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HIGHLIGHTS:
Humic acid and nitrogen doses have a positive influence on nitrogen and organic matter concentration in alkaline soil.
Humic acid and nitrogen doses improve nitrogen concentration in corn plants.
Humic acid and nitrogen doses increase corn growth and yield.

ABSTRACT: Humic acid (HA), as a bio-stimulant and a major component of organic matter (OM), can improve plant
physiology, soil fertility, and nutrient availability, mainly inlow OM soils. Nitrogen (N) is one of the most important
nutrients that affect several metabolic and biochemical activities, leading to improved plant development. This stud

was conducted to investigate the combined effect of HA and N doses on soﬁ organic matter (SOM) and total N
concentration, N uptake, corn growth, and grain yield under conventional tillage at Peshawar, Pakistan. Treatments
were tested in a randomized block design with four replicates arranged in a factorial scheme 3 x 4 + 1. The respective
doses of HA (1.5, 3,0 and 4.5 kg ha') were applied at the corn sowing, whereas N doses (80, 120, 160, and 200 k

ha) were applied in three splits (1/3 at sowing, 1/3 at the V5 stage, and remaining 1/3 at the tasselling stage) wit

one control @10 HA and N). The application of HA, regardless of the applied doses, had positive effects on SOM, N
concentration, N uptake, corn development, and grain yield. However, the application of 4.5 kg ha' of HA was the most
effective in promoting SOM (0.83%) and total N (0.31%), shoot biomass (10610 kg ha'), N uptake (1.13%), and
grain yield (3780 kg ha'!'), even when combined with the N doses of 80, 120 and 160 kg N ha™’. Increasing N doses
}fositively influenced SOM, N concentration, N uptake, and corn growth. The greatest grain yield was obtained at
50 kg ha! of N regardless of HA applied doses.
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RESUMO: Acidos humicos (AH), como bio-estimulante e componente principal da matéria organica (MO), podem
beneficiar a fisiologia das plantas, fertilidade do solo e disponibilidade de nutrientes, principalmente em solos com
baixo teor de MO. %) nitrogénio (N) é um dos nutrientes mais importantes que exerce diversas atividades metabdlicas
e bioquimicas, levando a um melhor desenvolvimento da planta. Esta pesqluisa foi desenvolvida visando investigar o
efeito combinado de doses de HA e doses de N na matéria organica do solo (MOS), teor de N total, absor¢édo de N,
crescimento do milho e produtividade de graos sob cultivo convencional em Peshawar, Paquistdo. O delineamento
utilizado foi em blocos casualizados com quatro repeticdes, dispostos em esquema fatorial 3 x 4 + 1. As doses de AH
(1,5 3,0 e 4,5 kg ha') foram aplicadas em ocasido da semeadura do milho, enquanto que as doses de N (80, 120, 160
e 200 kg ha) foram aplicadas parceladamente (1/3 na semeadura, 1/3 no estagio V5 e 1/3 no florescimento) com um
controle (sem HA e NI)) A aplicagdo de AH aumentou a MOS e N no solo, a absor¢do de N beneficiou o crescimento e
produtividade de graos de milho, independentemente das doses de N. Entretanto, a aplicagdo de 4,5 kghha'1 of HA foi
mais eficiente em promover maior SOM (0,83%) e N total (0,31%), biomassa da parte aérea (10610 kg ha™'), absor¢ao
de N (1,13%) e produtividade de graos (3780 kg ha™'), mesmo quando associado as doses de N de 80, 20 e 160 kg ha™!
de N. O aumento das doses de N influenciou positivamente a MOS, o teor de N, a absor¢do de N, o desenvolvimento
do milho e a maior produtividade de gréos foi obtida com 150 kg ha" de N, independentemente das doses de AH.
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INTRODUCTION

Corn (Zea mays L.) is one of the most important grain crops
in the world. Millions of people worldwide consume it as diet
food directly, whereas feeding to animals indirectly (Bijanzadeh
etal., 2019). Corn is a multipurpose crop (Khaliq et al., 2004)
with great nutritional values and contains about 72% starch,
10.4% proteins, and 4.5% fats, minerals, and non-cholesterol
oil (Aslam et al., 2011). However, the yield potential of corn
in developing countries is low due to poor-quality seed and
imbalanced nutrients application, especially nitrogen (N)
(Bijanzadeh et al., 2019). Nitrogen has a critical function in
the photosynthetic activities, quality, and yield of cereal crops,
such as corn (Gojon, 2017).

