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ABSTRACT

Background: The importance of organic fertilizers in agricultural production has increased due to the negative effects of intensive
chemical fertilizer use on soil, the environment and human health. Vermicompost, as a rich organic fertilizer and soil amendment
material, maybe a viable alternative to chemical fertilizers. While a low concentration of vermicompost has a promotive effect on
growth, it may lead to inhibition of germination and seedling growth. Therefore, this study aimed to find appropriate dose ranges for
vermicompost application.

Methods: The study was carried out as a factorial experiment with a completely randomized design with three replications. The
experiment was conducted in a growth chamber as a pot study with four doses of vermicompost (control, 10, 20 and 30%). Eight
cultivars from four different species were used. The response of germination and seedling traits to increased vermicompost concentration
was investigated.

Result: In general, while 10% and 20% of vermicompost showed a promotive effect depending on species, higher dose inhibited the
germination and dry matter accumulation. As a result, the promotive effect of low dose and inhibitory effect of higher doses are
thought to be caused by the complex chemical composition of vermicompost and increasing medium pH. Therefore, the concentration
of the vermicompost that will cause pH changes should be carefully considered and the pH range in which the plant species show

optimum growth should be well determined.
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INTRODUCTION
Plant growth is affected by many internal and external factors
from germination to maturity. One of the most important
stages is germination since it is sensitive to physical and
chemical factors of the rhizosphere and it directly affects
seedling growth. Seed germination is a complex physiological
and biochemical process that starts with the imbibition of
water for metabolism activation and finishes with the radicle
elongation (Ayuso et al., 2019). Seeds from different species
prefer various environmental factors for optimum
germination. Seed germination is affected by biotic and
abiotic factors such as water, temperature, oxygen, light,
pH, microorganisms, minerals and hormones (Miransari and
Smith, 2014; Han and Yang, 2015). Due to its high enzyme
activity and rich chemical and microbial composition,
vermicompost is an important material for improved
germination initiation and seedling growth (Sutaria et al., 2010).

Vermicompost is commonly produced by earthworm
species such as Eisenia fetida, Eisenia andrei and
Lumbricus rubellus. The most preferred earthworm species
are Eisenia fetida and Lumbricus rubellus due to their high
adaptability (Sahin and Ceritoglu, 2020). Organic residues
transformed into vermicompost can be used as an effective
fertilizer and soil amendment material. In addition to rich
nutrient composition and hormones, vermicompost has
vitamins, enzymes, humic substances and microbial activity
(Blouin et al., 2019; Gupta et al., 2020).

Several studies report conflicting effects of
vermicompost on germination. While some researchers
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reported promotive effects of vermicompost on germination,
growth and yield (Sharma et al. 2018), others reported toxic
effects (Rupani et al., 2018). So, the knowledge of the effects
of vermicompost on germination and seedling growth is still
limited and inconclusive. Therefore, the aims of this study
were; 1) to understand the effect of vermicompost in grain
legume germination and seedling development and 2) to
determine optimum vermicompost doses on these species.

MATERIALS AND METHODS
Materials and experimental design
The study was carried out in an 8 x 4 factorial design with a
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completely randomized design with three replications. The
pot study was conducted in a growth chamber in Siirt
University, Turkey in 2019. Cultivars Firat-87 (LF) and Kafkas
(LK) from Lentil (Lens culinaris L.), Arda (CA) and Diyar-95
(CD) from chickpea (Cicer arietinum L.), Altinay (GA) and
Cinsoy (GC) from soybean (Glycine max L.) and Green pearl
(PIG) and Sprinter (PIS) from pea (Pisum sativum L.) were
used in the experiment. The seeds were provided by the
GAP International Agricultural Research and Training Center
(GAPUTAEM), Aegean Agricultural Research Institute
(AARI) and commercial seed companies. All cultivars are
commonly cultivated in Turkey and selected based on
previous agronomic and genotypic diversity (Ceritoglu et al.,
2020). Vermicompost produced by cow manure was
provided from a traditional company (Ekosol Tarim ve
Hayvancilik A.S.).

Four doses of vermicompost were applied as follows:
control (100% soil mixture), 10% vermicompost (VC) + 90%
soil mixture (V1), 20% VC + 80% soil mixture (V2) and 30%
VC + 70% soil mixture (V3). The soil mixture was constituted
a homogeneous mixture of peat: sand: soil (2:1:1). The soil
taken from the A-horizon of arable land of Siirt University
was of clay-loam texture. Basic physio-chemical
characteristics of soil and vermicompost are presented in
Table 1.

The pots were filled with 1.2 kg air-dried soil mixture.
Pots were excessively irrigated up to field capacity. When
the gravimetric water draining was complete, the pots were
weighted. The weight of the pot with dried soil mixture was
recorded to determine the content of water at 100% field
capacity and it was calculated for all treatments (Amiri et
al., 2017). The seeds were surface sterilized with 70% ethyl
alcohol (1 min) and 5% sodium hypochlorite (10 mins) and
then washed three times with distilled water. After

Table 1: Basic physio-chemical properties of soil and vermicompost.

sterilization, the seeds were exposed to hydro-priming
(seed priming with distilled water) for 16 hours to ensure
homogeneous germination and transplanted as four seeds
per pot. Temperature and relative humidity were ranged
between 25-27°C and 60-70%, with a light/dark period of
14:10 h. The pots were equally irrigated following
requirements. Germination characteristics of seedlings
were recorded for ten days at 24-hour intervals. The plants
were grown for 60 days to investigate root and shoot
growth.

