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Abstract. A field experiments was conducted to investigate the soil application of humic acid and nitrogen
levels at Agricultural Research Station, Swabi, Pakistan during 2014. Experimental soil was deficient in
organic matter (0.52%) and total nitrogen (0.029%). Effect of humic acid and nitrogen levels on plant
height, leaves plant?, leaf area plant?, leaf area index, grain yield, total N uptake, net assimilation rate as
well as nitrate reductase activity in leaves were determined using maize variety Jalal and Igbal. Four levels
of humic acid (0, 0.6, 1.2 and 1.8 kg ha*) and two levels of nitrogen (0 and 120 kg ha') were applied in
soil along with basal fertilization of phosphorus and potassium. Nitrogen concentrations and uptake were
determined from the grain and stover. All the applied levels of humic acid significantly enhanced growth
and yield attributes of both maize varieties in the presence of nitrogen. However, application of 1.2 and
1.8 kg ha* were only effective to increase growth and yield attributes in the absence of nitrogen. Soil
application of nitrogen significantly increased growth and yield of both maize verities; however, it was
significantly lower than all the soil applied HA levels with nitrogen. Maize variety Igbal showed
significantly higher NR activity in leaves, net assimilation rate, grain yield and harvest index than Jalal.
Nitrogen concentration and uptake were significantly augmented with increasing level of humic acid in
grain and stover. However, maximum total N uptake was recorded with the application of 1.8 kg ha* HA+N
in maize variety Igbal. Among different applied HA levels, maximum grain yield was obtained from the
soil application of 1.8 kg HA ha* with nitrogen in both varieties. Therefore, 1.8 kg ha* HA along with
120 kg N ha' in maize variety Igbal could be recommended for higher grain yield in calcareous N deficient
soil conditions.
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Introduction

Maize is considered a major crop in Pakistan, as it occupy third most important position after
wheat and rice in terms of area and grain yield (Government of Pakistan, 2016). Maize is
cultivated for fodder and grain in various tropical, subtropical and temperate areas of the world,;
including Pakistan. Due to rapid increase in human population, horizontal increase in maize
area is not possible. Therefore, the only way to increase maize productivity lies in increasing
yield of existing maize genotypes through various integrated nutrient management practices
(Grassini et al., 2011). Pakistani soils are mostly calcareous, alkaline and deficient in organic
matter (Azam et al., 2001). Nutrients deficiencies prevail in the soil due to insufficient and poor
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nutrient management which adversely affect the yield of crops and fertility of the soil with the
course of time (Afzal and Ahmad, 2009). Different management practices are applied to
enhance and sustain soil fertility. For example, production of field crops had been successfully
improved with the application of farm yard manure, green manure, composting and application
of some organic fertilizers. Nitrogen has main role in various physiological, biochemical
processes and yield traits of maize (Amanullah, 2016; Maheswari et al., 2017). Nitrogen
application improves growth rate of the plants with greater leaf expansion, reduced senescence
and higher dry matter accumulation (Rizwan et al., 2003). It performs a crucial role in crop
production as it contributes significantly to the yield and yield components of maize crop
(Sharifi and Taghizadeh, 2009). However, its scarcity is regarded as one of the major yield
retarding factors because it is prone to a number of losses.

Humic acid is an organically charged bio-stimulant (Moghadam et al., 2015) made by the
bacterial and chemical processes in the soil. It is an essential part of organic matter that improves
physical, biological and chemical properties of the soil, for example water holding capacity,
nutrient availability, soil penetrability and soil structure (Nardi et al., 2002; Khan et al., 2013).
It increases organic matter, organic carbon and water retention which ultimately augment
fertilizer retention in the soil (Dong et al., 2006). It has the potential to enhance various
physiological and biochemical process within the plant; for example, chlorophyll, net
assimilation rate, carbohydrate, leaf area and roots development (Turkmen et al., 2004; Khan
et al., 2013; Traversa et al., 2014). It can diminish nitrogen losses by stimulating soil
exchangeable ammonium (NH4") and available nitrate (NOz") which leads towards higher
nitrogen retention in the soil and uptake by the plants (Mohd et al., 2009). Therefore, adequate
application of humic substances in the soil has capability to increase the availability of macro
(N, P, K and Ca) and micro nutrients (Fe, Zn and Mn) as well as their uptake in the plants
(Saruhan et al., 2011; Daur and Bakhashwain, 2013; Khan et al., 2013). It is important to
identify maize varieties which have the ability to produce higher grain yield under the cropping
systems practiced by the small land holder farmers, as very little effort has been made in this
regard (Tolessa et al., 2007). Sustainable crop production depends on the continuous renewal
of soil fertility through a balance between N demand and supply in cropping systems (Y ousaf
etal., 2016). There seems to be a synergistic relationship between humic acid and N as it has a
crucial role on the fate of organic nitrogen in the soil, N cycling, distribution and its availability
to the plants (Dong et al., 2009).

Soil of arid and semi-arid region having low precipitation and high evapotranspiration
resulted in lower organic matter, nutrient deficiencies and high pH. The beneficial effect of
humic acid and nitrogen in various plant species has been well reported; however, specific
effect of different levels of HA with and without nitrogen in maize has yet to be explored. In
addition, we will determine the potential of humic acid to trigger net assimilation rate, nitrate
reductase activity, total nitrogen uptake and grain yield in two different maize varieties under
field conditions.

Materials and methods
Experimental site

The study was conducted at experimental field located at 34° 7' 12 N and 72° 28' 12 E in
Agricultural Research Station Swabi, Pakistan. The climate of the experimental site is sub-
tropical, semi-arid, hot and continental with 568 mm annual rainfall on average basis. The
average temperature of 40°C was recorded in the summer season, while the lower level of
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temperature was 25°C in the same season. Average maximum temperature during the winter
months was 18.4°C while the minimum temperature was 4°C.

