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Abstract

An experiment was carried out to study the “Effect of foliar application of humic acid on nutrient uptake
and yield of chilli” during kharif 2020-21 at Research Farm, Chili and Vegetable Research Unit, Dr.
Panjabrao Deshmukh Krishi Vidhyapeeth, Akola. The experiment had eight treatments replicated thrice
in Randomized block design. The treatments included: T1 -Absolute control, T2 - 100% RDF (100:50:50
kg N, P20s and K20 ha?), Ts Ta & Ts -100% RDF +3 spray of humic acid @ 0.5, 1.0 and 1.5%
respectively, Te, T7 & Ts -100% RDF +6 spray of humic acid @ 0.5, 1.0 and 1.5% respectively. Among all
the treatments Tg (100% RDF + 6 spray humic acid @ 1.5%) treatment was found most effective
treatment and recorded significantly maximum yield and macro-nutrient content and uptake by chilli.
However, micro nutrients uptake by chilli showed no significant change in response to humic acid
treatment.

Keywords: Chilli, humic acid (HA), yield, nutrient uptake, nutrient content

Introduction

Chilli (Capsicum annum L.) belongs to Solanaceae family, is famous for its pleasant aromatic
flavour, pungency and high colouring substance. India is the largest producer, consumer and
exporter of chilli, which contributes to about 40% of total world production. The origin of
chilli is Central America. It has a wide range of diverse uses such as spice, sauce, vegetable
and medicinal purposes. It is considered as an important source of nutrients, vitamin A and C
as well as phenolic compounds, which are important antioxidants in human diet (Litoriya et
al., 2014) [, The presence of crystalline volatile alkaloid capsaicin makes chilli pungent while
red colour of chilli is due to presence of capsanthin (Sindhusha and Rawat, 2020) . In
Maharashtra, chilli is cultivated in an area of 0.30 lakh hectares with production of 3.42 lakh
tonnes and productivity of 2124 kg per hectare (Anon., 2020) Bl Humic substances are
generated through organic matter decomposition and employed as soil fertilizers in order to
improve soil structure and soil microorganisms. Humic acid application along with
recommended dose of fertilizers and organic manures plays a greater role in plant biochemical
and physiological activities and soil fertility, consequently resulting in better growth and yield
of crops (Kalaichelvi et al., 2006) M. Humic substances with its auxin activity induce
hormonal effect on catalytic activity, cell permeability and increases nutrient uptake and dry
matter yield (Eshwar et al., 2017) Bl. Humic acids as carrier of nutrients have great scope
through foliar application for sustainable crop production.

Material and Methods

The experiment was carried out at Research farm, Chilli and Vegetable Research unit, Dr.
Panjabrao Deshmukh Krishi Vidyapeeth, Akola during kharif season in 2020-21. The trial was
laid out in Randomized Block Design with three replications. The experiment was framed with
eight treatments viz, T1 -Absolute control, T, - 100% RDF (100:50:50 kg N, P20s and K0 ha
Y, T3, T4 T5-100% RDF +3 spray of HA @ 0.5, 1.0 and 1.5% respectively, Ts T7& Ts -100%
RDF +6 spray of HA @ 0.5, 1.0 and 1.5% respectively were laid out in plots of 6.00 m x 3.60
m. The soil of the experimental field was slightly alkaline in reaction (pH 8.03), non-saline
(0.30 dS m), medium in organic carbon (6.5 g kg™), low in available N (184.54 kg ha),
moderately high in available P,Os (22.42 kg ha'), high in available K;O (288.56 kg ha) and
deficient in available S (7.26 mg kg1). Among the micronutrients Zinc (0.65 mg kg™), Iron
(4.79 mg kg'), Manganese (13.26 mg kg™) and Copper (1.64 mg kg™?) are in sufficient range.
Healthy seeds of PDKV Hirkani variety selected for sowing. Seedlings of chilli were
transplanted to the plots with polythene mulch with 60 cm x 60 cm spacing. The desired plant
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population was maintained uniformly by gap filling.
Recommended fertilizer dose of 100:50:50 kg N, P and K ha*
were applied through urea, single super phosphate and murate
of potash respectively as fertigation in 30 equal splits. Humic
acid source used in experiment was prepared from
vermicompost at Dr. PDKV soil science and agricultural
chemistry laboratory. Spraying of HA with different
concentrations include first spray at flowering, second spray
at first fruit setting, third spray at 15 days after 1% picking,
fourth spray at 15 days after 2" picking, fifth spray at 15 days
after 3" picking, sixth spray at 15 days after 4™ picking. Total
yield per hectare was calculated based on the fruit yield per
plot and was expressed in ton per ha. Randomly selected
twenty fruits of each tagged plant and tagged plant of each
treatment in each replication were dried and homogenized in a
blender and portions of the homogenate were taken to
determine the nutrient content by adopting standard methods.
Nitrogen in the fruit and plant samples was determined by
Kjeldhal digestion distillation method as described by Sparks
(1996) [, Digestion of fruit and plant samples was carried out
with di-acid mixture containing HNO3; and HCIOy4 in the ratio
of 3:1 and further used for determination of Phosphorus
(Jackson, 1973) U1, Potassium (Piper, 1966) [ Sulphur
(Chenshin and Yien, 1951) I, DTPA extractable Fe, Zn, Mn
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and Cu (Lindsay and Norvell, 1978) [%. The data obtained
from the experiment were analyzed for analysis of variance
(ANOVA) and the difference between treatment means was
tested for their statistical significance with appropriate critical
difference (CD) at 5% level of probability (Gomez and
Gomez, 1984) 11,

