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Introduction

Sorghum (Sorghum bicolor L.) is a very important crop 
under rainfed areas because of its drought tolerance 
capability while still maintaining high productivity (Tur-
ner et al., 2016). Sorghum has highly variable genetic 
resources and many germplasms that allows the bree-
ding and development of new varieties adapted to dif-
ferent ecological regions around the world (Zhang et 
al., 2010; Tariq et al., 2012). Sorghum production and 
utilization is widespread in the world, it is estimated 
that total sorghum harvesting area is approximately 
42.0 million hectares in the world (FAO, 2018). While 
the demand for sorghum production increases in the 
world, the production in Turkey is insufficient. Sorghum 
is grown on 1790 ha in our country (TUIK, 2018). The-
re are various reasons why sorghum is not widespread 
enough. The most important reason that stands out 
is the lack of sufficient sorghum varieties. Breeders 
seek to develop new varieties that are highly efficient 
and compatible with every environment. The desired 
variety is one that would be adapted to a wide ran-
ge of growing conditions in a given production area. 
In other word, the cultivars need to be tolerant to dif-
ferent stress conditions and high yield performance 

when production conditions become more favorable 
(Al-Naggar et al. 2018). In this respect, plant breeders 
should purpose to improve new cultivars that are adap-
ted to various environmental conditions. Because of 
wide adaptation capacities of sorghum there are po-
tentiality develop stable and high-yielding genotypes 
for different environments. Plant breeders utilize that 
investigation of the variability existing in a population, 
in order to new varieties improvement.

Many researches have been studies on sorghum in dif-
ferent regions of Turkey. In this study, plant height was 
observed 185.4-476.3 cm by Uzun et al. (2017), Coban 
and Acar (2018), Kara et al. (2019), Keskin et al. (2018), 
Yıldız et al. (2018), Kaplan et al. (2019), Demir (2020), 
and Aydinsakir et al. (2021a). Forage yield of sorghum 
was measured 6.9-34.2 t ha-1 by Cigdem and Uzun 
(2005), Yuksel, (2006), Karadag and Ozkurt (2013), 
Uygur (2012), Ozkose et al. (2015). Furthermore, Oten 
(2017) reported that the Mediterranean region is sui-
table for the cultivation of various forage crops due to 
the soil structure and climate. Ozkose et al. (2015) sta-
ted that sorghum cultivation for silage is very limited in 
Konya; however,  applying the appropriate regional va-
rieties of agricultural production techniques in a good 
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way with this, efficiency and production can reach the 
desired levels. Many researchers have been working 
with sorghum in Turkey, however, studies on the adap-
tation of sorghum in different envorimentand the other 
featuresvery limited, especially regarding the characte-
ristics that influence yield production. The study of 
determining the relationship between yield and yield 
components of sorghum leads to greater efficiency and 
reliability when combined with other analyses, such as 
correlations, path and stabilty analysis. Thus, the objec-
tive of this study was to know interrelationship with 
yield utilizing the correlation, path and stability analysis 
for selected forage sorghum.

Material and methods

	 Germplasm

A sorghum set, total of 561 sorghum genotypes, col-
lected around the world was evaluated for different 
aims in Tukey’s agro-ecological conditions in 2013. De-
tailed information about the germplasm was given in 
the previous studies by Guden et al. (2019) and Guden 
et al. (2021). The collection consists of 309 genotypes 
provided by the United States Department of Agricul-
ture, Agricultural Research Service (USDA), 242 genot-
ypes provided from India (ICRISAT), 9 varieties deve-
loped by Bati Akdeniz Agricultural Research Institute, 
Antalya-Turkey (BATEM) and 1 variety belonging to 
Uludag University, Turkey. This collection was tested 

in Antalya (Turkey) ecological conditions in 2013 and 
48 genotypes were selected based on potential forage 
performances and breeder recommendations. In this 
study forage performance of the selected 48 sorghum 
genotypes from the sorghum collection were assessed.  
The country origine and information about the germ-
plasm was presented in supplementary file Table 1. 

	 Experimental site and design

The field trials of this study were carried out at 2 lo-
cations and 2 years (2014 and 2015). First location is 
namely Konya in Middle Anatolian Region; second 
location is namely Antalya in Mediterranean Region. 
Experimental materials were sown on May 06, 2014, 
May 04 2015 in Antalya and on May 20, 2014, May 25 
2015 in Konya. Two locations experiments were grown 
in randomized complete block design in three replica-
tions. Each experimental plot consisted of four row, 5 m 
length and 0.70 m inter-row. Therefore, the experimen-
tal plot area for each genotype was 14 m2. Data was 
taken on the number of days to 50% flowering, forage 
yield, hay yield, ratio of plant stalk, plant leaf ratio and 
yield of stalk. In the study five randomly selected plants 
were used for recording the observations on measura-
ble characters, however, days to 50% flowering dates 
were recorded as individual plots. Statistical analysis of 
obtained data was analyzed by using the SAS general 
linear model procedure (SAS, 1998) and means were 
compared using Duncan’s test at the p=0.05 probabi-

Table 1 - Variance analysis related to plant height, days to 50% flowering,forage yield, hay yield, plant stalk ratio, plant leaf ratio and 
stalk yield in 2014-2015