Experimental procedure

Before starting the experiment, soil samples were collected from 0-30 cm depth at
different locations of the field to determine the physico-chemical properties of soil. Soil
was air dried, grinded and passed through 2 mm sieve to remove clods and materials other
than soil. Soil characteristics were silt loam textural class with pH 7.8, electrical
conductivity 0.20 dS m™, organic matter 0.52%, total nitrogen 0.029%, available
phosphorous 5.72 mg kg*, potassium 118 mg kg?, zinc 2.30 mg kg?, copper
2.70 mg kgl, iron 2.41 mg kg! and manganese 97 mg kg*. Field experiment was
conducted during the summer 2014 in a randomized complete block design with split plot
arrangement having three replications. Factorial experiment comprised of two maize
varieties Jalal and Igbal in the main plot, while the treatments of humic acids and N levels
were allotted to the subplots. The area of each subplot was 4.9 m x 3 m (14.7 m?). Manual
method of sowing was used for planting with plant to plant distance of 20 cm and row to
row distance of 70 cm. Detail of treatments is given in Table 1. The Humic harvest, USA
was purchased from market and used in the research study at 2000 ppm (2 g humic acid
liter) solution from the matured dried stems and empty heads of sunflower after seed
removal. Basal fertilizer of P and K was applied at 100 and 60 kg ha in the form of single
super phosphate and sulphate of potash. Soil was prepared well for sowing of maize
varieties with the help of primary and secondary tillage. The required N levels were
applied to the subplots of maize varieties in two split applications (17 days-after-sowing
(DAS) and 35 DAS. Humic acid was applied to maize varieties 14 DAS in a single
application. Weeds were controlled by the application of Primextra 400 mL (Atrazine
223 g/L + Metolachlor 277 g L) weedicide before pre-emergence. Five irrigations were
applied to the crop at knee stage (grand growth stage), pre-tasseling, silking, dough stage
and seed fill stage with the help of canal water. Various cultural practices were done all
over the growing period.

Table 1. Detail of treatments is given below

Treatments Detail

T1 Control (without HA and N)

T2 Soil application of 0.6 kg HA + 0 kg N ha!
T3 Soil application of 1.2 kg HA + 0 kg N ha!
T4 Soil application of 1.8 kg HA + 0 kg N ha!
T5 Soil application of 0 kg HA + 120 kg N hat
T6 Soil application of 0.6 kg HA + 120 kg N ha!
T7 Soil application of 1.2 kg HA + 120 kg N ha!
T8 Soil application of 1.8 kg HA + 120 kg N ha!

The data on plant height, leaves plant™ at silking, leaf area plant™ at silking, leaf area
index (LAI) at silking, nitrate reductase (NR) activity in leaves at 30 DAS, net
assimilation rate (NAR) at 30-75 DAS, ears m=, ears plant, ear length (cm), thousand
grain weight (g), grain yield (kg ha), stover yield (kg ha), harvest index (%), grain N
concentration (%), stover N concentration (%), grain N uptake (kg ha), stover N uptake
(kg ha') and total N uptake (kg ha) were determined. For determining plant height, five
maize plants were selected randomly at silking from each subplot and the average length
was measured from ground level to the top of tassel by using a measuring tape. Likewise,
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at silking five maize plants were taken at random from each subplot, leaves counted and
the average calculated. The leaf area (cm?) plant* was measured by multiplying average
leaf area with number of leaves plant™ and the LAI was calculated by digital hand held
laser leaf area meter (CI-203 Bio- Science, USA). The enzyme nitrate reductase (NR EC
1.7.1.1) activity in leaves was measured from fresh plant tissues of three top leaves at
30 DAS and expressed as unit per mg protein (Lewis et al., 1982). One unit equivalents
to the production of 1 umol of NO2 per minute at 25°C. Net assimilation rate (30-75 DAS)
was determined by dividing the total dry matter of plants by their leaf area duration
(Beadle, 1993). It was expressed as g m™ day™.

The number of ears m? was calculated by dividing the number of ears by row
length (m) x r-r distance x number of rows. The number of ears plant™ was recorded by
dividing the numbers of ears by the number of ears in each subplot. For ear length of
maize varieties, after harvesting and dehusking, the length of five ears was recorded and
averaged. At crop maturity, the two central rows were harvested manually. All the plots
of the crop were bundled separately, labeled properly and brought to the threshing room.
The 1000-grain weight, stover yield and grain yield were estimated with electrical
balance. Likewise, the harvest index (HI) was recorded by dividing the grain yield by
biological yield and then multiplying by 100. The grain and stover N concentration (%)
was calculated by the Bremner and Mulvaney (1982) method, which is known as Kjeldahl
method. The grain and stover N uptake (kg ha) were measured by multiplying the grain
and stover N concentration (%) with grain and stover yield (kg ha) respectively and then
dividing by 100. Furthermore, the total N uptake was calculated by adding the grain N
uptake and stover N uptake.

Statistical analysis

Data were statistically analyzed using the analysis of variance using the method
described by Steel et al. (1997), and means between treatments was compared by least
significant difference (P<0.05). All the parameters mean values were expressed as mean
value with standard error (SE).

Results
Plant height (cm)

Plant height of both maize varieties were significantly increased with the combined
effect of all the applied levels of humic acid with N; however, alone application of humic
acid was only significant in 1.8 kg ha® in both varieties. The sole application of N
substantially increased plant height of both varieties, however, it was significantly lower
than the application of 1.2 and 1.8 kg HA with N (Table 2). Plant height increase due to
the application of 1.2 and 1.8 kg HA ha with N was statistically at par with each other.
Maximum plant height was recorded with the application of 1.8 kg HA ha* with N; while
the minimum was achieved with control plants in both maize varieties. Plant height of
maize variety Jalal was significantly higher than Igbal.

