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ARTICLE / INVESTIGACION

Effect of vermicompost, Mycorrhiza and humic acid on some bi-chemical and yield
characteristics of pepper Capsicum annuum L. under greenhouse conditions
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Abstract: A field experiment was carried out under the conditions of protected agriculture in the agricultural season 2020-
2021 to study the effects of three factors: The first is the addition of vermicompost, with three levels: 0, 10 and 20 tons ha™,
the second factor is the addition of Mycorrhiza to the soil with two levels: without and with vaccination of 10 g per plant; and
the third factor is spraying humic acid in three concentrations: 0, 2.5 and 5 ml I' on some biochemical properties and yield
characteristics of pepper, according to randomized complete block design (RCBD). Results showed a significant effect on
chlorophyll a, b, nitrogen, phosphorus and potassium in leaves, ascorbic acid content in fruit, and yield per plant. The best
interaction was when adding the third level of vermicompost (20 tons ha-1) with vaccination of Mycorrhiza and spraying the
third level of humic acid (5 ml I'') on most of the studied characteristics of the plant.
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|
Introduction

Agriculture, especially in developed countries, is cu-
rrently aimed at safe and clean agriculture, which is inten-
ded to grow plants without the use of fertilizers and chemical
pesticides and to be content with natural sources of fertilizer
such as organic fertilizer such as vermicompost and humic
acid, as well as biofertilizers such as Mycorrhiza, to avoid
the adverse effects of chemicals that affect human health.
Vermicompost is a natural organic fertilizer produced by
earthworms, and recent studies have shown its positive im-
pact on the physical, chemical and biological characteristics
of soils, such as improving soil aeration, increasing water
content and fertility, in addition to the fact that this fertilizer
is a source of many macro and micro nutrients'. Humic acid
is an essential organic acid because it contains many nu-
trients, which led researchers to add it to crops, especially in
the method of foliar application, which has proved success-
ful in increasing plant growth and productivity and increa-
sing the development of shoot and root, which is reflected
in the quantity and quality of crops?. Mycorrhiza is charac-
terized by the hyphae extending into the soil and absorbing
nutrients far from the root, making them available for ab-
sorption by plant roots® and associated with plant roots, ma-

EC pH oM Carbonate Gypsum
dSm™* gkg? | mineral gkg! gkg!
2.68 7.5 18.7 2194 5.71

king them more efficient in absorbing nutrients, especially
phosphorus*. Pepper (Capsicum annuum L.) belongs to the
Solanaceae family and grows successfully under protected,
unheated farming conditions. Its potassium, calcium, and
fluoride content prevents tooth decay and contains vitamins
A, C and E®. Based on the above trend for safe agriculture
and to stay away from the use of chemical fertilizers and be-
cause the pepper crop is an important vegetable crop that
needs an integrated fertilization program due to the length
of its growing season relative to other vegetable crops, this
study is aimed to: Studying the effect of vermicompost, and
humic acid, and Mycorrhiza on biochemical characteristics
and productivity of pepper plant.

|
Materials and methods

Site of the experiment

A field experiment was carried out in the agricultural
season 2020-2021 in a farming field in Baladroz district 40
km northeast of Baquba district of Diyala governorate. Table
1 shows some chemical and physical properties of the soil.

Available elements Texture
N mgkg™! P K gkg!
mgkg! | mgkg! | (ilty clay)
11.7 0.47 210 clay 40.0
silt 57.2
sand @ 2.80

Table 1. Shows some chemical and physical properties of soil.
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Prepare the field before planting

The greenhouse area is 504m?, 56 meters long, 9 me-
ters wide and 3 m high, divided into three equal blocks, and
the distance between one block and another is 1m, each
block contains 18 experimental units, and the dimensions
of the experimental unit were 2 m*1 m and the distance
between one experimental unit and another 80 cm, each
block contains two lines for plant cultivation, thus reaching
the number of experimental units of 54 experimental units.
Each experimental unit includes 10 plants, and the distance
between one plant and another is 40 cm.

Experimental design and distribution of treatments

A factorial experiment was carried out following the
design of a randomized complete block design (RCBD) as
the investigation included a study of three factors: 1- ver-
micompost at three levels: 0, 10 and 20 Mega gram ha™,
2- addition of Mycorrhiza to the soil and at two levels: wi-
thout and with 10 g per plant, 3- spraying of humic acid at
three concentrations 0, 2.5 and 5 ml', and the results were
analyzed using the statistical program SAS, the differences
between the averages were tested according to Duncan's
multi-border test at a probability level of 0.05.

