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Abstract

Humic acid is natural biological organic, which has a high effect on plant growth and quality. However, the
mechanisms of the promoting effect of humic acid on the morphological components, growth and yield
parameters were rarely reported. In this study, the effects of soil application of humic acid on the morphological
components and growth parameters of wheat under dry climate were explored. Randomized complete block
design (RCBD) with five treatments of humic acid and replicated three time, Ti=control, T,= 4.5kgha?, Ts= 6
kgha, T4= 9.5 kgha', Ts= 12 kgha and Te= 14.5 kgha'. Findings of this study indicated that with increasing
application of humic acid growth and yield also increases plant height (21.97%), spike weight (157%), leaf area
(34.12%), grain spike™ (93%), grain yield (49.36%) and biological yield (80.34), though pH of soil also
increased. While; results of NO3-N and K were also significantly different under different level of humic acid
and mean maximum were recorded in Ts (25% and 48%) in comparison of T1, Ty, T3, T4 and Ts. Conclusively;
this study revealed that application of humic acid at the rate of 14.5 kg ha'* could improve the growth and yield

parameters of wheat and soil fertility.
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Introduction

Wheat is the third major crop after corn and rice,
grain of wheat are rich in carbohydrate, minerals,
vitamins, proteins than other crops and globally 651
million of hector of wheat is cultivated poole et al.,
2021. Likewise; the vital wheat gluten were ranges
from 30 to 35% and play a key role in wheat-baked
food product Li et al., 2022, Schopf et al., 2021.
Pakistan agricultural sector not only provides food for
the entire population, but also provides raw materials
for the industrial sector and a large amount of raw
materials for exports. The backbone of the economy,
accounting for 19.5% of GDP, providing 42.3% of
employment and labor, and providing raw materials
for various value-added industries (Usman, 2016,
Muhammad et al., 2014). Though; the adoption of
Modern technologies, improved seeding methods,
chemical fertilizers, pesticides, herbicides, certified
seeds and agricultural machinery have not been
properly used, promoted and widely adopted by
farmers. So for the improvement of biological and
grain yield it’s necessary to consider the physiological
characteristics of the crop. Consequently; for the
improvement of crop and management practice start

from the bottom with the facilitation of farmers
through research scholars to conduct the seminar,
workshop on the different aspect of agriculture, soil
health, nutrients management in general and particular
on wheat as major crop Malik et al., 2015. Soil metal
pollution may have some harmful effects on
individual physical condition. However, humic acid
(HA) components like humic acid and fulvic acid can
help plants grow via increasing nutrient absorption
and activating biomass production. The goal of this
study was to investigate the impact of HA on the
photosynthetic pigment and malondialdehyde (MDA)
contents of wheat Akcin et al., 2019. HA contains a
variety of macro and micro nutrients that chelated in
certain way. Two separated groups allowing to the
polarity and size of dissimilar compounds. Smaller
polar component is called fulvic acid, and the larger
non-polar component is called humic acid and is the
final product of microbial degradation of plant and
animal manure, and is an important part of fertile soil
De-Melo et al, 2016. Humic acid contains a
significant quantity of carbon and a little measure of
hydrogen and nitrogen. Marine humic acid has a
larger and nitrogen concentration than continental
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Turgay et al., 2011; Li et al., 2019. HA is a
remarkable naturally occurring substance that has a
more impact on plant growth. With application of
humic acid 9% N total, 30% available P and 16%
available K could be increases and this directs a
significant boost in soil organic carbon and available
potassium. As soil fertility level improved that has
significant effect on the biological and grain yield of
wheat Mahmoud et al., 2018, meanwhile, treatment of
intensely  boosted soil urease, inverses, and
phosphatase activities at the maturity. Additionally,
the quantity of bacteria declined but the number of
fungi grew after humic acid treatment Anwar et al.,
2021. Ascomycetes on the other than are less
abundant in fungi and the majority of the genera that
have been found are plant pathogens finally humic
acid improves the yields of crop production peanuts
through improving physical properties of soil Arslan
et al., 2021. Enzyme activity and microbial diversity,
and differences in plant height, leaf number, total
chlorophyll, biological yield, grain yield, and grain
total nitrogen are all important Hegab et al., 2020.
The Chemical properties of humus are quite complex,
and apart from some of the many functional groups,
they have not been described to any degree. Humic
acid contains trace elements, macro elements and
trace elements, which can be chelated in a certain way
Turgay et al., 2011. Humic acids are separated into
two groups allowing to the polarity and size of
dissimilar compounds. The smaller polar component
is called fulvic acid, and the larger non-polar
component is called humic acid is the final product of
microbial degradation of plant and animal manure,
and is an important part of fertile soil Li et al., 2019.
Generally our soils are calcareous in nature and
contain more amount of calcium ions compared to
other ions with >7.0 pH. And with rapid cultivation
and impediment to boosting productivity is the
scarcity of plant nutrients. The application of
chemical  fertilizers such as urea, DAP
correspondingly taking account the problem of soil
fertility and low organic matter content Igbal et al.,
2021.

