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L Effect of Plant Spacing op Growth Parameters a¢

Different Growth Stages of Sugarbeet:

A. Growth analysis:
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2. Root length (cm):

The effect of plant spacing on root length is shown in Table (4).
Data showed that root length of sugarbeet was nsignificantly
affected by plant spacing at 100 , 121 and 142 days from sowing,
whereas it was significant at 163 days after sowing, as shown in
Table (4). Root length of sugarbeet plant reached its maximum value
at 25 cm between hills, whereas it reached its minimum value at 10
cm between hills. The difference between the two treatments was
significant. On the other hand, the differences of root length between
10 and 15 ¢m as well as between 20 and 25 cm between hills were
not significant as shown in Table (4). In this regard, Obead ( 1980)
reported that, increasing the distance between rows up to 60 cm
significantly increased the root length.

Table (4): Root length as affected by plant spacing at different
growth stages (combined analysis of 1992 /93 and
1993 / 94 seasons).

Plant spacing Days after sowing
(m) | 100 121 142 163
10 2220 | 2611 . 3LS1 | 3780 b
15 . 268 | 2689 | 3128 | 3252b |
20 | 228 2700 | 3569 3482 |
25 | 2381 | 2749 | 3341 | 3489 a |

| _Ftest | NS | NS | NS Pe




3. Root diameter:

Data in Table (5) showed that root diameter was significantly
affected by plant spacing at all growth stages except the first one
(100 days after sowing). The highest diameter of root was found
after 163 days from sowing with 25 cm plant spacing as shown in
Table (5).

In general, increasing plant spacing from 10 to 20 cm signifi-
cantly increased root diameter of sugarbeet at 121, 142 and 163 days
after sowing, It could be seen from Table (5) that the differences of
root diameter between 10, 15 and 20, 25 cm between hills were not
significant at both 121 and 142 days after sowing. On the other hand,
the differences between 15, 20 and 25 cm between hills were not
significant at 163 days after sowing. In this respect, Obead (1980)
showed that beet root diameter increased with increasing distance in

INLEr-row spaces.

Table (5): Root diameter as affected by plant spacing- at
different growth stages (combined analysis of

1992 /93 and 1993 / 94 seasons).

Plant spacing | .. Days_after sowmg
em) i 100 i 121 | 142 | 163
10 | 362 | 430b 509b | 730¢
15 | 387 | 487b se2b . 7.69 b
20 | 432 531ab | 601ab | 805 ab
25 i 4% | 602a | 680a 8822

et | NS L+ . | 4
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4. Fresh weight of blades/plant (g):

Data presented in Table (6) indicated that fresh weight of
blades/plant was significantly increased as plant spacing increased
from 10 to 25 cm at stages of growh. Total fresh weight of blades
reached its maximum weight at 25 cm between plants, whereas it
reached its minimum weight at 10 cm between plants at all stages of
growth.

Total fresh weight of blades increased consistently as the
distance between plants increased. The highest fresh weight of blades
was found at the fourth stage of growth with 25 cm plant spacing
(307.60 g/plant). These results confirmed those of Basha (1984) who
reported that the blades fresh weight consistently increased by
decreasing the plant population from 56 to 33.6 thousand plants/fad.

Table (6): Fresh weight of blades per plant as affected by
plant spacing at different growth stages (combined

analysis of 1992/93 and 1993/94 seasons).

Plant spacing Days after sowing

emy P 100 121 | 4 163

10 | 857b 12444 | 1727¢ | 238 ¢

| 15 . 1069 b | 1508 c i 2085b | 2528 bc |
20 11442 | 1607 bc| 2201 a | 2820 b |
25 | 1193a | 1756a | 2348.a | 3076 a

Faest L * o+ L« .
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3. Fresh weight of petioles/plant (g):

Table (7) revealed that the fresh weight of petioles/plant was
significantly affected by plant spacing at all growth stages. Increas-
ing distance from 10 to 25 cm increased fresh weight of petioles. At
25 cm plani spacing, the highest fresh weight of petioles was found.
Increasing plant spacing from 20 to 25 cm did not affect fresh weight
of petioles at 100 and 121 days after sowing. On the other hand, the
differences were significant between 10 and 15 cm at 100, 121 and
142 days afier sowing. The differences of fresh weight of petioles
between 10 and 15 cm was not significant at 163 days after sowing,
However, it is observed from Table (7) that there was a consistent
increase in fresh weight of petioles as the plant spacing increase in all
growth stages. The fresh weight of petioles/plant ranged between
89.6 and 414.7 g/plant throughout growth stages. These results agree
with those reported by Basha (1984) and Assey et al.(1992 a). They
showed that the fresh weight of petioles/plant increased with

decreasing plant population in unit area.

Table (7): Fresh weight of petioles per plant as affected by
plant spacing at different growth stages (combined
analysis of 1992 /93 and 1993 / 94 seasons).

| Plant spacing ! Days after sowing _

(m) | 100 | 121 i 142 | 163 |
| 10 : 606c i 1033 ¢ | 1743 ¢ | 3130 ¢ |
| 15 ;. 722b | 1354b ; 2104 b | 3359 ¢
; 20 . 830a | 1573a ;| 2250b | 3625b
| 25 | 896a | 1661 a i 2411 a | 4147 a
| :

Ftest |+ 1+ a0 g
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6. Fresh weight of leaves/plant (g):

Widerning distance between plants resulted in a marked in-
crease in leaves fresh weight/plant (Table 8). This was true for all
growth stages. It could be shown from Table (8) that plant spacing
of 20 and 25 ¢m did not affect significantly fresh weight of leaves at
100, 121 and 142 days after sowing , whereas it was significant
between 10 and 15 cm between plants. It is clear from data in Table
(8) that there was a consistent increase in fresh weight of leaves as

plant spacing increase in all growth stages.

These results are simular to those obtained by Basha (1984)
and Nour El-Din et al.(1993) who showed that the fresh weight of
leaves/plant significantly increased with decreasing plant density/fad.

Table (8): Fresh weight of leaves per plant as affected by
plant spacing at different growth stages (combined
analysis of 1992 /93 and 1993 / 94 seasons).

Plant spacing | Days after sowing
(em) . 100 | 121 142 163
10 ISlic | 2296¢ | 3322¢ S131c
15 1840b | 2881b | 3946 b | 5655 be |
20 2027a i 3197a | 42982 | 6213 b |
25 2141a | 3436 a 45150 | 6990 a
Ftest | * i e 1 s 1,




n
D

7. Fresh weight of root/plant (g):

Root fresh weight was significantly affected by plant spacing
and this was true for all growth stages (Table 9). The differences in
fresh weight of root were significantly between 20 and 25 cm at 100
and 121 days after sowing, whereas they were not significant between
the two spaces at 142 and 163 days after sowing. However, it could
be shown from Table (9) that a consistent increase was observed as
plant spacing increase. The highest value of the fresh weight of
root/plant was recorded at 25 cm plant spacing. In this respect,
Ramadan (1986) and Nour El-Din ef al.(1993) reported that increas-
ing plant population decreased fresh weight of sugarbeet root/plant.

Table (9): Fresh weight of root per plant as affected by plant
spacing at different growth stages (combined

amalysis of 1992 /93 and 1993 / 94 seasons).

Plant spacing

Days after sowing

em) i 100 i 121 | 142 | 163
10 | 871c | 1526d i 3635c | 5728 ¢
15 [ 1087b | 1878c | 3748bc | 6247 b |
20 i1132b | 2184 b | 4002 ab | 6543 ab |
25 1227a | 2412a | 4237a | 6830a |

F-test § * *4 * *
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8. Total fresh weight of plant (g):

The effect of plant spacing on fresh weight of sugarbeet plant
1s shown in Table (10) and Fig.(1).

The data indicated that total weight of plant was significantly
affected by plant spacing at all growth stages. Increasing distance
between plants from 10 to 25 cm significantly increased fresh weight
of plant. It could be shown from Table (10) that the differences in
total fresh weight of plant between 20 and 25 ¢m at 100 and 163
days after sowing were not significant , whereas the differences in
total fresh weight were significant between all plant spacing at 121
and 142 days after sowing. It increased to its maximum value with
25 cm between plants, whereas it reached its minimum value with 10
cm between plants at 121 and 142 days after sowing. The highest
weight (1382 g) was observed at the fourth growth stage (163 days
after sowing) with 25 cm plant spacing (Fig.1). Such effect may be
due to inter-plant competition for light, soil moisture and nutrition
accompanying dense sowing which may be reflected in decreasing
fresh weight of plant.

These results agree with those reported by El-Gedawi
(1979),Basha (1984),El-Shafei (1991) and Nour El-Din et al. (1993)
who found that fresh weight of sugarbeet plant increased with
decreasing plant population.
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Table (10): Total fresh weight per plant as affected by plant
spacing at different growth stages (combined

Plant spacing | Days after sowing
(cm) 100 121 | 142 | 163
10 2406 b | 3822d | 6955d |1069.1 ¢
15 1 2927 b | 4758 ¢ | 769.5 ¢ | 1131.6 bcg
20 : 3278 a | 5381 b { 9252 b {1275.6 ab |
25 i 3368 a | 5797a i 9699 a {13820 a
F-test * * * *
T400 ,
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Fig.(1): Total fresh weight of plant as affected by plant spacing
at different growth stages.
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9. Dry weight of blades/plant (g):

The results in Table (11) revealed that blades dry weight was
insignificantly affected by plant spacing only at 121 days after
sowing, whereas it was significant at the other plant spacing. The
differences in dry weight of blades were significant between 10 and
15 cm at 100 , 142 and 163 days after sowing. The differences
between 15 and 25 ¢cm between hills were significant as well. It could
be stated that a consistent increase in dry weight of blades was
observed as plant spacing increase at all growth stages as shown in
Table (11). The highest dry weight of blades was found at the fourth
stage of growth (163 days after sowing) with the 25 cm plant spacing
(28.15 g/plant). It could be concluded that the accumulation of dry
weight in the blades increased with increasing plant spacing as
reported by Assey et al.(1992 a). On the other hand, Gobarh (1993)
reported that blades dry weight was not affected by plant spacing.

Table (11): Dry weight of blades per plant (g) as affected by
plant spacing at different growth stages (combined
analysis of 1992 /93 and 1993 / 94 seasons).

Plant spacing . Days_after sowing
em) 100 | 121 142163 .
10 715c | 1045 | 1555c | 2133d |
15 | 865b 1245 | 1770 b WIS
20 940ab: 1310 | 1940 a 2610 b |
25 . 1025a | 136l 1981 a | 2815 a

F-test * N.S * *
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10. Dry weight of petioles/plant (g):

Dry weight of petioles/plant increased with increasing plant
spacing (Table 12). Significant differences among plant spacing at all
growth stages were found. Dry weight of petioles increased signifi-
cantly between all plant spacing at 100 and 121 days after sowing.
Regarding to 142 days after sowing, it could be shown from Table
(12) that the difference between 20 and 25 c¢m plant spacing was not
significant as well as between 10, 15 and 20 cm at 163 days after
sowing. It looks to be true that increasing plant spacing from 10 up to
25 cm caused a consistent increase in dry weight of petioles/plant.
This is to be expected since decreasing plant spacing was positively
correlated with inter specific competition. On the other hand, such
effect may reflect the increase in photosynthetic area accompanying
lower plant density , which resulted in more dry weight in tops as
reported by Hills (1973). Basha (1984), Assey et al.(1992 a) and
Gobarh (1993).

Table (12): Dry weight of petioles per plant (g) as affected by
plant spacing at different growth stages (combined
analysis of 1992 /93 and 1993 / 94 seasons).

Plant spacing Days after sowing
em) i 100 i 121 | 142 | 163
10 | 459d | 810d | 11.68c | 2225d
15 . 646 ¢c | 1027c | 1581 b | 2335 cd |
20 | 732b | 1133b | 1712a | 2410 be
25 | 825a | 1275a | 1775a | 2651a

Past |+ | e e | s
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11. Dry weight of leaves/plant (g):

The results in Table (13) revealed that plant spacing nsignifi-
cantly affected dry weight of leaves/plant at 100 days afier sowing,
whereas 1t was significant at 121, 142 and 163 days after sowing.
Generally, widening distance between sugarbeet plants up to 25 cm
resulted m increasmg leaves dry weight as shown i Table (13).
Highly significant difference was calculated at 163 days after sowing
and the highest value of the dry weight of leaves was 54.36 g/plant at
25 cm plant spacing.

These results agree with those reported by Zalat (1986) and
Assey et al (1992 a) who showed that dry weight of leaves/plant was
significantly increased as plant population decreased/fad.

Table (13): Dry weight of leaves per plant (g) as affected by
plant spacing at different growth stages (combined

analysis of 1992 /93 and 1993 / 94 seasons).

