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Abstract 
Newly released sudangrass-type sorghum cv. “Tarzan” was bred for use as a bioenergy-resource 
feedstuff in Germany. Since the genotype was collected at a high altitudinal site in the Central 
Africa continent, its early growth is vigorous at low temperature. As vigorous growth at low tem-
perature is derived from high tillering ability, the sowing rate of this genotype should be reduced 
from the ordinary rate for sorghum. Thus, in the present study, the optimal sowing rate of cv. 
“Tarzan” in southern Kyushu was determined by the effect of sowing rate at 0.5, 1.0, and 1.5 g∙m−2, 
designated as low (L), middle (M), and high (H) levels, respectively, on growth habit compared 
with the normal sudangrass cultivar “Roll-king II”. Early growth was retarded by heavy precipita-
tion in June, after which the growth was comparable for the two genotypes. Dry matter yield of 
“Tarzan” increased with higher sowing rate; the H level yield was 1298 g∙m−2, and the yield was 
not adversely affected by the humidity and heat in the summer growing season, compared with 
“Roll- king II”. This suggests that “Tarzan” can adapt to the humid, hot climate in southern Kyushu, 
and the optimum sowing rate of “Tarzan” should be as low as 1.0 - 1.5 g∙m−2, which is less than one- 
fifth to one-third that of forage sudangrass grown in the region. 
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1. Introduction 
Japanese self-sufficiency ratios of concentrate feed and roughage are now as low as 12% and 77%, respectively 
[1], supported by a large amount of livestock feed imported from foreign countries. Therefore, several research 
studies of the cropping system and cultivation system were conducted for the Kyushu [2] and Kanto [3] regions, 
which were intended to promote an increase in the self-sufficiency ratio in Japan. Sorghum (Sorghum bicolor 
Moench) is a C4 annual crop, and grain sorghum has been a major staple food crop in African and Asian coun-
tries. This crop originated from the African continent, from which many current cultivars were originally intro-
duced all over the world [4]. Sorghum can adapt to tropical, subtropical, and temperate climates [5] [6], while it 
is sensitive to chilling temperatures [7] [8], which significantly decrease the germination percentage and shoot 
and root dry weights of the crop [9]. Sorghum is also a prominent forage crop growing in many regions of the 
world [10] and can adapt to heat and drought conditions better than maize [11]. Thus, sorghum is now used for 
silage and hay production for livestock in warm regions such as western and southern Japan [12]. In Europe, 
notably Germany, Austria, and Italy, where biogas is the main source of bioenergy, sorghum has recently drawn 
attention as a bioenergy crop [13]. The new cultivar “Tarzan” was bred for bioenergy feedstuff in Einbeck, 
Germany (52˚N, 09˚E). Since the genetic resources used to breed this cultivar were collected at high altitudinal 
sites in central Africa, “Tarzan” can grow vigorously at lower temperatures than cultivars currently available in 
Japan. Optimum sowing temperature for forage sorghum in Japan is over 15˚C, which is the critical temperature 
in Kyushu, Japan in early May. Therefore, this cultivar has the potential to be sown earlier than the conventional 
sowing season of the sorghum crop in Kyushu. The suitability of the cultivar “Tarzan” to central and northern 
European countries may be derived from a high tillering ability at lower temperature, which has allowed the 
sowing rate to be reduced to as low as 0.8 to 1.0 g∙m−2 in Germany [14]. However, little information is available 
on the growth habit of the genotype cultivated in southern Kyushu, Japan. Therefore, the current study aimed to 
determine the optimum sowing rate of “Tarzan” as a forage crop in southern Kyushu, which was compared with 
the current sudangrass cultivar “Roll-king II”. 

