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ABSTRACT

Sorghum (Sorghum bicolor L. Moench) is an essential food crop for more than 750 million people in tropical and
sub-tropical dry climates of Africa, India, and Latin America. The domestic sorghum market in Indonesia is still
limited to the eastern region (East Nusa Tenggara, West Nusa Tenggara, Java, and South Sulawesi). Therefore, it is
crucial to carry out sorghum research on drylands. This research aimed to investigate the effect of sorghum gen-
otype and planting distance and their interaction toward growth and sorghum’s productivity in the Gunungkidul
dryland, Yogyakarta, Indonesia. In addition, the farm business analysis, including the feasibility of sorghum farm-
ing, was also examined. The research used a randomized complete block design (RCBD), arranged in a 5 × 4 fac-
torial with 3 replicates. The first treatment consisted of 5 varieties (2 high-yielding varieties (Bioguma 1 and
Kawali) and 3 local sorghum varieties (Plonco, Ketan Merah, and Hitam Wareng)). The second treatment con-
sisted of 4 levels of planting distance, namely 50 × 20 cm, 60 × 20 cm, 70 × 15 cm, and 70 × 20 × 20 cm. Analysis
of variance was used to analyze the data, where Duncan’s multiple range test (DMRT) was used post hoc. Plant
height, panicle height, panicle width, panicle weight, stover weight, grains weight/plot, and productivity were sig-
nificantly affected by sorghum varieties (p < 0.05). However, there was no significant effect from the planting dis-
tance treatment and no interaction between planting distance and varietal treatments. Ketan Merah had the
highest height, panicle length, and panicle width, while Bioguma 1 had the highest stover weight, panicle weight,
grain weight/plot, and productivity. There was a significant linear regression equation, i.e., productivity = 0.0054–
0.0003 panicle height + 0.4163 grains weight/plot. Our findings on farm business analysis suggested that four out
of five tested sorghum varieties were feasible to grow, except for the Ketan Merah variety. The most economically
profitable sorghum variety to grow in Gunungkidul dryland was Bioguma 1.
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1 Introduction

Sorghum (Sorghum bicolor L. Moench) is an essential food containing nutrition consumed in Africa,
Asia, Australia, and Central America and is an animal feed [1,2]. In Africa, sorghum seeds are consumed
as processed bread, porridge, drinks, popcorn, and chips [3]. In India, sorghum flour is made into chapati
bread, a staple food for rural communities. In Indonesia, sorghum is the third major cereal crop after rice
and corn. The use of sorghum as food has significantly decreased due to the affordable price of rice and
rice sufficiency [4]. One of the strategies to improve global food security is by increasing dryland cereals’
productivity [5]. Known to have tolerance to water scarcity [6] and decent yield [7], sorghum
significantly contributes to food production in the dryland area of Indonesia [8].

The higher usage of sorghum as a food ingredient in high-income countries occurs due to its ability to
reduce inflammation and cholesterol [9,10]. Sorghum seeds are rich in bioactive compounds, and the
popularity of sorghum as breakfast cereals, drinks, and other products indicates the potential for higher
future consumption in many countries, including the United States [11], Brazil [12], South Africa [13],
and Kenya [14].

The data on the sorghum market in Indonesia is very limited, though sorghum holds much potential due
to agroecosystem suitability. The domestic sorghum market in Indonesia is still restricted to the eastern
region (East and West Nusa Tenggara, Java, and some in South Sulawesi). Under the global climate
change conditions, sorghum will become a prominent crop commodity as a food and industrial crop
[15,16]. Global climate change creates a more challenging situation for crop farming in drylands due to
the risk of drought. Moreover, the rainfall is generally low and not well distributed. Sorghum, a crop that
can withstand drought and thrive in low-quality land, is a crucial commodity offering an alternative food
source and revenue for small-scale farmers. Additionally, it comes with marketing guarantees [17].