25 | 1847 $2636a | 3754a | 5436a |

E Plant spacing Days after sowmg
w100 | 1 42163

% 0 | 171 1854c | 2728¢c | 4400¢ |
| 15 i 1511 [ 2271 b | 3348Db | 4714 b |
20 1673 | 24445b ] 3652 4878 b |

Ftest | NS | % | & i ws




12. Dry weight of reot/plant (g):

The effect of plant spacing on dry weight of root/plant is
shown in Table (14). Data showed that plant distance insignificantly
affected dry weight of root after 142 days from sowing. However, at
100, 121 and 163 day stages, dry weight of root was significantly
increased as plant distance increased up to 25 cm. It could be shown
from Table (14) that dry weight of root/plant was significantly higher
at 25 cm plant spacing than that at 15 and 20 cm plant spacing at 100
days after sowing. Plant spacing of 10 cm decreased significantly dry
weight of rcot/plant than that of 15,20 and 25 cm plant spacing,
Similar results were obtained at 163 days after sowing. It could be
concluded that dry weight of root/plant increased consistently as
plant spacing increased up to 25 cm at all growth stages. Similar
results were reported by Basha (1984), Hanna et al.(1988) and Assey
et al.(1992 a) who stated that dry weight production of beet roots
increased as row spacing increased from 35 to 70 cm as well as hill
spacing from 10 to 30 cm. Also, Nour E1-Din ef al.(1993) found that
dry weight of root decreased accompanying to the increase in plant
density.

Table (14): Dry weight of root per plant (g) as affected by
plant spacing at different growth stages (combined
analysis of 1992 /93 and 1993 / 94 seasons).

Plant spacing ! | Days after sowing
(cm) P 100 o121 i 142 1 163
10 1728 ¢ | 2696 ¢ | 57.20 | 9895 ¢ |
15 i 2103b | 3189 b i 5755 | 10594 b |
20 | 21.98b { 3628 a i 6020 | 10984 b |
25 i 2518 a | 3714a i 6536 | 12125 a

Ftest —: * 1+ UNS e
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13. Total dry weight of plant (g):

The effect of plant spacing on total dry weight of plant is
shown in Table (15) and Fig.(2). The results showed that total dry
weight of plant was significantly increased with increasing plant
spacing up to 25 ¢m. This increase was recorded at all growth stages.
There was highly significant difference in dry weight of plant among
plant spacing at the fourth stage of growth (163 days after sowing).
In general, 1t could be stated that dry weight of plant increased con-
sistently as plant spacing increased up to 25 cm for all growth stages.
These results may be due to inter-plant competition for light , soil
moisture and nutrition accompanying dense sowing which was
reflected in Jower plant fresh weight as mentioned before. These
findings agree with those obtained by Hills ( 1973) , Kamel et al.
(1981) , Puikrabek (1985) , Hanma et al.(1988) and Gobarh (1993)
who found that dry matter accumulation in beet plants increased with

the increase in plant spacing,

Table (15): Total dry weight of plant (g) as affected by plant
spacing at different growth stages (combined

analysis of 1992 /93 and 1993 / 94 seasons).

Plant spacing Days after sowing
em) 1100 f 121 | 142 | 163 |
10 [ 2899c | 4550 c | 8448d 14205 c |
15 : 3614 ab | 5460 b : 91.03 ¢ 153.08 b |
20 13871b | 6072a | 9672b 15862 b |

25 4365a | 6350 | 10290 a ; 17561 a |
F-test * * * *4 :




180

16¢

—_ I0cnm
140 e —— Iscm

... 20cCm

120
— .- 2Bam

100

80

60

Total dry weight of plant(g.}

40

20

100 T2I 142 163

Days after sowing

Fig.(2): Dry weight of plant as affected by plant spacing
at different growth stages.




14. Leaf area/plant (cm2):

The data in Table (16) indicated that leaf area/plant (LA) was
significantly affected by plant spacing at all growth stages. In
general, increasing plant spacing from 10 to 25 cm increased LA.
The highest measuring of LA was 5583.3 ¢cm2 at 25 c¢m plant
spacing with 163 days of age. Such effect may be due to inter-plant
competition for light soil moisture and nutrition accompanying dense
sowmg, which was reflected in lower size and weight of blades as
mentioned before. This finding agree with those obtained by Basha
(1984) who found that LA increased with the increase in plant

spacimng.

Table (16): Leaf area / plant (cm2) as affected by plant

spacing at different growth stages (combined

analysis of 1992 /93 and 1993 / 94 seasons).

Plant spacing | Days after sowing '
em) i 100 P 121 42 163
10 12878 c | 20498 ¢ | 2935.7 b | 45194 b |
15 I 17235b 23573 b | 3602.5 a | 44077 b |
20 1759.4 b 26729 a | 36926 a 53639 a
25 19540 a 27480 a | 37800 a | 55853 a |

Ftest |+ i w1 & i
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B. Growth attributes:

1. Leaf area index (LAI):

Leaf area mdex (LAI) was affected by plant spacing at all
growth stages (Table 17). The results showed that LAI significantly
decreased with increasing distance between hills from 10 to 25 cm.
On the other hand , LAl increased as plant age increased. The highest
LAI was obtamned at 10 cm plant spacing , whereas the lowesf one
was obtained at 25 cm plant spacing at all growth stages, as shown in
Table (17). Similar results were reported by Moraghan (1972) , Aly
(1985) , Kamel et al.(1989), El-Shafei (1991) , Gobarh (1993) and
Nour EI-Din et al.(1993). On the other hand, Mahmoud et al.(1990
a) found that a significant increase m LAI was observed with

increasing distance between rows up to 60 cm.

Table (17): Leaf area index (LAI) as affected by plant

spacing at different growth stages (combined

analysis 1992 / 93 and 1993 / 94 seasons).

Plant spacing . Days aftf:r sowing '
em) i 100 | 121 | 142 | 163
10 263a | 410a | 5872 | 804a
15  209bc | 342a | 480b | 566D
20 166bc | 268b | 390 c | 535 be
25 i44c | 233D 302¢ | 447c

Ftest | * i o+ i s i
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2. Leaf area ratio (cm?2 / g):

The results in Table (18) revealed that leaf area ratio (LAR)
was not affected by plant spacing till 142 days after sowing.
However, afier 163 days, increasing plant spacing from 10 to 25 cm
significantly increased LAR. At this growth stage, LAR increased
from 3131 to 37.75 cm2/g with both 10 and 25 cm plant spacing,
respectively. The difference in LAR between 10 and 15 cm plant
spacing was not significant, whereas LAR increased signiﬁcantly at
25 cm plant spacing than that of 20 cm plant spacing,

Table (18): Leaf area ratio (cm2 / g) as affected by plant
spacing at different growth stages (combined

analysis of 1992 /93 and 1993 /94 seasons).

Plant spacing ... Days after sowing '
em) . 100 | 121 | 142 | 163
10 | 5356 | 4952 | 37.05 1331c ]
15 | 5380 | 4892 | 4071 3185c |
20 | 5185 | 4847 | 3999 3575 b |
25 . 5080 | 4518 | 3826  3175a

Ftest. | NS | NS | NS | #




3. Leaf weight ratio (LWR):

Data in Table (19) indicated that leaf weight ratio LWR) was
not affected by plant spacing when was recorded after 121 and 163
days after sowing. Moreover, at the growth stages of 100 and 142
days, there were significant differences. Data showed that increasing
distance between hills from 10 to 20cm significantly increased LWR.
The highest LWR value was 0.64 at 100 days stage with 20 cm plant
spacing. Also, it could be shown from Table (19) that the ratio of leaf
weight decreased with the progress at maturity for all plant spacings.

However, Obead (1980) and Basha (1984) showed that
varying hill spacings from 10 to 30 cm of sugarbeet did not affect

LWR.

Table (19): Leaf weight ratio (LWR) as affected by plant
spacing at different growth stages (combined

analysis of 1992 /93 and 1993 / 94 seasons).

Plant spacing Days after sowing
(em) i 100 21 | 142 163
10 | 046c | 039 | 033b | 032
15 | 048b | 040 | 037a | 032
20 ! 064a | 039 | 038a | 033
25 | 049b | 039 | 037a | 032
Ftest | N.S * N.S
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4. Specific leaf area (cm?/g):

The effect of plant spacing on specific leaf area (SLA)is
shown in Table (20). Data indicated that SLA was not affected by
plant spacing when was recorded after 100, 121 and 142 days after
sowing. However, at 163 days growth stage the data showed a
significant difference in SLA by plant spacing. Increasing plant
spacing from 10 to 20 cm significantly increased SLA.

Also, the results indicated that the highest values of SLA was
recorded at stage of 121 days. Generally, the 20 cm plant spacing
gave the greatest values at all growth stages.

Table (20): Specific leaf area (cm?2 / g) as affected by plant
spacing at different growth stages (combined

analysis of 1992 /93 and 1993 / 94 seasons).

Plant spacing __.Days after sowing
em) i 100 | 121 | 142 i 163
10 | 10836 @ 11837 | 10721 | 9280 ¢ |
15 i 9897 | 11275 | 10535 | 94.02 b |
20 | 9997 | 12071 | 10932 (103182 |

25 . 9629 | 11000 | 10575 :100.77 ab |
Ftet | NS | NS | NS | * |
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3. Crop growth rate (mg/day):

Crop growth rate (CGR) was always affected by plant spacing
at all growth periods (Table 21). Increasing plant spacing from 10 to
25 cm signiftcantly increased CGR at all growth periods. Such effect
may be due to the decrease of number of plants per unit area which
consequently decreased inter-plant competition for growth elements
and increased dry weight per plant as mentioned before (Table 15). It
is worth to mention that CGR increased as the growing season
progressed up to 163 days after sowing. The highest increase in CGR
was recorded at 142-163 days after sowing. These findings are in
agreement with those obtained by Assey et al.(1992 a) who reported
that increasing distance between.rows from 35 to 55 cm as well as
within rows from 15 to 25 cm increased CGR determined as g/ plant/
day. On the other hand , Castillo Garcia and Lopez Bellido (1986)
found that CGR increased by increasing plant density from 80,000 to
100,000 plants/ha. Aiso, Gobarh (1993) found that increasing plant
spacing from 15 to 20 cm decreased CGR at all growth periods.

Table (21): Crop growth rate (mg/day) as affected by plant
spacing at different growth stages (combined

analysis of 1992 /93 and 1993 / 94 seasons).

Plant spacing : Days after sowing
(cm) | 100-121 121 - 142 163 - 163
10 | 78.19b | 165619 b | 278429 b
15 | 87905b | 169676 b | 2944.76 b
20 . 94810 ab | 171429 ab | 2957.62 b
25 . 104524 2 | 187619 a | 3462.38 a
F-test * * %




6. Net assimilation rate (mg/cm2/day):

The results concerning net assimilation rate (NAR) recorded
for three periods with three weeks intervals were significantly de-
creased as plant spacing increased up to 20 e¢m at all growth periods
(Table 22), therefore, it slightly increased with 25 ¢cm plant spacing .
The highest value of NAR was recorded at 142-163 days after

sowing,

In this respect , Aly (1985) , Kamel ef al.(1989) , Mahmoud et
al (1990 a), El-Shafei (1991) and Gobarh (1993) found that NAR
was not significantly affected by varying plant spacing.

Table (22): Net assimilation rate (mg/cm2/day) (NAR) as
affected by plant spacing at different growth
stages (combined analysis of 1992 /93 and

1993 / 94 seasons).
Plant spacing Days after sowing

(cm) : 100 - 121 121 - 142 163 - 163
10 0.58 a 0.72 a 0.82 a
15 0.49 ab 062 b 073 b
20 043 b 0.50 ¢ 0.59 ¢
25 043 b 0.59 be 0.68 bc

F_test * * *




7. Relative growth rate (mg/g/day):

Relative growth rate (RGR) was significantly affected by plant
spacing at 100 - 121 and 121 - 142 days growth periods (Table 23),
while the results showed that plant spacing did not affect RGR at
142-163 days period. However, there was a tendency for this trait to
decrease as plant spacing increased up to 20 cm. RGR decreased
with the progress of plant age (Table 23). In this regard, Mahmoud et
al.(1990 a) reported that a gradual decrease was noticed in RGR as
plant spacing increas_ed. On the other hand, Gobarh (1993) found that
RGR was not significantly affected by varying plant density.

Table (23): Relative growth rate (mg/g/day) as affected by
plant spacing at different growth stages (combined

analysis of 1992/93 and 1993 / 94 seasons).

Plant spacing Days after sowing
cm) | 100-12I 121 - 142 163 - 163
10 3066 b 2774 a 2287
15 | 2857b 24.47 b 22.00
20 28431 2420 b 22.80
25 i 3306 25.64 b 22.06
F-test | * + N.S
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Generally, it looks to be true that plant spacing affected
significantly most of growth characters, i.e. root diameter, fresh and
dry weight of sugarbeet plant and its organs leaf area, CGR, NAR
and RGR. It could be concluded that most of these traits increased
significantly as plant spacing increased from 10 up to 25 cm between
hills at most of growth stages. This is to be expected since high
population of plants per unit area at 10 cm plant spacing caused high
inter specific competition for the essential requirements of growth
such as light, water and nutrients.
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I1. Effect of Nitrogen Levels on Growth Parameters

at Different Growth Stages of sugarbeet:

A. Growth analysis:

1. Plant height (cm):

Concerning plant height , the effect of nitrogen application
on this trait is shown in Table (24). Plant height was not significantly
affected by nitrogen application at 121 days after sowing. HowéVer,
plant height increased significantly by increasing nitrogen level up to
90 kg /fad at 100, 142 and 163 days growth stages. In addition ,
it could be shown that plant height increased considerably and
consistently as nitrogen level increased up to 90 kg/fad. This results
was true for the four growth stages as shown in Table (24). The
highest values of plant height at 163 days after sowing (52.29 and
52.32 c¢m) were obtained with application of 75 or 90 kg N/ fad,
respectively. The same results were obtained by Basha (1984), who
reported that plant height increased by increasing nitrogen levels.

