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HIGHLIGHTS

> There is strong positive interaction between zinc and humic acid for nutrient availability to wheat

> Yield of wheat was significantly increased with application of humic acid and Zn under calcareous soil

» Zn concentration in grain and its uptake was also significantly improved with humic acid application
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1. Introduction Wheat (Triticumaestivum L.)
occupying an important position
cropping systems of Pakistan. In Pakistan, it is grown

in the existing

ABSTRACT

ield experiment was conducted at National Agricultural Research

Centre, Islamabad during 2014-15to investigate interactive effect

of humic acid (HA) and zinc (Zn) on wheat growth and vyield.
Treatments were arranged in split-plot design with three replications.
Three Zn levels (0, 5 and 10 kg ha'l) were tested with and without humic
acidapplication (50 kgha™). The maximum grain yield of wheat (3496 kg
ha'l) was recorded with 10 kg Zn ha™ in combination withhumic acid
application @50 kgha'l. It was 16% more than control (2908 kg ha) and
3.5% fromZn @ 5 kgha® along with humic
acidapplication.However, treatment of 5 kg Zn with H.A was better than

application

sole application of Zn @ (10 kg ha™"). The maximum Zn content in wheat
grain were recorded (29 mgkg'l) with Zn application @ 10 kgha'1 along
with humic acid which is 14% more than5 kgha’lzn application with
humic acid and 17% from 10 kgha™ Zn treatments without humic acid.
Similarly, the highest Zn uptake (135g ha™') was recorded in treatment of
10 kg Zn ha™ with humic acid. The results confirmed significant effect of
humic acid and zinc on yield, Zn uptake in grain and whole shoot of
wheat.
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Wheat productivity components are affected by
physical, chemical and biological soil properties and
Galantine et al.

climatic conditions

on an area of 9.2 m ha with totalproduction of 26 m
ton(GOP, 2016). This crop alone contributed about 10
percent of value added in agriculture and 2.1 percent
of the country’s gross

(2000).Micronutrient deficiency is widespread in many
Asian countries due to the calcareous nature of soils,
high pH, low organic matter, salt stress, continuous

d odreeght thighcbicapbenatejcangent in (rrigadign)watar, n
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of NPK fertilizers
(Narimani et al., 2010). Zinc is known to have an

and imbalanced application
important role either as a metal component of
enzymes or as a functional, structural or regulatory co-
factorof a large number of enzymes (Grotz and
Guerinot, 2006). The main factors which affect the
amount of zinc in soil are pH, carbonate content,
organic matter, soil texture and interaction between
zinc and other microelements, such as iron (Bukvicet

al., 2003).Humic acid (HA is a compl& molecule of
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per procedure prescribed by McClean (1982), Ec by
(Richards, 1954), organic matter by (Walkley and
Black, 1947), NOs.N (Soltanpour and Schwab, 1985), K
(Sims, 2009) and P (Mehlich, 1984).The crop was
grown to maturity. All agronomic practices were
followed throughout the growth period. At booting
stage, diagnostic leaf samples (3rd leaf) were collected
for the determination of Zn concentration in plant
tissues following the procedure described by Ryan et
al. (2001). Zinc content in grain were determined by

polymeric organic acid of aromatic structure wet digestion (ICARDA manual) and using atomic
substituted by carboxyl, phenolic, hydroxyl and alkyl absorption spectrophotometer (Jackson, 1973).The
groups linked together through ether linkage (Suttongata obtained were subjected to statistical analysis
and Sposito, 2005).
Humic acid forms complexes (chelates) with Na, K
Mn, Zn, Ca, Fe, Cuand various other elements to
regulate their bioavailability in soil (Barron and
Wilson, 1981) and overcome the element deficiency
(Yingei, 1988). Humic acid is a vital constituent and an
important part of soil organic structure. It has been
used for impreing soil conditions and plant growth 3.1, Grain yield
(Fagbenro and Agboola, 1993). In plants, humic acid
has positive effects on enzyme activity, plant nutrients = o

Grain, vield of wheat was_ significantly at,K P£0.05
and growth and al so conS|d¥:r.ed.a_s a nfr]antf'oo
Keeping in view all the above facts, a study was affected with application of HA and Zn. The maximum
conductedd investigate the effects of humc acid (HA)
and Zinc application on wheat yield and Zinc uptake.

using the Statistic 8.1 and the mean values were
» compared using Least Significant Difference (LSD)
multiple range test P<0.05 (Steel et al., 1997).

