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Abstract

Two field trials were carried out at Mattana Agricultural
Research Station, (Qena Governorate) on sugarcane grown in
2002/2003 and 2003/2004 seasons.

Each trail included eighteen treatments represent the
combination between three levels of nitrogen (180, 210 and 240 kg
N/fed), phosphorus fertilizer (30, 45 and 60 kg P,Os/fed) and two
levels of potassium (24 and 48 kg K,Offed). Sugar cane was
planted during the first week of March and harvested after 12
months. The commercial planted sugarcane variety viz. Ph. 8013
was used. A split plot design was used in both seasons. Nitrogen
levels were allocated in the main plots while the combinations of
phosphours and potassium levels were randomely distributed in the
sub plots.

The results showed that increasing nitrogen fertilizer levels
significantly number of plants/m?, cane and sugar yields in the 1%
season and sugar recovery% in the 2™ season, while stalk height
and number of millable cane/fed were significantly in both seasons.

Increasing phosphours fertilizer levels significantly number of
plants/m?, stalk height, reducing sugars, purity% and sugar
recovery% as well as cane yield and sugar yield in the 2" season
and number of millable cane/fed in both seasons.

Increasing potassium fertilizer levels significantly number of
millable cane/fed in the 2™ season. While, leaf area and stalk
height in both seasons.

The highest cane yields (46.60 and 49.77) (tons/fed) were
obtained by applying 240 kg N/fed, 45 kg P,Os and 24 kg K,0/fed
in the 1% season and 240 kg N/fed, 30 kg P;0s and 48 kg K,Offed
in the 2™ season, respectively.

The highest sugar yields (5.75 and 6.13) (tons/fed) were
obtained by applying 240 kg N/fed, 45 kg P,0s and 24 kg K,O/fed
in the 1% season and 210 kg N/fed, 30 kg P,0s and 24 kg K,O/fed
in the 2™ season, respectively.

INTRODUCTION
Regarding to the effect of nitrogen fertilizer, Ahmed (1995) pointed out that
increasing nitrogen fertilizer from 180 to 240 kg N/fed increased cane and sugar yields
and that nitrogen levels had no significant effect on the number of millable cane.
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Yousef et a/ (2000) found that adding 210 kg N/fed produced the highest number of
millable cane/m?, cane length, diameter and cane yield. Ahmed (2003) found that the
application of 210 kg N/fed produced the highest values of purity% and sugar
recovery% while the application of 240 kg N/fed gave the highest values of reducing
sugars and number of millable cane/m?, cane length, brix and cane and sugar yields.
El-Geddawy et a/(2003 a,b) found that nitrogen fertilization had a significant effect on
number of millable cane/fed in both seasons. They reported that the highest value
(12.933%) of sugar recovery% was recorded by the application of 180 kg N/fed. The
highest sugar yield was gained when sugar cane was fertilized with 120 kg N/fed.

The positive effect of P is required more by the meristematic tissues.
Phosphate compounds in plants are called the energy currency where they are
involoved in the formation of energy phosphates. Phosphours occupies a critical
position both in plant growth and in the biology of all life forms occurring in soils, only
the mono ionic H,PO4 and di-ionic (HPO,4 --) are considred available for plants as
mentioned Under alkaline conditions, the soluble form however, is readly rendered
causing one of the most important fertilization problems in Egypt. Several workers,
Lakshmikantham (1983) found that the application of phosphours at 112 kg P,Os/ha
was recommended to give the highest yield and quality of sugar cane. Bangar et a/
(1995) found that application of phosphours showed significant favorable effect on
tillers number, height and diameter, cane yield and sugar production/ha. They added
that cane yield was improved significantly by the application of 35.2 kg P,Os/ha by
35.7 % over the control. Ismail et a/ (2000) fertilized sugarcane with six levels of
phosphorus (0, 15, 30, 45, 60 and 75 kg P,Os/fed). He obtained a significant influence
due to P levels on purity % while their effect on stalk length, diameter and cane and
sugar yield were insignificant. They recommended that the best P-level is 60 kg
P,0s/fed.