Table (24):Plant height (cm) as affected by nitrogen fertilization
at different growth stages. (combined analysis of
1992 /93 and 1993 / 94 seasons).

Nitrogen level | Days after sowing
(ke/ffad)y {100 ¢ 121 i 142 | 163
0 : 2211c | 2859 | 3447c | 39.10d
45 : 2480c | 3071 | 3598c | 44.89¢

60 . 2813b | 3318 | 4121b | 4921b |

75 . 2987b | 3620 | 43.29ab | 52.29ab |
90 . 3190a | 3838 | 4540a | 5232a

Ftest i * | N§ | * i
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2. Root length (cm):

The results i Table (25) clearly indicated that root length of
sugarbeet was insignificantly affected by nitrogen application at 100,
121 and 163 days after sowing, While at the growth stage of 142
days afier sowing it was significant. In general, root length increased
with increasing nitrogen levels. The highest measuring for length was
33.88 cm by adding 90 kg N/fad at 163 days after sowing. Similar
results were obtained by Ramadan (1986), Table et al.(1986), Obead
(1986) and Sorour ef al.(1992) who found that the increase in
nitrogen level significantly increased root length of sugarbeet plant.

Table (25):Root length (cm) as affected by nitrogen fertilization
at different growth stages. (combined analysis of
1992 /93 and 1993 / 94 seasons).

Nitrogen level Days after sowing

______________ Gfad) | 100 | 121 2 | 163
0| 2158 | 2579 | 2930c | 3240 |
5 22 | 2668 | 30776 | 3278 |
60 | 2350 | 2700 | 3023bc | 3332
75 2362 | 2711 | 3110ab . 33.81
9 . 2351 | 2580 | 3150a 3388

Ftest | NS | NS | * | NS




3. Root diameter (cm):

The data in Table (26) show clearly that root diameter was
increased significantly by increasing nitrogen level at all growth
stages. The root diameter at 60 kg N/fad was significantly lower that
at 90 kg N/fad. There was no significant differences between the two
highest levels (75 and 90 kg N/fad) of applied nitrogen throughout
the growing stages. The diameter of root ranged from 4.93 to 8.59
cm with the 90 kg N/fad along the stages of growth. The increase in
diameter with increasing nitrogen level was also obtained by
Ramadan (1986), Table et al.(1986), Obead (1986), Sorour et al..

~ (1992) and Assey et al.(1992 a).

Table (26): Root diameter (cm) as affected by nitrogen
fertilization at different growth stages.
(combined analysis of 1992/93 and 1993/94

seasons).

Nitrogen level _...Days after sowing .

_________ ke/fad) | 100 | 121 | 142 | 163
0 36lc 5000 5904 740
45 1392¢ | 5290 669c | 758¢
60 432b | 531b | 705be | 812b
75 4484b | 600a | 731ab | 8.42ab
9% _ 493a | 640a | 781a | 8.59a

Ftest |+ 1 ox L e L
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4. Fresh weight of blades/plant (g):

Fresh weight of blades / plant (Table 27) was significantly
increased as nitrogen level increased up to 90 kg/fad. Thus, reflecting
the important role of nitrogen in building up the photosynthetic area
of beet plants. Generally, both 75 and 90 kg/fad nitrogen fertilization
levels had similar effect on fresh weight of blades at all growth
stages and the difference between the two levels was not significant.
The lowest fresh weight of blades/plant was obtained at zero level of
nitrogen, whereas it reached its maximum weight at 90 kg N/fad, and
this result was true for all growth stages. The increase percentages of
fresh weight of blades were 30.35, 45.87, 31.07 and 36.46% by
applying 90 kg N/fad as compared with zero level after 100,121, 142
and 163 days after sowing, respectively. In this respect, Basha (1984)
reported that significant increase in fresh weight of blades/plant due
to nitrogen fertilization up to 60 kg/fad.

Table (27): Fresh weight of blades per plant (g) as affected by
nitrogen fertilization at different growth stages.
(combined analysis of 1992/93 and 1993/94 seasons).

t

i Nitrogen level . Days after sowing _

ke/fad) | 100 ¢ 121 | 142 | 163
0 | 893c | 1199d | 1606c | 2071d |
45 L 1033b | 1392¢ | 1656c | 2178cd |
60 i 110.1ab | 1581b | 1856b | 2371b
75 [ 1140a | 1723a | 203.1a | 255.1a
90 . 11642 | 1749a . 2105a | 2826a
Ftest  © ¢ & i as i«
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3. Fresh weight of petioles/plant (g):

Data presented in Table (28) indicated that fresh weight of
petioles/plant increased due to adding nitrogen. The increase was
more evident at the latter growth stages, i.e. after 142 and 163 days.
Adding nitrogen fertilizer to sugarbeet plants caused a significant
effect on fresh weight of petioles/plant. At 142 days after sowing ,
there was a significant increase in fresh weight of petioles between
all nitrogen levels except between 60 and 75 kg N/fad. The same
result was obtained at 163 days after sowing. The increase percent-
ages of ﬁesh weight of petioles at 142 days after sowing were 24.85,
50.69, 59,99 and 79.63% for 45, 60, 75 and 90 kg N/fad as
compared with zero level, respectively. The increase percentages
after 163 days were 23.81, 42.26, 53.35 and 67.84% for the same
respective nitrogen levels. The highest increase was recorded at 163
days stage with application of 90 kg N/fad. Similar findings were
reported by Basha (1984).

Table (28): Fresh weight of petioles per plant (g) as affected by
nitrogen fertilization at different growth stages.
(combined analysis of 1992/93 and 1993/94 secasons).

Nitrogen level : Days after sowing

_________ (kg/fad) © 100 ¢ 121 i 142 | 163
0 . 487c | 738e | 1517d | 25964
45 . 665c i 104.2d | 1894c¢ | 32l4c
60 . 855b | 121.5cd | 2286b | 3693b
75 . 934ab | 1766b  2427b i 398.1b
90 | 106.1a  2275a | 2725a | 4357a

F-test * * *% **




6. Fresh weight of leaves/plant (g):

The average of fresh weight of leaves/plant significantly in-
creased as mitrogen level increased up to 90 kg/fad at all growth
stages (as shown in Table 29). Fresh weight of leaves/plant increased
to its maximum weight at 90 kg N/fad at all growth stages. Fresh
weight of leaves increased significantly by 22.68, 25.67, 13.81 and
15.63% by adding 45 kg N/fad as compared with zero level at 100,
121, 142 and 163 days after sowing, respectively. The increase
percentages were 61.88, 107.80, 54.68 and 54.02% by adding 90 kg
N/fad as compared with zero level for the same respective growth
stages. This finding was in agreement with that obtained by Nour El-
Din et al.(1993) who found that fresh weight of leaves/plant was
significantly increased with increasing nitrogen level up to 60 kg/fad.

Table (29): Fresh weight of leaves per plant (g) as affected by
nitrogen fertilization at different growth stages.
(combined analysis of 1992/93 and 1993/94 seasons).

Nitrogen level . Days after sowing N
ke/fad) 100 0 121 | 142 | 163

0 | 1380d | 1936d | 3122d | 46634d

45 1693c | 2433c | 3553c | 5392¢

60 | 1958b | 279.5c : 4142b | 606.4b

75 2069ab | 3489b | 4457ab | 6532b

00 | 2234a | 4023a  4829a | 7182a

F-test * * * % *%
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7. Fresh weight of root/plant (g):

Concerning fresh weight of root, the effect of nitrogen fertili-
zation on this trait is shown in Tab]e (30). The fresh weight of root
/plant was not significantly affected by nitrogen fertilization at the
15! and 3rd growth stages (at 100 and 142 days after sowing)
However, the data indicated that significant increases due to nitrogen
application in fresh weight of root was recorded after 121 and 163
days after sowing. Fresh weight of root recorded the lowest weight
at zero level with significant difference with all nitrogen levels at 121
and 163 days after sowing. On the other hand, sugarbeet root reached
its maximum weight by adding 90 kg N/fad at the same growth
stages. The difference of root fresh weight was significant between
all nitrogen levels as compared with 90 kg N/fad. Similar results
were reported by El-Geddawi ( 1979), Hassanein (1979), Ramadan
(1986) and Nour El-Din ef al.(1993). They found that fresh weight
of beet root was significantly increased with increasing nitrogen
fertilization.

Table (30): Fresh weight of root per plant (g) as affected by
nitrogen fertilization at different growth stages.
(combined analysis of 1992/93 and 1993/94 seasons).

Nitogenlevel | Days after sowing
. (eg/fad) 100 ¢ 21 ; 142 | 163
0 79.7 1579¢ | 3425 467.7 d
, 45 95.4 190.0b | 359.1 602.5 ¢
60 1122 201.2b | 4100 644.9 be
75 ; 1202+ 2091b | 4126 | 679.7b
90 1320 0 2418a | 4483 | 7396a
Lo Pt NS v TNg T




8. Total fresh weight of plant (g):

Data in Table(31) indicated that nitrogen fertilization increased
significantly the total fresh weight of plant at all growth stages,except
at the first growth stage (at 100 days after sowing). The highest level
of nitrogen (90 kg N/fad) produced the highest fresh weight of plant
at all growth stages as shown in Table (31) and Fig.(3). It should be
noted that differences of applied nitrogen on total fresh weight of
sugarbeet plant were not significant between 45 and 60 kg N/fad at
121 stage as well as between 0 and 45; 45 and 60; 60 and 75; and 75
and 90 kg N/fad after 163 days after sowing. On the other hand, the
differences between all nitrogen levels were significant at 142 days
after sowing. The increase percent was 9.10, 22.83, 31.10 and
62.55% for 45, 60, 75 and 90 kg N/fad as compared with zero level,
respectively. This effect of nitrogen on enhancing the growth of
sugarbeet plant was expected and clears the essential role of nitrogen
in growth of beet plant. These results agree with those obtained by
El-Geddawi (1979), Hassanein (1979), El-Shafei (1991) and Nour
El-Din et al.(1993),
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Table (31): Total fresh weight per plant (g) as affected by
nitrogen fertilization at different growth stages,
______________________________________ (combined analysis of 1992/93 and 1993/94 seasons),

Nitogenlevel ; Days after sowing
_________________ (k g/fad)100121142 163
0 i 2178 | 35164 | 6547e | 98404 :
45 2647 4333c | 71434 | 1141.6cd
60 - 3079 1 4809¢ | 8042¢ | 12513 be
75 | 3228 | 5580b i 8583b 1 1367.0ab |
__________________________ 9041916441&106423145788
F-test N.S * ** *
__________________________________ R S SRS N S
- T400 - .-/
o A
g I200 -/:.‘/:'; ~——— Okg
i ' ~——w. 45kg
N Sl
® " T5kg
- T 90kg
©
¥ 800
.t.tg
&
R 600
:
&
400
200

Y ! ! —p— e —
100 I21 I42 163
Days after sowing

Fig.(3): Fresh weight of sugarbeet plant as affected by
nitrogen fertilization
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9. Dry weight of blades/plant (g):

The data in Table (32) indicated that nitrogen level had a
significant effect on dry weight of blades at all growth stages. It
could be shown from Table (32) that dry weight of blades/plant
feached 1ts maximum weight at the leve] of 90 kg N/fad at all growth
stages with a significant difference as compared with 45 | 45 | 75 and
60 kg N/fad at 100, 121, 142 and 163 days after sowing,respectively.
The increase in dry weight percentages were 18. 14, 1597, 5.45 and
8.65% at the same respective levels and growth stages. Thus, reflect-
ing the important role of nitrogen in building up the photosynthetic
area of plant. These results confirmed those of Follett er al.(1970)
who reported that the higher nitrogen level resulted a higher
proportion of dry material accumulation in the top of sugarbeet plants
than in the roots. Also, Gobarh (1993) found that blades dry weight
percentage was significantly increased as nitrogen level increased up
to 100 ke/fad at all growth stages.

Table (32): Dry weight of blades per plant (g) as affected by
nitrogen fertilization a¢ different growth stages,
. _{(combined analysis of 1992/93 and 1993/94 seasons).

f Nittogenlevel | Days after sowing
_________________ Geffad) . 100 | 121 i T i
0 7.67 ¢ 11.00b © 1492d | 1941
45 8.38 be 11.71b | 2021a | 1941¢
60 9.19 ab 12722 | 1817¢ | 22.30%
75 9.53a 13282 | 1980b | 2393a
90 9.90 a 1358a | 2088a : 24232
F-I_CSI * * * *

.....................................................................................................................................................................................................
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10. Dry weight of petioles/plant (g):

Table (33) showed that the effect of nitrogen fertilizer on
petioles dry weight was also similar to that of their fresh petioles.
fresh weight previously mentioned in Table (28). Dry weight of
petioles increased to its maximum weight by applying 90 kg N/fad
with a significant difference with all nitrogen levels except the level
of 75kgN/fad at 100 days after sowing. The increase percent was
134.80 , 90.93 and 48.68% at 121, 142 and 163 days after sowing.
respectively. The highest petioles dry weight (28.22 g/plant) was
found with application of 90 kg N/fad at the last growth stage. These
results confirmed those of Obead (1988) , El-Shafei (1991), Assev
et al.(1992 a) and Gobarh (1993).

