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Abstract 

In order to determine the effects of plant density and planting pattern on yield, yield components and morphological 
traits of forage sorghum, an experiment was conducted at Agricultural Research Station of Azad University, Birjand 
Branch, Iran in 2003. The experiment was a factorial based on RCBD with three replications and eight treatments. Factors 
were plant density with 4 levels (20, 30, 40 and 50 plant/m2) and planting pattern with 2 levels (one row above furrow and 
two rows within furrow). The results obtained from the statistical analysis showed that the effects of plant density, 
planting pattern and their interactions were not significant on yield and yield components of forage sorghum but the effect 
of plant density was significant on the number of tiller per plant and main stem diameter. The total produced fresh forage 
in the plant densities of 20, 30, 40 and 50 plants/m2 was 25.8, 25.7, 25.6 and 28.6 ton/ha, respectively and the total 
produced dry forage in the above plant densities was 5.28, 5.35, 5.26 and 5.83 ton/ha, respectively. Increase in plant 
density decreased number of tillers/plant and stem diameter. In the density of 20 plants/m2 with an average of 2.3 
tillers/plant the maximum and in the density of 50 plants/m2 with an average of 0.27 tillers/plant the minimum tillering 
were observed. The results of the research indicated that for optimum use of the short growth period of forage sorghum 
dense cultivation in the second cultivation in Birjand region is recommended.  
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Introduction 

Sorghum is becoming an increasingly 
important forage crop in many regions of the 
world (Zerbini and Thomas, 2003). Its high 
resistance to drought stress makes it a suitable 
crop for semi-arid areas (Tabosa et al., 1999). 
Plant density can affect forage yield (Cusicanqui 
and Lauer, 1999). Yield per single plant 
decreases as the plant density per unit area 
increases. An increase in plant density can reduce 
water availability to the individual plant and lead 
to water deficiency (Berenguer and Faci, 2001), 
followed by yield decrease. Plant density can also 
affect plant morphology (Lafarge and Hammer, 

2002) and dry matter content (Rosenthal et al., 
1993). 

The results of previous studies showed that 
plant density and planting pattern differently 
affected yield and morphological traits (Colville 
et al., 1963; Edmeades and Lafitte, 1993; Ferraris 
and Charles-Edwarad, 1986; Fishbach and 
Mulliner, 1974; Genter and Camper, 1973). 
Many of these studies indicated that increased 
plant density per unit area reduced tiller number 
and main stem diameter. Caraveta et al. (1990) 
declared that the reduction of sorghum tillering 
with the increase in plant density was caused by 
the reduction of light penetrance into the canopy. 
Duncan (1958) showed that forage dry weight 
increased with the increasing of plant density. 
Bullock et al. (1988) found that the dry weight of *Corresponding Author's E-mail: s_reza1350@yahoo.com 
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plant in the arrangement of square cultivation 
was greater than that in the arrangement of 
rectangular cultivation. 

The objective of the research was to study the 
effects of planting pattern and plant density on 
yield and morphological traits of forage sorghum 
in Birjand climate conditions. 

Materials and Methods 

The experiment was conducted in the 
Agricultural Research Station of Islamic Azad 
University, Birjand branch (lat. 32°52 ;́ long. 
59°13 ;́ 1400 m. above sea level), Iran during 
2003 summer as second cultivation. The 
experiment was a factorial in the form of 
randomized complete block design (RCBD) with 
three replications. The factors were plant density 
(PD) with four levels (20, 30, 40 and 50 plant/m2) 
and planting pattern (PP) with two levels (one 
row above the furrow and two rows within the 
furrow). Inter- and intra-row plant distance varied 
with respect to the different types of planting 
pattern and plant density (Table 1). 

The sorghum hybrid used was Speedfeed. The 
distance between both replications and plots was 
100 cm. The size of each plot was 3 m × 7 m and 
consisted of 6 rows. The soil texture was sandy 
loam with a pH of 7.8, 0.58% organic matter, 
0.063% total nitrogen and an EC of 8.1 mS/cm. 
The fertilizer recommendations and irrigation 
were applied according to the norms practiced in 
the region. The weeds were controlled by hand 
twice during the growing season.  

At time of 10 percent flowering of forage 
sorghum, two middle rows of each plot with 4 
meters length were harvested. Then, the main 
shoot and tillers were separated into leaves, stems 
and ears. Samples were oven dried at 60°C until a 
constant weight obtained. Also, main stem 
height, number of leaves on main stem, diameter 
of main stem and number of tillers in plant were 
measured at harvest on 10 plants randomly 

selected in each plot. The means were tested and 
compared using Duncan multiple range test at 
0.05 probability level. 

Results and Discussion 

The analysis of variance showed that planting 
pattern, plant density and their interaction had no 
significant effect on yield and yield components 
of forage sorghum (Table 2). 

However, maximum forage productivity was 
obtained with plant density of 50 plants/m2 and 
planting pattern of two rows within the furrow so 
that in this treatment total, stem, leaf and ear dry 
weights were 6.45, 3.13, 2.86 and 0.45 ton/ha, 
respectively (Table 3). It is obvious that with the 
increase in plant density per unit area, the weight 
of single plant decreases but the lack of 
difference in the yield of different densities can 
be related to increased tillering and growth of 
single plant in low densities, in a way that it 
could compensate the lower plant number per 
unit area. 

The results of the research showed that the 
effect of planting pattern and PP × PD interaction 
were not significant on morphological traits of 
forage sorghum but plant density had a 
significant effect on diameter of main stem and 
number of tillers in plant (Table 2).  

