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ABSTRACT

Two field experiments were conducted at the Agricultural Experimental and
Research Station Cairo University, Giza, Egypt, during 2002 and 2003 seasons, 1o
study the effect of sowing dates (April 10,May 1, May 21, June 10 and June 30) on the
yield and quality of three sweet sorghum cultivars (Willy, Williams and Ramada).

Results of the study revealed that years had no significant effect on all studied
traits except Brix and purity percentages.

Early planting date on May 1% produced the tallest, thickest plants, having
higher and number of internodes as well as syrup yield, stalk yield and total juice
sugar yield / fed, thereafter growth traits were gradually decreased as sowing was
delayed up to the end of June. Delay in sowing date up to June 30, intensified the
reduced Juice extraction, Brix, sucrose and purity percentages, while reducing sugar
increased.

Ramada cultivar had significantly the tallest plants as well as the highest
number of internodes/plant followed by Williams and Willy in a descending order,
while Williams had the thickest stalks and Willy had the iongest internodes. Williams
cultivar surpassed the others in juice extraction%, Brix, sucrose% and purity% and
had the lowest percentage of reducing sugars which is preferable for syrup
production. It significantly surpassed the other ones in syrup yield either per ton of
stalks or per feddan as well as total juice sugar yieldffed., followed by Ramada and
Willy in a descending order, while Ramada outyielded the other cultivars in stalk yield
! fed,

The interaction between sowing dates and cultivars had marked effects on
number of internodes/plant, length of internode, juice extraction %, sucrose %, and
Brix purity% reducinq sugars. The highest stalk yield { 37.76 tons/fed ) resulted from
Ramada with May 1% planting meanwhile the highest syrup yieldfton of statks {19.05
gallon), syrup vieldffed (677.3 gallon/fed.) and total juice sugar yield (3.17 ton/fed)
was obtained from Williams and May 1% pianting.

In general, it can be concluded that the highest syrup yield galicn /fed coutd
be obtained from Williams variety with May 1% planting .

INRODUCTION

The gab between sugar production and consumption in Egypt is
increasing year after year and as a result the government imports a large
quantity of sugar annually. Several attempts have been made in order to
narrow this gab; one of which is by introducing new sugar crops to be grown
in newly cultivated areas. Park and lee (1991) stated that sweet sorghum
{Sorghum bicolor, ..} is a new sugar crop with a high potential for sugar and
syrup production and could be used as bio- energy resource.

Hip et al. {(1970) conducted severals experiments {o determine the
influence of date of planting and solar radiation on yield of sweet sorghum
stalks and sugar. Results indicated that radiation received by the plants
during the period between boot and early seed formation accounted for about
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75% of the variation in yield . Maximurh solar radiation in the experimental
location during June, July and August, consequently maximum yields were
obtained from April, May and June plantings. Broadhead (1972) found that
yields of stalks and sugar from May 1% planting were significantly higher than
those from April and June 1°. In another study Ferraris and Edwards {1986)
studied the effect of four sowing dates extending from iate Sept. to mid Jan.
on two sorghum cultivars. Results indicated that the concentration of sugars
in one cultivar averaged 40% which was about 10 times the level in the other.
The accumuiation was near linear function of either time or radiation sun. The
efficiency of light use for sugar production was greater in one cuitivar than the
other, and yield of sugars in one cuitivar exceeded 19 ¥ha when the crop
was sown early in the season but was only 3 t/ ha with late —sown crops.
Machado et al. (1987) grew sweet sorghum at 2 sites ¢n ~saefsus dates
between Sept. 30 and Feb. 21 . They found that yield of stems increased
with sowing up to early Nov. then decreased. The highest stem yield was
given by crops of plants with a high number of internodes and large stem
diameter of tall plants. Ghatode et a/. {1991) planted sorghum on June 29,
and July 8, 13 and 20 . They observed that the delay in sowing decreased
stalk diameter, total soluble solids, reducing sugars and sugar content in
juice. Petrini et al. (1993) reperted that sowing dates significantly affected
“stalk and sucrose yields, sucrose content, and invert sugars in two sweet
sorghum cultivars. Almoedares ef af. {1994) reported that May sowing date
resulted in higher stripped stalk yield, Brix value, pol and purity than June
sowing. At both pianting dates, the stalk and sugar yields were highest in
some cultivars than others. Mcreover, Brix value, pol and purity percentages
were higher in some cultivars than others. The interactions between cultivar
and date of planting were significant for stripped stalk yield, Brix value and
pol%. Besheit ef al. (1996) studeied the effect of three sowing dates ( May
15, 30 and June, 15 ) on two sweet sorghum cultivars (Sucrosorge 301 and
405). They reported that sowing sweet sorghum on May, 15 proved to be
the best date for sowing both cultivars. Sowing sweet sorghum on May 15
produced the highest stalk weight, juice extraction, syrup extraction, Brix,
sucrose and purity percentages. On the other hand reducing sugars %
increased significantly as sowing was delayed till June 15. Almodares et al.
(1997) planted 15 sweet sorghum cuitivars and lines on March 10, April 10,
May 10 or 10 June. They found that the highest stalk yield was obtained from
Kelier and Rio cvs. when sowen early. Sowing date had ne effect on Brix
value and sucrose percentage, while cultivars differed in both traits and
Keller cv. showed the highest Brix value. while Keller and Rio cvs had the
highest sucrose content.

