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ABSTRACT 
 

An experiment was conducted during 2011 at Agronomic Research Area, 
University of Agriculture, Faisalabad, Pakistan to check the interactive effect of 
both macronutrients and micronutrients on the yield and quality of forage 
maize. The experiment comprised two factors i.e. varieties (Pak Afghoi and 
Syngenta-6621) and nutrients (NP and micronutrients). The application of NP 
and micronutrients alone and in combination was carried out with one water 
spray at 15 days after sowing (DAS), two water sprays at 15 and 30 DAS and 
three water sprays at 15, 30 and 45 DAS while, recommended dose of NP was 
used as control. The experiment was laid out in RCBD with factorial 
arrangement. The application of two foliar sprays of micronutrients at 15 and 
30 DAS along with NP applied in soil significantly increased the green forage 
yield (58.63 t/ha) in Pak Afghoi. The quality parameters like crude protein (%), 
crude fiber percentage and ash contents percentage were also significantly 
affected by the application of micronutrients. Significant differences were also 
observed among the cultivars regarding plant height, leaf area per plant and 
stem girth per plant. The variety Pak Afghoi with two foliar sprays of 
micronutrients applied at 15 and 30 DAS along with NP as soil application 
produced significantly higher green forage yield (58.63 t/ha) and crude protein 
(9.55 %). For higher yield and protein content of forage maize, Pak Afghoi 
variety should be grown with two foliar applications of micronutrients at 15 and 
30 DAS along with simultaneous use of NP in soil. 
 
KEYWORDS: Zea mays; maize; nutrient management; NP; micronutrients; 

agronomic characters; forage yield; Faisalabad; Pakistan. 
 

INTRODUCTION 
 

The livestock sector is an integral part of agriculture in Pakistan. Green 
forage demands for rapidly expanding livestock industry is increasing day by 
day in Pakistan. The total area under fodder cultivation was 23.12 million 
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hectares with a production of 519.25 million tons. Maize fodder was cultivated 
on an area of 0.09 million hectares and its production was 0.96 million tons 
(4). Although forage is the cheapest form of feed for animals but the present 
forage production in Pakistan does not meet the forage requirement in terms 
of both quantity and quality, which consequently results in poor nourishing of 
animals.   
 

Almost all cultivated soils of Pakistan are alkaline and calcareous, with high 
base saturation and low organic matter contents (generally < 1%). Therefore, 
the major soil fertility problems are deficiencies of macro and some 
micronutrients. Out of 17 elements, 10 essential elements have been 
classified as “macronutrients” as these are required in relatively large amount 
by the plants. 
 

Crop nutrition is a phrase that describes the interrelationship of mineral 
elements in the soil and solution phase and their function in plant 
development. Some plants require specific amount of certain nutrients in 
specific form at appropriate time, for their growth and development (19). 
However for these micronutrients a very narrow range of deficiency and 
toxicity exists (13). Micronutrients not only increase the grain yield but also 
increase NP concentration of plants. NP concentration of plant is increased 
by the application of zinc and boron (1).  
 

Micronutrient deficiencies in Pakistan are reducing crop productivity as well 
as deteriorating produce quality. The second most extensive deficiency after 
zinc is of boron as it affects maize, sorghum, other crops and deciduous 
fruits (18). However, there have been little research on the effects of 
secondary nutrients S and micronutrients such as B and Zn on the nutritional 
quality of crops (for food, feed and fodder use), especially under rainfed 
conditions in the semi-arid tropical regions. The importance of mineral 
nutrition of crops along with improved cultivars and crop management cannot 
be overemphasized for producing nutritious food and fodder (11, 28). The 
objective of the current study was to evaluate the effect of micronutrients on 
growth, fodder yield and quality of maize varieties and to assess the effect of 
schedule of spray of micronutrients on maize forage. 
 