The effect of K on the translocation of photosynthates, therefore, appears to
be a direct one and most likely relates to photophosphorelation processes. When K
level in the plant is high, it is probably stimulates the production of ATP, which is
needed in the loading of sieve tubes with photosynthates mentioned by Bonnet
(1963). In respect to the effect of K fertilization a number of authors have shown that
potassium enhances translocation of assimilates promotes the rate of CO, assimilation
(Bonnet 1963). In addition, higher levels of K nutrition have also resulted in an
increased translocation rate of photosynthesis. Ismail (1991) fertilized sugarcane crop
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with 0, 48, 72 and 96 kg K;O/fed. He indicated that potassium rates had no significant
effect on number of stalks/m* and number of millable cane/fed. Potassium rates
showed almost no effect on stalk length. The highest values of stalk diameter were
obtained when 72 kg K;O/fed. was added. Cane yield was not greatly affected by
potassium rate, while sugar yield was significantly affected. Juice quality in terms of
brix%, purity%, reducing sugars% and sugar recovery% was enhanced with the
increase of potassium. Nassar (1996) found that potassium application significantly
affected stalk length, stalk diameter, juice quality brix, purity, reducing sugars and
sugar recovery percentages and sugar yield. This study aimed to find out the optimum
NPK fertilization levels required to obtain the highest cane and sugar yields.

MATERIALS AND METHODS

Two field trials were carried out at Mattana Agricultural Research Station,
(Qena Governorate) on sugarcane grown in 2002/2003 and 2003/2004 seasan .

Each trail included eighteen treatments represent the combination between
three levels of nitrogen fertilizer 180, 210 and 240 kg N/fed, three levels of
phosphorus fertilizer 30, 45 and 60 kg P.Os/fed and two levels of potassium fertilizer
24 and 48 kg K,Offed. Sugarcane was planted during the first week of March and
harvested after 12 months. The commercial sugarcane variety viz. Ph. 8013 was
planted. A split plot design was used in both seasons. Nitrogen levels were allocated in
the main plots while the combination of phosphours and potassium levels were
randomely distributed in the sub plots. Plot area was 42 m2 Chemical and physical
analysis of the experimental site showed that the upper 30-cm of the soil was clay
loam including 38.4% sand, 10.4% silt and 51.61% clay, containing 80, 11, 200 ppm
N, P, K, respectively with a pH of 7.6. Nitrogen fertilizer was applied in the form of
Urea (46% N) in two equal doses, the 1% one was added one month after the
emergence of plants, while the 2™ dose was applied one month later. Phosphorus
fertilizer was broadcasted with the 1% irrigation as calcium superphosphate (15%
P,0s). Potassium was added in the form of potassium sulphate (48% K,0) with the 2™
N-dose. All required agricultural practices were done as recommended by Sugar Crops
Research Institute.

Data recorded
I. Vegetative traits during the growth period and at harvest times
1. Number of plants/m? was recorded after 150 days from planting.
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2. Elongation rate (cm/day): Cane stalk was measured twice at 210 and 330 days
from planting and elongation rate was estimated according to the following
formula:

ER = Ly-Ly/ To-T,

where: L; = Stalk length at time T;, L, = Stalk length at time T,

At harvest, a sample of 20 stalks represents each treatment was taken at random
and the following data were recorded:

3. Stalk height (cm) was measured from soil surface to the top point of visible dewlap.

4, Stalk diameter (cm) was measured at the middle part of stalk.

5. Leaf area cm?/plant for the third, fourth and fifth leaf was determined at harvest.

I1. Juice quality traits

Samples collected at harvest were stripped and squeezed then juice was
extracted using 3 rools lab mill, filterate and weighed. The analytical methods were as
follows:

Juice extraction % was calculated from the following equation:

Juice extraction % = juice weight x 100/stalk weight.

juice extraction% (JEP%) was about 58-60% from cane weight.

6. Reducing sugars% was determined in the extracted cane juice according to the

chemical control in the Egyptian production factories (Anonymous 1981).

7. Brix% was determined using a Brix hydrometer standardized at 20°C for laboratory

technique to estimate the total soluble solids%.

8. The apparent juice purity% was calculated using the following formula according to

Singh and Singh (1998).

juice purity% = sucrose% / brix% x 100.

9. Sugar recovery% was calculated according to the following equation:

Sugar recovery% = Richness% x Purity%

Where: Richness = (Sucrose in 100 g cane juice x factor)/100

Factor = 100 - [fiber% + physical impurties% -+ percent water free suga].

IIL. Yield and its attributes '

At harvest, six guarded rows of each treatment were harvested, topped and
cleaned to estimate the following traits:

10. Number of millable cane (1000 plants/fed) was recorded by counting the number

of mature stalks in each plot after ten months from planting.

