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Abstract: The study was conducted in the Experimental FarnthefCollage of Agricultural
Studies - Sudan University of Science and Technpol&hambat for two years (2009-2010) to
evaluate the performance of 12 locally developagdde sorghum hybridsS¢rghum bicolor L.
Moench) together with their parents and 3 standdwecks including two commercial exotic
hybrids and the released Abu Sabin cultivar ‘KambBhe materials were arranged in Alpha
Lattice design and evaluated for some agronomicfarabe quality traits. Highly significant
differences among genotypes were encountered lfohatacters except leaf to stem ratio. Some
of the locally developed hybrids significantly oitiged the introduced commercial ones. The
hybrid S.148xSG32-2A was unique in combining higinage yield with earliness and, was
therefore, expected to meet the farmer’s preferemggoducing high quantities of forage in a
relatively short period of time. Another late floswey, highly productive and leafy hybrid
S.148xANKSSS may not meet the requirements of théitional system, but was considered
suitable under grazing systems in the modern daid/ fattening schemes. Some of the locally
developed hybrids scored reasonable values foripratontent. The hybrid S.148xSG32-2A

which was leading in forage yield, appeared to bkess digestibility and low protein content.
This calls for screening the nutritional aspectanrearlier stage of the breeding program.
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I ntroduction

Sorghum $orghum bicolor L. Moench) is a
crop of world-wide importance. The
tremendous increase in demand for animal
products has led to great expansion in the
area allocated for fodder crops. Sorghum is
the most important irrigated forage crop in
the Sudan The traditional sorghum cultivar
‘Abu Sabin’ is the most important cultivar
grown for forage in the Sudan. In Khartoum
State, for example, it represents more than
60% of the total area cultivated. According
to the statistics of the Ministry of
Agriculture in 2009, the area cropped with
fodder crops in Khartoum State estimated to
200000 fed., in the River Nile and Northern
States for the same year, were 55000 and

29000 fed, respectively. Research efforts
aiming at developing improved forage types
were very few. The seed of all forage
sorghum hybrids currently in use are
imported. Of these, four hybrids were tested
and released by Agricultural Research
Corporation (Mohammed, 2007). Although
these hybrids proved to be good yielders, yet
the farmer’'s preference is in favor of the
traditional cultivar Abu Sabin. One of the
reasons behind the limited adoption of
exotic hybrids relates to their unsuitability to
the local production system as they were
mostly designed to suit the grazing or silage-
making systems prevailing in countries other
than Sudan. On the other hand, the high cost
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and unavailability of their seeds has also
contributed to the limited adoption of the
exotic hybrids.

Work on the potential of locally developed
forage sorghum hybrids was initiated
byMohammed who used exotic female parents
(Mohammed, 2007). Althoughthe resulting
hybrids outperformed the local checks and
the commercial hybrids in forage vyield, yet
the exotic parents were found responsible
for transmitting undesirable traits to their
progenies. The choice for developing local x
local hybrids was therefore, thought crucial
in resolving problems pertaining to the poor
adoption of forage sorghum hybrid in
Sudan. In response to this situation,
Mohammed (2004) was able to develop
local females selected from the traditional
cultivar Abu Sabin and crossed them to
carefully selected local males chosen from
Sudan Grass (Garawi) and Ankolib
populations. Thus, a number of local x local
hybrids were produced. Such hybrids are
expected to greatly enhance the adoption
process by making available cheap seed
source of better adapted hybrids. The
objective of this study was to evaluate the
performance of some of these new locally
developed forage sorghum hybrids in
comparison to their parents, exotic hybrids
and local checks.

M aterials and M ethods

The experiment was conducted for two years
2009 and 2010 in the Farm of the Collage of
Agricultural Studies- Shambat (lat.15°39' N;
Long. 32°31'E). The soil at Shambat is
heavy clay with pH 8.5. Twelve locally

developed forage sorghum hybrids (Table 1)
were evaluated together with their parents
against two commercial hybrids: Pannar888
and SafedMoti; and one local check:
'Kambal' (the recommended Abu Sabin
cultivar). The hybrids were developed by.
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Mohammed-Forage Improvement Program-
Shambat Research Station, ARC/ Sudan.
The land was disc ploughed, disc harrowed
and leveled by scraper to obtain a flat and
fine seed bed. Ridging was done at 0.75 m
spacing. Planting date of the first season was
on 9.July.2009, whereas that of the second
season was on 14.0ct.2010. Sowing was
done manually by placing five seeds in holes
spaced 10 cm on both sides of the ridge.
Nitrogen fertilizer (urea) was added at the
second irrigation at the rate of 54.7 kg N/ha.
Irrigation water was applied at 10 to 15 days
interval. Weed population was kept at
minimum by hand weeding. Harvesting was
done manually by cutting the plants at 5 to 7
cm above soil surface using hand sickle.
Harvesting was carried out 5-7 days after
each entry in each replication has completed
50% flowering, which simulates the local
practice of harvesting forage sorghum. The
treatments were arranged in Alpha lattice
design (Patterson and Williams, 1976).