Plant height (cm) Days to %50 
flowering (Day)

Forage yield 
(t ha-1) Hay yield (t ha-1) Plant stalk ratio 

(%)
Plant leaf ratio 

(%)
Stalk Yield  

(t ha-1)

Years

2014 266.6 88.3 50.6 13.8 20.3 79.7 40.7

2015 253.2 88.4 42.3 11.5 19.1 80. 9 34.3

Locations

Antalya (2014) 284.9 75.4 57.7 15.8 19.5 80.5 46.4

Antalya (2015) 248.3 101.2 43.6 11.8 21.2 78.8 34.9

Konya (2014) 271.1 95.7 42.8 11.8 20.7 79.2 34.1

Konya (2015) 235.4 81.2 41.7 11.3 17.4 82.6 34.6

ANOVA

Y ** ns ** ** ** ** **

L ** ** ** ** ** ** **

G ** ** ** ** ** ** **

Y × L ** ** ** ** ** ** **

Y × G ** ** ** ** ** ** **

G × L ** ** ** ** ** ** **

Y × G × L ** ** ** ** ** ** **

**: P≤0.01, ns: non-significant Y: Year, L: Locations, G:Genotypes
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Table 2 - Plant height, days to 50% flowering, forage yield and hay yield values obtained in 2014-2015 

Line/Variety
Plant height(cm) Days to 50% flowering(Day) Forage yield(t ha-1) Hay yield(t ha-1)

