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ABSTRACT

Sorghum genotypes are characterised by drought resistance and high biomass production, which makes them 
suitable for animal feeding under conditions of fodder scarcity in dry steppe zones. Under the harsh continental condi-
tions in northern Kazakhstan, the selection of suitable sorghum genotypes is crucial for maintaining yield stability and 
product quality. In 2020–2022, studies were conducted in northern Kazakhstan on 9 varieties of sweet sorghum and 
7 hybrids of sweet sorghum–sudangrass to determine the relationship between qualitative and productive traits for 
modelling optimal material. Hybrids were inferior to sweet sorghum in terms of total yield and stem biomass, but had 
a higher leaf mass, making them more suitable for use as animal feed. The results contribute to a better understanding 
of plant resilience and support the promotion of sorghum and sorghum–sudangrass hybrids in cold regions with short 
summers for sustainable forage production under uncertain climatic conditions. The results show that the 2 sweet sor-
ghum genotypes (Kapital and Volonter) are characterised by stable productivity and good adaptability under different 
environmental conditions, as they can reach full maturity over the three years. Volzhskoye 51 and Calibr genotypes 
are best suited for green mass production under higher rainfall conditions, while the SP 15 genotype is best among 
sorghum-sudangrass hybrids. The sweet sorghum varieties Sevilia, Kapital and Sahara stood out for their higher sugar 
content in stem juice and can be recommended for bioethanol production.
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INTRODUCTION

Sorghum (Sorghum bicolor (L) Moench) is the fifth 
most important cereal in the world after rice, wheat, 
maize and barley. It is grown for grain, animal feed, sugar 
and biofuel. In addition, sorghum extracts certain heavy 
metals from the soil (Osman et al., 2023), contributes to 
phytoremediation of leached chernozem contaminated 
with diesel fuel (Muratova et al., 2012), improves water 
infiltration, reduces soil compaction, increases the stabil-
ity of soil aggregates and organic matter in the soil and 
suppresses weed establishment (Boga, 2020). Sorghum 
grains are the staple food for more than 750 million 

people in the semi-arid tropics of Africa, Asia and Latin 
America. Around the world, sorghum is grown on mar-
ginal soils under difficult conditions such as water deficit, 
salinity and alkalinity and is used as food, feed and bio-
fuel (Hariprasanna and Patil, 2015). It is a C4 short-day 
crop with high adaptability to hot and dry agroecological 
conditions, which makes it a climate-tolerant crop. As 
such, sorghum can maintain productivity and contribute 
to food security, even under extreme conditions when 
other crops fail (Ciampitti and Prasad, 2019).
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Due to these properties, sorghum is considered one 
of the most important crops for sustainable agriculture in 
the face of climate change (Mohammed and Misganaw, 
2022). Sorghum has a greater tolerance to high tempera-
tures and water stress compared to most other cereals 
and achieves stable grain yields even at temperatures 
of up to 33 °C (Tack et al., 2017) and with limited wa-
ter availability (Taylor, 2019). According to Druille et al. 
(2020), the base and optimum temperatures for forage 
sorghum are 10 °C and 27.5 °C, respectively, while for 
grain sorghum they are 8 °C and 30 °C, which empha-
sises its adaptability to high temperatures. In addition, 
sowing at a soil temperature above 18 °C is recommend-
ed, as early sowing at a soil temperature below 15 °C can 
lead to sparse seedlings and poor growth performance 
(Chiluwal et al., 2018). Therefore, identifying sorghum 
genotypes that are resistant to cold temperatures in the 
early stages of development is crucial for extending the 
growing season and creating opportunities to expand 
sorghum cultivation in the northern regions of Kazakh-
stan and regions with similar climatic conditions. 

The discovery of cytoplasmic male sterility in sor-
ghum has greatly improved the utilisation of heterosis 
for yield and yield components and has enabled the de-
velopment of commercial hybrids for forage sorghum. 
These hybrids are produced by crossing sorghum as the 
female parent with sudangrass as the male parent (Pataki 
et al., 2010). The sorghum-sudangrass hybrid is an annu-
al forage crop that combines the high biomass and high 
leaf yield, improved tillage ability, rapid regrowth and 
high nutritional value of both parents, while exhibiting 
considerable heterosis (Lu et al., 2022). In general, newly 
developed sorghum and sorghum × sudangrass geno-
types have high biomass yield potential, improved water 
and nitrogen use efficiency, better abiotic stress toler-
ance and the ability to grow on a wide range of soil types 
without specific requirements (Bollam et al., 2021; Tu et 
al., 2023). However, sorghum and sorghum × sudangrass 
genotypes respond differently to local environmental 
conditions at different stages of development. Recent 
research in Southeast Europe on sorghum genotypes 
(Dolapčev et al., 2025) indicates that forage sorghum 

hybrids are a promising alternative for both fodder and 
bioenergy production due to their high level of drought 
tolerance. Through the evaluation of genotypic variation 
and environmental adaptability in 60 forage sorghum 
genotypes — including 13 parental lines, their 40 crosses, 
and seven commercial hybrids — it was determined that 
plant height, stem diameter, and leaf-related traits con-
tributed most significantly to genotypic differentiation. 
On the other hand, no single parameter proved reliable 
for prediction, suggesting a complex interaction among 
traits. Zheng et al. (2024) also emphasize that sorghum is 
highly stress-resistant and capable of growing under ad-
verse environmental conditions. Identifying the mecha-
nisms behind this resistance would enable its cultivation 
in regions of the world previously considered marginal.

