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Abstract:
This study was conducted at El-Ghorieb Exp. Farm, Assiut University, Assiut, Egypt, during 2010/2011 and 2011/2012 seasons to investigate the effect of
potassium fertilization (48 and 72 kg K2O fed.-1) and the foliar spray with three
zinc chelate levels zero, 75, and 150 mg l-1 as Zn-EDTA (15% Zn) on yield and
quality as well as Fe, Mn and Zn contents of sugar beet plants grown on a calcareous sandy soil.
- All plant characteristics and quality traits of sugar beet i.e., top and root
fresh and dry weights, sucrose content, sugar recovery, recoverable sugar yield,
as well as Fe, Mn and Zn contents were significantly increased by increasing the
K level from 48 to 72 kg K2O fed.-1 in both seasons.
- Increasing the potassium level caused an increase in the sucrose percentage. Moreover, a remarkable increase in the recoverable sugar percentage was
observed as K level increased. Potassium fertilization showed a significantly increase on sugar beet yields at 48 kg N fed.-1 level as well as 72 kg K2O fed.-1 for
top yield and recoverable sugar yield.
- With regard to zinc foliar application, significant decreases on impurities
and increases on sugar loss to molasses and sucrose percentage were observed. It
also had an insignificant effect on the recoverable sugar percentage. In most
cases, increasing Zn level up to 150 mg l-1 significantly increased the sugar beet
yields fed.-1
- Potassium fertilization x zinc foliar application interaction had a significant effect on Na content in beet roots in both seasons. Moreover, significant effects were observed only on K content in beet roots and sugar losses to molasses
in the first season as well as top yield fed.-1 in the second season. It could be concluded that application of the K fertilization at 72 kg K2O fed.-1 along with the
foliar application of zinc had a positive effect in increasing all growth traits of
sugar beet.
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of cells and tissues of glycophytic
plant species. It has a role in the nutritional balance which increases the
organic compounds through the photosynthesis (El-Harriri and Gobarh,
2001, Gobarh and Thalooth, 2001).
Zinc is an essential microelement to plants. Its presence in concentrations below a critical minimum
level hinders plant growth and development. It plays an important role in
the production of biomass. Furthermore, zinc may be required for chlorophyll production, pollen function,
fertilization and germination (Cakmak, 2008). It is an essential component of various enzyme systems for
energy production, protein synthesis
and growth regulation (Mengel and
Kirkhy, 1987). Two long-known effects of zinc deficiency are on photosynthesis and carbonic anhydrate activity. However, many other cellular
processes and components are altered
by zinc deprivation (Marschner,
1995). Zinc-deficient plants also exhibit delayed maturity. Zinc is not
mobile in plants. So, its deficiency
symptoms occur mainly in new
growth. Its poor mobility in plants
suggests the need for a constant supply of available zinc for optimum
growth.
Zinc availability is limited by
high pH, high free calcium carbonate,
sandy texture and low organic matter
as well as where subsoil has been exposed by land leveling. It may be further reduced by heavy P application.
These conditions are common in
many Egyptian sugar beet growing
areas and Zn fertilization is routinely
recommended for other crops in these
areas. Several studies have been
shown that a small amount of micro-