Leaves plant?

The sole application of 1.2 and 1.8 kg HA ha' significantly enhanced the number of leaves
plant™, however, any increase due to individual application of 0.6 Kg HA ha* was statistically
not different as compared to control in both maize varieties (Table 2). The alone effect of 1.2
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and 1.8 kg HA ha* was statistically at par with each other in terms of number of leaves plant”
! Individual application of N and all the combined applications of HA with N significantly
increased number of leaves plant™ in both the maize varieties. The maximum number of
leaves plant™ was observed with the combined application of 1.8 kg HA ha™ + N which was
at par with 1.2 kg HA ha + N. Higher number of leaves plant™ were recorded in maize
variety Jalal as compared to Igbal.

Table 2. Effect of different levels of humic acid in the absence and presence of nitrogen on
plant height (cm) and leaves plant™ of maize variety Jalal and Igbal

Plant height (cm) Leaves plant
Treatments
Jalal Igbal Jalal Igbal
Control (0 kg HA + 0 kg N hat) 197.8+0.92 de 177.0+0.44 i 11.56+0.04 f 10.74+0.04 i
0.6 kg HA +0kg N ha? 199.3+0.87 d 178.8+0.28 hi 11.72+0.05 ef 10.79+0.04 hi
1.2 kg HA + 0 kg N hat 201.0+1.05cd 180.3+0.86 hi 11.87+0.02 de 10.96+0.04 gh
1.8 kg HA + 0 kg N hat 202.6+1.19¢c 181.7+0.80 h 11.99+0.04 d 11.06+0.04 g
0 kg HA + 120 kg N ha! 207.8+0.52 b 190.1+0.23 g 12.45+0.04 ¢ 11.57+0.02 f
0.6 kg HA + 120 kg N ha! 209.2+0.41 b 192.0+0.36 fg 12.62+0.04 bc 11.74+0.04 ef
1.2 kg HA + 120 kg N ha! 210.9+0.40 ab 193.2+0.28 fg 12.83+0.04 ab 11.81+0.05 de
1.8 kg HA + 120 kg N ha! 213.3+0.45a 194.80+0.38 ef 12.98+0.07 a 11.97+0.04 d
Means 205.2 a 186.0 b 12.25a 11.33b

Mean followed by same letters in a column do no differ significantly at P < 0.05

Leaf area (cm?) plant?

Leaf area index was significantly improved with all the applied levels of humic acid,
except 0.6 Kg HA ha! in the absence of N in both maize varieties. (Table 3). The alone
impact of 1.2 and 1.8 kg HA ha? on leaf area plant® of both maize varieties were
statistically same with each other. However, the effect of alone application of humic acid
on leaf area plant™* was lower than sole use of N. The integrated application of all the HA
levels with N significantly accelerated the leaf area plant? in both maize varieties.
Maximum leaf area plant™® was recorded with 1.8 Kg ha* HA+N in maize variety Jalal,
while the minimum was recorded with control plants in Igbal.

Leaf area index (LAI)

All the levels of applied humic acid in the absence and presence of nitrogen and alone
application of nitrogen improved leaf area index in both maize varieties (Table 3).
However, in the absence of nitrogen, 1.8 kg ha* humic acid significantly enhanced leaf
area index in both varieties. The leaf area index increase due to the individual application
of HA at 0.6 and 1.2 kg HA ha was at par with each other in either maize variety. The
combined use of 1.8 kg HA ha! + N resulted in maximum leaf area index which was at
par with 1.2 kg HA ha* + N in both varieties. Maize variety Jalal exhibited higher leaf
area index as compared to Igbal. Lower leaf area index was recorded in control plots of
humic acid and N.

Nitrate reductase activity in leaves (unit mg protein)

Nitrate reductase (NR) activity in leaves was significantly accelerated with the
increasing level of humic acid in the absence and presence of nitrogen in both maize
varieties (Table 4). The sole impact of 1.2 and 1.8 kg HA ha on NR activity of maize

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(3): 6783-6799.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1703_67836799
© 2019, ALOKI Kft., Budapest, Hungary



Khan et al.: Integration of humic acid with nitrogen wields an auxiliary impact on physiological traits, growth and yield of maize (Zea
mays L.) varieties
- 6788 -

varieties was statistically at par with each other. Although, the alone application of N
significantly increased NR activity; however, the magnitude of increase was higher under
the combined use of humic acid and nitrogen. Moreover, highest NR activity was
observed at 1.8 kg HA ha* + N while the lowest was recorded with control plants in both
varieties. The impact of 1.8 kg HA ha* + N on NR activity was at par with 1.2 kg HA ha
+ N in each variety. The average mean of Igbal superseded the mean of Jalal variety.

Table 3. Effect of different levels of humic acid in the absence and presence of nitrogen on

leaf area plant™ and leaf area index (LAI) of maize variety Jalal and Igbal

Leaf area (cm?) plant? Leaf area index (LAI)

Treatments Jalal Igbal Jalal Igbal
Control (0 kg HA + 0 kg N hat) 4469+38.55 gh 3959+28.30 k 3.16+0.01 f 2.76+0.03 h
0.6 kg HA + 0 kg N ha! 4596+9.45 efg 4064+40.48jk | 3.18+0.03ef  2.80+0.02 gh
1.2 kg HA + 0 kg N hat 4697+31.39 de 4194+39.61 ij 3.25+0.02 de 2.83+0.01 gh
1.8 kg HA + 0 kg N hat 4827+24.26 d 4265+27.17 i 3.28+0.01d 2.86+0.01 g
0 kg HA + 120 kg N ha! 5122+49.69 ¢ 4418+33.03 h 3.56+0.01 c 3.11+0.01 f
0.6 kg HA + 120 kg N ha'* 5279+30.15 b 4541+25.71 fgh 3.66+0.02 b 3.18+0.01 ef
1.2 kg HA + 120 kg N ha! 5390+27.02 ab 4643+28.04 ef 3.75+0.02 ab 3.24+0.01 de
1.8 kg HA + 120 kg N ha! 5499+33.87 a 4729+28.06 de 3.82+0.02 a 3.30+0.02d