According to Zhapayev et al. (2023), genotypes were 
responsible for 22.4% of the variation in green biomass 
of sweet sorghum, while environmental conditions ac-
counted for 52.4% and genotype-environment interac-
tion for 21.3% in Kazakhstan. According to Silva et al. 
(2013), the identification of varieties adapted to each re-
gion is necessary due to the large differences in weather 
conditions. Therefore, the choice of genotypes is a cru-
cial factor that determines the final biomass yield and 
quality. Zhapayev et al. (2015) and Bulekov et al. (2023) 
investigated the performance of sorghum and sorghum 
× sudangrass genotypes and concluded that only some 
of them achieve yields above 100 t/ha under local con-
ditions in Kazakhstan. Liubych et al. (2021) tested 21 
varieties and hybrids of sweet sorghum from Ukraine, 
Russia, Brazil, the USA, Hungary, Germany and France 
from 2018 to 2020. The authors identified valuable ger-
mplasm with high dry matter yield (11.1–12.2 t/ha), grain 
yield (8.00–8.15 t/ha), and protein content (9.8–11.3%).

The main objective of this study was to evaluate the 
performance of sorghum and sorghum × sudangrass 
genotypes under dryland conditions over three years. 
The evaluation focused on phenological development 
to determine the adaptability and growth dynamics of 
each genotype under water-limited conditions, while 
aboveground biomass was quantified as a key indicator 
of productivity under stress conditions. In addition, stem 
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sugar content was assessed to identify genotypes with 
potential for utilisation in bioenergy and forage systems, 
integrating biomass yield and quality traits relevant to 
dryland agriculture. This study also aims to evaluate the 
adaptability of sorghum germplasm to changing climate 
conditions, emphasizing its relevance for sustainable 
crop production and land use management in arid and 
semi-arid regions. 

MATERIALS AND METHODS

Field experiments (2020 - 2022)

A field trial was conducted in the Northern Kazakh-
stan region at the research station of Sh. Ualikhanov 
Kokshetau University (53°28'01"N, 69°23'16"E; 222 m 
above sea level) using a randomised complete block de-
sign with three replicates. Sowing took place on 24 and 
25 May 2020, 26 May 2021 and 24 May 2022. The ex-
perimental plots were each 28 m² in size and were sown 
with a seed rate of 20 seeds m⁻² and a row spacing of 
0.7 m.

Plant materials

In this study, 14 new genotypes were evaluated. Eight 
varieties of sweet sorghum (SS) originating from Russia 
with a growing season of up to 120 days (Kapital, Sevilia, 
Chaika, Volzhskoye 51, Volonter, Calibr, Sahara and Flag-
man) and the standard variety SP, were included. In addi-
tion, six sorghum × sudangrass hybrids (SSH), also origi-
nating from Russia (Anion, Agat, SP 15, SP 18, Sosed, and 
Ershovskiy 5), and the standard hybrid Solaris were used. 

Observations

The onset of each growth stage was recorded when 
75% of the plants had reached that stage. The following 
stages were monitored: emergence (BBCH 09), tillering 
stage (BBCH 20-29), budding stage (BBCH 39), panicle 
emergence (BBCH 50-59), anthesis (BBCH 60-69), milk 
ripeness (BBCH 71-77), wax ripeness (BBCH 85-87) and 
full ripeness (BBCH 89), according to the methods of Rao 
et al. (2008), Roozeboom and Prasad (2019) and Meier 
(2018). 

The biometric measurements were performed on 10 
labelled plants per plot. The following traits were record-
ed: number of internodes on the main shoot, total tiller-
ing (number of tillers per plant), plant height (cm) from 
the ground to the top of the panicle, stem diameter (mm) 
using a digital calliper and panicle length (cm). All SS vari-
eties were harvested at the milk maturity stage, with the 
exception of the genotypes that did not reach physiolog-
ical maturity under the climatic conditions of the region 
and were therefore harvested at the anthesis or panicle 
emergence stage, depending on their stage of develop-
ment. The harvest of the green mass was recorded by 
cutting the plant material from a 5 m² area within each 
plot. In addition, potential for bioethanol production was 
included as a subplot (5 m²) in each treatment, allowing 
the simultaneous evaluation of biomass characteristics 
and bioethanol yield across genotypes and years. The 
structure of the harvested biomass was assessed by 
dividing it into leaves, stems, and panicles, which were 
weighed in the fresh state, and their proportions ex-
pressed as a percentage of the total biomass. All geno-
types were harvested in September. 

Leaf area was calculated during panicle formation and 
flowering according to the formula described by Stickler 
et al. (1961), and Handiso and Mamo (2022):

S = 0.747 × L × W,
where S is the leaf area, L is the leaf length, W is the max-
imum width of the leaf, and 0.747 is a correction factor 
for sorghum.

The sugar content (%) of the stem juice was measured 
using a refractometer (model IRF454B2M). In each rep-
licate, three samples were taken before harvest. Stem 
juice was extracted from 4 to 5 internodes of the core 
stem. The purified juice was measured by adding 1 ml to 
the refractometer slide (Kasegn et al., 2024).

