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ABSTRACT 
 

This study was conducted at Biochemistry Section, Post Harvest Research 
Centre, Ayub Agricultural Research Institute, Faisalabad, Pakistan during the 
years 2006, 2007 and 2008 to evaluate different varieties/lines of sorghum 
fodder for hydrocyanic acid and crude protein contents. Ten varieties i.e. JS-
2001, JS-263, Hegari, F-9601, F-9603, F-9706, BS-1, SS-1, SS-2 and Jowar-86 
were sown in randomized complete block design with three replications. 
Recommended dose of NP fertilizers was applied to the crop each year. Crop 
was harvested at maturity, green fodder yield was recorded and samples were 
analyzed for HCN and crude protein contents. On mean basis the results 
revealed significant differences among varieties for better yield, HCN and crude 
protein contents. Variety JS-2001 produced the highest green fodder (70.9 t/ha) 
while variety SS-2 gave the lowest (51.1 t/ha). Hydrocyanic acid contents 
ranged from 255.4 ppm (F-9601) to 346.6 ppm (Hegari). However, these values 
were within safe limit of 500 ppm. Crude protein contents ranged from 4.4 to 
5.1 percent. Variety JS-263, Hegari and F-9603 showed the highest value (5.1 %) 
against the lowest by F-9706 and JS-2001 (4.4 %). On overall basis varieties JS-
2001 due to higher green fodder yield and low HCN contents and JS-263 with 
higher crude protein contents and higher fodder yield were found 
comparatively better than all other varieties / lines. 
 

KEYWORDS: Sorghum bicolor; cultivars; hydrocyanic acid; fodder yield; 
Pakistan.  

 
INTRODUCTION 

 
Sorghum (Sorghum bicolor L.) locally known as “jawar’ is cultivated 
throughout Pakistan especially in dry and rainfed areas. In Punjab sorghum 
crop was grown on an area of 182.7 thousand hectares, with annual 
production of 102.7 thousand tons and average yield of 562 kg per hectare 
during 2008-09 (1). Sorghum has high yield potential to meet summer fodder 
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requirements of livestock in Pakistan. It is fed as green fodder and in some 
areas; it is dried and preserved for feeding during winter. Sorghum is a 
successful fodder crop because of its tolerance to various stresses (28). It is 
also a nutritive fodder but it contains an antiquality agent called hydrocyanic 
acid (HCN) (19). Cynogenic potential of sorghum plant is a major limitation 
for its utilization as fodder. The permissible/safe threshold limit for HCN in 
sorghum fodder is 200 mg/kg on dry weight basis and 500 mg/kg on fresh 
weight basis (21). Haskins et al. (18) concluded that production of 
cyanogenic producing glycoside i.e. dhurrin, lowers the nutritive value of 
fodder due to its toxic effect on feeding livestock. Other plants also produce 
HCN, but in lesser amounts, whereas in sorghum it is produced in larger 
amount which is hazardous to animal species (16). There are many 
examples of death and serious illness from consumption of cyanogenic 
plants in cattle (12, 13), goats (31) and other grazing animals (17, 19). HCN 
is readily absorbed into the blood stream of grazing ruminants causing 
cellular asphyxiation and eventually death (20).  
 
Some research workers (3, 7, 15) reported high HCN contents in sorghum 
fodder with the application of high levels of nitrogenous fertilizers. Al-Sultan 
(5) collected 36 samples of fresh green sorghum from different farms at 
various stages of growth upto 180 cm length and analyzed for cyanide 
contents. The results revealed that HCN concentration increased gradually 
starting from 46 cm length of the plant (about 0.698 mg/100g plant) to reach 
its maximum at 80 cm length (about 2.54 mg/100g plant). Then it decreased 
gradually till it reached at 180 cm length (0.042 mg/100g plant). Pandey et al. 
(26) studied HCN contents in sorghum in relation to N and P application and 
found comparatively higher HCN in immature plants which reduced to non-
toxic level after 40-45 days of sowing. Hinjra et al. (19) reported that sorghum 
is a poor quality fodder due to low protein content and presence of HCN. 
Ayub et al. (6) checked eight varieties of sorghum, among which variety F-
9603 produced significantly higher forage and dry matter yields due to 
greater plant density while Hegari produced maximum crude protein (7.62%), 
total ash (9.58%) and low crude fibre (28.37 %). Panasuik and Bills (25) 
found that seeds of four cultivars of grain sorghum and four of sweet 
sorghum contained only traces (1 to 29 ppm) of potential HCN that could be 
generated as free HCN by digestion and steam distillation.  
 
