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Abstract

The present study was carried out at Shandaweel Agricultural
Research Station (Souhag Governorate) for two successive seasons
of 2001/2002 and 2002/2003. Each trail included 18 treatments
represent the combination between two plant densities (one and
half drills of three budded sugar cane cuttings “37800 buds/fed.
and double drills 50400 buds/fed), nine fertilizer treatments and
mineral: (inoculation with Azospirillum only, 180 kg N/fed and
inoculation with Azospirillum + 90 kg N/fed) and (zero application
phosphours, 200 kg superphosphate calcium (15.5% P,Os/fed) and
inoculation with Phosphobacterin). (The commercial sugarcane
variety viz. G.T.54-9 was used in the study. Experimental
treatments were arranged in a split split plot design with four
replications. Plant density were allocated in the main plots while
nitrogen fertilizer levels were assigned to the sub .plots and
Phosphour treatments were randomely distributed in the sub-sub
plots. The results showed that double drills surpassed 1.5 drills in
number of plants/m? elongation rate (cm/day), stalk diameter (cm)
and reducing sugar, purity and sugar recovery percentages.
Azospiriflum + 90 kg N/fed treatment increased number of
plants/m?, elongation rate (cm/day), stalk length (cm) and reducing
sugar, brix, purity percentages, number of millable cane
(thousand/fed), cane and sugar yield (tons/fed) over other
treatments. While 180 kg N/fed surpassed the other treatments in
stalk diameter, leaf area and sugar recovery percentage.
Phosphours fertilizer 200 kg as superphosphate calcium (15.5%
P,0s/fed) increased numbre of plants/m? and stalk length in the 1%
season and number of millable cane (thousand/fed), cane and
sugar yield (tons/fed). While inoculation with Phosphobacterin
surpassed other treatments in elongation rate (cm/day) in both
seasons and stalk length in the 1% season only.

INTRODUCTION

Biofertilizers indicated * that Azospiriflum genus comprises nitrogen-fixing
bactéria which have been isolated from the roots of numerous grasses, including
cereals, sugar cane and forage grasses.
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Regarding plant density El-Sayed (1996) revealed that plant density had no
significant effect on stalk height, and planting 1.5 drill significantly increased stalk
diameter compared with planting two drills. He added that density had no
significant effect on brix % reducing sugar %, purity % and sugar recovery %. In
addition, he found that planting by two drills (50400 buds/fed) significantly increased
number of millable cane, cane and sugar yields compared with planting by one and
half drills (37800 buds/fed).

In respect to nitrogen and biofertilizer of nitrogen (inoculated by Azospirillum)
Osman (2000) showed that sugarcane mineral and biofertilizers treatments affected
significantly number of plants/m?, stalk height, stalk diameter, leaf area, sugar
recovery %, number of millable cane (thousand/fed), net cane yield and sugar yield
(tons/fed). While, the results were significant in mineral fertilizers only at brix %. On
the other hand, the results showed insignificant differences between mineral and
biofertilizers treatments were calculated for elongation rate (cm/day), reducing sugar
% and purity due to biofertilizers treatments. Ahmed (2003) found that seeding rate
of double drills gave the highest number of millable cane/m? and cane and sugar
yields/fed. Furthermore, application of 210 kg N/fed produced the highest values of
sugar recovery % while 240 kg N/fed gave the highest values of the number of
millable cane/m? millable cane length, brix and cane and sugar yields/fed. El-
Geddawy et a/ (2003 a,b) found that nitrogen fertilization had a significant effect on
number of millable cane/fed in both seasons, cane yield superiority in the values of
net cane yield for the combination between fertilizer (Azotobacter and Azospirillum)
with the middle dose of the mineral N 120 kg N/fed over biofertilizer or mineral N
fertilizer alone in the 1% season, the highest value (12.933%) of sugar recovery% was
recorded by the application of 180 kg N/fed and/or inoculated by Azospirillum alone.
Sugar cane was significantly affected by fertilization treatments, the highest values of
sugar yield were gained when sugar cane seed setts were inoculated by Azotobacter
and/or Azospirillum in addition to 120 kg N/fed. Meanwhile, sugar cane variety G.
85/37 recorded a superiority of 58268 plants/fed over G.T. 54/9 variety, cane yield
and sugar yield., respectively. But regarding sugar recovery % the highest value
(12.87%) was recorded from variety G.T. 54/9.

