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Abstract

In this research we studied the role of humic acid and nitrogen in improving the phenology, growth and
productivity of maize (Zea mays L.). Field experiment was carried out at the New Developmental Farm of the
University of Agriculture Peshawar during Autumn 2011. Zea mays L. cultivar, Azam was sown. Two factors
were studied using three levels of humic acid (1.5, 3 and 4.5 kg ha™") and four levels of nitrogen (80, 120, 160 and
200 kg ha™). Humic acid was applied at sowing time whereas 1/3™ nitrogen at sowing time, and 1/3™ at 4-5 leaf
stage and remaining 1/3™ at tasseling stage in comparison with control. The experiment was laid out in randomized
complete block design having four replications. Non-significant parameter was emergence m™ while significant
were days to silking, thousand grain weight, grain yield and grain per ear. Days to silking was delayed with
increase in levels of humic acid and nitrogen. Humic acid levels significantly increased grains ear” and grain yield
ha™! with 3 kg HA ha™' while no effect was observed in thousand grains weight. Nitrogen increased grains ear’,
thousand grains weight (g) and grains yield ha™ at the rate of 160 kg N ha as compared to other levels and control.
Hence it is concluded that 3 kg HA ha™ and 160 kg N ha™ gave significant results.
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1. Introduction

Maize (Zea mays L.) ranks 3™ in world’s cereals crops after wheat and rice as food crop (Chaudary, 1994). It is the
2™ most staple crop after wheat in the Khyber Pakhtunkhwea (KP) (Amanullah et al., 2009). Maize is used as a
food for human diet, feed poultry and animals. It is used as raw materials for preparation of starch, corn, dextrose,
corn syrup and corn flakes industries (Khaliq et al., 2004). Humic acid (HA) is added as fertilizer at the rate of 1 or
2 kg ha™! which supplement soil with nitrogen from 0.04-0.08 kg ha™ and phosphorous from 0.001 kg ha™, which
can not meet crop requirements for nutrition.(Sharif et al., 2002). Tomato growth was affected by the HA used in
the form of organic waste (Atiyeh et al., 2002). It decomposes organic matter that can affect plant growth and
development by fixed nutrients available to the crops (Tahir et al., 2010). It significantly enhanced phosphorus (P)
and NO3-N of the calcium-containing soil and has good effect on availability of potassium (Tahir et al., 2011).
Due to its organic nature when applied as foliar spray it produces maximum dry matter as compared with control
and nitrogen (Delfine, 2005). The use of organic matter increases soil fertility and productivity. Humic acid is one
of the important source of organic matter in soil (Chen & Aviad, 1990). Humic acid application to the soil is
strongly associated with the physical, chemical and biological properties of the soil (Khattak & Muhammad, 2008).
Application of humic acid increased soil acidity, soil organic carbon and cation exchange capacity (Hanafi &
Salwa, 1998). Wheat growth and nitrogen uptake is increased with increasing level of humic acid (Tahir et al.,
2011). Potassium humate a product of HA increases the release of primary macronutrients (N, P and K). Nitrogen
is released significantly up to 20 kg humic acid ha, while phosphorus and potassium up to 40 kg humic acid ha™.
The release of nitrogen and phosphorus took longer period of 60 days while potassium was released for relatively
shorter period of 45 days after incubation. Organic carbon and cation exchange capacity were significantly
increased at the end of incubation period (Sathiya et al., 2003). Nitrogen is the key element in increasing grain
yield and quality of maize. Nitrogen contributes 1-4% of dry matter production of the plants (Haque et al., 2001).
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In recent years emphasis has been given to increase fertilizers use efficiency by top dressing and split applications
of nitrogenous fertilizers at critical growth stages of maize (Singh, 1985). Nitrogen deficiency causes stunted
growth, delayed maturity and pale green or yellow color (chlorosis) of the leaves (Haque et al., 2001).
Habtegebrial et al. (2007) suggested that addition of N and appropriate nitrogen level affect yield and yield
components of maize considerably. Nitrogen sources and nitrogen levels significantly affect the agronomic
performance of maize. Application of N increases soil fertility and crop productivity. About 43-68% increase in
yield and 25-42% increase in biomass were-observed with the addition of nitrogen fertilizer (Ogola et al., 2002).
When nitrogen is deficient in the soil, then addition of N fertilizer from outer source increased the grain yield of
maize (Wienhold et al., 1995). The present research was therefore designed to evaluated he effect of N levels and
HA on phenology and yield of maize.