Materials and Methods

Description of the Study: Research study was
conducted to estimate the impact of humic acid on the
Morphological Components and Growth Parameters
of Wheat (Triticum Aestivum L.) Under Dry Climate
of Uthal
Field Area: A plot 3m X 4m in size for present
research study was prepared in the experimental field
of Lasbela University of Agriculture, Water and
Marine Sciences (LUAWMS) Uthal, during Rabi,
2020, with 25.8270 ON and 6636236 OE is the
Latitude and longitude.

Ahmed et al.,

Climate of Uthal: LUAWMS situated in Uthal,
district Lasbela, and intended as a coastal zone of
Balochistan, which 125km away from Karachi.
Summer is very hot (40-50 Oc) with cool winter (25-
260c), with limited rain fall 169 mm annually.
Lasbela is famous for its unique geographical
structure of mountainous regions, and most beautiful
beaches such as Gadani, Sonmiani, Kund Malir,
Damb etc. summer is very hot with cool winter and
annually 169 mm an average of rain fall of the study
area. Wheat, Cotton, Tomato, Okra and coaster oil
commonly cultivated crop in district Lasbela.

Layout of Field: Randomized complete block design
(RCBD) replicated three times and a total of 18 plots
was prepared before cultivation

Treatments: Six different application of humic acid
were applied such as Ti=control, T,=4.5 kgha, T3s=6
kgha?, T4=9.5 kgha?, Ts=12 kgha?, T¢=14.5 kgha™,
though the recommended dose of N and P application
were also applied at 70 and 9kgha! respectively.
Growth and yield Parameters: Before harvesting at
maturity of crop five healthy plants were collected
from each plot of both replication and treatment to
estimate the effect of humic acid application on plant
height (cm), leaf area (cm), Grainspike™, Fresh & dry
root Biomass (g), Grain Yield (kgha') & Biological
Yield (Kgha?)

Soil sampling process and Analysis: thirty six soil
samples both before and after harvesting of crop at 0-
20cm of soil depth were collected. Sample were
packed in well label of polyethylene bags and
transport to lab for further analysis. Manually all the
plant material and stones were collected and sieved in
2mm sieve and soil extract was prepared (soil and
water extraction ratio of 1:2.5) for analysis of soil EC
(dSm™1) and pH (by using a digital EC and pH meter),
soil organic matter (%) by wet oxidation of (walkely
and black, 1934), available P by spectrophotometer
and available K data were recorded by using flame
photometer followed by (Jackson and Marion, 2005,
Estefan et al., 2013)

Statistical Analysis: The collected data was subjected
to one-way analysis of variance (ANOVA) suggested
by Gomes and Gomes, 1984. Difference among
treatments mean will be calculated by Least
Significant Difference (LSD) test 5% probability level
were used with the help of SPSS Version 20
(IBM.2016)

Result and Discussions

Effect of Humic Acid on soil physico-chemical
properties of soil: present study was conducted in dry
and hot climate of Uthal, district Lasbela Figure 1
presented the analysis result of both soil pH and EC
(dsm™) before sowing of seed Table 1 and after
harvesting of the crop Figure 1.
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Table: 1. Physico-chemical Properties of soil before sowing of seed

