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ABSTRACT  

Planting patterns and different cultivars play a significant role in 

forage crops quality and productivity. Therefore, we conducted a field 
experiment under different planting patterns and cultivars to evaluate 

sorghum crop yield, yield components, and quality at Agronomic 

Research Farm, Department of Agronomy, University of Agriculture 

Faisalabad, Pakistan, in 2015. The experiment consists of three sorghum 

cultivars (Jawar 2002, Sorghum-2011, and JS-2002) with a seed rate of 75 

kg ha-1 at different planting patterns (P1=60 cm  × 20 cm, P2=50cm  ×  24 

cm, and P3=340 cm × 30 cm). Results showed that sorghum 2011 resulted 

in higher growth and qualitative attributes than other cultivars. For 

example, increase in plant height (237.11 cm), dry weight plant-1 (40.61 

g), forage yield (57.66 ton ha-1), crude protein contents (6.12 %), fiber 

contents (32.12 %) and ash contents (8.73%) was observed in sorghum 

2011 as compared to other cultivars. Whereas, among planting pattern P3 
(40 x 30 cm ) produced maximum plant height (236.33 cm), leaves plant-1( 

13.66), stem diameter (1.09 cm), forage yield (55.52 ton ha-1), dry matter 

yield (18.53 ton ha-1) and crude protein contents (6.06 %) as compared to 

P1 and P2. This study suggested that the cultivar sorghum 2011 with a 

planting pattern of 40 x 30 cm is a promising option to improve yield, 

yield components and quality of sorghum crop.  

Keywords: Sorghum, Planting pattern, Cultivars, Crude Protein, Fiber 

content  
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1. INTRODUCTION  

Agriculture is the most important sector 

of Pakistan and greatly influences economic 

growth. It accounts for 21.4% of GDP and 

45% of employment is engaged with 

agriculture (Gecho, 2017, Iqbal et al., 2015). 

Development in the agriculture sector 

stimulates growth in the agro-industry, 

especially the textile sector. Livestock is an 

important agriculture sector and has a 

central role in our country's rural economy. 

Its accounts for 54% of agricultural GDP 

and 11.9% of total GDP (Mehmood et al., 

2020, Jahnke and Jahnke, 1982). Sorghum 

(Sorghum bicolor L.) is a member of the 

Poaceae family is locally called Jawar and is 

commonly used as fresh, silage or hay form. 

Sorghum is a dual-purpose (i.e., grown for 

grain and fodder yield) summer season crop 
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(Hedayetullah and Zaman, 2018; Sarfraz et 

al., 2012). It requires fewer resources and 

gives a high yield being the most drought-

tolerant crop of the universe (Ringo et al., 

2014) and can be grown in tropical and sub-

tropical countries of the world. Sorghum has 

more potential to fulfill the future demands 

of livestock, grain food and beverages. Its 

syrup extracted from sweet sorghum is 

mainly used in ethanol production (Klasson 

et al., 2021, Rao et al., 2016; Kirouani et al., 

2021). Sorghum is the fourth cereal crop of 

Kharif season and an important forage crop 

in many regions of the world, including 

Pakistan (Ghani et al., 2015; Rana et al., 

2014). It exhibits rapid growth, is relatively 

resistant to dryness, high productivity and 

high percentage of protein. In short period 

sorghum produced a large amount of seed 

and fodder (Djanaguiraman et al., 2020). Its 

fodder comprises 11 % protein, 71 % 

carbohydrates, 2% crude fiber, mineral and 

nitrogen-free extract (Hussain et al., 2020). 

Sorghum accounts for half of the forage in 

the rainfed area. In Pakistan sorghum was 

cultivated on 198thousand hectares land 

with the production of 123 thousand tones 

and an average grain yield of 621 kg ha-

1(Hussain et al., 2015). 

Fodder crops play a crucial role in the 

agricultural economy of developing 

countries by providing the cheapest source 

of feed for livestock (Herrero et al., 2013, 

Upton, 2004; Ramana, 2022). Livestock is a 

vital part of farming plays an important role 

in the economic development of the rural 

community of Pakistan. Livestock accounts 

for 55 % of agricultural GDP and 12 % of 

total GDP (Hussain et al., 2015). Lower 

fodder production and less accessibility to 

feed are the main factors of decreasing 

livestock in Pakistan. Furthermore, 

providing quality animal feed in a suitable 

amount can increase livestock production. 

