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Abstract: Seven elite sweet sorghum genotypes developed by individual plant selection among the land race
cultivar "Ankolib" were evaluated across 11 environments in the Sudan throughout the period 2003-2007. The
agronomic and quality traits were investigated. The results obtained indicated that the line ANKSSS was
superior in forage yield to the parental population Ankolib and the traditional check Abu Sab'in with respective
yield advantage amounting to 86.7 % and 25.8 %. Its forage yield was comparable to the recommended cultivar
"Kambal". Quality wise, it was better than the recommended cultivar in protein percentage and leafiness and
excelled the parent population in sugar content and digestibility. It was also the most stable in yield superiority
across the test environments. The release of ANKSSS for commercial production in the Sudan was
recommended under green cropping system. It might also perform well in other environments as indicated by
its comparatively low GxE Statistic. The seed of ANKSSS is maintained by the Forage Improvement Program
at Shambat Research Station, ARC, Sudan. Few amounts of seed for research purposes can be provided upon
written request to the corresponding author.
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INTRODUCTION retaining its desirable quality attributes (leafiness,

The area under forage crops has recently witnessed of lines with better yield and quality than Abu Sab'in
a rapid increase to meet the growing need for animal and/or the original stock.
products. In Khartoum State (according to statistics of the During the past decades, breeding efforts in the
Ministry of Agriculture, 2006), forage crops represent Sudan were directed towards improving grain types and
around 80 % of the total area cultivated, the majority of very little attempts have been exerted to develop
which was cropped to the traditional type Abu Sab'in improved forage types [4]. Considering the pressing need
[Sorghum bicolor (L). Moench]. Abu Sab'in, though to diversify the present production system with variable
merited by high productivity and vigor in growth, is forage types and the lack of research efforts undertaken
known to have poor quality attributes because the stalks to exploit the immense variability among Sudanese
are dry, non sweet and sparsely leafed [1]. Such sorghums, a research program was initiated at Shambat
characters are naturally available in ‘Ankolib’, a local type Research Station in 2001 to develop improved forage
of sweet sorghum. It is a mixed land race variety grown sorghum types by selection within local stocks. The
not for fodder, but for chewing the juicy sweet stem, present paper highlights the major research efforts
whereas in other parts of the world, sweet sorghums are undertaken to develop improved forage types by
highly recognized for forage production. Ankolib is a selection within Ankolib population.
durra-bicolor characterized by sweet stalk just like sugar
cane [2]. It is rarely mentioned in the literature as a forage MATERIALS AND METHODS
crop. Previous research work on Ankolib, Abu Sab’in and
some introduced sweet sorghum cultivars indicated that Development of Plant Materials: Seeds of the land race
Ankolib was less productive than Abu Sab’in. [3]. cultivar “Ankolib”, were grown in the Experimental Farm
However, being highly mixed land race variety, selection of Shambat Research Station (Sh.R.S.) during the summer
within Ankolib population for high forage yield while season  of  2001.  Wide  range of variability was observed

juiciness and sweet stems) would result in identification
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Table 1: Sowing dates and some environmental details of the 11 environments under which the materials were tested

Mean Min-max. Mean annual
Sowing Date Location Soils characteristics  temp. rain fall (mm) Coordinates Altitude (feet)

23. Jan. 2003 Shambat Heavy clay, pH 8.5 non-saline non- sodic 23.3 –34.5 163 15  39' N; 32  31' E 1251î î î î

21. July. 2003 Shambat '' '' '' '' ''
27. Dec. 2003 Shambat '' '' '' '' ''
31. Dec. 2003 Islang Silty clay non-saline non-sodic 23.3 –34.5 163 15  53' N; 32  32' E 1238î î î î

23. Jan. 2004 Kuku Sandy clay non-saline non-sodic 23.3 –34.5 163 15  39' N; 32  36' E 1260î î î î

20. Feb. 2005 Shambat Heavy clay, pH 8.5 non-saline non- sodic 23.3 –34.5 163 15  39' N; 32  31' E 1251î î î î

6. Oct. 2005 Shambat '' '' '' '' ''
26. Sept. 2006 Shambat '' '' '' '' ''
15. Sept. 2006 Gash Heavy clay, pH 8.0 non-saline non-sodic 24.5 –33.1 327 15  28' N; 36 24' E 1641î î î î