Several investigators like Nour {1963), Atia, Nour El-Hoda {1980),
Besheit et al. (1996) and Saleh (2004) reported varigtal differences in
average stalk weight, stripped stalk weight, stalk dimension and  stalk yield.
While Galant et al. (1991) found that juice extractioand juice quality were
affected by sweet

genotypes. Abo El-Wafa and Abo El-Hamd (2001) tested the
performance of seven sweet sorghum cultivars { Umbrela. Smith, Leati,
Williams, Tracy, Planter and $.S8. 301). Their results indicated a remarkable

3522



J. Agric, Sci. Mansoura Univ., 30 (7), July, 2005

variation amang cultivars, where SS 301 had the superiority over the other
cultivars in TSS,sucrose and lowest reducing sugars percentages. Thakare
el al. (2002) and Amaducci et al. (2004) found varietal differences in stalk
juice, reducing sugar and sugar contents. While Sinare et al. {(2004) studied
the effect of three genotypes {Rssv-9, Gssv-306 and ssv-84 ). They reported
that commercial cane sugar percent was not influenced significantly by
genotype, the maximum total sugar percent (12.34) and reducing sugar
(1.64) was observed in ssv-84. El-Shafai et a/. {2005) tested the performance
of two sweet sorghum varieties (Brands and Honey ). The results indicated
that Honey variety surpassed significantly Brands in stalk height , stalk
diameter and forage yield/fed.

The objective of this article was to study the effect of sowing date on
yield and qulity of some sweet sorghum cultivars

MATERIALS AND METHODS

Two field experiments were conducted at the Agricultural Experimental
and Research station Cairo University, Giza, Egypt during 2002 and 2003
seasons . The soil texture of the experimental site was clay with 8.1 and 7.8
pH, 1.6 and 1.4 % organic matter, 0.12 and 0.09 % tota! nitrogen, and 1.92
and 0.93 E.C mmhos in both seascns, respectively.

A randomized complete block design in a split plot arrangement with
four repllcatlons was used. Five planting dates ( Aprit 10" , May 1%, 21* and
June 10" and 30™ ) occupied the main plots. Whereas three varieties;
namly Willy, Williams and Ramada were allocated to the sub plots. The sub
plot cons:sted of 5 ridges 5 m long and 70 cm apart thus sub plot size was
17.5 m®. Hills were 25 cm apart : Plants were thinned to two plants per hill
after 21days from planting and received 90 kg N/fed as urea ( 46 % N).
Before sowing 31 kg P04/ fed (in the form of superphostate 15.5 % P;0s) ,
and 24 kg kxof fed as potassium sulphate ( 48 % k;O ) were added. Other
cultural practices were carried ocut as recomended. Harvest was carried out
when seeds were in the dough stage of maturity.