Table (33): Dry weight of petioles per plant (g) as affected by
nitrogen fertilization at different growth stages.
(combined analysis of 1992/93 and 1993/94 séasons).

-
f

Nitrogen level .. Days after sowing |
,,,,,,,, kefad) | 100\ 121 i u2 | 163
0 4454 | s92e 10364 | 18984
5 57 | 753d | 1B34lc - 22160
60 1 70lb | 936c | [472bc | 2476b
7S 7478 | 1220 1595b | 25.98b
9 832a | 1390a | 1978a | 28224
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11. Dry weight of leaves/plant (g):

The results in Table (34) revealed that nitrogen fertilization
significantly affected the dry weight of leaves/plant at all growth
Stages except at the first growth stage (after 100 days from sowing).
Dry weight of leaves/plant significantly increased due to nitrogen
application up to 90 kg/fad. Thus reflecting the important role of
nitrogen in building up the photosynthetic area of beet plants. The
findings of El-Geddawi (1979) and Assey er al.(992 a) reported that
nitrogen fertilization increased significantly dry weight of leaves of
sugarbeet plants. |

Table (34): Dry weight of leaves per plant (g) as affected by
nitrogen fertilization at different growth stages.

_{(combined analysis of 1992/93 and 1993/94 seasons).
Nitrogen level Daysaftersowmg
100 121 | 11 163

..........................................................................................................................................................................................................

60 16.17 24.05b | 32840 47.08 b
75 16.96 2525a | 35800 5027 a
90 18.16 27.17a | 4025a 52922
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12. Dry weight of root/plant (g):

The results of nitrogen application effect on dry weight of
root/plant (Table 35) was only msignificant when recorded at stage
of 121 days after sowing. However, at 100, 142 and 163 days after
sowing, dry weight of root was significant. Dry weight of root
reached its maximum value at 90 kg N/fad. The Imcrease perceﬁtage
was  57.22, 32.73 and 64.449% at 90 kg N/fad as compared with zero
level at 100 | 142 and 163 days after sowing, respectively. These
results agree with those obtained by Basha (1984) , Obead (1988) ,
El-Shafei (1991), Assey et al (1992 a) and Gobarh (1993).

Table (35): Dry weight of root per plant (g) as affected by
nitrogen fertilization at different growth stages.,
(combmedanalysrsof1992/93and199
Nitrogen level r B Days after sowing
100 g 1 6 i
1379a | 3050 | spegq - 79244 |
15.59 ¢ 31.55 57.04 ¢ 106.61 ¢
1813b | 3219 | 5901, 1374 |
i 19.40b 34.33 61.59b 127.27 a
* i NS * * '

/94 seasons),




on

13. Total dry weight of plant (g):

Table (36) showed the effect of nitrogen fertilization on total
dry weight/plant at different growth stages.

Nitrogen fertilization affected total dry weight/plant at all
growth stages as shown in Table (36) and Fig.(4). Total dry weight
increased to its maximum weight by adding 90 kg N/fad at all
growth stages. The differences between 90 kg N/fad were significant
as compared with any of the nitrogen fertilizer level. The increase
percentage of total dry weight at the level of 90 kg N/fad amounted
to 53.59, 28.22, 36.24 and 55.65% as compared with zero level of
nitrogen at 100, 121, 142 and 163 days after sowing, respectively.
The highest value of dry weight (183.22 g/plant) was recorded with
application of 90 kg N/fad at growth stage of 163 days after sowing,
This increase reflects the increase in photosynthetic area accomulat-
ing heavy nitrogen application which resulted in more metabolites

and consequently increased dry weight of plant.

These results confirmed those of Follett (1970), Halvorson
and Hartman (1975) , Prasad and Singh (1983) , Kamel ez al.(1984) ,
Pulkrabek (1985) , Zalat (1985) , Obead (1988) , Mahmoud e ai.
(1990 a) , Assey et al. (1992 a), Sorour et al.(1992) and Gobarh
(1993). On the other hand, Izsaki (1984) reported that dry matter

accumulation was not affected by nitrogen level.
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Table (36): Total dry weight of plant (g) as affected by
nitrogen fertilization at different growth stages.

Nitrogen level | Days after sowing
________________ (kg/fad) | 100 121 i 142 i 163 |
0 2594 ¢ 30.00c | 7793e : 117712
45 29.69 ¢ 5105¢ | 85.66d 148.18d
60 33.80b 56.24 b 91.85¢ | 160.82¢c
75 3537b | 5958b | 9739b i 171.54b |
_____________ 90 3984a | 64.11a | 106.17a | 183.22a :
F-test * o | * : * '
200
180 i
../.-’
160 '
/:/ Okg
140 f —~~-~45kg
.........boKs
- = Toke
e =90kg

Ioo

80

Tatal dry weight of plentig.)

F
-

60

40

20

I00

121 142

I63

Days after sowing

Fig.(4): Dry weight of sugarbeet plants as affected by
nitrogen fertilization.




14. Leaf area/plant (cm2):

Nitrogen fertilization affected leaf area/plant at all growth
Stages as shown in Table (37). The differences in leaf area were
significant between 75 and 90 kg N/fad at all growth stages, whereas
the differences in leaf area/plant between zero and 45 kg N/fad were
nsignificant at 100 and 121 days after sowing. The increase percent-
ages at 90 kg N/fad were 10.67,22.71, 10.20 and 5.88% as compared
with 75 kg N/fad at 100, 121, 142 and 163 days after sowing,
respectively. The highest value of leaf area (6566.9 cmz/plant) was
recorded with application of 90 kg N/fad at growth stage of 163 days
after sowing. Thus reflecting the important role of nitrogen in
building up the photosynthetic area of plants as mentioned before
(see Tables 27 and 32).

These results confirmed those of Basha (1984) who reported
that applying nitrogen fertilizer up to 90 kg/fad increased linearly leaf
area/plant of sugarbeet.

Table (37): Leaf area per plant (¢cm2) as affected by nitrogen
fertilization at different growth stages. (combined
analysis of 1992/93 and 1993/94 seasons).

 Nitrogenlevel | Days aftr sowing |
o Gglad) 100 f 121 T T e
| 0 15402 ¢ ; 2385.1d | 34335¢ . 4031.7¢ |
f 45 - 17826c | 2642.2d | 3820.3d | 500924 |
| 60 . 21045b ; 30655¢ | 4386.3¢ | 5462.4 ¢
; 75 | 23693b | 3549.2b | 477530 . 6202.2b

90 262222 | 435522 : 52624a | 65669a |
f} F-tcst . * i * i * ' * H

.............................................
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B. Growth attributes:

The growth attributes LALLAR,LWR,SLA,CGR,NAR and RGR
as affected by nitrogen fertilization are presented in Tables (38-44).

1. Leaf area index (LAI):

Data in Table (38) revealed that variation in nitrogen levels
resulted in significant differences in leaf area index (LAI) at three
growth stages, ie. 121, 142 and 163 days after sowing. However, at
the first growth staée, 100 days after sowing, LAl was not affected
by nitrogen levels. In general, LAl was significantly increased as
nitrogen level increased up to 90 kg/fad. These results are due to the
posttive effect of nitrogen on leaf area as mentioned before. Similar
results are obtained by Follett et al.(1970) . Kamel et al.(1979 a),
Hassanein (1979) , Mohamed er al.(1979) , Carter and Traveller
(1981) , Basha (1984) , Obead (1988) , Mahmoud et a/.(1990 a) ,
Sorour et al.(1992), Gobarh (1993) and Nour El-Din et al.( 1993).

Table (38): Leaf area index (LAD) as affected by nitrogen
fertilization at different growth stages. (combined
analysis of 1992 /93 and 1993 / 94 seasons).

Nitrogen level | Days after sowing
(kg/fad)  : 100 i 121 | 142 i 163
0 . 162 | 258¢c | 360b | 4.77¢
45 . 177 | 352b | 398b | 527be
60 . 207 | 316bc | 456a | 5.47be
75 i 216 | 392ab | 4.94ab { 6.19ab
,,,,,,,,, 90 249 i 4282 i 5372 | 682a




2. Leaf area ratio (LAR):

The leaf area ratio (LAR) was significantly affected by
nitrogen fertilization when recorded at 100 and 121 days afier

sowing (Table 39). However, at both stages 142 and 163 days from
sowing the effect of nitrogen fertilization on LAR was statistically

insignificant. At 100 and 121 days after sowing, leaf area ratio

increased significantly as a result of adding 60 kg N/fad when

compared with zero level. However, at the same growth stages the
differences in LAR between 75 and 90 kg N/fad did not reach the
5% level of significance. The highest value of LAR (56.3) was

recorded with application of 90 kg N/fad at 100 days after sowing,

Table (39): Leaf area ratio (LAR) as affected by nitrogen
fertilization at different growth stages. (combined
analysis of 1992 /93 and 1993 / 94 seasons).

f Nitrogen level Days after sowing
... (kg/fad) - 100 121 142 163
0 | 4857c | 4304c | 3432 . 29.69
45 4894c | a475¢ | 3551 3002
60 | 5215b | 4869b | 3883 | 29.92
‘ 75 s541a | 50652b | 40.37 3073
%0 5630a | 5284 | 4057 3176
L Ftest |+ I s« 1 N i NS
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3. Leaf weight ratio (LWR):

Table (40) revealed that leaf weight ratio (LWR) was always
affected by nitrogen fertilization when was recorded at all growth
stages. The highest ratio of leaf weight varied with nitrogen level
applied. LWR reached its maximum value by adding 75, 75, 60 and
75 kg N/fad at 100, 121, 142 and 163 days after sowing,respectively.
This increment did not differ significantly with 90,75 and 0 kg N/fad
at 100, 142 and 163 days after sowing, respectively.

Table (40): Leaf weight ratio (LWR) as affected by nitrogen
fertilization at different growth stages. (combined
analysis of 1992 /93 and 1993 / 94 seasons).

Niwogenlevel | Days after sowing
. Oeffady 100 | 21 163
! 0 0.47b 040c | 0344 0332
s 0.48bc | 042b | 032¢ 0.29b
60 0.45 ¢ 0.42b | 038a 0.29b
B 051a | 0442 | 037ab | 0344
e 90 049ab : 042b | 036b 0.30 ¢




4. Specific leaf area (cm2/g):

Specific leaf area (SLA) calculated at 100 days after sowing
exhibited insignificantly differences due to nitrogen level. Therefore,
significant differences between nitrogen levels at 121, 142 and 163
days after sowing as shown in Table (41). It could be concluded that
SLA reached its maximum value by applying 90 kg N/fad at all
growth stages. The differences in SLA between 90 and 60 kg N/fad
were not significant at 142 and 163 days after sowing. The same
result was obtained between zero and 45 kg N/fad at 121 and 142
days after sowing. These results coincide with El-Shafei (1991) and
Nour El-Din ez al.(1993) who found that i Increasing nitrogen fertﬂza—

tion up to 75 kg/fad increased SLA.

Table (41): Specific leaf area (cmzlg) as affected by nitrogen

fertilization at different growth stages. (combined
analysis of 1992 /93 and 1993 / 94 seasons).

Nitrogen level ....Days after sowing
Gkgad) 100 121 ¢ g 163
0 10136 | 11165c | 101841 . 8279¢ |
45 9871 | 11L13c | 10598b . 92996 |
60 9729 | 11998b | 106.80ab; 99.15a |
75 9930 | 114200 | 111154 %9322
90 10725 12967a | 115.97a | 100404
Ftest | NS | o+ i s .
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5. Crop growth rate (mg/day):

The data in Table (42) indicated that nitrogen level had a
significant effect on crop growth rate (CGR) at all growth periods.
CGR decreased significantly by adding 45 kg N/fad and differed
significantly with all nitrogen levels at the first growth period (100-
121 days). At the second growth period (121-142 days), CGR
increased significantly at 90 kg N/fad with a significant difference
with 0,45 and 60 kg N/fad. However, the same trend was obtained at
the third growth stage period (142-163 days). It could be concluded
that CGR comes to its maximum value at 90 kg N/fad at the three
growth periods. Such effect of nitrogen might have resulted from
mcreasing photosynthetic area which consequently increased dry
weight/plant as mentioned before. These results are in harmony with
those found by Kamel ef al.(1984),0bead (1988), Sayed et al (1988),
Sorour et al (1992) and Gobarh (1993).

Table (42): Crop growth rate (mg/day)) as affected by nitrogen
fertilization at different growth periods. (combined
... analysis of 1992 /93 and 1993 / 94 seasons).