11. Cane yield (tons/fed) was calculated on piot basis.
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12. Sugar yield (tons/fed) was estimated according to the following equation:
Raw sugar yield = cane yield (tons/fed) x sugar recovery%.

The collected data were statistically analyzed according to the procedures
outlined by Snedecor and Cochran (1981). To compare between means, Duncan
multiple range test was used according to Duncan (1955).

RESULTS AND DISCUSSION

I. Vegetative traits during the growth periods and at harvest time
1. Number of plants/m? at 150 days from planting

Results given in Table (1) showed that applying 240 kg N/fed produced higher
number of sugarcane plants/m? compared with that recorded at 180 and 210 kg N/fed
in both seasons but these differences was significant in the 1% season only. The
increase was 1.02 and 9.76% in the 1% season and 3.07, 6.79% in the 2™ one. The
positive effect of N fertilizer was mainly due to the essential role of N element in
builiding up plant organs and growth potential in terms of increasing tillering ability of
cane plant.

The results showed that application of 30 kg P,Os/fed produced higher
number of plants/m? in both seasons compared with that at 45 or 60 kg P,0Os/fed. The
differences were significantly in the 2™ season. The increase in number of plants/m?
of sugar cane due to P,0Os levels could be attributed to the important role of P fertilizer
which is required more by the meristematic tissues. These results are in agreement
with those obtained by Lakshmkantham (1983), Bangar et a/ (1995) and Ismail et a/
(2000).

The results showed that potassium fertilizer levels insignificantly in both
seasons.

The interaction between A x B, was significantly in the 1** season, the highest
mean value was 11.03 obtained by applying 240 kg N/fed and 30 kg P,0s/fed and A x
B x C, was 11.10 obtained by applying 240 kg N/fed, 45 kg P,Os/fed and 24 kg
K,0/fed.

In the 2™ season significantly affected B x C, the highest mean value was
11.34 obtained by applying 30 kg P,Os/fed and 48 kg K,O/fed.

In both seasons, significant affected A x C, the highest mean value was 11.54
obtained by applying 240 kg N/fed, 60 kg P,Os/fed and 24 kg K,0/fed.
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2, Leaf area

Data in Table (1) clear that leaf area was insignificantly affected by nitrogen
and phosphours fertilizer levels in both seasons.

The results cleared that potassium fertilizer levels affected leaf area
significantly in the 1% season. The results indicated that applying 48 kg K,O/fed
increased leaf area in the 1% season. While, applying 24 kg K0O/fed was enough to
attain higher LA/plant in the 2™ season.

Data in Table (1) indicate that leaf area was insignificantly affected by the
interactions among studied factors in both seasons.

3. Elongation rate at 150 days from planting

The results in Table (1) indicate that elongation rate was insignificantly
affected by nitrogen, phosphours and potassium fertilizer levels as well as their
interactions in both seasons.

4. Stalk height

Data illustrated in Table (2) clear that nitrogen fertilizer levels affected stalk
height significantly in both seasons. The results indicated that applying 180 kg N/fed
increased were 285.6 and 298.0 cm in both seasons. The positive effect of N fertilizer
was mainly due to the essential role of N element in builiding up plant organs and
growth potential in terms of increasing stalk height. These results are in harmony with
those reported by Yousef ef a/(2000) and Ahmed (2003).

Concerning the effect of P and K fertilizer levels affected stalk height
significantly in the 2" season. The results indicated that applying 30 kg P,0s/fed and
48 K;0/fed increased were 290.6 cm and 6.09%. The increase in stalk height of sugar
cane due to P,O; levels could be attributed to the important role of P fertilizer which is
required more by the meristematic tissues. These results are in agreement with those
obtained by Ismail et a/ (2000) applying P fertilizer, Ismail (1991) and Nassar (1996)
applying K fertilizer.

The interaction between A x B, was significantly in both seasons, the highest
mean value obtained by applying 180 kg N/fed and 60 kg P,Os/fed.

