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Abstract 

 

Climate change and global warming have necessitated re-investigating production technology package of field crops 

for boosting their performance. Forage maize herbage yield, nutritional value and profitability were assessed by executing a 

field trial under semi-arid conditions. Agronomic yield attributes, green herbage yield, dry matter biomass, nutritional 

quality traits and economic turnouts were taken as response variables. The field trial was conducted using the factorial 

arrangement of RCBD. Different spatial arrangements (15, 30 and 45 cm) and seeding rates (80, 100 and 120 kg ha-1) were 

tested to determine the most productive combination. Maize planted in row spacing of 30 cm using 100 kg ha-1 seed rate 

remained superior by producing the maximum fresh biomass (49.82 t ha-1) and dry matter yield (13.18 t ha-1). The same 

treatment combination also improved the nutritional value of maize by increasing fat and ash contents while decreasing 

crude fiber. This treatment combination was followed by 120 kg ha-1 seed rate sown in 30 cm apart rows, while the seed rate 

of 80 kg ha-1 planted in 15 cm apart rows remained inferior to other treatments. In terms of economic performance, 100 kg 

ha-1 seed rate sown in 30 cm spaced rows remained unmatched by generating the maximum net earnings of US$ 567 with 

the highest benefit-cost ratio (2.39).  Thus, it is inferred that the forage potential of maize can be maximally exploited by 

using the seed rate of 100 kg ha-1 sown in 30 cm apart rows under semi-arid agro-climatic conditions. 
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Introduction 

 
Climate change, unsustainable farming systems and 

increasing populace have seriously threatened and 
compromised the food and nutritional security in South 
Asian states (Shahzad et al., 2020; Iqbal et al., 2019a; Khaliq 
et al., 2019). Interest is again revitalizing to develop and 
mold agronomic technology packages which may impart 
sustainability to existing profit-oriented farming along with 
boosting crops productivity and economic viability (Iqbal et 
al., 2018a; Iqbal et al., 2015a; William & Curt, 2002). The 
milk and meat productivity is directly dependent on animal 
nutrition which gets affected by sustainability of forage 
production (Iqbal et al., 2015b; Iqbal & Iqbal, 2015). 
Globally, maize (Zea mays L.) occupies pivotal position 
among forage crops by supplying abundant quantity of lush 
green forage with acceptable quality traits (Maqsood et al., 
2020; Riffat & Ahmad, 2020; Iqbal et al., 2017; Ali 2016; 
Ali et al., 2015; Maddonni & Otegui, 2001; Bavec & Bavec, 
2002). In South Asian countries, maize forage productivity 
has been suboptimal especially owing to obsolete agronomic 
technology package which needs thorough investigation to 
cope with emerging threats of climate change (Iqbal et al., 
2019b; Alam et al., 2017). The research needs are again 
revitalizing to develop and mold crops production 
technology packages which may impart sustainability to 
existing profit-oriented farming by boosting their 
productivity and economic viability (Iqbal et al., 2018a; 
William & Curt, 2002). 

Among agronomic yield attributes, plant population is 
the single most vital parameter which determines of 
productivity and profitability of forage maize (Thapa et al., 
2020; Iqbal & Ahmad, 2015; Akman, 2002). Plant 