Result and Discussion

Yield

Effect of humic acid application on chilli yield is given in
Table 1 and Figure 1. Significantly maximum yield (267.10 q
ha) was recorded in treatment Tg (100% RDF + 6 sprays of
HA @ 1.5%) which was found statistically at par with
treatment T, Te, Ts and Ts. While, significantly lowest yield
recorded in T: (Absolute control) i.e. 245.12 q hal. There
were increment of 8.97% over absolute control (T:) and
6.24% increase over RDF (T>). The increase in yield might be
due to positive effect of humic acid on availability of plant
nutrients and balanced supply of nutrients, efficient
translocation of photosynthates and availability of adequate
amount of nutrients (Thakur et al., 2013) 12, Similar findings
were also reported by Thenmozhi et al. (2004) I in
groundnut and Fathima and Denesh (2013) [l in table grape.

Table 1: Effect of foliar application of humic acid on chilli yield

Tr Treatment Details Yield (Q ha')|% increase over control |% increase over RDF
T1 Absolute Control 245.12
T> |100% RDF (100:50:50 kg N, P20s and K20 ha't) 251.42 2.57
T3 100% RDF + 3 spray of HA @ 0.5% 258.33 5.39 2.75
Ty 100% RDF + 3 spray of HA @ 1.0% 260.90 6.44 3.77
Ts 100% RDF + 3 spray of HA @ 1.5% 261.43 6.66 3.98
Te 100% RDF + 6 spray of HA @ 0.5% 265.10 8.15 5.44
T7 100% RDF + 6 spray of HA @ 1.0% 266.87 8.87 6.15
Ts 100% RDF + 6 spray of HA @ 1.5% 267.10 8.97 6.24
SE (m)+ 4.41
CD@ 5% 13.51
*RDF (Recommended doses of fertilizers), HA (Humic Acid)
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Fig 1: Effect of foliar application of humic acid on chilli yield
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Macro-nutrient content in chilli plant