21. Nov. 2006 Hudieba Clay, pH 8.1, non-saline non-sodic 22.5 –34.6 70 17  42' N; 33 58' E 1132î î î î

18. Jan. 2007 Shendi Silty clay, pH 7.2 non-saline non-sodic 27.7 –35.0 77.7 16  41' N; 33 26' E 1236î î î î

for different agronomic characters. 44 individual plant placing 5 seeds in holes spaced 10cm or by dribbling the
selections were made based on growth vigor, plant height, same amount of seed in furrows opened on each side of
flowering time, leafiness, mid-rib color, tillering capacity the ridge. Nitrogen fertilizer was added at a rate of 55 kg
and head characteristics. Selection for most characters N/ha. The experiments were irrigated every 7 to 15 day
was started at heading and prior to anthesis by covering except at Gash Delta where sowing was done under
the panicles with cloth bags. The 44 selections were sown residual moisture. Harvesting was practiced at dough
each in a 6 m ridge replicated twice in the Experimental stage. Weeds were kept at minimum by hand weeding.
Farm of Sh.R.S in 31.July.2002. Seven lines were selected, Chemical control of pests was not practiced in all
namely, ANK18, ANK36, ANK37, ANK40, ANK42, experiments
ANK43 and ANKSSS. The 7 selected lines were kept for
further testing. Data Collection: Green matter yield (GMY) was taken at

Testing Environments: The materials selected were tested environments in Khartoum Sate from a random sample of
across 11 environments (unbalanced combination of 6 0.5 kg taken from the harvested plot and air dried. Days to
locations, 5 years and different sowing dates). The years flower, plant height, stem diameter and leaf to stem ratio
extended from 2003 to 2007. Three of the 6 locations were investigated. The ratio of leaves to stem was
(Kuku, Islang and Shambat) are in Khartoum State, the evaluated from three randomly chosen plants from the
leading in forage production and consumption in the harvested plot.
country. Two locations are in the River Nile State (Shendi Approximate analysis for neutral detergent fiber
and Hudieba) and one location (Gash Delta) is in Kassala (NDF), acid detergent fiber (ADF), crude protein (CP),
State. Table 1 shows some details of these environments. ether extract (EE) and Ash were studied on dry basis

The Checks: The selected materials were tested against trial conducted at Shambat, 2005/06. The samples were
three checks, namely, the traditional Ankolib, Kambal analyzed in the laboratory of the Faculty of Animal
(recommended Abu Sab'in) and the traditional Abu Sab'in. Production, Shambat, following the standard procedure of
However, at Gash site, "Aklamoi" (a land race with sweet the A.O.A.C. [5]. Percentage of total sugars (Brix°.) was
stem grown for both grain and fodder) was used as a evaluated from the experiments conducted at Kuku and
check. The check Ankolib was included in 9 environments Shambat (2003/2004). Three plants at dough stage were
whereas  Kambal  and  Abu  Sab'in  were  included each in randomly chosen from each plot. The fourth internode
5 environments. (from the base of the plant) was squeezed and the juice

Design and Management: The design was RCBD with two refractometer.
to three replicates. Sowing dates (Table 1) covered
January, February, July, September, October, November Statistical Analysis: Analysis of variance for the
and December. The plot size ranged from 13.5 to 87.8 m . individual experiments was performed for forage yield2

Sowing was done manually on each side of the ridge by following the standard procedure of analyzing the RCBD