Phosphours and biofertilizer of Phosphobacterin Ismail et a/ (2000) found that
six levels of phosphorus fertilization 0, 15, 30, 45, 60 and 75 kg P,Os/fed. had a
significant influence on purity % while their effect on the length and diameter of
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stalks, cane and sugar yields were insignificant. The best level of P fertilization was 60
kg P,Os/fed. Phosphobacterin levels significantly affected stalk length, cane and sugar
yields. Mostly applying 500 g Pb/fed gave the highest value for the previous
characters. The interaction between P and pfhosphobacterin levels did not significantly
affect all the studied attributes. Shankaraiah et a/ (2000) showed the effect of soil
inoculation of phosphate solubilizing organisms (PSM) in conjunction with levels and
sources of P on growth, vield and quality of both plant and ratoon sugarcane crops.
The inoculation with soluble P source viz., SSP (single superphosphate) and in
combination with pressmud (PM, filter cake) accentuated their effect as P solubilizers.
Enhanced uptake and higher tissue indices of P besides N and K were indicative of
better nutrient use efficiency and their positive influence on various growth and yield
parameters. Inoculation significantly increased cane yields (8-10%), economy in P
fertilizer (25%) and net returns, This study aime to investigate the effect of planting
density, mineral and biofertilizers of nitrogen and phosphours on sugar cane
productivity.

MATERIALS AND METHODS

The present work was conducted for two successive seasons of 2001/2002
and 2002/2003 in Shandaweel Agricultural Research Station (Souhag Governorate).
This study was intiated to invistagate the effect of biofertilizer on growth characters,
juice quality, yield and yield components of the commercial sugar cane variety G.T.
54/9. Each trail included 18 treatments represented the combination between two
plant densities. i.e. planting with one and haif drills of three budded sugar cane
_cuttings “37800 buds/fed. and double drills 50400 buds/fed), nine fertilization
treatments represent the combination between three nitrogen treatments (inoculation
with Azospiriifum only, and 90 or 180 kg N/fed and inoculation with Azospirilum and
three phosphours treatments (zero application phosphours, 200 kg superphosphate
15.5% P,0s/fed and inoculation with Phosphobacterin).

Azospirillum brasilense were obtained from Soil, Water and Environmental
Reasearch Institute, Agricultural Research Center Giza. Experimental treatments were
arranged in a split split plot design with four replications. Plant density was allocated
in the main plots while nitrogen fertilizer levels were assigned to the sub plots and
Phosphour treatments were randomely distributed in the sub-sub plots. Plot area was
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35 m. containing 5 rows, 7 m in length and 1m in width. Planting date the 3* week of
March in both seasons.

At planting the seed setts were inoculated by the studied biofertilizer i.e
Phosphobacterin and Azospirillum, using the recommended dose i.e 24 unit/fed for
nitrogen, biofertilizer, (unit weight 400 g, unit price equal 2 LE).

Concerning the mineral nitrogen fertilizer the studied doses were applied in
two equal doses in the form of Urea (46.5% N). The 1% one was applied after 60 days
- from planting and the 2" one 30 days later. The recommanded dose of phosphours
200 kg superphosphate 15.5% P,Os/fed was added at soil preparations, meanwhile,
potassium fertilizer (48 kg K;O/fed) was added once with the 1% dose of mineral
nitrogen treatments, the biofertilizers Phosphobacterin and Azospirillum were mixed
with soil of the experimental field and dressed on cane cuttings allocated in the
furrows, thereafter, were covered by soil. Irrigation took place immediately. The
normal cultural practices needed for growing sugar cane plants were foilowed.
Sugarcane were harvested at the age of 12 months. Chemical and physical analysis of
the experimental site showed that the upper 30-cm of the soil was clay loam including
39.4% sand, 10.4% silt and 50.61% clay and containing 79.0, 10.7, 198 ppm N, P, K.,
respectively and a pH of 7.6. All the required agricultural practices were done as
recommended by Sugar Crops Research Institute.