Fodder production fulfills 30 to 50 % of the 

total fodder consumption in Pakistan. While, 

low quality of animal feed caused low meat 

and milk production (Nouman et al., 2014). 

The available fodder contributes 1/3 

less than that needed fodder and its 

deficiency is further increased due to a 

decline in area under fodder crops by 2% 

after each decade (Nadeem et al., 2017, 

Herrero et al., 2013). Amongst the Kharif 

forage crops, sorghum is an important one 

that possesses a wide range of ecological 

flexibility. The extension growers largely 

sow it for feed and fodder in rainfed and 

irrigated regions of the country. Almost 

sorghum is fed to every class of livestock 

(Kumar and Upadhyay, 2008). The 

performance of dairy animals depends on 

the regular availability of quality fodder 

insufficient amount. The vital limitation on 

profitable animal production in developing 

countries is the unavailability of quality 

forage (Kumar and Upadhyay, 2008, 

Quddus, 2012). Considerable, differences 

have been reported among the sorghum 

cultivars for yield, quality traits (Rao et al., 

2013), and response to planting densities 

(Moosavi and Sciences, 2012). 

Keeping in view the importance of 

fodder crop, the present study was 

conducted to find out the most suitable 

sorghum variety under suitable planting 

pattern for higher yield and fodder in terms 

of quality and quantity in the agro-

ecological climate of Faisalabad.  
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2. MATERIAL AND METHODS 

2.1 Experimental Site and Design  

The experiment was performed at 

Agronomic Research Area, University of 

Agriculture Faisalabad, Pakistan in 2015. 

The experimental site lies between 30.35-

41.47°N latitude and 72.08-73.40°E 

longitude at an elevation of 184.4 m above 

sea level. The experimental site's maximum 

and minimum temperature, rainfall, sunshine 

hours, relative humidity, wind speed, and 

evapo-transpiration were recorded at local 

meteorological station.  The weekly 

maximum and minimum values of 

temperature, rainfall, sunshine hours, and 

wind speed are given below in figure 1.  

The experiment was laid out in 

randomized complete block design with split 

plot arrangement using three replications 

and a net plot size of 6 m × 7.2 m. All the 

varieties were sown with a seed rate of 75 

kg ha-1. Fertilizers are applied at the rates of 

58:58:0 (N: P: K). The experiment 

wasconsisted of three Sorghum cultivars 

(Jawar 2002, Sorghum-2011, and JS-2002) 

and three treatments of planting patterns 

(P1= 60 cm × 20 cm, P2 = 50 cm × 24 cm 

and P3= 40 cm × 30 cm). All other 

agronomic practices were kept the same for 

all the treatments.  

2.2. Measurement and Analysis  

2.2.1. Agronomic and Yield-related 

Parameters 

Sorghum plants were counted in the one-

meter length of three randomly selected 

rows in each plot and then averaged per 

square meter.  For plant height (cm), ten 

sorghum plants were selected and their 

height was measured from the base to the tip 

of the longest leaf with measuring tape and 

then averaged. The total number of leaves 

from ten plants was counted and then 

average leaves per plant were calculated. 

Furthermore, to determine leaf area per plant 

(cm2), at each harvest, leaves were removed 

from ten randomly selected plants and 

passed through the leaf area meter model LI-

3000 and readings were noted. For the 

measurement of stem diameter (cm), the 

diameter of ten randomly selected plants 

from each plot was measured with the help 

of Vernier Caliper from the base, middle and 

top portions of the stem and then averaged. 