Nitrogenlevel | Days after sowing
(kg/fad) i 100- 121 121-142 | 142-163
0 | 114571a 1330.00c | 1894.29d
45 . 1017.14b | 1639.05b | 2977.14¢
60 © 106857a | 1695.71b | 3284.29b
75 i 1152.86a 1800.48 ab | 3530.95 ab
e 200 1155718 | 2002862 | 3669.05a
{  F-est * = *




6. Net assimilation rate (NAR) (mg/cm2/day):

The results in Table (43) indicated that net assimilation rate
(NAR) was significantly affected by nitrogen fertilization at all
growth periods. In general, it could be concluded that NAR was
significantly decreased as nitrogen level increased up to 75 kg/fad.
NAR progressively increased as plant advanced towards maturity and
reached a maximum at 163 days after sowing. The decrease in NAR
due to mncreasing nitrogen level was reported by Mahmoud et al.
(1990 a). On the other hand, Emara (1990), El-Shafei (1991), Sorour
et al.(1992) and Gobarh (1993) found that NAR was significantly
mcreased by increasing nitrogen up to 120 kg/fad. While, Ramadan
(1986) reported that NAR was increased markedly by increasing
nitrogen level up to 60 kg/fad but excess nitrogen over this level

decreased it.

Table (43): Net assimilation rate (mg / cm? / day)) as affected
by nitrogen fertilization at different growth stages.
(combined analysis of 1992/93 and 1993/94 seasons).

Nitrogen level _________ Days after sowing
Ogfad) | 100-121 | 121142 | 142-163
0 | 054a 064a | 074a
45 049b 0632 | 074a
60 . 0d6bc | 058b | 071b
75 0M3c | 053c | 068c
________________________ 9 0502 | 062ab | 064d
E F-test * E * *
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7. Relative growth rate (mg/g/day):

The data presented in Table (44) revealed that nitrogen
fertilizer significantly affected relative growth rate (RGR) when was
recorded at the second and third periods, i.e. 121-142 and 142-163
days after sowing, respectively. RGR, in general, was significantly
increased by increasing nitrogen level up to 75 kg/fad, but excess
nitrogen over this level decreased it. Also . RGR increased till the
second growth period, then decreased at the last one. Thus, reflecting
dry weight respense to nitrogen fertilization as mentioned previously.
It 1s worth mentioning that RGR progresstvely increased as plants
advanced towards maturity and reached a maximum at 121-142 days
after sowing,thereafter it decreased due to senescence of older leaves.
The increase in RGR due to increasing nitrogen levels was reported
by Ramadan (1986), Obead (1988), Emara (1990), Ei-Khatib (1991).
While Mahmoud et al.(1990 a) reported that RGR decreased by
increasing nitrogen levels. On the other hand, Sayed et al {1988) and
Sorour et al.(1992) found that RGR was not significantly affected by

nitrogen levels.

Table (44): Relative growth rate (mg/g/day) as affected by
nitrogen fertilization at different growth stages.
(combined analysis of 1992/93 and 1993/94 seasons).

...............

 Niwogenlevel | Days after sowing B
. keffad) 0 100-121 | 121-143 | 1437163
| 0 19.40 . 2444c¢ | 1890¢
| 45 i 20.92  2537be 23.59b
; 60 . 24.84 2694ab | 23.88b
i 75 P 24.19 | 2823a 2443 a
S 205 2830¢ 22.30b
; * : *
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II1. Effect of the Interaction between Plant Spacing and

Nitrogen Levels:

The effect of the interaction between plant spacing and
nitrogen levels on plant height,root length, fresh weight of plant, fresh
weight of blades/plant, fresh weight of leaves/plant, dry weight of
plant, dry weight of leaves/plant, dry weight of root/plant, leaf area
/plant, leaf area ratio, leaf weight ratio, crop growth rate and relative
growth rate was not significant, consequently the data were excluded.
However, root diameter, fresh weight of petioles/plant, fresh weilght
of root/plant, dry weight of blades/plant, dry weight of petioles/plant,
leaf area index, specific leaf area and net assimilation rate were
affected significantly by the interaction between plant spacing and

nitrogen levels.

1. Root diameter:

The results of root diameter recorded at 142 days stage as
affected by the interaction of plant spacing with nitrogen fertilization
are shown in Table (45).

Nitrogen fertilizer level of 90 kg/fad increased root diameter
under all plant spacing as shown in Table (45). Root diameter
reached to its maximum value by adding 90 kg N/fad and under all
plant spacing, whereas it reached its minimum value at zero

treatment and under all plant spacings.




Table (45): The interaction effect between plant spacing and
nitrogen fertilization on root diameter of sugarbeet
recorded at 142 days after sowing. (combined
analysis of 1992/93 and 1993/94 seasons).

Plant spacing Nitrogen fertilization (kg N / fad
(cm) 0 45 60 75 90
C BC ABC AB A
10 577b | 589¢ | 635b | 6.76a | 7210
C B AB A A
15 506c | 649bc| 697b | 736a | 7400
B A A A A
20 596b | 7.09ab| 7.03ab| 7.21a | 7.69b
C BC B B A
25 663a | 729a | 785a | 761la | 8982

On the other hand, root diameter to its maximum value at plant
spacing of 25 ¢m under all nitrogen fertilizer levels, whereas its
mimmum value recorded at plant spacing of 10 cm between plants
under all nitrogen levels. It should be noted that plant spacing did not
affect root diameter under nitrogen level of 75 kg/fad.

2. Fresh weight of petioles/plant:

The effect of interaction between plant spacing and nitrogen
fertilization on fresh weight of petioles/plant recorded at 121 days
after sowing in the combined analysis is presented in Table (46).

In general , it can be concluded that fresh weight of petioles
under the different plant spacing used responsed to nitrogen up to 90
kg/fad. It reached its maximum weight at 90 kg N/fad.
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Table (46): Fresh weight of petioles / plant (g) of sugarbeet

recorded at 121 days after sowing as influenced
by the interaction between plant spacing and
nitrogen fertilization. (combined analysis of
1992/93 and 1993/94 seasons). |

Plant spacing Nitrogen fertilization (kg N / fad
(cm) 0 45 60 75 90
D CD C B A
10 387¢ 787c¢ | 90.7c¢ | 1289c | 161.3d

15

20

25

D C BC A A
40.8¢ | 110.8b | 122.8b | 161.1bc| 193.6 ¢

D D CD B A
1232a | 12322 | 153.4a | 193.5b | 236.8b

C C C B A
1042Db | 1042b | 119.1b [ 223.0a | 3203 a

On the other hand, its minimum value was obtained under zero ‘

level of nitrogen. This was true under all plant spacings.

With regard to the effect of plant spacing under nitrogen
levels, it could be shown from Table (46) that plant spacing affected
significantly fresh weight of petioles under all nitrogen fertilizer

levels.

Fresh weight of petioles reached its maximum weight at plant
spacing of 20 ¢m under zero , 45 and 60 kg N/fad , whereas the
maximum value was recorded at 25 cm plant spacing under 75 and
90 kg N/fad. The highest fresh weight of petioles was obtained from
planting at 25 cm hill spacing with application of 90 kg N/ fad.
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While, the lowest value resulted from planting at 15 cm plant spacing
with zero kg N/fad. This is true over all plant spacings as well as

nitrogen levels.

3. Fresh weight of root/plant:

The results of fresh weight of root at 121 days stage as
influenced by interaction of plant spacing and nitrogen fertilization
are presented in Table (47).

Regarding plant spacing, it is clear from Table (47) that the
longest plant spacing of 25 cm was the highest in fresh weight of

Table (47): The interaction effect between plant spacing and
nitrogen fertilization on root fresh weight per
sugarbeet plant (g) recorded at 121 days after

sowing. (combined analysis of 1992 /93 and
1993 / 94 seasons). ,
Plant spacing Nitrogen fertilization (kg N / fad)
(cm) 0 45 60 75 90
C B B B A
10 120.1 ¢ | 141.4d | 157.1¢ | 1599¢ | 2026 ¢
C BC B AB A
15 161.0b | 171.1c | 1788c | 188.1b | 2122 ¢
C B B B A
20 169.3b | 200.6b | 2128b | 209.1b | 2496 b
D C BC B A
25 2134a | 246.7a | 2559a | 279.2a | 3028a
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roots, while the short plant spacing of 10 cm was the lowest under all
nitrogen levels. In general, the fresh weight consistenly increased by

increasing nitrogen level up to 90 kg/fad under all plant spacings,

Also, the results indicated that under the different four plant
spacings used root fresh weight was not changed when comparing
between 60 and 75 kg N/fad. But, there was significant difference
between 75 and 90 kg N/fad except under 15 cm plant spacing. The
lowest fresh weight of root was obtained from planting at 10 cm hall
spacing and zero level of nitrogen, while the highest value resulted
from plant spacmg at 25 ¢m with 90 kg N/fad. This result is true

under all nitrogen levels as well as all plant spacings.

4. Dry weight of blades/plant (2):

The results of blades dry weight recorded at 100 days stage as
affected by the interaction of plant spacing with nitrogen rates are
shown in Table (48).

With regard to nitrogen levels | it is clear from Table (48) that
dry weight of blades increased significantly at 75 kg N/fad and 10cm
plant spacing whereas the differences were significant at 90 kg N/fad
and 15, 20 and 25 cm plant spacing. On the other hand, plant spacing
affected significantly dry weight of blades under all nitrogen levels.
Table (48) clears that the maximum dry weight of blades recorded at
20 cm plant spacing and 0, 45 and 60 kg N/fad with significant

difference as compared with 15 and 10 cm plant spacing,
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Table (48): Effect of plant spacing and nitrogen fertilization
interaction on dry weight of blades per plant (g)
of sugarbeet recorded at 100 days after sowing,

(combined analysis of 1992/93 and 1993/94 seasons).

Plant spacing Nitrogen fertilization (kg N / fad)

(cm) 0 45 60 75 90
B B B A B

10 731¢ 719¢ | 746¢c| 790d| 7.40d
BC C B BC A

15 901b 854b | 961b| 940¢ | 1076¢
C BC AB BC A

20 964a | 10442 | 10.86a | 10.00bc! 11.14 be

C B B A A

25 0.54d | 10.14a | 1086a | 12.70a | 12.152a

On the other hand, dry weight of blades reached its maximum
by plant spacing of 25 ¢m and 75 and 90 kg N/fad. Over all plant
spacing and nitrogen levels, the highest blades dry weight was
obtained from planting at 25 cm hill spacing with application of 75
kg N/fad, while the lowest value resulted from planting at 10 cm
plant spacing with 45 kg N/fad.

5. Dry weight of petioles/plant (g):

The effect of interaction between plant spacing and nitrogen
fertilization on dry weight of petioles/plant was statistically signifi-
cant at 100 days stage. Dry weight of petioles/plant as affected by
that interaction at 100 days from sowing is shown in Table (49).
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Table (49): The interaction effect between plant spacing and
nitrogen fertilization on dry weight of petioles (g)
per sugarbeet plant recorded at 100 days after

sowing. (combined analysis of 1992 /93 and
1993/94 seasons).
Plant spacing | Nitrogen fertilization (kg N / fad)

(cm) 0 45 60 75 90
C C B A A

10 376b | 379¢ | 4.78¢ 537¢ | 540a
D C B B A

15 396b | 526b | 6.92b 6.87b | 8720
D C B BC A

20 419b | 686a | 817a 747b | 9.10b
C BC B A A

25 549a | 7.16a | 817a | 10.17a | 10.112

Under 75 and 90 kg nitrogen fertilization, the effect of plant
spacing on sugarbeet root was more pronounced. Since it was always
increased due to any increase in plant spacing. It could be concluded
that under the different plant spacings used, sugarbeet dry weight was
not changed when comparing between 75 and 90 kg N/fad at 10 and
25 cm distance between hills. Under 15 and 20 cm distance between
hills, increasing mnitrogen fertilization increased root dry weight. The
highest petioles dry weight was obtained from plantng at 25 cm hill
spacing with application of 75 kg N/fad, while the lowest value
resulted from planting at 10 cm hill spacing with zero kg N/fad.
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6. Leaf area index (LAI):

Plant spacing x nitrogen levels interaction exhibited significant
effects on LAT at 142 days after sowing. The results of LAI recorded
at 142 days after sowing as influenced by that interaction are pre-
sented in Table (50). It is of interest to state that L.AT was clearly
affected by plant spacing under all nitrogen levels used. Under 45 kg
N/fad ,
plant spacing from 10 to 25 cm, whereas under 60 kg N/fad, there

a consistent significant increase was found due to increasing

was  no significant effect between both 10 and 15 cm plant spacings.
But for plants fertilized with 75 or 90 kg N, there was insignificant
difference between both the 15 and 25 cm plant spacings.

Table (50): Effect of plant spacing and nitrogen fertilization
on leaf area index (LAI) of sugarbeet recorded

at 142 days after sowing. (combined analysis of
1992/93 and 1993/94 seasons).

Plant spacing Nitrogen fertilization (kg N / fad)
(cm) 0 45 60 75 90
C C B AB A
10 283c | 3384 | 409¢c | 440¢c | 480¢
B B B AB A
15 | 3.73b | 378¢ | 429¢ | 5.00b | 539
C BC AB A A
20 373b | 400b | 479b | 5.10ab| 539b
C BC AB AB A
25 433a | 478a | 519a | 530a | 5822




i
o
o)

For all plant spacings (10, 15, 20 and 25 cm) there was insig-
nificant difference between unfertilized plants and those fertilized
with 45 kg N/fad or between adding 75 and 90 kg N/fad. For the
plant spacing of 15 cm, LAI did not respond to mitrogen up to 75 k
N/fad.

