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ABSTRACT 
 
Sweet sorghum plant is a warm season annual crop. It can be used for animal feeding in the 
one-cut agricultural system. Sweet sorghum is grown for the purpose of fresh and dry grass 
and for silage production. Biomass of sweet sorghum is nutritive due to sweet sorghum stalk 
contains 15-20% sugar. The study aimed to determine biomass, dry matter yield and some 
agricultural characteristics of some early sweet sorghum genotypes. Research was carried 
out during the second crop-growing season of 2016 at the Eyyubiye campus of experimental 
area of the Harran University in Sanliurfa, Turkiye. The experiment was designed as 
complete randomized blocks design with four replicates. This study utilized 12 early sweet 
sorghum genotypes as crop material. The experiment investigated some yield characteristics 
such as cluster formation period, plant height, stalk diameter, stalk ratio, leaf ratio, cluster 
ratio, dry matter yield and biomass yield. Results showed significant differences between the 
genotypes for tested characteristics (P≤0.01). Cluster formation period values ranged from 
54.25 to 69.00 day, plant height from 252.25 to 340.75 cm, stalk diameter from 19.15 to 
25.60 mm, stalk ratio from 75.72% to 86.75%. Leaf ratio values varied between 8.83% and 
15.98%, cluster ratio between 4.40% and 10.31%. Dry matter yield values were between 
2918.12 and 8456.25 kg da-1, biomass yield values between 9283.5 and 18400.0 kg da-1. 
Findings revealed that UNLY-hybrid-4, Rox Orange, Blue Ribben, and Colman sweet 
sorghum cultivars gave higher values than others in terms of plant height, dry matter yield 
and biomass yield.  
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1. INTRODUCTION 
 
“Sorghum (Sorghum bicolor (L.) Moench) is a cereal grain. Sweet sorghum is a multipurpose 
crop providing food, feed, fiber, and fuel across a range of agroecosystems” [1]. It is a C4 
crop with low input requirements and accumulates high levels of sugars in its stalks. 

Sweet sorghum adapts very well to different environmental conditions [2], obtains reliable 
yield even in extreme areas [3] and needs less nitrogen for high yield [4].  

“Sorghum can be grown in a wide range of soil and climatic conditions, and can thrive in arid 
areas. Sorghum is a multipurpose crop well adapted to environmental conditions ranging 
from tropical to temperate conditions” [5]. Sweet sorghum is also adapted to widely differing 
soil conditions cause the cultivation of sweet sorghum in large areas. 

“Sweet sorghum requires less fertilizer and water to produce significant biomass. It also has 
a higher tolerance to salt and drought, and tolerance to biotic and abiotic stresses” [6]. “In 
hot and dry regions of world, sorghum is a staple food. Its waxy leaves and deep roots are 
suited for dry climates. It tolerates drought and high-temperature stress better than many 
crops and has the capability of remaining dormant during the driest periods” [7].  



 

 

Sweet sorghum are very flexible in crop rotation and can be planted after many crops. Sweet 
sorghum may become more popular as drought-hardy food and fodder crop in the future. 

Sweet sorghum has a wide range of uses such as ethanol production, biomass energy 
production, animal feed, organic fertilizer and cellulosic raw material [8]. Sweet sorghum has 
emerged as a promising target for sugar as well as lignocellulose biofuel production. 

“Sorghum is also used for human nutrition all over the world” [9]. “Globally, over half of all 
sorghum is used for human consumption. Sorghum grain is higher in protein and lower in fat 
content. Grain sorghum is used for flours, porridges and side dishes, malted and distilled 
beverages, and specialty foods such as popped grain” [10]. 

“The bagasse can be used to produce electricity and paper. Pelleted sweet sorghum 
bagasse is used as fuel to heat buildings. In addition, the residual fiber (bagasse) from sweet 
sorghum can be used to feed livestock and cattle fodder. Sweet sorghum is also considered 
to be a significant crop for animal feeds used as animal feed” [11].  