At harvest time a sample of ten stalks from each sub plot was taken at
random. The leaves and heads were removed from the stalk samples to
determine stalk length (cm) measured from soil surface to the node at the
base of the top mest-panicle, number of internodes/stalk and stalk diameter
{measured at the middle of the fourth internode from stalk bottom) (measured
from soil surface to the node at the base of the top mest-panicle). Length of
internod = stalk length/number of internodes per plant. Each sample was
crushed in a roller mill to obtaine juice for analysis. Juice extraction% was
determined by (dividing juice weight/stalk weight )x 100. Total soluble solid
{Brix} was estimated by using ATAGO digital refractmeter. Sucrose% was
estimated by using the direct polarization method (De-Whally, 1964 ). Purity
percentage = (Sucrose % / Brix) x100 . Reducing sugars / 100 cm® juice was
estimated by using Fehling solution according to Plews (1970). Syrup yield
per ton of stalks was calculated as follows; ST = EB (2000) (0.90) / (11.25)
{0.75) where ST = gallons of syrup per ton of stalks, E = percent juice
extraction , B = Brix , 2000 = pounds of stalks, 0. 9 = factor for 10 %
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Skimwing loss , 11.25 = pounds per gallon of syrup , @nd 0.75 = Brix in syrup
(Broadhead et al., 1963 ). Total juice sugar yield (ton/fed.) was calculated by
using the formula proposed by Soileau and Bradford (1985) as follows = fresh
- stalk yield x juice extraction % X Brix . Total weight of each piot after being
stripped and removing leaves and heads was used to determine fresh stalk
yield (ton/fed ).

Combined analysis of the two seasons was calculated after testing the
homogeneity of the variance and data were exposed to the proper statistical
analysis of variance by using the computer package MSTATC. Treatment
means were compared by the LSD test as given by Waller and Duncan { 1869)
at the 5% level of probability.

The average temperature during the growth penod in 2002 and 2003
" sdasChs are reported in Table 1.

Table 1: Maximum and minimum monthly temperature at during study

seasons.
Seasons 2002 2003
Months Max. Min. Max. Min.
April 288 146 28.8 13.4
May 325 176 342 17.9
June E 36.1 19.6 V 35.9 21.4
July 407 - 23.6 3586 20.7
August 35.4 25.7 34.8 242
September 343 21.2 328 20.2
October 293 - 17.8 29.6 17.6
November 28.3 14.9 253 13.7
December 271 14.0 241 13.2

RESULTS AND DISCUSSION

A: Growth traits:

Data presented in Table 2 revealed that years had no significant effect
on stalk length, stalk diameter, number of internodes/plant and internode
length.

Plantmg dates significantly affected growth traits (Tabte 3). Pianting on
May 1% produced the tallest and thickest plants having higher number of
internodes, therafter growth traits were gradually decreased as sowmg was
delayed up to the end of June. It is worth mentioning that May 1* planting
surpassed April 10" in growth traits with significant differences for stalk
length and length of the internode. Thesuperlorxty of early sowing {May1"
might have been due to the increase in maximum temperatures prevailing
during the growth period which in turn favoured photosynthetic efficiency and
consequently produced more vigorous plants. Similar resufts were obtained .
by Machado et al. (1987}, Ghatode et al. (1991) and Saleh (2004).

Cultivars exhibited significant differences in growth traits (Table 3)
Ramada cuitivar had significantly the tallest plants as well as the highest
number of internodes / plant followed by Williams and Willy in a descending
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order, while Williams had the thickest stalks (3.08 cm) and Willy had the
longest internodes (15.06 cm) with significant differences with the other

cultivars.

