
 

 

A field study to ascertain the seed rate (80, 100,120, 140 kg ha
-1

) effects on fodder yield and quality attributes of two maize 

(Zea mays L.) varieties, Sadaf and Neelum, was conducted during the year, 2006. Results of the current study described that 

Sadaf cultivar significantly increased the green fodder (58.91 t ha
-1

) and dry matter yields (8.18 t ha
-1

) due to increased plant 

height (179.69 cm), stem diameter (3.17 cm) and number of leaves per plant (13.04), leaf area per plant (2323.71 cm
2
), fresh 

(289.96 g) and dry weights (31.03 g) per plant parallel to Neelum cultivar (P<0.05). Both cultivars (Sadaf and Neelum) 

produced statistically similar number of plants m
-2

 (28.63 and 28.16, respectively). Crude protein (8.10%), crude fiber 

(31.19%), ether extractable fat (1.73%) content and ash percentage (7.26%) was also increased in Sadaf cultivar. Higher seed 

rate significantly increased the plant population (40.16 m
-2

), plant height (198.90 cm), stem diameter (3.99 cm), green and 

dry matter yield (65.50 and 8.92 t ha
-1

, respectively), but decreased the leaf area, fresh and dry matter content while crude 

protein (7.66%), crude fiber (30.83%), ether extractable fat (1.66%) and ash percentage (6.70%) content was decreased to a 

significant extent (P<0.05). Maximum crude protein, crude fiber, crude fat and ash contents were attained at lower seeding 

density. The seed rate of 80 and 100 (kg ha
-1

) remaining at par in relation to protein and fat production. Maize cultivar Sadaf 

sown at seed rate of 140 kg ha
-1

 was the best combination for getting higher green fodder yield under irrigated conditions. 

 Keywords: Seed rate, fodder yield, quality attributes, crude protein, ether extractable fat, ash percentage, Zea mays L. 

 

INTRODUCTION 

 

Maize (Zea mays L.) is one of the leading cereal and fodder 

crop in the world. Basically it is a tropical plant but at 

present it is being cultivated extensively with equal success 

in temperate, tropical and sub-tropical regions of the world 

(Tahir et al., 2009). Due to its high production potential 

ability, quick growing nature, wider adaptability, excellent 

fodder quality, succulency, palatability and free from 

toxicants, it can safely be fed to livestock at any crop growth 

stage (Mahdi et al., 2011). 

About 60 percent maize is grown in irrigated and 36 percent 

in rain fed areas of Pakistan as third most important cereal 

crop after wheat and rice. It is a short duration crop and is 

grown twice a year. In Pakistan grain yield of maize is very 

low contrast to other maize growing countries like Argentina 

(5650 kg ha
-1

), China (4570 kg ha
-1

), Canada (6630 kg ha
-1

) 

and Italy producing average maize yield of 9530 kg ha
-1

 

(Abuzar et al., 2011). At present, in Pakistan maize is 

cultivated as a fodder crop at an area of 9.39 million ha, 

while its total fodder production is 3.34 million tons with an 

average yield of 3264 kg ha
-1

 (Govt. of Pakistan, 2011). 

Many environmental, cultural and genetic characters 

influence on maize forage yield. Fodder scarcity is among 

the core limiting constraint for flourishing livestock industry 

in Pakistan. Animals are deficient in protein and energy by 

60% and 40%, respectively. Corn is a prime source of 

energy in dairy industry as produced high yield and high 

energy forage with lower labor and machinery requirements 

than other forage types (Sial and Alam, 1988). Although 

maize is extensively grown in Pakistan as a fodder crop but 

its yield is very low. Maize hybrid selection and seed rate 

are important management considerations for successful 

fodder production in dairy and livestock operations (Ayub et 

al., 1999; Ayub et al., 2000). Seedling density is one more 

imperative agronomic factor that greatly manipulates the 

micro climate of the field and eventually maize fodder yield 

through influencing the growth, yield and quality parameters 

but Sharma et al. (1996) and Ahmad (2003) reported that dry 

matter accumulation in main axis is unaffected by increased 

population. Increased population reduced the weight per 

plant, tiller numbers per plant and leaf area at 50% anthesis. 