The sugar content in sweet sorghum is very high. The most sugar (78.7%) is found in the 
stem part. It is followed by panicles (2.99%) and leaves (2.54%), respectively. There are 
more than 14% sugar types on the stems and they are all evenly distributed. The most well-
known of these; fructose, glucose and sucrose [12]. The sugar found in plant stems 
increases its animal nutrition and energy values. Sorghum has a great importance in the 
nutrition of cattle, sheep and poultry [13]. After the stem and leaves of the sorghum plant are 
chopped as green, they are used as straw and silage for feeding animals. For this reason, 
sorghum silage production has gained great importance especially in recent years [14]. 

The objectives of the study were to determine the biomass yield and some morphological 
characteristics related fodder of some early sweet sorghum genotypes in semi-arid climatic 
conditions. 

2. MATERIAL AND METHODS 
 
This study was conducted in the experimental area of University of Harran at Eyyubiye 
campus as second crop conditions of 2016 in Sanliurfa, Turkiye. The experimental field is 
located in Harran Plain where the climate varies from arid to semi-arid. Table 1. provides the 
climatic data obtained at the Sanliurfa City Meteorological Station. As can be seen from 
Table 1. that the weather is hot and dry in the months of June, July and August where 
maximum temperatures were all above 40 oC while the relative humidity was below 50%. 
Rainfall was not seen from June to August in 2016. 

Table 1. Monthly some climatic data during 2016 sweet sorghum growth period in Sanliurfa† 

Meteorological 
observations May June July August  Sept.  Oct.  Nov.  

Av. Temp.0C  22.6 27.1 30.6 29.2 26.9 20.8 14.0 

Max. Temp. (°C) 35.5 40.5 41.8 42.2 36.2 31.0 22.4 

Min. Temp. (°C) 9.30 13.1 15.4 16.2 14.0 9.2 1.7 

Av. Humidity (%) 45.0 42.1 40.5 49.8 48.1 60.0 56.8 

Min. Humidity (%)%) 16.0 14.3 13.0 24.2 21.2 16.4 20.2 

Rainfall (mm) (kg/m2) 16.4 0.0 0.0 0.0 1.0 15.8 26.4 

Sunshine (hour) 10.8 12.4 12.6 11.5 9.3 6.40 6.2 
†Data collected from the Sanliurfa Meteorological Station 



 

 

The soil of the research field was clay, slightly alkaline, high in lime and very low in salt 
contents. Field capacity of the soil was 33.8% on dry basis, permanent wilting point was 
22.6% and bulk density was 1.41 g cm3.  Some physical and chemical properties of research 
soil were given in Table 2.  
 
Table 2. Some physical and chemical properties of research soil 

Deep 
(cm) 

Organic 
Matter 
(%) 

Total 
Salt  
(%) 

pH CaCo3  
(%) 

P2O5 

(kg da-1) 
K2O 
(kg da-1) 

N 
(%) 

Texture (%) 

Sand Clay Silt 

0-20 1.26 0.098 7.65 38.25     3.3    95.3 0.26 2.42 15.12 82.46 

20-40 1.68 0.086 7.64 42.61     3.6    93.2 0.35 5.50 8.41 86.08 
 
Twelve early sweet sorghum genotypes (Sorghum bicolor (L.) Moench ssp. saccharatum) 
were used as crop material. Land was ploughed and cultivated then prepared for planting 
with a single pass of a disk-harrow. The experiment was laid out in a randomize complete 
block design with four replications. Each plot area was 14 m2 (5 m x 2.8 m) and consisted of 
four rows of 5 m in length. The plants were grown 70 cm apart between the rows with 15 cm 
spacing in each row. The seeds were sown in second part of June at a 30-40 mm depth. At 
sowing, 50 kg ha-1 of pure N, P and K, as a 15-15-15 composed fertilizer, was applied to 
each plot; this was followed by 50 kg ha-1 of N as urea when the plants reached 30-40 cm in 
height. When the plants reached 15-20 cm, the hoe was made with the tractor. Weed control 
was done mechanically. Irrigation water was first applied to all the plots using a sprinkler 
irrigation system. After the emergence of plants, plots were irrigated equally by the furrow 
irrigation system.  

The harvesting of the plants was carried out at the period of milk-yellow maturation of grains,  
taking into account the maturation time of each genotype. Every harvested plot area was 7 
m2 (5 m x 1.4 m) and consisted of two rows of 5 m in length. Rows outside each parcel are 
left as edge effects.  