Statistical analysis of experimental data

The statistical analysis of the experimental data 
was performed with STATISTICA version 10 (StatSoft, 
Tulsa, OK, USA). A field experiment was arranged in a 
completely randomised design with three replicates. A 
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one-way analysis of variance (ANOVA) was used to de-
termine significant differences between treatments, and 
comparisons of means were performed using Tukeys test 
at the 5% level of significance (LSD). The relationships 
between the analysed parameters were evaluated with 
Pearson correlation coefficients (P≤0.05 and P≤0.01).

Description of the soil and climate conditions

Field experiments (2020–2022) were conducted 
in the Akmola region, northern Kazakhstan, on medi-
um-humic, medium-loamy chernozem soil, typical for 
the agricultural zone. The soil was characterized by low 
phosphorus (16.7 mg/kg), high potassium (666 mg/kg), 
moderate nitrogen (153 mg/kg), organic matter content 
of 4.6%, and slightly alkaline pH (7.5–7.6). Nutrient anal-
yses followed standard methods: Machigin (P and K), 
Tyurin–Nikitin (organic matter), and Tyurin–Kononova 
(hydrolysable N). pH was measured in a 1:5 water extract 
using a pH meter.

Climatic data were obtained from the Kokshetau 
observatory (https://kazhydromet.kz/en/). Long-term 
(2000–2019) and experimental period (2020–2022) data 
were used to calculate the hydrothermal index (K) based 
on Selyaninov index (K):

K = (Mo × 10) / (Dt × days),
where K is the hydrothermal coefficient for a month of 
the growing season, Mo is the sum of monthly precipi-
tation and Dt is the average daily temperature in a given 
month.

Results (Table 1) indicated predominantly arid to 
semi-arid conditions during most of the growing season, 

Table 1. Hydrothermal Selianinov index (K) in the growing season (May to September)

May June July August September

2000-2019 0.7 0.8 1.1 0.8 0.6

2020 0.4 0.1 0.8 0.5 0.5

2021 0.3 0.4 0.7 0.6 0.6

2022 0.3 1.2 1.9 0.4 0.1

Selianinov Index (K): <0.5–drought, 0.5–1.0–semi-drought, 1.0–1.5–border of optimal moisture, >1.5–excessive moisture. 

with relatively favourable moisture availability typically 
occurring in July.

The study area is characterized by a continental cli-
mate with arid to semi-arid conditions, typical of the 
Central Asian steppes. According to the Köppen cli-
mate classification, this region falls under the BSk (Cold 
Semi-Arid Climate) zone. The climate is marked by long, 
cold winters and hot, dry summers, with an average an-
nual precipitation of 250–300 mm.

The seasonal precipitation total of 218.8 mm for 
2022 was 60% above the 2020 average (89.6 mm), 50.1% 
above the 2021 average (109.7 mm) and 7% above the 
long-term average of 203.8 mm (Table 2). The average 
temperatures during the study period were similar across 
years and corresponded to the long-term average values. 
The growing season in 2020 was dry, which is confirmed 
by the low precipitation values (Figure 1) and the low val-
ues of the hydrothermal Selianinov index for precipita-
tion. Approximately 58% of the precipitation fell in July 
(51.8 mm). The reserves of productive moisture in the 
period before sowing were sufficient to ensure uniform 
seedling emergence and good rooting of the plants.

The year 2021 was also characterised by drought and 
relatively cooler temperatures compared to 2020. The 
relatively late warming of the soil and the onset of stable 
active temperatures in May meant that the total quanti-
ty during the sweet sorghum growing season remained 
at the same level as the previous year, as a warm front 
with active temperatures arrived in September and the 
autumn frosts set in relatively late, with the first being 
recorded on 21 September. 
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Figure 1. Meteorological conditions

The 2022 growing season had more consistent and 
abundant precipitation (218.8 mm), especially in July, 
when more than half the precipitation of the summer 
period (118.6 mm) fell. The first short-term frost oc-
curred on 23 September, which significantly extended 
the growing season.

RESULTS

The most important morphological traits, yield and 
quality parameters are listed in Table 3 for SS and in Ta-
ble 4 for SSH. Among the SS varieties analysed in three 
years, the lowest number of internodes was observed 
in the variety Volonter (5.3–7.0), similar characteristics 
were observed in Sevilia (5.8–7.3), Kapital (6.7–8.0), Chai-
ka (6.4–7.6), Sahara (7.2–7.4) and Volzhskoye 51 (7.1–7.4). 
The highest number of internodes was observed in the 
variety SP (10.4–10.7), which can be characterised as 

Table 2. General indicators of meteorological conditions during growing period

2020 2021 2022 Medium-long-term

Precipitation, mm 89.6 109.7 218.8 203.8

Sum of active temperatures >10 OC 2064 2065 2125 2343

Accounting dates 24.05-9.09 26.05-20.09 24.05-23.09 May-September

late-maturing, which is confirmed by the longest growth 
period. The variety SP did not reach maturity under 
regional conditions (Figures 4-6). In SSH, the number 
of internodes on the main stem was, on average, 6.3% 
higher than in SS. The lowest values were observed in 
the hybrids Anion (7.4–7.8) and Agat (7.4–8.0), while the 
highest values were recorded in the hybrids Ershovskiy 
5 (9.0–10.5) and SP 15 (9.4–10.6).