Introduction:
The availability of plant nutrients are strongly related to the properties of soils. Calcium carbonate is
one of the most important factors that
limit the nutrient availability in soils.
Calcareous soils which contain significant quantities of free lime
(CaCO3) are common in arid and
semi-arid climate affecting over 600
million hectares of world soils
(Leytem and Mikkelsen, 2005).
These soils are also important for the
production of field crops. Micronutrient deficiency is one of the most important abiotic stresses in plants
grown on calcareous soils (Xudan,
1986).
Sugar beet (Beta vulgaris L.) is
considered the second sugar beet
crop, after sugar cane, for sugar production in Egypt. It has an important
position in Egyptian crop rotation as
a winter crop. It is able to grow not
only in fertile soils, but also in poor,
saline, alkaline and calcareous soils.
The strategy of sugar production is to
expand sugar beet cultivation in calcareous soils where some nutrients,
especially micronutrients, are short in
supply for normal growth and high
yield of roots and sugar.
Sugar beet is classified as a high
potassium requiring crop (Johanson
et al., 1971). Potassium plays an important role in the transport of metabolites in the phloem, particularly
into storage tissues. It is the most
abundant cation in the cytoplasm.
Plants that accumulate large reserves
of protein, carbohydrate and sugar in
their storage tissues have high K requirements. Potassium and its accompanying anions make a major
contribution to the osmotic potential
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nutrients, particularly Zn that is applied by foliar spraying can significantly increase the yield of crops
(Moustafa et al., 2011). Also, foliar
nutrition is an option when nutrient
deficiencies cannot be corrected by
direct applications of the nutrients to
the soil (Sarkar et al., 2007). The application of Zn to sugar beet plants
grown on a calcareous soil with marginal Zn availability resulted in increased root and sugar yields (Stevens and Mesbah, 2005). The purpose
of this work is to investigate effects
of potassium fertilization and Zn
foliar application on growth, yield
and quality as well as iron, manganese and zinc uptake by sugar beet
plants grown on a calcareous sandy
soil.
Materials and Methods:
Two field experiments were
conducted on a calcareous sandy soil
at El-Ghorieb agricultural experimental farm of Assiut University, Assiut,
Egypt, during 2010/2011 and
2011/2012 seasons to study the effect
of potassium and foliar application of
Zn on growth, yield and quality as
well as Fe, Mn and Zn uptake by
sugar beet grown on a calcareous
sandy soil. Some physical and chemical properties of the experimental soil
that were determined according to the
methods described by Jackson (1967)
before sowing are present in Table 1.
The soil was treated with 31 kg P2O5
fed.-1 as calcium superphosphate
(15.5% P2O5) during soil preparation.
Randomized complete block design
(RCBD) using a split-plot arrangement with three replications. Three
levels of Zn (zero, 75 and 150 mg l-1)
in a chelate form of Zn-EDTA (15%
Zn) were assigned to the main plots.
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Foliar application of Zn was
carried out on the plants at 60 and 90
days after planting at a level of 300
and 600 l fed.-1, respectively. Two
potassium levels (48 and 72 kg K2O
fed.-1) as potassium sulphate (48%
K2O) were randomly arranged in the
sub-plots. The area of each plot was
10.5 m2 (3.5 m length x 3 m width)
with 6 ridges of 50 cm apart and 3.5
m in length. The preceding crop was
wheat in both seasons. Sugar beet
seed balls of multi-germ Kawemira
cv. were sown in hills of 20 cm apart
at a rate of 2-3 balls hill-1 on the 3rd
and 5th of October in 2010/2011 and
2011/2012 seasons, respectively. The
plants were thinned to one plant per
hill at the 4-6 leaf stage. Nitrogen fertilization was applied at a level of 100
kg fed.-1 as ammonium nitrate (33.5%
N) in three doses of 20, 40 and 40 kg
N fed.-1 immediately after thinning
one month and two months after
thinning, respectively. The potassium
fertilizer was applied after thinning.
The normal cultural practices of
growing sugar beet were applied.
Two weeks before harvest, the irrigation of sugar beet was stopped in both
seasons. At maturity (190 days from
sowing), a sample of ten guarded
plants from each plot was randomly
taken to record the data of top and
root fresh weight (g plant.-1). The
tops and roots were separated and
dried at 70°C for 3 days and at 105°C
for two hours in air forced-draft oven
to determine their dry weight. Dry
root samples were ground and chemically analyzed. Iron, Mn and Zn were
determined in the digest using a GBC
model 300 atomic absorption spectrophotometer.
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Table (1): Some physical and chemical properties of representative soil
samples of the experimental site before sowing (0-30 cm depth) for the
two growth seasons.
Soil property
Particle - size distribution
Sand
(%)
Silt
(%)
Clay
(%)
Texture grade
EC (1:1 extract)
(dS m-1)
pH (1:1 suspension)
Organic matter
(%)
Total CaCO3
(%)
Soluble ions
Ca++
(mmol l-1)
++
Mg
(mmol l-1)
+
Na
(mmol l-1)
+
K
(mmol l-1)
HCO3
(mmol l-1)
Cl
(mmol l-1)
=
SO4
(mmol l-1)
Total N
(%)
NaHCO3-extractable P
(mg kg-1)
NH4OAC-extractable K
(mg kg-1)
KCl-extractable N
(mg kg-1)
DTPA-extractable Fe
(mg kg-1)
DTPA-extractable Mn
(mg kg-1)
DTPA-extractable Zn
(mg kg-1)
DTPA-extractable Cu
(mg kg-1)