5. Stalk diameter (cm)

The results in Table (2) indicate that nitrogen, phosphours and potassium
fertilizer levels affected stalk diameter was insignificantly in both seasons. These
results are in harmony with those reported by Yousef et a/ (2000) applying N, Ismail
et al. (2000) applying P fertilizer, Ismail (1991) and Nassar (1996) applying K.
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The interaction between A x B, significantly in both seasons, the highest mean
value was 3.13 cm obtained by applying 210 kg N/fed and 30 kg P,0s/fed.
6. Reducing sugar% (RS%)

The results in Table (2) show that N and P fertilizers levels insignificantly in
both seasons. The same conciusion was detected by Ahmed (2003) applying N
fertilizer, Lakshmkantham (1983) and Ismail et a/(2000) applying P fertilizer.

Data presented in Table (2) clear that potassium fertilizer levels affected
insignificantly in the 2™ season. The results indicated that applying 48 KZO/fed
decreased RS% by 0.592. As potassium also promotes the rate of CO, assimilation.
However, higher levels of K nutrition have also resulted in an increased translocation
rate of photosynthesis. These results are in accordance with those cleared by Ismail
(1991) and Nassar (1996).

The interaction between A x B, reducing sugar% was significantly in the 1st
season, the lowest mean value were 0.567% obtained by applying 210 kg N/fed, 60
kg P,0s/fed and 48 kg K,O/fed., respectively.

7. Brix%

The results in Table (3) indicate that N and K fertilizer levels insignificantly in
both seasons. These results are in line with those reported by Lakshmkantham (1983),
Ismail (1991), Nassar (1996), Ismail et a/(2000) and Ahmed (2003).

The results obtained in Table (3) indicate that phosphours fertilizer level
significantly in the 2™ season. The results show that the highest values was 23.93%
which were recorded by adding 60 kg P,0s/fed. The increase in brix% of sugar cane
due to P,0s levels could be attributed to the important role of P fertilizer which is
required more by the meristematic tissues. These results are in agreement with those
obtained by Lakshmkantham (1983) and Ismail et a/ (2000).

The interaction between A x B x C, significantly in the 2™ season, the highest
mean value was 24.00% which were recorded by adding 210 kg N/fed, 45 P,0s/fed
and 48 K;O/fed, respectively.

8. Juice purity%

The results in Table (3) clear that nitrogen and potassium fertilizer levels
insignificantly in both seasons. These results are in accordance with those cleared by
Ismail (1991), Nassar (1996) and Ahmed (2003).

The results obtained in Table (3) indicate that phosphours fertilizer level
significantly in the 2" season. The results show that the highest values was 79.78%
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which were recorded by adding 45 kg P,Os/fed. These results are in agreement with
those obtained by Lakshmkantham (1983) and Ismail et a/(2000).

The interaction between A x B x C, were significantly in the 2" season, the
highest mean value was 84.61% which were recorded by adding 180 kg N/fed, 45 kg
P,0s/fed and 48 kg K;O/fed., respectively.

9. Sugar recovery% (SR%)

Data in Table (3) clear that nitrogen and phosphours fertilizer levels affected
sugar significantly recovery% in the 2™ season. The increase in SR% which were
recorded 12.65 and 12.28% by adding 180 kg N/fed and 30 kg P,Os/fed. The positive
effect of N fertilizer was mainly due to the essential role of N element in builiding up
plant organs and growth potential in terms of increasing this traits. These results are
in line with those reported by Ahmed (2003) and El-Geddawy et a/(2003 a,b)

The increase in sugar recovery% of sugar cane due to P,Os levels could be
attributed to the important role of P fertilizer which is required more by the
meristematic tissues. These results are in agreement with those obtained by
Lakshmkantham (1983) and Ismail et a/(2000).

The effect of potassium fertilizer levels affected sugar recovery% was
insignificant in both seasons. These results are in accordance with those cleared by
Ismail (1991) and Nassar (1996).

Data in Table (3) show that leaf area was insignificantly interactions among
studied factors in both seasons.

10. Number of millable cane (1000/fed)

Results obtained in Table (4) pointed out that nitrogen fertilizer levels
significantly in the 1% season. The results show that the increase in number of millable
cane/fed were 13.99 which were recorded by adding 240 kg N/fed compared with 180
and 210 kg N/fed. The positive effect of N fertilizer was mainly due to the essential
role of N element in builiding up plant organs and growth potential in terms of
increasing number of millable cane. The same results were cleared by Ahmed (1995),
Yousef et a/(2000), Ahmed (2003) and El-Geddawy et a/ (2003 a,b).