The number of tillers per plant also influenced ontog-
eny and yield. During the study period, the SS plants pro-
duced between 1.00 and 3.67 tillers. The fewest tillers 
were observed in the variety Sahara (1.00–1.44), while 
the most tillers were produced by Volzhskoye 51 (1.78–
3.67). SSH produced more tillers (on average 2.7) than SS 
plants (on average 1.7). Among the SSH, Solaris had the 
highest total tillering (3.80–5.00).
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Table 3. Sweet sorghum varieties characteristics, yield and quality parameters

Variety
Plant parameters

HOGM
Quality parameters

NOI TT PH LA SD PL F S SC

2020

Kapital 7.2d 2.37ab 166bc 1109c 0.99c 27.1a 12.3c 9.2b 76.6b 16.1

Volonter 7.0d 1.33b 182a 776f 1.00c 28.8a 15.5abc 5.8d 66.9c 12.5

Chaika 7.1d 2.10ab 157d 1214b 1.11bc 28.8a 15.0bc 7.2cd 65.8c 12.4

Sahara 7.2d 1.00b 168bc 908e 1.25b 26.3a 14.3bc 10.9a 71.4bc 14.2

Flagman 9.4b 2.23ab 162c 1005d 1.21b 27.6a 14.3bc 7.6cd 66.4c 13.1

Sevilia 7.0d 1.33b 170b 603g 0.97c 22.3b 13.1c 4.9d 66.9c 13.6

Volzhskoye 51 7.1d 3.23a 163c 781f 1.21b 27.9a 18.9a 5.1d 72.8bc 14.3

SP 10.7a 1.23b 143d 1697a 1.73a 25.0ab 17.4ab 6.0d 84.9a 12.4

Calibr 8.1c 2.10ab 163c 1022cde 1.12bc 26.4a 18.7a 7.9c 66.7c 15.1

F test ** ** ** ** ** ** ** ** ** NS

LSD0.05 0.35 1.08 4.2 82 0.120 2.85 2.60 1.16 4.64 3.51

LSD0.01 0.48 1.48 5.8 114 0.165 3.93 3.58 1.59 6.40 4.83

2021

Kapital 8.0bc 1.56bc 157a 1214b 1.23bc 24.0 10.7cd 14.9bcd 69.1b 15.7ab

Volonter 7.4c 1.11c 154ab 701d 1.06d 22.7 10.7cd 11.0d 61.9e 12.5c

Chaika 7.6bc 1.89bc 143b 1168bc 1.31bc 26.3 12.2bc 11.8cd 62.5de 13.9bc

Sahara 7.4c 1.00c 144b 913bcd 1.23bc 24.5 12.2bc 14.6bcd 63.5cde 16.7a

Flagman 9.7a 2.00bc 158a 1200b 1.32b 22.8 12.4bc 16.0b 68.3bc 14.8abc

Sevilia 7.3c 1.22c 152ab 519d 1.04d 22.6 9.6d 11.8cd 63.7cde 17.1a

Volzhskoye 51 7.3c 3.67a 147ab 817cd 1.20c 26.1 17.4a 15.6bc 64.5bcde 15.0abc

SP 10.6a 1.11c 130c 1582a 1.63a 22.1 11.0cd 20.8a 74.8a 12.8c

Calibr 8.4b 2.67ab 155ab 966bcd 1.24bc 25.2 14.1b 15.6bc 67.1bcd 15.0abc

F test ** ** ** ** ** NS ** ** ** **

LSD0.05 0.66 0.94 9.2 265 0.083 3.03 1.42 3.0 3.6 1.77

LSD0.01 0.92 1.30 12.6 365 0.117 4.17 1.95 4.1 5.0 2.44

2022

Kapital 6.7cd 1.22 186a 1139 1.14c 24.2ab 13.6ab 7.7 76.9ab 14.6ab

Volonter 5.3f 1.33 162b 668 0.91d 25.4a 11.2bc 9.6 62.3d 12.7b

Chaika 6.4de 2.00 163b 1055 1.25bc 24.5ab 14.1ab 8.0 67.9cd 10.1d

Original scientific paper DOI: /10.5513/JCEA01/27.1.4957
MEMESHOV et al.: Sorghum genotypes response to dryland conditions of northern Kazakhstan...

167

https://doi.org/10.5513/JCEA01/27.1.4957


Continued. Table 3

Variety
Plant parameters

HOGM
Quality parameters

NOI TT PH LA SD PL F S SC

Sahara 7.3bc 1.44 184a 1525 1.29b 21.1bc 15.4a 10.0 74.9ab 13.9abc

Flagman 7.8b 1.33 158bc 1267 1.20bc 20.9bc 14.3ab 11.8 73.8ab 11.6cde

Sevilia 5.8ef 2.22 180a 605 0.89d 23.4abc 8.7c 13.7 65.6d 15.7a

Volzhskoye 51 7.4bc 1.78 154c 898 1.04cd 25.6a 16.3a 11.2 66.8cd 12.8bc

SP 10.4a 1.78 164b 1829 1.73a 20.2c 14.3ab 14.6 78.9a 9.3e

Calibr 7.8b 1.22 159bc 1138 1.16bc 23.2abc 15.6a 12.8 71.8bc 12.5bcd

F test ** NS ** ** ** ** ** NS ** **

LSD0.05 0.56 0.74 4.7 151 0.11 2.70 2.6 4.5 4.1 1.86

LSD0.01 0.78 1.02 6.5 208 0.15 3.71 3.6 6.2 5.7 2.57

Legend: NOI - number of internodes; TT - total tillering; PH (cm) - plant height; LA (cm2) - leaf area; SD (mm) - Stem diameter (lower part); PL (cm) - 
Panicle length (inflorescence); HOGM - Harvest of green mass; F (%) - Foliage (%); S (%) - Stems (%); SC - Sugar content.
1 Significant at P<0.05 (*) and P<0.01 (*); not significant (ns). Figures in the same column followed by the same letter are not statistically different 
according to the LSD test (P<0.05).