The means comparison of these traits showed 
that with the increase in plant density, stem 

Table 2. Analysis of variance for morphological traits, yield and yield components of forage sorghum. 

S.O.V. df 
Stem 
height 

Leaf 
number 

Stem 
diameter 

Tiller 
number 

Dry weight (ton/ha) 
Total Stem Leaf ear 

Replication 
Planting pattern (PP) 
Plant density (PD) 
PP × PD 
Error 

2 
1 
3 
3 
14 

273.32 ns 
1965.12 ns 
269.54 ns 
122.1 ns 
287.1 

0.672 ns 
0.056 ns 
0.088 ns 
0.145 ns 
0.191 

3.787 ns 
33.963 ns 
10.152* 
2.374 ns 
1.549 

0.447 ns 
0.167 ns 
5.149** 
0.402 ns 
0.151 

0.547 ns 
3.005 ns 
0.421 ns 
0.339 ns 
0.968 

0.252 ns 
1.559 ns 
0.250 ns 
0.554 ns 
0.438 

0.07 ns 
0.002 ns 
0.044 ns 
0.066 ns 

0.24 

0.001 ns 
0.197 ns 
0.013 ns 
0.028ns 
0.029 

*, ** and ns indicate significance at p < 0.05, p < 0.01 levels and non-significance, respectively. 

Table 1. Inter- and intra-row plant distance in different 
treatments. 

Planting 
pattern 

Plant density 
(plant/m2) 

Inter-row 
(cm) 

Intra-row 
(cm) 

One row 20 
30 
40 
50 

50 
50 
50 
50 

12 
7 
6 
4 

Two row 20 
30 
40 
50 

25 
25 
25 
25 

24 
14 
12 
8 
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diameter and tiller number decreased 
significantly (Table 4). With the increase in plant 
density from 20 to 50 plant/m2, stem diameter 
and tiller number decreased to 19.7 and 89.2%, 
respectively. High tillering in low densities can 
be resulted from more space and low inter-plant 
competition. The maximum and minimum stem 
diameters were obtained with the lowest and 
highest plant densities, respectively. The reason 
for this response can be related to intra-plant 

competition.  

Conclusions 

The results of the research indicated that for 
optimum use of the short length period of 
growth, dense cultivation of forage sorghum in 
the second cultivation in Birjand region is 
recommended. 

Table 4. Means comparison of morphological traits of forage sorghum at different plant densities and 
planting patterns. 

Treatments 
Stem height 

(cm) 
Leaf number Stem diameter 

(mm) 
Tiller number 

Planting density (plant/m2)     

20 
30 
40 
50 

132.2 a 
140.5 a 
142.7 a 
148.3 a 

9.64 a 
9.92 a 
9.83 a 
9.86 a 

13.6 a 
13.5 a 
11.4 b 
11.3 b 

2.30 a 
1.57 b 
0.60 c 
0.27 c 

Planting pattern     

One row above furrow 
Two rows within furrow 

131.9 a 
150.0 a 

9.86 a 
9.76 a 

13.6 a 
11.3 a 

1.30 a 
1.10 a 

PP ×  PD     

One row × 20 
One row × 30 
One row × 40 
One row × 50 
Two rows × 20 
Two rows × 30 
Two rows × 40 
Two rows × 50 

137.5 ab 
118.8 bc 
137.7 ab 
100.2 a 
159.2 a 
145.6 ab 
143.3 ab 
151.8 a 

9.61 a 
9.78 a 
10.0 a 
10.1 a 
9.67 a 
10.1 a 
9.67 a 
9.65 a 

14.1 ab 
15.0 a 

12.3 bc 
13.2 ab 
13.2 ab 
12.0 bc 
10.4 cd 
9.5 d 

2.00 ab 
1.73 b 
0.87 cd 
0.47 de 
2.60 a 

1.40 bc 
0.33 de 
0.67 e 

Means within each column followed by the same letter(s) are not significantly different at 0.05 
probability level according to Duncan multiple range test (DMRT). 

Table 3. Means comparison of yield and yield components of forage sorghum at different plant densities and 
planting patterns. 

Treatments 
Total dry weight 

(ton/ha) 
Stem dry weight 

(ton/ha) 
Leaf dry weight 

(ton/ha) 
Ear dry weight 

(ton/ha) 

Planting density (plant/m2)     

20 
30 
40 
50 

5.28 a 
5.35 a 
5.26 a 
5.83 a 

2.32 a 
2.21 a 
2.33 a 
2.98 a 

2.64 a 
2.80 a 
2.69 a 
2.82 a 

0.33 a 
0.34 a 
0.24 a 
0.32 a 

Planting pattern     

One row above furrow 
Two rows within furrow 

5.07 a 
5.78 a 

2.13 a 
2.64 a 

2.74 a 
2.73 a 

0.22 a 
0.39 a 

PP ×  PD     

One row × 20 
One row × 30 
One row × 40 
One row × 50 
Two rows × 20 
Two rows × 30 
Two rows × 40 
Two rows × 50 

4.56 a 
5.01 a 
5.53 a 
5.19 a 
5.99 a 
5.70 a 
4.98 a 
6.45 a 

1.87 a 
1.90 a 
2.52 a 
2.51 a 
2.76 a 
2.53 a 
2.13 a 
3.13 a 

2.50 a 
2.87 a 
2.77 a 
2.77 a 
2.78 a 
2.72 a 
2.62 a 
2.86 a 

0.19 a 
0.23 a 
0.25 a 
0.19 a 
0.45 a 
0.46 a 
0.23 a 
0.45 a 

Means within each column followed by the same letter(s) are not significantly different at 0.05 probability level 
according to Duncan multiple range test (DMRT). 
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