Over all nitrogen levels and plant spacings. 1t could be shown
that the highest LAI resulted from the application of 90 kg N/fad at
25 cm distance between hills, while the lowest value was obtained at

10 cm distance between hills and zero level of nitrogen

7. Specific leaf area (SLA):

The results of SLA determined at 163 days stage as influenced
by the interaction between plant spacmg and nitrogen fertilization are
shown in Table (51). Under 60, 75 and 90 kg N/fad, increasing plant
spacing from 10 to 20 ¢m significantly increased SLLA. However,
plants received 45 kg N were not affected concerning SLA due to
plant spacing. Over all nitrogen rates and plant spacing, it could be
shown that the highest SLA was resulted from 20 cm plant spacing
with application of 90 kg N/fad, while the lowest value was obtamed

from 10 ¢m plant spacing with zero nitrogen level.
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Table (51): The interaction effect between plant spacing and
nitrogen fertilization on specific leaf area (SLA)
of sugarbeet plant recorded at 163 days after
sowing. (combined analysis of 1992/93 and

1993 / 94 seasons).
Plant spacing Nitrogen fertilization (kg N / fad)

“(cm) 0 45 60 75 90
C BC A A B

10 76.00c | 91.01a | 9691b!| 97.22b| 88.60¢
C B A A A

15 78.00c | 92.48 a | 99.06 ab| 98.72 ab| 102.04 b
B B AB A A

20 93.30a | 94.38a (100.312{102.02a) 10744 a
C B AB AB A

25 84.30b | 94.08 2 | 100.31 a| 99.32 ab| 103.56 ab

8. Net assimilation rate (NAR):

The results of NAR recorded at growth period of 121-142 days
as influenced by the interaction between plant spacing and nitrogen
fertihization are presented in Table (32).

Plant spacing x nitrogen levels interaction exhibited significant
effects on NAR at 121-142 growth pertod after sowing. In general,
NAR significantly decreased as plant spacing and/or nitrogen level
mncreased up to 45 and 90 kg N/fad. Over all nitrogen rates and plant
spacing, 1t could be shown that the highest value of NAR was ob-
tained from planting at 10 cm hill spacing with application of 45 kg
N/fad, while the lowest was at 20 cm plant spacing with 60 kg N/fad.
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Table (52): The interaction effect between plant spacing and
nitrogen fertilization on net assimilation rate (NAR)
of sugarbeet plant recorded at growth period of
121-142 days after sowing. (combined analysis of
1992/93 and 1993/94 seasons).

Plant spacing Nitrogen fertilization (kg N / fad)
(cm) 0 45 60 75 90
B A CD D A
10 0.73a | 085a | 0.62a | 0.60a | 0.80a
A AB B C A
15 i 074a | 0.66b | 0.56b | 0.43b | 0.72a
A B C B B
20 061b | 055¢ | 032b | 052¢ | 050b
B B A B B
25 046c | 046¢ | 083a | 057c | 046b
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IV. Yield and Yield Attributes:

A. Effect of plant spacing:

1. Root yield (tons/fad):

Data presented in Table (53) and Fig.(5) indicated that increas-
ing distance between hills from 10 up to 20cm increased significantly
root yield/fad in both seasons and their combined analysis. On the
other hand , increasing the distance between hills from 20 to 25 cm
caused insignificant increase in root vield/fad , in the combined
analysis. Also |, there was no significant difference among hill spac-
mngs of 10 and 15 cm in both seasons and their combined. The
increase percentages in root yield/fad of sugarbeet were 4.90, 13.59
and 19.97% in the combined analysis . when seeds were sown at 15,
20 and 25 cm apart between hills, respectively , as compared with
planting at 10 ¢m apart between hills. This increase in root yield in
tons/fad by planting at 25 cm apart between hills is due to the

increase in root length, root diameter and root weight.

The present results are in harmony with those obtained by
Minx (1984), Taha (1985) , Hanna ef al.(1988) , Kamel e al (1989) ,
Mahmoud ef al. (1990 b) . Assev ef al.(1992 b) and Gobarh (1993).

On the other hand. some investigators found that vield of
sugarbeet was not significantly affected by varying plant spacing
(Aly, 1985 ; Table et af., 1986 and El-Shafei, 1991).
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Table (53): The effect of plant spacing on root yield (tons/fad) in
1992/93 and 1993/94 seasons and combined analysis

of two seasons.

Plant spacing First season | Second season Combined
(cm) 1992/93 1993/94 analysis
10 2422 ¢ 22.10 ¢ 23.16 b
15 2536¢ 22.74 be 2463D
20 28.23b 2411b 26.67 a
25 30.12a 26.21 a 28.17 a
F-test * * *
35
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Fig.(5): The effect of plant spacing on root yield (tons/fad) in
1992/93 and 1993/94 seasons and combined analysis
of the two seasons.

alysis




11z
2. Top yvield (tons/fad):

Data presented in Table (54) and Fig.(6) revealed that top
yield/fad was not affected by plant spacing in the first season, but in
the second season, as well as the combined analysis, top yield signifi-
cantly mcreased due to mncreasing plant spacing from 10 to 25 cm.
As shown in the combined there was an increase reached about
26.41, 40.60 and 32.91%, when seeds were sown at 15, 20 and 25
cm apart between hills, respectively, as compared with planting at 10
cm apart between hills. These results agree with those reported by
Pulkrabke (1985) who mentioned that ncreasing distance between
plants from 6 to 36 cm within rows 50 ¢m apart, increased top yield.
While, Assev et al.(1992 b) using between row spacing viz, 35, 45
and 55 cm and hill spacing i.e. 15,20 and 25 cm, found that different
plant spacings had no significant effect on top vield.

3. Gross sugar yield (tons/fad):

The results in Table (55) and Fig.(7) showed that,plant spacing
significantly affected gross sugar yield m tons/fad in both seasons as
well as in the combined analysis. In general, no significant effect was
found by planting at 10 and 15 cm between hills in the two seasons
as well as the combined, However, a significant increase in sugar
vield in tons/fad was obtained by planting at 20 and 25 cm between
hills. Higher gross sugar yield in tons/fad resulted from planting at 25
cm plant spacing, reflecting the better growth characteristics of
sugarbeet plants in terms of higher dry weight per plant, increased
size and weight of individual roots as well as root yield/fad.
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Table (54): The effect of plant spacing on top yield (tons/fad) in
1992/93 and 1993/94 scasons and combined analysis
of two seasons.

Plant spacing | Firstseason | Second season Combined
(cm) 1992/93 1993/94 analysis
10 12.34 8.94 d 10.64d
15 14.90 12.06 ¢ 1345¢
20 15.19 1473 b 1496 b
25 16.71 1582 a 16.27 a
F-test N.S * *
20
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Fig.(6): The effect of plant spacing on top yield (tons/fad) in
1992/93 and 1993/94 seasons and combined analysis
of the two seasons.




Table (55): The effect of plant spacing on gross sugar yield
(tons/fad) in 1992/93 and 1993/94 seasons and
combined analysis of two seasons.

Plant spacing | First season | Second season Combined
(cm) 1992/93 1993/94 analysis
10 349 ¢ 334b 342 ¢
15 360 ¢ 337b 3.55bc
20 381b 3.36b 3.66b
25 401 a 360a 381a
F-test * * *
5
5
% L R e T
5 e S
B3 7 N
= Z/ %
SN= Q;§

First Season

Plant Spacing (cm)

Plant Spacing {cm)
=10 H15 [H20 S25

Second Season Combined analysas

Fig.(7): The effect of plant spacing on gross sugar yicld
(tons/fad) in 1992/93 and 1993/94 seasons and

combined analysis of the two seasons.
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On the other hand | the increase in plant population accompanying
narrow spacing could not compensate for the reduction in dry weight,
size and weight of individual roots as well as root yield per unit area,
The present results are n harmony with those obtamed by Mohamed
(1986) , Kamel er al.(1989) , Mahmoud et al.(1990b) and Ei-Khatib
(1991).

4. Sugar production (kg/day/fad):

The data in Table (56) and Fig.(8) indicated that plant spacing
significantly affected sugar production in kg/day/fad. This was true

in both seasons as well as m the combined analysis. Increasing plant

between the different three plant spacings of 10, 15 and 20 cm. But
m the combined analysis, any increase in plant spacing was always
followed by a2 significant increase in sugar production in kg/day/fad.
It means that the higher sugar production in kg/day/fad resulted from
25 cm apart between hills. These results were similar to those
obtamed by Basha (1984).



Table (56): The effect of plant spacing on sugar production

(kg/day/fad) in 1992/93 and 1993/94 seasons and
combined analysis of two seasons.
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Plant spacing | First season | Second season Combined
(cm) 1992/93 1993/94 analysis
10 1745 ¢ 16.70b 17.08 d
15 18.00 ¢ 16.85b 17.75 ¢
20 19.05b 16.80 b 18300
25 20.05 a 18.00 a 19.05 a
F-test * v *
25
20 .. ................................................
151

L84

Sugar Production(Kg/day/fed.)

N\

Second Séason Combined analysis
Plant Spacing (cm)
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Plant Spacing (cm) |
E10 K15 20 Nos

Fig.(8): The effect of plant spacing on sugar production
(kg/day/fad) in 1992/93 and 1993/94 scasons and
combined analysis of the two seasons. |




B. Effect of nitrogen levels:

1. Root yield (tons/fad):

The results in Table (57) and Fig.(9) indicated that mitrogen
fertilization Jeve] had a significant effect on root vield in both

season as well ag higher L A, LAI CGR and RGR and Improving size
and weight of the individual root

These results are similar 1o those reported by Prasad and Singh
(1983), Tahg (1985), Obead (1988), Emara (1990) , Mahmoud ¢r
al.(1990 b, Assey €tal.(1992b) and Gobagh (1993).
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Table (57): The effect of nitrogen fertilization on root yield
(tons/fad) of sugarbeet in 1992/93 and 1993/94
seasons and combined analysis of two seasons.

Nitrogen level | First season | Second season Combined
(kg/fad.) 1992/93 1993/94 analysis
0 1822 ¢ 15.02d 16.62 ¢
45 2453 b 2122 ¢ 22.88d
60 26.30b 26.20b 26.25¢
75 3044 a 28.25b 29.35b
90 31.70 a 3213 a 31.92a
F-test * * ]
35
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Fig.(9): The effect of aitrogen fertilization on root yicld (tons/fad)

1992/93 and 1993/94 seasons and com
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bined analysis

in



120

2. Top yield (tons/fad):

Data presented in Table (58) and Fig.(10) revealed that top
vield/fad responded to nitrogen fertilizer, and this was the fact in
both seasons as well as the combined analysis. However, there was
no significant differences between the levels (45 and 60 kg/fad) and
(75 and 90 kg/fad) of nitrogen applied in the first season. But in the
second season, as well as in the combined analysis, increase in
nitrogen level was always followed by a significant increase in top
yield. In the combined analysis, when sugarbeet plants were fertilized
with 45, 60, 75 and 90 kg N/fad, top yield increased with about
25.48, 43.80, 78.04 and 98.29%, respectively as compared with zero
level. Thus, reflecting the important role of nitrogen in building up the
photosynthetic area of beet plants and consequently accumulation of

more dry matter in the tops as mentioned before.

A positive association between the level of applied nitrogen
and top yield has been reported by Follett eral.(1970), Abd El-
Ghaffar er al(1981) , Basha (1984), Taha (1985), Obead (1988),
Mahmoud ef a/.(1990 b) and Gobarh (1993). While , Aziz et
al. (1977) found that nitrogen level up to 40 kg/donum increased
top yield , thereafter top yield tended to decrease as nitrogen level
increased. On the other hand, Anderson and Peterson (1988) reported
that mcreasing nitrogen level up to 275 kg/ha had no effect on top
yield.
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Table (58): The effect of nitrogen fertilization on top yield

(tons/fad) of sugarbeet in 1992/93 and 1993/94
seasons and combined analysis of two seasons.

Nitrogen level | First season | Second season Combined
(kg/fad.) 1692/93 1993/94 analysis
0 10.88 ¢ 6.70 ¢ 8.79d
45 13.08b 8.97d 11.03d
60 1425b 11.03 ¢ 12.64 ¢
75 18.62 a 12.67b 15.65b
90 19.08 a 15.78 a 1743 a
F-test * * o
25
20 ....................................................................
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Fig.(10): The effect of nitrogen fertilization on top yield
(tons/fad) in 1992/93 and 1993/94 seasons and
combined analysis of the two seasons.




122

3. Gross yield (tons/fad):

The effect of nitrogen fertilizer levels on gross sugar yield 1s
shown in Table (59) and Fig.(1 1). Data showed that nitrogen fertili-
zation significantly affected gross sugar yield/fad. This was true in
both seasons as well as in the combined analysis. In general. the
results of both seasons and their combined showed significant
differences between plants received 45 and 60 kg N as well as
between 45 kg N and non fertilized ones. However, there was no
significant differences between the other different levels of nitrogen
applied (60, 75 and 90 kg N/fad).