2. Materials and Methods 
2.1. Genotypes Examined 
Sudangrass-type sorghum cultivar “Tarzan”, a novel genotype cultivated in Kyushu, Japan, and conventional 
sudangrass cultivar “Roll-king II” were compared for growth and yield attributes in a field trial. Cultivar “Roll- 
king II” is a successor of the sudangrass cultivar “Roll-king”, which is designated as the recommended forage 
sorghum cultivar in Fukuoka Prefecture, Japan, and has a thin stem suitable for making roll-bale hay and hay-
lage. “Roll-king II” has the ability to produce high yield in relatively short growing season. It has fine stem than 
grain sorghum, along with having excellent regrowth after harvest. And this variety has high leaf yield that is 
palatable to livestock. Both of “Tarzan” and “Roll-king II” have disease tolerance to purple leaf spot. 

2.2. Plot Design and Plant Culture 
The experiment was carried out in an experimental field of the University of Miyazaki in southern Kyushu, Ja-
pan (31.82˚N, 131.40˚E) in 2014. The field was newly established at the end of March 2014, and no cultivation 
was carried out before the current experiment. Plot size was 9 m2, with 0.5 m space between plots. The plot was 
arranged in a completely randomized block design with three replications. The treatment for sowing rate was 
three levels of 0.5, 1.0, and 1.5 g∙m−2 for L, M, and H levels, respectively. The two genotypes of sorghum were 
ridge-sown at 0.5 m intervals on 6 June 2014 and fertilized basically with 2.1 g∙m−2 each of N, P2O5, and K2O by 
a chemical compound fertilizer (Sumitomo Chemical Co. Ltd., Tokyo, Japan) and lime (100 g∙m−2). Each plot 
was fertilized with 0.7 g∙m−2 each of N, P2O5, and K2O with topdressing of the same fertilizer twice on 25 July 
and 2 September, 2014. Weeding was conducted manually several times as required. 

2.3. Measurement of Plant Growth 
Sorghum genotypes were harvested at 10 cm above the ground level at the first and second cutting on 2 Sep-
tember and 2 November, 2014, respectively. Plants were fractionated to leaf blade (LB), stem (ST), and dead 
leaves (D). Fresh matter weight, dry matter weight (DMW), plant height (PH), plant length (PL), and tiller density 
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of the first- and second-cut plants were determined at monthly intervals. Purpura spot disease incidence and 
plant lodging were scored on a scale of 1 to 9 during observation for growth attributes. 

2.4. Statistical Analysis 
Analysis of variance was performed using Excel Statistics (OMC Co. Ltd., Saitama, Japan). Differences in mean 
values were assessed at the 5% probability level using the Tukey-Kramer method. 

3. Results 
3.1. Climatic Conditions 
The mean air temperature in the experimental period was 22.6˚C, and total precipitation was 1911 mm (Figure 1); 
the temperature was similar to a normal year, while the precipitation in June and August was higher than normal. 
After sowing, the early growth of sorghum was adversely affected by the high amount of rainfall. A typhoon 
approached quite close to the site in August, but lodging of plants was not observed in either variety. 

3.2. Plant Growth 
No symptoms of plant diseases appeared in either variety throughout the growing season. Plant length in both 
varieties changed similarly over time, as shown in Figure 2, and increased from July to September at a rate of 
1.8 - 1.9 cm day−1. Plant length did not differ significantly among treatments in “Tarzan”, while length of 
“Roll-king II” tended to be higher in the M treatment than in the other treatments. After the first cutting, plant 
length did not differ significantly among treatments in either variety. In October, regrowth tiller density of 
“Tarzan” increased with sowing rate, with a smaller difference among treatments in November. In “Roll-king II”, 
regrowth tiller density in the M treatment tended to be lower than in the other treatments and was significantly 
lower (P < 0.05) in November. Across sowing rates, tiller density of “Tarzan” was significantly lower than that 
of ‘Roll-king II’, except for the M treatment in both October and November and the H treatment in October. 