Table 2: Combined analysis of variance for several studied traits.
Source Stalk Stalk No. of Length of
of d.f length | diamater | internods | internod
variation (cm) {em) per plant {ecm)
Year (Y) 1 154.13 0.28 2.95 6.48
R(Y) 6 71.16 0.12 1.18 2.17
Planting date (D) 4 |9633.76* 217 *™ 41.48 ** 8.02*
YD 4 397.70* 015" 0.52 1.7
Error 24 67.36 0.04 1.36 14
Cultivars (C ) 2 |197598™ 310* 2027 340
YC 2 66.79 0.08* 0.009 2.33*
DC 8 91.01 0.03 239" 315+
YDC 8 85.50 0.04 0.20 0.30
Error 60 64.19 0.02 0.31 0.59
Table 3: Means of stalk length, stalk diameter, number of
internodes/plant and length of internode as affected by years,
planting dates and cultivars.
Traits Staik Stalk No.of Length of
length diameter internodes internode cm
Treatments cm cm per plant
Years
2000 229.7 282 15.29 15.02
2001 2275 29 15.60 14.58
F. test NS NS NS NS
Planting dates
April 10 24386 3.08 16.07 156.16
May 1 248.4 3.15 16.08 15.44
May 21 2364 2.99 15.15 15.60
June 10 211.0 267 15.1 14.06
June 30 203.8 244 15.01 13.58
LSD at 0.05 4.1 0.10 0.58 0.58
Cultivars
Willy 221.2 2.55 14.69 15.06
Williams 229.4 3.08 15.69 14.62
Ramada 2352 2.97 15.99 14.71
LSD at 0.05 3.0 0.05 0.20 0.28

Differences among sweet sorghum cultivars in growth traits were
reported by Nour ( 1963), Atia Nour El-Hoda (1990}, Besheit et al. (1996) and
El-Shafai et al. (2005).
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. 8 = Juice wuali'y traits : b ' .

Data presented in Tabke 4 indicated that differences between years for
juice qualfity traits 'in terms of juice extraction, sucrose and reducing sugar
percentages were not significant, while Brix and purity were significant. The
differences among planting dates in juice quality traits were significant (Table
5). Planting on May 1" had the highest percentages of juice extraction
(42.25%), Brix (18.52), sucrose {13.37%) and purity (72.18%), followed by
May 21, June 10" and June 30 plantings in a descending order. It is worthy
to mention that April 10" was lower in juice extraction %, Brix and sucrose
% than May 1%, while the difference between April 10" and May 1% in purity
was negligible. .

Tabie 4 : Summgy ~f mean square for extraciion, sucrose, Brix, purity
and reaucing sugar percentages of combined data over years
{combined analysis over the two seasons).

Source of d.f [Extraction] Brix Sucrose | Purity Reducing

variation % ' % % sugars%
Year {y) 1 5.66 5.80" 1.15 125.23* 0.33
R (Y) 6 12.79 Q.21 0.21 1.65 0.186
Planting date (D) 4 58713~ 2757~ 2545 B8892* 2042
YD 4 1.14 0.08 0.10 2.09 0.02
Error 24 1.92 0.42 0.34 18.82 0.08
Cultivars { C) 2 211197 23.35™ 21.24% 18713 149>
YC 2 0.29 0.8 0.03 15.78 Q.05
DC 8 16.93** 162+ 113« 46.04 0.29 ™
YDC 8 2.02 0.156 0.20 5.51 0.02
Error 80 2.38 0.19 0.12 5.7€ 0.06

Table 5: Juice extraction, Brix, sucrose, purity and reducing sugars
percentages as affected by years, planting dates and cultivars
(combined analysis over the two seasons).

Traits Extraction Brix Surose Purity Reducing
% % % sugars

Treatments %
Years

2000 356.24 16.97 12.16 71.66 3.20
2001 36.67 17.41 12.36 70.99 3.30
F. test NS * NS * NS
Planting dates

April 10 35.97 17.54 12.78 72.86 3.58

May 1 42.25 18.52 13.37 72.19 208
May 21 40.41 17.67 12.69 71.81 2.48
June 10 33.52 16.39 11.70 71.38 3.93
June 30 30.15 15.83 10.76 67.97 418
LSD at 0.05 0.68 0.32 0.29 2.14 0.14
Cultivars

Willy 3387 16.43 11.54 70.23 3.38
Williams 38.27 17.96 13.00 72.39 3.03
Ramada 37.23 17.17 12.25 71.35 3.34
LSD at 0.05 0.57 0.18 0.13 0.88 0.09
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On t3a other hand, May 1%, planting was the lowest one in reducing sugars
% with significany differences from the other planting dates, reflecting the
highest sucrose and Brix percentages accompanying May 1% planting. These
finding are in agreement with those of Ghatode et al. (1991) and Aimodares
et al. (1997) who reported that the delay in sowing decreased juice quality
traits.