Nitrogen has an intensified role in agricultural and non-
agricultural ecosystems. Therefore, N use efficiency is required
to enhance grain crops with urgency to cope with climatic and
environmental risks (Xia et al., 2017). The fertilization and
availability of N from different sources (Jalal et al., 2020) in soil
and plants can be synergistically increased with HA application
(Niazetal., 2016). According to Azeem et al. (2015), combined
N and HA applications prominently improved physiological
and yield indexes in corn.

Humic acid (HA) is water-soluble and naturally occurring
organic acid in soil organic matter (SOM) which enhance
microbial activities and uptake of nutrients (Liu et al., 2019),
also stimulate cell permeability and plant growth and result
in greater crop yield (Morozesk et al., 2017). Humic acid
stimulates microbial growth and activities in the rhizosphere
due to the biochemical decomposition of animal and plant
residues (El-Howeity et al., 2019), improving photosynthetic
efficiency soil-water physical properties (Shah et al., 2018b).
HA regulates several metabolic, hormonal, biochemical,
molecular, and physiological activities and triggers different
biotic and abiotic stresses in the rhizosphere (Shah et al.,
2018b). Humic acid can improve soil physical conditions and
nutrients assimilation to the plants (Olaetxea et al., 2018).
Around 1 kg ha! of HA may improve the yield of several
crops and soil physio-chemical attributes up to 20% (Sharif et
al., 2003); however, these improvements are more dependent
on the source, concentration, and molecular weight of humic
substance application (Nardi et al., 2000).

Pakistani soils are naturally alkaline with low macro-
nutrients and organic matter availability (Arif et al., 2017).
Besides, socio-economic issues, environmental losses, and
unawareness of the farmer community of Pakistan constrained
the supply and utilization of N fertilization, therefore
decreasing N use efficiency (Shah & Ahmad, 2006; Shah et
al., 2018a). Therefore, a study was performed using HA in
combination with N doses in alkaline soil to improve organic
matter and nutrient availability in corn crops, leading to greater
crop growth and grain yield. This study hypothesized that the
application of HA combined with N doses would benefit corn
growth and grain yield by increasing organic matter and total
N availability in soil, leading to a higher N uptake. This study
aimed to investigate the combined effect of HA levels and N
doses on soil organic matter and total N content, N uptake,
corn growth, and grain yield in clayey alkaline soil in Pakistan.
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MATERIAL AND METHODS

The study was performed during the corn-growing season of
2016 (June-September). The experiment was set up in silty-loam
soil under the conventional tillage system, located at Peshawar,
Khyber Pakhtunkhwa, Pakistan, at 34° 1’ N, 71° 33’ E, and altitude
of 450 m above sea level. The soil of the experimental area was
classified as Alfisol, according to the Soil Survey Staff (2014).

The climatic condition of the experimental area was
classified as semi-arid subtropical according to the Koppen
classification. The region has cool winters and hot summer with
annual rainfall from 350 to 500 mm. A small quantity (about
30-40%) of the total annual rainfall occurs in winter due to the
cold air currents from Mediterranean and Gulf disturbances.
With this, most of the rainfall (around 60 to 70%) occurs in
summer due to hot air currents from the Bay of Bengal with
a high temperature of 30 to 40 °C (digital weather station
from the agronomy research farm, University of Agriculture
Peshawar). Maximum and minimum temperature and rainfall
during the growing season recorded are shown in Figure 1.

The soil was collected from the 0-0.20 cm soil layer before
and after the experiment implantation for physio-chemical
analysis. The composite soil samples were analyzed for organic
matter, texture, pH, ECe, and available P and K content (Table 1).
Soil texture was determined by the pipette method as described
by Tagar & Bhatti (2001). Soil organic matter was determined by
the wet digestion method as described by Nelson & Sommers
(1996). Soil pH was estimated according to the methodology
of McLean (1983), and available P and K were determined
according to the methodology proposed by Soltanpour &
Schwab (1977). Post-harvest soil was analyzed for total and
mineral N by the Kjeldahl method according to the proposed
methodology of Bremner & Mulvaney (1982). The results of soil
physio-chemical analysis are summarized in Table 1.