Properties such as plant height, stem diameter, stalk ratio, leaf ratio and cluster ratio was 
measured on the 10 plants were randomly selected from the two rows in the middle of each 
plot. Plant height was measured from ground level to the first pedicel of panicle. Ear 
diameter was determined by measuring in mm with the help of a caliper from the mid-point of 
the ear. Stem, leaf and cluster ratios were determined as the ratio of theirs each weight to 
the total biomass weight. 

In order to calculate dry matter yield, determination of dry matter percent was calculated. 
Wet plant samples of 500 g, which were randomly selected to represent each genotype, 
were weighted and then dried in a drying cabinet at 65-70 ºC for at least 48 hours until their 
weight stabilized. Dry weight of sample was measured after the moisture has been removed. 
Dry matter percent (DM) was calculated using the following equation; DM% = DW / WW 
*100 (Where, DM% is the dry matter percentage; WW is the total wet weight; DW is the total 
dry weight. Dry matter yield was calculated by multiplying the dry matter ratio with the 
biomass value. 

For determine biomass yield, all plants from the two rows in the middle of each plot was cut 
from soil surface and next weighed and finally converted to decare as kilogram.  

An analysis-of-variance (ANOVA) was performed with Jump statistical package program 
according to randomized complete block experimental design using obtained data to 
evaluate statistically differences between results.  Means of the data obtained from research 
were compared using Duncan test at P≤0.05.   



 

 

3. RESULTS AND DISCUSSION 
 
3.1. Cluster Formation Period (day) 

According to variance analyses, It was determined that there was a statistically significant 
difference   between sweet sorghum cultivars in terms of cluster formation period (P≤0.01). 
As seen from table 3. that cluster formation period values were ranged from 54.25 day to 
69.00 day. The highest cluster formation period was found at Rex genotype whereas the 
lowest flowering value was seen at Norkan and Simon genotypes. Some of the genotypes 
such as Rex, Colman, UNL-Hiybrid 4, Honey and Blue Ribben gave higher cluster formation 
period value than other genotypes. Norkan, Simon, Mennonite, Rox Orange, Waconia-L 
genotypes’ cluster formation period values were lover than 60 day.  

Some researchers reported different flowering duration values such as 55-72 day [15] and 
69-88 day [16] in sorghum plant. Higher than our findings, Mulayim et al. [17] stated that they 
observed the earliest cluster formation time of 74 days in Bovital variety. 
 
3.2. Plant Height (cm) 
Variance analyses results show that there was a statistical difference at 1% significance 
level in terms of plant height between the tested cultivars. Plant height values varied 
between 252.25 cm and 340.75 cm. The longest plant height value was found at UNL-
Hybrid-4 genotype whereas the shortest plant height was seen at Norkan genotype (Table 
3). Average plant height value was found as 307.41 cm. Most of tested genotypes were over 
average plant height value. Plant height values of UNL-Hybrid-4, Colman, Early Folger, Blue 
Ribben, Honey, Rex, Rox Orange and Waconia-L genotypes were over than others whereas 
plant height values of Norkan, Simon, H. Sugarcane and Mennonita genotypes were lower.  

Similar results were obtained by Skerman ve Riveros [18]. Researchers reported that plant 
height values in sorghum were between 350 and 394 cm. Avcioglu et al. [19] stated that the 
plant height in sweet sorghum varied between 2.5 and 3.5 m. However, some researchers 
reported lower plant height values at sorghum such as 226 cm [20], 184.9 cm [21], 163.7 cm 
[22], 170.56 cm [23] and 204.0 cm [24]. 

It was observed that the plant height of the early flowering genotypes was shorter than the 
late flowering ones. The reason for the plant height difference may be due to the genetic 
characteristics of the cultivars. 

 
3.3. Stem Diameter (mm) 
According to variance analyses, differences among genotypes were significant (P≤0.01) at 
stem diameter. Stem diameter values ranged from 19.15 mm to 25.60 mm (Table 3). The 
highest stem diameter value was seen at Colman genotype whereas the lowest stem 
diameter value was found at Norkan genotype. Stem diameter values were higher at Blue 
Ribben, Colman and Early Folger genotypes than others. Manga et al. [25] reported that the 
stem thickness in sorghum could vary between 20 and 50 mm. 
 
