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ABSTRACT

This experiment aimed to examine the effect of
irrigation water salinity, foliar boron application and
forced defoliation on the sugar beet growth and sugar yield
as main product. Sugar beet plant (Beta vulgaris L.) was
subjected to four levels of irrigation water salinity, three
levels of foliar boron addition and three levels of forced
defoliation. Split-split plot design was used for conducting
the experiment. Four main plots were used for irrigation
water treatment. Plant growth and sugar production were
evaluated. The obtained data showed that the sugar beet
crop is not only a salt tolerant but also needs the soluble
salts (up to 6.2 dS m™) to progress the yield where it
promoted the average root yield and consequently the
sugar yield of the two seasons by 27.4 and 24.5%,
respectively. Foliar boron fertilization level up to 0.2 p g/g
was enough to increase the average root yield and
consequently the sugar yield of the two seasons by 24.5 and
20.8%,respectively. Sugar yield was promoted significantly
in spite of the inhibition effect of boron on the sucrose
concentration in the tuber's tissues. The forced defoliation
considerably inhibited the yield of whole plant, roots,
shoots and sugar.

INTRODUCTION

Improving sugar beet yield and quality are the main
goals of the governmental policy to increase sugar
production in order to gradually cover the gap between
sugar consumption and production.

Low irrigation water quality inevitably leads to the
salinization of soils and waters. Worldwide, crop
production is limited by the effects of salinity on about
50% of the irrigated land area. (Harrison, 1997). The
potential for crop productivity under such conditions is
dependent upon the plant response to osmotic stress and
to the relative toxicity of some ions such as Na* and CI.
In most cases, a reduction in the yield was normally
associated with an accumulation of soluble salts in plant
tissues (Flowers and Hall, 1978; Greenway and Munns,
1980).

Boron is an essential micronutrient for plants. Some
plants are more susceptible to boron deficiency and
toxicity than others. Foliar boron improved seed set,
seed yield, and seed quality of Alfalfa (Christos Dordas,
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2006). Boron as micro-nutrient is very important to
have healthy plants and consequently, by high root
yield, and sugar content. Boron deficiency was the
cause of heart rot and dry rot of sugar beet and added B
(Brandenburg, 1931). There were no positive yield
effects observed in Missouri with split foliar
applications of B at rates of either 0.56 or 1.12 kg ha™
applied (Reinbott and Blevins, 1995). Similarly, B
applied at rates up to 3.3 kg ha™ in Virginia had no
effect on soybean yield over 6 yr (Martens et al., 1974).
The forced defoliation tested herein as a source of
animal feeding was tested to distinguish the ability of
the sugar beet crop to share in the overcoming of the
forage crops deficient.

The trend in production of sugar plants differs
between the types. Sugar beet area and production
decreased during the last decade by almost 15%. The
decline in beet area was partly compensated by an
overall increase in beet yield of 17%. However, in order
to achieve a higher yield, the plant has to absorb more
nutrients. In other words, the demand for vertical
increase in crop output can only be met by simultaneous
increase in nutrient supply to the plants. As the tuber
crops and sugar beet have a relatively poor root system
when compared to cereals, this restrictive the soil
volume, which can be exploited and thus requires a
much higher nutrient elements concentration in soil
solution to meet the demand for the crop, (EI-Maghraby
etal., 1997).

MATERIALS AND METHODS

Monogerm sugar beet (Plino. Var) seeds were
cultivated at a farm in Kafr Eldawar area for two
seasons (November 2004 and November 2005) and
were harvested at 190 days age. Before planting,
Superphosphate was added at the rate of 100 mg per kg
of soil. Nitrogen was added in the form of ammonium
nitrate at the rate of 100 mg N per kg of soil. Half of
nitrogen was added after 15 days from planting and the
second half was 30 days after planting. Potassium was
added after planting as potassium sulfate at the rate of
100 mg K per kg of soil. The used soil was chemically
analyzed for pH, EC, soluble cations and anions in the
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Table 1a. Chemical properties of the used soil for first and second seasons.
Season EC pH Cations (meg/L) Anions (meg/L)
dSm* ca®*  Mg* Na* K* HCO;  COy” cr SO.”
1st 3.6 7.8 9.6 6.2 191 1.0 24 n.d. 31.1 2.2
2nd 3.8 7.8 10.0 6.0 21.0 1.7 3.0 0.2 32.0 2.2

Table 1b. Average values of salinity (dS m™) of used waters and soil before and after cultivation.