2010/2011 season*

2011/2012 season*

85.45
8.00
6.55
Sand
1.48
8.36
0.098
24.74

86.98
8.32
4.70
Sand
1.53
8.29
0.094
22.78

16.46
8.80
1.71
0.19
6.56
5.92
3.64
0.019
4.45
48.56
29.62
3.18
1.19
0.39
1.10

16.94
9.28
1.89
0.21
7.92
6.89
2.92
0.018
4.70
51.34
30.46
3.68
1.44
0.42
1.79

* Each value represents the mean of 3 replications.

At harvest (205 days from sowing), plants of each sub plot were
harvested to determine top and root
yield (ton fed.-1). A sample of 25 kg
of roots was randomly taken from
each plot and sent to the beet laboratory at Abo-Korkas sugar factory to
determine root quality parameters including:
1- Alpha amino nitrogen (amino-N) as well as sodium (Na) and
potassium (K) concentrations were
determined using an autoanalyzer as
described by A.O.A.C. (1995). The
results were calculated as mmol 100
g-1 beet paste.
2- Sucrose content was estimated in fresh samples of sugar beet
roots using Saccharometer according

to the method descried by Le-Docte
(1927).
3- Sugar loss percentage was
calculated using the following formula according to Reinefeld et al.
(1974):
Sugar loss percentage = 0.29 +
0.343 (K+Na) + 0.094 -amino-N.
4- Sugar recovery (S.R. %) was
calculated using the following equation according to Cooke and Scott
(1993):
Sugar recovery (S.R. %) = Sucrose % - Sugar loss %.
5- Recoverable sugar yield
(R.S.Y.) was calculated using the following equation:
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Recoverable sugar yield (ton
fed. ) = Root yield (ton fed.-1) x
sugar recovery %
6- Quality index % = (Sugar recovery % x 100)/sucrose %.
7- Sugar loss yield (ton fed.-1) =
root yield (ton fed.-1) x sugar loss %.
8- Nutrient uptake = nutrient
concentration in root x root dry
weight.
The analysis of variance was
carried out according to Gomez and
Gomez (1984) using MSTAT computer software. The data of each season are along to be present herein.
Means of the different treatments
were compared using the least significant difference (LSD) test at the
0.05 level of probability.
Results and Discussion:
Effect of potassium fertilization:
Top and root fresh and dry
weights were significantly affected
by increasing the K level in both seasons (Table 2). The increase in the
root and top fresh and dry weights
caused by K fertilization could be attributed to the stimulating effect of K
on the photosynthesis process in the
plants and in turn, the translocation of
sugar and carbohydrates of assimilates from tops to roots, which lead to
increases in the root and sugar yield
(El-Kholy et al., 2006). Potassium is
a very mobile element in plant tissues
and moves from older tissues to the
growing points of the tops and roots.
The beneficial effect of K fertilization
on growth, yield and quality of sugar
beet was emphasized by previous
studies carried out by El-Shafai
(2000), Zalat and Nariman Youssif
(2001),
Attia
(2004),
AbdelMotagally and Attia (2009) and Abdel-Motagally (2009).
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The soluble non-sugars, K, Na
and -amino-N (mmol 100 g-1 beet
paste) are regarded as impurities because they interfere with sugar extraction. The results showed that the
impurity (K, Na and -amino-N) concentrations were not affected by increasing the K fertilization level (Table 3). Also, the K concentration was
not influenced by applying the K fertilization in both seasons.
Most of the quality characteristics (sucrose %, sugar recovery % and
recoverable sugar yield) of sugar beet
significantly increased with increasing the potassium fertilization level
from 48 to 72 kg K2O fed.-1 in both
seasons (Table 3). The highest mean
value of sucrose (17.3%) and sugar
recovery (14.6%) was obtained by
using 72 kg K2O fed.-1 in the first
season. Also, the highest value of the
recoverable sugar yield (3.5 ton fed.1
) was obtained by using 72 kg K2O
fed.-1 in both seasons. The increase in
recoverable sugar yields may be attributed to the role of K in nutrient
uptake as well as nutritional balance
which increases organic compounds
through the photosynthesis process
(Attia, 2004). Similar results were
obtained by Abdel-Motagally (2009),
Abdel-Motagally and Attia (2009)
and El-Sarag and Moselhy (2013).
Iron, Mn and Zn concentrations and
uptakes in sugar beet roots increased
with increasing the K fertilization
level from 48 to 72 kg K2O fed.-1 in
both growth seasons (Table 4).
Effect of foliar spray with zinc:
Gradual increases in fresh and
dry weights of roots and tops occurred with increasing Zn concentrations from 0.0 to 150 mg l-1 in both
seasons (Table 2). The increase in top

