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ABSTRACT 
 

A study was conducted at Department of Agronomy, University of Agriculture, 

Faisalabad during 2010-11 to assess the effect of three phosphorus and four 

humic acid levels on maize under RCBD. A maize hybrid 32F10 was sown on 

Feb 4, 2011. Phosphorus levels were 75, 100 and 125 kg per hectare and humic 

acid levels were 0 (control), 2.5, 5 and 7.5 liters per hectare. Parameters 

recorded were leaf area, cob weight, rows per cob, grains per row, grains per 

cob, 1000 grain weight, harvest index, grain yield, biological yield, grain oil and 

starch contents. According to results the individual levels of phosphorus (125 

kg/ha) and humic acid (7.5 liters per hectare) showed maximum effect to 

growth, yield contributing and quality factors while interaction of these both 

treatments also showed the same results. 
 

Keywords: Maize; Zea maize; humic acid; phosphorus; harvest index; 

biological yield. 

 

INTRODUCTION 
 

Maize stands third in cereals, aiding with food stuff and energy for the 
human, fodder for livestock and feed for animals and poultry. Maize has 
higher nutrition value and is a rich source of raw material for industrially 
produced value added stuff. Maize contributes a major role in Pakistan’s 
economy. Maize yield has not improved inspite of high yielding 
hybrids/varieties. In Pakistan, cultivated area under maize cultivation is 1085 
thousand hectares having annual production of 4631 thousand tons with an 
average yield of 4268 kg per hectare (5). 
 

Contribution of developing countries in the share of world maize cultivated 
land is about 67% but in maize production their share is only 46 percent 
whereas China and USA collectively produces 60 percent of world’s corn 
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(15). There are many factors that affect the maize production but soil nutrient 

deficiency is the main one. Phosphorus (P2O5) supports in reactions of 
energy transfer in plant and is essential for the root growth. In severe P 
deficiency there is stunted plant growth and restricted root development. 
Helong et al. (11) stated that the maize yield can be increased about 10 
percent by precision fertilization along with fertilizer saving upto 10.5 percent. 
Application of NPK in balanced way can increase maize yield and quality 
significantly (18). P under nutrition retards the plant growth and it has no 
large atmospheric source by which it can be made available to the plants 
unlike the case for nitrogen (7). P is compulsory for the formation of 
protoplasm, improving yielding capacity and is considered a critical nutrient 
for growth and development of plant. It is a fundamental part of nucleic acid 
and is necessary for cellular metabolic activity. Balanced use of P will help in 
increasing per unit yield. Increasing P level up to 75 kg per hectare may 
increase in fodder yield of maize (14). Hence, sufficient amount of P 
application along with N is essential to get maximum yield of maize. P 
fertilizer efficiency all over the world is ranging from 10-25 percent and 

bioavailable concentration of P in soil is very low upto the level of 1.0 mg/kg 

soil. Total P reserves in most agricultural soils mostly in the range of 200 to 
5,000 mg P per kg

 
with an average of 600 mg P per kg, and a part of P 

uptake largely depends on continuous application of chemical fertilizer or 
sludge from wastewater treatment application.  
 

Rock phosphate is the organic source of P fertilizers as all commercial 
fertilizers of P like MAP, DAP, TSP and SSP are manufactured by treating 
rock phosphate with strong sulphuric acid to raise water solubility and plant 
accessibility. Decrease in soil bulk density and increase in soil moisture, soil 
fertility, maize growth and maize grain quality enhancement is also reported 
by the application of integrated use of inorganic and organic fertilizers. Soil 
microbes play a vital role in soil P dynamics and ensuing availability of 
phosphate to plants (12). 
 

Along with P, Humic Acid (HA) use is important for growth of plants and 
improvement of soil physical conditions. Pakistan’s weathered coal has 
considerable amount of HA (9). HA can increase crop production and 
improve soil condition as investigated by various workers. Bohme and Lua (6) 
reported that HA had constructive effect on nutrient transport, uptake and 
obtainability of micronutrients. Correspondingly, Sarir et al. (16) reported that 
HA has valuable influence on nutrient uptake, transport and availability of 
micronutrients. In the same way, Katkat et al. (13) observed that increase in 
dry matter weight and P, N, K, Ca, Fe, Mg, Cu, Zn and Mn uptake of plants is 
also increased by the application of HA. 
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Contribution of humic substances (HA and Fulvic acid) is 65-70 percent in 
soil organic matter and are important to study in different area of agriculture, 
like soil fertility, soil chemistry, plant physiology and also in environmental 
sciences, because of different important roles these materials which are very 
beneficial for plant growth (8). These materials have a major role in soil 
cations exchange capacity (CEC), decreasing effect of pesticides and heavy 
metals, also used as soil conditioners, plays a role in carbon and nitrogen 
cycle, improve plant growth development and reduces volatilization of 
ammonia from soil applied urea (3) enhance soil aggregation (4) and water-
holding capacity. 
 