In short, increasing nitrogen level up to 60 kg/fad substantially
improved gross sugar yield by 1.91 tons/fad in the combined analysis
as compared with zero level. Thereafter, further application of
nitrogen had no significant effect on sugar yield. Such effect may be
due to improved sugarbeet growth, in terms of more dry matter
accumulation, higher LAI, CGR, NAR as well as mcreased root size
and weight accompanying higher nitrogen level. These results are, mn
general, agree with those reported by Bishr et al.(1973), El-Geddawi
(1979), Carter and Traveller (1981), Taha (1985), Halvorson and
Hartman (1988), Obead ( 1988), Kamel ez al.(1989), Mahmoud er al.
(1990 b), El-Shafei (1991) and Gobarh (1993). On the other hand,
Herron et al.(1964), Follett et al.(1970) and O'Conner (1983) found
that sugar yield was not significantly influenced by nitrogen
fertilization level.
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Table (59): The effect of nitrogen fertilization on gross sugar
yield (tons/fad) of sugarbeet in 1992/93 and 1993/94
seasons and combined analysis of two seasons.

Nitrogen level | First season | Second season Combined
(kg/fad.) 1992/93 1993/94 analysis
0 240 ¢ 2.03d 222 ¢
45 3.27b 3.06 ¢ 3.17b
60 425a 401b 413 a
75 418 a 4.25 ab 422a
90 422 a 4.62 a 442 a
F-test b * *
5
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Fig.(11): The effect of nitrogen fertilization on gross sugar
yield (tons/fad) in 1992/93 and 1993/94 seasons

and combined analysis of the two seasons.
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4. Sugar production (kg/day/fad):

The results in Table (60) and illustrated graphically in Fig.(12)
indicate the effect of nitrogen fertilization on sugar production. The
results indicated that Sugar production in kg/day/fad was
significantly  affected by nitrogen fertilization. This was true as
shown in Table (60) in both seasons as well as in the combined
analysis. The results of the first season showed that a significant
difference in sugar production between plants received 45 kg N/fad
and nonfertilized ones, However, there was no significant differences
between the other different levels of nitrogen applied (i.e. 60 , 75 and
90 kg N/fad). While in the second season, nitrogen significantly
increased the sugar production and any increase in nitrogen applied
was followed by a respective increment in sugar production (kg/day
/fad).

As shown in the combined analysis there was no significant
difference between 60 and 75 kg Nffad in this respect. Also, the
increase in sugar production due to addmg 45, 60, 75 and 90 kg
N/fad reached about 42.79, 86.04, 90.90 and 99.10%. respectivély as
compared with zero level.

These results are generally in the same line with those obtamed
by Basha (1984) who found that increasing nitrogen fertilization
from 30 to 90 kg/fad significant increased sugar production from 15
to 35%.
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Table (60): The effect of nitrogen fertilization on sugar
production (kg/day/fad) of sugarbeet in 1992/93
and 1993/94 seasons and combined analysis of
two seasons.

Nitrogen level | First season Second season Combined

(kg/fad.) 1992/93 1993/94 analysis |

0 12.00 ¢ 10.15¢ 11.10d

45 16.35b 15.30d 1585¢

60 2125a 2005 ¢ 20650

75 20.90 a 21.25b 21.10b

90 21.10a 23.10a 22.10 a
F-test * R +t
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Fig.(12): The effect of nitrogen fertilization on sugar production
(kg/day/fad) in 1992/93 and 1993/94 scasons and
combined aualysis of the two seasons,
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C. Effect of the interaction between plant spacing and

nitrogen levels:

The effect of the interaction between plant spacing and
nmitrogen levels on root vield, top yield, gross sugar yield and sugar
production was not statistically significant. And this was the fact in
both seasons as well as the combined analysis, consequently the data

were excluded.
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V. Root Characters:

A. Effect of plant spacing:

1. Root length (cm):

Data in Table (61) revealed that plant spacing affected the root
length significantly in both seasons as well as their combined. There
was  a tendency toward mncreasing the root length by increasing plant
spacing from 10 to 25 c¢m between hills. This increase in the root
length was due to the increase in the accumulation of dry matter and
the decrease in competition between roots on space, water and
nutrients under wider spacing between hills. The differences between
plant spacing 20 and 25 cm apart between hills in the first season, as
well as between 10 and 15 ¢m apart between hills in both seasons,
and the combined analysis was not significant. These findings are in
agreement with those of Goodman (1966), Kamel et al.(1981), Taha
(1985), El-Shafei (1991) and Gobarh (1993).

Table (61): The effect of plant spacing on root length at harvest
in 1992/93 and 1993/94 seasons and the combined
analysis of the two seasons,

Plant spacing | First season Second season Combined
(em) | 1992/93 1993/94 analysis
10 33310 3270 ¢ 33.01¢
15 339850 32.33¢ 33.16 ¢
20 3592 a 35.50b 3571b
25 3631 a 3773 a 37.02a
F-test * * **
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2. Root diameter (cm):

Concerning root diameter (cm), the effect of plant spacing on
this trait is shown in Table (62).

In general, the results indicated that increasing plant spacing
tended to increase root diameter in sugarbeet in both seasons as well
as the combined. In the combined analysis of the two seasons, the
increase in root diameter due to mcreasing plant spacing from 10 to
15,20 and 25 cm was 6.33,11.22 and 20.61%. respectively. This may
be due to the increase in the accumnulation of drv matter as a result of
the increase in the RGR under sowing at wider space between hills,
as shown in Table ( 19). In this connection . similar results were
obtained by Hills (1973), Table er al.(1986) . El-Shafei (1991) and
Gobarh (1993). They found that root diameter was significantly

increased by wider spacing.

Table (62): The effect of plant spacing or root diameter (cm)
at harvest in 1992/93 and 1993/94 seasons and the

combined analysis of the two seasons,

Plant spacing | First season Second season Combined
(cm) 1992/93 1993/94 analysis
10 1021d 9.39¢ 980d
15 10.72 ¢ 10.12b 1042 ¢
20 11.53b 10.27b 10.90b
25 12.55a 11.09 a 11.82a
F_test * *% *
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3. Root weight (g):

A gradual increase in root weight was obtained due to increas-
ing plant spacing from 10 to 25 cm, and this was the fact in both
seasons as well as in the combined analysis (Table 63). The differ-
ences between the four plant spacings used were significant. The
decrease in root weight is accompanying dense sowing. Also, this
decrease is due to the decrease in root length and root diameter as

shown previously in Tables (61 and 62).

These results might be explained by the competition between
plants for nutrients, water as well as light, as recorded by Kamel] et
al.(1981), Taha (1985), Mahmoud et al.(1990 b), El-Shafei (1991)
and Gobarh (1993),

Table (63): The effect of plant spacing on root weight (g) at
harvest in 1992/93 and 1993/94 seasons and the

combined analysis of the two seasons,

Plant spacing First season | Second season Combined
(cm) 1992/93 1993/94 analysis
10 794.00 d 625.41d 709.71 d
15 881.80 ¢ 873.62 ¢ 877.71 c
20 1107.86 b 1043.00 b 1075.43 b
25 1250.00 a 1109.31 a 1179.66 a
F_test * * %
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B. Effect of nitrogen levels:

1. Root length (cm):

Data in Table (64) revealed that nitrogen rates exhibited sig-
nificant effects on root length in both seasons and their combined
analysis. Increasing nitrogen rates up to 90 kg/fad significantly
increased root length, Such effect of nitrogen might have been due to
the increase in dry matter accumulated in the roots as a result of

higher LAL. RGR and NAR accompanying its application.

These results confirmed those obtained by Kamel et al.(1979
b), Mahmoud (1979), Hanna et al.( 1988), Sayed et al.(1988), Emara
(1990) and Gobarh (1993),

Table (64): The effect of nitrogen fertilization on root length
(cm) at harvest in 1992/93 and 1993/94 scasons

and the combined analysis of the two seasons.

Nitrogen lcvelﬁ First season | Second season Combined
(kg/fad) 1992/93 1993/94 analysis
0 33.72¢ 3287 ¢ 33.30d

45 34.45¢ 3390 ¢ 3418 cd

60 36.01b 34.11b 35.06 be

75 36.32 ab 3514b 35.73 ab
90 3734 a 3624 a 36.79 a

F_test * * *
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2. Root diameter (cm):

The results in Table (65) showed clearly that nitrogen
fertilization significantly increased root diameter in both seasons as
well as the combined analysis. The combined analysis indicated that
adding 45, 60, 75 and 90 kg N/fad increased the root diameter with
about 1.63,8.41,16.62 and 28.7%respectively, as compared with zero
level, with no significant differences between adding 45 kg N/fad
and the control. Such effect of nitrogen may be due to the increase in
dry matter accumulated in the root as a result of higher LA, RGR and
NAR accompanying its application.

These findings are in agreement with those of Kamel ef
al.(1981), Taha (1985), El-Shafei (1991) and Gobarh (1993).

Table (65): The effect of nitrogen fertilization on root diameter
(cm) at harvest in 1992/93 apd 1993/94 seasons and

the combined analysis of the two seasons.

Nitrogen level | First season Second season Combined

(kg/fad) 1992/93 1993/94 analysis

0 . 10.68 ¢ 10,02 ¢ 10.35d

45 1093 ¢ 10.11 ¢ 10.52d

60 11.03 ¢ 11.40b 11.22 ¢

75 1250 b 11.64b 12.07b

90 13.90 a 1273 a 13.32a

F-test * * *




132

3. Root weight (2):

Data presented in Table (66) revealed that nitrogen levels had
a significant effect on root weight in both seasons as well as in the
combined analysis. Each nitrogen increment was associated with a
gradual increase in root weight. The combined analysis showed that,
adding 45, 60, 75 and 90 kg N/fad increased the root weight with
about 15.27, 28.58.39.16 and 46.92%, respectively as compared with
zero level, with no significant difference between 75 and 90 kg N/fad.
Such effect of nitrogen may reflect its role in improving sugarbeet
growth in terms of LA, LAI RGR, NAR and root dimensions (root
length and root diameter) as discussed before.

Similar results were reported by Mahmoud ( 1979) , Obead
(1988) , Kamel ef al.(1989) , Emara (1990) . El-Khatib (1991) and
Gobarh (1993).

Table (66): The effect of nitrogen fertilization on root weight
() at harvest in 1992/93 and 1993/94 seasons and

the combined analysis of the two seasons,

[_I:Iitrogen level | First season Second season Combined
(kg/fad) 1992/93 1993/94 analysis
0 897.46 d 1001.32 ¢ 949.39 4
45 111731 ¢ 1072.50 ¢ 1094.91 ¢
60 1230.22 b 1211.31b 1220.77 b
75 1292.15b 1350.11 a 1321.13 a
90 1419.37 a 1370.31 a 1394.84 a
F-test * * *
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C. Effect of the interaction between plant spacing

and nitrogen level:

The effect of interaction between plant spacing and nitrogen
level on root characters (root length, root diameter and root weight)
was not statistically significant. And this was the fact in both seasons
as well as the combined analysis, consequently the data were

excluded.
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V1. Yield quality:

A. Effect of plant spacing:

1. Total soluble solids (TSS %):

The results in Table (67) represent the effect of plant spacing
on TSS% during the two growing seasons (1992/93 and 1993/94)
and their combined analysis. The resuls indicated that the total
soluble solids % in sugarbeet roots was significantly affected by
ncreasing plant spacing in both seasons as well as in the combined
analysis. In general, increasing plant spacing from 10 to 15 to 20 ¢cm
apart between hills caused a significant decrease in TSS% in the first
and second seasons as well as combined analysis. Meanwhile, there
was no significant difference between plant spacings of 20 and 25
¢m in both seasons and their combined. This result was in general
agree with that obtained by El-Shafei (1991) and El-Geddawi et
al.(1992) who found that total soluble solids % increased by

increasing plant population.

Table (67): The effect of plant spacing on total soluble solids
(TSS) in the roots at harvest in 1992/93 and
1993 / 94 seasons and the combined analysis of
the two seasons.

Plant spacing | First season | Second season Combined
(cm) 1992/93 1993/94 analysis
10 17.18 a 18.05a 17.62a
15 16.92 b 17.36 b 17.14 b
20 16.44 ¢ 16.83 ¢ 16.64 ¢
25 16.35¢ 16.71 ¢ 16.53 ¢
F_test * *% *
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2. Sucrose content percentage:

The effect of plant spacing on sucrose content percentage is
shown in Table (68). The data showed that sucrose content was
significantly affected by plant spacing and this was the fact in both
seasons as well as in the combined analysis. In the first season, the
results revealed that sucrose content was significantly decreased with
increasing plant spacing between hills from 10 cm up to 20 cm apart.
But there was no significant difference between hill spacing of 20
and 25 cm. Also . the results of the second season as well as the
combimed analysis showed no significant differences in sucrose
content between plant spacing of 10 and 15 cm apart as well as
between 20 and 25 cm apart. This result may be due to the decrease
in sucrose content percentage in sugarbeet roots growing at wider
space, as shown previously in Table (68). This result was in
agreement with that obtained by Mohamed (1985), Ramadan (1986),
El-Shafei (1991), El-Geddawi et al.(1992) and Gobarh (1993), who
found that sucrose content increased as the plant spacing was

mcreased.

Table (68): The effect of plant spacing on sucrose percentage in
the roots at harvest in 1992/93 and 1993/94 seasons
and the combined analysis of the two seasons.