Ahmed et al.,

Treatments | EC (DSm™) pH OM (%) P (mgkg™) N (%) K (mgkg?)
Ta 0.54+0.031a 7.84+0.045a 0.64+0.04a 3.69+0.15a 0.038+0.008a 83.67+4.16a
T2 0.54+0.025a 7.82+0.015a 0.66+0.057a 3.7540.06b 0.038+0.002a 86.00+6.24b
T3 0.56+0.028a 7.86+0.043a 0.64+0.037a 3.70+0.16b 0.036+0.008a 83.00+13.11a
T4 0.53+0.023b 7.87+0.024a 0.58+0.065b 3.59+0.01ab 0.040+0.006b 86.33+10.21b
Ts 0.56+0.013a 7.86+0.049a 0.64+0.045a 3.66+0.15a 0.040+0.002b 84.67+6.027a
Ts 0.56+0.021a 7.83+0.032a 0.60+0.03b 3.67+0.13a 0.038+0.008a 82.00+4.35a
Ccv 1.49 0.23 5.27 3.18 16.71 4.74

LSD 0.0147 0.0332 0.0703 0.2252 7.865 8.8878
P<value 0.0000 0.0000 0.0004 0.0002 0.0000 0.0002

Note: The mean value of different treatments level of Soil EC (dSm™), pH, OM (%), p (mgkg™?), N (%) and K (mgkg™) in
triplicate data with standard error is within the brackets. Different lowercase letters (a, b, ¢) indicate significant differences at
p< 0.05 within a column
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Figurel. Effect of application of humic acid on soil EC (dSm!) and pH after harvesting of crop of wheat crop.
Vertical bar indicates the standard errors of triplicates and different alphabetic letters the significant difference

(p<0.05).

Analysis result showed the non-significant different at
both soil layers before sowing of seed (Table 1),
whereas the some minor significant different among
the EC and HA application were recorded after the
harvesting of crop Figure 1. Though, mean maximum
soil EC was recorded in Tg followed Ts>T4>Ts and
>T, (Figure 1) respectively. Increasing of soil EC

(dsm™) in Te and Ts may be due to increasing
application of HA. The study finding were also in line
with the findings of Muindi, 2019; Khan et al., 2018
that with increasing level of humic acid EC (dSm™)
also increases.

Both before and after harvesting of crop the
analysis results of both soil organic matter and
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Nitrogen are presented (Table 1 and Figure 2). Result
revealed that the application of HA could improve the
organic matter in the soil and meanwhile improved
soil properties particularly formation soil aggregation
Kalhoro et al., 2019, uptake of nutrients, germination
and growth of plant. Statically the data are non-
significant (p<0.05). Mean maximum and minimum
were recorded in Tg and Ti respectively (0.82 and
0.57%), followed by T,, T3, T4 and Ts (0.58, 0.60,
0.76 and 0.79%) Figure 2. Thus finding reveals that
addition of HA with in the rotation of crop can
increase soil

Ahmed et al.,

significant  (p<0.05), whereas; the significant
differences among the application of HA were also
recorded Figure 2. Mean minimum of N-NO7 were
recorded in T; (0.03-0.04mg kg?) and the maximum
were recorded in Te¢ & Ts (0.077 & 0.075mgkg™)
Figure 2. The study findings are in line with the
findings of Marzadori, et al., 2000 study on the
interaction of HA with urease activities. A few
enzymes also have been discovered in HA, including
urease being one of the most common and important
for crop cultivation. Organic material boosts

nutrient content and improve soil  microbial population and several soil enzymatic
properties particularly soil OM Li et al, 2019. activities such as urease, alkaline phosphatase, and
Furthermore; in case of the analysis of N-No;, both  glycosidase Maji et al., 2017
before and after harvesting of the crop are non-
E
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Figure 2. Effect of application of humic acid on soil organic matter (%) and Nitrogen (%) of soil samples after harvesting of
wheat crop. Vertical bar indicates the standard errors of triplicates and different alphabetic letters the significant difference

(p<0.05)

The analysis results of available phosphorous and potassium
(mgkg™) of both before and after harvesting of crop are
detailed in Figure 3. Statically data was non-significant
(p<0.05) Furthermore; analysis results showed that available
P in plant was improved after the application of humic acid
(Figure 3). In comparison of p application of fertilizer and
humic acid Te contain maximum amount of available P
(4.06mgkg™) compared to other treatments Figure 3.
Whereas; in-comparison of fertilizer and humic acid
application, the improved available p was recorded with in

humic acid treatments Figure 3. Overall the order was
recorded as T1>T2>T3>T4>Ts and >Te (Figure 3). Findings
are in line with Khattak et al., 2013 conducted research on
alkaline phosphate activity in saline soil incubated for two
weeks with combine application of HA. Furthermore;
analysis results of Potassium (K) both before sowing of seed
and after harvesting of crop are presented in Figure 3.
Statically data were non -significant (p<0.05). Minimum
mean were recorded in control T1 (83.0 mg kg*) compared
to other treatments (T2, Ts, T4, Ts and Ts) Figure 3. Though;
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the significant difference was also recorded under different
application of humic acid and K application Figure 3.
Generally the order were recorded as Te>Ts>T4>T3>T2 and
>T; (118.68, 112.33, 112.33, 105.83, 87.67 and 83.0mgkg™?)