population gets affected by inter-row spacing which also 
imparts significant influence on root growth, herbage yield 
and nutritional value of cereal forages (Li et al., 2004). 
Maize vegetative growth was adversely affected by closer 
spacing of rows as it gave rise to intense inter-plant 
competition for inputs which led to significant yield 
reduction (Lambe et al., 1998). Sub-optimal plant 
population, excessive vegetative growth and plants lodging 
along with severe weed infestation were recorded when the 
inter-row spacing was inappropriately increased (Li et al., 
2015). Shahoo & Panda (1999) inferred that nine maize 
varieties sown in row × plant spacing of 70 cm × 20 cm 
remained superior by yielding the maximum green forage 
during spring and autumn seasons. In contrast, the 
maximum yield was given by maize planted in 60 cm apart 
rows, while inter-plant spacing was kept at 45 cm 
(Maddonni & Otegui, 2006). However, it has also been 
revealed that maize productivity was significantly 
enhanced when row × plant spacing of 40 × 30 cm was 
maintained, while the rest of spatial arrangements (60 × 13 
cm and 40 × 25 cm) performed below par (Sarlangue et al., 
2007). Another contradictory finding has been reported 
where 35 cm apart rows of maize resulted in the highest 
biological yield in comparison to 45 cm spaced rows (Reta-
Sanchez et al., 2015). Moreover, row spacing was 
instrumental in maintaining the plant population of maize 
which indirectly determined agro-botanical traits and 
biological yield of spring planted maize (Testa et al., 2016). 
Thus keeping in view the contradictory findings, fresh field 
investigations are necessary to be executed to ascertain the 
most productive spatial arrangement for achieving varietal 
potential of forage maize yield as per varietal potential 
information under varying pedo-climatic conditions. 
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In addition to spatial arrangements, plant population 
of all crops including forage maize is also affected by the 
seeding rates (Andrzej et al., 2020; Maddonni & Otegui, 
2004; Naik et al., 2017). There are also contradictory 
findings regarding seeding rate and its impact on 
agronomic attributes, herbage yield, nutritive value and 
economic performance of forage maize under varying 
agro-ecological conditions. The seed rate for producing 
32000 plants per hectare was found to be necessary to 
achieve the maximum productivity of maize, however 
water availability and soil fertility status in addition to 
seed germination rate were recommended to be 
considered for cereal forages (Graybill et al., 1991). In 
contrast, seeding rate of maize was reported to have no 
significant influence on crude protein and fiber contents 
of forage maize under irrigated conditions (Ayub et al., 
1999). Again contradictory findings were reported where 
150 kg ha-1 seed rate of maize remained statistically non-
significant to 125 kg ha-1 in terms of green biomass 
production, while increasing seed rate had adverse impact 
on protein content of forage maize (Song et al., 2016). 
Previously, it has also been reported that all agronomic 
traits, herbage yield and nutritional quality parameters 
were influenced by seeding rate of maize (Charles & 
Charles, 2006). Along with biomass production and 
nutritional value, economic turn outs also constitute 
central position for increasing area under forage maize. 
Profits tend to decrease due to lower productivity coupled 
by doubling production costs which has led to 
continuously decreasing area under forage crops as 
farmers prefer to switch to cash crops (Sani et al., 2008).  

Varying environmental variables due to climate 

change, intensive farming induced soil deterioration, 

decreasing soil fertility caused by unsustainable use of 

synthetic fertilizers and contradictory findings regarding 

the optimal combination of spatial arrangement and 

seeding rate of maize make imperative to conduct fresh 

field investigations. The postulated hypothesis was that 

different seeding rates and spatial arrangements differ in 

their impact while complimentary combination of seeding 

rate and planting geometry may assist to achieve forage 

maize productivity, nutritional quality and net income. 

Thus, the prime goal of this field trial was to assess forage 

maize response to different seeding rates and spatial 

arrangements with respect to total herbage yield, 

nutritional value and economic viability.  
 

Materials and Methods 
 

Experimental site’s description: This trial was executed 

at the Agronomy Research Fields of University of 

Agriculture Faisalabad (31°25′45″ N 73°4′44″ E), 

Pakistan. The climate of the experimental site is sub-

humid while soil is classified as Haplic Yermosols (Iqbal 

et al., 2018b). The composite soil samples were subjected 

to analyses to determine mechanical and chemical 

characteristics of the experimental soil. The soil sampling 

was done from the corners and the center of the 

experimental unit up to 30 cm depth as per recommended 

protocols (Table 1). The soil of the experimental site was 

sandy clay loam and was found to be severely deficient in 

all macro-nutrients (N, P and K) as well as soil organic 

matter. The experimental soil had pH of 7.8.  

Table 1. The mechanical and chemical characteristics of the 

experimental soil before sowing determined from soil 

samples collected from 0-30 cm depth. 

