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ABSTRACT

Two field experiments were carried out at the Agricultural Experimental and
Research Station, Faculty of Agricuiture, Cairo University, Giza, Egypt, during 2003
and 2004 seasons to study the effect of some nitrogen rates ( 0, 40, 80, and 120 kg
Nffed) and between hill spacing ( 20, 25, and 30 cm ) on yield and juice quality of
sweet sorghum . Variety " Roma™ was used in the study.

Increasing nitrogen rates from zero to 120 kg Nifed nizisedly increased stalk
diameter, stalk length and reducing sugars, while Brix and sucrose were decreased
with increasing nitrogen rate. Stalk weight, juice extraction, and stripped stalk yield as
well as syrup yield (gallon/fed) and total juice sugar yield were increased as nitrogen
rate was increased up to 120 kg Nffed.

The results also revealed that the wider space (30 cm) between hills produced
the highest stalk diameter, stalk length, Brix, and sucrose as well as reducing sugars
and purity percentages. On the other hand statk weight, stripped stalk yield, syrup
yield gallon/fed and total juice sugar yield were increased with sweet sorghum grown
at 25 cm between hills.

The interaction between nitrogen rate and hill spacing had a significant effect
on some studied traits. Sweet sorghum grown at 25 cm between hills and given 120
kg N/fed gave the highest stripped stalk yield (tonffed), syrup yield (gallon/fed) and
total juice sugar yield {ton/fed).

INTRODUCTION

Sweet sorghum ( Sorghum bicolcr, L. } is a potential sugar and syrup
crop which is adapted to a wide range of soil and climatic conditions. Salil
fertility requirements for yield, syrup and sugar production for sweet sorghum
are not well defined for most soil and cultural condition. Nitrogen fertilization
and plant density are among the most important factors that are responsible
for achievimg the production of high yield and quality of syrup.

Singh (1974) Studied the effect of different levels of N application on
sorghum juice quality . He found that the quality of juice deteriorated with the
increasing of nitrogen application. Soileau and Bradford {1285) concluded
that there was relationship betweet Brix reading of sweet sorghum juice and
nitrogen fertilization. However, 90 and 180 Kg N/ha tended to yield more
sugar than zero or 45 kg/ha Abbas and Al-Younis (1988) found that
increasing nitrogen rate up to 120 kg N/ha. increased plant height, yield of
stripped stems and sugar yield of sweet sorghum. Applying 120 kg N/ha
increased sugar yield from 0.92 to 1.66 ton/ha. Atia, Nour El-Hoda, (1990)
grew sweet sorghum under 0, 30, 45, 80, 75, 90 and 105 kg N/fed. She found
that plant height, stalk diameter were significantly increased when nitrogen
rate increased up to 105 kg N/fed. She added that juice extraction%, Brix,
reducing sugars and purity % as well as yield of clean stalks and syrup yield
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were increased as N rate increased up to 105 kg Nifed. Almodares et a/.
(1996) applied 46, 92 and 138 kg N/ha. to sweet sorghum. They concluded
that increasing nitrogen rate caused an increase in stalk yield but decreased
sucrose and purity percentages. Besheit ef al. (1996) grew sweet sorghum
under different nitrogen rates, 60, 90, 120, 150 and 180 kg N/fed. They found
that increasing nitrogen rate up to 150 kg Nffed significantly increased length,
diameter of the stalk as well as juice extraction %, while syrup extraction was
increased with the increase in nitrogen rate up to 180 kg N/fed They added
that Brix and sucrose % were increased up to 120 kg N/fed While purity %
decreased with the application of more than 120 kg N/fed. Balasubramanian
and Ramamoorthy (1998) reported that juice vyield, juice purity, and

percentage of reducing sugars increased significantly with the increase in N

- application rate to 120 kg N/ha., but Brix value was lowest at the
highest N application rate. Saheb et al. {1997) studied the effect of different
levels of nitrogen { G, 50, 100, and 150 kg N/ha ) on biomass and juice yields
of sweet sorghum. They found that nitrogen application significantly
increased juice crushing %, fresh stalk yield and juice yield, while Brix
decreased with the increase in nitrogen rate up to 150 kg N/ha.