[ Plant spacing | Firstseason | Second season Combined
(cm) 1992/93 1993/94 analysis
10 1440 a 1512 a 1476 a
15 1421 b 1480 a 14.55a
20 13.50 ¢ 13.92b 13.71b
25 13.30 ¢ 13.72b 13.51b
F-test * * *
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3. Apparent purity percentage:

The data in Table (69) revealed that apparent purity percentage
was not significantly affected due to ncreasing plant spacing. This
was clearly shown in both seasons and in the combined analysis.

In general, it could be stated that increasing plant spacmg from
10 up to 15 cm between hills improved the purity percentage, while
increasing the distance from 15 cm up to 25 cm caused decrease in
purity percentage, in both scasons and their combined analysis, but
without any significance as shown in Table (69). Such effect might
have been due to inter-plant competition accompanying dense sowing
which was reflected in small sized roots containing higher sucrose
content  as reported by Herron er al (1964), Hills (1973), Smith et gl
(1977) , O'Conner ( 1983) , Hanna et al 1988) , Kamel et al ( 1989),
Mahmoud ef al.(1990 b), El-Shafei ( 1991) and Gobarh ( 1993). On
the other hand, Basha (1984), Aly (1985) and Assey et al.(1985)
reported that varying plant density had no significant effect on purity

percentage.

Table (69): The effect of plant spacing on apparent purity
percentage in the roots of sugarbeet plant at
harvest of in 1992/93and 1993/94 seasons and
the combined analysis of the two seasons.

Plant spacing | First season Second season Combined
(cm) 1992/93 1993/94 analysis
10 83.82 83.77 83.65
15 83.98 85.25 84.61
20 82.12 82.71 82.39
25 81.34 82.11 81.73
F-test NS N.S N.S
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4. Impurities : Alpha-amino-nitrogen, potassium and sodium

contents:

The data in Tables (70, 71 and 72) revealed that , mcreasing
plant spacing from 10 e¢m up to 25 cm between hills caused a
significant increase in 1mpurity components in termes of a~-amino-N,
K and Na. This is true in both seasons as well as combined analysis.

The results showed that the increase in a~amino-N content in
the sugarbeet roots at both 15 and 20 ¢m spacing between hills in
combined analysis was not significant as shown in Table (70). Also,
the data indicated that the difference in vatues of K-content in the
beet roots at both 10 and 15 cm spacings between hills in second
season and the combined analysts was not significant as shown in
Table (71). In this respect, the increase in the a-amino-N, K and Na
contents ranged from 0.58 to 1.49, from 0.08 to 0 44 and from 0.16
to 0.38 milliequivalents, as compared with planting at 10 cm apart
between hills. Such effect may reflect the reduction in root diameter

and weight accompanying dense sowing.

The small sized roots are assumed to contain less impurities as
reported by Morghan ef af. (1973), Smith and Martin (1989),
Yoshimura and Nomura (1989), Ll-Shafei (1991) and Gobarh
(1993). On the other hand , Barocha e al. (1973) found that K and
Na concentrations were reduced markedly and a-amino-N was
reduced slightly as population density increased from 49.9 to 123.9
thousand plants/ha,




Table (70): The effect of plant spacing on alpha-amino-N
content in the roots (meq/100 g sugarbeet) at
harvest in 1992/93 and 1993/94 seasons and
the combined analysis of the two seasons.

Plant spacing { First season | Second season Combined
(cm) 1992/93 1993/94 analysis
10 2.87d 278 d 283¢
15 348 ¢ 334 ¢ 341b
20 3980 3.78b 3.66b
25 446 a 417 a 4.32a
F-test * * *

Table (71): The effect of plant spacing on potassium content
in the roots (meq/100 g sugarbeet) at harvest in
1992/93 and 1993/94 seasons and the combined
analysis of the two seasons.

Plant spacing | First season | Second season Combined
(cm) 1992/93 1993/94 analysis
10 3.72d 3.75¢ 3.74 ¢
15 381c 3.82¢ 3.82¢
20 395b 393b 3.94b
25 4.15a 420a 4.18 a
F-test * * *

Table (72): The effect of plant spacing on sodium content in
the roots (meq/100 g sugarbeet) at harvest in
1992/93 and 1993/94 seasons and the combined
analysis of the two seasons.

Plant spacing | First season | Second season Combined
(cm) 1992/93 1993/94 analysis
10 1.214d 1.37d 1.29d
15 143 ¢ 1.46 ¢ 1.45¢
20 1.480b 1.58b 1.53b
25 1.63 a 1.73 a 1.68 a
F'tCSt ¥ * *
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B. Effect of nitrogen level:

1. Total soluble solids (TSS) % :

Nitrogen levels exhibited a significant effect on TSS % in both
scasons as well as in the combined analysis (Table 73). Generally,
Increasing nitrogen level up to 60 kg/fad significantly increased the
TSS %.,and any increase in nitrogen applied (from 60 to 90 kg N/fad)
was followed by a respective decrease in TSS % . The results of the
first season and the combined analysis indicated no significant differ-
ence between 45 and 90 kg N/fad. Also, there was no significant
differences between 60 and 75 kg N/fad as well as between 45 and
90 kg N/fad in the second season.

The greatest TSS % (18.78, 18.05 and 18.42%) were obtained
from sugarbeet plants received 60 kg N/fad in the first and second

seasons and their combined analysis, respectively.

Table (73): The effect of nitrogen fertilization on toal soluble
solids (TSS) in the roots at harvest in 1992/93 and
1993/94 seasons and the combined analysis of the

two seasons,
Nitrogen level | First season Second season Combined
(kg/fad) 1992/93 1993/94 analysis
0 15.75d 16.35¢ 16.05d
45 16.25 ¢ 17.20b 16.73 ¢
60 18.78 a 18.05a 1842 a
75 16.72b 17.83 a 17.28 b
90 16.20 ¢ 16.90 b 16.55 cd
F_test ** * *
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On the other hand , the lowest ones (15.75, 16.35 and 16.05%)
recorded at non-fertilized plants in both seasons and the combined
analysis , respectively. In this respect , Parashar (1976) found that
TSS% in juice contents of beet root was significantly reduced from
19.99 to 17.99% due to increasing nitrogen fertilization from 50to
200 kg/ha.

2. Sucrose content:

The results in Table (74) showed that sucrose content was
statistically affected by nitrogen levels, and this was the fact mn both
Seasons as well as the combined analysis. It could be concluded that,
mn general, Increasing nitrogen level up to 60 kg/fad increased
Sucrose content in the root. Whereas, increasing nitrogen from 60 to
90 kg/fad markedly decreased sucrose content as shown in Table
(74). The data in the first season indicated that adding 45 or 90 kg
N/fad did not affect sucrose percentage. But, adding 75 kg N/fad
significantly decreased sucrose %. In the second season, the results
showed no significant difference between 60 and 75 kg N/fad levels
as well as between nitrogen levels of 45 and 90 kg/fad. Also, the
combined analysis revealed that the difference between the nitrogen
levels of 45 and 90 kg/fad was not significant,

These results are generally in the same line with those obtained
by Dhakar (1976) who found that increasing nitrogen fertilization
from 60 to 150 kg/ha decreased root sugar percent from 17.39 to
15.21% . Also, several mvestigators have reported that excessive
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nitrogen decreased sucrose content of beets. Among them Basha
(1984), Kamel et al(1984), Assey et al.(1985), Emara (1990), Ei-
Khatib (1991) and Gobarh (1993).

On the contrary, Ryabchuk and Lyashmskii (1972) found that

~ the increase of nitrogen level up to 120 kg/ha was accompanied with
an Increase in sucrose concentration. On the other hand, Bishr ef a/.
(1973) and Kamel et al.(1989) found that lower nitrogen levels up to
45 kg/fad improved__ sucrose content. While , application of nitrogen
levels up to 80 kg / fad (Draycott et al., 1974) and 60 kg / fad

(Mahmoud ef al.,1990 b) had no significant effect on surose content
1n the beet roots.

Table (74): The effect of nitrogen fertilization on sucrose
percentage in the roots at harvest in 1992/93
and 1993/94 seasons and the combined analysis

of the two seasons.

,—;\Titrogen level | First season | Second season Combined ;
(ke/fad) 1992/93 1993/94 analysis |
0 13.18 c 13.51 ¢ 1335 d "
45 13.33 ¢ 1440b 13.87 ¢ '

60 16.16 a 15.29 a 1573 a

75 13.72b 1504 a 14.38b

90 13.30 ¢ 14.39b 13.85¢

F-test * * *
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3. Apparent purity percentage:

The effect of nitrogen level on percentage of apparent purity is
shown in Table (75). The results clearly showed that apparent purity
percentage was not significantly affected due to adding nitrogen
fertilizer up to 90 kg/fad. This was clearly shown in first season and
in the combined analysis. Whereas, in the second season, the results
revealed that nitrogen level exhibited a significant effect on purity
percentage. Increasing nitrogen level from zero to 90 kg/fad
significantly increased purity percentage from 82.63 to 85.15%. The
data, also, showed no significant difference in purity percentage of
beet root juice between nitrogen levels of 60 and 75 kg/fad.

Similar findings were reported by El-Shafei (1991) and El-Geddawi
er al. (1992) who reported that purity significantly increased with
increasing the level of nitrogen from 40 to 75 kg/fad. On the other
hand, Basha (1984) and Assey ef al.(1985 and 1992 b) found that
purity percentage was not significantly affected by nitrogen levels.

Table (75): The effect of nitrogen fertilization on apparent
purity percentage in the roots at harvest in 1992/93
and 1993/94 seasons and the combined analysis of
the two seasons.

Nitrogen level | First season | Second season Combined
(kg/fad) 1992/93 1993/94 analysis

0 83.68 8263d 83.18
45 82.03 83.72¢ 82.90
60 86.05 84.71b 85.40
75 82.06 84.35b 83.22
90 82.10 85.15a 83.69

F-test N.S * N.S
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4. Impurities: (Alpha-amino-nitrogen, potassium and sodium

contents):

Results presented in Tables (76, 77 and 78) indicated that
impurity components in terms of a-amino-N, K and Na were signifi-
cantly affected by nitrogen levels. This was clearly shown in both
seasons as well as in the combined analysis. Each nitrogen mcrement
up to 90 kg/fad resulted in a significant increase in a-ammo-N K
and Na contents in sugarbeet roots. The differences between nitrogen
levels of 75 and 90 kg/fad in combined analysis (Table 76) and
between both 60 and 75 kg N/fad in second season (able 77) were
not significant.

In general, increasing nitrogen level from zero up to 90 kg/fad
caused a significant increase in impurity components (a-amino-N, K
and Na contents). Such increase ranged from 1.08 to 2.63, from 0.18
to 0.74 and from 0.22 to 0.60 milliequivalents for a-amino-N, K and
Na, respectively.

The positive response of Impurity components to increased
levels of applied nitrogen was reported by Aziz et al (1977 ,
Halvorson et al.(1978) , El-Geddawi (1979), Carter and Traveller
(1981), Izsaki (1984),Leigh et al.(1991), Strand and Javurcek (1991)
and Gobarh (1993). On the other hand, Marlander ( 1988) reported
that increasing nitrogen levels up to 200 kg/ha increased root Na and
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a-amino-N content and had no effect on K conent, while El-Shafei
(1991) found that impurity components were not significantly
affected by increasing N-rate up to 75 kg/fad.

Table (76): The effect of nitrogen fertilization on alpha-amino-N
content in the roots (meq/100 g sugarbeet) at harvest
in 1992/93 and 1993/94 seasons and the combined

analysis of the two seasons.

Nitrogen level | First season | Second season Combined

(kg/fad) 1992/93 1993/94 analysis

0 3.624d 342 3.52d

45 475¢ 445d 4.60 ¢

60 555b 5.00c¢ 528b

75 6.11a 565b 5.88a

90 6.17 a 6.13a 6.15a

F-test * * **
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Table (77): The effect of nitrogen fertilization on potassium

content in the roots (meq/100 g sugarbeet) at
harvest in 1992/93 and 1993/94 seasons and the

combined analysis of the two seasons,

Nitrogen level | First season | Second season Combined

(kg/fad) 1992/93 1993/94 analysis

0 377 ¢ 3.66d 372¢

45 3924 3.88¢ 3904d

60 415¢ 422b 419¢

75 430b 4220 426b

90 451a 441 a 446 a

F-test ** * *

Table (78): The effect of nitrogen fertilization on sodium

content in the roots (meq/100 g sugarbeet) at
harvest in 1992/93 and 1993/94 seasons and

the combined analysis of the two seasons.

Nitrogen level | First season | Second season Combined

(kg/fad) 1992/93 1993/94 analysis

0 Llle 122¢ 1.17e

45 1.31d 1.46 d 1.39d

60 1.44 ¢ [.58 ¢ 151 c

75 1.56 b 1.73b 1.65b

90 1.66 a 1.88 a 1.77 a
F.test x¥ *% *
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C. Effect of the interaction between plant spacing and

nitrogen levels:

The effect of the interaction between plant spacing and
nitrogen levels on total soluble solids, sucrose content, purity percent-
age and impurity (alpha-amino-nitrogen, potassium and sodium
contents) was not statistically significant. And this was the fact in
both the two seasons as well as combined analysis, consequently the
data were excluded.