MATERIALS AND METHODS 
 

The experiment was conducted at agronomic research area of University of 
Agriculture, Faisalabad, Pakistan following RCBD in factorial arrangements 
with three replications and net plot size of 3m x 5m. Seeds of two maize 
genotypes (Pak Afghoi and Syngenta-6621) were collected from Maize and 
Millets Research Institute Yousafwala, Sahiwal, Pakistan. The crop was sown 
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in first week of May 2011 with the help of hand drill in 30 cm spaced rows 
using a seed rate of 60 kg per hectare. The treatments were as under:- 
 

T1 = NP (80-60 kg/ha),  
T2 = NP + 1 water spray at 15 day, 
T3 = NP + 2 water sprays at 15 days and 30 days, 
T4 = NP + 3 water spray at 15, 30 and 45 days, 
T5 = 1 foliar spray of micronutrients at 15 days, 
T6 = 2 foliar sprays of micronutrients at 15 and 30 days, 
T7 = 3 foliar sprays of micronutrients at 15, 30 and 45 days, 
T8 = NP + 2 foliar sprays of micronutrients at 15 days, 
T9 = NP + 2 foliar sparys at 15 and 30 days and 
T10 = NP + 3 foliar sprays of micronutrients at 15, 30 and 45 days. 

 

Fertilizer was applied @ 80-60 kg NP per hectare. Whole of phosphorus and 
half of nitrogen dose was applied at sowing as basal dose. The remaining 
nitrogen was applied with first irrigation. All agronomic practices were kept 
constant.  
 

Measurement of growth related attributes: Plant population at harvesting 
stage was recorded by counting all the plants in one square meter at three 
randomly selected places in each plot and then average was calculated. At 
the time of fodder harvesting data on plant height was recorded. Ten plants 
were randomly selected from each plot at harvest and plant height was 
measured from the soil level to tip of the highest leaf with help of measuring 
tape and then their averages were calculated. The stem diameter was 
determined in cm by using vernier caliper. The average of leaves of ten 
plants were taken after weighing the leaves of ten plants and then three 
samples each of 40 g leaves were taken and their leaf area was calculated 
with the help of portable area meter MK2 and average leaf area was noted. 
The total area of leaves was calculated by multiplying the area of 40 g leaves 
with total weight of all the leaves of ten plants and then averages was 
calculated.    
 
Determination of yield related attributes: The weight of ten plants from 
each plot was taken with the help of triple beam balance and averages of 
these plant weights were calculated to get fresh weight of each plant in gram. 
Ten plants were randomly selected and chopped with the help of fodder 
cutter immediately and a sample of 500g was taken from each plot and was 
dried in an electric oven at 65°C until a constant weight was obtained. 
Samples were re-weighed and dry weight per plant was calculated on an 
average basis. The weight of plants of each plot after harvesting from all 
replications was weighed to calculate the green forage yield in kg. The yield 
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was converted into tons per hectare. Dry matter yield per plot was determined 
with the help of following formula and was converted into tons per hectare. 

 
           Dry weight 

Dry matter (%) = ————————— x 100 
                 Fresh weight 

 
Determination of quality related attributes: Kjeldahl distillation apparatus 
was used for calculating N (%) with the help of following formula and crude 
protein (%) was determined by multiplying with factor 6.25. 
 

Volume of 0.1 N H2SO4 used x 0.0014 x Volume of sample dilution 
N% = ——————————————————————————————— x 100 

   Weight of sample x Volume of sample solution used (10 ml) 

 
Crude protein (%) = N% x 6.25 
 
The crude fiber (%) and ash contents (%) were determined using the method 
described by AOAC (3) with the help of following formula. 
 

            W1 – We 
Crude fiber (%) —————————— x 100 

              Sample weight (g) 
 

                    Total weight of crucible and ash-weight of empty crucible 
Ash contents (%) = —————————————————————————— x 100 

                  Weight of sample (g) 

 
Statistical analysis: Data collected on growth and yield parameters was 
analyzed statistically by using Fischer’s analysis of variance technique and 
LSD  test  at  5%  probability applied to compare the treatment means Steel 
et al. (26). 
 