Means 4985 a 4352 b 3.46a 3.01b

Mean followed by same letters in a column do no differ significantly at P < 0.05

Table 4. Effect of different levels of humic acid in the absence and presence of nitrogen on
nitrate reductase activity in leaves and net assimilation rate of maize variety Jalal and Igbal

Treatments Nitrate redu%%%ig')\“ty in leaves Net assimilation rate (30-75 DAS)
Jalal Igbal Jalal Igbal
Control (0 kg HA + 0 kg N ha'l) 0.17+0.01 i 0.19+0.01i 8.34+0.03 | 10.30+0.06 g
0.6 kg HA + 0 kg N ha! 0.24+0.01h 0.2740.01 gh 8.50+0.07 k 10.38+0.02 fg
1.2 kg HA + 0 kg N ha! 0.2740.01 gh 0.31+0.02 f 8.66+0.08 j 10.52+0.02 ef
1.8 kg HA + 0 kg N hat 0.29+0.01 fg 0.33+0.01 ef 8.79+0.02 ) 10.65+0.02 e
0 kg HA + 120 kg N ha't 0.32+0.01f 0.37+0.01d 9.45+0.05 i 11.69+0.02 d
0.6 kg HA + 120 kg N ha'! 0.37 £ 0.01 de 0.42+0.01 ¢ 9.54+0.05 hi 11.85+0.02 ¢
1.2 kg HA + 120 kg N ha! 0.41+0.01 bc 0.46+0.01 ab 9.71+0.03 fg 12.03+0.04 b
1.8 kg HA + 120 kg N ha! 0.45+0.01 b 0.50+0.01 a 9.76+0.04 f 12.23+0.02 a
Means 0.32b 0.36a 9.09b 11.21a

Mean followed by same letters in a column do no differ significantly at P < 0.05

Net assimilation rate (g m day) (30-75 DAS)

Increasing level of applied humic acid significantly improved net assimilation rate
(NAR) respectively in the absence and presence of nitrogen, except individual application
of humic acid at 0.6 kg ha™* in both varieties (Table 4). Each variety showed similar net
assimilation rate due to the individual application of 1.2 and 1.8 kg HA ha™. The
application of 1.8 kg HA ha* along with N showed highest net assimilation rate in both
varieties. Maize variety Igbal exhibited higher NAR than Jalal. Net assimilation rate
increase due to the application of humic acid at 1.2 kg ha* and 1.8 kg ha* along with
nitrogen was statistically at par with each other in maize variety Jalal. Likewise, net
assimilation rate increase due to the alone application of nitrogen and 0.6 kg ha* HA+N
was statistically at par with each other in Jalal.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(3): 6783-6799.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1703_67836799
© 2019, ALOKI Kft., Budapest, Hungary



Khan et al.: Integration of humic acid with nitrogen wields an auxiliary impact on physiological traits, growth and yield of maize (Zea
mays L.) varieties
- 6789 -

Ears m2

Both of the maize varieties showed a significant response for the number of ears m
against the applied levels of humic acid in the presence and absence of N, except the sole
application of humic acid at 0.6 kg ha™. The alone application of N had a significant
impact on the number of ears m in both maize varieties (Table 5). Individual application
of humic acid at 1.2 and 1.8 kg ha™* on ears m was statistically at par with each other in
both the maize varieties. The highest number of ears m was observed at 1.8 kg HA ha™!
+ N in both varieties. The effect of 1.8 kg HA ha* + N was statistically at par with 1.2 kg
HA ha in Jalal regarding the number of ears m2. The lowest number of ears m? was
recorded in the control plots of Jalal, while the highest was achieved with Igbal.

Table 5. Effect of different levels of humic acid in the absence and presence of nitrogen on
ears m? and ears plant™ of maize variety Jalal and Igbal

Treatments Ears m? Ears plant?!

Jalal Igbal Jalal Igbal
Control (0 kg HA + 0 kg N hat) 5.26+0.02 h 5.47+0.01fg 0.76+0.01 j 0.78+0.01 ij
0.6 kg HA + 0 kg N ha! 5.31+0.02 hi 5.53+0.02 ef 0.78+0.01 hj 0.80+0.01 ghi
1.2 kg HA + 0 kg N ha! 5.38+0.01 gh 5.65+0.01 de 0.79+0.01 hi 0.82+0.01 fg
1.8 kg HA + 0 kg N ha! 5.46+0.02 fg 5.70+0.02 d 0.82+0.01¢ 0.85+0.01 ¢
0 kg HA + 120 kg N ha! 5.75+0.05 d 5.95+0.04 ¢ 0.86+0.01 de 0.89+0.01 cd
0.6 kg HA + 120 kg N ha'! 5.98+0.03 ¢ 6.11+0.01 b 0.88+0.01d 0.91+0.01c
1.2 kg HA + 120 kg N ha'! 6.04+0.03 bc 6.16+0.03 b 0.91+0.01 bc 0.94+0.01 ab
1.8 kg HA + 120 kg N ha! 6.15+0.04 b 6.33+0.03 a 0.94+0.01 ab 0.97+0.01 a

Means 5.67b 5.86a 0.84b 0.87a

Mean followed by same letters in a column do no differ significantly at P < 0.05

Ears plant?