The green matter yields(1y) was recorded
from 4 m row harvested from each plot
leaving 0.5 m at each side. Cutting was done
at 5 to 7 cm above ground. The Dry matter
yield (DMY) estimated from a random
sample of 0.5 kg taken from the GMY of the
harvested plot and air dried. Days to
flowering were taken when 50% of the
plants in the whole plot started to shed
pollens. Plant height was measured from
three randomly chosen plants. Leaf to stem
ratio recorded from three plants randomly
selected from the harvested plot. Using
approximate analysis, three forage quality
traits were determined viz: Neutral detergent
fiber (NDF), acid detergent fiberabF) and
crude proteinGP).

Single analysis of variance was performed
for all characters before doing the combined
analysis. The data were analyzed by both
Alpha lattice andkCBD, and the results were
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found identical. Accordingly the results of
Randomized Complete Block Design

windows (2006) was used to run thROVA

in single years. The combined analysis and
(RcBD) were considered (Patterson and Duncan's Multiple Range Test were
Williams, 1976). Duncan’s Multiple Range performed using the Agrobase Gen i
Test was used to separate the means. The (2008).

statistical software package GenStat for

Table 1. The 12 local forage hgis used in the study.

No. Hybrid name Type

1 S.134x SG32-2A Local x Local
2 S.134x SG51 Local x Local
3 S.148x SG32-2A Local x Local
4 S.14&SG34 Local x Local
5 S.14&ANKSSS Local x Local
6 S.XSG32-2A Local x Local
7 S.xSG34 Local x Local
8 S.xSG50 Local x Local
9 S.7%ANK42 Local x Local
10 S.9%SG34 Local x Local
11 S.134Hastings Locak Exotic
12 HastingsS.70 Localk Exotic

Results

Agronomic Performance

than leaf to stem ratio. The interaction
between years and entries was non-
significant for all characters other than
number of days to flowering.

Table 2 indicated that the effect of years was
highly significant (p <0.01) for all characters
except leaf to stem ratio and plant height.
Differences among entries were highly
significant (p < 0.01) for all characters other
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Table 2. Mean squares from combined data over yesafor 5 characters in forage sorghum
(Shambat, 2009 - 2010).

Source of D.f. Leaf Daysto Plant Dry matter Green

variation to flowering height yield(t/ha)  matter
stem (cm) yield(t/ha)
ratio

Rep 2 2395 17.87 754.0 0.399 11.46

Years (Y) 1 4534 11092.05** 669.7 754.184 6457.57

Residual 2 7.89 447 4433  0.729 2.41
(TTr)eatme”t 29 2542 37539 12494 17.23F 31528
YT 27 1525 125.46 230.8 2.256 27.52
Residual 112 11.65 18.32 2126  2.607 43.45

** = significant at 0.01 probability level
Forage yield

Table 3 shows the combined data for green GMY and DMY, respectively. The check
matteryield and dry matter yield. The hybrids Kambal averaged 29.9 t/ha and 7.3 t/ha in
S.14&SG32-2A and S.14ANKSSS showed GMY and DMY, respectively. The exotic
the highestGMY averaging 43.5 and 37.7 hybrid Pannar888 ranked "6in GMY
t/ha, respectively. The DMY obtained by averaging 33.7 t/ha. Its DMY was 7.8 t/ha.
both hybrids was 9.8 and 9.2 tha, The exotic hybrid SafedMoti ranked 2in

respectively. The best yielding parent GMY (26.8t/ha) and 18 in DMY (7 t/ha).
ANKSSS averaged 32.3 and 7.7 t/ha in
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Table 3.Green GMY) matter yield, dry (DMY) matter yields from combined data (Shambat, 2009€2.0).