Cultivars significantly differed in juice quality traits. The cultivar
Williams surpassed the other cultivars in juice extraction%, Brix, sucrose%
and purity% and had the lowest percentage of reducing sugars which is
preferable for syrup production. Also the Ramada cultivar surpassed Willy in
this respect. This result is confirmed with the results obtained by Galani ef al.
(1991) Abo El-Wafa and Abo El-Hamd (2001), Thakare et af. (2002) and
Sinaie gy (2004) .

C: Yield of stalks, syrup and sugar :

Data presented in Table 6 revealed insignificant effect of years on
syrup yield (gallons) per ton of stalks, syrup yield (galion/ fed), stalk yield
(ton/fed) and total juice sugar yield (ton/fed).

Table 6: Mean square for syrup yield in galions per ton stalks, per fed,
analysis stalk yield and total juice sugar yield ton/fed (combined
over the two seasonsi

Source of _ { _ Total juice
variation d.f Syrup yield | Syrup yield Stalk sugar
"1 Per ton of Per fed vieldifed | vieldifed
. stalk { .

Year (y) 1 7.85 23016.9 20.67 0.51
R (Y) 6 1.95 4797.0 448 0.1
Planting data(D) | 4 | 167.56* 32271651 * 56.11* 7.09*
YD 4 0.36 3027.44 4.97 0.07* !
Error 24 0.54 759.57 1.82 0.02
Cultivars ( C) 2| 8510*  263376.40* 32458 578+
YC -2 06g 601.88 0.55 0.01
DC 8 6.39 * 17020.43 ** 9.50 ** 0.37 *
YDC 8 0.30 286.12 201 0.01
Error 60| 0.861 1009.83 1.92 0.02 |

May 1* planting significantly outyilded the other planting dates in
syrup yield, stalk yield and total juice sugar yield/ (tonffed) (Table 7).
Thereafter the delay in planting up to the end of june was accompanied with a
gradual reduction in yvields of stalks syrup and sugar / fed. The superiority of
May 1% planting may be due to better growth characters in terms of stalk
- length, stalk diameter, number of internodes/stalk and internode length as
well ae the better juice quality traits as mentioned befor. Some workers like
Ferraris and Edwards (19886), Petrini et al. (1993) reported that early sowing
increased stalk and syrup yield.
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Table 7 : Effect of year, planting date and cuitivar on stalk and syrup
yield (combined analysis over the two seasons).

Traits Syrup yield (gallon* ) | Stalk yield| Total juice
Per ton of Ton/ sugar ton/fed

Treatments stalk Per/ fed fed
Years
2000 13.23 419.98 31.19 1.97
2001 13.74 447.68 32.02 210
F. test NS NS NS NS
Planting dates
April 10 1347 455.28 33.68 2.13
May 1 16.76 582.60 34.38 2.73
May 21 15.28 492.67 31.98 2.31
June 10 11.73 346.69 29.41 1.63
June 30 10.19 291.92 28.60 1.37
LSD at 0.05 0.36 13.61 0.67 0.07
Cultivars
Willy ' 11.92 340.74 28.40 1.60
Williams 14.81 489.61 32.59 2.30
Ramada 13.73 471.13 33.84 2.21
LSD at 0.05 0.29 11.69 0.51 0.05

Gallon = 3.78 liters

Williams cultivar significantly surpassed the other ones in syrup yield
either per ton of stalks or per feddan as well as total juice sugar yield / fed,
followed by Ramada and Willy in a descending order, while Ramada
outyielded the other cuitivars in stalk yield / fed. The superiority of Williams in
syrup production might have resulted from its better juice quality traits in
terms of percentages of juice extraction, Brix, sucrose and purity. It is worth
mentioning that the higher stalk yield of Ramada could not compensate for its
lower juice quaiity traits and finally syrup yield was lower than Williams.
Differences among sweet sorghum cultivars in stalk and syrup yield were
reported by Almodares et al. (1997) Sinare et al. (2004) and Amaducci et
al. (2004).