Antalya Konya Antalya Konya Antalya Konya Antalya Konya

Line-1 285.6 hl* 239.0 rt 81.7 nq 102.3 be 67.2 de* 67.5 b 20.8 bd 19.2 ab

Line-2 231.9 v 194.2 AB 86.5 kl 100.2 dg 38.7 pr 41.8 n 10.9 tv 10.8 kn

Line-3 306.8 be 270.4 fh 79.8 ps 91.3 ln 77.7 c 56.1 eh 20.0 ce 15.1 fh

Line-4 293.6 ej 276.8 dg 82.7 mp 88.2 nq 42.1np 56.0 eh 10.8 tv 15.0 gh

Lime-5 269.1 mr 233.8 tu 93.0 eh 96.0 hj 84.8 b 73.2 a 22.5 b 19.3 ab

Line-7 288.7 gk 278.1 df 77.3 sv 77.7 vx 50.2 hk 36.0 qs 14. 2 ım 9.9 mp

Line-8 295.6 dj 247.9 nr 97.0 cd 111.2 a 54.1 fh 51.0 ıj 14.4 hl 13.9 hı

Line-9 272.6 lq 245.6 ps 94.8 df 96.5 hj 38.7 pr 42.8 mn 10.6 uv 11.9 jl

Line-10 352.7 a 257.7 ın 85.0 ln 84.3 rs 71.0 d 35.2 qt 18.4 ef 9.4 oq

Line-11 284.1 ım 236.6 su 92.2 eı 87.0 or 71.3 d 40.7 np 19.3 de 10.8 ko

Line-13 287.9 gk 261.8 hk 84.2 lo 92.5 km 47.8 jm 46.9 kl 12.9 lr 12.9 ıj

Line-14 261.4 ps 249.6 nq 81.5 or 94.7 ıl 53.1 fı 66.6 b 15.3 gj 19.3 ab

Line-15 241.6 tv 223.3 vx 75.5 ux 77.0 wx 47.8 ım 45.9 km 12.5 nt 11.8 jl

Line-16 255.9 rt 244. 1 qs 77.7 sv 89.2 mo 77.8 c 53.3 hı 19.7 ce 14.6 gh

Line-17 289.8 fk 267.3 gı 86.8 jl 101.2 df 49.5 hl 53.7 gı 13.8 ıo 14.3 gı

Line-18 274.8 kp 255.5 kp 89.2 ık 101.7 ce 55.8 fg 57.4 eg 16.1 gh 14.8 gh

Line-19 267.9 nr 267.4 fh 79.5 qt 93.5 jl 49.2 hl 48.1 jk 14.7 hk 13.9 hı

Line-22 344.1 a 219.9 xy 98.0 bc 100.2 dg 99.1 a 62.8 cd 24.5 a 16.7 ce

Line-23 316.9 b 271.0 eh 76.8 sv 79.8 tw 52.1 fj 37.3 pr 13.9 ın 8.3 qs

Line-24 262.6 ps 260.2 ım 93.2 eh 101.2 df 34.5 qt 57.8 ef 86.9 wy 14.6 gh

Line-25 287.2 hl 257.9 ın 73.2 xy 75.7 xy 46.2 kn 37.9 oq 12.7 lr 10.5 lo

Line-26 256.9 rs 256.7 jo 84.5 lo 97.0 gı 52.1 fj 56.2 eh 15.6 gı 15.4 eg

Line-27 309.9 bd 265.7 hj 100.5 ab 95.8 hk 52.2 fj 34.9 qu 14.2 ım 10.2 mo

Line-28 267.7 nr 251.5 lq 86.8 jl 95.8 hk 42.6 mp 41.2 no 12.1 ou 11.9 jk

Line-29 264.4 ps 220.8 wx 78.5 ru 82.5 su 42.2 np 23.3 xy 12.9 lr 6.7 tw

Line-30 236.9 v 228.0 ux 68.7 z 72.5 y 27.9 uv 19.2 zA 8.2 xy 5.0 xy

Line-31 313.4 bc 279.7 cf 85.3 lm 97.7 gı 41.2 np 16.9 A 12.0 pu 449. 7 y

Line-32 230.1 v 264.9 hk 74.8 vx 73.0 y 26.5 v 18.0 zA 7.8 y 5.3 wy

Line-33 307.4 be 250.6 mq 92.2 eı 102.5 be 45.9 kn 46.2 km 13.7 jp 13.0 ıj

Line-35 269.8 mr 246.9 or 77.3 sv 85.8 os 41.9 np 48.4 jk 11.3 qu 13.7 hı

Line-36 258.0 qs 204.1 zA 90.3 hı 104.8 bc 44.3 lo 55.8 fh 13.4 kq 15.0 gh

Line-37 313.0 bc 230.5 tw 90.8 gı 84.7 rs 46.1 kn 43.4 ln 11.9 qu 11.3 km

Line-38 265.6 os 245.8 or 64.8 A 69.0 z 42.5 mp 20.9 yz 11.9 u 6.8 ux

Line-39 352.6 a 265.6 hk 92.2 eı 85.7 ps 65.6 e 23.9 xy 19.5 ce 6.4 tx

Line-40 300.1 ch 248.1 nr 89.8 ıj 93.5 jl 76.8 c 27.0 wx 21.1 bc 7.6 rt

Lime-41 304.6 bf 284.4 cd 93.7 eg 98.0 fı 63.6 e 75.5 a 16.8 fg 20.2 a

Line-42 282.7 ın 271.1 eh 97.7 bd 101.3 df 49.1hl 65.0 bc 12.9 lr 17.5 cd

Line-43 258.4 qs 220.8 wx 91.3 gı 105.7 b 63.8 e 62.1 cd 18.4 ef 16.7 ce

Line-44 295.6 dı 283.0 cd 89.8 ıj 101.5 ce 78.3 c 67.4 b 19.9 ce 18.0 bc

Line-45 259.5 qs 251.5 lq 92.0 fı 99.2 eh 56.4 f 59.7 de 15.4 gj 16.5 df

Line-46 261.6 ps 210.4 yz 93.0 eh 96.0 hj 33.5 rt 24.4 xy 10.1 yw 7.2 sv

Line-47 275.4 kp 261.4 hl 93.0 eh 84.8 qs 37.5 ps 37.8 oq 10.9 sv 10.3 mo

Line-48 305.4 be 280.8 ce 77.8 sv 82.8 st 50.6 gk 33.9 ru 13.3 kq 8.7 pr

Line-49 305.4 be 289.4 bc 95.2 ce 103.2 bd 44.6 lo 46.3 km 12.3 ou 13.7 hı

Line-50 280.4 jo 300.1 a 101.3 a 105.2 b 52.1 fj 53.8 gı 13.2 kq 14.6 gh

Line-51 302.6 bg 222.1 vx 97.2 cd 92.3 lm 48.0 ıl 31.2 uv 13.3 kq 8.1 qs

Line-52 262.5 ps 189.9 bc 82.2 nq 88.3 np 30.0 tv 28.4 vw 7.7 y 7.3 rv

Line-53 355.2 a 297.6 ab 76.5 tw 89.2 mo 49.5 hl 23.9 xy 13.7 jp 6.1 vx

Rox 239.9 uv 199.4 AB 70.7 yz 80.8 tv 32.3 su 33.5 su 8.2 xy 8.4 qs

E.Sumac 252.3 su 219.6 xy 69.3 z 79.2 uw 45.5 kn 31.6 tv 12.6 ms 8.3 qs

Leoti 266.4 os 230.6 tw 73.5 wy 77.5 vx 37.9 pr 31.9 tv 9.8 vx 7.6 ru

Nes 266.9 os 231.7 tv 75.3 vx 80.0 tw 39.5 oq 34.8 qu 11.3 rv 9.5 nq
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lity level. Analysis of variance, correlation and path co-
efficient was done using standard method suggested 
by Duzgunes et al. (1987). Stability analysis was done 
according to Duzdemir and Akdag (2014).

	 Climate and soil

Climatic conditions and soil properties of the two 
locations are presented in supplementary files as 
Table 2 and Table 3.  According to the data, in Antalya 
location, which is one of the trial areas; the total 
precipitation amount of the period (May-November) 
in which the experiment was conducted in 2014 was 
253.2 mm, and 245.0 mm in 2015. The amount of 
long-term precipitation was determined as 367.9 mm 
during the trial period in Antalya. In Konya location; 
total precipitation was 167.0 mm in 2014, 170.0 mm in 
2015 and long-term precipitation 154.0 mm. It is seen 
that the temperature values for the May-November 
period of 2014 in Antalya location, varied between 
14.0-28.4°C (average 22.9°C), and 2015 between 15.7-
28.6°C (average 23.3°C). The temperature values of 
the period in which the experiment was conducted 
varied between 14.0 and 28.2°C, and the average 
temperature value was 22.7°C. In Konya location in 
2014, the average temperature values of the period 
(May-November) were 5.1–25.1°C (average 17.2°C), 
2015 May-November period temperature values varied 
between 7.4–24.6°C (average 17.5°C). As shown, there 
were no climatically affected conditions for sorghum 
during the experiment. The soil type was characterized 

as silty clayey with pH of 8.6 in Antalya and clayey loamy 
with pH of 7.9. Both areas are known for cultivation of 
sorghum (Sorghum bicolor) and according to analiysis 
of soil there was not unfavorable environment.