Mabhmoud et al. (1999) and Azzazy et al. (2001) studied the effect of
nitrogen rate, 50, 75 and 100 kg N/fed. on yiled and juice quality. They found
that increasing nitrogen rate up to 100 kg N/fed markedly increased stalk
diameter, length and mean stalk weight as well as reducing sugars% but
decreased sucrose and purity percentages. They added that number of
stripped stalks/fed., stalk weight, juice extraction %, stalk yield as well as
syrup yield (ton/fed) were increased as N rate increased up to 100 kg N/fed.

. Ramadan (2003) grew sweet sorghum under different nitrogen rates viz, 50,
75 and 100 kg N/fed He found that application of 100 kg N/fed, significantly
increased growth traits {diameter, length of the stalk and leaf area) juice
extraction, stalk vield and syrup yieid per ton of stalks and per fed and total
juice sugar yield, while sucrose % was decreased as N rate increased. Brix
and purity % were not significantly affected by nitrogen rates. El-Zeny, Maha
(2004) using 0, 60, and 90 kg N/fed found that plant height, stalk diameter,
number of internodes / plant, leaf area, number of leaves/piant, and stripped
stalk yield were significantly increased as N rate increased. She added that
juice yield and syrup yield as well as juiceé quality traits in terms of, Brix,
sucrose %, reducing sugars % and purity % increased with 90 kg Nffed. El-
Shafai et al. (2005) studied the effect of three mineral N levels (40, 60, and
80 kg Nifed ) on yield and quality of sweet sorghum . They revealed that stalk
height, stalk diameter, reducing sugars% and stripped stalk yield increased
with increasing mineral N level from 40 to 80 kg Nffed However applying 60
kg N/fed was enough to obtain significantly the highest percentages of total
soluble solids and sucrose.

Regarding the effect of plant spacing. Broadhead et al. (1963} studied
the effect of different planting densities, resulting from spacing between hills
(1, 4, 8, 12, 16 and 20 inch}. They found that yields of statk and syrup / acre
usually decreased rapidly when the distance between plants was more than 6
to 8 inches. Juice extraction and stalk weight were decreased when plants
were spaced closer than 6 to 8 inches in drill . Extraction and syrup per ton of
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stalks were increased as spacing ifcreased up to 8 inches. Wider spacing
resulted in higher Brix but sucrose and purity were unaffected.

Kalmbacher and Martin (1986) using distance of 2.5, 5, 10 or 20 cm
between plants in rows 75 cm apart. They found that grain yield was
decreased by about 310 Kg/ha with each cm increase in spacing, but solids
content of juice was not affected by plant poputation. Caravetta et al. (1990)
reported that the increase in within row spacing decreased dry matter yield
due to a reduction in the number of plants / ha., reduction plant height, and
the limited potential of the plant to compensate by increasing tillers
production .Saheb et al. (1997) grew sweet sorghum at density of
80.000,100.000 or 120.000 plant/ha. They found that piant density of 120.0C0
plants/ha produced the highest dry biomass (12.2 ton / ha), fresh stalk yield
[(31.42 tomiia.), crushing (33.4%) and juice yield (10,6 ton/ha.).
© . Mankarjun et al. {1997) grew sweet sorghum cv. Rio at densities of
220.000, 330.000, 440.000 or 660.000 plantsfha. Results indicated that the
highest miilable stalk yield was 40.0 tha., and the stalks had the best values
for extractable juice, sugar content and Brix value. Millable stalk yield was
higher at the density of 660.000 planis/ha. Mahmoud et al. (1999) studied
the effect of row spacing (50 and 70 cm ) and number of plants per hill {1, 2
and 3 plants ), which resulted in six different plant densities ranged from
24.000 to 100.800 plants/ fed. They found that increasing plant density
decreased stalk diameter, stalk weight, purity% and reducing sugars% as
well as sucrose and Brix reading, while stalk and syrup yields were
increased Amaducci et al. {2004) studied the effect of '

two plant populations (10 and 20 plants/m?). They found that higher
plant density was associated with higher content of sucrose and lower
content of glucose and fructose.