Effect of humic acid application on N, P, K and S content in
chilli plant is given in Table 2 and Figure 2. Significantly
highest total nitrogen content in chilli plant (0.53%) was
recorded in treatment Tg (100% RDF + 6 spray of HA @
1.5%) which was found statistically at par with treatment Te
and T7. While, significantly lowest total nitrogen content in
chilli plant (0.47%) recorded in T1 (Absolute control). The
increase in nitrogen content might be due to positive effect of
humic acid on enhanced microbial activity particularly of
ammonifiers and nitrifiers will consistently supply nitrogen
resulting in improved dry matter accumulation and nutrient
content (Savita et al., 2018) 1%, Similar findings were also
reported by Sumati and Rao (2007) ¢! in sunflower and Abd
El-Razek et al. (2012) [ in peach. Increasing doses of humic
acid increased the total phosphorus content in chilli plant;
however, these increases were not significant statistically. The
highest total phosphorus content in chilli plant (0.22%) was
recorded in treatment Tg (100% RDF + 6 spray of HA @
1.5%). While, lowest total phosphorus content in chilli plant
(0.16%) was recorded in T1 (Absolute control). The increase
in total phosphorus content might be due to positive effect of
humic acid on availability of plant nutrients due to the better
developed root systems and increase nutrient content
(Maibodi et al., 2015) 28, Similar findings were also reported
by Karakurt et al. (2009) I in pepper and Raheem et al.
(2018) 9 in lettuce. Significantly highest total potassium
content in chilli plant (0.58%) was recorded in treatment T
(100% RDF + 6 spray of HA @ 1.0%) and Ts(100% RDF + 6
spray of HA at 1.5%). While, significantly lowest potassium
content in chilli plant (0.46%) was recorded in T1 (Absolute
control). The increase in total potassium content might be due
to the application of humic acid which enhances cell
permeability, which in turn made for a rapid entry of minerals
into root cells and also resulted in higher plant nutrient
content and uptake (Osman et al., 2013) 2%, Similar findings
were also reported by Shah et al. (2016) 22 in potato and El-
Nemr et al. (2012) 2% in cucumber. Significantly highest total
sulphur content in chilli plant (0.19%) was recorded in
treatment Tg (100% RDF + 6 spray of HA @ 1.5%) which
was found statistically at par with treatment Ts, T and T-.
While, significantly lowest total sulphur content in chilli plant
(0.11%) was recorded in T1 (Absolute control). Application of
humic acids significantly increased sulphur content of shoot
and root because it affects the permeability of shoot and root
(Cimrin et al., 2010) 4. Similar finding was also reported by
Liu et al. (1998) 3in bent grass.

Macro-nutrient content in chilli fruit: Effect of humic acid
application on N, P, K and S content in chilli fruit is given in
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Table 2 and Figure 3. Significantly highest total nitrogen
content in chilli fruit (1.03%) was recorded in treatment Tg
(100% RDF + 6 spray of HA @ 1.5%) which was found
statistically at par with treatment T; (100% RDF+ 6 spray of
HA at 1.0%). While, significantly lowest total nitrogen
content in chilli fruit (0.93%) was recorded in T1 (Absolute
control). The enhancing effect of humic acid on nitrogen
concentrations may be due to better development root systems
(David et al., 1994) 1 increased permeability of plant
membranes (Ulukan, 2008) 27, Similar findings were also
reported by Khaled and Fawy (2011) 81 and Shafeek et al.
(2016) 9 in cucumber. Significantly highest total phosphorus
content in chilli fruit (0.43%) was recorded in treatment Tg
(100% RDF + 6 spray of HA @ 1.5%) which was found
statistically at par with treatment T¢ (100% RDF + 6 spray of
HA @ 0.5%) and T7 (100% RDF + 6 sprays of humic acid @
1.0%). While, significantly lowest total phosphorus content in
chilli fruit (0.24%) was recorded in T1 (Absolute control). The
increase in phosphorus content may be attributed to the
improving role of humic acid on auxin content; in which
auxin are involved in the chelating of iron for the plant,
improving growth, heaving nutrient intensity of the plant,
especially the development of the root system of the plant
(Rizk and Mashhour, 2008) 39, Similar findings were also
reported by Fawzy (2010) B in lettuce and Nikbakht et al.
(2008) B2 in gerbera. Significantly highest total potassium
content in chilli fruit (1.18%) was recorded in treatment T
(100% RDF + 6 spray of HA @ 1.0%) and Ts (100% RDF + 6
spray of HA @ 1.5%) which was found statistically at par
with treatment Ts (100% RDF + 3 spray of HA @ 1.5%) and
Te (100% RDF + 6 spray of HA @ 0.5%). While,
significantly lowest total potassium content in chilli fruit
(1.10%) was recorded in Ty (Absolute control). This increase
may be due to humic substances may interact with the
phospholipid structures of the cell membranes and react as
carriers of nutrients through them and increase nutrient
content (Khaled and Fawy, 2011) 28, Similar findings were
also reported by Aghaeifard et al. (2016) 3 in strawberry and
El-Nemr et al. (2012) 23 in cucumber. Significantly highest
total sulphur content in chilli fruit (0.24%) was recorded in
treatment Tg (100% RDF + 6 spray of HA @ 1.5%) which
was found statistically at par with treatment T (100% RDF+
6 spray of HA at 1.0%). While, significantly lowest total
sulphur content in chilli fruit (0.17%) was recorded in T
(Absolute control). Increase in sulphur content might be due
to positive effect of humic acid on increase in plant growth
processes within the leaves and stem leads to increase in the
availability of nutrients Liu et al. (1998) 1. Similar finding
was also reported by Cimrin et al. (2010) 41 in pepper.