The present study was conducted to evaluate 10 different varieties/lines of 
sorghum fodder to determine their yield, HCN and crude protein contents. 
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MATERIALS AND METHODS 
 

This study was conducted at Biochemistry Section, Post Harvest Research 
Centre, Ayub Agricultural Research Institute, Faisalabad, Pakistan during 
2006, 2007 and 2008. Ten sorghum fodder varieties/lines viz. JS-2001, JS-
263, Hegari, F-9601, F-9703, F-9706, BS-1, SS-1, SS-2 and Jowar-86 were 
sown in randomized complete block design with three replications. The 
experiment was started in kharif 2006 and three crops of sorghum fodder 
were taken during 2006 to 2008 with last crop in kharif 2008. Each crop was 
planted in June and harvested in August at maturity (80 days after sowing). 
Recommended dose of N and P (80 and 90 kg/ha) was applied to each crop. 

Young leaf samples (3rd from the distil end) were taken for HCN analysis. The 
HCN contents were determined in fresh fodder by standard distillation 
method (14). Fresh fodder yield was also recorded. Whole plant samples 
were taken from each replication for chemical analysis. Plant samples were 
chopped, dried, ground and analyzed for dry matter yield and crude protein 
contents by using methods described in AOAC (2). The data obtained were 
statistically analyzed by using Fisher’s analysis of variance technique and the 
least significant difference test at 5 percent probability level was used to 
compare treatment means (29).  
 

RESULTS AND DISCUSSION 
 

Green fodder yield 
 
The data (Table-1) indicated that during the year 2006, variety JS-2001 
performed better for fresh fodder yield (78.8 t/ha) followed by JS-263 (73.3 
t/ha). During the year 2007 variety Hegari yielded higher (77.2 t/ha) while 
varieties JS-263 (75.6 t/ha), F-9603 (73.3 t/ha), JS-2001 (70.6 t/ha) and F-
9601 (70.0 t/ha) stood at par with these two varieties. During 2008, three 
varieties i.e. F-9603 (66.0 t/ha), F-9601 (64.5 t/ha) and JS-2001 (63.4 t/ha) 
performed better and were statistically at par. Variety SS-2 produced the 
lowest (55.5, 41.7 and 56.1 t/ha) during all three years. However, variations 
were recorded in the performance of varieties with respect to years which 
may be attributed to variation in varietal potential.  On the basis of average of 
three years, green fodder yield of different sorghum varieties/lines ranged 
from 51.1 to 70.9 tons per hectare. Maximum green fodder yield was 
recorded in variety JS-2001 (70.9 t/ha) which was statistically at par with JS-
263 (70.3 t/ha), F-9603 (69.2 t/ha) and Hegari (68.3 t/ha). Minimum green 
fodder yield was recorded in case of variety SS-2 (51.1 t/ha). These results 
are in line with those of Mehmud et al. (22) and Chughtai et al. (11), who 
reported significant differences in green fodder yields of different sorghum 
genotypes. 
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Table 1. Green fodder yield of different varieties/lines of sorghum. 
 

Varieties/lines Green fodder yield (t/ha) 
2006 2007 2008 Mean 

JS-2001 78.8 a 70.6 ab 63.4 ab 70.9 a 
JS-263 73.3 b 75.6 ab 61.9 b 70.3 a 
Hegari 67.7 c 77.2 a 60.1 b 68.3 ab 
F-9601 63.3 d 70.0 ab 64.5 ab 65.9 b 
F-9603 68.4 c 73.3 ab 66.0 a 69.2 ab 
F-9706 65.5 cd 65.6 ab 59.5 b 63.5 c 
BS-1 66.6 cd 64.4 b 59.2 b 63.4 c 
SS-1 68.4 c 43.3 c 56.9 c 56.2 d 
SS-2 55.5 e 41.7 c 56.1 c 51.1 e 
Jowar-86 68.8 c 51.1 c 57.1 c 59.0 d 

Figures sharing the same letter (s) do not statistically differ at P = 0.05. 
 