Data recorded:

A- Vegetative characters:

1- Number of plants/m? was counted in square meter after 150 days from planting.

2- Elongation rate (ER cm/day) of sugar cane was measured twice at 210 and 330
days from planting according to the following formula: ER = Ly-Ly/ T>-T;

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

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

3- Stalk length (cm) was measured from soil surface to the top point of visible dewlap.
4- Stalk diameter (cm) was measured at the middle part of the stalk.

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

B. Juice quality traits:
At harvest, a sample of 30 stalks representing each treatment was taken at
random then juice was extracted using 3 rools lab mill, filterate and weighed.
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Juice extraction % was calculated from the following equation:
Juice extraction % = juice weight x 100/stalk weight.
juice extraction percentage (JEP) was about 58-60% from cane weight.
6- Brix percentage was measured using brix Hydrometer standared.
7- Reducing sugar percentage (RS%) was determined in the extracted juice of cane
according to chemical control in Egyptian production factories (Anonymous 1981).
8- Purity percentage was calculated according to the following equation:
Purity% = sucrose% x 100/ brix%.
9- Sugar recovery percentage was calculated according to the following equation:
Sugar recovery% = richness% x purity%.
where: richness = (sucrose/100 g cane juice x factor)/100.
Factor =100 - [fiber% + physical impurties% + percent water free sugar].
C- Yield and its attributes:
10- Number of millable cane/fed (in thousands) was counted.
11- Cane stalks of each plot were topped, cleaned from trash, weighed and cane yield
(tons/fed) was calculated.
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 Snedecor and
Cochran (1981).

RESULTS AND DISCUSSION

I. Vegetative charactersistics at 150 days from planting:
1. Number of plants/m?:

Results given in Table (1) show that planting sugar cane seed setts by using
1.5 drills tended to produce higher number of plants/m? compared with double drills in
both seasons but these differences were insignificant. These results are in harmony
with those reported by El- Sayed (1996).

Concerning the effect of N-biofertilizer, the results in Table (1) indicate that
application of Azospirillum + 90 kg N/fed significantly increased number of plants/m?
compared with Azospirillurm only and 180 kg N/fed. These results are in harmony with
those reported by Osman (2000), Ahmed (2003) and El-Geddawy et a/(2003 a,b).
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The results show that application of 200 kg superphosphate produced higher
number of plants/m? in the 1% season ‘compared with zero application and
phosphobacterine. The increase in number of plants/m? was 0.57 and 0.02 %. This
result is in harmony with that reported by Shankaraiah et a/ (2000).

The results show that the highest number of plants/m? were 10.25, 9.90 and
10.16 which were recorded by double drills and Azospirillum + 90 kg N/fed treatment,
double drills and zero application of P,Os/fed and Azospirillum + 90 kg N/fed and
application of 200 kg superphosphate for the three treatments, respectively.

2. Elongation rate (ER cm/day):

The results in Table (1) indicate that elongation rate (ER cm/day) was
significantly affected by plant density in the 1% season, whereas the highest value of
ER was recorded by double drills treatment.

Regarding the influence of N fertilizer treatments on ER the presented data
(Table 1) show that this trait was significantly affected by nitrogen fertilizer in both
seasons, where (Azospirillum + 90 kg N/fed) produced higher value of ER (0.296) in
the 1% season, while 180 kg N/fed produced 0.330 cm/day in the 2™ season. This
_result is in harmony with that reported by Osman (2000).

Concerning the effect of P-fertilizer level, the results show that using
phosphobacterin produced higher ER in both seasons ccmpared with zero phosphours
application andfor 200 kg superphosphate.