Moreover, for the determination of the 

weight per plant (g), ten plants were 

randomly selected from each plot at each 

harvest with the help of sickle. Each plant 

was weighed and averages of these plants 

weights were calculated to get the fresh 

weight of each plant in grams. Fresh weight 

per plant (g) was observed by selecting five 

plants randomly and taken from each plot 

then weighted to determine the mean fresh 

weight per plant. While to evaluate dry 

weight per plant (g), fresh samples were 

dried at 60°C for 48 hours in a fan-assisted 

oven until a constant weight was reached 

and weighted to obtain the mean dry weight 

per plant. For the determination of forage 

yield (t ha-1), all the crop plants in each net 

plot reserved for recording yield at final 

harvest and weighed separately with the help 

of a spring balance and converted into t ha-1.   
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Figure 1. Weekly maximum and minimum values of temperature, rainfall, sunshine hours, and 

wind speed of the experimental site  

The dry matter yield (t ha-1) were assessed 

by selecting randomly ten plants at harvest 

from each plot and chopped with the help of 

a forage cutter and then thoroughly mixed. 

The fresh weight of the sample was recorded 

and a sample of 500g was taken from each 

plot and dried in an oven at 70°C to a 

constant dry weight. These plants were 

selected from the plot area used for green 

forage yield and their weight was added in 

each respective plot. Dry matter percentage 

calculated was used to convert green forage 

yield to dry matter yield. Furthermore, to 

record dry matter (%), a chopped known 

weight of forage from each plot was taken 

and then dried at 80 0C in an electric oven to 

a constant weight. The dry matter 

percentage for each plot was calculated 

following the formula below.  

Dry matter (%) = Dry weight/fresh 

weight × 100 

2.2.2. Quality Parameters 

3.2.1. Crude Protein (%) 

Initially, the samples were grinded with a 

locally made grinder until the sample was 

almost converted into a powdered form and 

no sieve was used. The powdered sample 

(1g) was added to KJeldahl digestion flask 

along with 30ml concentrated H2SO4 and 

10g digestion mixture. The powdered 

sample (1g) was added to KJeldahl digestion 

flask along with 30ml concentrated H2SO4 
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and 10g digestion mixture. After keeping for 

half an hour it was heated slowly in the 

beginning and then on full heat until a 

transparent green liquid material resulted. 

On cooling transferred to a 250 ml 

volumetric flask and volume was made up to 

the mark. Aliquot of 10 ml from this 

material was taken in the micro kjeldahl 

apparatus using 15 ml 40% NaOH for each 

sample. It involves digestion of the plant 

material dried at 70°C with concentrated 

sulphuric acid and digestion mixture, 

comprising K2SO4, CuSO4 and FeSO4 in the 

ratio of 10: 0.5:1.  

Nitrogen evolved as ammonia was 

collected in a receiver containing boric acid 

(4%) solution and mixed indicator of 

bromocresol green and methyl. The 

distillation was titrated against N/10 

sulphuric acid till the original color of 

methyl red was restored. Blank was run to 

eliminate the percentage of nitrogen present 

in other chemicals used to digest the sample. 

From the quantity of acid used in titration, 

the percentage of element nitrogen was 

calculated by using the formulas. The 

reading obtained was multiplied by 6.25 to 

get crude protein percentage. The crude 

protein percentage was determined by using 

the standard procedure as recommended by 

(Salo-väänänen and Koivistoinen, 1996).  

N (%)=A-B×100×100×0.0014/ Volume of 

digested sample used. 

Where A= quantity of acid (N/10 H2SO4) 

used. 

B= Blank reading (N/10 H2SO4 used in 

blank reading), 100= volume made after 

digestion, 100 for percentage (Which is 

equal to grams of N in 1ml of N),  

0.0014= Factor (Which is equal to grams of 

N in 1ml of N/ 10H2SO4 

2.2.3. Crude Fiber (%) 

Two grams of oven-dried sample were 

digested in 200 mL of 1.25 % H2SO4 in 500 

ml beaker for 30 minutes to determine crude 

fiber. Then contents were filtered by linen 

cloth and residues were washed and digested 

again with 200 ml 1.25% NaOH for 30 

minutes and after that, it was again filtered 

and washed. The residues were put in a 

weighed china dish and dried in an oven for 

24 hours at 105°C. After recording, the dry 

weight samples were placed in a muffle 

furnace at 600°C until grey or white ash was 

obtained. The weight of the ash was 

recorded. Crude fiber (%)= {(Wt. of dried 

residues – Wt. of ash)/Wt. of the dried 

sample)} ×100  

The crude fiber percentage was 

determined by using the standard procedure 

as recommended by (Salo-väänänen and 

Koivistoinen, 1996). 
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2.2.4. Ash Contents (%) 

A 5g of oven-dried sample was placed in 

a clean previously weighed china dish (W1) 

to determine ash content. The samples were 

placed in a muffle furnace at (550-650°C) 

until white or grey ash was obtained. After 

that, residues were cooled in a desiccator 

and recorded the weight (W2), and the 

percentage was calculated as follows: 

Total ash % = [(W2 – W1) ÷ (Weight of the 

sample)] × 100 

Total ash percentage was determined 

using the standard procedure proposed by 

AOAC (1990). 