Treatment 1st season 2nd season
Water salinity, dS m™
Irrigation water 4.7 4.8
Drainage water 9.4 9.1
Soil salinity before cultivation, dS m™
3.6 3.8
Soil salinity after cultivation, dS m™
S1 5.7 4.1
S2 6.1 4.9
S3 6.2 5.6
S4 6.6 6.5

soil paste (Table la) according to standard methods
edited by Black (1965).

Experimental design:

108 plots each 10.5 m* were used in conducting the
experiment as a split-split plot design using 3 replicates
with the following treatments:

1- Irrigation water salinity of 4.7, 6.2, 7.9 and 9.4 dS m™
referred here as S1, S2, S3 and S4, respectively,
where S1 and S4 represent the salinity of irrigation
and drainage waters, from which the other two
salinity levels were obtained as mixtures.

2- Foliar application of boron: 0, 0.1 and 0.2 kg B /
faddan referred here as BO, B1 and B2. Boric acid
(as a source of boron) was dissolved in distilled
water as a stock solution for preparing the needed
solution concentrations.

3- 0, 20, 40% of leaves will referred after as DO, D1
and D2 were forcely defoliated 30 days before
harvesting.

Soil samples before and after agriculture, irrigation
water and drain water were analyzed for their salinity to
indicate the effect of saline water used on the soil
salinity (Table 1b).

The yield was harvested at 190 days age. Whole
plants, roots and shoots weights were measured. Data
are shown in Tables 2 and 3 for the first and second
season, respectively. The tuber yield of each treatment

was sent to the factory for sugar extracting to determine
sugar percentage (Le-Docte, 1927).

The data of sugar yield of all treatments are shown
in Tables 2 and 3. The data of whole plants, shoots,
roots and sugar yield were computed and statistically
analyzed for testing the significance of the tested factors
and the possible interaction between them.

RESULTS AND DISCUSSION

The used soil is classified as a saline soil before
cultivation (3.6 and 3.8 dS m™ for the first and second
seasons, respectively). The soil salinity increased
according to the salinity of irrigation water as shown in
Table 1b after both seasons. The high expected soil
salinity after harvesting did not occur, this may be due to
a partial leaching of salts by rains fall 2-3 weeks before
harvesting. The effect of boron fertilization and forced
defoliation on the fresh weight of the whole plant, roots,
shoots and on sugar yield for the first and second
seasons are presented in Tables 2 and 3, respectively.

The results obtained showed that the second level of
water salinity (S2 =6.2 dS m™) was the most effective
level, where promoted the whole plant weight 44.1%
followed by S3, S4 then S1 (Table 2 and Figure 1).
Second season showed similar trend for the effect of
irrigation with saline water on the whole plant weight
(Table 3 and Figure 1) where S2 increased the root
yield 32.8%.

Both seasons cleared a significant effect of salinity
on the whole plant weight. The results obtained for the
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root yield as affected by irrigation water salinity showed
also, that the second level of irrigation water salinity
(S2) was the most effective level where raised the yield
27.3% followed by S3, S1 then S4 for the first season
and for the second season, S2 raised the yield 28.1%.
The results of the second season were similar and close
to those of first season except the effect of the highest
level which was negative and decreased by 1.8% for the
first season while it increased the root yield 7.4%. The
effect of salinity of the irrigation water on the tuber's
yield was significant for both seasons. Shoot yield was
significantly affected by salinity level of irrigation water
and showed the same manner of the whole plant. The
sugar yield was obviously affected significantly for both
seasons by the salinity level of the irrigation water. The
second level of irrigation water salinity (S2) was the
most effective level where it increased the sugar yield
23.1% for the first season and 24.7% for the second
season while the highest level of irrigation water salinity
(S4) showed a negative effect through decreasing the

sugar yield 13.6% and 7.2% for the first and second
seasons, respectively.