The results in Table (1) indicate that the interaction between plant density
and N-fertilizer treatment significantly affected ER in both seasons. Morever, the
maximum ER in the 1% season were 0.299, 308 and 0.313 cm/day resulted from the
interaction between DxP, NxP and DxNxP., respectively.

II. Vegetative charactersistics at harvest,
1. Stalk length (cm):

Data illustrated in Table (2) clear that stalk length was insignificantly affected
by plant density in both seasons. This result is in harmony with that reported by El-
Sayed (1996).

The effect of nitrogen fertilizer levels of stalk length was significant in the 1%
season. The results showed that application of Azospirillum + 90 kg N/fed produced
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taller stalks in the 1% season, compared with Azospirifium only and 180 kg N/fed. This
result is in harmony with that reported by Osman (2000).

Concerning the effect of P-fertilizer levels, the results in Table (2) indicate a
significant effect on stalk length in both seasons. The tallest stalk length was recorded
with application of 200 kg superphosphate in the 1% season and phosphobacterine in
the 2™ season. These results are in harmony with those reported by Ismail et a/
(2000) and Shankaraiah et a/(2000).

The results show that the tallest stalk length was 325.1 cm which was
recorded by double drills and phosphobacterine.

2, Stalk diameter (cm)

Results given in Table (2) clear that stalk diameter was insignificantly affected
by plant density in both seasons, the results show that double drills produced thickest
stalk diameter compared with 1.5 drills in both seasons. These increases were
significant in the 1% season only. This result is in harmony with that reported by El-
Sayed (1996).

Data in Table (2) illustrated that stalk diameter was not significantly affected
by P and phosphobacterin. These results.are in harmony with those reported by Ismail
et a/(2000) and Shankaraiah et a/(2000).

The results in Table (2) indicate that DxN, DxP, NxP and DxNxP interaction
significantly affected stalk diameter in the 1% season. The results show that the
thickest stalk diameter were 2.87, 2.89, 2.88 and 2.92 cm which were recorded by
(double drills and 180 kg N/fed), (double drills and zero P application ), (180 kg N/fed
and 200 kg superphosphate) and (double drills and 180 kg N/fed and zero application
P)., respectively.

3. Leaf area (cm?/plant):

Table (3) clears that leaf area was not significantly affected by plant density in
both seasons.

Data given in Table (3) cleared that N and Azospirilfum had a marked effect
on leaf area, the results indicated that 180 kg N/fed increased the leaf area compared
with Azospirilfurm only and Azospiriffurm + 90 kg N/fed. This increse reached the level
of significant. This result is in harmony with that reported by Osman (2000).
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The effect of P on leaf area was not significant in both seasons. This result is
in harmony with that reported by Shankaraiah et a/(2000).

The results in Table (3) indicates that DxN interaction significantly affected
leaf area in the 1% season. The results showed that the greatest leaf area was 506.0
cm?, which was recorded from (1.5 drills and 180 kg N/fed) treatment.

III. Juice quality at harvest:
1. Brix percentage %

The data illustrated in Table (3) clear that brix % was not significantly
affected by plant density in both seasons. This result is in harmony with that reported
by El-Sayed (1996).

The effect of N fertilizer treatments on brix % was significant in both seasons.
The results showed that (Azospirillum + 90 kg N/fed) treatment produced higher brix
% in the 1% season compared with Azospirillum only and/or 180 kg N/fed treatment,
the increase in brix % was 0.58 and 0.14 %, while only Azospirillum treatment
produced higher brix % in the 2™ season compared with 180 kg N/fed and
(Azospirillum + 90 kg N/fed) treatment. The increase in brix % was 0.39 and 0.95 %.,
respectively. These results are in line with those reported by Osman (2000) and
Ahmed (2003).

Phosphours fertilizer treatments insignificantly affected brix % in both
seasons. This result is in harmony with that reported by Muthukumaraswamy et a/
(1994).