The application of humic acid in the presence and absence of N, as well as the alone
application of N significantly influenced the number of ears plant? in both the maize
varieties of Jalal and Igbal. However, the alone application of 0.6 kg HA ha® did not
cause any significant increase in the number of ears plant™* (Table 5). The sole application
of humic acid at1.8 kg HA ha! produced the highest number of ears palnt™. Though the
sole application of N enhanced the ear bearing capacity of maize varieties, but the
maximum number of ears plant™ was recorded with 1.8 kg HA ha + N. The minimum
number of ears plant™ was observed in the control plots. The higher number of ears plant™
was measured in Igbal variety of maize as compared with Jalal.

Ear length (cm)

The ear length of both maize varieties exhibited a significant response to the sole
application of N as well as all the applied levels of humic acid with and without N, except
the alone application of humic acid at 0.6 kg ha™ (Table 5). The alone impact of 1.2 and
1.8 kg HA ha' on ear length of maize variety Jalal was statistically at par with each other.
The maximum ear length was recorded with the combined use of 1.8 kg HA ha* + N,
although the sole use of N also had a significant impact on the bulk of increase in each
variety. The effect 1.8 HA ha! + N and 1.2 kg HA ha* + N on ear length of each variety
was statistically at par with each other in both varieties. The minimum ear length was
measured in control plots of both varieties. The mean average of ear length of Igbal was
significantly higher than Jalal variety of maize.
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Thousand grain weight (g)

The individual application of humic acid and N as well as their integrations had a
substantial influence on thousand grain weight of maize variety Jalal and Igbal (Table 6).
Under the sole application of humic acid, the plots treated with 1.8 kg HA ha™* produced
highest thousand grain weight in both maize varieties. The individual effect of 0.6 and 1.2
kg HA ha was statistically at par with each other in both varieties. The highest thousand
grain weight was recorded in plots supplied with 1.8 kg HA ha! + N in Igbal while the
lowest was recorded in control plots of Jalal. Furthermore, the plots treated with sole N and
0.6 kg HA ha + N produced the same thousand grain weight in Jalal.

Table 6. Effect of different levels of humic acid in the absence and presence of nitrogen on ear

length (cm) and thousand grain weight (g) of maize variety Jalal and Igbal

Ear length (cm) Thousand grain weight (g)
Treatments Jalal Iqbal Jalal Iqbal

Control (0 kg HA + 0 kg N ha?) 14.30+0.04 k 15.22+0.03 i 179.9+40.95 k 192.6+0.47 gh
0.6 kg HA + 0 kg N hat 14.46+0.05 jk 15.3740.04 hi 183.4+0.32 j 195.5+0.55 ef
1.2 kg HA + 0 kg N hat 14.70+0.04 i 15.56+0.02 gh 185.2+0.23 j 197.3+0.49 de
1.8 kg HA + 0 kg N ha! 14.90+0.01 hi 15.82+0.03 ef 187.5+0.38 i 199.7+0.38 d
0 kg HA + 120 kg N ha! 15.84+0.04 g 17.1440.04 d 191.8+1.04 h 204.1+0.94 ¢
0.6 kg HA + 120 kg N ha'! 16.07+0.01 f 17.36+0.03 ¢ 194.3+0.75 fg 206.5+0.42 ¢
1.2 kg HA + 120 kg N ha! 16.31+0.03 de 17.65+0.07 ab 197.1+0.55 e 209.4+0.60 b
1.8 kg HA + 120 kg N ha'! 16.51+0.03 d 17.76+0.05 a 199.4+0.51 d 212.9+0.97 a

Means 15.39b 16.48 a 189.8 b 202.2 a

Mean followed by same letters in a column do no differ significantly at P < 0.05

Grain yield (kg ha?)

The grain yield of both varieties was substantially enhanced with the increasing levels
of humic acid, nitrogen as well as their combined application (Table 7). Under the alone
application of humic acid, 1.8 kg HA ha! resulted in higher grain yield in each variety.
The application of humic acid at 1.8 kg ha™* with N, produced the plants with the highest
grain yield in both the maize varieties. The impact of 1.8 HA ha! + N and 1.2 kg HA ha'*
+ N on grain yield of both varieties was statistically at par with each other. The highest
grain yield was achieved in plots of Igbal treated with 1.8 kg HA ha + N while the lowest
was recorded in control plots of Jalal.

Table 7. Effect of different levels of humic acid in the absence and presence of nitrogen on
grain yield (kg ha*) and stover yield (kg ha™) of maize variety Jalal and Igbal

Grain yield (kg ha') Stover yield (kg ha't)

Treatments Jalal Igbal Jalal Igbal
Control (0 kg HA + 0 kg N ha'?) 2540+21.65 | 2937+7.88 k 7648+23.41 h 6847+47.94 |
0.6 kg HA + 0 kg N hat 3066+4.37 3209+20.43 i 8298+21.73¢e 7031+42.04 i
1.2 kg HA + 0 kg N hat 3224+20.46i 3328+31.12h 8485+37.29 e 7084+71.96 i
1.8 kg HA + 0 kg N hat 3385+14.97 h 3517+23.81 ¢ 8751+53.13d 7303+17.36 h
0 kg HA + 120 kg N ha! 3942+19.19 f 4064+32.32 ¢ 9115+43.37 ¢ 7605+44.55 g
0.6 kg HA + 120 kg N ha'! 4192+27.22 d 4312+23.38 c 9367+15.13 b 7778+33.74 fg
1.2 kg HA + 120 kg N hat 4465+31.65 b 4564+19.40 b 9542+23.07 ab 7851+22.98 ef
1.8 kg HA + 120 kg N ha'! 4742+9.53 a 4817+17.95a 9623+62.44 a 8012+25.10 e

Means 3694 b 3844 a 8854 a 7439 b

Mean followed by same letters in a column do no differ significantly at P < 0.05
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Stover yield (kg hal)

Stover yield of both maize varieties were significantly increased with the combined
application of humic acid + N as well as under the alone application of humic acid and N
(Table 7). The alone effect of 0.6 and 1.2 kg HA ha on stover yield of both varieties was
statistically at par with each other. Though the sole application of N improved stover yield
of maize varieties but the maximum response was observed at 1.8 kg HA ha™* + N which
was at par with 1.2 kg HA ha + N. The Jalal variety of maize exhibited highest stover
yield than Igbal. In Igbal variety of maize, the individual effect of N was similar with the
combined effect of 0.6 kg HA ha™ + N.