Ahmed et al.,

respectively Figure 3. Additionally; enriched N&P nutrients
with combine application of HA could improve chlorophyll
concentration and significant impact on shoot growths Sible
etal., 2021.
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Figure 3. Effect of application of humic acid on available Phosphorous (mgkg™) and Potassium (mgkg™) of soil samples
after harvesting of wheat crop. Vertical bar indicates the standard errors of triplicates and different alphabetic letters the

significant difference (p<0.05)

Effect of Humic Acid on plant growth: Figure 4
presents the analysis results of plant height (cm) and
leaf area (cm?). Analysis results showed that a
significant difference (p<0.05) among the treatments
in both parameters. Mean maximum of plant height
and leaf area were recorded in Te followed by Ts
Figure 4. Whereas the minimum was recorded in T
followed by T, (43.98cm) Figure 4. Overall the
ascending order trend in both parameters was
recorded as Te, Ts, Ta, T3, T2 and Ti respectively.
Nasiroleslami et al., 2021 conducted a two years field
study on combine application of urea and folair
application of humic acid in Iran and reported that the
different doses of humic acid significantly effect on
spike/plant, root biomass, and biological yield of
wheat.

In-comparison of both grainspike® and spike
weight a significant different (p<0.05) among the
treatments were recorded Figure 5. Mean maximum

were recorded in Ts and Ts compared to Ta, T3, T2 and
T1. And whole ascending order was recorded as T,
To, T3, T4, Ts and T respectively. The finding of this
study is in line with Anwar et al. 2021. 2014
conducted the experiments on humic acid fertilizers
application, and concluded that applications of humic
acid could improve the fertility and productivity of the
crop. Furthermore, the indirect beneficial effect of
humic acid on chlorophyll concentration could
explain the higher number of grainspod™. Increased
chlorophyll concentration stimulates photosynthetic
activity, directing more photo-assimilates to a greater
number of sinks Nordi et al., 2002. Additionally;
Khan et al., 2018, Mohammed et al., 2019 reported
that the combine application of HA with NPK
fertilizations could improve the plant growth
parameters. HA-rich zeolite rates did not have an
effect on the agronomic performance of canola, but
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urea and zeolite alone significantly increased agronomic parameters Bybordi and Ebrahimian, 2013.
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Figure 4: The mean of triplicates of plant height (cm) and leaf area (cm) under different applications of humic acid, vertical
bar indicates the standard errors of triplicates and different alphabetic letters the significant difference (p<0.05)
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Figure 5: The mean of triplicates of grainspike™ (g) and spike weight (g) under different applications of humic acid, vertical
bar indicates the standard errors of triplicates and different alphabetic letters the significant difference (p<0.05)
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Effect of Humic acid on Biological and Grain
Yield (kg ha?): Figure 6 present the analysis results
of both biological yield and grain yield (kghaw).
Statically the result of both analysis (biological yield
and grain yield) was highly-significant (p<0.05) with
in the treatments Figure 6. Mainly in-comparison of
T1, T2 and Ts, Te Figure 6. Moreover grain yield mean
maximum was recorded in Tg (3933.3 kgha') with in
the maximum dose of fertilizer and humic acid
applications Figure 6. Though; in-comparison of Ts
and Te a minor and statically non-significant different
were recorded Figure 6. Conclusively it’s also
recorded that with increasing dose of humic acid grain
yield also increased the similar findings were also
recorded by Khan et al., 2021 and suggested that
using humic acid since it increases grain yield in a
number of crops such as wheat, aerobic rice, peanuts,
mustered, Brassica raya, and barley. Furthermore,

Ahmed et al.,

bigger yield components in the same plots might
explain for the increased grain yield in 3 kgha treated
plots.