3. Results and discussion

grain yield (3496 kg ha'l) was recorded in treatment
where HA @50 kg ha™ and 10 kg Zn ha™'was applied. It

2. Materials and methods

The effect of Zn application (0, 5, 10 kg ha™* as ZnSO,
33 %) on
(Triticumasetivum.L) was studied with and without

growth and yield of wheat
humic acid (HA) application @ 50 kg ha™ at research
field area of National Agricultural Research Centre,
Islamabad (33° 42' N, 732 10 E')during 2014. Split plot
design having HA in main plots and Zn application in
sub plots was followed with three replications. A basal
dose of NPK @ 60, 45 and 30 kg ha™ as urea, DAP and
SOP respectively was applied to all the treatments.
Nitrogen was applied in two splits (% at sowing and
remaining % at tillering). Before sowing of the crop a
random soil sample (0-15 cm) was collected to
determine the basic soil fertility status (Table 1).

Soil
manual). The pH of all of the soil was determined as

analysis was carried out by using (ICARDA

is 20% more than the control Fig. 1. However, it was
(P<0.05)toZn@ 5 kg
ha’lapplication with HA. Further the yield obtained

also statistically significant

with 5kg ha'zn with HA application was better
than10kg ha™ sole application of Zinc. So, there is
significant interaction between HA and Zn. The
increase in wheat grain yield might be due chelation
effect of humic acid on availability of essential
The
enhanced wheat productivity.

nutrients. increased availability of nutrients
These results are in consonance to the findings of
Sharif et al. (2002a, 2002b) who also reported 25 to
40% increase in wheat and maize grain respectively in
non-saline calcareous soils of Peshawar valley with
derived HA. Naheed, (2008)
observed that the effect of HA further improved when
with
Humicacid applied with Zn and Cu increased maize

application of coal

applied in combination other nutrients.

yields in alkaline calcareous soils. Improvement in

microbial activities, enzymes activities, CEC and
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moisture retention mainly account for the HA induced
increases in plant growth and yield (Khattaket al.,
2013).

3.2. Straw yield

Straw yield of wheat was also significantly (P<0.05)
affected with application of HA and Zn. The maximum
straw vyield (3580 kg ha'l) was recorded in treatment
where HA @50 kg ha and 10 kg Zn ha'was applied. It
was 18.5% more than the control (Table 2). It was also
P<0.05toZn@5 kg
ha'lapplication with HA. The yield obtained with 5kg
ha'zn with HA application was better than 10kg ha™
alone application of Zinc.So, the increase in straw

statistically  significant  at

yield might be due to increase in bio-availability of
essential nutrientCakmakciet al. (2007) obtained
similar results on wheat experiment.

3.2. Zinc concentration in wheat straw

Zinc content were also significantly (P<0.05) improved
by Zn and HA application. Highest Zn content were
recorded in treatment of HA application with 10 Kg Zn
ha'which is 10% more than the treatment receiving
humic acid @ 50 kg ha"'withzn @ 5 kg ha™'. However,
statistically both are non-significant. These findings
are in line withCakmaket al., (1998) who reported that
Zn addition to the root medium, increases straw
production in different crops.

The availability of micronutrients to plants is governed
by a variety of reaction that include complexion with
organic and inorganic ligands, ion exchange and
adsorption, precipitation and dissolution of solids and
acid-base equilibrium (Lindsay, 1979). Humic acid
plays a key role both in enhancing the bioavailability of
nutrients to plants and in reducing the adverse effect
of some of the free ions due to its chelate forming
capability (Bloom et al., 1979).

J. Appl. Agric. Biotechnol. 2017 2(1): 19-25

3.4. Concentration of Zn (mgkg™) in grain

Zn grain concentration was also improved by Zn and
HA application. Maximum Zinc content in wheat grain
(10 mg kg™) was recorded with application of humic
acid @ 50 kg ha™ and Zn @10 kg ha™. It was 13%more
than the treatment receiving humic acid with Zn @5
kg ha™ and 17% more than Zn alone application @
10kg ha™. Results are in agreement with Aliet al.
(2009) who reported that soil application of Humic
acid and Zn doses had statistically significant (P<0.05)
effect on micronutrient uptake in maize plant.