The data of sucrose percentage manifested the
significant negative effect of irrigation water salinity on
sucrose concentration in tuber tissues. In spite of the
negative effect of salinity on the sucrose concentration
in sugar beet roots, the sugar yield promoted due to the
higher positive effect on the root yield especially with
S2. The results obtained cleared a disagreement with the
findings of Flowers and Hall (1978), and Greenway and
Munns (1980), where they announced the negative
effect of salinity on the yield crop was due to the
osmotic stress and to the relative toxicity of sodium and
chloride ions. This disagreement may be due to plants
used where sugar beet plant has a relatively small root
system when compared to cereals and legumes which
have higher ability to absorb nutrients from soil. It has
been reported that saline water is rich in essential
nutrients to supply tuber with the enough of nutrients to
meet the demand of the crop (EI-Maghraby et al., 1997).

Table 2. Effect of irrigation water salinity, boron fertilization and forced defoliation on the yield of
whole plant, roots, shoots and sugar (ton/fad.) for first season.

Treatment Whole plant Root Shoot Sugar Sucrose
Ton / faddan %

S1 2852 ¢ 21.33¢c 7.19d 3.89¢c 18.22 a

S2 41.09 a 27.14 a 13.95a 4.79a 17.72b

S3 34.05b 22.83b 11.22¢ 4.00b 17.52¢

S4 33.86b 20.94d 12.92b 3.36d 16.07 d
L.S.D. 5% 0.430 0.340 0.152 0.070 0.920

BO 30.43¢c 19.85¢ 10.57 c 3.53¢c 17.74 a

Bl 35.97b 23.97b 12.00 a 411b 17.09c

B2 36.74 a 25.36 a 11.34b 4.40a 17.32b
L.S.D. 5% 0.208 0.198 0.120 0.320 0.024

DO 37.27a 24.74 a 12.53a 428 a 17.36 b

D1 31.29¢c 21.21c 10.07 ¢ 3.72¢ 17.49 a

D2 34.54 b 23.23b 11.31b 4.03b 17.29c¢c
L.S.D. 5% 0.172 0.159 0.093 0.027 0.016
Mean 34.38 23.06 11.32 401 17.38
L.S.D. 5% (S*B) 1.251 1.888 0.722 0.190 0.134
L.S.D. 5% (S*D) 1.033 0.956 0.561 0.136 0.090
L.S.D. 5% (B*D) 0.894 0.828 0.486 0.135 0.078
L.S.D. 5% (S*B*D) 1.789 1.655 0.972 0.270 0.156
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Fig.1. Relationship between irrigation water salinity and plant, root, shoot and sugar yield.

Table 3. Effect of irrigation water salinity, boron fertilization and forced defoliation on the yield of
whole plant, roots, shoots and sugar (ton/fad.) for 2nd season.

Treatment Whole plant Root Shoot Sugar Sucrose
Ton / faddan %

S1 29.39d 19.12 ¢ 10.27d 3.48¢c 18.58 a

S2 39.03a 24.49a 1454 a 392a 17.69b

S3 3240c 20.62b 11.77 ¢ 3.58b 1748 ¢

S4 34.05b 20.62 b 13.43b 3.23d 16.04d
L.S.D. 5% 0.242 0.232 0.056 0.018 0.037

BO 30.46¢c 19.56 ¢ 10.90 ¢ 355¢ 17.70 a

Bl 35.97a 21.84b 14.13a 3.80b 17.05¢c

B2 34.73b 22.25a 12.47b 3.95a 17.29b
L.S.D. 5% 0.112 0.121 0.096 0.008 0.010
DO 36.44 a 23.79a 12.65b 420a 17.33b

D1 3147c 20.50b 10.96 ¢ 3.66b 17.46 a

D2 33.24b 19.35¢ 13.90a 342¢c 17.26 ¢
L.S.D. 5% 0.076 0.089 0.096 0.006 0.006
Mean 33.72 21.21 12.50 3.55 17.45
L.S.D. 5% (S*B) 0.212 0.728 0.577 0.164 0.060
L.S.D. 5% (S*D) 0.431 0.532 0.381 0.040 0.040
L.S.D. 5% (B*D) 0.373 0.461 0.330 0.035 0.035
L.S.D. 5% (S*B*D) 0.747 0.921 0.661 0.070 0.070