3.3. Dry Matter Weight 
In the first cutting, the leaf-stem ratio range was 0.5 - 0.6 in “Tarzan” and 0.4 - 0.6 in “Roll-king II”. The dry 
weight of “Tarzan” increased with sowing rate until the first cutting, being highest in the H treatment and sig-
nificantly higher than in the L treatment in July and September (P < 0.05), while the difference among treat-
ments was not significant in the second cutting (Figure 3). The dry weight of ‘Roll-king II’ tended to increase 
with sowing rate, although the differences were not significant in the first or second cutting. Annual total dry 
matter yield of “Tarzan” and “Roll-king II” was 1298 and 1209 g∙m−2, respectively. 
 

 
Figure 1. Changes in the mean air temperature (Temp, ●) and precipitation (PRE, ■) in growing 
season in 2014 and the normal year (averaged in 1981-2010).                                  
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Figure 2. Changes in plant length and tiller regrowth ability in sorghum plants under different 
sowing rate on 6 June 2014. Sowing rate: 0.5 (L), 1.0 (M) and 1.5 (H) g per m2. T: Tarzan, R: 
Roll-king II. *: p< 0.05 between varieties on the same treatment by Student’s t-test. Symbols 
with different letters denote significant difference among treatments on the same date at the 
5% level.                                                                               

 

 
Figure 3. Changes in dry matter weight of sorghum plants under different sowing rate on 6 
June 2014. Sowing rate: 0.5 (L), 1.0 (M) and 1.5 (H) g per m2. Leaf blade (LB), Stem (ST) and 
dead leaves (D). Symbols with different letters denote significant difference among treatments 
on the same date at the 5% level. T: Tarzan, R: Roll-king II. ↓: 1st cutting, ⇓: 2nd cutting.        
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3.4. Growth Rate of Plant Length and Crop Growth Rate 
In “Tarzan”, growth rate of plant length tended to be higher than “Roll-king II” at the first cutting, except for in 
the M treatment (Table 1). At the second cutting, the growth rate of plant length of “Tarzan” was lower than 
“Roll-king II” in all treatments, averaging 1.1 cm day−1 (Table 1). Crop growth rate of “Tarzan” tended to in-
crease significantly with increase in sowing rate at the first cutting, while the difference among treatments de-
creased at the second cutting (Figure 4(a)). In “Roll-king II”, crop growth rate was higher in the M and H 
treatments than in the L treatment at the first cutting and tended to increase with increase in sowing rate at the 
second cutting, though the difference among treatments was not significant (Figure 4(b)). 

4. Discussion 
The observed annual dry matter yield of “Tarzan” and “Roll-king II” (1298 and 1209 g∙m−2, respectively), were 
lower than in previous reports for “Tarzan” (2114 g∙m−2) [15] and for “Roll-king II” (2039 - 2800 g∙m−2) [16] 
[17]. The lower yield observed in the present study was suggested to be due to two major reasons. The first was 
the difference in sowing methods, with the previous method using the over casting method and the current study 
the ridge (row) sowing method. The objective of the current study was to determine the suitability of a low 
sowing rate of “Tarzan” in southern Kyushu; therefore, the examined sowing rate was almost one-fifth to 
one-third of the traditional sowing rate of the commercial sudangrass cultivars in Japan. The seed weight of 
“Tarzan”, estimated from 1000 seed weight, was 30 g, so the weight per seed was 30 mg. Therefore, the 0.5 (L), 
1.0 (M), and 1.5 g∙m−2 (H) levels of the examined sowing rates were calculated as equivalent to 16.7, 33.3, and 
50.0 seeds m−2, respectively. The number of seeds per unit length (m−1) were calculated as 8.3, 16.7, and 25.0 
 
Table 1. Growth rate of plant length in sorghum.                                                                   

Treatment 

Growth rate of plant length (cm/day) 

1st cutting  2nd cutting 

T R  T R 

L 1.90 1.78  1.13 1.54 

M 1.82 1.93  1.11 1.46 

H 1.83 1.78  1.11 1.46 

Sowing rate: 0.5 (L), 1.0 (M) and 1.5 (H) g per m2. T: Tarzan, R: Roll-king II. 
 