Soil characteristics Recordings 

Organic matter  0.79% 

pH  7.8 

Electrical conductivity  1.74 dSm-1 

Nitrogen (total)  282.1 mg kg-1 

Phosphorous (available)  7.0  mg kg-1 

Potassium(available) 183.8 mg kg-1 

Sand  58% 

Silt  20% 

Clay 22% 

Textural class Sandy clay loam 

 

Experiment’s details: Maize (cv. Pak Afgoi-2003) seeds 

were obtained from Sargodha Forage Research Institute, 

Punjab, Pakistan. The field trial was comprised of three 

spatial arrangements (15×15, 30×30 and 45×45 row 

spacing) and three seeding rates of 80, 100 and 120 kg ha-

1). Thus, nine treatment combinations were tested in this 

field investigation. The factorial arrangement of the 

randomized complete block design was employed to 

execute the field experiment. There were four replications 

of each experimental plot. The net size of experimental 

plots was 6 × 14 m. Green and dry herbage yield, 

nutritional value and economic performance were selected 

as response variables.  

 

Crop husbandry: A fine seed bed was prepared through 

three cultivations followed by planking to pulverize the 

soil. Single super phosphate (45 kg ha-1 P2O5) and sulphate 

of potash (20 kg ha-1 K) were applied as basal dose before 

crop sowing, while urea (100 kg ha-1 N) was applied in 

three equal splits. Half of the urea was broadcasted at 

sowing time, while rest of the urea was applied in two 

equal splits with subsequent irrigations. There were four 

flood irrigations and weeds were controlled manually (14 

and 22 DAS) at early growth stages of maize. All 

agronomic practices except those under evaluation were 

uniformly applied to all experimental plots. 

 

Recording of response variables: Forage maize yield 

attributes were recorded at the harvesting time (65 days 

after sowing at pre-flowering stage). Fifteen randomly 

selected maize plants were selected for recording the 

agro-botanical traits such as plant height with tailor’s 

measuring plastic tap, stem diameter using vernier caliper, 

number of leaves, fresh plant leaf area using portable leaf 

area meter and fresh and dry weights with the help of 

movable balance. Plant population was determined by 

counting plants in an area of 2 m2, while tripod-tied 

spring balance was used to measure herbage yield of each 

plot by harvesting all plants and then was converted into 

tons per hectare. In order to determine dry matter, 100 g 

sample of chopped forage was oven-dried at 105°C until 

it had attained constant weight and was subsequently 

converted into tons per hectare. The nutritional quality 

traits were also recorded using standard techniques and 

protocols as suggested by Anon., (2003). 
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Economic analyses: To economically analyze the 

treatment combinations, total cost of production (TCP) 

was calculated as suggested by Iqbal et al., (2016); 

 

TCP = FE + VE     (1) 

 

where, FE represents fixed expenditures containing rent 

of land, employed labor, irrigation costs, harvesting 

expenditures, cost of transportation to market), VE 

donates variable expenditures (seed price).  

 

Gross profit (GP) and net profit (NP) for each treatment 

were computed as; 

 

GP = GFY × PM     (2) 

 

where, GFY and PM represent green forage yield (t ha-1) 

and local market price of maize forage (US$). 

 

NP = GP – TC P    (3) 
 

The benefit-cost ratio (BCR) was calculated using 

equation; 

 

BCR = GP / TCP     (4) 

 
Statistical analyses: Barlett’s test at probability level of 
5% indicated a non-significant interaction of treatment × 
year, as homogeneous variances were observed. Thus 
pooling of the data was done for statistical analysis as 
factorial arrangement of randomized complete block 
design. Data pertaining to yield attributes, herbage yield, 
dry matter biomass and nutritional quality were analyzed 
and compared using Fisher’s technique of variance 
analysis (ANOVA) with three factors of seed rate, spatial 
arrangement and seed rate × spatial arrangement 
interaction. The comparison of treatments means was 
done by employing the Duncan’s multiple range test at 
5% probability level (Steel et al., 1997). The correlation 
coefficients were used to find out the relationship among 
agronomic yield traits and herbage biomass using 
Microsoft’s Excel program (Iqbal et al., 2016). 
 