2. Materials and Methods
2.1 Site Description

This study was carried out during summer (Kharif) season of 2011. The site is located at the the new
developmental farm of the University of Agriculture Peshawar, which is located at latitude of 34° N and longitude
of 72° E. The farm soil is clay loamy having pH values ranges between 6-7. This region is cold, having the winter
rainfall (smaller in quantity of 30-40 % of the total rainfall throughout the year) due to the cold air currents from
Mediterranean and Gulf disturbances.

2.2 Experimental Description

An experiment was conducted at New Developmental Farm, The University of Agriculture Peshawar Pakistan; to
study the “effect of different levels of humic acid and nitrogen on phenology and yield of maize” during 2011. The
experiment was carried out in 2-factorial randomized complete block design having four replications. A plot size
of 15m? having 4 rows 5 m long was used. Distance from plant to plant was 25 cm while row to row distance was
kept as 75cm. All the agronomic practices were applied when needed. A based dose of 90 kg phosphorus ha™ was
applied at time of sowing. Azam variety was sown on 30™ June 2011 and maintained recommend population of
60000 plant ha™'. Three levels of humic acid (1.5, 3 and 4.5 kg ha™") were applied at sowing whereas four nitrogen
levels (80, 120, 160 and 200 kg ha™) were applied 1/3™ at sowing, 1/3™ at 4-5 leaf stage and remaining 1/3™ at
tasseling stage in comparison to control.

2.3 Data Analysis

The data were statistically analyzed using factorial RCB design and means were compared using LSD test at 0.05
level of probability (Jan et al., 2009).

3. Results and Discussion
3.1 Emergences m”

Statistical analysis of data revealed that emergence m™ was not significantly affected by all factorsas presented in
Table 1. It might be due to the fact that humic acid and fertilizer response is not so quick to be observed
immediately after two weeks. Moreover seedling emergence is mostly related to the reserved food present in seed.
Similar results were reported by Zhenqing et al. (1995) and Kolsarici et al. (2005) who reported that humic acid
had no effect on germination of wheat seeds and sunflower, respectively. These results agreed to as reported by
Walter et al. (1995) and Moselhy and Zahran (2002) who reported that emergence m™ was not significantly
affected by nitrogen. Hadi et al. (2012) who reported that seed use its own endosperm for germination and plants
did not utilize nutrients from external source. Fertilizer application had no effects on emergence m™ (Shah et al.,
2009).

3.2 Days to Silking

Meditation of the data revealed that days to silking were significantly affected by humic acid, nitrogen levels and
control vs. rest comparison (Table 2). The interaction between humic acid and nitrogen levels was significant.
Delayed silking (56.2) was observed with application 4.5 kg HA ha™ while early silking (55.1 and 55.0 days) were
observed with application 1.5 and 3 kg HA ha™ which is statistically at far with each other. Similarly days to
silking (56.2, 55.5 and 55.3 days) were taken with application of 200, 160 and 120 kg N ha™, respectively whieh
were statically at par while early silking (54.8 days was recorded at 80 kg N ha™. The gap showed that silking
delayed linearly with application of 4.5 kg HA ha with increasing of nitrogen levels from 80 to 200 kg ha™.
Similarly application 1.5 kg HA ha™ has linearly increased days to silking with increase in level of N from 80 to
120 kg then a slight decrease with increasing level of N up to 160 kg ha™ then continuous increase with increasing
level of N up to 200 kg N ha™' (Figure 1). Rest treated plots took more days to silking (55.5 days) than control (53.0
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days) plots. The delay in silking might be due to nutrients availability in sufficient quantity which ultimately
increased growing period of crop and these results were agreed to Lie et al. (2003). Similarly delay in days to
silking in maize was observed with increase in N rate which might be due to that nitrogen increase vegetative
growth vigorously. The results agreed with Amanullah et al. (2009) who stated that increase in level of N
application delays silking in maize). Zeidan and Amany (2006) reported that nitrogen fertilizer boost up vegetative
growth and enhancing seed yield. Arif et al. (2010) reported that nitrogen play an important role in vegetative
growth and development. Nitrogen significantly delayed tasseling, silking and maturity in maize.