Vermicompost was obtained from a local source, and
its characteristics are shown in Table 2; the Mycorrhiza
were obtained from the laboratories of Baghdad University/
College of Science with a density of 50 spores per gram in
the soil before agriculture, but the humic acid was sprayed
on shoot three times the first after a month of agriculture,
the second after one month of the first spray, and the third
spray after one month of the second spray.

Seed cultivation and seedling preparation

On September 1, 2020, pepper seeds cultivar of carizma
were grown, and when the seedlings reached 3 leaves that were
transported and cultivated on the agricultural lines inside the
greenhouse on October 15, 2020, and began the process of har-
vesting on December 18, 2020 and continued until April 1, 2021.

Irrigation

The irrigation was carried out using the drip irrigation
system consisting of the main pipe, a source of irrigation
water processing (river) and a pump with a horsepower of
6.5 hp. The diameter of the main pipe is 1.5 inches distribu-
ted on the width of the field 9 m, from which the sub-drip pi-
pes were extended as two sub-lines were extended in each
block and the distance between dotted and another 40 cm
as well as the number of irrigations 30 irrigations.

Chlorophyll estimation in leave

The content of the chlorophyll a and b were determined
following the method of (6). 1 g of fresh leaves were taken
and cut into small pieces and then mashed in a ceramic
mortar using 20 ml of acetone (80%) to extract the pigment
and left to the next day in the refrigerator, then completed
the volume to 50 ml and placed in a centrifuge for 5 minutes
at a speed of 1000 rpm. The clear solution was taken, and
the absorbance was measured using a spectrophotome-

ocC N P K Ca

ter at 663 and 645 nm wavelengths. The concentrations of

chlorophyll a and b were determined as follows:
Chl.amgg'=(12.5 x A633 — 2.79 x A645) x /1000 xW
Chl.bmg g =(21.5 x A645 — 5.68 x A663) x /1000 xW

Nutrient estimation in leaves

Samples of the leaves were taken for five random
plants per trial unit and placed in the oven at a temperatu-
re of 70° until the weight stabilized, after which they were
milled and placed in plastic boxes, after which the diges-
tion was performed by taking 0.2 g of dry plant sample and
digested according to the method proposed by (7). Using
4 ml of H,S0O,, sulphuric acid was added, and the model
was left for 24 hours, after which 1 ml of perchloric acid was
added. Digestion swivels were placed on a hot plate until
the appearance of yellow fumes was left for a while until
the arrival of white fumes and then heated at a high tempe-
rature. When the digestion was completed was, obtained
colorless chips then cooled and transferred to a 50 ml cycle
and completed with distilled water to the mark and then the
elements were estimated as follows:

Nitrogen was estimated after adding sodium hydroxide
(10 M) using the microkjildal and abrasion device with sul-
phuric acid®. The phosphorus was calculated using modi-
fied ammonium molybdates after adjusting the laboratory's
reaction score and measuring the spectrophotometer (882
nm)°. Potassium was estimated using a flame photometer
and according to the proposed method.

Vitamin C content in fruits

2 g of fresh fruit samples were taken from five random
plants, mixed with 2.5 ml of solution (3% phosphoric acid +
8% acetic acid), and placed in a high-speed blender (6000
rpm) for 1 minute. The samples were placed in a centrifuge
for 20 minutes and then measured according to Himesh'®.

|
Results

Chlorophyll's content in leaves

The results of Table 3 indicate the significant effect of
vermicompost, Mycorrhiza and humic acid on chlorophyll a
and b content. All treatments were increased significantly
compared to the control treatment. However, the treatments
of interaction between the third level of vermicompost with
the addition and non-addition of Mycorrhiza with the third
level of humic acid gave the highest increase in the content
of chlorophyll a to 2.03 and 1.98 mg g fresh weight, res-
pectively. However, they do not differ significantly, but they
are superior to all other treatments, in addition to the con-
trol treatment, which amounts to 0.54 mg g fresh weight,
where the treatment of interaction between the third level
of vermicompost with the addition of Mycorrhiza with third
level of humic acid gave the highest increase in the content
of chlorophyll b to 1.10 mg g fresh weight and the lowest
range of chlorophyll b with a control treatment of 0.21 mg
g new weight.