3.4. Stalk Ratio (%)   
According to the variance analysis results, it was determined that there was a statistically 
significant difference at 0.01 level between the stalk ratios of sweet sorghum varieties. Stalk 
ratio values varied between 75.72% and 86.75% (Table 3). While the highest stem rate 
value was obtained from Waconia-L variety with 86.75%, the lowest value was determined in 
UNL-hybrid-4 variety with 75.72. In the other studies carried out by some researchers, it has 
been reported that the stem rate is 87.54% [26] and varies between 60% and 84% [15 ]. 
Daniel et al. (2017) found the stalk ratio to be between 85.1% and 88.3%. Daniel et al. [27] 
found the stem rate to be between 85.1% and 88.3%. 



 

 

Table 3. Cluster formation period, plant height, stem diameter and stalk ratio values 

Genotypes Cluster 
formation period 
(day)** 

Plant height 
(cm)** 

Stem diameter 
(mm)** 

Stalk ratio  
(%)** 

1.Blue Ribben 65.25 bc 316.50 abc  24.35 ab 81.72 bcd  
2.Colman 68.50 ab 323.50 abc 25.60 a† 84.40 ab 
3.Early Folger 60.00 de 327.75 ab 24.10 ab 79.07 cde  
4.H.Sugarcane 63.50 cd 287.25 bcd 20.20 de 82.18 bcd  
5.Honey 65.25 bc 322.00 abc 20.80 cde 80.48 bcd 
6.Mennonite 59.50 ef 284.50 bcd 22.85 bc 81.73 bcd 
7.Norkan 54.25 g 252.25 d 19.15 e 78.85 cde 
8.Rex 69.00 a 313.00 abc  20.05 de 82.93 abc 
9.Rox Orange 56.00 fg 329.00 ab 21.85 bcd 78.36 de 
10.Simon 54.25 g 277.50 cd 21.35 cde 82.23 bcd 
11.UNL-hybrid-4 65.75 abc 340.75 a 22.55 bcd 75.72 e 
12.Waconia-L 59.00 ef 315.00 abc 21.50 cde 86.75 a 
Mean 61.68 307.41 1.33 81.20 
CV (%) 2.378 6.228 4.695 2.155 
LSD 3.64 47.53 1.29 4.34 

†There is no statistical difference among values annotated with the same letter in a column 
** : denotes P≤0.01  
 
 
 
3.5. Leaf Ratio (%)  
It was determined that there was a statistically significant difference between tested sweet 
sorghum cultivars in terms of leaf ratios (P≤0.01). Leaf ratio values varied between 8.83% 
and 15.98%. While the highest value was obtained from Early Folger variety with 15.98%, 
the lowest value was found in Waconia-L variety with 8.83% (Table 4). In a similar study, it 
was determined that the leaf ratio of the cultivars varied between 9% and 14% [28]. Ricaud 
and Arceneaux [29] reported a lower leaf rate (8.4%) than our findings. Similar to our 
findings, Yıldız et al. [30] reported the highest leaf rate as 12.99% and the lowest leaf rate as 
8.97%. 

 
 
3.6. Cluster Ratio (%)   
It was determined that there was a statistically significant difference at 0.01 level among 
sorghum cultivars in terms of cluster ratio. Cluster ratio values varied between 4.40% and 
10.31%. In the research, the highest value was obtained from Norkan variety with 10.31 % 
(Table 4). This cultivar was followed by Rox Orange, UNL-hybrid-4 and Mennonite cultivars 
with 10.09%, 8.51% and 7.92%, respectively. The lowest value was found in Waconia-L 
variety with 4.40%. Similar to our findings; Daniel et al. [27] reported the cluster ratio in 
sweet sorghum between 2.5% and 2.9%. Gul and Basbag [22] stated that the cluster ratio in 
sorghum varies between 5% and 13%. Yıldız et al. [30] found the cluster rate to be 19.3%-
38.6% higher than our findings, and Yılmaz [31] reported that the cluster rates ranged 
between 11% and 12%. 