RESULTS AND DISCUSSION 
 

Plant height (cm) 
 

Interactive effect of maize forage cultivars and treatments of water and 
micronutrients spray at different intervals along with NP application was 
recorded highly significant regarding plant height (Table 1). Maize forage 
cultivar Pak Afghoi produced maximum plant height (247.3 cm) when treated 
with two  foliar sprays of micronutrients  at 15  and 30  DAS along  with  basal  
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dose of NP. However, this was followed by maize forage cultivar Syngenta-
6621 when treated with NP + two foliar sprays of micronutrients at 15 and 30  
DAS, and Pak Afghoi and Syngenta-6621 when treated with NP + one foliar 
spray of micronutrients at 15 DAS where, plant heights were 241.3, 240 and 
237.7 cm, respectively. While, the least plant height (199.3 cm) was recorded 
in both maize forage cultivars when treated with NP + one water spray at 15 
DAS and NP + two water sprays at 15 and 30 DAS. These results are in 
accordance with the findings of Sencor et al. (21); Soomro et al. (24) and 
Ziaeyan et al. (30) and they have found significant effect of nutrient 
application on plant height of forage maize. However, contradictory results 
were reported by Coors et al. (10) who reported non-significant effect of 
nutrients particularly micronutrients on plant height of maize cultivars. 
 
Number of leaves per plant 
 
Nutrient application significantly affected the number of leaves per plant 
whereas, varieties and the interaction among nutrients and varieties were not 
significantly differed (Table 1). Maximum number of leaves per plant (18.17) 
were recorded in T9. However the least number of leaves per plant (13.5) was 
recorded in T4. An increase in number of green leaves might be due to the 
availability of nutrients (B, Zn etc.) at later growth stages of maize. These 
results are similar with the findings of Baloch et al. (19); Iptas and Acar (14) 
and Altin and Hunter (2). However contradictory results were reported by 
Aslam et al.(6) and Shehzad et al.(22) While on the other hand varieties did 
not reflect any significant response to nutrient application and also the 
interaction between nutrients and varieties was non significant. 
 

Stem diameter (cm) 
 

Statistically significant difference was recorded in case of forage maize 
cultivars and interaction of varieties with nutrient application regarding stem 
diameter (Table 1 & 2). Pak Afghoi cultivar surpassed the Syngenta-6621 
with stem diameter of 1.57 and 1.52 cm, respectively. The interaction among 
varieties and nutrient application showed that maximum stem diameter (1.96 
cm) was recorded in Pak Afghoi which was treated with two foliar sprays of 
micronutrients at 15 and 30 DAS along with basal dose of NP. This was 
followed by Syngenta-6621 (1.86 and 1.77 cm) which was treated with two 
foliar sprays of micronutrients at 15 and 30 DAS along with basal dose of NP 
and one foliar spray of micronutrients at 15 DAS along with basal dose of NP. 
However, the minimum stem diameter (1.32 cm) was recorded in Syngenta-
6621 where, three foliar sprays of micronutrients was carried out. This trend 
was observed due to the reason that micronutrients works within the narrow 
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range of toxicity. When the micronutrients exceeds that range, the negative 
effect was observed. These results are in line with the findings of Sakal et al. 
(20) and Soomro et al. (25) who stated that stem girth of different cultivars of 
forage maize differ significantly with foliar application of micronutrients. 
 

Leaf area per plant (cm2) 
 

Leaf area per plant is the measure of size of assimilatory system of plant and 

is the product of leaf length and width. The main as well as interactive effect 

of maize cultivars and micronutrients application significantly affected the leaf 

area per plant (Table 1 & 2). The maximum leaf area (3351 cm
2
) and (3350 

cm2) was produced by Pak Afghoi and Syngenta-6621 when these varieties 

were treated with two foliar sprays of micronutrients applied at 15 and 30 

DAS along with NP  as  basal  dose  followed  by  Pak  Afghoi  and  

Syngenta-6621 (3136 cm
2
 and 3135 cm

2
), when treated with one foliar spray 

of micronutrients applied at 15 DAS with basal NP application. Whereas, the 

minimum leaf area per plant (2908 cm2) was recorded in both Pak Afghoi and 

Syngenta-6621 when treated with NP as basal application and three foliar 

sprays of micronutrients at 15, 30 and 45 DAS, respectively. These results 

are  in  line  with  the  results  found  by Zheng et al. (29) and Sheperd & 

Kung (23).  
 