Statically the analysis results of biological yield are
significant different (p<0.05) among the treatments Figure
6. The maximum mean were recorded in Te 161109
followed by Ts and Ta plot®. Whereas; the lowest were
recorded in control T1 8933 and 15533g plot™ Findings are
consistent with the findings of Arjumend et al., 2015, who
found that application of humic acid has a significant effect
on wheat productivity and yields component such as 1000-
grain weight, biological yield, dry matter yield, grain yield,
and harvest index. Furthermore; HA150 and HA 200
regimes yielded and seems to have a concentration-
dependent positive effect on yield and yield attributes.
Lower HA concentrations/rates, such as 50 and 100 mg
HAkg?, were shown to be less effective and yield was
considerably lower when compared to higher rates, such as
150 and 200 mg Kg*.

Humic Acid Treatments

D M RN IS IR S e
o s00 1000 1500

2000

Ciraln Yield (kg hae

v
1000 1500

v v
F0O00

2500 1500

Humic Acid Treatments

v
1000

L v
O 1500

U v v v v v v v v
1500 OO0 TROO Q000 10500 12000 13500 15000 16500 15000

Bilological Yield (g hao 2 ]

Figure 6. The mean of triplicates of grain yield (kgha*) and biological yield (kgha*) with effect of different
applications of humic acid, vertical bar indicates the standard errors of triplicates and different alphabetic letters

the significant difference (p<0.05)

Effect of Humic Acid Application on Nutrient
Content in Plant: The analysis results of both N and
P content in plant are present in Figure 7. The results
revealed non-significant (p<0.05) among the
treatment. Whereas; a significant difference among
the control were recorded Figure 7. Positive indication
the effect of different level of humic acid on
availability of N & P content in plant. Overall the
descending order among the treatments was recorded

as T6<T5<T4<T3<T2 and <T1. sharma et al., 2013
also reported that different doses of both humic acid
and N&P fertilizer also improve the availability of P
in plant. Zhu et al., 2018, Ampong et al., 2022 and
Sible et al., 2021 also conducted research studies on
humic acid with combine application of fertilizers and
reported that both combine application could improve
the chlorophyll concentration and availability of N&P
in plant.
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Figure7: The mean of triplicates of Nitrogen content in plant (%) and Phosphorous content in plant (%) with
effect of different applications of humic acid, vertical bar indicates the standard errors of triplicates and different

alphabetic letters the significant difference (p<0.05)

Effect of humic acid on Root biomass: The analysis
results of fresh root and dry root biomass are present
in Figure 8. Statically both results revealed a
significant (p<0.05) among the treatments, mean
maximum of fresh root was (6.3667g) recorded in Ts
application of humic acid was @ rate of 14.8 Kg ha*
(6.3667g) and Ts 12 Kg ha* (5.6000g) respectively.
Though, minimum mean value (3.2333g) of fresh root
was recorded in control Figure 8. On the other side
same type of findings was also recorded in dry root
biomass mean maximum were recorded in Te (3.62Q)
compared to others Figure 8. Whereas; the lowest
both frsh and dry root biomass (3.2333 and 1.75g)
was recorded in control Figure 8, Fatima et al., 2021
reported that the use of humic acid has the potential to
improve plant and root development. In-comparison
of all treatments T1, T, T3, Ta, Ts and Te significant
results were recorded in Tes and Ts compared to Ty, Ty,
Ts, and T4. The combine application of humic acid
and fertilizer increase the root formation which
support the plant to deeply uptake of water and
nutrients (Ampong et al., 2022, Olaetxea et al., 2020).
Deeply rooted plant are also maintain the water
availability of the plant Kalhoro et al., 2018. Though,
the roots of the plant is not deeply expanded the, the

shallow stored water is limited and in results the
losses of the crop yield Kalhoro et al., 2017. Some
previous studies indicated that the combine
application of humic acid and N&P fertlizers has been
stimulate the growth of roots and shoots with progress
in production Olaetxea et al., 2020. With improving
of growth hormones and enzymes i.e auxin and
cytokin chlorophyll concentration, root/shoot growth,
photosynthesis rate and grain yield also increase with
application of humic acid Bybordi and Ebrahimian,
2013. Humic acid derived from organic waste could
significant effect on the agronomic parameters
including leaf chlorophyll content, root/shoot weight,
thousand grain weight, biological yield and grain
yield of wheat. The application of HA derived from
organic waste significantly increased agronomic
parameters of chrysanthemum including the
chlorophyll content, leaf area, and root and shoot dry
weight (Fan et al., 2014, Arjumend et al., 2015).
Consequently, during agricultural production in a
semi-arid area, choosing wheat cultivars of different
resistance in different quantities of nitrogen fertilizer
to benefit the root distribution and absorbing ability
that can improve wheat photosynthetic response and
productivity.
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Figure 8: The mean of triplicates of Fresh root biomass (g) and Dry root biomass (g) content of wheat crop with effect of
different applications of humic acid, vertical bar indicates the standard errors of triplicates and different alphabetic letters the

significant difference (p<0.05)