Harvest index (%)

The integration of humic acid and nitrogen as well as their alone applications
considerably affected the harvest index of both maize varieties. The individual effect of
0.6 and 1.2 kg HA ha! on harvest index was statistically at par with 1.8 kg HA ha in
both varieties (Table 8). Maximum harvest index was recorded at 1.8 kg HA ha* + N in
each variety of maize. However, the impact of 1.8 kg HA ha® + N was similar with
1.2 kg HA ha't + N in both the varieties. Moreover, in Jalal variety of maize the integrated
impact of 0.6 kg HA ha™* + N were found to be at par with individual application of N in
terms of harvest index. The Igbal variety of maize exhibited higher harvest index than
Jalal.

Table 8. Effect of different levels of humic acid in the absence and presence of nitrogen on
harvest index (%) and grain N concentration (%) of maize variety Jalal and Igbal

Harvest index (%) Grain N concentration (%)
Treatments
Jalal Igbal Jalal Igbal
Control (0 kg HA + 0 kg N ha'?) 24.93+0.14 j 29.72+0.18 h 1.27+0.01j 1.31+0.02i
0.6 kg HA + 0 kg N hat 26.97+0.06 i 31.34+0.19 ef 1.32+0.01 i 1.36+0.01 h
1.2 kg HA + 0 kg N hat 27.53+0.16 i 31.97+0.42 de 1.40+0.01 g 1.42+0.01 fg
1.8 kg HA + 0 kg N hat 27.88+0.20 i 32.49+0.10 cde 1.43+0.01 efg 1.46+0.01 def
0 kg HA + 120 kg N ha! 30.19+0.10 gh 34.82+0.20 ¢ 1.44+0.01 efg 1.47+0.01 cde
0.6 kg HA + 120 kg N hat 30.92+0.15 fg 35.67+0.04 b 1.47+0.01 cd 1.50+0.01 bc
1.2 kg HA + 120 kg N ha! 31.89+0.11 de 36.76+0.05 a 1.48+0.01 cd 1.53+0.01 b
1.8 kg HA + 120 kg N ha! 33.01+0.19 ¢ 37.55+0.05 a 1.53+0.01 b 1.57+0.01 a
Means 29.16 b 33.79a 141b 145a

Mean followed by same letters in a column do no differ significantly at P < 0.05

Grain N concentration (%)

The response of maize varieties Jalal and Igbal for grain N concentration was found to
be significant against all the applied levels of humic acid, nitrogen and their combination.
However, the effect of sole application of 1.2 and 1.8 kg HA ha* on grain N concentration
was statistically at par with each other in both the varieties (Table 8). Likewise, the impact
of alone application of N and 1.8 kg HA ha on grain N concentration was statistically
not different from each other in either of the maize variety. In both varieties, the combined
application of 1.8 kg HA ha® + N produced the plants with the highest grain N
concentration. Furthermore, the grain N concentration of maize variety Igbal were higher
than Jalal. The control plots of maize varieties resulted in lower grain N concentration.
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Stover N concentration (%)

The different application levels of humic acid in the absence and presence of nitrogen as
well as the sole application of N substantially enhanced the stover N concentration of maize
varieties Jalal and Igbal, except the alone application of humic acid at 0.6 kg ha (Table 9).
Humic acid application at 1.8 kg HA ha™ produced the highest stover N concentration in
both varieties which was at par with 1.2 kg HA ha and the individual application of N.
Although, the alone N accelerated the grain N concentration of both varieties but the
maximum N concentration was recorded at 1.8 kg HA ha* + N which was statistically at
par with 1.2 kg HA ha! + N. The higher stover N concentration was observed in the maize
variety Jalal as compared to Igbal. The plants of control plots were studied to be lower in
the stover N concentration in both the maize varieties.

Table 9. Effect of different levels of humic acid in the absence and presence of nitrogen on
stover N concentration (%) and grain N uptake (kg ha™) of maize variety Jalal and Igbal

Stover N concentration (%) Grain N uptake (kg ha)
Treatments

Jalal Igbal Jalal Igbal
0 kg HA +0kgN hat 0.24+0.01 j 0.27+0.01 hij 32.30+0.20 | 38.87+0.16 k
0.6 kg HA + 0 kg N hat 0.26+0.01 ij 0.29+0.01 fg-i 40.42+0.25 k 43.49+0.46 j
1.2 kg HA + 0 kg N hat 0.28+0.01 ghi 0.31+0.01 de-g 45.26+0.20 ij 47.15+0.34 hi
1.8 kg HA + 0 kg N ha! 0.30+0.01 ef-h 0.33+0.01 cde 48.52+0.39 h 51.23+0.56 ¢
0 kg HA + 120 kg N ha! 0.31+0.01 def 0.35+0.01 bc 56.59+0.51 f 59.72+0.45¢
0.6 kg HA + 120 kg N ha'! 0.33+0.01 cd 0.37+0.01b 61.43+0.65 e 64.66+0.72d
1.2 kg HA + 120 kg N ha! 0.35+0.01 bc 0.41+0.01 a 66.22+0.73 d 69.79+0.32 ¢
1.8 kg HA + 120 kg N ha! 0.37+0.01b 0.44+0.02 a 72.55+0.31b 75.73+0.54 a

Means 0.30b 0.35a 52.91b 56.33 a

Mean followed by same letters in a column do no differ significantly at P < 0.05

Grain N uptake (kg ha?)