Row spacing and plant populations can significantly impact sorghum producers’ net revenue [18].
Enhancing our comprehension of sorghum’s response to different cultivation management methods will
help reduce the gap in crop production and guarantee food security, particularly in arid and semi-arid
areas [19].

Genotype selection is essential in ensuring the productivity of sorghum plants. The use of new high-
yielding varieties of sorghum threatens the existence of local sorghum. Local sorghum as food and
animal feed has been known for generations; its existence needs to be preserved, and its potential
development needs to be explored. Some local sorghum varieties of Gunungkidul, Yogyakarta, Indonesia,
such as Hitam Wareng, Ketan Merah, and Plonco, are still cultivated. Sorghum varieties with wide-
ranging adaptability can consistently be productive across environments. Detailed knowledge about the
performance of different cultivars in specific locations is crucial for enhancing sorghum productivity in
various ecological contexts [19].

The productivity increase in dryland cropping can be attributed to advancements in breeding (variety),
agronomic management (planting area), cropping system, and their interrelationships. Sorghum exhibits
diverse responses across different environments because of the interaction between genetic features (such
as maturity, tillering, and stay-green) and agronomic practices [20]. The stay-green (SG) trait in sorghum
allows crop plants to continue to photosynthesize and have green leaves after anthesis for extended
periods, particularly when subjected to heat stress and drought. As a result, SG plants yield more than
non-SG plants since they take longer to fill their grains. It is necessary to comprehend how combining
hybrid features and agronomic management techniques enhances crop output in diverse situations. To
improve crop productivity in more favorable conditions, it is essential to increase the density of plants
[20,21]. In addition, making the rows bigger, and lowering the number of plants per area may shift the
water use from the growth phase to the reproductive stage. Nevertheless, this approach may result in a
lower crop yield when there is plenty of rain [22,23].
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The productivity (yield) of sorghum is greatly influenced by planting space and population. Plant
density, or the distance between rows of plants, greatly affects sorghum grain yields. Field crops like
maize yield better as plant density increases [24]. Producers can enhance sorghum yield by acquiring
knowledge about the most effective spacing and understanding the impact of growing conditions and
varieties. The ideal plant densities for grain sorghum vary across different regions. Prior studies have
shown a positive correlation between plant populations and grain yield, meaning that as the number of
plants increases, the amount of grain produced also increases [25–27]. The space between crop rows can
also affect the crop yield [27–30]. Research on planting distance response against sorghum varieties has
been conducted in China [19] and the Texas Coastal Bend Region [18]. In contrast, research on the
interaction between sorghum genotype and planting distance in the dryland of Gunungkidul, Yogyakarta,
Indonesia, has never been conducted.

This study aimed to determine: i) the response of sorghum genotype, planting distance, and their
interaction on sorghum growth and productivity; and ii) the feasibility of sorghum farming in the dryland
of Gunungkidul, Yogyakarta, Indonesia.

2 Methods

2.1 Research Sites and Dates
The study was conducted in the dryland of Gunungkidul, Yogyakarta, Indonesia, and at an altitude of

104 m a.s.l (−7°58′27″(N) and 110°34′7″(E)). The soil type in the study area was Vertisols or Grumosol
type 2:1, montmorillonite mineral type. Sorghum planting was carried out on June 13, 2023, with harvest
time on September 06, 2023. The total monthly rainfall from May–October 2023 was 169.5 mm (Figs. 1
and 2).

2.2 Research Design
The study used a randomized complete block design with three replicates. The experiment was arranged

in a factorial design. The first factor consisted of 5 varieties: 2 high-yielding varieties (Bioguma 1/V1 and
Kawali/V2) and 3 local sorghums (Plonco/V3, Ketan Merah/V4, and Hitam Wareng/V5). The second
factor consisted of 4 planting distances (PD), i.e., PD1 (50 × 20 cm), PD2 (60 × 20 cm), PD3 (70 ×
15 cm), PD4 (70 × 20 × 20 cm/double row). The dose of fertilizer was 2,000 kg ha−1 of organic fertilizer,
326 kg ha−1 N, 33.3 kg ha−1 K2O, and 49 kg ha−1 P2O5. The double-row planting distance of 70 × 20 ×
20 cm is illustrated in Fig. 3.