The objective of this paper was to determine the influence of nitrogen
fertilization rates and plant density on yield of statks and juice quality of sweet
sorghum.

MATERIALS AND METHODS

Two experiments were conducted at the Agricultural Experiment and
Research Station, Faculty of Agriculture, Cairo, University Giza, Egypt, during
2003 and 2004 seasons, to study the effect of nitrogen rates and between hill
spacing on growth, juice quality and yield of sweet sorghum. Variety "Roma”
which was obtained from Sugar CroE Research Institute, ARC, was used in
this study, and was sown on the 7" of May in both seasons. A split-piot
design with four replicates was used where four nitrogen rates (zero, 40, 80
and 120 Kg N/fed) were arranged in the main plots, and appiied in the form of
urea (46% N) in two egual split doses, one half at thinning {fwo plants/hill)
after 21 days from sowing and the other half after 36 days from sowing.
Three spacing between hills 20 cm (60.000 plantsifed.), 25 cm (48.000
piants/fed) and 30 cm (40.000 piant/fed) were arranged in sub-plots. The sub-
plot size was 17.5 m® (5 ridges, 5m fong and 70 cm apart). At sowing 30 kg
P, Os and 24 kg k, O/fed. were added. All cultural practices were carried out
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as usual. The woil type in the area is characterized as being clay, centained a
Ec. of 1.21 and 1.10 mmohs /em, pH of 7.9 and 7.6, total nitrogen of 0.34 and
0.32 %, organic matter content of 1.2 and 2.1%, CaCoyof 3.2 and 3 .6 %, K

of 339 and 350 ppm and P of 9.4 and 10.1 ppm in the 1* and 2™ seasons,
respectively.

At harvest time (dough stage), a random sample of ten stalks was
taken from each sub-plot, the leaves and heads were removed to determine
stalk length (measured from soil surface to the node at the base of the top
mest-panicle}, stalk diameter cm (measured at the middle of the fourth
internode from stalk bottom), and mean stalk weight (@) (weight of sample /
no. of clean stalks )x1000). Each sample was crushed in roller mill to obtain
juice for analysis and percent juice extraction (weight of juice / weight of
sample )x 100 was determined_7otal soluble soilds (Brix) was estimated by
using digital refractometer, "Moge!l PR1 (ATAGA), Japan. Sucrose % was
determined by using direct polarization method as described by De-Whalley
(1964). Purity percentage was calculated by dividing (sucrose % / Brix) x 100.
Reducing sugars percentage in juice were determined by susing fehlin
solution according to Plews (1970). Number of stalks/fed. and stalk yield
ton/fed were determined on a plot basis. Syrup vield gallon/ton stalks was
- calculated by using the formula proposed by Broadhed et al. (1963) as
follows: ST = EB (2000} {0.90) / {11.25} (0.75), where: ST gallons of syrup
per ton of stalks, E = Percent juice Extraction; 2000 = pounds of stalks; 0.90
= factor for 10 % skmming loss; 11.25 = pounds per gallon of syrup, and 0.75
= % soluble solids in syrup (Brix). Syrup yield (gallon /fed.) was calculated by
using the formula: ST x stalk yield (ton /fed). Total Juice sugar yield {ton /
fed}. was calculated by using the formula proposed by Soileau and Bradford
(1985) as follows total juice sugar vield (ton/fed.) = fresh staik yield x juice
extraction % x Brix .

Data were subjected to statistical analysis according to statistical
MSTATC package. The means were compared by using LSD test (Waller
and Duncan, 1969) at 5 % level of significance.