[ Rainfall

—&— Maximum temperature
—— Minimum temperature

70 . . . 50
Sowing 3 : Qq\f QQ\‘
go | Hamel i T 1 ST - 45
1" N appl.; n e
— : : Harvests
30 A e S
_ N : : o,
£ 40- Ik “\ - 35 @
= S : : 2
ﬁ 30 : E : 30 5
. -1 . - = m
& =
L
20 -25 F
10 N - 20
0 T . . 15

June July Aug Sept Oct

Months
Figure 1. Rainfall, maximum and minimum temperature at
the experimental area from June to October 2016
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Table 1. Pre-experiment soil physio-chemical analysis and
pre- and post-experiment total and mineral soil nitrogen status

The experimental design was a randomized block design
with four repetitions arranged in a factorial scheme 3 x 4 + 1.
The treatment combination was comprised of three HA levels
(1.5, 3.0, and 4.5 kg HA ha') applied at sowing, and four N
doses (80, 120, 160, and 200 kg N ha!) split applied 1/3™ at
sowing, 1/3™ at V5 stage, and the remaining 1/3™at tasseling
stage. One additional treatment without HA and N application
(control) was added. Nitrogen was applied using urea (46% N)
as the source, obtained from Fauyji fertilizer company limited".
HA (Energizer - 50% HA, 51-57% C, 4-6% N, and 0.2-1.0% P)
was obtained from Warble chemicals private limited.

The experimental area was irrigated for weeds germination
and maintaining field capacity. The area was plowed with a
cultivator and harrowed with a discing harrow. Azam corn
variety was sown with a seed drill. Later on, thinning was
done at the second unfolding of second trifoliate leaves to
maintain recommended plant population of 60000 plants ha™'.
A plot size of 15 m? was composed of four rows spaced at 75
cm apart. The length of the rows was 5 m, with plants spaced
at 25 cm. Nitrogen doses were according to the treatments,
and an additional 90 kg of phosphorus (P,O,) ha" and 60 kg
of potassium (K,0O) ha" were applied at sowing. Urea (46%
N), diammonium phosphate (46% P,O,), and potassium
sulfate (50% K,O) were used as sources of N, PO, and K O,
respectively. The crop was irrigated according to its water needs
with a surface irrigation system using the Warsak Canal system
of the Kabul river. Simultaneously, the N treatments were
applied in the area on the same day to incorporate N in each
plot. The other agronomic and crop practices were uniformly
maintained for all treatments.

The plant height was measured from the base of the plant
to the tip of the last opened leaf. Shoot biomass was recorded
by harvesting four central rows in each plot, sun-dried, and
weighed on an electronic scale. Harvest index was the result
of the proportion of kernel dry weight to the total plant dry
weight. Grain yield was determined by harvesting the plants
contained in the useful area of each plot. After harvest, the
grains were quantified in kg ha' and corrected to 13.0%
moisture (wet basis). Organic matter in soil was determined
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by the modified method of Nelson & Sommers (1996). The
nitrogen content in soil, straw, and grains was determined
by following the Kjeldahl method according to the proposed
methodology of Bremner & Mulvaney (1982). Grain protein
was determined from the percent N in grain determined by
the Kjeldahl method as; Grain protein content = N% x 6.25
(AOAC, 1992).

All data were initially tested for normality using the
Shapiro and Wilk test and Levene’s homoscedasticity test
(p < 0.05), which showed the normally distributed data (W
> 0.90). The data was analyzed by ANOVA in a two-way
factorial design with additional treatment, HA doses, and N
doses, and their interactions considered fixed effects in the
model using the ExpDes package. The means were compared
when significant factors or interactions were observed using
the Tukey test (p < 0.05). Regression analysis was used to
discern whether there was a linear or non-linear response
to N doses. The heatmap was developed by calculating the
Pearson’s correlation (p < 0.05) using the corrplot package to
evaluate the relationship among the SOM, N concentration in
plant and soil, corn yield components, and grain yield, using
R software (R Core Team, 2015).