Results given in Table (3) indicate that DxN, DxP and DxNxP interactions
significantly affected brix % in the 1% season. The results show that the highest brix
% were 20.62, 20.74 and 20.98 % which were recorded by (double drills and
Azospiriflum + 90 kg N/fed), (double drills and zero P application) and (double drills,
Azospirillum only and zero P application)., respectively.

2. Reducing sugar percentage (RS%):

The results in Table (4) reveale that plant density significantly increased
reducing saugar (RS %) in the 2™ season only. However, the highest value of RS %
was recorded in both seasons with double drills planting. This result is in harmony
with that reported by El-Sayed (1996). :

Data presented in Table (4) clear that nitrogen fertilization treatments had a
marked effect on RS %. The results indicated that Azospirillum + 90 kg N/fed
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increased RS% by 0.32 and 0.42 in the 2™ season, compared with Azospirillum only
and/or 180 kg N/fed. This result is in harmony with that reported by Osman (2000).
Neither, the phosphours element nor the biofertilizer phosphours had a
significant effect on RS % in both seasons. These results are in harmony with those
reported by Ismail et a/(2000) and Shankaraiah et a/(2000).
Data in Table (4) indicate that no significant was shown due to the
interactions between the experimental factors on RS % in both seasons.

3. Juice purity percentage.

The results in Table (4) show that purity % was significantly affected by plant
density in both seasons. The highest purity % were recorded with double drills in both
seasons, the increase in purity % were 1.88 and 1.38 %., respectively. This result is in
harmony with that reported by El-Sayed (1996).

The effect of N fertilizer treatments on purity % was significant in the 1%
season; Azospirillum + 90 kg N//fed treatment surpassed that of adding Azospirf/)um
only and also 180 kg N/fed. This result is in agreement with that reported by Osman
(2000).

The results obtained in Table (4) indicate that purity% was not significantly
affected by P fertilizer treatments in both seasons. These results are in line with those
reported by Ismail et a/(2000) and Shankaraiah et a/(2000).

The results in Table (4) show that DxN interaction significantly affected purity
% in the 1% season only. The results showed that the highest purity % was 87.02 %
which was recorded by double drills and Azospirilfum + 90 kg N/fed.

4. Sugar recovery percentage (SR%):

Data in Table (5) show that sugar recovery% (SR%) was significantly affected
by plant density in the 1% season, the increase in SR % recorded was by double drills
being 0.54 %. This result is in harmony with that reported by El-Sayed (1996).

Concerning the effect of N fertilizer treatments, the results in Table (5) show
that using 180 kg N/fed produced higher SR % in the 1% season compared with
Azospirillum only and Azospiriflum + 90 kg N/fed, the increase in SR % were 0.83 and
0.34, while using Azospirillum + 90 kg N/fed produced higher SR % in the 2" season
compared with Azospirillum only and 180 kg N/fed, the increase in SR % were 0.91
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and 0.01, respectively. These results are in agreement with those reported by Osman
(2000) and Ahmed (2003).

The effect of P on SR % was not significant in both seasons. This result is in
line with that reported by Ismail et a/(2000).

The results in Table (5) indicate that DxN and NxP interaction significantly
increased SR% in the 1% season. The results show that the highest SR% were 13.25
and 13.6%, which were recorded by (double drills and 180 kg N/fed) and (180 kg
N/fed and 200 kg superphosphate., respectively.

1V. Yield and its attributes at harvest:
1. Number of millable cane (thousand/fed).

Results obtained in Table (5) pointed out that planting seed setts by 1.5 drills
produced higher number of millable cane plants compared with double drills in both
seasons but these increases were insignificant. This result is in accordance with those
reported by El-Sayed (1996).

Regarding the effect of nitrogen fertilizer treatments adding, the results in
Table (5) indicate that Azospirilfum + 90 kg Nffed significantly increased number of
millable cane compared with Azospirilium only or 180 kg N/fed. The results indicated
that Azospiriflum + 90 kg Nffed increased number of millable cane by 3.200 and 1.970
thousand in the 1% season, 0.340 and 2.230 thousand in the 2™ season., respectively.
These results are in harmony with those reported by Osman (2000) and El-Geddawy
et al (2003 a,b).