Results and Discussion 

	 Statistical analysis 

Except from year that concernig day to %50 flowering, 
the analysis of variance for combined years and loca-
tions for all characters showed that there were highly 
significant (P≤0.01) differences among the investigated 
characters. There wassignificant difference between 
years(Y), locations (L), and genotypes (G). Through the 
analysis of variance, there were significant difference 
between Y×G, Y×L, G×L and Y×G×L height interac-
tions. Therefore, year, location means were given Table 
1, genotypes means on location basis and combined 
data analysis were given in Tables 2 and 3. Additionally, 
the correlations and path analysis results which shows 
the relationships among the traits are given in Table 4 
and Table 5.

	 Plant height

It was also plant height and days to 50% flowering vari-
ed according to years depending on changing climate 
conditions. Environmental factors such as precipitation 
and temperature especially during the development 
period of plant's played very important role on plant 
height and days to 50% flowering. Under normal 

Fig. 1 - Stability analysis of the sorghum genotypes under study
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Table 3 - Pant stalk ratio, plant leaf ratio and stalk yield values obtained in 2014 and 2015 

Line/Variety
Pant stalk ratio (%) Plant leaf ratio (%) Stalk yield (t ha-1)

Antalya Konya Antalya Konya Antalya Konya

Line-1 21.2 fh* 19.6 ım 77.8 sv 80.5 os 52.0 rg 54.3 bc

Line-2 21.4 fg 19.1 jn 78.6 pt 80.9 nr 30.4 zB 33.5 ln

Line-3 16.5 q 13.9 xA 83.5 bf 86.0 ad 64.9 bc 48.5 d

Line-4 16.6 qv 13.4 yA 83.4 bg 86.7 ac 35.1 ty 47.9 d

Lime-5 18.7 lp 16.1 qv 81.3 gn 83.9 gk 69.2 ab 62.1 a

Line-7 16.9 pu 17.6 nr 83.1 bh 82.4 jn 41.8 kp 29.7 oq

Line-8 14.2 w 20.2 ıj 85.8 a 79.9 rs 46.5 hj 40.8 gı

Line-9 18.7 lp 15.4 tx 81.3 fm 84.6 dh 31.6 yA 36.3 jl

Line-10 16.3 rv 19.5 ım 83.7 ae 80.5 os 59.7 de 28.3 q

Line-11 21.7 fg 19.7 ık 78.4 qu 80.3 qs 56.4 ef 32.7 mo

Line-13 18.4 mq 25.6 bc 81.6 el 74.4 yz 39.1 ot 34.8 kn

Line-14 19.3 jo 17.4 ns 80.8 ıp 82.6 ın 42.9 jo 54.8 bc

Line-15 21.1 fj 14.3 wA 78. 9 ot 85.7 ae 38.0 pu 39.2 hj

Line-16 15.4 tw 13.1 zA 84.6 ac 86.9 ab 65.8 b 46.3 de

Line-17 17.3 or 17.3 ns 82.7 cı 82.7 ın 40.9 lr 44.4 ef

Line-18 19.4 ın 17.0 ot 80.6 ıp 82.9 hm 45.0 ıl 47.8 d

Line-19 19.5 hn 13.8 xA 80.5 ıq 86.2 ad 39.8 ns 41.4 fh

Line-22 15.8 sw 17.4 ns 84.2 ad 82.7 ın 83.5 a 51.9 c

Line-23 20.8 gk 24.3 ce 79.2 ms 75.7wy 41.0 lq 28.8 q

Line-24 16.7 qu 16.7 pu 83.7 ae 83.3 gl 28.9 AC 48.1 d

Line-25 17.7 ns 15.0 uy 82.4 dj 84.9 cg 38.2 pu 32.2 np

Line-26 14. 7 vw 14.5 vA 85.3 ab 85.5 af 44.5 jm 48.1 d

Line-27 15.8 sw 17.2 os 84.3 ad 82.8 ım 43.9 jn 29.0 pq

Line-28 18.5 mq 15.8 sw 81.5 el 84.2 eı 34.7 tz 34.7 kn

Line-29 23.0 df 22.0 fh 76.9 tw 77.9 tv 32.6 wA 18.6 uv

Line-30 27.1 b 26.5 b 72.9 y 73.5 z 20.5 E 14.3 w

Line-31 18.7 lp 30.2 a 81.3 fm 69.8 A 33.7 vz 11.8 w

Line-32 23.9 de 28.5 a 76.2 vx 71.5 A 20.2 E 13.0 w

Line-33 18.4 mq 15.4 tx 79.9 kr 84.6 dh 36.7 qw 39.1 hj

Line-35 19.3 ın 14.3 vA 80.7 ıp 85.7 af 34.1 uz 41.5 fh

Line-36 14.9 uw 14.7 vz 85.1 ab 85.3 bf 37.6 pv 47.7 de

Line-37 22.1 eg 17.9 lp 77.9 rv 82.1 lp 36.0 sy 35.6 km

Line-38 19.7 hm 15.9 rw 80.4 jq 84.1 ej 34.4 uz 17.7 v

Line-39 24.9 cd 19.6 ıl 75.1 wy 80.4 ps 49.4 gı 19.3 uv