Dry matter yield 
 

Dry matter yield trend was same as in case of green fodder yield. The data 
(Table 2) showed that during the year 2006, variety JS-2001 performed 
better (23.1 t/ha) followed by JS-263 (22.1 t/ha). Variety SS-2 produced 
minimum dry matter yield (16.4 t/ha). During the years 2007 and 2008, 
variety F-9603 yielded higher dry matter (21.9 and 19.8 t/ha), while varieties 
SS-1 and SS-2 produced the lowest (11.3 and 11.1 t/ha during 2007 and 
14.9  and  15.1  t/ha  during  2008).  On the  basis of three years average dry  
 

Table 2. Dry matter yield of different varieties/lines of sorghum. 
 

Varieties/lines Dry matter yield (t/ha) 
2006 2007 2008 Mean 

JS-2001 23.1 a 17.4 b 17.6 ab 19.4 a 
JS-263 22.1 a 20.8 a 18.2 a 20.4 a 
Hegari 19.8 b 19.9 a 17.1 b 18.9 ab 
F-9601 18.5 bc 21.0 a 19.5 a 19.7 a 
F-9603 20.3 ab 21.9 a 19.8 a 20.7 a 
F-9706 18.9 c 19.2 a 17.8 ab 18.6 b 
BS-1 20.0 b 19.3 a 17.9 ab 19.1 a 
SS-1 20.8 b 11.3 c 14.9 c 15.7 bc 
SS-2 16.4 c 11.1 c 15.1c 14.2 c 
Jowar-86 20.1 b 15.2 bc 17.2 b 17.5 b 

Figures sharing the same letter (s) do not differ statistically at P =0.05. 
 

matter yield ranged from 14.2 to 20.7 tons per hectare. F-9603 yielded 
maximum dry matter (20.7 t/ha) and was statistically at par with JS-263 (20.4 
t/ha), F-9601 (19.7 t/ha), JS-2001 (19.4 t/ha), BS-1 (19.1 t/ha) and Hegari 
(18.9 t/ha). Minimum dry matter yield was found in variety SS-2 (14.2 t/ha). 
Mehmud et al. (22) also reported significant differences in dry matter yields of 
different sorghum cultivars. 
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Hydrocyanic acid contents  
 
The data (Table 3) indicated that HCN contents of sorghum varieties / lines 
ranged from 273.6 (Jowar-86) to 323.5 ppm (Hegari) during 2006. During the 
year 2007, the lowest HCN contents were found in variety F-9601 (232.9 
ppm) and highest in Hegari (370.5 ppm). During the year 2008 variety F-9601 
ranked last in HCN contents (229.2 ppm) and variety Hegari containd the 
highest value (345.9 ppm). The data showed that sorghum variety Hegari 
produced the highest HCN contents in all three years as compared to other 
varieties. On the basis of three years average HCN contents in different 
sorghum varieties/lines ranged from 270.6 to 346.6 ppm (Table-3). Maximum 
HCN contents were found in variety Hegari (346.6 ppm) which was 
significantly higher than varieties SS-2 (332.8 ppm), Jowar-86 (310 ppm) and 
F-9706 (270.6 ppm) and other varieties. Minimum HCN contents were found 
in variety F-9601 (255.4 ppm). 
 