2.3. Statistical Analysis 

Data collected on all parameters were 

analyzed statistically using MSTAT-C 

software (Crop and Soil Sciences 

Department of Michigan University of the 

United States). The least significance 

difference (LSD) test at the 5% probability 

level was applied to compare the treatment's 

means (Shrestha, 2019). 

3. RESULTS  

3.1 Growth and Yield Traits  

Our results showed that growth and yield 

attributes were significantly affected by 

different planting patterns, different 

cultivars and their interactions (Table 1). 

Higher planting density (40.67 m-2), plant 

height (237.11 cm), leaves per plant (13.67), 

leaf area per plant (2520.20 cm2), stem 

diameter (1.11cm), weight per plant (280.94 

g)  were recorded in Sorghum 2011cultivar 

as compared to other cultivars. In the case of 

planting patterns, P3 (40 × 30) resulted in 

higher planting density (40.77 m-2), plant 

height (236.33 cm), number of leaves 

(13.66), stem diameter (1.09 cm), weight per 

plant (136.3 g) and dry weight per plant 

(40.34g) as compared to P1 and P2.The 

lowest growth and yield attributes were 

recorded in P1(60 × 20 cm).   

Data on forage yield showed significant 

difference among cultivars and planting 

patterns (Figure 2). The cultivar Sorghum-

2011 produced maximum forage yield (57.6t 

ha-1) followed by Jawar-2002 (52.5 t ha-1) 

and cultivar JS-2002 produced a minimum 

forage yield (45.5 t ha-1). In case of planting 

patterns, forage yield were found significant 

and it ranged from 47.39-55.5 t ha-1. The 

maximum forage yield (55.52 t ha-1) was 

found in plots where sorghum was sown 

using narrow row spacing P3 (40 × 30). The 

minimum forage yield (47.39 t ha-1) was 

recorded in P1 followed by P2. 
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Table 1. Response of Sorghum planting density (m-2), plant height (cm), leaves plant-1, leaf area 

plant-1stem diameter (cm), weight plant (g), fresh weight per plant (g) and dry weight per plant 

(g) to different varieties and planting patterns.  

Planting 

Pattern 
Varieties 

Planting 

density 

(m
-2

) 

PH (cm) 
Leaves 

plant
-1

 

LA 

plant
-1

 

Stem 

diameter 

(cm) 

Weight 

plant (g) 

Fresh 

weight 

per 

plant (g) 

Dry 

weight 

per 

plant 

(g) 

60 × 20 

cm 

Jawar 

2002 
39.33b 229.67cd 12.00b 2224.80e 1.04ab 241.45d 132.74c 38.00bc 

60 × 20 

cm 

Sorghum 

2011 
39.00b 234.00c 12.33b 2406.50c 1.06ab 251.23c 135.03bc 38.89bc 

60 × 20 
cm 

JS -2002 37.33c 223.67d 11.00c 2206.00c 1.08ab 235.36d 138.22b 35.51c 

50 × 24 

cm 

Jawar 

2002 
38.33b 232.67c 13.00ab 2406.50c 1.09ab 261.23b 135.03bc 38.89bc 

50 × 24 

cm 

Sorghum 

2011 
41.00a 236.33b 13.67ab 2513.40b 1.10a 265.14b 138.68 40.40ab 

50 × 24 
cm 

JS -2002 38.33b 229.33cd 11.66c 2240.40e 1.13a 252.23c 141.59a 42.53a 

40 × 30 

cm 

Jawar 

2002 
41.00a 235.00b 14.00a 2470.90c 1.02ab 283.45ab 138.22b 40.08ab 

40 × 30 

cm 

Sorghum 

2011 
42.00a 241.00a 15.00a 2640.70a 1.02ab 294.14a 141.59a 42.53a 

40 × 30 

cm 
JS -2002 39.33b 233.00c 12.00b 2340.30d 1.04a 265.24b 129.08c 38.40bc 

ANOVA (F values)         