Figure 1: Monthly rainfall and number of rainy days during the study in 2023
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2.3 Data Collection
Plant height, panicle height, width panicle, stover weight, grain weight/plot, and productivity were

collected from five plant samples per plot. The measurement of observed parameters was carried out as
follows:

. Plant height (cm) was measured from the plant’s above-ground part to the panicle tip of the main stem
at harvest time. Plant height was calculated as an average of five random samples.

. Panicle length (cm) was measured from the panicle base to the panicle tip using five random sample
plants. Observations were made at harvest time.

. Panicle width (cm) was measured from panicles in their natural position at their widest spot. The
measurement was from five random sample plants. Observations were made at harvest time.

. Panicle weight (g) was measured by weighing the weight of panicles per plant taken from five random
samples. Observations were made at harvest time.

. Stover weight (kg) was measured by weighing the remains of unharvested parts of the plant, such
as leaves, stems, and roots, taken from five random samples per plot. Observations were made at
harvest time.

. Sorghum grain weight/plot (kg) was measured by weighing the weight of grains per plot during
harvest time.

. Productivity (ton ha−1) was calculated by converting the grain weight/plot to area units per hectare.
Observations were made at harvest time.

Figure 3: Schematic diagram of the experiment design: double row planting distance of 70 × 20 × 20 cm.
X represents the plants

Figure 2: Total monthly rainfall from 2019 to 2023 at the study site
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Production costs, revenue, and income were collected for the sorghum farm business analysis.

2.4 Data Analysis

2.4.1 The Effect of Variety and Planting Distance on Sorghum Growth, Productivity and their Interaction
PROC GLM with SAS (SAS Institute, Inc., Cary, NC, USA) and a model statement suitable for a

factorial design were used to analyze the collected data. Means of the collected data were analyzed using
analysis of variance, followed by Duncan’s multiple range test (DMRT) as post hoc analysis, where p <
0.05 was considered statistically significant.

2.4.2 Correlation and Regression
Correlation analysis was carried out to determine the relationship between the observed parameters.

Regression analysis was done to estimate and assess the strength of the relationship between the
dependent variable and one or more independent variables. Correlation and regression analysis were
undertaken if the assumptions of homogeneity of variety and normality of error were fulfilled.

2.4.3 Sorghum Farm Business Analysis
Farming business analysis was performed in this research by calculating the production costs, revenue,

and income. Total cost is the sum of all fixed and variable (non-fixed) costs incurred during production. The
production cost of the farming business was calculated using the following formula [31]:

TC ¼ FC þ VC

where TC, FC, and VC were total cost (USD), fixed cost (USD), and variable cost (USD), respectively.

Gross income or total revenue was defined as all earnings from the farming business during a period
calculated from the sale proceeds or restatement measured in USD. Gross income or total revenue was
calculated using the following formula:

TR ¼ Y: Py

where TR, Y, and Py were total revenue (USD), total production (kg), and price (USD/kg), respectively.

Business income was considered as the total revenue earned from a business minus all expenses incurred
during a period.

p ¼ TR � TC

where π and TC were net income (USD) and total cost (USD), respectively.

The feasibility of sorghum cultivation was determined using R/C ratio analysis. This ratio was obtained
from the following formula [32]:

R=C Ratio ¼ Total Cost = Total Income

If R/C > 1, the farming business was considered financially profitable. Meanwhile, if R/C = 1, the
farming business was considered at the break-event poin. In contrast, if R/C < 1, the farming business
was considered financially not profitable.