RESULTS AND DISCUSSION

1- Effect of nitrogen rates:

Stalk diameter and length were significantly affected by the added
nitrogen rates (Table1). Increasing nitrogen rates from zero to 120 kg N/fed
markedly increased stalk diameter by 37.7 %, 28.6% and stalk length by
27.2, 26.7% in the first and second seasons compared to controi,
respectively. it is worthy to mention that the difference between 80 and 120
kg N was not significant for stalk diameter and length except for stalk
diameter in the first season. The increase in stalk diameter and stalk length is
mainly due to the role of nitrogen in stimulating the meristematic growth
activity which contributes to the increase in number of cells in addition to celt
enlargement. The resuit is in agreement with those obtained by, Besheit et af.
(1996), Mahmoud et al. (1999) and El-Shafai et al. (2005).
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Tablg 1 : Yield and yleld components as affected by nitrogen rates in

2003 and 2004 seasons.
| Mean
Stalk Stalk No. of .
N rate kg | diameter | length | stalks \:;?I::t S(:z;l: I\f{elill)d
ffed. cm cm 10%/fed ‘95;
Seasons

15! I 2'10 i 1!'! i zl!ﬂ [ 15! I znﬂ I 15'( l 2!1(1 l 1§| l 2nu

0 160 1.74 192 2156 48675017 350 367 206 217
40 191 210 222 226 49654911 492 514 28.7 30.0
80 211 223 243 255 49224961 537 565 31.2 33.2
120 24) 244 248 255 50565078 57€ 585 342 354 |

aLSDat0.05/011 022 15 12 ns _ns 62 47 28 3.1

Number of stripped stalks / fed was not significantly affected by
nitrogen rates in both seasons. (Table 1), while Increasing nitrogen rate up to
120kg Nffed significantly increased mean statk weight by 226 and 218 g and
statk yield by 13.6 and 13.7 ton/fed, over the control in both seasons,
respectively . This increase in stalk weight and stalk yield may be attributed
to longer and thicker statks accompanying higher N rates as mentioned
vefore. The increase in mean stalk weight and stalk vieid accompanying
higher nitrogen application was reported by Mahmoud et al. (1999) and EI-
Zeny, Maha (2004).

Juice quality traits in terms of Brix, sucrose, purity and reducing sugars
percentages were significantly affected by nitrogen rates (Table 2).
Increasing nitrogen rate up to 120 kg N/fed. markedly decreased Brix by 0.9
and 3.5% and sucrose by 11.68 and 8.3% and purity by 10.7 and 5.7%
compared without nitrogen fertilization in both seasons, respectively. These
results are in harmory with those of Balasubramanian and Ramamoorthy
{1998), Saheb et al. {1897) and El- Shafai et al. (2005). On the contrary.
Atia, Nour El Hoda (1980} reported that Brix and purity increased with
increasing nitrogen rate up to 105 kg Nffed. On the cther hand reducing
sugars was increased as N rate was increased.

Nitrogen rates exhibited significant effects on juice extraction % (Table
2). A gradual increase in percent of extracted juice as N rate increased was
recorded in both seasons. 120 kg N/fed gave the highest extraction % with an
increase of 6.0 and 8.8 % over the unfertilized control in the 1% and 2™
seasons, respectively. This increase might have resuited from the stimulating
effect of N on growth of sorghum plant in terms of length and diameter as
mentioned ‘before. The same findings were reported by Mahmoud et al.
{1999) and Saheb et al. (1997).

Syrup yield {gallon/fed} and juice sugar yield (ton/fed) were significantly
influenced by nitrogen rates (Table 2). The highest syrup yield (655 and 6580
gallon/fed) and juice sugar yield (3.07 and 3.24 tonifed) resulted from
adding 120 kg N/ed in the first and second seasons, respectively. Such
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$ifect of higher fitrogen rate might have resulted from improving growth in
terms of length, diameter and weight of individual stalk as mentioned before.

These findings are in agreement with those obtained by Abbas and Al-
Younis (1988) and Ramadan {2003).

Table 2: Juice quality, syrup and juice sugar yields as affected by
nitrogen rates and hill spacing in 2003 and 2004 seasons.