The data in Tables 2 and 3 and Figure 2 showed that
boron fertilization magnified significantly the whole
plant weight 18.2% with the addition level 0.1 ng /g for
the first season. The higher level of B addition showed
higher positive effect than the first level on its effect on

the whole plant weight. Similar effect was noticed
clearly in the second season. Boron fertilization at the
first season increased sugar beet tuber weight by 20.8
and 27.8% for the 0.1 and 0.2 pg /g, respectively.
Although, for the second season sugar beet tuber weight



145 MAHMOUD, I. 1., A. A. ABOUSHAL: EFFECT OF SALINE IRRIGATION WATER, FOLIAR BORON FERTILIZATION ...

—&— plant 1st -8- - - plant 2nd
50 A —o—root 1st -o- - - root 2nd
] —=a— shoot 1st -a--- shoot 2nd
——— sugar 1st - x--- sugar 2nd
_____ —E]
_________________ o
[
S
=]
=
R
— —o
[
S | T T s e ©
1 e R A R L --p
10 &~ -
4 e x
O T T T T
0.00 0.05 0.10 0.15 0.20 0.25

Added B (mg B / kg soil)

Fig.2. Relationship between boron fertilization rate and plant, root, shoot and sugar yield.

ton / faddan

—8— plant 1st -8- - - plant 2nd
—eo—root 1st -o -- root 2nd

—aA— shoot 1st -A - - shoot 2nd
——«— sugar 1st - x--- sugar 2nd

oS

(0] T T
0.0 20.0

Defoliation, %

Fig. 3. Relationship between defoliation percentage and plant, root, shoot and sugar yield.

were raised 11.6 and 13.8% only for the 0.1 and 0.2ug
/g, respectively, the data showed the same significant
positive effect and same trend for first season. The data
of shoot yield pointed out positive significant effect of
added boron for both season. The data of sugar yield
demonstrated the positive significant effect of boron
fertilization, although the significant negative effect of
added boron on the sucrose concentration for both

seasons. This indicates the net boron effect was positive
on the sugar yield as a main goal.

The data in Tables 2 and 3 and Figure 3 illustrated
the inhibition effect of the forced defoliation on the
yield of whole plants, shoots, roots and sugar yield was
significantly, especially with lower percent of
defoliation (Figure 3). Higher defoliation did not cause
more inhibition but sometimes raised the measured
parameter slightly keeping the negative effect on the
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plant, root and sugar yield. Higher defoliation may be
pushed plant to accelerate the formation and growth of
new leaves to substitute the old leaves and encourage
the root to absorb more nutrients needed for this action.
In general, defoliation inhibited sucrose percentage and
beet yield significantly which resulted in lower sugar
yield as a main goal.

The interactions between the studied factors on all
measured parameters were significant as shown in
Tables 2 and 3. The data of the sugar yield, as the main
goal are listed in Table 4 according to the interaction
between the studied factors.

Table 4. Effect of interaction between the
studied factors on sugar yield.

Treatment  S1 S2 S3 S4 Mean
BO 3.18 464 351 2.84 3.89
Bl 410 453 3.29 3.90
B2 3.90 4.66 4,76 3.39

S1 S2 S3 S4
DO 3.76  4.65 4.31 4.25
D1 3.73 431 3.51 3.22
D2 3.68 4.86 3.72 2.65
BO Bl B2
DO 3.78 4.15 4.80
D1 355 352 4.00
D2 3.28 4.19 2.72

The results of interaction between irrigation water
salinity and foliar boron fertilization rate cleared the net
positive effect of both factors was at salinity level 6.2
dS m? and boron 0.2 pg /g , where the sugar yield
enhanced 20% of the overall mean. The interaction
between irrigation water salinity and defoliation
decreased sugar yield with the highest level of salinity
and decreased the sugar yield 32% of the overall. In
spite of the negative effect of defoliation, the positive
effect of salinity up to 6.2 dS m™ raised the sugar yield

24.8%. The interaction between boron fertilization rate
and defoliation on the sugar yield showed relative
equality of the positive effect of boron and the negative
effect of defoliation where the sugar yield was inhibited
only 4% at the two highest levels of boron and
defoliation.
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