Results and Discussion  
 

Green biomass and dry matter yield: The agro-
botanical traits serve as important indicators for 
determining plant growth and predicting forage yield of 
cereals (Iptas & Acar, 2006; Ogola et al., 2005; Li & Li, 
2004; Nawab et al., 1999). In this study, seed rates had 
significant (p≤0.05) influence on maize population as the 
plots receiving 120 kg ha-1 seeds recorded the maximum 
plant population; however it had non-significant 
interaction with the spatial arrangements (Table 2). The 
rest of yield attributes such as plant height, stem girth, 
leaf area, fresh weight and dry weight were significantly 
(p≥0.05) effected by their interactive effect, however the 
number of leaves was the only exception. The spatial 
arrangement of 30 cm using 100 kg ha-1 seed rate 
remained outstanding by recording the maximum 
agronomic variables which led to the maximum herbage 
yield and dry matter biomass. However, fresh and dry 
weights of maize plants were at par to their equivalents at 
the seeding rate of 100 kg ha-1 sown in 45 cm spaced rows 

(Table 2). The highest seeding rate (120 kg ha-1) under the 
narrowest row spacing (15 cm) performed below par in 
terms of all yield traits and herbage biomass. The 
correlation analyses revealed direct relationship of all 
yield attributes with herbage yield indicating the need to 
breed new maize varieties having higher genetic potential 
for vegetative growth (Fig. 1).  

The reason for sub-optimal performance of the highest 

seeding rate (120 kg ha-1) could be owing to intensive inter-

plant competition for farm inputs especially fertilizers, 

while sub-optimal plant population was reported to impart 

drastic impacts on effective utilization of farm inputs 

(Ogola et al., 2005). In contrast to these findings, 

previously it was reported that 80 kg ha-1 seed rate of maize 

produced higher biomass compared to 60 kg ha-1, however 

seed rate increment gave the reduced forage yield due to 

competition for limited soil moisture (Amanullah et al., 

2009; Esechie, 2009; Davi et al., 1995). Ayub et al., (1999) 

inferred that spatial arrangements had no influence on the 

number of leaves of forage maize and it was suggested that 

number of leaves per plant seemed to be genetically 

controlled trait for which agronomic management practices 

remained ineffective. Spatial arrangement were reported to 

impart significant influence on herbage yield while, close 

spacing between the rows such as 15 and 20 cm part rows 

confronted higher competition. It was also observed that 

widely spaced rows including 45, 60 and 70 cm apart rows 

recorded lower efficiency of applied nutrients due to lesser 

plant population (Addo et al., 2011). In contrasting 

findings, seeding rates were recorded to have no impact on 

herbage yield, however higher nutrient use efficiency was 

recorded for closely spaced rows which led to higher 

biomass production of cereal forages (Turgut et al., 2005; 

Shieh & Lu, 1992). 
 

Nutritional value: The nutritional quality of forage crops 
determines their value especially protein content occupies 
the central place on nutritional scale (Ciampitti & Vyn, 
2010). The highest protein content (8.37%) was recorded 
for 100 kg ha-1 seed rate while the lowest protein was 
recorded by 80 kg ha-1 seed rate (Table 2). Spatial 
arrangements and its interaction with seed rate remained 
non-significant as far as protein content of forage maize 
was concerned. In contrast, the interaction effect of spatial 
arrangement and seed rate was found to be significant 
(p≥0.05) for the crude fiber content. The highest fiber was 
observed for seed rate of 80 kg ha-1 planted under all row 
spacing, while the combination of seed rate (100 kg ha-1) 
and spatial arrangement (30 cm) resulted in the minimum 
fiber content. Contrary to previous trend, the maximum 
ash content (8.51%) was produced by 45 cm spaced rows 
which remained at par to 15 cm row spacing, 30 cm apart 
rows gave the minimum ash content of forage maize. 
Previously, an inverse relationship has been reported 
between protein and fiber contents of forage crops as 
increment in protein reduced the fiber content (Farnham, 
2001). Moreover, high protein and low fiber of forages 
were associated with higher forage quality which 
effectively increased milk and meat production. The 
significant impact of spatial arrangements and seeding 
rate on ash of forage maize was probably owing to 
difference in minerals absorption which caused an 
increment in ash content of forage maize (Rakesh et al., 
2016; Lambe et al., 1998). 
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Fig. 1. Yield attributes correlation with herbage and dry matter yields of maize sown using varying seeding rates and spatial arrangements. 