Varieties (V) 19.33** 8.23** 9.97** 27.24** 28.91** 42.83** 48.23** 13.62** 

Planting Pattern (P) 18.45** 6.00* 7.65* 16.63** 6.74* 6.57* 9.52* 8.36* 

V × P 2.95NS 0.22NS 0.51NS 0.53NS 0.27NS 0.16NS 0.08NS 0.23NS 
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Figure 2. Changes in forage yield to 

different varieties and planting patterns. 

Note. P1, P2 and P3 represent different 

planting patterns. 

 

Figure 3. Changes in dry matter in response 

to different varieties and planting patterns. 

Note. P1, P2 and P3 represent different 

planting patterns.  

Dry matter production of sorghum was 

significantly affected by cultivars and 

planting patterns (Figure. 3). Among 

cultivars, the cultivar Sorghum-2011 

produced highest dry matter of 19.25t ha-1 

followed by Jawar 2002, while cultivar JS-

2002 (17.5t ha-1) produced less dry matter. 

In case of planting pattern, the highest yield 

of dry matter (18.53 t ha-1) was recorded in 

P3 (40 × 30 cm). The minimum dry matter 

yield (18.0 t ha-1) was observed in P1 

followed by P2. 

 

 

Figure 4. Changes in dry percent in 

response to different varieties and planting 

patterns. Note. P1, P2 and P3 represent 

different planting patterns.  

 

Figure 5. Changes in crude protein (%) in 

response to different varieties and planting 

patterns. Note. P1, P2 and P3 represent 

different planting patterns.  

The data regarding dry matter (%) of 

three sorghum cultivars affected by planting 

patterns is presented in figure 4. The 

maximum dry matter (%) was recorded in 

cultivar Jawar-2002 (34.13%), followed by 

Sorghum-2011, while minimum dry matter 

percentage (30.38 %) was observed in JS-
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2002. Among different planting patterns, dry 

matter percentage was found significant, and 

it ranged from 32.05-36.19 %. The 

maximum dry matter percentage (36.19%) 

was recorded in the treatment in which 

sorghum was sown by using a P3 (40 × 30 

cm) planting pattern. The minimum dry 

matter percentage (32.05 %) was recorded in 

the treatment P1 followed by P2. 

3.2 Qualitative Attributes  

The crude protein content of different 

cultivars as affected by various planting 

patterns is presented in figure 5. Maximum 

crude proteins (%) were observed in 

Sorghum-2011 (6.12%) followed by Jawar-

2002 (6.03%), while minimum crude protein 

(%) was observed in JS-2002 (5.85%). In 

the case of planting patterns, crude protein 

percentages were found significant, and it 

ranged from 5.90-6.06% the highest crude 

protein (6.06%) was recorded in the 

treatment in P3 (40 × 30 cm) planting 

pattern. The minimum crude protein 

percentage (5.90%) was recorded in the 

treatment P1(60 × 20 cm) followed by P2. 

Analysis of variance indicates that the 

percentage of crude fiber was considerably 

diverse in all varieties of sorghum (Figure 

6). Maximum crude fiber (32.12%) was 

observed in Sorghum-2011, and it was 

followed by Jawar-2002 (30.38 %), while 

minimum crude fiber (28.33 %) was 

observed in JS-2002. The effect of planting 

pattern on crude fiber percentage was found 

significant, ranging from 28.9-32.8%. 

The maximum crude fiber percentage 

(32.88%) was recorded in treatment P3. The 

minimum crude fiber percentage (28.91%) 

was recorded in the treatment P1, followed 

by P2. 

 

Figure 6. Changes in crude fiber content 

(%) in response to different varieties and 

planting patterns. Note. P1, P2 and P3 

represent different planting patterns.  

 

Figure 7. Changes in crude protein (%) in 

response to different varieties and planting 

patterns. Note. P1, P2 and P3 represent 

different planting patterns.  