Code Name Mean.GMY(t/ha)# Code Name Mean.DMY (t/h&) Rank
5 S.148XSG32-2A 435 A 5 S.148XSG32-2A 9.8 A 1
6 S.148XANKSSS 37.7 AB 6 S.148XANKSSS 9.2 AB 2
8 S.3XSG32-2A 35.0 ABC 10 S.79XANKA42 8.8 ABC 3
10 S.79XANK42 34.9 ABC 3 S.134XSG51 8.2 ABCD 4
11 S.93XSG34 34.6 ABC 12 E-35-1XS.70 8.2 ABCD 5
27 Pannar888(check) 33.7 BCD 7 S.3XSG34 8.BCBE 6

12 E-35-1XS.70 33.4 BCD 27 Pannar888(check) ABCDE 7

3 S.134XSG51 33.1 BCD 9 S.3XSG50 7.7 ABCDE 8
2 S.134XSG32-2A 32.7 BCD 8 S.3XSG32-2A 7.7 GAEE 9

23 ANKSSS 32.3 BCD 23 ANKSSS 7.7 ABCDE 10
9 S.3Xsg50 31.0 BCDE 11 S.93XSG34 7.5 BCDE 11

4 S.148xSG34 30.8 BCDE 29 Kambal 7.3 BCDEF 12

7 S.3xSG34 30.7 BCDE 4 S.148XSG34 7.3 BEDE 13
13 S.3 30.5 BCDEF 14 S.134 7.3 BCDEF 14
29 Kambal 29.9 BCDEFG 18 HastingsxS.70 7.BCDEF 15
20 SG32-2A 29.4 BCDEFG 2 S.134XSG32-2A 7.BCDEF 16
18 HastingsxS.70 29.0 BCDEFG 13 S.3 7.2 DBE 17
24 ANK42 28.8 BCDEFG 28 SafedMoti(check) 7.0BCDEF 18
14 S.134 28.6 BCDEFG 20 SG32-2A 6.8 EDE 19
15 S.148 28.3 CDEFG 19 SG34 6.5 DEF 20
28 SafedMoti(check) 26.8 CDEFG 15 S.148 6.5 DEF 21
1 S.134xHastings 25.8 CDEFG 24 ANK42 6.3 DEF 22
21 SG50 25.8 CDEFG 1 S.134XHastings 6.3 DEF 23
19 SG34 24.9 DEFG 26 S.70 5.8 EF 24
22 SG51 22.6 EFG 21 SG50 58 EF 25
26 S.70 215 FG 22 SG51 58 EF 26
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16 S.79 21.2 G 25 Hastings 5.2 F 27
25 Hastings 19.7 G 16 S.79 5.0 F 28
17 S.93 19.0 G 17 S.93 3.8 F 29
30 E-35-1 11.7 G 30 E-35-1 3.3 F 30

Mean 28.898 Mean 6.956

S.E+ 2.6 S.E+ 0.637

C.V (%) 22.42 C.V (%) 22.43

#: Means with letter in common are not significgrdifferent at 0.05 Probability level according

to Duncan’s multiple range test
Yield related traits

The combined data over the two years
(Table, 4) showed that the plant height for
hybrids ranged from 176 cm (obtained by
S.93 x SG34) to 200 cm (obtained by

S.148xSG32-2A). Plant height for parents
ranged from 128 to 192 cm shown by E-35-
1 and S.134, respectively. For checks,
Kambal scored the highest value for plant
height (204 cm) whereas the check hybrid

Pannar 888 showed the lowest value (188
cm). For leaf to stem ratio, the hybrids
ranged from 36.6 % to 45.1% scored by
S.148xSG32-A and S.134xSG32-2A, resp-
ecttively. The parents ranged from 40.6 % to
48%. The checks ranged from 39.8%, to
42.2 shown by Kambal and Pannar 888,
respectively.

Table 4.Performance of forage sorghum hybrids, theiparents and checks for yield related
traits from combined data. (Shambat. 2009-2010).

Name Leaf to stem Ratio Plgnt Days tp
(percentage) height(cm)  flowering
S.134xHastings 43.6 197 66.3
S.134xSG32-2A 45.1 188 58.8
S.134xSG51 40.6 195 64.8
S.148xSG34 42.9 190 59.5
S.148xSG32-2A 36.6 200 57.5
S.148XANKSSS 40.1 197 76.5
S.3xSG34 41.1 189 62.5
S.3xSG32-2A 40.1 196 58.3
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S.3xSG50 41.1 188 55.5
S.79xANK42 42.8 186 56.0
S.93xSG34 42.6 176 55.5
E-35-1xS.70 43.4 196 72.7
HastingsxS.70 43.9 192 71.0
S.3 42.9 187 65.3
S.134 41.0 192 67.5
S.148 445 182 61.0
S.79 42.9 166 54.0
S.93 40.8 161 54.5
SG34 48.0 175 66.2
SG32-2A 41.4 185 59.3
SG50 43.2 179 60.5
SG51 42.5 187 61.5
ANKSSS 40.6 178 81.3
ANK42 421 183 61.2
Hastings 40.6 182 72.7
E-35-1 43.1 128 81.5
S.70 42.3 172 7.7
Pannar888 42.2 188 58.3
SafedMoti 40.7 192 63.3
Kambal 39.8 204 69.7
Mean 42.1 184.8 64.4
S.Ex 1.4 5.98 1.75
C.V (%) 7.97 7.9 6.7
LSD(0.05) 3.83 16.7 4.9