Table 4. Sorghum × sudangrass hybrids characteristics, yield and quality parameters

Variety
Plant parameters

HOGM
Quality parameters

NOI TT PH LA SD PL F S SC

2020

Agat 8.0de 2.33 200a 973bc 1.13b 42.0ab 10.5b 6.99bc 74.2abc 11.3

Anion 7.4e 2.80 212a 901c 1.07c 45.7a 10.9b 6.84bc 69.9bc 9.96

SP 15 9.7ab 2.23 212a 1250a 1.39a 36.9abc 11.8ab 4.67c 78.9a 11.8

SP 18 8.6cd 3.00 131b 1230ab 1.33ab 34.7b 12.2ab 7.52abc 67.4c 11.9

Ershovskiy 5 10.5a 2.43 140b 1256a 1.29abc 26.3d 12.8ab 9.79ab 79.5a 13.5

Sosed 9.4bc 2.37 127b 1397a 1.35ab 25.3d 11.5ab 11.9a 77.3ab 12.4

Solaris 8.2de 3.80 129b 1195ab 1.18abc 32.0cd 14.1a 8.00abc 82.2a 11.6

F test ** NS ** ** * ** ** ** ** NS

LSD0.05 0.65 1.18 13.2 198 0.17 6.98 2.16 2.99 5.86 3.59

LSD0.01 0.91 1.66 18.5 277 0.24 9.79 3.02 4.19 8.21 5.03

2021

Agat 7.4d 2.67b 197a 1045bc 1.20c 36.6a 11.1b 20.7b 66.4a 11.7b

Anion 7.6cd 2.56b 191a 981c 1.14c 38.1a 10.8b 20.9b 64.3ab 14.4a
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Continued. Table 4

Variety
Plant parameters

HOGM
Quality parameters

NOI TT PH LA SD PL F S SC

SP 15 10.6a 1.56b 196a 1562ab 1.34bc 27.9b 15.4a 22.9b 67.0a 13.4ab

SP 18 8.8b 1.67b 141b 1224abc 1.57ab 29.2b 11.3b 21.2b 59.5b 15.3a

Ershovskiy 5 10.4a 2.89b 113c 1055bc 1.29bc 16.8d 10.2b 29.8ab 62.9ab 14.9a

Sosed 10.1a 2.00b 113c 1612a 1.72a 22.6c 12.0a 26.0b 64.0ab 15.0a

Solaris 8.6bc 5.00a 131bc 1417abc 1.40abc 21.2c 10.6b 31.6a 62.5ab 11.7ab

F test ** ** ** * ** ** * ** * **

LSD0.05 0.75 1.28 13.7 368 0.25 3.28 2.69 4.03 4.44 1.73

LSD0.01 1.05 1.80 19.2 515 0.35 4.60 3.77 5.64 6.23 2.43

2022

Agat 7.8b 3.89ab 195a 1142b 1.08 36.5a 11.7 15.4b 73.3ab 8.0ab

Anion 7.8b 2.44ab 190a 796c 1.17 37.1a 10.6 18.7ab 67.5b 8.5ab

SP 15 9.4a 2.00b 190a 1212b 1.24 30.2b 12.3 18.3ab 70.4ab 8.3ab

SP 18 7.8b 2.56ab 127b 1100b 1.21 27.4b 10.4 12.8c 70.3ab 10.9a

Ershovskiy 5 9.0a 3.78ab 134b 1139b 1.23 24.5cd 12.0 23.4ab 68.4b 9.3ab

Sosed 9.1a 2.78ab 117c 1473a 1.26 23.7cd 12.2 25.8a 63.8b 10.9a

Solaris 8.2b 4.22a 110c 1154b 1.30 22.9d 10.0 14.6b 80.3a 5.7b

F test ** * ** ** NS ** NS ** * *

LSD0.05 0.53 1.36 6.9 126 0.16 2.70 3.40 6.49 7.77 2.57

LSD0.01 0.74 1.91 9.7 176 0.23 3.78 4.76 9.09 10.9 3.60

Legend: NOI - number of internodes; TT - total tillering; PH (cm) - plant height; LA (cm2) - leaf area; SD (mm) - Stem diameter (lower part); PL (cm) - 
Panicle length (inflorescence); HOGM - Harvest of green mass; F (%) – Foliage (%); S (%) - Stems (%); SC - Sugar content.
1 Significant at P<0.05 (*) and P<0.01 (**); not significant (ns). Figures in the same column followed by the same letter are not statistically different 
according to the LSD test (P<0.05).