 

Table 3. Economic viability of forage maize planted 

using different seed rates under varied spatial 

arrangements (pooled analysis). 

Treatments TCP GP NP BCR 

80×15 388.24 709.40 321.16 1.82 

80×30 388.24 747.00 358.76 1.92 

80×45 388.24 748.60 360.37 1.93 

100×15 406.79 823.20 416.41 2.02 

100×30 406.79 974.40 567.62 2.39 

100×45 406.79 875.20 868.41 2.15 

120×15 424.53 829.57 405.04 1.95 

120×30 424.53 874.00 449.47 2.05 

120×45 424.53 846.80 422.27 1.99 

TCP= Total cost of production in US$ ha-1, GP= Gross profit in 

US$ ha-1, NP= Net profit US$ ha-1, BCR= Benefit: cost 

 

Economic viability: The appraisal of forages production 

on economic dimension is of the utmost importance to 

cease the decreasing area under forages by making them 

compatible to cash crops in terms of economic turn outs 

(Iqbal et al., 2016; Roy et al., 1992). The seed rate of 100 

kg ha-1 sown in 30 spaced rows generated the maximum 

gross income of US$ 974 along with the net income of 

US$ 567) (Table 3). The unmatched herbage yield recorded 

by this combination of spatial arrangement and seeding rate 

might be attributed for generating the maximum economic 

turnouts. Economically, seed rate of 120 kg ha-1 followed 

it. The seed rate of 80 kg ha-1 sown under all spatial 

arrangements could not perform at par to higher seeding 

rates. Prior research findings also revealed that 

optimization of seed rate and planting geometries was 

instrumental for boosting nutrient and water use 

efficiencies of forage crops which resulted in achieving the 

maximum herbage yield as per varietal potential and 

ultimately profitability was multiplied significantly. 

Moreover, suboptimal seeding rates and spatial 

arrangements caused depletion of economic returns of 

cereal forages owing to sub-optimal plant population which 

led to crop switching by farmers (Ayub et al., 2003). 

Among economic indicators of crop production, the 

benefit-cost ratio (BCR) is consider vital to determine the 

additional income generated by each treatment which 

could also be used as an indicator to assess economic 

viability of applied treatments. The seed rate of 100 kg ha-

1 sown in 30 cm apart rows resulted in the maximum BCR 

of 2.39, while the same seeding rate sown in 45 cm apart 

rows with BCR of 2.15 followed it. It was followed by 

forage maize planted in 30 cm apart rows by using 120 kg 

ha-1 seed rate (Table 3). The results revealed that seed rate 

of 80 kg ha-1 recorded the minimum BCR under all 

planting geometries. These findings completely 

corroborate with those of Alam et al., (2017), who 
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recommended that optimal use of seed rate and planting 

geometry increased profitability by boosting herbage 

yield and it was suggested to re-investigate the spatial 

arrangements and seeding rates under different agro-

climatic conditions in order to achieve the maximum 

economic returns from cereal forages. 

 

Conclusions 

 

Climate change and decreasing economic turnouts 

have necessitated modifying and re-optimize the 

production technology for forage maize. The seed rates 

and spatial arrangements imparted significant influence 

on yield attributes and herbage yield of forage maize. The 

crop sown using sate rate of 100 kg ha-1 in 30 cm apart 

rows resulted in the maximum biomass and nutritional 

value of forage maize which led to the highest gross and 

net incomes. Moreover, the postulated hypothesis of the 

field trial was rejected partially as seed rate increment 

proved helpful up to 100 kg ha-1, while over than this seed 

rate reduced the herbage yield and economic turn outs. 

Moreover, closely spaced rows remained superior but up 

to 30 cm and further narrowing of rows adversely affected 

the herbage yield and economic viability of maize. Thus, 

the combination of 100 kg ha-1 seeding rate planted in 30 

cm rows could be recommended in order to fully exploit 

the forage maize potential. It is also suggested to conduct 

further in-depth field investigations to evaluate more 

spatial arrangements and their impact on water and 

nutrient use efficiencies.  
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