Fresh forage yield 
 

Effect of varieties, nutrients sprays and their interaction on green forage yield 

was highly significant (Table 1 & 2). Pak Afghoi performed better (green 

forage yield of 46.55 t/ha) than Syngenta-6621 (46.01 t/ha). Maximum green 

forage yield (58.63 t/ha) was recorded in Pak Afghoi where two foliar sprays 

of micronutrients were applied along with basal dose of NP application, which 

was statistically at par with Syngenta-6621 in the same treatment, followed 

by Pak Afghoi (50.17 t/ha) where one foliar spray of micronutrients was 

applied at 15 DAS along with NP applied in soil. While statistically, the 

minimum forage yield was obtained in Pak Afghoi (40.74 t/ha) where only NP 

was applied in soil. These results are in line with the results found by Ayub et 

al. (8) and Awan (7). 
 

Dry matter yield (t/ha) 
 

The main and interactive effect of varieties and nutrients sprays was 
significant regarding dry matter yield (Table 1 & 2). Statistically, the maximum  
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dry matter yield (7.64 t/ha) was recorded in Pak Afghoi when compared with 
Syngenta-6621 (7.60 t/ha). Among the nutrients applied statistically the 
maximum dry matter yield (10.90 t/ha) was recorded in T9 followed by T8 
(10.16 t/ha). The interactive effect of varieties and micronutrients sprays 
revealed that highest dry matter yield (10.94 t/ha) was recorded in Pak Afghoi 
where two foliar sprays of micronutrients were applied at 15 and 30 DAS 
along with NP applied in soil, followed by Syngenta-6621(10.85 t/ha) in the 
same treatment. Minimum dry matter yield was obtained in Sygenta-6621 
where only NP was applied. These results are in line with the findings of 
Ashrafullah et al. (5); Soomro et al. (25); Lewis et al. (16) and Turgut            
et al. (27).  
 
Protein content 
 
The data (Tables 1 & 2) reflected that the effect of micro nutrients spray on 
crude protein percentage was highly significant while interaction of nutrients 
and varieties (N x V) was statistically non-significant.  Mean comparison of 
treatments revealed that the highest value of crude protein (9.49%) was 
obtained in T9 followed by T8 (8.37%). Statistically the minimum crude protein 
(6.23%) was recorded in T7. Significant differences for crude protein contents 
among  the maize cultivars have been also reported by Lukipudis and 
Spasov (17). 
 
Crude fibre 
 

Crude fiber contents were lower at early stages and gradually increases with 
the age of plant. The results (Tables 1 & 2), showed that nutrients have 
statistically significant effect on crude fiber contents, while interactive effect 
of nutrients and varieties (N x V) was non significant. Statistically the highest 
value of crude fiber (32.02%) was observed in T9, followed by T8 (27.96%) 
where two foliar sprays of micronutrients were applied at 15 and 30 DAS 
along with NP. Minimum crude fiber contents (23.49%) were recorded in T10. 
These results are in accordance with the results of Kim et al. (15) and 
Hussain et al. (12). 
 
Ash contents 
 
Ash contents were significantly affected by varieties and nutrients spray 
whereas interaction among varieties and nutrients spray were found 
statistically non significant (Tables 1 & 2). Statistically, the highest value of 
ash contents (7.58%) was observed in T9 followed by T8 (7.37%). Statistically, 
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the minimum ash contents (6.9%) were recorded in T7. These results are in 
line with the findings of Lukipudis (17) who reported the significant 
differences among the cultivars of maize with the application of both micro 
and macronutrients. 
 

CONCLUSION 
 

The results revealed that maize variety Pak Afghoi with application of  two 
foliar sprays of micronutrients at 15 and 30 DAS along with NP applied in soil 
can yield better than the variety Syngenta-6621.   
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