B Juice . Total Juice

o N ..o |Reducin . iSyrup yieid .
N;:Zte Brix % Sucrose %l Purity % sugars“/? extraoztlon ggnlopn!lfed sut?:ar:;’fgsld

ifed. Seasons

1st[2nd [ 1st [2nd] 1% [2nd] 1st [2nd] 1st [2nd[1st] 2nd | tst [2nd
o 233 33 mdlé 12.0 54,3 52.3 1.98 2.81 34.7 32.5J338 347 1.59 1.63
0 22.422912.011.553.6 50.5 3.34 4.00 385 36.0\528 524 248 246
80 222223 11.7 1.1 52.7 49.5 3.99 4.88 40.5 37.6/597 590 2.80 267
120 221222 107110485493 49.2 542 40.7 41.3)855 690 3.07 3.24
LSD at.05/0.2 0.3 04 03 23 11 028030 20 02{38 58 018 027

* Gallon =1.78 liters

2- Effect of spacing between hills:

Results presented in table 3 revealed significant effect of hill spacing
on stalk diameter and stalk length. These traits were gradually increased as
hill spacing increased up to 30 cm between. The thickest (2.49 and 2.67) and
tallest stalks (236 and 240 cm) in the first and second seasons, respectively
resulted from 30 cm between hills reflecting the less plant competiticn for
light and nutrients. Similar results were obtained by Mahmoud et a/. (1999).

The 20 cm hill spacing gave the highest number of stalks at harvest
{58.16 and 57.50 plants 103/fed) in the first and second seasons,
respectively. Stalk weight and stalk yield/fed were significantly affected by hill
spacing .The 30 cm hill spacing gave the highest mean stalk weight (5§62 and
557g). while 20 cm between hills gave the highest stalk yield { 30.2 and 32.1
ton/fed) in the first and second seasons, respectively. The increase in stalk
yield might have been due to the increase in number of stalks /fed. It is
worthy to mention that the decrease in stalk length and diameter
accompanying dense sowing was compensated by the increase in number of
stalks per unit area. These results are similar to those of Broadhead ef al
(1963) and. Saheb ef al. (1967}

Data presented in Table (4) revealed that juice quality in terms of Brix,
sucrose, purity and reducing sugar as well as, Juice extraction percentages
were significantly affected by hill spacing. 30 cm hiii spacing produced the
best juice quality traits compared to 20 and 25 cm between hills, reflecting the
higher inter-plant competition for fight and nutrients under dense sowing.
These results are in agreement with those of Broadhead et af.(1963), Abbas
and Al-Younis {1988).

Syrup yield in gallon/fed and juice sugar yield ton/fed. were significantly
affected by between hill spacing only in the second season. (Table 4).The
highest syrup yield (559 gallon/fed) and juice sugar yield (2.62 ton/fed)
resulted from planting sweet sorghum at 25 cm between hills. It is worth
rmentioning that 25and 30 cm plant spacing was significantly different in syrup
and juice sugar yield in second seasons.
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Table 3: Yield and yielc] components as affected by spacing between
hills in 2003 and 2004 seasons,

Stalk
\ . . Stalk | No. of stalks |Mean stalk Stalk yield
Hill spacing | diameter 3 .
cm cm length 10°/fed. weight (g) | ton/fed.
' Season
151 2na 1§t 2nu 13! 2nc| 1s't 2nd 15?!"_""576_
20 151 1.58 219234 58,16 57.50 425 457 30.2 321
25 208 2.13 224238 4942 4933 480 510 28.5 304
30 249 267 236240 4175 4292 582 557 275 278
LSD at 0.05 0.16 020 5 3 232 136 37 20 12 1.1

Table 4: Juice quality traits, syrup and juice sugar yield as effected by
spacing between hills in 2004 and 2005 seasons.