 

 



 

 

Table 4. Leaf ratio, cluster rate, dry matter yield and biomass yield values 

Genotypes Leaf ratio (%)** Cluster rate 
(%)** 

Dry matter yield  
(kg da-1)** 

Biomass yield  
(kg da-1)** 

1.Blue Ribben 11.79 c† 6.48 bcd  3670.00 ef  15600.00 ab  
2.Colman 8.84 d  6.74 bcd  4450.00 de  14540.25 bc  
3.Early Folger 15.98 a  4.94 cd  3750.00 ef  11196.00 de 
4.H.Sugarcane 11.21 cd  6.60 bcd  3017.50 f  9283.50 e 
5.Honey 13.10 bc 6.40 bcd  3441.25 f  12240.80 cd  
6.Mennonite 10.33 cd 7.92 ab 5520.00 bc 14322.00 bc 
7.Norkan 10.83 cd 10.31 a 3127.50 f 9412.50 de 
8.Rex 12.23 c 4.82 cd 2918.12 f 9531.00 de  
9.Rox Orange 11.53 cd  10.09 a 6301.25 b 16350.00 ab  
10.Simon 10.77 cd 6.99 bc 5298.75 cd 9606.00 de 
11.UNL-hybrid-4 15.76 ab 8.51 ab 8456.25 a 18400.50 a 
12.Waconia-L 8.83 d 4.40 d 5993.75 bc 10864.50 de 
Mean 11.77 7.02 4662.03 12612.25 
CV (%) 9.549 14.502 8.139 9.233 
LSD 2.79 2.79 942.08 2891.13 

 †There is no statistical difference among values annotated with the same letter in a column 
** : denotes P≤0.01  
 
3.7. Dry Matter Yield (kg da-1) 
Dry matter is a term typically used in the field of agriculture to describe the amount of feed. 
Dry matter is dry weight that is actual food. According to variance analyses, sweet sorghum 
genotypes were significant for dry matter yield (P≤0.01). Dry matter yield values were varied 
from 2918.12 kg da-1 to 8456.25 kg da-1 (Table 4). The highest dry matter yield value was 
obtained from UNL-hybrid-4 genotype whereas the lowest values were seen at Rex 
genotype. There was a big difference at dry matter yield among tested sweet sorghum 
genotypes. Differences were 5538.13 kg da-1 between the lowest and highest dry matter 
yield values. UNL-hybrid-4, Waconia-L, Rox Orande and Mennonite genotypes gave higher 
dry matter yield than others (Fig. 1). As lower than our findings; some researchers reported 
dry matter yield values between 760 and 1610 kg da-1 [32] and between 1001.3 and 1850 kg 
da-1 [22] in sorghum plant. The high dry matter yield values in our study are due to the high 
biomass yields of the cultivars used. 

 

Fig. 1. Dry matter yield values of different sweet sorghum cultivars 



 

 

3.8. Biomass Yield (kg da-1) 
Significant differences (P≤0.01) were seen among sweet sorghum genotypes for biomass 
yield. Biomass yield values ranged from 9283.5 kg da-1 to 18400.0 kg da-1 (Table 4). It was 
seen big differences about biomass yield among tested sweet sorghum genotypes. There 
was 9116.5 kg da-1 between the lowest and highest biomass yield.  
The highest biomass yield value was seen at UNLY-hybrid-4 genotype whereas the lowest 
biomass yield value was found at H. Sugarcane genotype (Fig. 2). Some of the genotypes 
such as Rox Orange, Blue Ribben, Colman, Mennonite, Honey genotypes gave higher 
biomass yield than other genotypes. 

Similar results were reported by Grassi [12] as between 50 and 90 t ha-1. Çoban and Acar 
[33] stated that the highest biomass yield was 9400.67 kg da-1 and the lowest biomass yield 
was 7038.33 kg da-1. However, lower biomass yield values than our findings were reported 
as 5600 kg da-1 [24] and as 6800 kg da-1 [20] and 5900 kg da-1 [28]. Mahmood and 
Honermeir [34] stated that there is a significant difference between the varieties in terms of 
biomass yield and chemical composition. Avcioglu et al. [19] stated that the biomass yield is 
high in sweet sorghum. 

As seen from Table 3 and Table 4 that biomass yield values were higher at some genotypes, 
which has long cluster formation period. Dogget [5] reported that “late maturated genotypes 
were high yielding than earlier sweet sorghum genotypes. Obtaining different results in 
different ecologies may be caused by climate and soil differences as well as genotypic 
differences”. 