Table 2: Effect of foliar application of humic acid on N, P, K and S content in chilli plant and chilli fruit

T Treatments Macro-nutrient content in chilli plant (%) | Macro-nutrient content in chilli fruit (%)
N P K S N P K S
T1 Absolute Control 0.47 0.16 0.46 0.11 0.93 0.24 1.10 0.17
T2|100% RDF (100:50:50 kg N, P20sand K20 ha')|  0.48 0.17 0.53 0.13 0.96 0.28 1.11 0.18
Ts 100% RDF +3spray of HA @ 0.5% 0.49 0.18 0.54 0.15 0.97 0.31 1.13 0.19
Ta 100% RDF +3spray of HA @ 1.0% 0.50 0.19 0.55 0.16 0.98 0.36 1.14 0.20
Ts 100% RDF +3 Spray of HA @ 1.5% 0.50 0.20 0.56 0.17 0.99 0.37 1.16 0.21
Ts 100% RDF +6 spray of HA @ 0.5% 0.51 0.21 0.56 0.18 0.99 0.40 1.17 0.22
Tz 100% RDF +6 spray of HA @ 1.0% 0.52 0.21 0.58 0.18 1.02 0.42 1.18 0.23
Ts 100% RDF +6 spray of HA @ 1.5% 0.53 0.22 0.58 0.19 1.03 0.43 1.18 0.24
SE(m) £ 0.007 0.01 0.007 0.008 0.007 0.005 0.016 0.007
CD@ 5% 0.022 NS 0.020 0.022 0.022 0.017 0.04 0.022

*RDF (Recommended doses of fertilizers), HA (Humic Acid), NS (Not Significant)
~1320"
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Fig 2: Effect of foliar application of humic acid on N, P, K and S content in chilli plant
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Fig 3: Effect of foliar application of humic acid on N, P, K and S content in chilli fruit

Macro-nutrient uptake by chilli plant

Effects of humic acid application on uptake of N, P, K and S
by chilli plant is given in Table 3 and Figure 4. Significantly
highest uptake of nitrogen (29.20 kg ha') was recorded in
treatment Tg (100% RDF + 6 spray of HA @ 1.5%). While,
significantly lowest uptake of nitrogen (23.31 kg ha was
recorded in Ty (Absolute control). Bhandari et al. (2000) (4
stated that the higher nitrogen uptake due to the application of
humic acids might be due to increased lateral root emergence
and production of smaller but more ramified secondary roots
coupled with improved cell permeability and better
availability of nutrients in the soil solution Similar finding
were also reported by Afifi et al. (2010) % in faba bean and

(2010) Bama (2009) 8 rice. Significantly highest phosphorus
uptake (11.44 kg ha'') was recorded in the treatment T¢ (100%
RDF + 6 spray of HA @ 0.5%) which was found statistically
at par with the all treatments except T1. While, significantly
lowest uptake of phosphorus (8.42 kg ha) was recorded in T
(Absolute control). Guppy et al. (2005) [¥7 stated that the
humic acid likely increases P availability and uptake by
decreasing calcium phosphate (Ca-P) precipitation rates,
competing for adsorption sites and decreasing the number of
adsorption sites by promoting dissolution of metal present on
solid phases by chelation. Similar findings were also reported
by Shreelatha et al. (2020) [ in chickpea and Rizk and
Mashhour (2008) B% in wheat and broad bean. Significantly
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highest potassium uptake (32.13 kg ha) was recorded in
treatment Tg (100% RDF + 6 spray of HA @ 1.5%) which
was found statistically at par with the treatment Ts, T and Ty.
While, significantly lowest uptake of potassium (23.09 kg ha
1y was reported in T1 (Absolute control). Increase in K content
and uptake may be due to the reduced K fixation increased the
permeability of bio-membranes for electrolytes with the
addition of humic acid and thereby accounted for increased K
uptake (Shreelatha et al., 2020) 8. Similar findings were also
reported by Taha et al. (2016) B in lettuce, Ameri and