Similarly, increase in seed rate significantly improved the 

plant density, plant height, dry weights, relative growth rate 

and fodder yield but considerably decreased the quality 

parameters of forage like stem diameter (cm), leaf area, 

crude fibre (%), extractable fat (%), crude protein (%) and 

ash percentage (Ayub et al., 2002; Malik et al., 2007; 

Valadabadi and Farhani, 2010). Increasing seed rate from 40 

to 80 kg ha
-1

 has registered significantly higher green and 

dry fodder yield (Tiwana et al., 2007; Pradhan et al., 2009). 

Among summer fodders, it is an important quick growing 
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fodder available throughout the long summer (Ahmed et al., 

2001). Since the introduction of spring maize cultivation in 

Pakistan there has been gradual increase in planting maize 

during spring season in the irrigated low land areas of 

Punjab. Maize crop does not have tillering capacity to adjust 

variations in plant stand, thus good hybrid selection and 

optimum seed rate for forage production are vital 

management decisions for booming fodder production 

(Allen et al., 1997; Njoka et al., 2005). 

Keeping in view the above facts, the proposed study was 

designed to determine the optimum seed rate and suitable 

variety to obtain maximum maize fodder yield grown under 

agro-climatic conditions of Faisalabad. 

 

MATERIALS AND METHODS 

 

Site and soil description: The planned study was conducted 

at the Post-graduate Agriculture Research Station, 

University of Agriculture, Faisalabad. The experimental site 

was situated by 73° 06
ʹ 
E, 31

0 
26

ʹ
 N and at altitude of 184.4m 

above sea level with semi-arid climate. Before sowing the 

crop the experimental soil was analyzed for their physico-

chemical properties (Table 1). Mean monthly rainfall, 

relative humidity and air temperature was recorded from 

meteorological observatory in the immediate vicinity of the 

field during the phase of crop development (Fig. 1). 

 

Table 1. Physico-chemical analysis of experimental site 

Properties Unit Value 

Sand  % 27 

Silt % 38 

Clay % 43 

Saturation percentage % 31.6 

Electrical conductivity dS m
-1

 1.79 

pHs -- 8.5 

Organic matter % 0.95 

Total Nitrogen % 0.23 

Available Phosphorus ppm 1.00 

Extractable Potassium mg kg
-1

 186 

 

Treatments and experimental design: The experiment was 

laid out in a randomized complete block design (RCBD) 

with split plot arrangement in a triplicate run having net plot 

size of 3m × 6m. The varieties were randomized in main 

plots while seed rates in sub plots. The experiment 

comprised of following treatment combinations;   

     Varieties: (V1= Sadaf, V2= Neelum) 

     Seed rates: (S1= 80, S2=100, S3=120, S4= 140) kg ha
-1

 

Crop husbandry: The crop was sown in August, 2006 on 

well prepared seedbed in 30 cm apart rows with the help of 

single row hand drill. The whole of phosphorous and potash 

along with half dose of nitrogen was applied at the time of 

sowing and remaining half of nitrogen was applied at knee 

height. The crop was thinned out at 3-4 leaf stage in order to 

maintain the optimum plant population. All other agronomic 

practices were kept normal and uniform for all treatments 

except seed rate. The crop was harvested on October 4, 2006 

and kept in the respective plots for sun drying. The cobs 

were removed from the dry stalks, unsheathed and threshed 

mechanically with the help of corn sheller. 

 

0

10

20

30

40

Ju
ly

A
ug

.

S
ep

.
O

ct
.

T
e
m

p
M

a
x
, 

T
e
m

p
M

in
 (

°C
)

0

40

80

120

160

200

R
a
in

F
a
ll 

(m
m

),
 R

e
la

ti
v
e
 H

u
m

id
it
y
 (

%
)

RainFall R.H TempMax TempMin

 

Figure 1. Mean monthly minimum and maximum 

temperatures, relative humidity and rainfall 

 

Data recording: Pre planned observations on growth and 

yield parameters of crop as number of plants m
-2

, plant 

height (cm), leaves per plant, stem diameter (cm), fresh 

weight per plant (g), dry weight per plant (g), leaf area,  

green fodder yield (t ha
-1

), dry matter yield (t ha
-1

), crude 

protein (%), crude fiber (%), ether extractable fat (%) and 

total ash (%) were recorded using standard procedures. 