Mg S Fe Cu Zn

30.8 130 25 54 34

77.7 80 48 1.0 1.2

Table 2. Shows some chemical properties of vermicompost (ppm).
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Vermicompost Mycorrhiza Humic Chlorophyll a Chlorophyll b
acid mg g’ mg g!
fresh weight fresh weight

Vi M- Hi 0541 0.21j

H: 0.82 h 0.23j

H; 098 ¢g 0301

M+ Hi 0.77h 0.22

H: 094 ¢ 0.271

H; 099 ¢ 0.34h

Va2 M- Hi 099 ¢ 040¢g

H: 1.30 e 0.77 d

H; 81.1c 091 ¢

M+ Hi 1.00 g 0.70e

H: 1.31e 0.78 d

H; 191D 0.97b

Vs M- Hi 1.10f 051¢f

H, 146d 0.79 d

H; 1.98 a 1.00 b

M+ Hi 1.32 ¢ 0.71e

H: 1.80 ¢ 0.88 ¢

H; 2.03a 1.10a

*Transactions with similar characters do not differ morally between them at the probability level of 0.05,

according to the Dunkin' multi-border test.

Table 3. Effect of vermicompost, Mycorrhiza and humic acid on chlorophyll a and chlorophyll b content in leaves.

Concentration of nutrients in leaves

Table 4 shows the effect of vermicompost, Mycorrhiza
and humic acid on Nitrogen, Phosphorus and Potassium
concentration in the leaves. The results indicate that all
treatments increased significantly in the concentration of Ni-
trogen, Phosphorus and Potassium in the leaves compared
to the control treatment. However, treating the interaction
between the third level of vermicompost with the addition
of Mycorrhiza with the third level of humic acid gave the
highest increase in the concentration of N and P in leaves,
which reached 4.36 and 0.50 %, respectively. The lowest
nitrogen and phosphorus concentration in the leaves with a
control treatment was 1.76% and 0.21%, respectively. The
results in the same table indicate that all treatments signifi-
cantly increased the concentration of K in leaves of pepper
compared to the control treatment. However, it reached the
highest K concentration in leaves in treating the interaction
between the third level of vermicompost with adding My-
corrhiza with humic acid spraying at the third level, which
reached 3.81%. The lowest potassium concentration in the
leaves with the control treatment was 3.44%.

Ascorbic acid content in fruits

Table 5 results show the effect of vermicompost, My-
corrhiza, and humic acid, indicating that there are moral
effects in the fruit content of ascorbic acid, the treatment of
the interaction between the third level of vermicompost with
the addition and non-addition of Mycorrhiza with the third
level of humic acid gave the highest increase in the content
of ascorbic acid, which leads to 65.33 mg g fresh weight.
The lowest ascorbic acid content with a control treatment
was 44.00 mg g fresh weight.

Yield per plant

Table 5 results show the effect of vermicompost, Myco-
rrhiza, and humic acid, indicating that all treatments were
significantly increased compared to the control treatment.
However, treating the interaction between the third level of
vermicompost with the addition of Mycorrhiza and the third
level of humic acid gave the highest increase in yield per
plant, reaching 2.64 Kg plant™. This is superior to all other
treatments and the control treatment that reached 1.07 kg
plant™.
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Vermicompost Mycorrhiza Humic N P K
acid % % %
M- H: 1.76 m 0.21] 3441
Vi H: 2.00 k1 0.26 hi 3.58 def
H: 2.30 hij 0.31fg 3.57 def
M+ Hi 1.87 Im 0.24ij 3.59 de
H: 2.16 ijk 0.31fg 3.64 cde
H: 2.50 fgh 0.34 of 3.71 abed
M- H: 2.10 jk1 0.251 3.49f
V2 H: 2.40 fghi 0.31fg 3.73 abed
Hs 2.96 de 0.37d 3.63 cde
M+ H: 2.30 hij 0.28 gh 3.71 abed
H: 2631 0.36 de 3.72 abed
Hs 3.13cd 0.40 ¢ 3.72 abed
M- H: 2.33ghij 0.31fg 3.62 bee
Vs H: 290e 041c 3.65 bede
H: 3.83Db 047 Db 3.80 ab
M+ Hi 2.56 fg 0.35 de 3.71 abed
H: 3.23c¢ 042c¢ 3.75 abc
Hs 4.36 a 0.50 a 3.81a

*Transactions with similar characters do not differ morally between them at the probability level of 0.05 according to the Dunkin'

multi-border test.
Table 4. Effect Of vermicompost, Mycorrhiza and humic acid on nitrogen, phosphorus and potassium concentration in

leaves of pepper.