Table 2: Effect of humic acid application on yield parameters of wheat

Humic acid dose Kg ha - CVv LSD p< value
Grain /spike (g) 3.00 1.9803 0.0000
Grain yield (Kg ha') 7.88 488.91 0.0026
Plant height (cm) 3.97 7.0033 0.0015
Spike weight (g) 6.81 0.2851 0.0000
Leaf area (cm?) 2.36 0.4798 0.0000
Biological yield (Kg ha®) 7.80 1851.8 0.0001
Nitrogen in plant 5.59 0.1560 0.0038
Phosphorous in plant 6.77 0.0471 0.0003
Fresh root (g) 4.42 0.3831 0.0000
Dry root (g) 6.41 0.3152 0.0000

Note: The reported values in the table represent the variability including the coefficient of variation (CV), least significant
difference (LSD), and p-values of growth and yield parameters of wheat (Triticum Aestivum)

Conclusion

On the basis of study observation the study
indicated that with increasing application of humic
acid along with the recommended dose of NP
fertilizations could significantly effect on the soil
properties particularly on plant growth parameters
such as plant height (cm), leaf area (cm), spike length
(cm), 1000 grain weight (g), biological yield (kgha™)
and grain yield (kgha). Before and after harvesting
of soil physico-chemical properties are also
significantly improved with the application of humic
acid. On the other side; the increase of soil EC (dSm"
1) and pH also increase and possibly could be improve
with the application of farm yard manure.
Consequently; future study could be conducted on
humic acid with combine application of different farm
yard manures to evaluate soil aggregate and aggregate

stable that play a major role to retain soil moisture,
uptake of nutrients and that effect on the productivity
of the cultivated crop.

Author’s Contributions

Siraj Ahmed-Conducted research study and
organized 1st draft, Shahmir Ali Kalhoro- over all
supervision, organized research study and edit article,
Bilal Ahmed-field work, Kashif Ali Kubar-review
article, Mehar un Nisa Narejo-review and edit article,
Qamar Sarafraz-statically data analysis, Muneer
Ahmed Baloch-field work, Khalid Hameed Mengal-
soil sampling and preparation, Shabir Ahmed-field
and lab, Sami ullah-edit revision and suggestion, field
& lab
Conflict of Interest

234



J. Appl. Res Plant Sci. Vol. 5(2), 226-236, 2024,
Www.joarps.org

All authors certify that no conflict of interest
exists, and that they have no financial arrangement
with any company whose product figures prominently
in the submitted manuscript or with a company

making a competing product.

Reference

Akcin, A., & Akcin, T. A. (2019). Protective effects
of humic acid against chromium stress in wheat
(Triticum aestivum L. cv. Delabrad-2). Journal
of International Environmental Application
and Science, 14(2), 50-58.

Anwar, S., Khan, 1., Hussain, S., Anjum, M.M., Igbal,
B., Hussain, A. and Ali, N. (2021). 19. Wheat
response to different levels of humic acid and
brassinolide. Pure and Applied Biology (PAB),
5(4), 822-829.

Arjumend, T., Abbasi, M. K., & Rafique, E. (2015).
Effects of lignite-derived humic acid on some
selected soil properties, growth and nutrient
uptake of wheat (Triticum aestivum L.) grown
under greenhouse conditions. Pakistan Journal
of Botany, 47(6), 2231-2238.

Arslan, E., Agar, G., & Aydin, M. (2021). Humic acid
as a biostimulant in improving drought
tolerance in wheat: the expression patterns of
drought-related genes. Plant Molecular Biology
Reporter, 1-12.

Ampong, K., Thilakaranthna, M. S., & Gorim, L. Y.
(2022). Understanding the role of humic acids
on crop performance and soil health. Frontiers
in Agronomy, 4, 848621.

Bybordi, A., & Ebrahimian, E. (2013). Growth, yield
and quality components of canola fertilized
with urea and zeolite. Communications in Soil
Science and Plant Analysis, 44(19), 2896-2915.