The data regarding ash percentage shows 

significant variation among sorghum 

cultivars (Figure 7). Ash percentage was 

maximum (8.73%) in cultivar Sorghum-

2011 which was followed by Jawar-2002 

(8.43%) and were minimum (7.98 %) in JS-

2002. Among planting patterns, ash contents 
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were found significant and ranged from 

8.10-8.64 %. The maximum ash percentage 

(8.64 %) was recorded in P3(40 × 30 cm) 

planting pattern. The minimum ash 

percentage (8.10 %) was recorded in the 

treatment P1 (60 × 20 cm) planting patterns 

followed by P2. 

4. DISCUSSION  

Selection of cultivar and planting pattern 

is one of the most important method to get 

higher yield and quality of sorghum crop. 

Therefore, we conducted a field experiment 

to evaluate the best responsive planting 

pattern and cultivar to improve sorghum 

yield and quality under sustainable 

agriculture.  

Our results showed that growth and yield 

parameters including planting density (m-2), 

plant height (cm), leaves plant-1, leaf area 

plant-1, stem diameter (cm), weight plant-1 

(g) fresh weight plant-1 (g) and dry weight 

plant-1 (g) were significantly increased in the 

planting pattern of P3 (40 × 30 cm) under 

sorghum 2011 cultivar. These increments 

might be due to differentiation in the genetic 

makeup of cultivars and the adaptability of 

these varieties to different environmental 

conditions (Blum, 2004). Yousif et al. 

(2012) also found that different sorghum 

cultivars vary in plant height. Similarly 

Zulfiqar et al.(2009) documented that the 

number of leaves per plant were influenced 

by different planting pattern and cultivars. 

Present results contradict Miranda et 

al.(2013), who found non-significant 

dissimilarity in leaves number of various 

sorghum varieties. These contradictory 

results might have been due to differences in 

environmental conditions and the genetic 

potential of the varieties. An increase in 

weight per plant of Sorgum-2011 was due to 

greater plant height, leaf area, and stem 

diameter. Similarly, Gondal et al.(2017) 

showed significant differences among 

sorghum cultivars regarding weight per 

plant. Furthermore, Ayub et al.(2010) found 

non-significant differences in plant dry 

weight among six sorghum varieties, while 

Afzal et al. (2012) compared different 

sorghum cultivars. They found a significant 

difference in weight per plant of different 

forage sorghum cultivars. 

Protein contents are a major parameter 

affecting forage crops' nutritional value and 

quality. It’s the mixture of true protein and 

non-protein nitrogen and the fodder with 

high protein contents is considered a good 

quality fodder. While crude fiber percentage 

is one of the most important parameters that 

influences forage crops' quality. Fodders 

with low crude fiber contents are considered 

good quality forage because low fiber 

contents increase digestibility and 

palatability and improve intake. In addition, 

ash contents are described as the mineral 

contents in dry matter feedstuff and are 

mostly measured on a % basis. In the 

present study, protein contents, crude fiber 

percentage and ash content were improved 

in the planting pattern of P3 (40 × 30 cm) 

under sorghum 2011 cultivar. These 

significant differences may be due to the 

difference of growth stage at harvest. 

Another reason for these increments might 

be the more nutrient availability to plant in 

P3 patterns.  Panwar et al. (2000) also 

showed significant differentiation in crude 

fiber contents among varieties of sorghum. 

Ayub et al. (2010) studied two sorghum 
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cultivars viz. JS -263 and Hegari for crude 

fiber percent and ash percentage revealed 

Hegari produced higher protein and ash 

contents than JS-263.  

5. CONCLUSION 

Based on our results, we observed that 

among different cultivars, sorghum 2011 

resulted in higher yield, yield components 

and quality traits as compared to other 

cultivars. Similarly, Sorghum-2011 also 

performed better at the Planting pattern of P3 

(40 x 30 cm) compared to other planting 

patterns. Therefore, we concluded that the 

cultivar Sorghum-2011 performed better 

than the other two cultivars because it 

produced a higher yield with quality at 

Planting pattern P3 (40 x 30 cm). It can be 

recommended for cultivation under 

Faisalabad conditions.  
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