Vermicompost Mycorrhiza Humic acid Ascorbic acid (mg g'fresh Yield per plant
weight) (Kg plant )
Vi M- H 44.00 n 1.07m
H: 46.66 ml 1.30 k1
Hs 48.33 k1 1.47 hi
M+ H 45.33 nm 1.241
H: 48.00 k1 1.411j
Hs 49.33 Jk 1.57 gh
Va M- H 50.66 ij 1.36 jk
H: 53.00 gh 1.60 fg
Hs 56.66 de 1.82¢
M+ H 52.00ih 1.52 gh
H: 54.33 fg 1.69f
Hs 57.00 cde 212¢
Vi M- H 55.66 fg 1.31 ghi
H: 59.00 be 1.81e
Hs 64.00 a 2.23b
M+ H 58.66 cd 1.68f
H: 61.00 b 1.96 d
Hs 65.33 a 2.64a

*Transactions with similar characters do not differ morally between them at the probability level of 0.05

according to the Dunkin' multi-border test.
Table 5. Effect of vermicompost, Mycorrhiza and humic acid on the content of ascorbic acid in fruits and yield per plant.
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Discussion

These results agree with the results of (11) also showed
an increase in chlorophyll a and b in the leaf of pepper by
adding different types of vermicompost compared to the
control treatment. These results also agree with result'?,
which noted an increase in chlorophyll a and b in the lea-
ves of the tomato plant when adding the Mycorrhiza. The
reason for the rise in the concentration of nutrients in the
leaves of the plant is due to the richness of vermicompost in
bacteria, fungi, and their microbes' decomposition of orga-
nic matter, which leads to increased acidity of the medium,
leading to the readiness of nutrients and thus increased ab-
sorption by the plant'. In addition, vermicompost contains a
high amount of nutrients, which increases its concentration
in the plant leaves. These findings agree with the results
of the (14), who found an increase in chlorophyll a and b
content and the concentration of nutrients N, P and K in the
eggplant leaf plant by adding vermicompost. Mycorrhizal
addition showed moral differences in the concentration of
nutrients in the leaves of plants where Mycorrhiza acts as a
biofertilizer with the ability to convert nutrients from the un-
ready-made form to the ready-to-absorb form through their
vital activities, and radical fungi interact with a wide range
of microbes in the rhizosphere region. This attributed the
reason to the symbiotic relationship between Mycorrhiza
and plants, which enhanced the movement of elements and
absorbed them by plant roots as they observed increased
activity of phosphate enzyme in the plant'®. Earlier, it was
found that the spraying of humic acid has led to moral di-
fferences in most of the plant's chemical traits, which may
be caused by foliar application of humic acid because of its
apparent effects on plant growth and increased carbon re-
presentation activity'®. Humic acid stimulates proton release
through the plasma membranes of the roots by activating
the H* -Atpase. In addition, humic acid transports nutrients
within the plant, increasing the level of photosynthesis and
absorption of nutrients’®.

On the other hand, humic acid spraying has a direct role
in the construction of chlorophyll as one of the components
of porphyrins in the composition of chlorophyll, which has led
to an increase in carbon representation activity represented
by increasing the content of carbohydrates in the leaves. The
proliferation of yield per plant when adding vermicompost
may be because vermicompost is one of the most suitable
non-chemical plant nutrition sources. It positively affects
plant growth and yield characteristics, as it stimulates and
increases the absorption of nutrients. These results are in
agreement with and (17) from the increase in pepper fruit
yield when using vermicompost, as well as with the results
of who obtained the highest growth in potato tuber yield with
an increase in yield when they added vermicompost (0, 3, 6
and 9 tons ha™) attributed the reason to the fact that vermi-
compost works to increase the porosity and aeration of the
soil and increase its ability to retain water, which leads to an
increase in the yield of sweet pepper and tomato plants.

|
Conclusions

Through the results obtained in this study, we recom-
mend adding 20 t ha™ with vaccination of Mycorrhiza with
spraying of 5 ml I' of humic acid. This is to give it the best
results in the studied characteristics of pepper plants under
protected cultivation conditions.

house conditions
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