De-Melo, B. A. G., Motta, F. L., & Santana, M. H. A.
(2016). Humic acids: structural properties and
multiple functionalities for novel technological
developments. International journal Materials
Science and Engineering: C, 62, 967-974.

Estefan, George, Rolf Sommer, and John Ryan.
(2013). Methods of soil, plant, and water
analysis." A manual for the West Asia and
North Africa region 3 (2013): 65-119

Fan, H. M., Wang, X. W., Sun, X., Li, Y. Y., Sun, X.
Z., & Zheng, C. S. (2014). Effects of humic
acid derived from sediments on growth,
photosynthesis and chloroplast ultrastructure in
chrysanthemum. Scientia Horticulturae, 177,
118-123.

Fatima, N., Jamal, A., Huang, Z., Liaquat, R., Ahmad,
B., Haider, R., & Sillanp4s, M. (2021).
Extraction and chemical characterization of
humic acid from nitric acid treated lignite and
bituminous coal samples. Sustainability,
13(16), 8969.

Gomez, K. A, & Gomez, A. A. (1984). Statistical
procedures for agricultural research. John
wiley & sons.

Ahmed et al.,

Hegab, R. H., Fawy, H. A. E. A., & Habib, A. A. M.
(2020). Evaluates effect of amino acids, humic
acid and antioxidants as foliar application on
the biochemical content and productivity of
wheat under north sinai soils conditions.

American Journal of Agriculture and Forestry,

8(4), 167-174.

M. A., Rahim, J., Naeem, W., Hassan, S.,

Khattab, Y., & Ayman, E. S. (2021). A.

Rainfed winter wheat (Triticum aestivum L.)

cultivars respond differently to integrated

fertilization in Pakistan. Journal Fresenius

Enviromental Bull, 30, 3115-3121.

Jackson, M. L. (2005). Soil chemical analysis:
advanced course: a manual of methods useful
for instruction and research in soil chemistry,
physical chemistry of soils, soil fertility, and
soil genesis. UW-Madison Libraries parallel
press.

Kalhoro, S. A., Ding, K., Zhang, B., Chen, W., Hua,
R., Shar, A. H., & Xu, X. (2019). Sail
infiltration rate of forestland and grassland over
different vegetation restoration periods at Loess

Igbal,

Plateau in  northern  hilly areas of
China. Landscape and Ecological Engineering,
15, 91-99.

Kalhoro, S. A., Xu, X., Ding, K., Chen, W., Shar, A.
G., & Rashid, M. (2018). The effects of
different land uses on soil hydraulic properties
in the Loess Plateau, Northern China. Land
degradation & development, 29(11), 3907-
3916.

Kalhoro, S. A., Xu, X., Chen, W., Hua, R., Raza, S.,
& Ding, K. (2017). Effects of different land-
use systems on soil aggregates: a case study of
the Loess Plateau (Northern  China).
Sustainability, 9(8), 1349.

Khan, R. U., M. Z. Khan, A. Khan, S. Saba, F.
Hussain and 1. U. Jan. (2018). Effect of humic
acid on growth and crop nutrient status of
wheat on two different soils. Journal Plant
Nutrition 41(4): 453-460.

Khan, Z. A., Koondhar, M. A., Khan, I, Ali, U., &
Tianjun, L. (2021). Dynamic linkage between
industrialization, energy consumption, carbon
emission, and agricultural products export of
Pakistan: an ARDL approach. Journal of
Environmental  Science and  Pollution
Research, 1-13.

Khattak, R. A., & Muhammad, D. (2013). Mechanism
(s) of humic acid induced beneficial effects in
salt-affected soils. Scientific Research and
Essays, 8(21), 932-939.

Li, C., Dhital, S., & Gidley, M. J. (2022). High-
amylose wheat bread with reduced in vitro
digestion rate and enhanced resistant starch
content. Food Hydrocolloids, 123, 107181.

Li, Y., F. fang, J. Wei, X. Wu, R. Cui, G. Li, F.
Zheng, and D. Tan. (2019). Humic acid
fertilizer improved soil properties and soil

235



J. Appl. Res Plant Sci. Vol. 5(2), 226-236, 2024,
Www.joarps.org

microbial diversity of continuous cropping
peanut. Sciences. Report. 56(3), 12-10.