3 Result

3.1 The Effect of Variety and Planting Distance on Sorghum Growth, Productivity and Their Interaction
The effect of varietal treatment (V) on sorghum was significant for all parameters (p < 0.05). However,

there was no significant difference in each treatment of planting distance (PD) and the interaction between
sorghum varieties and planting distance (Table 1).
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Fig. 4 shows that the highest plant height, panicle length, and panicle width are found in the Ketan
Merah variety. It is a local sorghum of the study site (Gunungkidul) with a tall stature; the panicle shape
is curved and has no compact panicles (Fig. 5). Unlike Ketan Merah, Bioguma 1 had a compact panicle.
It was suggested that the compact panicle and ideal harvest index (the ratio of harvested grain weight per
total of stover and grain) contributed to the high mean values of stover weight, panicle weight, grain
weight/plot, and productivity (Fig. 4).

3.2 Correlation and Regression
The correlation was analyzed to determine the relationship between the observed parameters. Regression

analysis was aimed to estimate and assess the strength of the relationship between the dependent variable and
one or more independent variables. Correlation analysis was carried out since the assumption of homogeneity
of variety and normality of error were fulfilled (Fig. 6).

The p-value of the regression model was less than 0.01, showing significance on the observed
parameters, which indicates that the model was fit (appropriate). This result aligns with the t-test for
panicle height and weight grains/plot parameters (p < 0.01). Thus, the obtained regression equation was
as follows:

Productivity ¼ 0:0054� 0:0003 panicle height þ 0:4163 grains weight=plot

Adj R-Sq (corrected R2) of 1.00 indicates that 100% of the variability of productivity can be explained
by panicle height (negative) and grains weight/plot through linear relationships. A scatter plot diagram
between productivity and grains weight/plot is presented in Fig. 7.

Table 1: The effect of varieties (V) and planting distance (PD) treatments on the observed parameters

Parameter Source of variance

Variety (V) Planting distance (PD) VxPD

df 4 3 12

Plant height (cm) F value 30.98 0.49 0.62

p-value 0.0001* 0.6912 0.8121

Panicle length (cm) F value 34.43 0.37 0.81

p-value 0.0001* 0.7756 0.6401

Panicle width (cm) F value 9.84 0.91 0.24

p-value 0.0001* 0.4471 0.7968

Stover weight (kg) F value 13.81 1.46 1.20

p-value 0.0001* 0.2413 0.3215

Panicle weight (g) F value 11.77 0.62 0.55

p-value 0.0001* 0.6044 0.8695

Grain weight/plot (kg plot−1) F value 8.37 0.98 0.61

p-value 0.0001* 0.4146 0.8231

Productivity (ton ha−1) F value 8.39 0.97 0.61

p-value 0.0001* 0.4147 0.8242
Note: * Significant at p < 0.05.
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Figure 4: (Continued)
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Figure 4: Box plots of data distribution among five sorghum varieties (1: Bioguma 1; 2: Kawali; 3: Plonco;
4: Ketan Merah; 5: HitamWareng). Plant height (a), Panicle length (b), Panicle width (c), Panicle weight (d),
Stover weight (e), Grains weight (f), and Productivity (g) are the observed parameters

Figure 5: Panicle shape of five sorghum varieties
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3.3 Sorghum Farming Business Analysis
The results of the sorghum farming analysis showed that the superior variety Bioguma was the best

variety for cultivation in the dryland of Gunungkidul (Table 2). Though the price of Bioguma seed was
significantly higher than the other varieties, its production volume and selling price were the highest. The
highest R/C ratio was achieved by Bioguma (2.56), followed by Plonco, Kawali, and Hitam Wareng. This
finding is quite interesting since Plonco, a local variety, can outperform Kawali, a superior variety.
However, planting Ketan Merah was not feasible due to the low R/C ratio (<1).

Figure 6: Assumption of homogeneity of variety and normality of error

Figure 7: A significant and positive correlation between productivity and grain weight
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4 Discussion

The only treatment that significantly affects the result of this study is sorghum varieties, which are likely
related to their attributes in response to the dryland condition. Local varieties are known to be adaptive in site
specifics. However, the common constraint of the local variety is the low yield attribute. The low yield can
result from the inefficient photosynthate partition or low harvest index.