RESULTS AND DISCUSSION

The application of 4.5 kg HA ha™! positively influenced plant
height compared to the application of 1.5 and 3.0 kg HA ha
promoting an increase of 11.6 and 6.5%, respectively (Table 2).
Besides, the application of 4.5 kg HA ha™! positively influenced
straw N concentration (an increase of 8.7%) compared to
1.5 kg HA ha'' (Table 2). Also, shoot biomass and grain yield
were greater with the application of 4.5 kg (an increase of 5.6
and 14.6%) and 3.0 kg HA ha! (an increase of 4.4 and 10.4%),
respectively, compared to the application of 1.5 kg HA ha
(Table 2). Similarly, Baldotto et al. (2019) reported an increase
of 15% in corn grain yield according to the HA application.
The corn yield and yield components were improved with the
application of HA (Oktem et al., 2018).

Regarding the effect of N doses, plant height and straw N
concentration responded linearly to N increasing doses (Figures
2A and B). Shoot biomass and grain yield responded non-linearly
to N doses up to 158 and 150 kg N ha, respectively (Figures 3A
and C). Also, factorial treatments were observed with greater
plant height (an increase of 29%), straw N concentration (an
increase 0f49.3%), grain N concentration (an increase 0£49.1%),
grain protein concentration (an increase of 49%), SOM (an
increase of 63.0%), soil total N (an increase of 20.0%), shoot
biomass (an increase of 18.2%), harvest index (an increase of
8.5%) and corn grain yield (an increase of 29.7%) compared
to control treatments (Table 2). These results are supported by
Oktem et al. (2010), who described that corn yield and quality
were improved with N fertilization up to an extent while further
increase in fertilization cause decrease in corn attributes.

Grain N concentration and grain protein concentration were
greater with the application of 3 kg HA ha! when combined
with 80 and 160 kg N ha™! (Figures 2C and D). However, grain
N and grain protein concentrations were greater with the
application of 4.5 kg HA ha! when combined with 200 kg N
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Table 2. Plant height, straw N, grain N and grain protein concentrations, soil organic matter, soil total N, shoot biomass, harvest
index, and corn grain yield according to humic acid and N doses

Means in the column followed by different letters are significantly different at p < 0.05 by Tukey test; **, *, ns - Significant at p < 0.01 and p < 0.05, and not significant, respectively,
by F-test; LSD - Least significant difference

Different letters correspond to a significant difference at p < 0.05 by Tukey test; *, ** and ns - Significant at p < 0.01 and p < 0.05, and not significant by F test, respectively
Figure 2. Plant height (A) and straw N concentration (B) according to N doses, the interaction between humic acid doses and
N doses in grain N (C), grain protein (D), soil organic matter (E), and soil total N (F) concentration

Rev. Bras. Eng. Agric. Ambiental, v.25, n.10, p.657-663, 2021.
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Different letters correspond to a significant difference at p < 0.05 by Tukey test; *, ** and ns - Significant at p < 0.01 and p < 0.05, and not significant by F test, respectively
Figure 3. Shoot biomass (A) and corn grain yield (C) according to N doses, and interaction between humic acid doses and N

doses in harvest index (B)

ha'! (Figures 2C and D). Both grain N concentration and grain
protein concentration responded non-linearly to increasing N
doses up to 173 and 191 kg N ha when 1.5 kg HA ha was
applied (Figures 2C and D). In contrast, grain N concentration
and grain protein concentration responded linearly to N doses
when 4.0 kg HA ha! was applied (Figures 2C and D). Niaz
et al. (2016) indicated that integrated application of HA and
N prominently improved N utilization in plant and soil with
greater production of corn in calcareous soils.

Soil organic matter was greater with the application of
4.5 kg HA ha' when combined with 120 kg N ha' (Figure 2E).
Additionally, organic matter was lower with the application
of 1.5 kg HA ha’ when combined with 160 and 200 kg N ha!
(Figure 2E). Soil organic matter responded linearly to N
application doses when 3.0 kg HA ha™ was applied; however,
it responded non-linearly when 4.5 kg HA! was applied (up
to 170 kg N ha™') (Figure 2E). Similarly, soil total N was lower
with the application of 1.5 kg HA ha" when combined with 120
and 160 kg N ha' (Figure 2F). Soil N responded non-linearly to
increasing N doses when 1.5 and 4.5 kg HA ha™! were applied
(up to 180 and 179 kg N ha’!, respectively) (Figure 2F). Also,
soil total N responded linearly to N doses when 3.0 kg HA ha
was applied (Figure 2F). Also, the harvest index was lower
with the application of 1.5 kg HA ha" when combined with
80 kg N ha! (Figure 3B). Harvest index responded linearly to
increasing N doses when 1.5 kg HA ha! was applied and non-
linearly when 4.5 kg HA ha™' was applied (up to 154 kg N ha™'),
respectively (Figure 3B).