https://www.thepharmajournal.com

Tehranifar (2012) 9. Significantly highest sulphur uptake
(10.48 kg ha') was recorded in treatment Tg (100% RDF + 6
spray of HA @ 1.5%) which was found statistically at par
with the treatments Ts, Ts and T7. While, significantly lowest
uptake of sulphur (5.46 kg hat) was recorded in T1 (Absolute
control). Ehsan et al. (2014) Y concluded that the humic acid
enhances cell permeability, which in turn made for rapid entry
of minerals in leave cells and so resulted in higher uptake of
plant nutrients. This effect was associated with the function of
hydroxyls and carboxyls in these compounds.

Table 3: Effect of foliar application of humic acid on macro-nutrient uptake by chilli plant

. Dry matter |Macro-nutrient uptake (kg ha?)
Tr] Treatment Details weight (kg ha'l) N P K S
T1 Absolute Control 4952 23.31 8.42 [23.09| 5.46
T2/100% RDF (100:50:50 kg N, P20Os and K20 hat) 5152 24.73 9.28 |27.12| 6.17
T3 100% RDF +3 spray of HA @ 0.5% 5230 25.64 9.81 [28.06] 6.99
Ty 100% RDF +3spray of HA @ 1.0% 5305 26.52 10.29|29.01| 8.14
Ts 100% RDF +3 spray of HA @ 1.5% 5409 27.05 11.00|30.29] 9.37
Ts 100% RDF +6 spray of HA @ 0.5% 5455 27.63 11.44|30.38| 9.26
T7 100% RDF +6 spray of HA @ 1.0% 5481 28.66 10.94|31.56|10.03
Ts 100% RDF +6 spray of HA @ 1.5% 5512 29.20 11.40|32.13(10.48
SE (m) + 148.29 0.005 0.83]0.64 | 0.43
CD@ 5% 445.73 0.017 2.53[1.95|1.30
*RDF (Recommended doses of fertilizers), HA (Humic Acid)
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Fig 4: Effect of foliar application of humic acid on macro-nutrient uptake by chilli plant

Micro-nutrient uptake by chilli plant

Effect of humic acid application on Zn, Fe, Mn and Cu uptake
by chilli plant is given in Table 4. Data revealed that the
uptake of zinc by chilli plant were ranged from 21.38 to 22.81
mg kg™. Increasing doses of humic acid increased the uptake
of zinc in chilli plant; however, these increases were not
significant statistically. The highest uptake of zinc (22.81 mg
kg™) was recorded in treatment Ts (100% RDF + 6 spray of
HA @ 0.5%). While, lowest uptake of zinc (21.38 mg kg™)
was recorded in T1 (Absolute control). Data revealed that the
uptake of iron by chilli plant were ranged from 125.88 to
128.20 mg kg*. Increasing doses of humic acid increased the

uptake of iron in chilli plant; however, these increases were
not significant statistically. The highest uptake of iron (128.20
mg kg) was recorded in treatment Ts (100% RDF + 6 spray
of HA @ 1.5%). While, lowest uptake of iron (125.88 mg kg
1) was recorded in T1 (Absolute control). Data revealed that
the uptake of manganese by chilli plant were ranged from
13.03 to 13.98 mg kg™. Increasing doses of humic acid
increased the uptake of manganese in chilli plant; however,
these increases were not significant statistically. The highest
uptake of manganese (13.98 mg kg?) was recorded in
treatment Tg (100% RDF + 6 spray of HA @ 1.5%). While,
lowest uptake of manganese (13.03 mg kg™) was recorded in
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T1 (Absolute control). Data revealed that the uptake of copper
by chilli plant were ranged from 6.64 to 6.91 mg kg™
Increasing doses of humic acid increased the uptake of copper
in chilli plant; however, these increases were not significant
statistically. The highest uptake of copper (6.91 mg kg*) was
recorded in treatment Tg (100% RDF + 6 spray of HA @
1.5%). While, lowest uptake of copper (6.64 mg kg?) was
recorded in T (Absolute control).