 

 
 
Fig. 2. Biomass yield values of different sweet sorghum varieties 

 
4. CONCLUSION 
 
Among the tested gonotypes, Norkan and Simon were determined as the earliest and Rex 
as the latest genotypes. UNL-Hybrid-4, Early Folger, Colman and Honey genotypes had 
longer plant heights. Leaf ratio values, which have an important place in animal nutrition, 
were found to be higher in UNL-hybrid-4 and Early Folger genotypes. UNL-hybrid-4 and Rox 
Orange genotypes gave the highest dry matter and biomass yield. Considering the biomass 
and dry matter yields, it was determined that UNL-Hybrid-4, Rox Orange and Blue Ribben 
genotypes could be preferred in animal nutrition. 



 

 

REFERENCES 
 
1. Kilambya D. Witwer M. Analysis of incentives and disincentives for sorghum in Kenya, 
Technical Notes Series, MAFAP, FAO, Rome, Italy; 2013. 

2. Smith GA. Bagby MO. Lewellen RT. Doney DL. Moore PH. Hills FJ. Campbell LG. 
Hogaboam GJ. Coe GE. Freeman K. Evulation of sweet sorghum for fermentable sugar 
production potential. Crop Sci. 1987;27:788-793. 

3. Smith, GA. Buxton Dr.. Temperate Zone Sweet Sorghum Ethanol Production Potential. 
Bioresource Technology 1993;(43): 71-75. 

4. Geng S. Hill FJ. Johnson SS. Sah RN. Potential yields and on farm ethanol production 
cost of corn, sweet sorghum, fodder beet and sugar beet. J. Agron, Crop Sci. 1989;162:21-
29. 

5. Dogget H. Sorghum, Longman Scientific and Technical Tropica Agriculture Series. Green 
and Co., 2nd Edition, London, UK; 1988. 

6. Bitzer M. Early deheading of sweet sorghum. Research report. National Sweet Sorghum 
Producers and Processors Association; 2009. 

7. Gnansounou E. Dauriat A. Wyman GE. Refining sweet sorghum to ethanol and sugar, 
economic trade-offs in the context of North China. Bio Resource Technology 
2005;96(9):985-1002. 

8. Almodares A, Goli M. Preliminary study on the effect of plant population density and sweet 
sorghum cultivars on bioethanol production. Biofuels, 2013;4(2):163-167. 

9. Carter PR. Hicks DR. Oplinger ES. Doll JD. Bundy LG. Schuler RT. Holmes BJ. Grain 
sorghum (Milo). Alternative field crops manual. Accessed: November 20 November 2022. 
Available: www.hort.purdue.edu/newcrop/afcm/sorghum.html. 

10. Anonymous 2022. Discover more about sorghum. national sorghum producers. 
Accessed 26 November 2022. Available: http://sorghumgrowers.com/ Sorghum+101. 

11. Maunder, B. Sorghum: the global grain of the future What is sorghum? National 
Sorghum Producers. Accessed 11 November 2022. Avaliable: www.sorghumgrowers.com 
/Sorghum+101. 

12. Grassı G. Sweet Sorghum: One of the Best World Food-Feed-Energy Crop. Accessed 
22 November 2022. Available: 
http://web.etaflorence.it/uploads/media/LAMNET_sweet_sorghum.pf.  

13. Bennett FW. Modern grain sorghum production. University of lowa Press, Lowa City; 
1990. 

14. House RL. A guide to sorghum breeding. ICRISAT; 1985. 

15. Gul I. Akıncı C. Basbag M. 1999. Investigation of yield and yield components of sorghum 
cultivars grown as second crop in Diyarbakır irrigated conditions. Turkey 3rd field crops 
congress book 1999;3:300-305. 



 

 

16. Reddy BVS. Ramesh S. Reddy PS. Ramaiah B. Salimath PM. Kachapur R. Sweet 
sorghum. A potential alternate raw material for bio-ethanol and bioenergy. International 
sorghum and millets newsletter 2005;46:79-86. 

17. Mulayim M. Ozkose A. Isık S. Determination of yield and some agricultural 
characteristics of sorghum x sudangrass hybrid cultivars in Konya conditions. Turkey 8th 
field crops congress book 2009;627-631. 