Procedures for recording quality parameters crude protein 

(%): 1.0 g of oven dried plant material, 30 ml of 

concentrated H2SO4 and 5 g digestion mixture [K2SO4; 

CuSO4; FeSO4 (100g; 10g; 5g)] was mixed, digested on the 

gas heater in Kjeldhal digestion flask, cooled and made up 

the volume to 100 ml. 10ml aliquot was taken out of this for 

distillation. Nitrogen evolved as ammonia was collected in a 

receiver containing boric acid (2%) solution and mixed 

indicator (Bromocresol green and methyl red) and titrated 

against standard (0.1N) H2SO4 The reading obtained after 

titration against H2SO4 was then multiplied by 6.25 to get 

crude  protein percentage. Crude protein percentage was 

calculated by using the formula: 
      
              Vol. of N/10 H2SO4 used × 0.0014 × 250 × 100 

  % N= ------------------------------------------------------------ 

                                  Weight of sample × 10 
 
   Crude protein (%) = % N × 6.25 

Crude fibre (%): 1.0 g of oven dried plant material was put 

in 250 ml beaker, added 1.25% H2SO4 and distilled water 

and made up the volume to 200 ml. It was heated for 30 

minutes and then filtered and washed. Again added 1.25% 

NaOH and distilled water and made up the volume to 200 
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ml. Heated again, filtered and washed, dispensed in crucible 

and placed in oven at 10
o
C for 24 hours. On drying, it was 

weighed (W1) and placed the crucible on flame and ignited. 

When smoke disappeared it was placed in muffle furnace at 

600
o
C till grey or white ash was obtained. Then it was 

cooled and weighed (W2). The crude fiber percentage was 

calculated by using the formula: 

       Crude fibre (%) = W2-W1/ Sample weight × 100 

Ether extractable fat (%): 1.0 g of oven dried plant sample 

was taken in extraction thimble and plugged it with cotton. 

Positioned the thimble in Soxhlet (extraction apparatus), 

consisting of three major parts condenser, jacket containing 

the sample and flask. Added ether in flask (250 ml or 500 ml 

flask) and connected condenser in inlet and outlet water 

tube, and placed the flask on hot plate in order to avoid 

direct heating. Ether in the flask evaporated at 40-60
o
C and 

vapors moved to condenser and condensed there to form 

ether that felon the sample in the jacket. Ether after 

extracting fat from the sample fell in the flask through 

siphon tube. This process continued for 6-8 hours until 

whole of the fat was extracted. Then detached the flask, 

added the mixture (ether fat) in reweighed beaker (W1) and 

placed in oven. Ether evaporated and fat was left. Ether 

extractable fat percentage was calculated by using the 

formula: 

W1= Weight of empty beaker 

W2= Weight of beaker + fat 

Ether extractable fat(%)=W2˗W1/Sample weight (1.0g)×100 

Total ash (%): Weighed the empty dry crucible (W1), added 

1.0 g of oven dried sample in crucible, placed it in muffle 

furnace; heated at 600
o
C for one hour, cooled and reweighed 

(W2). Ash percentage was calculated by using the formula: 

             Ash (%) = W2˗W1/ Sample weight × 100 

Statistical analysis: Data of various growth and yield 

parameters were analyzed statistically by using Fisher’s 

analysis of variance techniques and Duncan’s New Multiple 

Range Test (DMRT) at 5% probability level was employed 

to compare the significance of treatments’ means (Steel et 

al., 1997). 

 

RESULTS AND DISCUSSION 

 

Plant population (m
-2

): Both varieties had statistically 

similar plant population and the number of plants were 

(28.63 m
-2

) and (28.16 m
-2

) for cultivar Sadaf and Neelum, 

respectively. The non-significant difference between 

varieties for plant density might have been due to similar 

seed size and germination percentage. The plant population 

was significantly influenced by the seed rates. A progressive 

and significant increase in plant population was observed 

with the increase in seed rate (P=0.05). The maximum 

(40.16 m
-2

) and minimum (17.94 m
-2

) plant density was 

observed at 140 kg and 80 kg seed rate per hectare, 

respectively (Table 2, 3). Interaction between varieties and 

seed rates was non-significant. If the seed size is the same 

then it is quite obvious to get higher plant population at 

higher seed rate (Rafiq et al., 1996).  