Humic acid is a bio-stimulant substance that can improve
biochemical and physical properties of soil with increased
uptake of macro and micronutrients (Shah et al., 2018b; El-
Howeity et al., 2019), in especial N, which result in improved

several physio-biochemical functions of plants (Olaetxea et
al., 2018). The physiological effect of HA is partially explained
by the structural resemble of them to plant hormones such as
auxins, which participate in cell expansion and root initiation,
among other physiological effects (Baldotto et al., 2019). Plants
obtain N from organic and inorganic sources and are functional
units of amino acid, protein and nucleic acid, and structural
unit of chlorophyll and cell wall, influencing plant metabolism
(Krapp, 2015; Gojon, 2017; Ghimire et al., 2017). Several
studies exhibited that HA can reduce the harsh impacts of
stress and enhanced plant development (Olaetxea et al., 2018;
Shah et al., 2018b; El-Howeity et al., 2019). Also, HA can
stimulate seed germination, nutrient uptake and accelerates
root and shoot growth (Baldotto et al., 2019). According to
Khan (2019), integrated application of HA and N can increase
the growth and development of corn plants. Therefore, HA
application combined with N doses could increase SOM,
N concentration, and N uptake in the corn plant, reflecting
in increased plant growth and grain yield as verified in this
study. The positive Pearson’s correlation between SOM, N
concentration, N uptake, grain yield, and yield components
support the hypothesis of the present study that the application
of HA combined with N doses would benefit corn development
and grain yield by increasing organic matter and total N
availability in soil, leading to a higher N uptake (Figure 4).
Nitrogen is the most demanded nutrient by corn crops
and directly affects crop development and yield (Lollato et al.,
2019). This nutrient plays an important role in plant nutrition
and development (Lollato et al., 2019), such as synthesis and
production of phytohormones, coenzymes, nucleic acids,
secondary metabolites, chlorophyll, and proteins (Krapp, 2015;
Gojon, 2017; Ghimire et al., 2017). There is a lot of studies
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STRN - Straw N concentration; GRN - Grain N concentration; GRPROT - Grain protein
concentration; PH - Plant height; SOM - Soil organic matte; SOILN - Soil total N; BIOM
- Shoot biomass; HI - Harvest index and YIELD - Grain yield

Figure 4. Heatmap showing the Pearson’s correlation among
plant height, straw N, grain N and grain protein concentration,
soil organic matter, soil N concentration, shoot biomass,
harvest index, and corn grain yield

reporting the benefits of N fertilization in different cereal
crops such as corn (Ichami et al., 2019), wheat (Omara et al.,
2020), and rice (Tatsumi et al., 2019). The optimum amount
of N required for best cereal production depends on many
factors, including soil type, indigenous nutrient concentration
in the soil, weather conditions, and others (Sanchez et al.,
2019). Therefore, studies aiming at determining the best N
management practices related to N doses combined with HA
application should be performed under different soil and
weather conditions.

CONCLUSIONS

1. Regardless of the doses, the application of humic acids
(HA) provided positive effects on soil organic matter (SOM),
N concentration, N uptake, corn development, and grain yield.

2. The application of 4.5 kg HA ha! was the most effective
in promoting SOM and total N, corn growth, N uptake, and
grain yield alone and even in combination with N doses.

3. Increasing N doses positively influenced SOM, N
concentration, N uptake, corn growth, and grain yield. The
greater corn grain yield was obtained with 150 kg N ha
regardless of HA applied doses.

4.Is was verified positive improvements in corn production
variables and N uptake due to HA application in combination
with split N doses.

5. Application of 4.5 kg HA ha' and 150 kg N ha™ is
recommended for improved corn growth, grain yield, and
overall plant and soil N concentration in the Peshawar region
of Pakistan.
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