In both the maize varieties the grain N uptake were significantly affected by the alone
application of humic acid, nitrogen as well as their integration (Table 9). Although the
sole use of N fertilizer enhanced the grain N uptake of each variety, but the maximum N
uptake was observed at 1.8 kg HA ha* + N. The minimum grain uptake of maize varieties
was observed in the control plots of humic acid and nitrogen. The plants of Igbal variety
showed the highest grain N uptake when they were compared with the maize plants of
Jalal variety.

Stover N uptake (kg ha?)

The sole application of N as well as the applied levels of humic acid in combination
with N and without N substantially influenced the stover N uptake of both maize varieties,
except at 0.6 kg ha! in Igbal (Table 10). However, under the alone application of humic
acid, 1.8 kg HA ha resulted in higher stover N uptake which was statistically at par with
1.2 kg HA hal in both varieties. The sole use of N significantly increased the stover N
uptake in both maize varieties. Moreover, the integrated application of 1.8 kg HA ha! +
N produced the highest stover N uptake in both varieties which was statistically at par
with 1.2 kg HA ha + N. The higher average mean of stover N uptake was recorded in
the maize variety Jalal than Igbal.
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Total N uptake (kg hat)

The total N uptake of both maize varieties had significant response to the alone
application of N as well as applied levels of humic acid in the presence and absence of N
(Table 10). As far as the sole application of humic acid is concerned, 1.8 kg HA ha!
resulted in maximum uptake of N in both the varieties. Likewise, the alone application of
N increased the total N uptake in both maize varieties but the maximum response was
observed under the combined application at 1.8 kg HA ha* + N. The total N uptake was
lower in control plots of humic acid and N as compared with other treatments. The Igbal
variety of maize exhibited higher total N uptake than Jalal.

Table 10. Effect of different levels of humic acid in the absence and presence of nitrogen on
stover N uptake (kg ha™) and total N uptake (kg ha™) of maize variety Jalal and Igbal

Treatments Stover N uptake (kg ha?) Total N uptake (kg ha'®)

Jalal Igbal Jalal Igbal
0 kg HA + 0 kg N hat 18.35+0.38 k 18.49+0.46 k 50.65+0.23 i 57.36+0.62 h
0.6 kg HA +0kg N ha'l 21.58+0.45 ij 20.39+0.52 jk 62.00+0.49 g 63.88+0.59 g
1.2 kg HA + 0 kg N hat 23.76+0.43 hi 21.96+0.49 ij 69.02+0.53 f 69.11+0.25 f
1.8 kg HA + 0 kg N ha! 25.96+0.60 gh  23.86+0.55 ghi 74.48+0.55 e 75.09+1.01 e
0 kg HA + 120 kg N ha! 28.56+0.84 ef 26.36+0.60 f 85.15+1.33 d 86.09+1.05 d
0.6 kg HA + 120 kg N ha'! 31.22+0.83 cd 29.04+0.80 de 92.65+1.42 ¢ 93.70+1.41c
1.2 kg HA + 120 kg N hat 34.03+0.86 ab 32.19+0.54 bc 100.25+1.38 b 101.98+0.64 b
1.8 kg HA + 120 kg N ha! 35.60+0.50 a 34.25+0.36 ab 108.15+0.80 a 110.99+0.77 a

Means 27.38a 25.82b 80.27 b 82.29 a

Mean followed by same letters in a column do no differ significantly at P < 0.05

Discussion

The application of humic acid and N caused significant increase in the plant height and
leaf growth of both maize varieties. Maximum plant height, leaves plant?, leaf area plant™
and leaf area index was recorded in the Jalal variety of maize at 1.8 kg HA ha. The
beneficial effect of humic acid on crop growth, number of leaves plant, leaf growth and
its expansion in maize and other species has been reported by a number of plant
researchers (Atiyeh et al., 2002; Daur and Bakhashwain, 2013). The possible explanation
is the higher number of sinks produced, uptake of nutrients, and increased plant biomass
due to humic acid application (EI-Mekser et al., 2014). Likewise, the experimental plots
treated with N fertilizer showed maximum plant height, number of leaves plant™, leaf
area plant™ and leaf area index in maize varieties Jalal and Igbal. The stimulatory impact
of N on plant height and leaf growth has been studied by many researchers (Onasanya et
al., 2009; Inamullah et al., 2011; Kolari et al., 2014). The underlying reason is that N is
an integral constituent of chlorophyll tissues of plant (Rizwan et al., 2003) which
accelerated vegetative growth of the crop (Gokmen et al., 2001), leaf production and its
size (Jasemi et al., 2013).

The nitrate reductase (NR) activity of leaves and net assimilation rate of both maize
varieties significantly enhanced with the integration of humic acid and N. Higher NR
activity of leaves and net assimilation rate was recorded in Igbal as compared to Jalal
variety of maize. The plants supplied with 1.8 kg HA ha? produced higher nitrate
reductase (NR) activity and net assimilation rate. These findings are supported by
Vaccaro et al. (2015) and Azeem et al. (2015) who found an acceleration in the NR
activity and net assimilation rate of maize when they treated it with 5 mg of humic acid
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liter® of water and 1.5 kg HA ha't, respectively. The possible explanation is the optimum
nutrients availability, H"-ATPase synthesis (Canellas et al., 2013), and increased root
length that in turn made better use of the available nutrients (Motaghi and Nejad, 2014).
Similarly, the N nutrient activated the NR activity of leaves and net assimilation rate of
both maize varieties against control plots of N. As a result of higher N concentrations in
the soil, higher nitrate accumulation occurred within the leaves of maize (Soleymani and
Shahrajabian, 2013) with the activation of NR activity in leaves. It is because NR activity
seemed to be directly related to nitrate or N availability within the plants (Vincentz et al.,
1993; Cazetta et al., 2004). Habib et al. (2016) has also reported an increase in the net
assimilation rate of maize due to N application. It is due to the beneficial effect of N on
maize as it is a nitro positive crop (Gokmen et al., 2001) and responds well to N
application under favourable soil moisture conditions. It is because humic acid has a
crucial role in mineral nutrition and moisture retention capacity of the soil (Celik et al.,
2011).