Table 3. Hydrocyanic acid contents (on fresh basis) in different 
varieties/lines of sorghum 

 
Varieties/lines HCN (ppm) 

2006 2007 2008 Mean 
JS-2001 288.7 cd 294.9 d 281.6 bc 288.4 e 
JS-263 308.8 ab 317.2 c 294.2  b 306.7 cd 
Hegari 323.5 a 370.5 a 345.9 a 346.6 a 
F-9601 304.2 bc 232.9 f 229.2 e 255.4 g 
F-9603 299.5 c 271.3 de 278.5 bc 283.1 e 
F-9706 306.6 b 254.6 e 250.5 d 270.6 f 
BS-1 295.5 bc 281.7 d 284.2 b 287.1 e 
SS-1 320.0 a 283.9 de 298.1 b 300.6 d 
SS-2 314.8 ab 341.5 ab 342.1 a 332.8 b 
Jowar-86 273.6 d 327.2 bc 329.2 ab 310.0 c 

Figures sharing the same letter (s) do not differ statistically P = 0.05. 
 
Safe limit of HCN in fresh fodder for livestock is 500 ppm (8, 21) and all the 
varieties studied contained HCN contents less than this critical limit. So 
fodder of all varieties is safe for livestock feeding. However, variety Hegari 
has the potential for high HCN contents and the best variety in this regard is 
F-9601. Earlier study (26) showed that HCN contents diluted and decreased 
with the age of crop and these were higher at early stages and also in re-
sprouting. As all varieties studied were harvested at maturity, therefore HCN 
contents were under safe limit. These results are in contrast to Muthuswamy 
et al. (24) and Chaturvedi et al. (10) who observed that several high-yielding 
cultivars of sorghum are not safe as fodder. Ahmad et al. (4) also concluded 
that strain 540 of Sudan grass contained the highest HCN contents (803.1 
ppm on dry weight basis) and found to be dangerous for grazing and likely to 
poison livestock. 
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Crude protein contents 
  
A random variation was found in crude protein contents of the varieties 
tested. Most of the varieties had the protein contents between 4 to 5 percent 
(Table 4). Variations in protein contents were also found with respect to 
years. During 2006 and 2007, crude protein contents of all varieties were less 
(4.2 to 5.1% during 2006 and 3.9 to 5.2 % during 2007) as compared to 
crude protein contents in the crops raised during 2008 (4.7 to 5.7 %). This 
variation in crude protein contents might be attributed to seasonal variations 
like precipitation, temperature, etc. during the growing period of crop. 
 
On the basis of three years average, crude protein contents ranged from 4.4 
to 5.1 percent, maximum in varieties JS-263, Hegari and F-9603 (5.1% each) 
which were statistically at par with variety SS-2 (5.0 %). Minimum crude 
protein contents (4.4 %) were found in varieties JS-2001 and F-9706. These 
results are comparable with those of Carmi et al. (9), Miron et al. (23) and 
Tauqir et al. (30) who have reported significant differences among sorghum 
genotypes with respect to crude protein contents.  
 

Table 4. Crude protein contents in different varieties/lines of sorghum. 
 

Varieties/lines Crude protein (%) 
2006 2007 2008 Mean 

JS-2001 4.2 e 4.3 d 4.8 e 4.4 d 
JS-263 4.9 b 4.9 b 5.5 ab 5.1 a 
Hegari 4.5 d 5.2 a 5.6 a 5.1 a 
F-9601 4.8 bc 4.3 d 5.0  d 4.7 c 
F-9603 4.6 cd 5.2 a 5.6 a 5.1 a 
F-9706 4.6 cd 3.9 e 4.7 e 4.4 d 
BS-1 4.6 cd 4.7 c 5.2 c 4.8 bc 
SS-1 4.6 cd 4.3 d 5.0 d 4.6 c 
SS-2 5.1 a 4.3 d 5.7 a 5.0 ab 
Jowar-86 4.6 cd 4.8 bc 5.3 cd 4.9 b 

Figures sharing the same letter (s) do not differ statistically P = 0.05 
 

CONCLUSION 
 

It is concluded that all varieties included in study varied in fodder yield 
potential. However, variety JS-2001 produced higher green fodder yield (70.9 
t/ha). Hydrocyanic acid contents ranged from 255.4 (F-9601) to 346.6 ppm 
(Hegari). The data indicated that HCN contents of all ten sorghum fodder 
varieties at maturity were found under safe limit of 500 ppm for livestock. 
However, variety Hegari had higher HCN contents (346.6 ppm) against the 
lowest of F-9601 (255.4 ppm). 
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