dough stage. Dry matter yield (DMY) was evaluated in six

using samples taken at dough stage from two reps of the

was used to determine the sugar percentage using hand



Am-Euras. J. Agric. & Environ. Sci., 6 (4): 434-440, 2009

436

[6]. Combined ANOVA for GMY obtained in the eight particularly in Khartoum Sate. Its GMY ranged from 15.9
environments  of  Khartoum  State  was   carried  out. (Hudieba, 2006) to 46.3 t/ha (Shambat, 2005) whereas that
Since highly significant genotype x environment of the check Ankolib ranged from 12.5 to 31.8 t/ha.
interaction was encountered, stability analysis (cultivar ANKSSS  also significantly out-yielded the checks
superiority analysis) was performed [7]. REML method Kambal and Abu Sab'in in two and three environments,
was used to combine the data obtained for yield related respectively. However, Kambal out-yielded the line
traits in different environments [8]. This method is ANKSSS  in  one  environment  (Shambat  summer  2006).
recommended for analysis of multi-environment variety At Gash Delta, the GMY of ANKSSS was similar to that of
trials as it allows analysis of unbalanced data sets arising the check Aklamoi, but the coefficient of variation
from missing-data or drop-out process during selection obtained for this site is high. The lines ANK37 and
[9]. The GenStat statistical package was used to run ANK36 were among the poorest in GMY. In average
ANOVA  and  REML  analysis  [10].  Stability  analysis performance  across the 8 environments of Khartoum
was carried out using the statistical package Agrobase State (Table 4) ANKSSS ranked first in GMY, averaging
Gen II [11]. 36.31 t/ha, whereas the checks Ankolib, Kambal and Abu

RESULTS The respective increase in yield obtained by ANKSSS

Forage  Yield:  The  performance  of  genotypes in increase in yield obtained over Ankolib and Abu Sab'in
separate  environments  for  green  (GMY),  dry  (DMY) was significant (p= 0.05). The lines ANK42 and ANK40
and their average performance combined over 8 were the second best among selection in forage yield
environments  in  Khartoum  State  are  displayed in averaging comparable GMY of about 30.67 and 30.58 t/ha,
Tables 2, 3 and 4, respectively. The genotypes differed respectively.
significantly in GMY in the combined ANOVA and in 9 The genotypes differed significantly in DMY in 5 out
out of 11 environments in the separate analysis. The line of 6 environments. The line ANKSSS kept the best
ANKSSS was consistently the best yielding among the performance in most environments, excelling the check
selected genotypes through most environments and Ankolib in all environments and Kambal and Abu Sab'in
significantly  (p  =  0.05)  out-yielded  the  check  Ankolib, in one out of two environments (Table 3).

Sab'in averaged 19.45, 34.99 and 28.87 t/ha respectively.

over the checks was 86.7 %, 3.8 % and 25.8 %. The

Table 2: Green matter yield (t/ha) of Ankolib genotypes and the check cultivars obtained in different environments (2002-2007)

Environment Shambat Shambat Islang Kuku Shambat Shambat Shambat Shambat Gash Hudieba Shendi

Genotype 2002/03 2003 2003/04 2003/04 2003/04 2005 2005/06 2006 2006 2006 2007

ANK42 27.4 30.7 26.8 29.3 31.8 37.6 20.0 21.1 16.2 25.0

ANK43 23.8 33.9 24.5 23.5 18.7 35.7 29.9 19.0 26.6 11.9 24.4

ANKSSS 32.1 39.3 37.1 38.5 28.8 46.3 41.1 23.0 35.3 15.9 23.1

ANK40 31.9 38.5 29.7 29.6 25.6 36.1 33.4 19.4 36.4

ANK18 26.5 36.5 24.1 28.0 19.9 34.0 30.9 20.0

ANK36 15.9 32.2 23.7 24.1 27.2

ANK37 13.0

Ankolib (check) 10.6 12.6 14.6 31.8 23.7 12.6 20.4 12.5 20.3

Kambal (check) 39.5 32.4 36.0 21.8 23.9

Abu Sab'in (check) 24.4 29.1 27.2 22.2 24.3

Aklamoi (check) 35.3

Mean 24.4 35.2 25.1 26.8 24.2 37.2 31.4 21.8 29.2 15.6 23.3

Sig L. ** * * ** ** ** ** ** ns * ns

SE± 1.499 1.789 3.135 1.801 2.249 1.698 1.543 1.851 5.565 1.891 1.576

LSD (0.5) 4.620 5.637 10.485 5.463 7.522 5.352 4.680 5.614 6.167

CV(%) 10.7 8.8 17.7 11.6 13.1 7.9 8.5 14.7 33.0 20.9 11.7

*, ** : Significant at 0.05 and 0.01 probability level, respectively, ns : Not significant at 0.05 probability level
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Table 3: Dry matter yield (dmy) in ton/ha obtained by different Ankolib genotypes and the check cultivars grown in Khartoum State (2002-2006)

Environment
Genotype Shambat 2002/03 Shambat 2003 Islang 2003/04 Shambat  2003/04 Shambat 2005 Shambat  2005/06