The integration of humic acid with N substantially increased the number of ears m
and ears plant™ in maize varieties Jalal and Igbal. The higher ear density was measured
in Igbal variety of maize at 1.8 kg HA ha®. These results are in line with the findings of
Igbal (2014) who reported maximum productive tillers in wheat crop, treated with humic
acid as compared to control. It could be due to the rapid penetration of humic acid in the
plant cells, direct effect on chlorophyll content, acceleration of respiration, activation of
growth enzymes, and indirectly through improved biological, physical and chemical
conditions of the soil (Rajpar et al., 2011). The experimental application of N fertilizer
increased the number of ears in maize varieties. The increase in number of ears with
inorganic N fertilizer has been demonstrated by many researchers in maize crop (Hago
and Sawi, 1995; Inamullah et al., 2011). The hidden reason is the provision of N nutrient
in proper amount at reproductive growth stage of the crop (Shah et al., 2009) which
accelerated the rate of photosynthesis (Kolari et al., 2014) and ear bearing capacity of
maize crop (Bashir et al., 2012).

The ear length, thousand grain weight, grain yield, stover yield amd harvest index of
both maize varieties significantly increased with the application of humic acid and N. The
Igbal variety of maize produced maximum ear length, thousand grain weight, grain yield
and harvest with the application of 1.8 kg HA ha while the Jalal showed higher
magnitude of stover yield with the same dose of humic acid. Various studies have shown
the significant impact of humic acid on yield, yield components, stover yield and harvest
index of maize crop (Ghorbani et al., 2010; Mohana et al., 2015). The reason is that humic
acid creates an improvement in the physico-chemical properties of soil, and increased
biomass production then occurs as a result of acceleration in plant biochemistry,
physiology and productivity (Canellas and Olivares, 2014). Furthermore, N application
accelerated the yield, yield components, stover yield and harvest index of maize varieties
Jalal and Igbal as compared to control plots of N (Sharifi and Taghizadeh, 2009). It is
because N is a major plant nutrient and yield deciding factor for maize crop production
(Manzoor et al., 2006) as it forms an integral component of protein and amino acids in
the plants (Bakht et al., 2007). It enhanced nutrients uptake, assimilate production (Cirilo
et al., 2009) and translocation of photosynthates from source to sink (Jena et al., 2015)
which positively contributed to the increase in yield components of maize crop (Kaur et
al., 2012).

The grain and stover N concentration of both maize varieties as well as their N uptake
(grain N uptake, stover N uptake and total N uptake) considerably improved with the
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integration of humic acid and nitrogen. The plants of Igbal variety treated with 1.8 kg
HA ha' showed higher grain and stover N concentration, grain N uptake and total N
uptake. A number of plant researchers has described the significant impact of humic acid
on enhancing the grain and stover N concentration of maize crop as well as its N uptake
(Celik et al., 2010; Anees et al., 2016; Niaz et al., 2016). It is due to the stimulatory effect
of humic acid on physical (Varanini et al., 1995), chemical and biological properties of
soil (Khattak, 2004), nutrients concentrations, their availability, and transportation to the
growing parts of maize plants (Celik et al., 2011). It is highly involved in the hormonal
activities and enzymatic reactions within the plants (Nardi et al., 2002) and is responsible
for the reduction and assimilation of N nutrient (Vaccaro et al., 2015). It provides
particular bioactive molecules to the cell membranes of plants roots for N uptake
(Canellas and Olivares, 2014). Likewise, higher N concentration, and N uptake were
studied in the grain and stover of maize varieties Jalal and Igbal with the use of N fertilizer
because maize crop is an aggressive utilizer of available plant nutrients (Ayoola and
Makinde, 2009). The possible explanation could be the increase in total N of soil, residual
N of soil (Yang et al., 2007), mineralization of soil organic N (Li et al., 2003), amino acid
formation (Almodares et al., 2009), an acceleration in physiological and bio-chemical
processes of the plants (Rawal and Kuligod, 2014) that promoted N concentration and N
uptake of maize varieties. These findings are supported by El-Hassan et al. (2014), Biswas
and Ma (2014) and Niaz et al. (2016) who reported an increase in the grain and stover N
concentration, and total N uptake of maize crop with applications of N fertilizer.

Conclusion

It was concluded that 1.8 kg HA ha™ + 120 kg N ha resulted in maximum plant height,
leaves plant?, leaf area plant™, leaf area index, NR activity in leaves, net assimilation rate,
ears m, ears plant?, ear length, thousand grain weight, grain yield, stover yield, harvest
index, grain N concentration, stover N concentration, grain N uptake, stover N uptake and
total N uptake of maize varieties. However, the maize variety Igbal out yielded than Jalal
under the applied levels of humic acid with nitrogen. Therefore, against the sole use of
inorganic N, the local growers should use integration of 1.8 kg HA ha* + 120 kg N ha* along
with maize variety Igbal for obtaining higher yield of maize crop under the local
environmental conditions. With this combination, it will be possible for local growers to
accelerate the growth, physiology and yield of maize varieties with acceleration in the uptake
of N nutrient which is often a limiting factor for crop production under the local semi-arid
conditions. However, further research is needed to investigate the impact of higher levels of
humic acids in integration with N on maize yield under the local agro-ecology.
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