Table 1. Emergence m?>, days to silking, grains ear”, thousand grains weight (g) and grain yield (kg ha) as
affected by humic acid and nitrogen levels

Humic Acid (kg ha') Emergences m™ Days to silking Grain ear’ Thousand grains weight (g) Grain yield ( kg ha™)

1.5 24 55b 400 b 225 3190 b
3 27 55b 432 a 233 3602 a
4.5 27 57a 415 ab 223 3598 a
LSD ns 0.49 14 ns 188
Nitrogen (kg ha™)

80 27 55b 398 b 217b 3183 b
120 26 55 ab 413 ab 229 ab 3381b
160 26 56 ab 432 a 239 a 3957 a
200 26 57a 421b 223b 3332b
LSD ns 0.57 17 10 217

Control vs rest

Control 26 53b 301 b 198 b 2650 b
Rest 26 56 a 416 a 227 a 3463 a
LSD ns 0.40 12 73 153
Interaction
HA x N ns ok *k Kk o
59 -
58
57
_é" —e— 1.5 (kg HA ha')
7 ~-0- 3 (kg HA ha™)
2 P —¥— 45 (kgHAha)
2
3
55
53 T T T T

80 120 160 200
Nitrogen (kg ha'l)

Figure 1. Days to silking as affected by humic acid and nitrogen interaction
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Table 2. Analysis of variance emergence m™, days to silking, grains ear”, thousand grains weight (g) and grain
yield (kg ha™) as affected by humic acid and nitrogen levels

S.0.V DF Emergences m™ Days to silking Grain ear’ Thousand grains weight (g) Grain yield (kg ha™)
Replication 3 19.1 ns 323 ns 2298 ns 503 ns 191746 ns
Treatments [12] 25.0 ns 7.19% 6649* 1028* 866134*
Control vs Rest 1 1.54 ns 24.64%* 48955* 3222% 2442503*
Humic acid (HA) 2 42.6 ns 14.02* 4147* 405 ns 896603*
Nitrogen (N) 3 4.85 ns 6.56% 2430%* 1014* 1385196*
HAxN 6 33.1ns 2.33% 2542% 878* 333719%

Error 36 14.4 0.95 806 311 137041

Total 51

3.3 Grain ear’’

Analysis of the data indicated that grains ear” was significantly affected by humic acid, nitrogen levels and control
vs. rest comparison and also by the interaction between humic acid and nitrogen (Table 2). Maximum number of
grains ear’' (432.2) was recorded with application of 3 kg HA ha' while lower number of grains (400) was
observed with application 1.5 kg HA ha™. Similarly higher number of grains ear” (431, 420 and 413) was noted
when applying 160, 200 and 120 kg N ha™ respectively, which are statically similar with each other while lower
number of grains ear”’ (397) was observed with nitrogen at the rate of 80 kg ha™. Graph showed that application of
1.5 kg HA ha™' and N from 80 to 160 kg has increased grain ear”. like wise application of 3 kg HA ha has
increased grains per ear with N levels from 80 to 200 kg N ha™' and similarly 4.5 kg HA ha™ first decreased grains
per ear with nitrogen level from 80 to 120 kg N ha™' . Also the data revealed that increase in N has increased grains
ear’ up to 160 kg N ha™' and further increase in N has reduced grains ear’ (Figure 2). Control vs rest plots
produced more grains ear’ (415) than control (300) plots. This increase in grains ear’ might be due to the
properties of HA to increase nutrients availability which results in more number of grains ear”' similar results were
reported by Sarir et al. (2005) who reported maximum number of grains ear in maize and wheat with the
application of HA to the soil. Similarly, Akhtar (2001) found that grains were significantly increased by increasing
levels of N. Arif et al. (2010) reported that yield and yield components was significant higher with application of
nitrogenous fertilizer. Optimum utilization of solar light, higher assimilates production and its conversion to
starches resulted higher grains number and weight that resulted more biomass and seed yield (Derby et al., 2004).
Yield and yield components was significantly increased by nitrogen levels (El-sheikh, 1998; Samira et al., 1998).

460 -
440 -

420

-1

—e— 1.5(kgHAha')
0 3 (kg HA ha'])

400 4 —¥— 45 (kg HA ha)

Grains ear

380

360

340 T T T T
80 120 160 200

Nitrogen (kg ha'l)

Figure 2. Grains ear”' as affected by humic acid and nitrogen interaction
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3.4 Thousand Grains Weight (g)