-1
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ton fed.-1 were recorded at the highest
foliar applied level of Zn (150 mg l1
). Moreover, the foliar application of
Zn resulted in a significant effect on
the sugar loss to molasses in both seasons.
In general, Zn sprayed at a level
of 150 mg l-1 gave significant highest
values of sugar loss to molasses in the
second season. The increase in sugar
loss to molasses accompanied with
higher applied levels of Zn may be
due to the increase in the impurities
of Na, K and -amino-N content of
sugar beet roots. Also, the foliar application of Zn at 150 mg l-1 showed
significant higher mean values of the
recoverable sugar yield than the other
two treatments (i.e. control and 75
mg l-1). In other words, the lowest
and the highest mean values of recoverable sugar yield were produced
from the control and 150 mg l-1 Zn
treatments, respectively. This effect
might be due to the increase in both
root yield and sucrose percentage.
The beneficial applied effect of Zn as
a foliar application on the sugar beet
yield was also reported by NemeatAlla and El-Geddawy (2001), Enan
(2004) and Menisy (2009). It could
be concluded that the highest applied
level of Zn (150 mg l-1) as a foliar
spray results in an increase in yield or
quality of sugar beet plants grown on
the newly reclaimed soils (calcareous
sandy soils). The beneficial effects of
zinc in improving sugar beet production could be attributed to its enhancement effects on increasing plant
metabolic activity. Generally, zinc is
an enzyme co-factor and is essential
for the activity of respiratory enzymes and the production of auxin
which increases the growth yield and