Juice
. . ! . Juice Syrup
H".I Brix |Sucrose% P':,"ty Reducu:g extraction | yield sugar
spacing % sugars% ° yield
% gallon/fed
{cm tonifed
Seasons
1§l_ zno 151_“556"'7! 2nu FF 2na 1r d 151 2”3W
20 15219112 11.051.9504 345 4,13 37.0 345519 525 2.432.45
25 22.522.811.7 11.352.0495 356 431 3B.9 376|537 559 252262
30 22.823.112.1 119529514 365 4.44 40.0 38.3| 533 529 2.502.48]
L.SDat0.0503 0.2 03 04 ns 16 018 017 15 11l ns 30 ns 0.14

3- Interaction Effects:

The interaction between nitrogen rate and hill spacing had a
significant effect on Brix in the 1% season and juice extraction in both seasons
{Table 5).

The highest Brix (23.4) resuited from sowing sweet sorghum at 30
cm between hilis and with zero N. Applying 120 kg N/fed with 30 cm between
hills gave the highest juice extraction {42.4 and 43.1%) in both seasons,
respectively.

Table 5: Brix and juice extraction percentages as affected by nitrogen
rates and hill spacing in 2003 and 2004 seasons.

Brix ] Juice extraction%
N kglfed. 2004 season | |-2|903 saeson | 2004 season
ilt spacing cm

20 125 J30 [ 2025 ] 30 120 25 | 30
0 223 233 234 320 351 370 299 338 339
40 220 232 233 371 384 402 326 375 377
80 215 226 229 403 410 414 357 386 385
120 218 221 228 386 411 424 399 408 431
LSD at 0.05 0.3 2.5 _ 1.9
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The interaction between N rates and hill spacing had a significant
effect on stalk diameter and stalk length in the second season (Tabte 8).

The highest stalk diameter {3.17cm) resuited from plants received
120 kg Nffed and sown at 30 cm between hills. While the highest stalk length
258 cm resuited from 80 kg Nffed and 30 cm between hills .

Mean stalk weight was affected by interaction between nitrogen rate
and hill spacing in both seasons. The heaviest statks (673 g) resulted from
adding 120 kg N/fed and sown at 30 cm between hills in the first season while
in the second season the highest stalk weight (6389 g) resulted from adding 80
kg N/fed and 30 cm between hills,

Nitrogen rate x hill spacing interaction had a significant effect on
stalk yield /fed. in both seasons, and syrup yield and juice sugar yield only in
the second season (Tabie 6). Sweet sorghum grown at 20 cm betwaen hills
and given 120 kg N /fed. gave the highest stalk yield (36.4 and 32.C tonffed.)
in both seasons,) and syrup yield (725 gallon /fed. in 2" season), as well as
juice sugar yield ( 3.40 ton/fed. in the 2" season). The increase in syrup
yield (galion /fed) and juice sugar yield ton/fed. might have resulted from
higher stalk yield in both seasons.

Table 6 : Yield and yield components as affected by nitrogen rate and
hiil spacing during 2003 and 2004 seasons.

Syrup | Juice

i | Stalk | Stalk | Mean Stalk yield ! sugar

N rate spacing diameterjlength; stalk yield gallon/! yield/
Kg/Nifed |°Pa" em | cm l weighty | ton/fed |95 9| YIEC
B 2004 |2003[2004/2003 2004 2004 | 2004

20 11¢ - 216 305 322 216 23.3 332 1.56
0 25 1.93 215 351 380 208 219 368 1.73 !

30 2.0¢ 214 395 400 193 201 341 1.60
20 1.64 219 424 459 30.0 319 489 229
40 25 2.08 227 494 506 287 298 552 259
30 -2.58 231 557 576 27.5 283 531 2.49
20 1.72 252 462 488 328 342 555 264
80 25 214 254 529 568 309 34.0 631 2.95
30 2.84 258 530 B39 299 313 585 274
20 1.78 249 510 55€ 364 390 725 340

120 25 2.38 256 545 587 338 357 685 3.21
30 317 255 673 811 323 314 658 3.09
LSD at 0.05 0.3 5 53 39 20 21 60 2.80
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