D- Interaction effects :

Data presented in Table 8 revealed that the highest number of
internodes/plant resulted from Ramada planted on May 1* and the longest
internodes was cbtained from Willy planted on May 21.

From data in Table 9 it was clear that the best juice quality traits in
terms of juice extraction %, sucrose %, and Brix resulted from Williams which
was planted on May 1%, while, purity % was maximized when Williams was
sown on April 10. The highest percentage of reducing sugars was obtained
from Willy with May 1* planting. The highest stalk yieid { 37.76 tons )}
resulted from Ramada with May 1* planting meanwhile the highest syrup
yneld / ton of stalks (19.05 gallon), syrup yield / fed (677.3 gallon ) and total
juice sugar yield (3.17 ton) were obtained from Williams and May 1* planting
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Table 8: Number of internodes/plant and length of internode as affected
by the interaction between cultivars and planting dates.

Planting dates
\Varieties| April May May June | June | April May May June June
10 10 30 10 21 30
No. of mternodes ! plant length of mternod (cm)
Willy 16.58115.5314.39(14.04(12.51(14.06|15.15,15.87 [14.63|14.63
Williams; 16.16 (16.65(16.43({15.59:13,38(15.31;14.95/1462/13.53)13.52
Ramadal 16.40|16.95|16.74{16.01|13.76]15.50|15.10{14.42|13.64[13.64
LSDat.05 0.46 0.63
Table 9: Juice quality traits, yield of stalks and syrup as affected by the
- interaction between cultivars and plantirg dates. - :
Planting dates
Cultivars April [ May | May | June : June rApril May | May | June | Sune
10 1 21 16 30 10 1 21 10 30
Extraction % Sucrose %
mmy 3373 1383136053148 29.80| 1235 | 12.42111.70 | 10.67 | 10.56
itiams 3753 (450214333 (35323016 | 13181436 | 13.73 [ 1238 [ 11.33
Ramada 3665 |143.42 (4185|3376 | 304911281 | 1333|1264 | 1205 | 1040
LSD at 0.05 1.27 0.28
Brix Purity %
Willy 17.27 | 17.04 | 16.80 | 16.02 | 15.04 | 69.57 | 71.09 | 67.70 | 64.68 | 68.02
Williams 17.86 [ 19.83 | 1869 | 1689 | 16.51 | 73.88 | 7250 | 73.47 | 73.30 | 68.80
Ramada 17.45 1 1868 {1752 | 1626 | 1598517345 | 71.37 1 72.14 | 7419 | 65.23
LSD at 0.05 0.36 1.97 -
| Reducing sugars % Stalk yield ton ffed.
Willy 404 | 439 1 396 | 247 2.06 | 30.72 | 29.88 | 2852 | 2566 | 27.23
Mvilliams 385 | 390 | 3.05 | 240 | 1.94 | 3501|3545} 33.39 | 30.36 | 28.69
Ramada 3080 | 426 | 373 | 257 | 2.24 | 3532 |37.796 (3403 | 32.20 | 29.88
LSD at 0.05 0.20 1.14
Syrup yield gallon / ton stalks Syrup yield gallon / fed.
Willy 12.44 | 1383 (1292 (10.75| 956 [ 3822 | 416.7 | 368.6 | 276.1 | 260.3
Wiliiams 1432 | 19.05 | 17.28 [ 12.73 | 10.64 | 801.7 | 677.3 | 576.2 | 387.1 | 305.8
Ramada 13.65 | 17.30 1 1565 | 11.71 | 10.36 | 481.9  653.8 | 533.2 | 376.9 | 309.7
SD at 0.05 0.64 261
Total juice sugar yield {ton/fed.)
Wity 1.79 195 | 1.73 1 1.28 | 1.22
Williams 235 | 317 | 270 | 1.87 1.43
Ramada 226 | 307 | 250 | 1.77 | 1.45
LSD at 0.05 0.14
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