and root fresh weights gained by Zn
application might be due to the role
of Zn in assisting the utilization of
phosphorus and nitrogen in plants as
reported by Enan (2004). The increase in dry weight plant-1 induced
by Zn application may be due to the
role of Zn in the metabolism of carbohydrates
in
plants.
AbdelMotagally (2009) and Menisy (2009)
found that the foliar spray with Zn,
Mn and Fe chelate caused an increase
in top and root dry weights of sugar
beet.
The foliar application of Znchelate showed a significant effect on
the -amino-N content in both seasons (Table 3). The lowest mean
value of the -amino-N content was
obtained using the highest applied
level of Zn (150 mg l-1), while the
control treatment gave the highest
content. Also, Zn application exhibited a significant effect on Na content
in both seasons. Highest Na content
in roots of 4.85 and 4.83 mmol 100 g1
beet paste resulted from spraying Zn
at 150 mg l-1 in the first and second
seasons, respectively. The differences
in the root Na content between the
applied levels of 75 and 150 mg l-1
Zn were significant in both seasons.
On the other hand, the foliar application of Zn significantly increased the
K content of sugar beet roots in both
seasons. The highest applied level of
zinc (150 mg l-1) induced the highest
concentration of K in sugar beet
roots. These results are confirmed
with those of Abd El-Gawad et al.
(2004) who found a significant Zn
effect on K the content of sugar beet
roots. The highest mean values of
yield and quality parameters of sugar
beet i.e. sucrose %, S.R. %, R.S.R.
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beet crop are 72 kg K2O fed.-1 and
150 mg l-1 of zinc as a foliar spray of
Zn-chelate.
Finally it is concluded that the
application of K with the foliar spray
of Zn to sugar beet plants, especially
when it is grown on a calcareous soil,
is very important which leads to increases in the root yield, yield components and sugar yield as well as decreases in Na, K and -amino-N in
root juice, hence, the impurities decrease and consequently the juice purity increases. These results are due to
the high pH (Kacer and Katkat,
2007). The solubility of micronutrients is particularly low and the
micronutrients deficiencies are often
shown on the plant grown on these
soils. Also, as result of Zn supply, the
nutrient (K, Fe, Mn and Zn) distribution in roots and shoots and their balance ratio increased because Zn has
synergetic effect on nutrient uptake
and utilization by sugar beet plants.
In calcareous soils, high levels of calcium carbonate are present. Thus, Zn
should be applied to improve the
yield and nutrient balance of sugar
beet. Increasing the Zn applied level
up to 150 mg l-1 as a foliar spray
combined with applying 72 kg K2O
fed.-1 was the best treatment to
achieve a balanced nutrient status and
getting a better yield of sugar under
calcareous soil conditions.
Conclusions:
It could be concluded that application of the K fertilization at 72 kg
K2O fed.-1 along with the foliar application of zinc had a positive effect in
increasing all growth traits of sugar
beet.

improves the quality of sugar beet
roots. Similar results were obtained
by Nemeat-Alla and El-Geddawy
(2001) and Abdel-Motagally (2009).
Iron, Mn and Zn concentrations
and uptakes by sugar beet roots significantly increased with increasing
the foliar spray with Zn from 75 to
150 mg l-1 compared to the control
treatment in both seasons. The positive effect of Zn on sugar beet
growth, yield and quality traits was
reported by several investigators. Gobarb and Thalooth (2001) reported
that the addition of some micronutrients such as Fe, Mn and Zn was important in order to compensate their
deficiencies during the growth period
and to increase yield components and
yield quality of sugar beet.
Effect of Potassium and Zinc Interaction:
The interaction of K fertilization
and foliar spray with Zn had a significant effect on the plant characteristics while it showed insignificant
effects on the quality traits of sugar
beet except for the sugar recovery
yield in the first season. The highest
mean values of root fresh weight, root
dry weight, sucrose, sugar recovery
and recoverable sugar yield were obtained by applying 72 kg K2O fed.-1
in combination with spraying 150 mg
l-1 Zn in both seasons. This effect
could be due to the superior effects
resulted from the higher level of each
main effect (Tables 2, 3 and 4). The
highest mean values of these traits
were obtained when the highest K
and Zn applied levels were used. It
could be concluded that the best K
and Zn fertilization levels for attaining the maximize sugar yield and the
best technological quality of sugar

7

Kamal K. Attia and Abdel-Motagally, F.M.F., 2015

Table (2): Effect of potassium fertilization and foliar spray with zinc on
some growth traits of sugar beet plants grown in a calcareous sandy
soil during 2010/2011 (I) and 2011/2012 (II) seasons.
*, ** significant and highly significant, respectively.
NS = Not significant
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Table 3: Effect of potassium fertilization and foliar spray with zinc on impurity concentrations and some quality traits of sugar beet roots grown in
a calcareous sandy soil during 2010/2011 (I) and 2011/2012 (II) seasons.
*, ** significant and highly significant, respectively.
NS = Not significant
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Table 4: Effect of potassium fertilization and foliar spray with Zn on Fe, Mn
and Zn concentrations and uptakes by sugar beet roots grown in a calcareous sandy soil during 2010/2011 (I) and 2011/2012 (II) seasons.
*, ** significant and highly significant, respectively.
NS = Not significant
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ﺘﺄﺜﻴﺭ ﺍﻟﺴﻤﺎﺩ ﺍﻟﺒﻭﺘﺎﺴﻲ ﻭﺍﻟﺭﺵ ﺍﻟﻭﺭﻗﻲ ﺒﻌﻨﺼﺭ ﺍﻟﺯﻨﻙ ﻋﻠﻲ ﻨﺒﺎﺘﺎﺕ ﺒﻨﺠﺭ ﺍﻟﺴﻜﺭ ﺍﻟﻨﺎﻤﻴﻪ ﻓﻲ ﺘﺭﺒﻪ
ﺭﻤﻠﻴﺔ ﺠﻴﺭﻴﺔ
١