Our finding demonstrated that the Ketan Merah had the highest values of plant height, panicle length,
and panicle width. Though it had the highest width of panicle size, the grain weight and productivity
were low.

Early maturation, resistance to pests and diseases, and high production are the most important
considerations in cultivating a variety. The results of this study showed that the highest yield was found
in Bioguma 1 (V1), as evidenced by the panicle weight, stover weight, grains weight/plot, and
productivity. However, the productivity of Bioguma 1 is still far from its official varietal description (7-
ton ha−1 under optimal conditions). In contrast to the ideal growth condition, this study was conducted on
dryland with low rainfall. The cultivation of sorghum is predominantly found in arid locations that
require short-lived cultivars to thrive in a restricted water supply. Sorghum’s ability to thrive on infertile
terrain and its capacity to provide a substantial harvest made it a fundamental food source for African and
Asian residents in subtropical and semi-arid areas [33].

In addition to the short lifespan, the basis for selecting sorghum varieties is their suitability for high-
density planting. Cultivating sorghum plants with short planting distances (high density) is one of the
efforts to increase crop yield. When Missouri’s number of plants per hectare went from 73,600 to

Table 2: Farming analysis of sorghum in dryland at Gunungkidul, Yogyakarta, in 2023

Item Sorghum variety

Bioguma Kawali Plonco Ketan Merah Hitam Wareng
(USD) (USD) (USD) (USD) (USD)

Seed (10 kg ha−1) 31.53 11.35 11.35 11.35 11.35

Fertilizer

*Urea (125 kg ha−1 = 326 kg ha−1 N) 31.53 31.53 31.53 31.53 31.53

*Phonska (150 kg ha−1 = 49 kg ha−1 P2O5) 47.30 47.30 47.30 47.30 47.30

*KCl 20 (kg ha−1 = 33.3 kg ha−1 K2O) 21.95 21.95 21.95 21.95 21.95

Pesticide (6 bottles) 22.7 22.7 22.7 22.7 22.7

Labor cost 504.51 504.51 504.51 504.51 504.51

(soil tillage-harvest)

Watering cost 25.23 25.23 25.23 25.23 25.23

Seed processing cost 50.45 50.45 50.45 50.45 50.45

The total cost of production 735.2 735.2 735.2 735.2 735.2

Production (kg) 4,270 3,710 3,980 1,780 2,540

Price USD kg-1 0.44 0.38 0.38 0.38 0.38

Revenue 1,884.97 1,403.8 1,505.96 673.52 961.09

Net income 1,149.78 688.78 790.94 41.50 246.03

R/C 2.56 1.96 2.11 0.94 1.34
Note: Exchange rate 1 USD = IDR 15,857.
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147,300, the sorghum yield went up from 6.3 to 7.3 kg ha−1. Similarly, increasing the number of sorghum
plants from 24,000 to 96,000 plants ha−1 in some places in Kansas led to a 14% rise in yield. However, no
increase in crop output was observed in other cases [34].

This study demonstrated that planting distance treatment had no significant effect on all parameters. The
insignificant effect of planting distance is likely due to water scarcity during plant growth. The amount of
rainfall during the study was 169.5 mm, with 18 rainy days (Fig. 1). Moreover, El Nino’s impact during
2023 significantly reduced the annual monthly rainfall, as seen in Fig. 2.