Plant height and main stem diameter before har-
vest contribute significantly to the total biomass of the 
plant. In 2020, the tallest plants were recorded in the 
Volonter variety at 182 cm, while in 2022, the Kapital 
variety stood out with a height of 186 cm. The standard 
variety SP had the largest stem diameter (1.63–1.73 cm) 
throughout the study period, but also had the shortest 
plants (130–164 cm). The thinnest stems were found in 
the variety Sevilia (0.89–1.04 cm). The average height 

of sorghum × sudangrass hybrids (160.1 cm) was similar 
to that of SS (161.8 cm). The average panicle length was 
greater for sorghum × sudangrass hybrids (31.4 cm) than 
for SS (27.8 cm). Some sorghum × sudangrass hybrids 
reached a height of more than 200 cm (Agat, Anion, SP 
15). Ershovskiy 5 and Sosed in 2021, as well as Sosed and 
Solaris in 2022, were short-stemmed and had a height 
of less than 120 cm. In general, the shorter plants had 
thicker stems.
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A larger leaf area indicates a higher potential for pho-
tosynthetic activity. The leaf area of SS varied consid-
erably in the different years. The largest leaf area was 
found in the variety SP (1582–1829 cm²), the smallest 
in the variety Sevilia (519–603 cm²). Sorghum × sudan-
grass hybrids had a larger average leaf area (1136.4 cm²). 
Among them, the hybrid Sosed stood out with values be-
tween 1397 and 1612 cm².

The yield indicators varied considerably between 
the different genotypes. The Volzhskoye 51 produced 
the highest dry matter yield (16.3-18.9 t/ha), followed 
by Calibr (14.1-18.7 t/ha), while the lowest yield was ob-
served in the variety Sevilia (8.7-13.1 t/ha). 

In the three years of the study, all sorghum geno-
types analysed were harvested to determine their sugar 
content as a potential for bioethanol production. Sweet 
sorghum genotypes consistently reached the milk ripe-
ness stage at harvest, with the exception of the standard 
variety SP, which remained in the flowering stage in all 
three years. The sorghum × sudangrass hybrid showed 
variability in phenological stages at harvest; in the three 
years, the standard genotype Solaris was once at the 
flowering stage and twice in the panicle emergence 
stage. This was similar to the Sosed and Ershovsky-5 
genotypes, while Anion reached the milk ripeness stage 
in all three years. The remaining three genotypes (Agat, 
SP 15 and SP 18) fluctuated between milk ripeness and 
the flowering stage depending on the year. The sugar 
content in the stalk juice ranged from 9.3% to 17.1%, 
with the varieties Kapital, Sahara and Volzhskoye 51 
consistently showing the highest values. The highest 
proportion of stems to yield was observed in SP (74.8-
84.9%), as was the proportion of leaves (F, 6.0-20.8%), 
although it should be noted that this genotype did not 
form seeds under these conditions. The variety Kapital 
also showed a higher proportion of stems in the yield 
(69.1-76.9%) and also formed seeds. Among the sorghum 
× sudangrass hybrids, SP 15 achieved the highest yield in 
some years (11.8-15.4 t/ha). The sorghum × sudangrass 
hybrids were inferior to sweet sorghum in terms of to-
tal yield and stem biomass, but had a higher leaf mass, 

making them more suitable for use as animal feed. Sweet 
sorghum has greater potential for bioethanol production 
due to its higher sugar and stem content.

The simple correlation coefficients for sorghum va-
rieties showed that green biomass had a weak to mod-
erate correlation with the measured parameters. Leaf 
area showed (Tables 5 and 6) a very strong positive cor-
relation with stem diameter (r = 0.92), a strong positive 
correlation with the number of internodes (r = 0.84), and 
the percentage of stems (r = 0.83). The number of in-
ternodes showed a strong positive correlation with the 
stem diameter (r = 0.88), the percentage of foliage (r = 
0.75), and the percentage of stems (r = 0.78), while the 
stem diameter showed a strong correlation with the per-
centage of stems (r = 0.80). The Pearson correlation co-
efficients for sorghum × sudangrass hybrids also showed 
that green biomass had a weak to moderate correlation 
with the measured parameters. Stem diameter showed a 
strong positive correlation with leaf area (r = 0.83), while 
plant height correlated strongly with panicle length (r = 
0.86). Panicle length was strongly negatively correlated 
with the proportion of foliage (r = -0.74).

In 2020 (Figure 2), sorghum emergence lasted from 
8 (Ershovskiy 5, Sosed, SP 18, SP 15) to 11 days (Flag-
man), emergence-to-tillering from 17 (Volzhskoye 51) to 
25 days (Sevilia and Chaika), tillering-to-booting from 
26 (Volonter) to 54 days (Ershovskiy and Sosed), boot-
ing-to-panicle emergence from 5 (Volzhskoye 51) to 22 
days (Ershovskiy), panicle emergence-to-anthesis from 8 
(Anion and Kapital) to 27 days (Solaris), anthesis-to-milk 
ripeness from 8 (Kapital) to 22 days (Volzhskoye 51), milk 
ripeness-to-wax ripeness from 7 (Volonter) to 14 days 
(Chaika) and from wax ripeness to full ripeness only Kap-
ital (14 days) and Volonter (15 days). 

In 2021 (Figure 3), sorghum emergence lasted from 
10 to 12 days, indicating favourable conditions for uni-
form emergence. The emergence-to-tillering phase last-
ed from 16 to 18 days, also reflecting favourable con-
ditions and uniform progression in both SS and SSH 
genotypes, tillering-to-booting lasted from 32 (Sevilia) to 
44 days (Ershovskiy), booting-to-panicle emergence from 
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7 (Chaika) to 27 days (SP), panicle emergence-to-anthe-
sis from 9 (Sakhara) to 18 days (Agat), anthesis-to-milk 
ripeness from 6 (Kapital) to 17 days (Chaika, SP 18 and 
Anion), milk ripeness-to-wax ripeness from 12 (Volonter, 
Sevilia and Kapital) to 17 days (Volozhskoye 51) and from 
wax ripeness-to-full ripeness only Kapital (11 days), Se-
vilia (11 days), Volonter (11 days) and Sakhara (12 days).