ﻜﻤﺎل ﻜﺎﻤل ﻋﻁﻴﻪ ١ﻭﻓﺘﺤﻲ ﻤﺤﻤﺩ ﻓﺘﺤﻲ ﻋﺒﺩ ﺍﻟﻤﺘﺠﻠﻲ

٢

ﻗﺴﻡ ﺍﻷﺭﺍﻀﻲ ﻭﺍﻟﻤﻴﺎﻩ – ﻜﻠﻴﺔ ﺍﻟﺯﺭﺍﻋﺔ – ﺠﺎﻤﻌﺔ ﺃﺴﻴﻭﻁ – ﻤﺼﺭ
 ٢ﻗﺴﻡ ﺍﻟﻤﺤﺎﺼﻴل  -ﻜﻠﻴﻪ ﺍﻟﺯﺭﺍﻋﺔ – ﺠﺎﻤﻌﻪ ﺃﺴﻴﻭﻁ – ﻤﺼﺭ

ﺍﻟﻤﻠﺨﺹ:
ﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺒﻤﺤﻁﺔ ﺍﻟﺒﺤﻭﺙ ﻭﺍﻟﺘﺠﺎﺭﺏ ﺍﻟﺯﺭﺍﻋﻴﺔ ﺒﺎﻟﻐﺭﻴـﺏ – ﻜﻠﻴـﺔ ﺍﻟﺯﺭﺍﻋـﺔ –
ﺠﺎﻤﻌﺔ ﺃﺴﻴﻭﻁ ﺨﻼل ﻤﻭﺴﻤﻲ  ٢٠١٢/٢٠١١ ، ٢٠١١/٢٠١٠ﻟﺩﺭﺍﺴﺔ ﺘﺄﺜﻴﺭ ﺍﻟﺘـﺴﻤﻴﺩ ﺍﻟﺒﻭﺘﺎﺴـﻲ
ﻭﺍﻟﺭﺵ ﺒﻌﻨﺼﺭ ﺍﻟﺯﻨﻙ ﻋﻠﻲ ﻤﺤﺼﻭل ﻭﺠﻭﺩﺓ ﺒﻨﺠﺭ ﺍﻟﺴﻜﺭ ﻭﻤﺤﺘﻭﺍﻩ ﻤﻥ ﺒﻌﺽ ﺍﻟﻌﻨﺎﺼـﺭ ﺍﻟﻐﺫﺍﺌﻴـﺔ
ﺘﺤﺕ ﻅﺭﻭﻑ ﺍﻷﺭﺍﻀﻲ ﺍﻟﺭﻤﻠﻴﺔ ﺍﻟﺠﻴﺭﻴﺔ – ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺘﺼﻤﻴﻡ ﺍﻟﻘﻁﺎﻋﺎﺕ ﻜﺎﻤﻠـﺔ ﺍﻟﻌـﺸﻭﺍﺌﻴﺔ ﻓـﻲ
ﺘﺭﺘﻴﺏ ﺍﻟﻘﻁﻊ ﺍﻟﻤﻨﺸﻘﺔ ﻤﺭﺓ ﻭﺍﺤﺩﺓ ﻓﻲ ﺜﻼﺙ ﻤﻜﺭﺭﺍﺕ ﺤﻴﺙ ﻭﺯﻋﺕ ﻤﻌﺩﻻﺕ ﺍﻟﺭﺵ ﺒﺎﻟﺯﻨﻙ ﺍﻟﻤﺨﻠﺒﻲ
) %١٥ﺯﻨﻙ( )ﺼﻔﺭ ١٥٠ ،٧٥ ،ﺠﺯﺀ ﻓﻲ ﺍﻟﻤﻠﻴﻭﻥ( ﻓﻲ ﺍﻟﻘﻁﻊ ﺍﻟﺭﺌﻴﺴﻴﺔ ﻓﻲ ﺤﻴﻥ ﻭﺯﻋﺕ ﻤﻌﺩﻻﺕ