Keeping in view the above facts the present study was carried out to evaluate 
the effects of various doses of HA and P on maize yield and quality of maize 
hybrid.  
 

MATERIALS AND METHODS 
 
The proposed study was conducted at Department of Agronomy, University 
of Agriculture, Faisalabad during 2010-11 on a sandy clay loam soil under the 
semi-arid, subtropical climatic conditions. The experiment was laid out in 
randomized complete block design (RCBD) with factorial arrangement, to 
give equal importance to both under study factors and each treatment was 
replicated thrice. The net plot size of each plot was 4.0 m × 3.0 m and each 
plot had 4 rows. A maize hybrid 32F10 was sown on Feb 4, 2011 in 75 cm 
apart rows having a plant to plant distance of 20 cm, using dibbler by 
dropping 2 seeds per hill and then after germination one plant per hill was 
maintained by thinning. Seed rate of 25 kg per hectare was used. 
 
For levels of HA viz, No HA (control), 2.5, 5 and 7.5 liters per hectare

 
were 

applied along with three levels of P viz, 75, 100 and 125 kg per hectare. 
According to soil analysis report, soil was found to be deficient in P. Fertilizer 
was used @ 250-100 kg NK per hectare. Whole of the P (SSP, according to 
the treatment), potash (SOP) and 1/3 of nitrogen (Urea) was applied at 
sowing time. Remaining nitrogen was broadcasted in two split doses. HA was 
applied in the form of liquid (8%) with 2

nd
, 3

rd
 and 4

th
 irrigation according to 

the treatment. Six irrigations were applied to maize crop. 
 
Parameters related to growth and yield such as leaf area, cob weight, rows 
per cob, grains per row, grains per cob, 1000-grain weight, harvest index, 
grain yield and biological yield along with two quality parameters, grain oil 
and starch contents were assessed.  
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Randomly selected five plants from each plot were used for recording leaf 
area per plant. Fresh green leaf blades were removed from plant and leaf 
area was measured with automatic leaf area meter model CI-202. 
 
The cob weight, rows per cob, grains per row and grains per cob were taken 
from ten randomly selected maize plants from each plot. A representative 
sample of grains was obtained from the produce of each plot and then 1000-
grains were counted manually and weighed on an electric balance. The crop 
was harvested at maturity, tied up into small bundles and left in their 
respective plots for few days. The dried bundles were weighed with the help 
of spring balance. Biological yield of each plot was taken and then converted 
into tonnes per hectare. All the cobs from each plot were separated from 
plants and shelled with the help of Sheller and weighed to have grain yield. 
Then grain yield was converted into tonnes per hectare. Harvest index was 
measured which is the ratio of grain yield to the total biological yield 
expressed in percentage. 
 

For oil analysis the representative samples from each plot were dried and 
ground. Oil contents in grains were determined by means of Soxhlet fat 
extraction method. For starch contents the sample was treated with 80 
percent alcohol to remove sugars and then starch was extracted with 
perchloric acid. In hot acid medium starch was hydrolyzed to color product 
with anthrone.  
 
The data taken were statistically analyzed by Fisher analysis of variance 
technique and then treatment means were compared by least significant 
difference (LSD) test at 5 percent probability. 
 