ANK42 3.49 3.65 3.80 7.60
ANK43 3.06 4.48 3.75 2.26 4.74 5.67
ANKSSS 3.61 5.84 5.15 3.15 5.94 8.93
ANK40 3.66 4.82 4.44 2.87 4.40 6.56
ANK18 3.20 4.80 3.88 2.64 4.36 6.18
ANK36 1.82 4.08 2.99
ANK37 1.61
Ankolib (check) 2.18 3.81 4.03
Kambal (check) 5.95
Abu Sab'in (check) 4.76 3.86

Mean 2.92 4.61 4.03 2.95 4.65 6.10
Sig L. ** ** ** ns ** **
SE± 0.255 0.31 0.27 0.433 0.235 0.330
LSD (0.05) 0.784 0.984 0.98 0.766 1.001
CV(%) 15.1 11.7 9.4 20.7 8.7 9.4

**: = Significant at 0.01 probability level, ns : Not significant at 0.05 probability level

Table 4: Combined ANOVA for green matter yield (GMY) of 5 Ankolib genotypes and 3 check cultivars averaged over 8 environments in Khartoum State
(2002-2007)

Combined ANOVA
Yield advantage -------------------------------------------------------------------------------------------

Genotype GMY (t/ha) (ANKSSS over the checks) Source of variations df Mean squares

ANK42 30.8 Environment(E) 7 524.43**
ANK43 25.8 Residual 7 38.26
ANKSSS 36.3 Genotype (G) 7 448.23**
ANK40 30.6 G x E 38 (11)^ 32.37**
ANK18 28.2 Residual 45 (11) 10.72
Ankolib (check) 19.5 86.7 % Total 105 (22)
Kambal (check) 35.5 3.8 %
Abu Sab'in (check) 28.9 25.8 %

Mean 29.4 ** :Significant at 0.01 probability level, 
SE± 0.819 ^  : Number of missing values
LSD (0.05) 2.332
CV (%) 11.2

Stability Analysis: Yield stability analysis for 5 Ankolib
genotypes and 3 check cultivars are presented in Table 5.
The line ANKSSS showed the lowest GxE statistic in the
whole material, indicating that its superiority was the most
stable among the tested genotypes. The check Kambal
showed the second lowest GxE statistic followed by the
line ANK42. The check Ankolib displayed the highest
value for GxE statistic.

Yield Related Traits: Table 6 displays data of yield
related traits obtained by different genotypes across
different environments. The genotypes differed
significantly (p < 0.001) in days to flower, plant height and

Table 5: Stability analysis for 5 Ankolib genotypes and 3 check cultivars
tested over 8 environments in Khartoum State (2002-2007)

Cultivar Superiority Analysis

Genotype GXE Statistic  Rank

ANK42 40.842 3
ANK43 85.362 7
ANKSSS 11.056 1
ANK40 43.002 4
ANK18 61.394 6
Ankolib (check) 193.170 8
Kambal (check) 11.905 2
Abu Sab'in (check) 55.833 5

: low value = stability of superiority
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Table 6: Yield related traits of 7 Ankolib genotypes and 3 check cultivars obtained under 11 environments (8 at Khartoum State and one each at Shendi
Hudieba and Gash Delta, 2002-2007)

Genotype Days to flower (no) Plant height (cm) Stem diameter (cm) Leaf to stem ratio (%)

ANK42 61.2 (9)* 183 (8) 0.94 (4) 37.5 (1)
ANK43 65.8 (9) 179 (10) 1.11 (3) 34.9 (2)
ANKSSS 73.3 (10) 189 (11) 1.08 (4) 37.1 (2)
ANK40 66 (8) 184 (9) 1.10 (4) 36.9 (2)
ANK18 65.6 (8) 160 (8) 1.14 (4) 37.1 (2)
ANK36 62.1 (5) 156 (3) 1.07 (3) 38.9 (1)
ANK37 54.9 (1) 156 (1) 0.84 (1)
Ankolib (check) 67.4 (8) 139 (9) 1.10 (1) 36.3 (1)
Kambal (check) 68.6 (5) 192 (4) 1.24 (1) 32.9 (1)
Abu Sab'in (check) 61.6 (5) 169 (5) 1.24 (1)
Aklamoi (check) 255 (1)

Mean 64.6 178 1.09 36.4
chi probability <0.001 <0.001 <0.001 0.096
s.e.d. avg. 1.954 8.383 0.07023 1.727
s.e.d. max. 3.395 16.06 0.09826 2.127
s.e.d. min. 1.357 4.742 0.04641 1.371

* : Figures between brackets denote number of test environments.