 
Figure 4. Changes in crop growth rate (CGR) of sorghum plants under different sowing rate on 6 June, 2014. 
First-cut: L (○), M (△), H (□), Second-cut: L (●), M (▲), H (■). Tarzan at the 1st-cut plants: H (y = 0.250x − 
1.644, R2 = 0.831), M (y = 0.178x − 1.176, R2 = 0.805), L (y = 0.0986x − 0.594, R2 = 0.891). Tarzan at the 
2nd-cut plants: H (y = 0.0513x − 0.0279, R2 = 0.995), M (y = 0.0406x − 0.187, R2 = 0.741), L (y = 0.0254x − 
0.0395, R2 = 0.962). Roll-king II at the 1st-cut plants: H (y = 0.166x − 0.107, R2 = 0.849), M (y = 0.173x − 
1.07, R2 = 0.873), L (y = 0.0615x − 0.365, R2 = 0.881). Roll-king II at the 2nd-cut plants: H (y = 0.0919x − 
0.471, R2 = 0.699), M (y = 0.0670x − 0.341, R2 = 0.701), L (y = 0.0381x − 0.0874, R2 = 0.920).                       
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seeds under the fixed 50-cm row distance in the L, M, and H levels, respectively, assuming 12, 6, and 4 cm, re-
spectively, of intra-row or between-seed distance if seeds were evenly planted. These sowing methods have 
wider inter-row and narrower intra-row distances than the overcasting method used in previous research. The 
high competitiveness of the intra-row plant relationship might inhibit growth at later growth stages. 

The second reason was the heavy rainfall in June within 4 weeks after sowing at 600 mm, which was equiva-
lent to almost one-fourth of the annual rainfall in Miyazaki. The experiments were conducted in a new field that 
was established almost 2 months before sowing and was located in low-lying land, easily submerged after heavy 
rainfall. Sorghum is more tolerant to water-lodging than maize [11]; however, its emergence can be poor when 
seeds are submerged, resulting in poor establishment and lower plant density, leading to lower dry matter yield 
compared with previous research. 

The temperature averaged 22.6˚C in the current study, which were similar to normal for the site. The growth 
rate of sudangrass exhibits a linear response to the temperature range when regulated at 17.9˚C - 27.9˚C [18], 
suggesting that no adverse effect would be expected due to temperature. However, before the first cutting on 2 
September, sorghum plants were influenced by typhoons twice, leading to leaf drop, decline of photosynthetic 
activity, and reduction of the growth rate of the first-cut plants. 

A low sowing rate of sorghum should reduce the dry weight [19] but with no positive effect on yielding abili-
ty [20] [21]. Under the current sowing rates of 0.5, 1.0, and 1.5 g∙m−2, the linear increase in dry matter yield 
strongly suggested an optimum sowing rate of between 1.0 - 1.5 g∙m−2 in “Tarzan” under humid and warmer 
conditions. 

5. Conclusion 
In the current study, the growth attributes and dry matter yield of newly introduced sorghum genotype “Tarzan” 
were partly affected by high humidity and warm temperature in Japan, even though the negative effects ap-
peared to a smaller extent than in “Roll-king II”. These findings suggest that “Tarzan” can be introduced to 
southern Kyushu as forage. The dry matter yield in the H treatment at a 1.5 g∙m−2 sowing rate was significantly 
higher than in the L treatment of 0.5 g∙m−2, although no significant difference appeared above the M level (1.0 
g∙m−2). Thus, the optimum sowing rate of “Tarzan” should be between 1.0 to 1.5 g∙m−2 in Kyushu, Japan, which 
is one-fifth to one-third the rate of the traditional sudangrass cultivar in Japan. 
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