 

RESULTS AND DISCUSSIONS 
 

Leaf area 
 

The data (9) clearly indicated a significant increase in leaf area with an 
increase in HA and P levels. HA application HA4 (7.5 L/ha) and HA3 (5.0 L/ha) 
had same effect having leaf area 2908.79 cm

2
 and 2901.45 cm

2
 followed by 

HA2 (2.5 L/ha) i.e 2871.48 cm
2
 and minimum leaf area was calculated when 

no HA was applied. i.e. 2780.48 cm
2
. Phosphorus application of P3 had a 

maximum leaf area 2957.24 cm
2
 followed by P2 that was 2912.10 cm

2
 and 

minimum leaf area 2727.32 cm
2
 was obtained in case of P1. In case of 

interaction between HA and P the maximum leaf area was recorded in H3P3 
(3029.45 cm

2
) and it was statistically at par with that of H4P3 (2995.21 cm

2
) 

leaf areas. 
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These results are in line with Winarso et al. (19). They concluded that the 
combined effects of humic compounds and phosphate-solubilizing bacteria 
(Pseudomonas putida) improved characteristics of ultisol and increased the 
yield of soybean. The improved soil characteristic, however, does not lead to 
the significant differences in the uptake of macronutrients by plant. 
 

Cob weight 
 
The data regarding cob weight is presented in Table 1(a) which showed that 
the application of HA and P has prominent effect on cob weight while their 
interaction is also significant. The data showed that maximum cob weight 
222.67 g was observed at HA4 (7.5 L/ha) and 221.37 g was observed at HA3 
(5.0 L/ha) which are statistically same followed by 216.04 g at HA2 (2.5 L/ha) 
and least cob weight 199.86 g was observed when no HA was used. 
 

Table 1 (a). Mean values of various parameters taken against given treatment levels. 
 

Treatments 
Leaf area 

(cm
2
) 

Cob 

weight (g) 

Rows/ 

cob 

Grains/ 

cob 

Grains/ 

row 

P1 2727.32c 190.41c 16.38b 530.46c 32.38c 

P2 2912.10b 223.26b 17.39a 610.68b 35.10b 

P3 2957.24a 231.29a 17.54a 626.78a 35.72a 

LSD value (p ≤ 0.05) 25.046 4.456 0.2081 10.724 0.4517 

HA1 2780.48c 199.86c 16.72c 554.05c 33.10c 

HA2 2871.48b 216.04b 17.06b 591.38b 34.62b 

HA3 2901.45a 221.37a 17.33a 601.22ab 34.64b 

HA4 2908.79a 222.67a 17.31a 610.57a 35.22a 

LSD value (p ≤ 0.05) 28.290 5.145 0.2403 12.383 0.5216 

P1 × HA1 2674.07g 180.95g 16.10 506.02 31.43 

P1 × HA2 2741.03f 192.85f 16.33 530.23 32.47 

P1 × HA3 2731.49f 191.15f 16.63 536.65 32.27 

P1 × HA4 2762.67ef 196.70ef 16.47 548.95 33.33 

P2 × HA1 2804.65e 204.16e 17.07 573.04 33.57 

P2 × HA2 2931.72c 226.75c 17.27 609.11 35.27 

P2 × HA3 2943.51c 228.85c 17.53 622.84 35.53 

P2 × HA4 2968.51bc 233.29bc 17.70 637.73 36.03 

P3 × HA1 2862.71d 214.48d 17.00 583.10 34.30 

P3 × HA2 2941.68c 228.52c 17.57 634.80 36.13 

P3 × HA3 3029.34a 244.11a 17.83 644.19 36.13 

P3 × HA4 2995.21ab 238.04ab 17.77 645.05 36.30 

LSD value (p ≤ 0.05) 50.091 8.913 NS NS NS 

Means sharing a common letter within a column do not differ significantly at 5% probability 
level. HA1 = No HA (control), HA2 = 2.5 L/ha HA3 = 5 L/ha; HA4 = 7.5 L/ha; P1 = 75 kg/ha; P2 
100 kg/ha; P3 =125 kg/ha. NS = Non-significant 
 

Maximum cob weight of 231.29 g at P3 (125 kg/ha) followed by 223.26 g at 
P2 (100 kg/ha) while minimum cob weight 190.41 was at P1 (75 kg/ha). In 
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case of interaction between HA and P the maximum cob weight 244.11g was 
recorded in H3P3 and it was statistically at par with H4P3 (238.04 g) cob 
weight. 
 

Our results are same as of Winarso et al. (19) who reported that the 
combined effects of humic compounds and phosphate-solubilizing bacteria 
(Pseudomonas putida) improved characteristics of ultisol and increased the 
yield of soybean. 
 