Line-40 35.5 s 22.9 ef 64.5 z 77.0 vw 49.9 gh 21.0 tu

Lime-41 16.7 qu 18.1 kp 83.3 bg 81.9 lq 52.8 eg 61.8 a

Line-42 20.5 gl 19.5 ım 79. 5 ls 80.5 os 38.3 pu 52.5 bc

Line-43 18.9 ko 25.1 bd 81.0 ho 74.9 xz 51.6 g 45.9 de

Line-44 22.4 eg 17.8 mq 77.6 sv 82.2 ko 60.8 cd 55.2 b

Line-45 19.4 ın 21.2 gı 80.6 ıp 78.8 su 45.6 hk 47.0 de

Line-46 22.3 eg 22.9 eg 77.8 sv 77.1 uw 25.9 BD 18.7 uv

Line-47 24.8 cd 23.67 df 75.2 wx 76.3 vx 28.5 AC 28.2 q

Line-48 19.3 ıo 19.1 jn 80.7 ıp 80.9 nr 40.8 lr 27.6 qr

Line-49 15.4 tw 18.5 jo 84.7 ac 81.5 mr 37.9 pv 37.7 ık

Line-50 21.9 eg 20.9 hı 78.1 rv 79.1 st 40.5 mr 42.5 fg

Line-51 23. 8 de 21.1 hı 76.2 ux 78.9 st 36.5 rx 24.9 rs

L,ne-52 21.9 eg 18.5 jp 78.1 rv 81.5 lr 23.4 DE 23.2 st

Line-53 25.9 bc 25.7 bc 74.1 xy 74.3 yz 36.6 qw 17.8 uv

Rox 20.9 gk 15.8 rw 79.1 nt 84.2 ej 25.7 CD 28.2 q

E.Sumac 18.1 mr 15.3 tx 81.9 ek 84.7 dh 37.3 qv 26.8 qr

Leoti 15.4 tw 12.8 A 84.6 ac 87.2 a 32.2 xA 27.9 qr

Nes 21.2 fı 15.9 rw 78.8 ot 84.1 ej 31.6 yA 29.3 pq

*The means in the same column with same letters are in the same group
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growing conditions, plant height provide more biologi-
cal  yield per unit area, in high yield plants such as sor-
ghum. Therefore, plant height is very important criteria 
for selection in breeding program. Years and locations 
in terms of plant height were significantly different. In 
Antalya location, while it was found 284.9 cm in first 
year, 248.3 cm in second year. In Konya location, while 
it was found 271.0 cm in first year, 235.4 cm in second 
year. The variation among the plant heights were more 
pronounced in the first year of the study (Table 1). Four 
genotypes showed hight performance in Antalya loca-
tion with 352.7 cm (Line-10),344.1 cm (Line-22), 352.6 
cm (Line-39) and 355.2 cm (Line-53), two genotypes 
were preferred with 300.08 cm (Line-50) and297.56 
(Line-53) in Konya location (Table 2). For plant height, 
similar results were reported by Demir, (2020)(250.80-
476.30 cm), Kaplan et al. (2019) (203.0-255.3 cm), 
Coban and Acar (2018) (228.6-262.7 cm), Yıldız et al. 
(2018) (243.5 cm), Kara et al. (2019) (185.4-281.0 cm), 
Keskin et al. (2018) (197.1-299.4 cm),Uzun et al. (2017) 
(189.0-330.7 cm), Getachew et al. (2016) (180.0-300.0 
cm) Karadag and Ozkurt (2013) (183.9-224.2 cm), Ge-
ren and Kavut (2008) (337.2 cm); Gunes and Acar (2005) 
(260.9-284.8 cm), Tsuchihashi and Goto (2005) (279.0-
360.0 cm), Balabanli and Turk, (2005) (178.0 ve 222.2 
cm).

	 Days to 50% flowering

The minimum number of days to flowering was obser-
ved in Line-38 with 64.8 days in Antalya location and 
69.0 days in Konya location. As seen in the Table 1 
demonstrate significant differences in first year and 
the second year both in Antalya (75.4-101.2 days) and 
in Konya (81.2-95.7days). The data demonstrate that 
there were clearly differences from location to loca-
tion among genotypes in days to flowering. The latest 
flowering day was 101.3 (Line-50) days in Antalya and 

111.2 (Line-8) days in Konya location (Table 2).Similar 
results have been reported in the past by other resear-
chers; 77.7-108.0 day (Demir, 2020),87.1-92.8 day (Avcı 
et al.,2018), 69.0-88.0 day (Reddy et al., 2005) and 
73.0-77.0 day (Samarth et al., 2018).