Thousand grains weight (g) was significantly affected by nitrogen levels and control vs. rest comparison while
humic acid levels had no affect on thousand grains weight (Table 2). The interaction between humic acid and
nitrogen levels was significantly affected. Maximum thousand grains weight (239 and 229 g) was recorded with
application of 160 and 120 kg N ha™ respectively which are statically similar with each other while lighter
thousand grains weight (217 and 223 g) was noted with applying 80 and 200 kg N ha™' respectively. Graph trend
shoed that application of 1.5 kg HA ha™ first decline with application of N from 80 to 120 kg N ha™ then further
increased in N thousand grain weight increase upto 160 kg for further increase of upto 200 kg N ha™ thousand
grains weight decreased. Similarly 3 kg HA ha™' showed that thousand grain weight increased with increasing of N
from 80 to 120 kg N ha™ for further increase of N thousand grains weight decreased. Similarly 4.5 kg HA ha™
showed that thousand grains weight increased linearly with increasing of N from 80 to 160 kg for further increase
of N thousand grain weight decreased (Figure 3). Rest treated plots produces more thousand grains weight (227 g)
than control (197 g) plots. Humic acid had no significant on thousand grins weight and the results are similar with
those of Malik and Akber (2008). Maximum thousand grain weight might be due to the fact nitrogen enhances
yield and yield components. These results are in conformity to those of Alam et al. (2003). They reported that
maximum thousand grain weight was recorded with plots receiving 120 kg N ha™'. Optimum utilization of solar
light, higher assimilates production and its conversion to starches resulted higher grains number and weight that
resulted more biomass and seed yield (Derby et al., 2004). Yield and yield components was significantly increased
by nitrogen levels (El-sheikh, 1998; Samira et al., 1998). Arif et al. (2010) reported that thousand grains weight
significantly increased with application of 160 kg N ha™'. Optimum utilization of solar light, higher assimilates
production and its conversion to starches resulted higher grains number and weight that resulted more biomass and
seed yield (Derby et al., 2004).

260 -

250 A

240 A
—e— 1.5 (kg HA ha!)

2301 —¥— 4.5 (kg HA ha')

220 A

Thousand grains weight (g)

210 A

200 T T T T
80 120 160 200

Nitrogen (kg ha™)

Figure 3. Thousand grains weight as affected by humic acid and nitrogen interaction

3.5 Grain Yield (kg ha™)

Humic acid, nitrogen and control vs. rest comparison had significantly affected grain yield kg ha” However, the
interaction response of humic acid and nitrogen levels was also significant (Table 2). Higher grain yield (3602 and
3597 kg ha") was recorded when applying 3 and 4.5 kg HA ha™' which is statistically similar with each other while
minimum grain yield (3190 kg ha™") were recorded with 1.5 kg HA ha™. Similarly maximum grain yield (3957 kg
ha™') were noted with application 160 kg N ha" while lower grain yield (3380, 3332 and 3183 kg ha™) was
observed when applying 120, 200 and 80 kg N ha™ respectively. The graph showed that a steep increase was
observed in grain yield when applying humic acid at the rate of 1.5 and 4.5 kg ha™ with nitrogen levels of 80 to 160
kg ha™' where as application of 3 kg HA ha” decreased grain yield with nitrogen level of 80 to 120 kg N ha™ as
shown in Figure 4. Control vs Rest plots produced higher grain yield (3463 kg ha™) than control (2650 kg ha™)
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plots. The ability of HA to release the nutrient slowly due to the decomposition of residue for a longer time could
be the possible explanation for improved grain yield due HA application (Dev & Bhardwaj, 1995) and sharif et al.
(2003)who reported that humic acid alone can increase the grain yield by 21-25% with nutrients accumulation.
These results are in agreement with Ortiz Monasterio et al. (1997) who reported that N application increased
biomass and grain yield of the crop. Optimum utilization of solar light, higher assimilates production and its
conversion to starches resulted higher grains number and weight that resulted more biomass and seed yield (Derby
et al., 2004). Yield and yield components was significantly increased by nitrogen levels (El-sheikh, 1998; Samira
et al., 1998). Zeidan and Amany (2006) reported that nitrogen fertilizer boost up vegetative growth and enhancing
seed yield. Sheikh (1998) reported that grain yield of maize increased with 160 kg N ha™.

4200 -
4000 -
3800 -

3600 -
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O 3 (kg HA ha"l)
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Figure 4. Grain yield (kg ha™) as affected by humic acid and nitrogen interaction

4. Conclusion

From the results and discussion mentioned it is concluded that the yield and yield components of Zea mays L. were
maximum when applying 3 kg HA ha™ and 160 kg N ha'. Hence 3 kg HA ha™ and 160 kg N ha™ is recommended
for higher grain yield and 4.5 kg HA ha™ and 200 kg N ha™ for higher crop growth.
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