Rows per cob 
 

Data (Table 1(a) regarding rows per cob as affected by different HA and P 
level. Table showed that a significant increase in rows per cob was observed 
with the application of HA and P, while their interaction was non-significant. 
Data indicate that maximum number of rows per cob 17.33 was observed in 
treatment HA3 (5.0 L/ha) followed by 17.31 at HA4 (7.5 L/ha) which were 
statistically same. Minimum number of rows per cob 16.72 was counted when 
no HA was applied. Maximum number of rows per cob 17.54 was observed at 
P3 (125 kg/ha) followed by 17.39 at P2 (100 kg/ha) which are statistically 
same. Minimum number of rows per cob 16.38 was observed at P1 (75 
kg/ha).  
 
Similar findings had already been reported by Sharif et al. (17) and Ahmad et 
al. (3). They reported that increase in number of rows per cob over control 
due to HA and recommended NPK application in combination. 

 

Grains per cobs 
 
Data regarding grains per cob as affected by different HA and P level is given 
in Table 1 (a). Table showed that a significant increase in number of grains 
per cob by HA and P application, while their interaction is non-significant. The 
data showed that maximum number of grains per cob 609.77 was obtained at 
HA4 (7.5 L/ha) followed by 601.09 at HA3 (5.0 L/ha) and 591.32 at HA2 (2.5 L/ 
ha). Minimum numbers of grains per cob 557.39 were observed when no HA 
was applied. Maximum number of grains per cobs 626.77 was observed at P3 
(125 kg/ha) followed by 610.64 at P2 (100 kg/ha), while minimum number of 
grains per cob 532.27 was at P1 (75 kg/ha).  

 
Same results had already been reported by Sharif et al. (17) and Ahmad et 
al. (3). They suggested that application of HA along with recommended 
doses of NPK increase number of grain per cob. Yazdani et al. (20) reported 
that there was an increase in ear weight, row number, grains yield, grain per 
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ear, harvest index and biological yield under farmyard manure application as 
compared to control. According to his findings, application of PGPR and PSM 
together has a tendency to decrease P application by 50% without any 
reduction in grain yield. However, by this treatment 50 percent nitrogen 
application deficiency was not compensated. 

 

Grains per row 
 
The data related to grains per row is presented in Table.1 (a) which showed 
HA and P had a significant effect on number of grains per row and interaction 
was statistically non-significant. The data clearly indicates a significant 
increase in number of grains per row with an increase in HA and P levels. 
Table showed that HA application HA4 (7.5 L/ha) and HA3 (5.0 L/ha) has 
same effect having number of grains per row 35.22 and 34.64, respectively 
followed by HA2 (2.5 L/ha) having 34.62 grains per row and least grains per 
row 33.10 were counted when no HA was applied. P application of P3 (125 
kg/ha) has a maximum number of grains per row 35.72 followed by P2 (100 
kg/ha) 35.10 and minimum number of grain per row 32.38 was obtained at P1 
(75 kg/ha). 

 
These results are indirectly supported by Afzal et al. (1) who conducted an 
experiment in order to investigate the effects of a rhizobial strain (Thal 8) and 
a P solubilizer strain (54RB) in single and dual combination with and without 
P2O5 on wheat in a P deficient natural non-sterilized sandy loam soil. Their 
results revealed that single and dual inoculation with fertilizer (P2O5) 
significantly increased root and shoot weight, plant height, spike length, grain 
yield, seed P content, leaf protein and leaf sugar content of the test crop. It is 
concluded that single and dual inoculation along with P fertilizer is 30-40% 
better than only P fertilizer for improving grain yield of wheat and dual 
inoculation without fertilizer (P) improved grain yield up to 20% as compared 
to P application. 
 

1000-grain weight 
 

Data showed that P has highly significant effect while HA and interaction of P 
and HA had non-significant effect on 1000-grain weight. The data showed 
that maximum 1000-grain weight (286.74 g) was observed at HA3 (125 

kg/ha) followed by (9282.58 g) at HA2 (100 kg/ha) which are statistically 

same while minimum 1000-grain weight 268.93 g was recorded when no HA 
was applied. At P1 (75 kg/ha) minimum 1000-grain weight 268.93 g was 
measured while at P2 (100 kg/ha) 1000-grain weight was 282.58 g and at P3 
(125 kg/ha) was 268.74 g which are statistically same. 
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Sharif et al. (16) and Ahmad et al. (3) found the increment in 1000-grain 
weight over control when HA and recommended NPK was applied in 
combination. Afzal et al. (1) reported that single and dual inoculation with 
fertilizer (P2O5) significantly increased various growth and quality parameters 
of maize. Thus single and dual inoculation along with P fertilizer is suggested 
30-40% better than sole P fertilizer to enhance grain yield. 
 