Table 7: Percentages of total stalk- sugars (Brix°) crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), ether extract (EE) and Ash
obtained by different Ankolib genotypes and the check cultivars (Shambat, 2003/04 and 2005/06)

Genotype Brix° CP NDF ADF ASH EE

ANK43 11.4 8.8 50.4 54.2 7.7 1.15
ANKSSS 14.3 10.2 61.4 31.8 8.8 1.68
ANK40 14.2 8.6 57.5 39.2 9.1 1.18
ANK42 8.85
ANK18 16.3
ANK36 10.8
Ankolib (check) 12.9 11.0 45.0 45.2 5.4 0.59
Kambal (check) 6.6 50.4 31.6 9.8 1.15
Abu Sab'in (check) 8.67

Mean 12.2 9.1 52.9 40.4 8.2 1.06
s.e.d. 0.892 3.87 10.04 11.94 4.57 0.684

stem  diameter. ANKSSS   was   the   latest   to  flower Quality Traits: Table 7 shows percentages of total sugars
(73.3 day) whereas S. 37 was the earliest (54.9 day) (Brix°) crude protein (CP), neutral detergent fiber (NDF),
followed  by  ANK42 (61.2 day). ANKSSS was acid detergent fiber (ADF), ether extract (EE) and Ash
significantly  later  than  the  checks  Ankolib,  Kambal obtained by different Ankolib genotypes and the check
and  Abu  Sab'in.  Aklamoi  was  the  tallest  (255  cm) in cultivars. ANK18 was the best in total sugar percentage
the whole material tested followed by Kambal (192 cm). (16.3 %). The lines ANKSSS and ANK40 ranked second
The  line  ANKSSS  was  significantly  taller  (189  cm) showing comparable brix values of about 14.3% and
than  the  checks  Ankolib  (139  cm)  and   Abu  Sab'in 14.2%, respectively. Their sugar content was better than
(169 cm). Its stem diameter was thinner than that of that of the checks Ankolib and Abu Sab'in. The lowest
Kambal  and  Abu Sab'in. The leaf to stem ratio obtained value among selection was shown by the line ANK42,
by ANKSSS (37.1 %) was higher than that of the check averaging 8.85 %, which was comparable to that obtained
Kambal (32.9%), however, the observed differences by Abu Sab'in (8.67 %).
between genotypes for this character were not None of the selected lines excelled the check Ankolib
statistically significant (p = 0.096). in  percentage  of CP. However, the line ANKSSS  was the
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best  among selection  in  CP  (10.2  %)  ranking second CONCLUSION
to the check Ankolib (11.0 %) and was better than the
check Kambal (6.6 %). For ADF (that predicts Individual plant selection within the land race variety
digestibility), the line ANKSSS averaged 31.8 %. This Ankolib has resulted in isolating the line ANKSSS which
value was better than that obtained by the check Ankolib was superior in forage yield than the parent population
(45.2 %) and was comparable to the check Kambal (31.6 and the traditional variety Abu Sab'in with respective
%). However, the reverse is true, with respect to yield advantage amounting to 86.7 % and 25.8 %. Its
percentage of NDF. The percentages of Ash and E.E. forage yield was comparable to the recommended cultivar
shown by the line ANKSSS were higher than those Kambal with slight yield increase of about 3.8 %. It was
shown by the check Ankolib. also the most stable in green matter yield across the test

DISSCUSSIONS recommended cultivar in protein percentage and leafiness

The lines ANK37 and ANK36 were dropped out in digestibility. ANKSSS has been suggested for commercial
the early stages of testing due to their poor performance production in Khartoum State, Sudan and might perform
in forage yield. The lines ANK42 and ANK40 showed well in other environments as indicated by its
good performance in forage yield beside some other comparatively low GxE Statistic.
attributes, however, the former was found to be non
sweet, whereas the latter was observed to have poor seed
setting. Selection for good seed setting in forage crops REFERENCES
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