Plant height (cm): Plant height was not affected 

significantly by the varieties (Table 2, 3). Cultivars Sadaf 

and Neelum produced a plant height of 179.69 cm and 

176.84 cm, respectively. The minimum plant height (162.2 

cm) was recorded at the lowest seed rate (80 kg ha
-1

) and it 

was statistically different from 100 kg ha
-1

 and 120 kg ha
-1

. 

The maximum significant plant height (198.90 cm) was 

attained with seed rate (140 kg ha
-1

) (P=0.05). These 

findings are in confirmation to those of Ayub et al. (1998) 

and Ahmed et al. (2001) but are contradictory to the results 

of Sencor et al. (1993), who depicted that contradictory 

results may be due to variation in soil fertility, environment 

and genetic makeup of varieties. 

Leaves per plant: The data regarding varieties and seed rates 

showed non-significant effects on number of leaves per plant 

(Table 2, 3). The maximum leaves per plant (13.31) were 

acquired in plots where seed rate (120 kg ha
-1

) was applied 

(P=0.05). Seed rates (80 & 100 kg ha
-1

) showed statistically 

similar results in terms of number of leaves per plant (12.74 

& 12.85, respectively). The minimum leaves per plant were 

observed in plots receiving seed rate (140 kg ha
-1

). 

Interaction between varieties and seed rates was illustrated 

non-significant in current study. These results are 

contradictory with the findings of Khan (1995) and Safdar 

(1997), who revealed that the highest number of leaves per 

plant was obtained with highest planting density. 

Stem diameter (cm): The data presented in (Table 2, 3) 

indicated that the difference in stem diameter between 

varieties was non-significant. This non significant difference 

between varieties for stem diameter can be attributed to the 

similar genetic makeup of the varieties. Stem diameter was 

affected significantly by seed rate treatments (P=0.05). A 

progressive and significant decrease in stem diameter was 

observed with the decrease in seed rates. Plots sown at seed 

rate (140 kg ha
-1

) resulted in significantly higher stem 

diameter (3.99 cm) than all other seed rates. The minimum 

stem diameter (2.45 cm) was observed in plots that sown at 

80 kg ha
-1

 seed rate. Combined study was also non-

significant. These findings are quite in line with Siddique et 

al. (1989). 

Fresh and dry weights (g): The maximum fresh weight per 

plant (348.8 g) was recorded for the lowest seeding density 

S1 (80 kg ha
-1

) and minimum fresh weight per plant (196.70 

g) was observed at highest seeding density S4 (140 kg ha
-1

). 

Sadaf cultivar gave maximum fresh weight (289.96 g) 

contrast to Neelum cultivar (260.81 g). These results are in 

strong support by Shieh and Lu (1992). The cultivar Sadaf 

gave significantly higher oven dry weight (31.03 g) than 

cultivar Neelum (28.26 g). The crop sown at seed rate of 80 

kg ha
-1

 produced significantly higher fresh and dry weights 

(348.80 & 38.52 g, respectively) than all other seed rates and 
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was followed by seed rate of 100, 120 and 140 kg ha
-1

, 

respectively (P=0.05). The higher fresh and dry weights at 

higher seeding densities have been due to higher number of 

plants (m
-2

) and plant height (Table 2, 3). These results are 

in agreement with those of Begna et al. (2000). The 

interaction between varieties and seeding densities was 

found non-significant. There had been a consistent increase 

in fresh and dry biomass with the successive increase in 

planting density. 

Leaf area per plant (cm
2
): The leaf area per plant is an 

important physiological yield determining variable and is 

influenced differentially by various agronomic practices. 