18. Skerman PJ. Riveros F. Tropikal grasses. FAO Plant production and protection. Rome, 
1990;23:695- 697. 

19. Avcioglu R. Geren H. Kavut YT. Bugdaygil ve diger familyalardan yembitkileri. Sorgum, 
sudanotu ve sorgum x sudanotu melezi. TÜGEM 2009;23(1):680-701. Turkish. 

20. Acar R, Akgun N. 2009. The effect of different nitrogen doses on green forage yield and 
yield components of sorghum (Sorghum bicolor (L.) Moench var. saccharatum). Turkey 8th 
Field Crops Congress Book 2009;1:637-640. 

21. Sevimay CS. Hakyemez HB. Ipek A. The effects of different nitrogen fertilizer doses on 
yield and some agricultural characters in silage sorghum cultivars grown in Ankara irrigated 
conditions. Turkey 4th Field Crops Congress Book 2001;1:61-66. 

22. Gul I. Basbag M. Determination of yield and some agricultural characters of silage 
sorghum cultivars in Diyarbakır conditions. Journal of Harran University Faculty of 
Agriculture 2005;9(1):15-21. 

23. Yılmaz S. Guler M. Akdogan G. Emeklier HY. The effect of nitrogen fertilizer doses and 
plant density on the yield of second crop forage sorghum in Hatay conditions. Turkey 5th 
Field Crops Congress book 2003;298-302. 

24. Geren H. Avcıoglu R. Kavut YT. Sakinoglu O. Oztarhan H. 2011. A study on yield and 
some other yield-related properties of sugar millet (Sorghum bicolor (L.) Moench var. 
saccharatum) grown as a second crop. Turkey 4th Seed Congress Book 2011;2:525-530. 

25. Manga I. Acar Z. Erden I. Bugdaygil Yem Bitkileri. Ondokuz Mayıs Universitesi Ders 
Notu 1994:6. Turkish. 

26. Tosun F. Ozbilen C. A research on the effects of nitrogen fertilization at different doses 
on yield and yield components of some silage sorghum (sorghum bicolor l.) cultivars grown 
in Samsun ecological conditions. Turkey II. meadow pasture and forage crops congress 
book 1991;341-352. 

27. Daniel EE. Ajit KM. Mark LA. Danielle DB. Umakanta J. Gerald JW. Archie LW. 
Evaluation of three cultivars of sweet sorghum as feedstocks for ethanol production in the 
Southeast United States. Heliyon 2017;3:1-18. 

28. Okuyucu F. Degişik bicim zamanı ve azot dozlarının farklı sorgum çesitlerinde gelisme, 
buyume hizi ve verim ile diger bazı karakterlere etkileri uzerine araştırmalar. EÜZF Cayır 
Mera ve Yem Bitkileri Kursusu, Izmir. 1980. Turkish. 

29. Ricaud R. Arceneaux A. Sweet sorghum research on biomass and sugar production. 
Report of Project. Louisiana Agricultural Experiment Station, Department of Agronomy, 
Louisiana State University 1990;136-139. 



 

 

30. Yıldız D. Kaplan M. Temizgul R. Kardeş YM. The effect of selenium applied at different 
doses on grain yield and feed quality in sorghum plant. Mediterranean Agricultural Sciences 
2018;31:149-153. 

31. Yılmaz S. The effect of sowing time on yield of silage sorghum and sorghum x sudan 
grass hybrid grown as the main crop in Amik plain conditions. Turkey 8th Field Crops 
Congress book 2009;902-906. 

32. Muldon DK. Summer forages under irrigation the effect of nitrogen fertilizer on the growth 
mineral composition, and digestibility of a sorghumxsudangrass hybrid and Janapase 
barnyard millet. Australian Journal of Experimental Agriculture 1985;25:411-416. 

33. Coban U. Acar R. Determination of yield and some quality characteristics of sorghum, 
sudan grass varieties planted in different seed beds. Bahri Dagdaş Journal of Herbal 
Research 2018;7(2):32-38..  

34.Mahmood A. Honermeier B. Chemical composition and methane yield of sorghum 
cultivars with contrasting row spacing. Field Crops Research 2012;128:27–33.

 