ﺍﻟﺘﺴﻤﻴﺩ ﺍﻟﺒﻭﺘﺎﺴﻲ  ٤٨ﻭ  ٧٢ﻜﺠﻡ ﺒﻭ٢ﺃ ﻟﻠﻔﺩﺍﻥ( ﻋﺸﻭﺍﺌﻴﺎﹰ ﻓﻲ ﺍﻟﻘﻁﻊ ﺍﻟﻤﻨﺸﻘﺔ.
ﺃﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﻤﺘﺤﺼل ﻋﻠﻴﻬﺎ:
 -١ﺃﺩﺕ ﺯﻴﺎﺩﺓ ﻤﻌﺩﻻﺕ ﺍﻟﺘﺴﻤﻴﺩ ﺍﻟﺒﻭﺘﺎﺴﻲ ﺇﻟﻲ  ٧٢ﻜﺠﻡ ﺒﻭ٢ﺃ ﻟﻠﻔﺩﺍﻥ ﺇﻟﻲ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴـﺔ ﻟـﺼﻔﺎﺕ
ﺍﻟﻭﺯﻥ ﺍﻷﺨﻀﺭ ﻭﺍﻟﺠﺎﻑ ﻟﻜل ﻤﻥ ﺍﻟﻌﺭﺵ ﻭﺍﻟﺠﺫﻭﺭ ﻭﻤﺤﺼﻭل ﺍﻟﺴﻜﺭ ﺒﺎﻟﻁﻥ/ﻓﺩﺍﻥ ﻓـﻲ ﻤﻭﺴـﻤﻲ
ﺍﻟﺯﺭﺍﻋﺔ ﻭﻻ ﻴﻭﺠﺩ ﻓﺭﻕ ﻤﻌﻨﻭﻱ ﻓﻲ ﻨﺴﺒﺔ ﺍﻟﺸﻭﺍﺌﺏ )ﺍﻟـﺼﻭﺩﻴﻭﻡ  ،ﺍﻟﺒﻭﺘﺎﺴـﻴﻭﻡ  ،ﺍﻷﻟﻔـﺎ ﺃﻤﻴﻨـﻭ
ﻨﻴﺘﺭﻭﺠﻴﻥ( ﻤﻘﺎﺭﻨﺔ ﺒـ  ٤٨ﻜﺠﻡ ﺒﻭ٢ﺃ/ﻓﺩﺍﻥ.
 -٢ﺃﺩﺕ ﺇﻀﺎﻓﺔ ﺍﻟﺯﻨﻙ ﺍﻟﻤﺨﻠﺒﻲ ﺭﺸﺎﹰ ﻋﻠﻲ ﺍﻟﻤﺠﻤﻭﻉ ﺍﻟﺨﻀﺭﻱ ﺇﻟـﻲ ﺯﻴـﺎﺩﺓ ﻤﺤـﺼﻭل ﺍﻟﺠـﺫﻭﺭ
ﻭﺍﻟﺴﻜﺭ )ﺍﻟﻁﻥ/ﻓﺩﺍﻥ( ﻭﺃﻴﻀﺎﹰ ﺍﻟﻨﺴﺒﺔ ﺍﻟﻤﺌﻭﻴﺔ ﻟﻠﺴﻜﺭﻭﺯ ﻓﻲ ﺍﻟﻌﺼﻴﺭ ﻓﻀﻼﹰ ﻋﻠﻲ ﺍﻟﺼﻔﺎﺕ ﺍﻟﺨـﻀﺭﻴﺔ
ﻭﺍﻟﻤﺤﺼﻭﻟﻴﺔ ﻭﻜﺫﻟﻙ ﻋﻠﻲ ﺠﻭﺩﺓ ﺍﻟﻤﺤﺼﻭل ﻤﻥ ﺤﻴﺙ ﺘﻘﻠﻴل ﻨﺴﺒﺔ ﺍﻟﺸﻭﺍﺌﺏ ﻭﻜﻤﻴﺔ ﺍﻟـﺴﻜﺭ ﺍﻟﻤﻔﻘـﻭﺩ
ﻓﻲ ﺍﻟﻤﻭﻻﺱ ﻓﻲ ﻤﻭﺴﻤﻲ ﺍﻟﺯﺭﺍﻋﺔ.