Harvest Index 
 
The data related to harvest index is presented in Table 1 (b). which showed 
that HA, P and their interaction had highly significant effect on harvest index. 
The data clearly indicates a significant increase in harvest index with an 
increase P levels. The maximum harvest index was in HA4 (7.5 L/ha), HA3 
(5.0 L/ha) and HA2 (2.5 L/ha) which was 35.88, 35.97 and 35.00 percent 
respectively which are statistically same followed by minimum harvest index 
when no HA was applied which was 32.55 %. Maximum harvest index 39.39 
percent was in P3 (125 kg/ha) followed by 37.47 percent harvest index in P2 
(100 kg/ha). Minimum harvest index 27.68 percent was in P1. In case of 
interaction between HA and P the maximum harvest index was recorded in 
H3P3 that was 41.99 percent and it was statistically at par with H4P3 which 
showed 39.92 percent harvest index.   
 
These results are supported by Hameeda et al. (10) who used five different 
phosphate-solubilizing bacterial strains and with other plant growth promoting 

traits plant biomass (20-40%) was increased by paper towel method. They 

were conducted field and glasshouse experiments using two effective strains 
pseudomonas sp. CDB 35 and Serratia marcescens EB 67. Plant biomass 
(dry weight) was increased by 94 percent with CDB 35 and 99 percent with 
EB 67 under glasshouse controlled conditions. Plant biomass was increased 
at 48 and 96 days after sowing was 51 percent and 18 percent with CDB and 
66 and 50 percent with EB 67 under field experiments. EB 67 and CDB 35 
treated seed increased the grain yield under field-grown maize by 85 percent 
and 64 percent compared to the control. EB 67 and CDB 35 population were 
traced back from the maize field on buffered rock phosphate (RP) medium 
and there was a survival of both the strains survived up to 96 days after 
sowing. 
 

Grain yield 

 
The data related to grain yield is presented in Table.1 (b) which showed HA 
and P had a significant effect on grain yield and interaction was statistically 
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non-significant. The data clearly indicated a significant increase in grain yield 
with an increase in HA and P levels. Table showed that HA applications HA4 

(7.5 L/ha) and HA3 (5.0 L/ha) have same effect having grain yield 9.08 and 

8.92 t  per hectare, respectively followed by HA2 (2.5 L/ha) having grain yield 
8.26 t per hectare and minimum grain yield 6.23 t per hectare was recorded 

when no HA was used. P application of P3 (125 kg/ha) has a maximum grown 

yield 10.16 t per hectare followed by P2 (100 kg/ha), 9.16 t per hectare and 

minimum grain yield 5.05 t per hectare was obtained at P1 (75 kg/ha).  
 

Table 1 (b). Mean values of various parameters taken against given treatment levels. 

 

Treatments 

1000- 

grain 

weight 

(g) 

Harvest 

index 

(%) 

Grain 

yield     

(t/ha) 

Biologi-

cal 

yield 

(t/ha) 

Grain oil 

contents 

(%) 

Grain 

starch 

contents 

(%) 