In 2022 (Figure 4), sorghum emergence lasted from 
9 (Volzhskoye 51) to 15 days (Calibr), emergence-to-til-
lering from 15 (Kapital and Ershovskiy 5) to 24 days (So-
laris), tillering-to-booting lasted from 31 (Anion) to 63 
days (Ershovskiy), booting-to-panicle emergence from 
7 (Volonter) to 22 days (SP), panicle emergence-to-an-
thesis from 9 (Kapital) to 26 days (SP 15), anthesis-milk 
ripeness from 8 (Kapital) to 19 days (Calibr), milk ripeness 
to wax ripeness from 11 (Chaika and Sakhara) to 17 days 
(Volozhskoye 51) and from wax ripeness to full ripeness 
only Kapital (11 days) and Volonter (11 days).

Based on the statistical analysis, all monitored param-
eters presented in Table 3 showed significant differences 
for SS (P<0.01) across all three years, except for SC in 
2020, PL in 2021, and TT and F in 2022, which were not 
significant (NS). In Table 4, for SSH, the differences in pa-

rameters varied in significance between years (p < 0.01 
and P<0.05), with four parameters, TT and SC in 2020, 
and SD and HOGM in 2022, showing no significant dif-
ferences across years (NS).

When analysing the developmental stages by year 
and the genotypic responses to the growing conditions, 
the first two stages (emergence and emergence to tiller-
ing) show only slight differences in the different years 
and in the number of days required for sorghum to prog-
ress through them. Especially in 2021, a high degree of 
uniformity was observed between the genotypes — they 
emerged and went through the tillering phase in the 
same way.

There were significant differences between gen-
otypes in the duration of the tillering phase, ranging 
from a minimum of 26 days in 2020 to 63 days in 2022. 
The subsequent phase, ranging from tillering to panicle 
initiation, was terminal in some genotypes and lasted 
between 5 days in 2020 and a maximum of 27 days in 
2021. Each subsequent development phase was reached 
by fewer and fewer genotypes. The sweet sorghum va-
rieties Kapital and Volonter consistently reached the full 
ripeness stage in all three years of the study.

Table 5. Correlation between plant and quality parameters of SS (2020-2022)

Legend: NOI - number of internodes; TT - total tillering; PH (cm) - plant height; LA (cm2) - leaf area; SD (mm) - Stem diameter (lower part); PL (cm) - 
Panicle length (inflorescence); HOGM - Harvest of green mass; F (%) - Foliage (%); S (%) - Stems (%); SC - Sugar content.
Significance levels: * P < 0.05; ** P < 0.01.
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Table 6. Correlation between plant and quality parameters of SSH (2020-2022)

Legend: NOI - number of internodes; TT - total tillering; PH (cm) - plant height; LA (cm2) - leaf area; SD (mm) - Stem diameter (lower part); PL (cm) - 
Panicle length (inflorescence); HOGM - Harvest of green mass; F (%) - Foliage (%); S (%) - Stems (%); SC - Sugar content.
Significance levels: * P<0.05; ** P<0.01.

Figure 2. Duration of interphase periods in SS and SSH, 2020
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Figure 3. Duration of interphase periods in SS and SSH, 2021

Figure 4. Duration of interphase periods in SS and SSH, 2022
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DISCUSSION

Choosing the right forage sorghum genotype is cru-
cial due to its distinct yield potential, forage quality, and 
agronomic traits compared to maize. These differences 
affect biomass accumulation, environmental adaptabili-
ty, and overall system performance. Our trials revealed 
significant genotype variability linked to rainfall and ge-
netic diversity, consistent with Ngidi et al. (2024) and 
Sinha and Kumaravadivel (2016). Most traits showed sig-
nificant differences, except total tillering in certain years 
and sugar content in 2020. Forage sorghum grows well 
on clay or loam soils with a pH (in KCl) above 5 and does 
not require high soil fertility. Soil conditions in the exper-
imental field were suitable for sorghum growth. Forage 
sorghum can yield satisfactorily with as little as 200 mm 
of rainfall during the growing season (Blum and Sullivan, 
1986), although optimal production requires 450–650 
mm (Hadebe et al., 2017). Northern Kazakhstan is char-
acterised by low rainfall (up to 350 mm annually), limit-
ed heat, and a short frost-free period (Karatayev et al., 
2022). In central Northern Kazakhstan, the growing sea-
son lasts 85–95 days, with thermal resources of about 
2500 °C and annual precipitation of 250–300 mm, of 
which 140–160 mm falls between May and August 
(Baisholanov et al., 2024). Moisture availability during 
the growing season is considered “optimal and sustain-
able”.

During the trial, rainfall was low (89.6 mm in 2020, 
109.7 mm in 2021, and 218.8 mm in 2022), yet green 
biomass yields exceeded the regional average (Zhapayev 
et al., 2023). Most rainfall occurred in July, during the 
tillering–booting stage, which is critical for biomass ac-
cumulation. Water stress at booting impacts grain yield 
and silage quality. Leaf growth ceases after the onset of 
reproduction.