3.5. Zinc content in soil after harvesting

The Combined effect of humic acid Zinc application
not only increased Zn concentration in grain but also
improve the Zn content in soil after harvesting. Zinc
content in soil increased from 0.76ppm to 1.00 ppm
with humic acid and Zn application. It might be due to
improvement in rhizosphere by humic acid.

The increase in Zn concentration might be associated
with the dissolution of carbonates of Ca, Mg, Fe and
Mn(Bohnet al., 2001), as HA promotes the solubility of
insoluble nutrients (Grossl and Inskeep, 1991).

3.6. Zinc uptake by wheat

The result showed that there was a significant effect
of humic acid and zinc application on Zn uptake by
wheat plant. Zinc application @ 10 kg ha™ along with
50 kg ha™ showed maximum uptake 135g ha™ which
was 15% more than the treatment receiving Zn 5 kgha
! along with 50 kg ha™ HA. The increase in Zn uptake is
associated with enhanced nutrient availability by
humic acid and Zn application.

The findings are in agreement to the results of
Govindasmy and Chandresakaran (1992), who sprayed
humic acid, extracted from lignite onto sugarcane and
found that the addition of humic acids improved sugar
yield and nutrient concentration in leaf blades and
sheaths.

21



Sarwaret al. 2017 J. Appl. Agric. Biotechnol. 2017 2(1): 19-25

Table 1: The basic soil chemicals and physical characteristics of the experiment

Soil characters Unit Values
pH - 7.35
EC (1:1) (dsm™) 0.28
Organic Matter (%) 0.98
NO;-N (mgkg™) 1.88
K (mg kg™) 119
P (mgkg™) 7.18
Zinc (mg kg™) 0.78
Table 2: Wheat straw yield as affected by HA and Zn (kgha’l)
Zn HAO HAS0 Mean
0 2915d 2930d 2922 C
5 3077.5¢ 3365b 3221 B
10 3317.5b 3580a 3448 A
Mean 3103 B 3291 A
LSD 215
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Figure 1: Wheat grain vyield as affected by HA and Zn (kgha™)
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Figure2: Total uptake (kg ha™) by wheat plant
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3.7. Concentration of Zn (mg kg?') in
diagnostic leaves

Maximum Zinc concentration of wheat leave was 45
mg kg'l, where the humic acid was applied 50 kg ha™

alongwith Zn at 10 mg kg‘1 and the concentration in

Table 3: Zinc concentration (kg ha'l) in wheat straw

J. Appl. Agric. Biotechnol. 2017 2(1): 19-25

control was 27 mg kg'1 where no humic acid and zinc
was applied. This uptake of zinc in leaves might be due
to application of humic acid that enhances the zinc
concentration in leaves. Similar findings have been
reported by Govindasmy and Chandresakaran (1992).

Zn HAO HAS0 Mean
0 5b 7ab 6.0C
5 8ab 9a 8.5B
10 9a 10a 9.5A
Mean 11B 13A
LSD 1
Table 4: Concentration of Zn (mgkg'l) in Grain
Zn HAO HAS0 Mean
0 18d 20cd 19C
5 22bcd 25b 23B
10 24bc 29a 27A
Mean 22B 24A
LSD 1
Table 5:Effect of HA and Zinc on soil Zn (mg kg'l) after harvesting
Zn HAO HAS50 Mean
0 0.76f 0.82d 0.82C
5 0.84e 0.97b 0.92B
10 0.99c 1.00a 0.99A
Mean 0.86B 0.93A
LSD 0.12
Table 6: Zinc concentration (mg kg'l) in diagnostic Leaves
Zn HAO HAS0 Mean
0 27d 33c 30C
5 34c 40b 37B
10 37bc 45a 41A
Mean 32B 39A
LSD 2

4. Conclusion
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It was concluded that humic acid had a significant
effect on Zn availability to plant and enhanced growth
and yield of wheat. Positive interaction of Zn and HA
increased zinc concentration in soil, plant and its
uptake in wheat.
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