Sorghum cultivation in South Africa occurs across various soil types. It is subject to varying levels of
rainfall, ranging from roughly 400 mm in the arid western regions to about 800 mm in the more humid
eastern areas [35]. In line with the study’s results, an increased plant density did not provide higher
sorghum grain production, particularly when irrigation was limited [36]. The ideal planting density for
maximizing grain output varies and is influenced mainly by soil moisture levels and the maturity of the
crop variety [37,38]. Varieties with a high planting density tolerance often respond more to densification.
However, the growth circumstances can also influence the response [39]. Reducing row spacing or using
a wide-narrow row pattern in field-grown cereal crops, like maize, can improve solar absorption, resulting
in increased accumulation of dry matter and higher grain yield [40,41]. Compared to wide row spacing,
narrow row spacing reached a 3%–14% sorghum yield increase [42]. However, other studies suggested
that when compared with equal-row planting, the wide-narrow row pattern was ineffective in increasing
sorghum yield [23,43]. Proximity between plants leads to inhibited growth and decreased production, a
prevalent occurrence in maize cultivation [44,45]. According to [19], planting in the late-maturing zones
during spring revealed that using the wide-narrow row pattern decreased sorghum production across
different planting densities. This drop in yield could be attributed to the insufficient precipitation
accumulation during the initial growth stage of sorghum. Prolonged exposure to sunlight can lead to soil
dehydration [46], resulting in early drought and decreased sorghum yield [47]. The research results of
[48] showed that sorghum planting distance affected the dry matter production; a shorter planting distance
(25 × 25 cm) gave a higher yield compared to a wider planting distance (25 × 40 cm). Dense planting
distances enable the utilization of sunlight, water, and nutrients and support plant growth and
development, resulting in increased yield [49,50]. Many factors affect how much dry matter sorghum
trees make, but the main ones are genetic and environmental factors [51].

According to farm business analysis, sorghum production costs were obtained by summing the total
expenses incurred during the production process, namely fixed and variable costs. The variable costs in
this study consisted of seeds, fertilizers, pesticides, and labor, while the fixed costs in this study were not
considered. This approach is consistent with a study by [52], which reported that fixed costs are
negligible in small-farmer subsistence farming ventures. The results showed that the production costs of
Kawali, Plonco, Ketan Merah, and Hitam Wareng were equal. Meanwhile, Bioguma had the highest
production cost compared to others.

Revenue from the sorghum farm business was obtained by multiplying the production by the sale price.
The production of all five sorghum varieties showed that Bioguma had the highest yield compared to the
other four varieties. Production in this study was calculated from the weight of sorghum seeds produced.
The sale price of four varieties was the same, which was USD 0.38, while Bioguma’s price was USD
0.44. Hence, Bioguma obtained the highest revenue.

The net income of sorghum cultivation was obtained from the total receipts minus the expenses incurred.
The calculation results showed that the Bioguma variety produced the highest income (USD 1,149.78),
followed by Kawali, Plonco, Hitam Wareng, and Ketan Merah. As indicated by the Ketan Merah farm
business analysis, the loss suggested that the income was not worth the cost of expenditure. This is due
to the low sales price of Ketan Merah compared to other varieties.
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The R/C ratio indicates the feasibility of sorghum farming by comparing the total cost of production with
the revenue. The ideal R/C ratio is more than 1. The results showed the feasibility of planting four varieties:
Bioguma 1, Kawali, Plonco, and Hitam Wareng. In contrast, Ketan Merah was considered to be unviable
because the R/C value was less than 1.

5 Conclusion

The effect of varietal sorghum treatment on all parameters was significant (p < 0.05), but the planting
space treatment did not affect the parameters. Furthermore, no interaction between the two treatments was
identified. The greatest values of plant height, panicle length, and panicle width were achieved by the
Ketan Merah. Meanwhile, the highest stover weight, grain weight/plot, and productivity were acquired by
Bioguma 1. The calculated linear regression equation was productivity = 0.0054–0.0003 panicle height +
0.4163 grain weight/plot. Our findings demonstrated the feasibility of sorghum farming by using
Bioguma 1, Kawali, Plonco, and Hitam Wareng. On the other hand, we found that the Ketan Merah was
not feasible for sorghum farming. Researchers are encouraged to conduct further studies under different
ecological conditions to determine the yield stability of selected sorghum varieties.
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