 -٣ﻭﺠﺩ ﺃﻥ ﺍﻟﺘﻔﺎﻋل ﺒﻴﻥ ﺍﻟﺘﺴﻤﻴﺩ ﺍﻟﺒﻭﺘﺎﺴﻲ ﻭﺍﻟﺭﺵ ﺍﻟﻭﺭﻗﻲ ﺒﺎﻟﺯﻨﻙ ﺍﻟﻤﺨﻠﺒﻲ ﻗـﺩ ﺃﺩﻱ ﺇﻟـﻲ ﺯﻴـﺎﺩﺓ
ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺠﻤﻴﻊ ﺍﻟﺼﻔﺎﺕ ﺍﻟﺨﻀﺭﻴﺔ ﻭﺍﻟﻤﺤﺼﻭﻟﻴﺔ ﻭﺼﻔﺎﺕ ﺍﻟﺠﻭﺩﺓ.
 -٤ﺘﺄﺜﺭ ﺘﺭﻜﻴﺯ ﺍﻟﺤﺩﻴﺩ ﻭﺍﻟﻤﻨﺠﻨﻴﺯ ﻭﺍﻟﺯﻨﻙ ﺒﺎﻀﺎﻓﻪ ﻋﻨﺼﺭ ﺍﻟﺯﻨﻙ ﺒﺎﻟﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻤﻌﺎﻤﻠﺔ ﺍﻟﻐﻴﺭ ﻤـﺴﻤﺩﺓ
ﻜﻤﺎ ﺃﺩﻱ ﺍﻟﺘﺴﻤﻴﺩ ﺍﻟﻭﺭﻗﻲ ﺒﺎﻟﺯﻨﻙ ﺍﻟﻤﺨﻠﺒﻲ ﺇﻟﻲ ﺯﻴﺎﺩﺓ ﺍﻟﻤﻤﺘﺹ ﻤﻥ ﺍﻟﻌﻨﺎﺼﺭ ﺍﻟﻤﺫﻜﻭﺭﺓ.
ﻤﻥ ﻨﺘﺎﺌﺞ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻴﻤﻜﻥ ﺍﻟﺘﻭﺼﻴﺔ ﺒﺎﺴﺘﺨﺩﺍﻡ  ٧٢ﻜﺠﻡ ﺒﻭ٢ﺃ ﻭﺍﻟـﺭﺵ ﺍﻟـﻭﺭﻗﻲ ﺒﻌﻨـﺼﺭ
ﺍﻟﺯﻨﻙ ﺍﻟﻤﺨﻠﺒﻲ ﺒﻤﻌﺩل  ١٥٠ﺠﺯﺀ ﻓﻲ ﺍﻟﻤﻠﻴﻭﻥ ﻟﻠﺤﺼﻭل ﻋﻠﻲ ﺃﻋﻠﻲ ﻤﺤﺼﻭل ﻤﻥ ﺍﻟﺠﺫﻭﺭ ﻭﺍﻟـﺴﻜﺭ
ﻭﺃﻋﻠﻲ ﻤﻌﺎﻤل ﺠﻭﺩﺓ ﻭﺃﻗل ﻓﻘﺩ ﻟﻠﺴﻜﺭ ﻓﻲ ﺍﻟﻤﻭﻻﺱ ﺘﺤﺕ ﻅﺭﻭﻑ ﺍﻷﺭﺍﻀﻲ ﺍﻟﺭﻤﻠﻴﺔ ﺍﻟﺠﻴﺭﻴﺔ.
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