	 Forage yield

Mean performance of sorghum genotypes in this study 
for forage yield and hay yield components characters 
were given in (Table 2). Results showed that 50.6 t ha-1 
and 42.3t ha-1 forage yields were obtained in the first 
and second year, respectively (Table 2). When the loca-
tions are compared in terms of forage yield, it is seen 
that the total forage yield in Antalya location (101.3t 
ha-1) is higher than Konya (84.6t ha-1). It can be said that 
the yield difference between the two locations is due to 
other environmental conditions, especially soil proper-
ties. Although the location averages have values clo-
se to each other, the most forage yield determineted 
Line-22 with 99.1 t ha-1 in Antalya location and Line-5 
with 73.2 t ha-1 in Konya location. Various studies have 
been reported for sorghum forage yield in the literatu-
re. Forage yield was reported 74.3 t ha-1 by Akbudak et 
al. (2004),73.3 t ha-1 by Cecen et al. (2005), 45.5-64.3 
t ha-1 by Balabanli and Turk (2005), 49.4-66.5 t ha-1 by 
Yuksel (2006), 62.9-76.1 t ha-1 byKaradas (2008), 21.2-
47.6 t ha-1 by Karadag and Ozkurt (2013),38.1-45.4 t 
ha-1 by Jahansouz et al. (2014), and 33.5-54.5 t ha-1 by 
Nejad et al. (2014).

	 Hay yield

Performance of sorghum genotypes with regard 
to hay yield were given in (Table 2). Hay yields were 
foundbetween 11.5 t ha-1 - 13.8 t ha-1 parallel as in fo-
rage yield sin the first and second year, respectively. 
The highest hay yield among genotypes in Antalya lo-
cation; as Line-22 (24.5 t ha-1) and in Konya location; 

Table 4 - Correlation matrix for different traits in forage sorghum 

Parameters Plant height Days to 50%  
flowering Forage yield Hay yield Plant stalk ratio Plant leaf ratio Stalk yield

Plant height  1

Days to 50%  
flowering  0.2301  1  

Forage yield  0.2532  0.5180**  1

Hay yield  0.2407  0.5404**  0.9851**  1

Plant stalk ratio   0.0710 -0.0701  -0.3514* -0.3308*  1

Plant leaf ratio  -0.0733  0.0655  0.3478*  0.3244* -0.9992** 1

Stalk yield  0.2300  0.4914**  0.9901**  0.9714** -0.4691** 0.4660** 1

*The means in the same column with same letters are in the same group
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as Line-1 (19.2 t ha-1), Line-5 (19.3 t ha-1), Line-14 (19.3 
t ha-1) and Line-41 (20.2 t ha-1) were determined. The 
researchers pointed out that result related to simi-
lar hay yield;Cecen et al. (2005), Balabanli and Turk 
(2005), Cigdem and Uzun (2005), Yuksel (2006), Uygur 
(2012), Karadag and Ozkurt (2013), and Aydinsakir et 
al. (2021b) as 6.5-11.4, 12.0-16.7, 6.9-9.7, 12.6-17.8, 
9.6-16.6, 9.4-19.2, 7.8-26.4t ha-1, respectively.

	 Plant stalk ratio, plant leaf ratio and stalk yield

Plant morphology and the proportion of morphologi-
cal parts in the total material affect nutrient content, 
feed consumption and digestibility. For this reason, it 
is important to know the ratio of the morphological 
parts of the sorghum plant grown for silage in total 
weight. According to the analysis of variance; ratio of 
plant stalk, plant leaf ratio and stalk yield have been 
found statistically significant differences (P≤0.01). Plant 
stalk ratio and plant leaf ratio of genotypes have been 
determined as 20.3-79.7% in 2014 and 19.1-80.9% in 
2015 respectvely. As a matter of fact, plant leaf ratio 
increases as the plant stalk ratio decreases (Table 3). 
The highest value for plant stalk ratio observed was 
35.5% (Line-40) in Antalya and 30.2 %-28.5% (Line-31 
and 32) in Konya, followed plant leaf ratio given with 
value of 85.8%-83.7%-84.6%-84.2%-83.7%-85.3%-
84.3%-85.1%-84.7% (Line-8, 10, 16, 22, 24, 26, 27, 
36, 49 and Leoti) in Antalya and 86.7%-85.7%- 86.9%-
86.2%-85.5% (Line-4, 15, 16, 19, 26, 35 and 32) in Kon-
ya (Table 3). Results of obtained this study related plant 
leaf ratio were consistent with Acar et al., (2000) 15.5-
25.2%, Ozkose et al., (2015) 19.3-38.1 %, Coban and 
Acar (2018) 11. 7-20.3%, Yıldız et al., (2018) 8.9-12.9%, 
and Demir (2020) 6.2-20.9%. For plant stalk ratio was 
also reported in previous studies that Acar et al., (2000) 
74.7-82.0%, Ozkose et al., (2015) 61.9-80.7%, Daniel 
et al., (2017) 85.1-88.3%, Coban and Acar (2018) 79.7-

89.3%, Yıldız et al., (2018) 52.4 -69.7%, and Demir 
(2020) 74.7-91.5%.