Table 5 shows the percentages of crude sorghum hybrids, their parents and the
protein €P), neutral detergent fibempF) checks. The mean ofp percentage was
and acid detergent fiberagF) of forage 6.5%, the highest hybrid in the percentage of
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CP was E-35-1xS.70 (8.6%) and the lowest check SafedMoti was 6.5% higher than the
was S.134SG32-2A(4.9%). Among parents checks Kambal (5.8%) and Pannar888
S.134 was the highest (8.3%) add50was (5.1%).

the lowest (5.1%). Thep shown by the

Table 5. Percentage neutral detergent fibemNDF), crude protein (CP) and acid detergent
fiber (ADF) of forage sorghum hybrids and their parents, grow at (Shambat 2009)

Name NDF CP ADF

S.134xHastings 59.0 7.2 32.5
S.134xSG32-2A 66.0 4.9 36.0
S134xSG51 74.0 6.3 37.0
S.148xSG34 63.0 7.9 40.5
S.148xSG32-2A 62.0 5.5 57.5
S.148xANKSSS 64.0 6.4 37.0
S.3xSG34 61.0 7.2 33.0
S.3xSG32-2A 67.0 7.9 39.5
S.3xSG50 61.5 5.8 34.0
S.79xANK42 59.0 6.2 35.0
S.93xSG34 63.0 7.6 32.5
E-35-1xS.70 67.0 8.6 335
HastingsxS.70 71.0 6.2 45.0
S.3 65.0 6.2 37.0
S.134 60.0 8.3 35.0
S.148 63.0 6.5 33.0
S.79 58.0 7.6 36.0
S.93 63.0 7.2 32.0
SG34 75.0 5.8 45.0
SG32-2A 71.0 5.5 43.0
SG50 63.5 51 40.0
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SG51 64.0 5.8 49.0
ANKSSS 75.0 55 45.0
ANK42 59.0 6.2 35.0
Hastings 61.0 7.2 41.5
S.70 64.0 7.6 45.0
Pannar888 60.0 5.1 35.0
SafedMoti 72.0 6.5 44.0
Kambal 60.5 5.8 35.0
E-35-1 58.0 7.2 37.0

Mean 64.3 6.5 38.7

S.Ex 0.2158 0.2921 0.3399

The mean oNDF was 64.3%. The hybrids Discussion

S.7%ANK42 and S.134xHastings were the
lowest in NDF percentages than the other
hybrids scoring similar values of 59%. The
highest NDF value was shown by
S.134SG51 (74%). The hybrid
S.14&SG32-2A gave 62%NDF value.
Among parents, the lowest NDF value was
expressed by S.79 (58%) wherg®$KSSS
and SG34 were the highest (75%). The
checks Pannar888 and Kambal showed
comparableNDF values (61.0%) whereas
the NDF shown by the check SafedMoti was
high (72%). The mean oADF percentage
was 38.7%. The hybrid S.148G32-2A
showed highADF value amounting to 58%.
The hybrids S.134 x Hastings and
S.93xSG34 expressed the lowesaDF
percentage values (32.5%). Among parents
the female S.93 was the bestADF (32%).
The checks Kambal and Pannar888 gave
similar ADF values (35%) better than the
check SafedMoti (44%).