The results showed that 200 kg superphosphate produced higher number of
millable cane in the 1% season compared with zero application or phosphobacterine.
This result is in line with that reported by Shankaraiah et a/(2000).

The results in Table (5) indicate that DxN interaction significantly affected
number of millable cane in the 1% season. While, the DxP interaction significantly
affected number of millable cane in the 2™ season and the NxP interaction
significantly affected number of millable cane in the 1% season. The results showed
that the highest number of millable cane were 43.040, 41.590 and 42.670 which were
recorded by (double drills and Azospiriffum and 90 kg N/fed), (double drills + zero
application P/fed) and (Azospirifum + 90 kg Nffed and 200 kg superphosphate.,
respectively. ’ '
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2. Caneyield (tons/fed)

Data illustrated in Table (6) clear that cane yield was not significantly affected
by plant density in both seasons. This result is in harmony with that reported by El-
Sayed (1996).

Data given in Table (6) indicate that cane yield was significantly affected by N
fertilizer treatments in the 1% season, the results indicated that Azospirillum + 90 kg
N/fed increased cane yield by 2.64 and 1.83 tons/fed, compared with Azospirillum only
and 180 kg N/fed, respectively. These results are in agreement with those reported by
Osman (2000), Ahmed (2003) and El-Geddawy et a/(2003 a,b).

Regard to the effect of P fertilizer treatments, the results in Table (6) show
that application of 200 kg superphosphate produced higher cane yield (tons/fed) in
the 1% season compared with zero application and phosbacterine, the increase in cane
yield were 1.88 and 0.22 tons/fed., respectively. This increase was significant in the 1%
season only. These results are in line with those reported by Ismail ef a/ (2000) and
Shankaraiah et a/(2000).

Data presented in Table (6) indicate that DxN and NxP interaction significantly
affected cane vyield in the 1% season. The results show that the highest cane yield
were 60.77 and 60.24 tons/fed, which were recorded by (double drills and Azospirillum
+ 90 kg N/fed) and (Azospirillum + 90 kg N/fed and 200 kg superphosphate.,
respectively. While, the results in Table (6) show that DxP interaction significantly
affected cane yield in the 2™ season. The results show that the highest cane yield was
57.34 tons/fed, which was recorded by 1.5 drills and phosphobacterine.

3. Sugar yield (tons/fed)

Data obtained in Table (6) show that planting sugar cane seed setts by using
double drills produced higher sugar yield tons/fed in both seasons compared with 1.5
drills, the increase in sugar yield were 0.26 and 0.32 tons/fed., respectively. These
increase were insignificant in both seasons. This result is in harmony with that
reported by El-Sayed (1996).

The effect of N fertilizer treatments on sugar yield was significant in the 1%
season. Application of Azosp/ﬁllum + 90 kg N/fed treatment produced higher sugar
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yield in the 1% season, compared with Azospirilum only-and 180 kg N/fed, the
increase in sugar yield was 0.64 and 0.05 t/fed. These results are in line with those
reported by Osman (2000), Ahmed (2003) and El-Geddawy et a/(2003 a,b).

The results show that adding 200 kg superphosphate produced higher sugar
yield tons/fed in the 1% season, compared with zero application or phosphobacterine,
the increase in sugar yield was 0.42 and 0.18%. These resuits are in harmony with
those reported by Ismail ef a/(2000) and Shankaraiah et a/(2000).

The results in Table (6) indicate that DxN and NxP interaction significantly
affected sugar yield tons/fed in the 1% season. The results show that the highest. sugar
yield were 7.84 and 8.16 tons/fed which were recorded by (double drills and
Azospirillum and 90 kg N/fed) and (180 kg N/fed and 200 kg superphosphate.,
respectively.
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