In the present study, there has been a difference 
between years in terms of stalk yield. In the first year 
of the trial, the mean stalk yield (40.7t ha-1) was high 
compared to the second year (34.3 t ha-1). This result is 
thought to be caused by high forage yield in first year. 
While the stalk yield was found 46.4 t ha-1 in the first 
year, 34.9 t ha-1 in the second year in Antalya and was 
obtained 34.1 t ha-1 in the first year and 34.6 t ha-1 in the 
second year in Konya (Table 1). Meanwhile the lowest 
combined values had recorded for stalk yield with value 
of 20.5 t ha-1 (Line-30) followed by 20.2 t ha-1 (Line-32) 
in Antalya and 14.3t ha-1- 11.8 t ha-1- 13.0 t ha-1 (Line-
30, 31, 32, repectively) in Konya (Table 3). Previously 
study, the stalk yield was concluded by Tsuchihashi and 
Goto (2004) with 47.9-65.9 t ha-1 and Demir, (2020) with 
75.5-144.3 t ha-1. This study showed that the findings 
obtained in stalk yield were in agreement with the re-
sults of Tsuchihashi and Goto (2004) however, less than 
the findings of Demir (2020).

	 Correlation analysis

Regarding correlations between different characters, 
forage yield was significantly and highly positive cor-
related with hay yield (r = 0.9851**), plant leaf ra-
tio (r=0.3478*) and stalk yield (r=0.9901**) (Table4). 
Among the traits the highst significant negative corre-
lation coefficient was observed among the plant leaf 
ratio and plant stalk ratio with (r=-0.9992**). This me-
ant that variations in the plant leaf ratio were not af-
fect significant differences in ratio of plant stalk. Some 
positive and significant relationship also existed in 
between the forage yield and the number of days to 
50% flowering (r=0.5180**), hay yield and days to 50% 
flowering (r=0.5404**), plant leaf ratio and stalk yield 

Table 5 - Path coefficients and percentage rate of effects for forage yield components in sorghum genotypes 

Indirect effect

1* 0.0004/0.0837%** 0.0000/-0.0096% 0.0002/0.0164% 0.0000/-0.0244% 0.0000/0.0062% 0.0002/0.0152%

2 0.0001/0.0184% -0.0043/-5.6679% -0.0003/-0.0269% 0.0000/0.0043% 0.0007/0.1502% -0.0002/-0.0200%

3 0.0601/13.2176% 0.0086/11.2762% 0.1362/13.2681% -0.0072/-11.0371% 0.0267/5.8009% 0.1312/12.2270%

4 0.0000/0.0002% 0.0000/0.0000% 0.0000/0.0001% 0.0000/-0.0383% 0.0000/0.0004% 0.0000/0.0001%

5 -0.0091/-2.0004% 0.0192/25.0493% -0.0237/-2.3067% 0.0088/13.5993% -0.1209/-26.3063% -0.0419/-3.9028%

6 0.3853/84.6796% 0.0445/57.9970% 0.8662/84.3818% -0.0489/-75.2966% 0.3114/67.7360% 0.8994/83.8348%

R 2 = 0,995906723502536

*1-Plant height 2-Days to 50% flowering 3-Hay yield 4-Plant leaf ratio 5-Plant stalk ratio 6- Stalk yield 
**The bold and diagonal under line numbers is direct effects of any trait on forage yield.
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(r=0.4660**), hay yield and stalk yield (r=0.9714**). 
Previous studies in sorghum have also reported a high 
positive correlation between yield and various yield 
compenents similarly to our results (Moyer et al., 2003; 
Iyanar and Khan, 2005; Sukhchain and Singh, 2008; Pra-
kash et al., 2010; and Warkad et al., 2010).

	 Path analysis

Knowledge, on the correlations between characters is 
obligatory, to develop selection of characters. Howe-
ver, selection depending on correlations among cha-
racters can impropriety in the selection strategy when 
develop a new variety. For this reasons, a path analysis 
which investigates direct and indirect effects of a group 
of main variable. The results of the path analysis that 
made by considering the forage yieldas the dependent 
variable and the other characters as the independent 
variable are given in Table 5. While the plant stalk ratio 
was found the highest negative direct effect, stalk yield 
was found the highest positive direct effect on forage 
yield. The plant stalk ratio that presented a low direct 
effect on forage yield, therefore, must be considered 
during indirect selection for forage yield. Our results 
confirmed the result of Adugna (2007), Rohman et al., 
(2006), and Jain et al. (2010).

	 Stability analysis

Yield stability is one of the biggest problem facing plant 
breeders in developing greatly adopted varieties with 
superior yield in breeding programmes. The analysis of 
variance for stability was performed for all characters 
on the 48 forage sorghum lines and 4 varieties under 
this study. Stability parameters were estimated for fo-
rage yield by using the model described by Duzdemir 
and Akdag (2014). As a result of the statistical analysis, 
when the genotype × environment interaction is impor-
tant refer to stability analysis in order to determine the 
genotypes with the desired characteristic. According 
to stability analysis results Line-1, 3, 5, 13, 21, 40, 42 
and 44 were with stand lines that fit well in all envi-
ronments. Line-15 and Line-43 were in the group that 
adapts to the good environment (Figure 1). Lines-10, 
11, 38 and 39 were in the same group that adapts to 
an average environment. Varieties of E. Sumac and Nes 
and Lines - 2, 4, 7, 9, 12, 14, 16, 17, 18, 22, 23, 24, 25, 
26, 27, 32, 33, 34, 35, 37, 41, 46, 47, 48, 49 and 50 have 
an average adaptation to all environments. Line-8 has 
average adapted to the bad environment. Leoti and 
Rox varieties with 28, 29, 30, 31, 45, 51, 52 lines have 
bad adaptation to all environments. Although the low 
performance of the cultivars in different environments 
seems to be an unfavorable situation, it is due to the 
high yield of selected genotypes. That is, the control 
varieties behaved as expected.