Mahmoud, A., Salem, A. H., Aly, R. M., EI-Maaboud,
A., & Sh, M. (2018). Grain quality and protein
yield of three bread wheat cultivars as affected
by some humic acid and compost fertilizer
treatments under newly sandy soil conditions.
Zagazig Journal of Agricultural Research,
45(3), 809-819.

Maji, D., Misra, P., Singh, S., & Kalra, A. (2017).
Humic acid rich vermicompost promotes plant
growth by improving microbial community
structure of soil as well as root nodulation and
mycorrhizal colonization in the roots of Pisum
sativum. Applied soil ecology, 110, 97-108.

Malik, R., & Ali, M. (2015). The impact of
urbanization on agriculture sector: a case study
of Peshawar, Pakistan. Journal of resources
development and management, 8, 79-85.

Marzadori, C., Francioso, O., Ciavatta, C., & Gessa,
C. (2000). Activity and stability of jack bean
urease in the presence of peat humic acids
obtained using different extractants. Biology
and fertility of soils, 32(5), 415-420.

Mohammed, M. H., Meawad, A. A. A., EI-Mogy, E.
E. A. M., & Abdelkader, M. (2019). Growth,
yield components and chemical constituents of
Stevia rebaudiana Bert. as affected by humic
acid and NPK fertilization rates. Zagazig
Journal of Agricultural Research, 46(1), 13-26.

Muhammad, T., Khalid, N., & Muhammad, U.
(2014). Impact of humicacid on the
morphology and yield of wheat (Triticum
aestivum L.). World Applied Sciences Journal,
30(4), 475-480.

Muindi, ¢. m. (2019). Effects of integrating farmyard
manure, starter nitrogen, phosphorus and zinc
on nodulation, growth and yield in green grams
in kwela county, kenya. 26(5)-25.

Nasiroleslami, E., Mozafari, H., Sadeghi-Shoae, M.,
Habibi, D., & Sani, B. (2021). Changes in
yield, protein, minerals, and fatty acid profile
of wheat (Triticum aestivum L.) under fertilizer
management involving application of nitrogen,
humic acid, and seaweed extract. Journal of

Ahmed et al.,

Soil Science and Plant Nutrition, 21(4), 2642-
2651.

Nordi da Silva, J. M., &, N. (2002). Principais
critérios utilizados por pescadores artesanais na
taxonomia folk dos peixes do estuario do rio
Mamanguape, Paraiba-Brasil. Interciencia,
27(11), 607-612.

Olaetxea, M., Mora, V., Baigorri, R., Zamarrefio, A.
M., & Garcia-Mina, J. M. (2020). The Singular
molecular conformation of humic acids in
solution influences their ability to enhance root
hydraulic conductivity and plant growth.
Molecules, 26(1), 3.

Poole, N., Donovan, J., & Erenstein, O. (2021). Agri-
nutrition research: Revisiting the contribution
of maize and wheat to human nutrition and
health. Food Policy, 100, 101976.

Schopf, M., Wehrli, M. C., Becker, T., Jekle, M., &
Scherf, K. A. (2021). Fundamental
characterization of wheat gluten. European
Food Research and Technology, 247, 985-997.

Sharma, S. B., Sayyed, R. Z., Trivedi, M. H., & Gobi,
T. A. (2013). Phosphate solubilizing microbes:
sustainable approach for managing phosphorus
deficiency in agricultural soils. Springer Plus,
2,1-14.

Sible, C. N., Seebauer, J. R., & Below, F. E. (2021).
Plant biostimulants: A categorical review, their
implications for row crop production, and
relation to soil health indicators. Agronomy,
11(7), 1297.

Turgay, O.C., A. Karaca, S. Unver and N. Tamer.
(2011). Effects of coal- derived humic
substance on some soil properties and bread
wheat yield. Journal of Soil Science Plant
Animal. 42: 1050-1070.

Usman, M. (2016). Contribution of agriculture sector
in the GDP growth rate of Pakistan. Journal of
Global Economics, 4(2), 1-3.

Zhu, J., Li, M., & Whelan, M. (2018). Phosphorus
activators contribute to legacy phosphorus
availability in agricultural soils: A review.
Science of the Total Environment, 612, 522-
537.

Publisher’s note: JOARPS remains neutral with regard to jurisdictional claims in published maps and institutional

affiliations.

This is an open access article distributed under the terms of the Creative Commons Attribution
License (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited. To

view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

236


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