Micro-nutrient uptake by chilli fruit

Effect of humic acid application on Zn, Fe, Mn and Cu uptake
by chilli fruit are given in Table 4. Data revealed that the
uptake of zinc by chilli fruit were ranged from 33.38 to 34.81
mg kg*. Increasing doses of humic acid increased the uptake
of zinc in chilli fruit; however, these increases were not
significant statistically. The highest uptake of zinc (34.81 mg
kgl) was recorded in treatment T (100% RDF + 6 spray of
HA @ 0.5%). While, lowest uptake of zinc (33.38 mg kg™?)
was recorded in Ty (Absolute control). Data revealed that the
uptake of iron by chilli fruit were ranged from 149.88 to
152.20 mg kg. Increasing doses of humic acid increased the

https://www.thepharmajournal.com

uptake of iron in chilli fruit; however, these increases were
not significant statistically. The highest uptake of iron (152.20
mg kg1) was recorded in treatment Tg (100% RDF + 6 spray
of HA @ 1.5%). While, lowest uptake of iron (149.88 mg kg
1y was recorded in T1 (Absolute control). Data revealed that
the uptake of manganese by chilli fruit were ranged from
27.03 to 27.98 mg kg®. Increasing doses of humic acid
increased the uptake of manganese in chilli fruit; however,
these increases were not significant statistically. The highest
uptake of manganese (27.98 mg kg?) was recorded in
treatment Tg (100% RDF + 6 spray of HA @ 1.5%). While,
lowest uptake of manganese (27.03 mg kg™) was recorded in
T1 (Absolute control). Data revealed that the uptake of copper
by chilli fruit were ranged from 15.64 to 15.91 mg kg™.
Increasing doses of humic acid increased the uptake of copper
in chilli fruit; however, these increases were not significant
statistically. The highest uptake of copper (15.91 mg kg') was
recorded in treatment Tg (100% RDF + 6 spray of HA @
1.5%). While, lowest uptake of copper (15.64 mg kg?!) was
recorded in Ty (Absolute control).

Table 4: Effect of foliar application of humic acid on micro nutrient uptake by chilli plant and chilli fruit

Micro nutrient uptake by chilli plant (mg kg) | Micro nutrient uptake by chilli fruit (mg kg

B Treatments Zn Fe Mn Cu Zn Fe Mn Cu
T1 Absolute Control 21.38 125.88 13.03 6.64 33.38 149.88 27.03 15.64

100% RDF
T2 (100:50:50 kg N, P20s and KO ha'%) 21.43 126.13 13.15 6.69 3343 150.32 27.47 15.70
Ts| 100% RDF +3spray of HA @ 0.5% 22.08 126.29 13.67 6.67 34.08 150.04 27.67 15.67
T4| 100% RDF +3spray of HA @ 1.0% 22.16 126.21 13.89 6.86 34.16 150.21 27.89 15.86
Ts| 100% RDF +3 Spray of HA @ 1.5% | 22.33 127.44 13.91 6.87 34.33 151.44 27.91 15.88
Ts| 100% RDF +6 spray of HA @ 0.5% | 22.81 127.15 13.93 6.90 34.81 151.15 27.93 15.90
T7| 100% RDF +6 spray of HA @ 1.0% | 22.48 127.67 13.95 6.90 34.48 151.67 27.95 15.90
Ts| 100% RDF +6 spray of HA @ 1.5% | 22.58 128.2 13.98 6.91 34.58 152.20 27.98 15.91

SE (m) + 0.321 0.321 0.711 0.262 0.321 0.577 0.255 0.136

CD@ 5% NS NS NS NS NS NS NS NS

*RDF (Recommended doses of fertilizers), HA (Humic Acid), NS (Not Significant)

Conclusion

Based on the findings of the above investigation it may be
concluded that foliar application of 6 spray humic acid @
1.5% with 100% RDF was found beneficial and enhanced the
yield, macro-nutrient content and uptake of chilli under
climatic conditions of Akola.
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