The data in respect of leaf area per plant showed that both 

varieties had statistically similar leaf area per plant and 

values recorded were 2323.71 cm
2 

and 2272.92 cm
2
 for 

Sadaf and Neelum, respectively (Table 2, 3). Comparison of 

seed rate showed that the lowest seed rate S1 (80 kg ha
-1

) 

followed by S2 (100 kg ha
-1

), S3 (120 kg ha
-1

) and S4 (140 kg 

ha
-1

) produced significantly higher leaf area (2576 cm
2
) per 

plant (P=0.05). Minimum leaf area per plant (2034 cm
2
) was 

observed at the highest seeding density S4 (140 kg ha
-1

). The 

higher leaf area per plant at low planting density might have 

been due to less competition for nutrients and sunlight 

among the plants. These results are contradictory to that of 

(Cox, 1996). The interaction between seeding densities and 

varieties was not significant. 

Green fodder yield (t ha
-1

): The statistical analysis along 

with the summary of treatment means is presented in Table 2 

and 3. Both varieties had statistically different green fodder 

yield and the yields were 58.91 and 54.56 t ha
-1

 for cultivar 

Sadaf and Neelum, respectively (P=0.05). The seeding 

densities differed significantly for green fodder yield per 

hectare. Increase in yield was observed with the increase in 

seed rate. The crop sown at seed rate of 140 kg ha
-1 

produced 

significantly higher green fodder yield (65.50 t ha
-1

) than 

other seed rates and was followed by seed rate of 120, 100 

and 80 (kg ha
-1

) with yield of 59.18, 54.81 and 47.46 (t ha
-1

), 

respectively. 

The higher seed rates at higher seeding densities have been 

due to number of plants (m
-2

) and plant height (cm). These 

results are in agreement with those of Begna et al. (2000) 

and Ahmed et al. (2001). The interaction between varieties 

and seeding densities was found non-significant. 

Dry matter yield (t ha
-1

): The data presented in Table 2 & 3 

described that cultivar Sadaf produced significantly more 

dry matter (8.18 t ha
-1

) than cultivar Neelum (7.47 t ha
-1

). 

Significant differences amongst the maize cultivars for dry 

matter yield have also been reported by Ballard et al. (2001). 

The interaction between varieties and seeding densities was 

found non-significant. Dry matter yield was also influenced 

significantly by the seeding densities (P=0.05). There had 

been a consistent increase in dry matter with the successive 

increase in dry matter with the successive increase in 

planting density. Maximum dry matter yield (8.92 t ha
-1

) was 

recorded for highest seeding density S4 (140 kg ha
-1

) which 

was significantly higher than other treatments. Minimum dry 

matter yield (6.90 t ha 
-1

) was obtained from the plots which 

were planted at the seed rate of 80 kg ha
-1

. Similar results are 

in strong line which have already been reported by Graybill 

et al. (1991) and Cox and Cherney (2001). 

Quality attributes: 

Crude protein content (%): Protein content is considered 

one of the most important parameter affecting the 

palatability and nutritional value of fodder crop. Both 

varieties had statistically similar crude protein content 

(Table 4, 5) and value recorded was 8.10% and 7.92% for 

Sadaf and Neelum, respectively. These results are quite 

similar to those of Ayub et al. (1998) but are in 

contradictory to those of Simic et al. (2003). Seeding 

densities affected the crude protein percentage significantly 

(P=0.05). Seeding density of 80 kg ha
-1

 remained at par with 

100 kg ha
-1

 than seeding densities of 120 and 140 kg ha
-1

 

which gave maximum crude protein content (8.27% and 

8.22%, respectively). The difference between seeding 

densities of 120 and 140 kg ha
-1 

was significant. These 

results are against the findings of Safdar (1997). The 

minimum protein content (7.66%) was observed in plots 

with seeding density of 140 kg ha
-1

. Similar effect of seeding 

density on crude protein was observed by Silva (1986). The 

combined effect between seeding density and cultivars was 

non-significant.       

Crude fibre content (%): Crude fibre percentage is another 

attribute that influence the quality of fodder crops. The crude 

fibre content is lower at early growth stages and gradually 

Table 4. The mean squares of varieties and seed rate treatments on quality attributes of maize (Zea mays L.) 