Conclusions

In the present study, the obtained data indicated that 
there were large variations in forty-eight selected sor-
ghum lines and four sorghum varieties under both en-
vironmental conditions. The maximum and minimum 
data have revealed the importance of the variation. Po-
sive correlation was determined not only between fora-
ge yield and stalk yield but also between hay yield and 
forage yield. According to path analysis the plant stalk 
ratio had highest negative direct effect and stalk yield 
had the highest positive direct effect on forage yield. 
Correlation and path analysis results indicated that the 
forage yield and stalk yield are important characters 
in defining the performances of the genotypes. Hen-
ce stalk yield and forage yield may be considered as 
selection criteria for sorghum breeding programmes. 
Eventually, the results of the stability analysis showed 
that Line-1, 3, 5, 13, 21, 40, 42 and 44 were found as 
withstand lines in all environments.
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Table S1 - The PI numbers and country origine of the selected sorghum germplasm  

Line/Variety Line Number Origin Line Number Line Number Origin

Line-1 PI 144134 South africa, kwazulu Line-31 IS 4092 Hindistan

Line-2 PI 154988 Switzerland Line-32 IS 7957 Nijerya

Line-3 PI 170787 Turkey Line-33 IS 9113 Kenya

Line-4 PI 175919 Turkey Line-35 IS 15744 Kamerun

Lime-5 PI 196049 Ethiopia Line-36 IS 18039 Hindistan

Line-7 PI 217691 Sudan Line-37 IS 20632 USA

Line-8 PI 218112 Pakistan Line-38 IS 20679 USA

Line-9 PI 255239 Meksika Line-39 IS 20697 USA

Line-10 PI 273465 Nijerya Line-40 IS 20816 USA

Line-11 PI 273969 Ethiopia Lime-41 IS 24453 Güney Afrika

Line-13 PI 586541 ----- Line-42 IS 26222 Togo

Line-14 PI 641807 ----- Line-43 IS 26484 Benin

Line-15 PI 641810 ----- Line-44 IS 29187 Switzerland

Line-16 PI 641815 ----- Line-45 IS 29233 Switzerland

Line-17 PI 641817 ----- Line-46 IS 29358 Lesotho

Line-18 PI 641821 ----- Line-47 IS 29441 Lesotho

Line-19 PI 641834 ----- Line-48 IS 29468 Lesotho

Line-22 PI 651495 USA Line-49 IS 29565 Lesotho

Line-23 PI 155746 Malawi Line-50 IS 29654 Çin

Line-24 PI 330128 Ethiopia Line-51 IS 29714 Zimbabwe

Line-25 PI 646858 Hindistan L,ne-52 IS 29733 Zimbabwe

Line-26 IS 602 USA Line-53 IS 30466 Çin

Line-27 IS 1212 Güney Africa Rox Variety Turkey

Line-28 IS 2389 Afganistan E.Sumac Variety Turkey

Line-29 IS 2902 Nijerya Leoti Variety Turkey

Line-30 IS 3121 Kenya Nes Variety Turkey
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Table S2 -Climatic data at study area for long-term and experimental years  

Month

Antalya Konya

T P T P T P T P T P T P

2014 2014 2015 2015 LT LT 2014 2014 2015 2015 LT LT

May 20.2 27.2 21.3 46.0 20.1 29.9 15.4 26.0 15.7 53.2 15.7 43.3

June 25.3 0.0 23.8 5.0 25.1 9.7 19.7 31.4 18.7 39.6 20.2 24.3

July 27.5 0.0 27.7 1.0 28.2 2.9 25.1 3.0 24.0 8.6 23.6 6.6

August 28.4 5.4 28.6 0.0 27.8 2.9 25.0 4.6 24.6 17.2 23.1 5.3

September 25.0 20.0 25.0 33.3 24.3 12.9 18.2 31.4 22.0 31.4 18.6 11.8

October 20.1 120.2 21.1 102.8 19.4 77.4 12.2 37.0 9.8 14.2 12.4 30.1

November 14.0 39.4 15.7 34.9 14.0 179.4 5.1 33.6 7.4 5.8 6.1 32.6

Mean/ 
Total

22.9 212.2 23.3 223.0 22.7 315.1 17.2 167.0 17.5 170.0 17.1 154.0

T: Temperature, P: Precipitation, LT: Long-term
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Table S3 -Some physical and chemical properties of trial areas   

Soil properties Antalya Konya

pH (pH in soil saturated with water(1:2.5)) 8.6 7.9

Lime (%) 24.8 17.8

EC (μS cm-1) 197.0 117.0

Texture class silty clayey Clayey loamy

Organic matter (%) 1.88 1.51

P (mg kg-1) 28.0 23.4

K (mg kg-1) 212.0 395.0

Ca (mg kg-1) 3687.0 5005.0

Mg (mg kg-1) 583.0 538.0

Fe (mg kg-1) 5.40 5.97

Mn (mg kg-1) 6.50 4.04

Zn (mg kg-1) 0.2 0.2

Cu (mg kg-1) 1.96 0.96