Sorghum’s satisfactory performance is due to its 
C4 physiology, which maintains photosynthesis under 
drought through reduced stomatal conductance (Lopes 
et al., 2011), and its deep root system, enabling efficient 
water uptake (Chen et al., 2020). Its lodging resistance 
and erect growth habit under dry conditions further sup-

port biomass production (Li et al., 2025). The number of 
internodes, which equals the number of leaves, indicates 
the length of the growing season. Genotypes with fewer 
internodes mature earlier, making this trait valuable in 
environments with limited heat and short frost-free pe-
riods. This correlation relates to thermal time to panicle 
formation and leaf formation rate (Tirfessa et al., 2023).

Genotypes with a greater number of tillers tend to 
achieve higher biomass yields (Gonulal, 2020). However, 
they often require a longer growing period to reach ma-
turity. Under the current environmental conditions – lim-
ited heat availability and a short frost-free season – gen-
otypes with lower tillering should be favoured to ensure 
a timely harvest. As Kim et al. (2010) stated, tillering in 
sorghum is a very plastic trait that is influenced not only 
by the genotype but also by environmental factors. The 
plant height measured before harvest and the main stem 
diameter are important structural characteristics that 
contribute significantly to the total biomass of the plant. 
Plant height is influenced by the length of the individual 
internodes, the internode production rate and the du-
ration of vegetative growth. The duration of vegetative 
growth affects height, as internode production ceases 
with flower induction, while elongation continues until 
anthesis (Hilley et al., 2016). In sweet sorghum, internode 
diameter is an important component of stem yield. A sig-
nificant correlation between the position of internodes 
and the leaf stage at which thickening occurred indicates 
uniform development along the stem (Nakamura et al., 
2011). Genotypes with optimal stem height and diam-
eter should be selected for specific climatic conditions 
to ensure efficient biomass accumulation. Sorghum stem 
form influences stem volume and tolerance to lodging.

Sugar yield of sweet sorghum is closely related to 
stem biomass yield (Tsuchihashi and Goto, 2004; Sato et 
al., 2008), but in our study, it was only significantly pos-
itively correlated with plant height. In sorghum, which 
is often grown as a forage crop, the stem is an import-
ant organ for harvesting. The stem yield is closely relat-
ed to the stem volume. Therefore, increasing the stem 
volume can increase the sugar yield and dry weight of 
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the stem. In contrast, the hybrid of sweet sorghum and 
sudangrass showed a completely different pattern of as-
sociation with morphological traits and only showed a 
positive correlation with the number of internodes and 
stem diameter. For bioethanol production, the ideal gen-
otypes would have a higher biomass in combination with 
high sugar yields (Mathur et al., 2017), which was not the 
case in our study. For both sweet sorghum varieties and 
hybrids, significant differences in yield and sugar yield 
were found between genotypes in certain years; how-
ever, no significant correlation was found between these 
two parameters. Notably, the varieties Sevilia, Kapital 
and Sahara showed consistently higher sugar content in 
stem juice across the entire study period, indicating their 
potential suitability for bioethanol production under the 
agroecological conditions studied. Significant differenc-
es in the duration of the vegetation period were found 
between analysed genotypes of the sweet sorghum 
and sorghum × sudangrass hybrids. The early maturing 
varieties Kapital and Volonter consistently reached full 
seed maturity within 101 and 103 days, respectively, 
demonstrating their high adaptability to local agroeco-
logical conditions and their potential as parental lines in 
breeding programs. The varieties Sevilia and Sahara also 
reached full physiological maturity, confirming their ag-
ronomic stability. In contrast, the sorghum × sudangrass 
hybrids showed variable maturation, which limits their 
use for grain production. However, their vigorous vege-
tative growth makes them suitable for forage purposes. 
Although the genotypes Ershovskiy 5, Sosed and Solaris 
do not produce seeds under the climatic conditions of 
Kazakhstan, they are capable of producing high green 
biomass, which emphasises their potential as a valuable 
forage crop. Green biomass showed weak to moderate 
correlations with the measured traits, suggesting that 
no single parameter can reliably predict biomass yield. 
These results emphasise the need for comprehensive 
phenotypic assessments in conjunction with environ-
mental adaptability assessments to ensure sustainable 
biomass production. For example, Rana and Kher (2015) 
found that green biomass yield was highly positively and 
significantly correlated with stem diameter, leaf length, 
leaf width and dry matter yield.

CONCLUSIONS

The screening of sorghum genotypes enables the 
identification and introduction of highly productive and 
drought-tolerant varieties and hybrids that can ensure 
stable biomass yields under variable climatic condi-
tions. Sorghum cultivation in northern Kazakhstan and 
neighboring regions largely depends on rainfall, which 
is often irregular and unevenly distributed throughout 
the growing season. Over the course of three years, it 
was demonstrated that germplasm of imported sweet 
sorghum and sorghum × sudangrass hybrids can be suc-
cessfully grown under the agroecological conditions of 
northern Kazakhstan. The highest productivity of green 
biomass was observed in the sweet sorghum genotypes 
Volzhskoye 51 and Calibr, as well as in the sorghum × su-
dangrass hybrid SP15, which are recommended for for-
age production. For bioethanol production, on the other 
hand, the varieties Sevilia, Kapital, and Sahara are partic-
ularly suitable. The early-maturing varieties Kapital and 
Volonter consistently reached full seed maturity and are 
considered promising sources for the development of 
early-maturing parental lines and for stable forage pro-
duction. The most consistent positive correlations were 
observed with the number of internodes and leaf area.
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