Source of Variation df Mean square 

Crude protein (%) Crude fiber (%) Ether extractable fat (%) Total ash (%) 

Replication (r) 2 0.08 0.04 0.001 0.04 

Varieties (V) 1 0.19 0.82 0.023 2.89
**

 

Error a 2 0.03 0.04 0.001 0.001 

Seed rate (S) 3 0.48
**

 0.41
**

 0.011 0.25
**

 

V × S 3 0.06
NS

 0.27
NS

 0.001
NS

 0.08
NS

 

Error b 12 0.04 0.13 0.006 0.008 

NS= Non-significant; **= Indicates the significance at 5% levels of probability. 

 



Maqsood, Shehzad & Abbas 

 160 

increases with the age of the plant. The more the crude fibre 

percentage in the feeding material, the more will be its 

quality. Table 4 & 5 illustrates that neither varieties and nor 

seeding densities affected the crude fibre percentage to a 

significant extent. The results are strongly supported by the 

findings of Cox and Cherney (2002). A slight increase in 

crude fibre percentage was experienced with the successive 

increase in seeding density. The maximum crude fibre 

percentage (33.39%) was observed for S1 (80 kg ha
-1

) in 

contrast to minimum crude fibre percentage (30.83%) for S4 

(140 kg ha
-1

) as the crude fibre remained higher both for 

varieties and seeding densities (P=0.05). The interaction 

effect between seeding density and cultivars was non 

significant. The crude fibre percentage is mainly influenced 

by growth stage and harvesting time as the plots were sown 

and harvested on the same day having same growth stage 

and ultimately containing similar fibre percentage (Nass and 

Coors, 2003).     

Ether extractable fat (%): The data presented in Table 4 & 5 

revealed that ether extractable fat percentage was affected 

significantly by both varieties and seeding rates (P=0.05). 

Both varieties (Sadaf and Neelum) did not perform similar in 

terms of fat percentage values. The maximum ether 

extractable fat percentage (1.73%) was yielded by the Sadaf 

variety compared to Neelum (1.66%). Comparable results 

were also reported by Ayub et al. (1998). Ether extractable 

fat percentage was not significantly influenced by the 

seeding densities as the seed rate of 80 kg ha
-1

 remained at 

par with 100 kg ha
-1

 and produced almost higher fat 

percentage (1.75%) than other seed rate treatments. The 

difference among the seed rates 100, 120 & 140 (kg ha
-1

) 

was not statistically significant. The minimum fat value 

(1.66%) was recorded at the maximum seeding density (140 

kg ha
-1

). The higher fat value at the lowest seeding density 

might have been due to the reason that plants grown at wider 

distance exploited more soil and aerial environment 

resources (Vindis et al., 2010). The combined effect between 

seeding density and cultivars was no-significant. 

Total ash (%): Significant differences between varieties and 

seeding densities were observed for total ash percentage 

(Table 4 & 5). The data depict a clear distinction for total 

ash percentage accounted in Sadaf (7.26%) and Neelum 

(6.56%) varieties (P=0.05). Kim et al. (1992) have also 

reported the significant differences amongst the maize 

cultivars for ash content of whole plant. A decrease in ash 

percentage was observed with increase in seeding density. 

The difference among the seeding densities was also 

significant. The maximum (7.16%) and minimum (6.99%) 

total ash percentage was evidenced at seeding densities of 80 

and 100 kg ha
-1

, respectively. The interaction of seeding 

density and cultivars was also non-significant. Qureshi 

(1964) has also stated that a decrease in ash content of maize 

occurred as a result of increase in plant population but 

increase could not reach to a significant extent. 

 

CONCLUSIONS 

 

Maize is perhaps the most potential seasonal crop for its 

higher productivity and diverse uses by virtue of its 

capability of solar interception. As the green fodder and dry 

matter yields were increased with increasing seed rates while 

cultivar Sadaf performed better having more plant height, 

stem diameter, leaf area per plant (cm
2
), leaves per plant, 

fresh and dry weights per plant. Accordingly, from the above 

discussion it is quite obvious that maximum fodder can be 

gained from cultivar Sadaf by sowing at the highest seed rate 

of 140 kg ha
-1

. 
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