Differences between genotypes for forage
yield, plant height and days to flowering
appeared to be due to genetic effects as
pointed by the highly significant differences
(p < 0.01) detected among them for these
characters. On the other hand, the genotypes
differed insignificantly for leaf to stem ratio
in the combined analysis. It could be noticed
that mean squares for leaf to stem ratio,
when compared to that obtained for other
traits, were not large enough relative to
interaction and error mean squares.
Interaction between years and genotypes for
days to flower was highly significant (P <
0.01) indicating that performance of
genotypes for this character is inconsistent
across years. Some of the local hybrids
significantly excelled the introduced
commercial hybrids in forage vyield. The
hybrid S.148xSG32-2A merits  special
consideration. While it was leading in forage
yield, (out-yielding Pannar888 the best
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performing commercial hybrid) it was also
the earliest hybrid to flower. Bringing
together high forage yield with earliness in
one cultivar is not an easy task due to
unfavorable association encountered
between the two characters (Ross et al
1983). However, in case of the hybrid
S.148xSG32-2A, this might be explained by
the successful parental choice involved in
this hybrid. Both the female (S.148) and the
male (SG32-2A) were reported to be good
combiners for earliness and high forage
yield (Mohammed, 2010). Earliness is a
highly valued character under the local
forage production system that requires fast
growing, highly productive cultivars to
minimize costs of production (Mohammed
et al, 2009). Thus, the hybrid S.148xSG32-
2A could largely meet the farmer’s
preference in producing high quantities of
forage in a relatively short period of time.
The comparatively low leaf to stem ratio
observed for this hybrid might be one of the
drawbacks observed for this hybrid,
nonetheless, this trait is not essential in the
prevalent production system in which
quality attributes are not largely appreciated
due to the fact that fodders are mainly
produced as cash crops. The local hybrid
S.148xANKSSS ranked second in forage
yield with acceptable leaf to stem ratio;
however, it was the latest to flower. The
male parent ANKSSS was reported by
Mohammed (2010) to be poor combiner for
earliness but among the best combiners for
high forage yield. Late flowering hybrids
might not be adopted by farmers growing
fodders as cash crops under cut-and carry
system, but are usually preferred under
grazing system to allow for prolonged
utilization of the pasture before the nutritive
value is lowered by flowering. Grazing
systems are not yet adopted in the Sudan but
are likely to be in the near future in view of
the increased attention given to modern
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dairy and fattening schemes whereby new
production systems are needed to maximize
productivity of milk and live-weight gain.
Some of the newly developed hybrids scored
comparatively reasonable values for protein
content (> 7.5%), NDF (< 65%) amiF (<
40%). TheNDF measures intake potential
while ADF predicts digestibility. Dry matter
intake is negatively related tdDF content in
high producing dairy cows (Mertens,1987) and
was also found tdoe negatively related to
digestibility (Argillier et al.,2000). The
hybrid S.148xSG32-2A showedDF value
below 65% and was better in this regard
than the exotic commercial hybrid
SafedMoti that scored above 70%.
Mohammed and Talib, (2008) reported that
hybrids low inNDF percentage appear to be
attainable in forage sorghum without
sacrificing high yield levels. However, the
ADF value shown by this hybrid is fairly
high (57%) and may possibly points to its
poor digestibility. The protein content
shown by S.148xSG32-2A was low (5.5 %),
yet it was similar or even better than the
commercial hybrid Pannar888 (5.1%). The
adverse relationship of forage vyield and
protein content is common in the literature
(Mohammed and Talib, 2008; Scapim et al,
1998; Sanderson et al; 1994). Quality
aspects are more crucial in breeding for
forage crops. Therefore, in future programs,
screening for the nutritional value should be
carried in the earlier stages of the breeding
program. Although this will be more
expensive, yet it is the only way to achieve
tangible improvement in forage quality.

Conclusion

The study carried for evaluation of 12
locally developed forage sorghum hybrids
revealed highly significant differences
among genotypes for all studied traits other
than leaf to stem ratio. Interaction between
years and genotypes for days to flower was
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highly significant indicating the incons-
istency of genotypes over years for this trait.
The study revealed that some of the local
hybrids significantly excelled the introduced
commercial hybrids in forage vyield. The
hybrid S.148xSG32-2A was unique in
combing high forage yield with earliness.
This has been explained by the successful
parental choices involved in this hybrid
which were reported to be good combiners
for forage yield and earliness. The hybrid
was expected to meet the farmer’s prefer-
ence in producing high quantities of forage
in a relatively short period of time. The low
leaf to stem ratio observed for this hybrid
was considered to have little or no impact in
a production system appreciating quantity
rather than quality attributes. Another loca-
lly developed late flowering, highly produ-
ctive and leafy hybrid (S.148xANKSSS)
was considered suitable under grazing
systems which are due to emerge in view of
the increased attention given to modern
dairy and fattening schemes. Some of the
locally developed hybrids scored comp-
aratively reasonable values for protein
content (> 7.5%), NDF (< 65%) and ADF (<
40%). The hybrid S.148xSG32-2A which
was leading in forage yield appeared to be of
less digestibility (ADF = 57%) and low
protein content (5.5%). This calls for
screening the nutritional aspects in an earlier
stage of the breeding program. Although this
will be more expensive, yet it is the only
way to achieve tangible improvement in
forage quality.
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