 8931 | 12100 | 40.28
115 [24at30 DAS +24 at 90 DAS| 15875 | 132.77 | 4577 | 8883 | 12933 | 405i
16 | 72 atsowing 16231 | 11996 | 4846 | 87.08 | 11497 | 42.05
{17 1 72a30DAS_ !64I9 9 1 12175 | 50.00 | 8329 | 11387 13625
18 _]_;_’__al@_gﬁf | 170.05 | V1407 | 4499 | 7896 , 11016 | 4782
© 1197 36 atsow, + 36a 30 DAS | 162.42 T_gplgg {3762 | 6928 | 10846 | 40.43 |
207} 36 ausow +36a160 DAS | "15680 & 10434 | 4179 T 6323 | 109.00 ) 39.65 |
121 1364130 DAS +36 .@QQAS‘LQZJL 111.04 3704 47 5799 10574 | 3940 |
122 B6at 30 DAS +36 290 DAS | 17115 | 10932 | 3877 | 7244 | 11435 | 3903 |
S Mean T Uie36r | 12306 4332 | 8363 T sy i |
_ L LSDa00s T Ty 1087 084 | 106 - 102 038 |
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Data summarized in Table 6 showed also, that potassium fertilization
treatments had significant effect on NAR at various growth periods in both
growing seasons. Although, there is inconstant trend was detected by level or
application time of potassium fertilizer, but it can be noticed that, in the first
season plants which fertilized by 24 kg K,O/fed at sowing (Tr. No. 2) gave
the highest value of NAR (189.58) at growth periods of 105-120 days with
significant increases, compared with the other treatments. However, in the
second season, the highest value of NAR (138.88) was obtained at 120-135
growth periods from the plants received 48 kg K.,O/fed at 30 days after
sowing (Tr. No. 10) which gave significant increases in NAR compared with
the other treatments. In contrast, the lowest NAR values (37.04) in the 1™
season and (28.00) in the 2" season at growth stage of 135-150 days were
achieved witn plants fertilized by 72 kg K,O/fed in two equal portions, the
first one at 30 days after sowing and the other one at 60 days (Tr. No. 21) in
the first season and by applied 24 kg K,O/fed the first one at 30 days age and
the other one at 90 days after sowing (Tr. No. 8) in the second season.

Phatosynihetic pigments

The present results in Table 7 showed that, chlorophyll b and carotenoids
were not sigmificantly affected by the application of potassium fertilization
treatments in both seasons. While, in the first season only chlorophyll a was
significantly affected by =z!l potassium fertilization treatments. Generally,
increasing the rate of potassium fertilization at any application time caused a
gradual increased in chlorophyll a content in sugar bect leaves. The highest
chlorophyll a (5.13 mg/g fresh weight) produced when beet plants received
72 kg K,0/fed in two equal portions, the first one at 30 days after sowing
and the other at 60 days age (Tr. No.21) which increcased chlorophytl a by
17.12%, compared with no potassium fertilized treatment. On contrast, the
lowest chlorophyll a {4.38 mg/g fresh weight) resulted from unfertilized
plants. This trait reached its maximum values with plants fertilized by the
highest rate of potassium (72 kg K,0O/fed) at any application time (Tr. No.16
to 22) with no differences between them. In this connection Abdel-Rahman
(1996) found that the increase in potassium level from zero to 48 kg K,O/fed
significantly decreased chiorophyll a, b and a + b, while El-Taweel (1999}
reported that total chlorophyll were not significantly affected by potassium
application.

On the other hand, Suciu & Sebok (1979) indicated that, photosynthetic
rate was positively correlated with K fertilization.

Egupt. J Agron . 31, Na (2009



14 NED t/\ Si'lABAN et al,

TABLE 7. Effect of potassium fertilization treatments on chlorophyfls a, b and
caroteniodes {(mg/g fresh weight of leaves) of sugar beet at 150 days after
sowing in 2002/2003 and 2003/2004 seasons.

L Treatments | 200272003 Scason 2003 /2004 Season |
; f\'o. K,O (kg/fed) and appilcatmnw Chl hlm op__)l_l__i (‘arotcnmdes*gm(—'tgﬂ"v—" kdrotenmdes:
S gime LA g b T T a | b g S——
b ‘Unlcrullnlmn o 438 | 332 | 16l 441 17230 ) B
. 2|24 at sowing 440 | 332 | 160 1440 (233 ] 139
-3 + 24 at 30 day ‘afier sowing (DAS) | 442 333 | 160 441 | 234 | 139
4 124at 60 DAS 445 | 335 1.62 441 [ 237 | 140
37112 at sow. + 17 at 30 DAS 450 | 337 | 165 | 444 | 240 | 14l
| 6 |F2atsow. +12at 60 DAS 4.56 | 3.40 1.70 447 | 242 145
7 |12at30 DAS + 12 at 60 DAS | 4.55 | 341 .71 450 | 244 148
8§ |12at30DAS+12at90DAS [ 456 | 337 | 166 444 | 240 141
9 |48 atsowing 462 | 34 [,T 171 430 | 244 48
10 |48 at 30 DAS 4.66 | 3.44 1.72 453 | 245 149
. 11 |48 at 60 DAS 474 [ 344 | 174 [ 455 [ 245 | 149 |
[ 12 |24atsow. +24at30DAS (486 | 350 1 177 460 | 249 1.53 i
- 13 124 atsow. + 24 at 60 DAS 4.;;9_ 3530 180 | 464 | 234 | 136
14 29wt 30 DAS + 24 60 DAS” | 492 | 357 ___7__;;@_4 1466 1 255 1 158 |
15 24 at30DAS+24 at90DAS | 483 | 346 | 174 | 458 | 247 | 151 |
| 16 [72atsowing " 17495 1 339 180 470 | 258 | 158 |
17 172030 DAS 1499 1357 182 1474 | 26l 160
18 |72 at 60 DAS 500 | 363 1.83 479 1 2.63 162 |
le'_t)'" 36 at sow. + 36 at 30 DAS 507 1 364 1.86 480 | 266 1.66 _{
| 20136 at sow. + 36 at 60 DAS 5.1 1366 1.88 4.83 | 269 167 |
21 {36230 DAS +36at60DAS | 513 } 367 | 189 | 486 | 27 1.69
! 22 36230 DAS +36at90DAS | 503 | 3.62 1.86 485 | 2.66 1.62
| oo o Mean (476 348 | 174 460 | 250 § 152
L LSDa00s — T j 009 NSNS NS TNS T NS
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