The results in Table (4) indicate that P fertilizer levels was significantly in both
seasons, the highest values was 49.01 and 53.12 which were recorded by adding 60
kg P,0s/fed compared with 30 and 45 kg P;Os/fed, in both seasons., respectively. The
increase of P fertilizer which is required more by the meristematic tissues. These
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results are in agreement with those obtained by Lakshmkantham (1983), Bangar et a/
(1995) and Ismail et a/(2000).

The results showed that potassium fertilizer levels significantly in the 2™
season. The results show the increase was 2.68% in the 2™ season which were
recorded by adding 24 kg K,O/fed. Potassium also promotes the rate of CO,
assimilation and translocation rate of photosynthesis. These results are in harmony
with those reported by Ismail (1991).

The interaction between A x B, A x C, B x C and A x B x C, number of millable
cane 1000/fed were significantly in the 2™ season, the highest number of millable
cane 1000/fed were 56.90, 56.81, 53.20 and 57.03 were obtained by applying 240 kg
N/fed and 60 Kg P,0s/fed, 240 kg N/fed and 48 kg K,O/fed, 60 kg P,0Os/fed and 24 kg
K;O/fed and 240 kg N/fed, 45 Kg P,0s/fed and 48 kg K,O/fed., respectively.

11. Cane yield (tons/fed)

Data illustrated in Table (4) clear that nitrogen fertilizer levels significantly in
the 1% season. The results show the increase was 9.75 and 8.72% in the 1% season
and 6.71 and 3.55% in the 2™ season, which were recorded by applying 240 kg N/fed.
The positive effect of N fertilizer was mainly due to the essential role of N element in
builiding up plant organs and growth potential in terms of increasing cane yield
(tons/fed). These conclusion was detected by Ahmed (1995), Yousef et a/ (2000),
Ahmed (2003) and El-Geddawy et a/(2003 a,b).

Data given in Table (4) show- that P fertilizer levels significantly in the 2"
season. The results show the highest was 47.53, which were recorded by applying 30
kg P,Os/fed. The increase in cane yield of sugar cane due to the important role of P
fertilizer which is required more by the meristematic tissues. These results are in
agreement with those obtained by Lakshmkantham (1983), Bangar et a/(1995) and
Ismail et a/(2000).

Regard to the effect of K fertilizer levels insignificantly in both seasons. These
results are in line with those reported by Ismail (1991).

The interaction between A x B and A x B x C significantly in the 1* season, the
highest mean value was 46.34 and 46.60 tons/fed obtained by applying 240 kg N/fed
and 30 kg P,Os/fed and 240 kg N/fed, 45 kg P.Os/fed and 24 kg K,Offed.,
respectively.

In the 2™ season significantly affected by B x C, the highest mean value was
47.63 tons/fed obtained by applying 30 kg P,Os/fed and 48 kg K,0O/fed.
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In both seasons, significantly affected by A x C, the highest mean value were
45.75 and 48.47 tons/fed obtained by applying 240 kg N/fed and 24 kg K;O/fed.

12. Sugar yield (tons/fed)

Data obtained in Table (4) show that N fertilizer levels significantly in the 1%
season. The increase by 8.54 and 8.33% which were recorded by adding 240 kg
N/fed. The positive effect of N fertilizer was mainly due to the essential role of N
element in builiding up plant organs and growth potential in terms of increasing sugar
yield (tons/fed). The same conclusion was detected by Ahmed (1995), Ahmed (2003)
and El-Geddawy et a/(2003 a,b).

The effect of phosphours fertilizer levels significantly in the 2™ season.
Application of 30 kg P,Os/fed produced higher sugar yield. The increase in sugar yield
due to P fertilizer which is required more by the meristematic tissues. These results
are in agreement with those obtained by Lakshmkantham (1983), Bangar et a/(1995)
and Ismail ef a/(2000).

Regard to the effect of potassium fertilizer levels insignificantly in both
seasons. These results are in line with those reported by Ismail (1991) and Nassar
(1996).

The interaction between A x B and B x C significantly in the 2™ season, the
highest mean value were 6.07 and 5.88 tons/fed obtained by applying 210 kg N/fed
and 30 kg P,Os/fed and 45 kg P,Os/fed and 24 kg K;O/fed., respectively.

In both seasons, significantly A x C, the highest mean value were 5.64 and
5.82 tons/fed obtained by applying 240 kg N/fed and 24 kg K;O/fed and 180 kg N/fed
and 48 kg K;0O/fed., respectively.
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