P1 268.93b 26.41c 5.05c 19.17c 4.56c 63.05c 

P2 282.58a 36.88b 9.16b 24.67b 5.01b 67.16b 

P3 286.74a 41.13a 10.16a 24.88 a 5.12a 68.16a 

LSD value (p≤0.05) 4.599 0.994 0.4599 0.855 0.060 0.555 

HA1 275.28 32.22 b 6.23 c 19.55 c 4.68b 64.23c 

HA2 280.02 35.05 a 8.26 b 23.17 b 4.91a 66.26b 

HA3 281.79 36.01 a 8.92 a 24.10ab 4.98a 66.92a 

HA4 280.58 35.96 a 9.08 a 24.80 a 5.00a 67.08a 

LSD value (p≤0.05) NS    1.148   0.5311    0.987 0.069 0.641 

P1 × HA1 262.43 19.81e 3.87 19.53 4.43 61.87 

P1 × HA2 271.67 29.81g 5.36 17.98 4.59 63.36 

P1 × HA3 272.13 27.04fg 5.14 19.01 4.57 63.14 

P1 × HA4 269.50 28.99ef 5.84 20.14 4.64 63.84 

P2 × HA1 277.47 32.02d 6.77 21.14 4.74 64.77 

P2 × HA2 285.03 37.59c 9.59 25.51 5.05 67.59 

P2 × HA3 283.97 38.99bc 9.86 25.29 5.08 67.86 

P2 × HA4 283.83 38.93bc 10.41 26.74 5.14 68.41 

P3 × HA1 285.93 44.83c 8.06 17.98 4.89 66.06 

P3 × HA2 283.37 37.75c 9.82 26.01 5.08 67.82 

P3 × HA3 289.27 42.00a 11.76 28.00 5.29 69.76 

P3 × HA4 288.44 39.96b 11.00 27.53 5.21 69.00 

LSD value (p≤0.05) NS 1.989 NS NS NS NS 

Means sharing a common letter within a column do not differ significantly at 5% probability 
level. HA1 = No HA (control), HA2 = 2.5 L/ha; HA3 = 5 L/ha; HA4 = 7.5 L/ha; P1 = 75 kg/ha; P2 
100 kg/ha; P3 =125 kg/ha. NS = Non-Significant 
 

Yazdani et al. (20) found increment in various yield contributing factors when 
farmyard manure was applied thus adding humic compounds in soil which will 
add to the grain yield.  
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Biological yield 

 
Results showed that biological yield of maize is highly significant when HA 
and P was applied and their interaction is non-significant. The data showed 
that maximum biological yield 24.80 t per hectare was recorded at HA4 (7.5 L/ 
ha) followed by 24.10 and 23.17 t per hectare at HA3 (5.0 L/ha) and HA2 (2.5 
L/ha). The least biological yield 19.55 t per hectare was obtained when no HA 
was applied. Similarly the biological yield of maize was enhanced by the 
application of P and highest yield 24.88 t per hectare was recorded when 
maximum amount of P was applied in treatment P3 while least biological yield 
19.17 t per hectare

 
was observed when least amount of P was applied in 

treatment P1 (75 kg/ha). 
  
These results are supported by Yazdani et al. (20) who reported an increase 
in grain yield, harvest index and biological yield under farmyard manure 
application as compared to control. These results are in agreement with Hai 

and Mir (9). 
 

Grain starch content: 

 
The data related to grain starch content is given in Table 1 (b). Data showed 
a highly significant interaction of HA and P on grain starch content while their 
interaction is also significant. The maximum starch content of 67.08 percent 
were recorded at HA4 (7.5 L/ha) followed by 66.92 percent at HA3 (5.0 L/ha) 
which are statistically same, 66.26 percent starch content was measured at 
HA2 (2.5 L/ha) while minimum starch content 64.23 percent was recorded 
when no HA was applied. Maximum starch content 68.16 percent was at P3 
(125 kg/ha) followed by P2 (67.16%) while minimum starch content 63.05 
percent was at P1 (75 kg/ha).  

 
These results second the findings of Afzal et al. (1) who found increased 
grain starch contents when P2O5 was applied alone and in combination with 
Rhizobium as inoculant.  

 

Grain oil content: 

 
The data regarding grain oil content is presented in Table 1 (b). Data showed 

that HA and P had a highly significant effect on grain oil content while their 

interaction is also significant. Data showed that maximum grain oil content 

5.00 percent was at HA4 (7.5 L/ha) followed by 4.98 and 4.91 percent at HA3 
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(5.0 L/ha) and HA2 (2.5 L/ha), respectively which are statistically same. The 

maximum grain oil content 5.12 percent at P3 (125 kg/ha) followed by 5.01 

and 4.56 percent at P2 (100 kg/ha) and P1 (75 kg/ha).  

 
These results were supported by Afzal et al. (1) who reported that P fertilizer 

(P2O5) with single and dual inoculation had significantly increased the grain 

starch and grain oil contents of the crop.  
 

CONCLUSION 

 
It was concluded that humic acid application H4 (7.5 liters/ha) and 

phosphorus level P3 ( 125 kg/ha) gave maximum grain yield, grains per cob, 

1000-grain weight and biological yield as compared to other humic acids and 

phosphorus levels. So, it was recommended that 7.5 liters per hectare humic 

acid and 125 kg per hectare phosphorus should be applied for maximum 

grain yield of maize. 
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