Germination characteristics and seedling growth
measurements

The germination characteristic of cultivars from four different
species was investigated under controlled conditions. The
appearance of cotyledon leaves above the soil surface was
considered as germination criteria. Germination percentage
(GP), mean germination time (MGT), germination index (Gl),
coefficient of uniformity of germination (CUG), root dry weight
(RDW) and shoot dry weight (SDW) were investigated in
the study. Normal germinated seeds were counted and the
GP was calculated as an indicator of the viability of the seeds
by ISTA (2011). The MGT was calculated according to
Matthews and Hosseini (2006). The Gl was determined with
the equation used by Kader (2015). The CUG was calculated
by the method of Ellis and Roberts (1981). After harvesting,
roots and shoots were separated and dried for 3 days at
80°C and weighted with a precision scale.

Statistical analysis

The normality test of Shapiro and Wilks (1965) was applied
to data. The results were subjected to analysis of variance
using R v.3.5.2. according to completely randomized design
and mean values were grouped by TUKEYs Multivariate test
(R Core Team, 2020).

EC CaCO, Organic matter P,O, K,O Total humic and
pH (Ds m) (%) (%) (Kg da) (Kg da) CIN fulvic acid (%)
S 7.65 6.69 9.1 1.1 1.72 153 - -
VC 6.8-8.5 5.0 - 35 1-2 1.5-2.5 14 20
(S: Soil, VC: Vermicompost, EC: Electrical conductivity).
Table 2: Analysis of variance on germination characteristics and seedling traits.
L GP MGT Gl
Source of variation DF MS F prob. MS F prob. MS F prob.
Cultivars (C) 7 1271.4 * 4.32 *x 210.9 *x
Vermicompost (VC) 3 857.2 ns 2.93 b 62.4 ns
C , VC (interaction) 21 286.8 ns 0.57 * 21.4 *
CUG RDW SDW
DF MS F prob. MS F prob. MS F prob.
Cultivars (C) 7 74.5 * 0.0138 * 1.358 *
Vermicompost (VC) 3 42.1 b 0.0059 * 0.166 b
C , VC (interaction) 21 4.9 *x 0.0021 * 0.095 *x

(*: p<0.05, **: p<0.01, ns: no significant difference, GP: Germination percentage, MGT: Mean germination time, Gl: Germination index,
CUG: Coefficient of uniformity of germination, RDW: Root dry weight, SDW: Shoot dry weight).
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RESULTS AND DISCUSSION

According to results, cultivars, vermicompost doses and their
interactions significantly affected all parameters except the
GP. The cultivars showed statistically significant differences
for all traits (<0.05 in the GP and <0.01 for the others).
Cultivars and vermicompost doses showed significant
differences at the MGT, RDW and SDW. Increasing
vermicompost doses are almost negatively affected all
investigated traits (Table 2).

Three different groups related to germination
characteristics were obtained for the response of cultivars
to vermicompost. The GP was not affected by vermicompost
doses. While 10 and 20% concentration of vermicompost
had a promotive effect, 30% caused inhibition in the
firstgroup (chickpea cvs.). Pea cultivars were hardly ever
affected by vermicompost except for the SDW and were in
the second group. The last group (lentil and soybean cvs.)
was the most sensitive to the inhibitory effect of higher
concentrations. However, the 3™ group was positively
affected from 10 and 20% concentrations. Morphological

alteration of shoot biomass due to vermicompost was higher
than root biomass (Table 3).

The genotypic effect was significant for all parameters.
The highest GP (93.8%) was observed in the LK from the
lentil, while the lowest one (60.4%) was determined in the
CA from chickpea. All cultivars were germinated within 3 to
6 days except for the GA and GC from soybean. The earliest
germinating species was lentil, while the latest one was
soybean. The diagram of the MGT is an indicator of the
sensitivity of soybean and lentil cultivars to increasing
vermicompost doses. While 10% vermicompost application
led to improved Gl except for the LK, higher doses caused
a linear decrease. All cultivars were negatively affected by
all doses of vermicompost in terms of the CUG, except for
the CA and CD. The seedling traits exhibited similar
responses with germination characteristics. Lower doses
of vermicompost caused promotive effects for all cultivars,
however, higher concentrations always inhibited growth.
Soybean and pea cultivars exhibited a higher growth rate
compared to other legumes (Fig 1).

Table 3: Effect of vermicompost doses on germination characteristics and seedling traits.

Chickpea Lentil Soybean Pea

VC CA CD LK LF GA GC PIS PIG Mean
GP (%) Control 50.0 80.0 75.0 83.3 66.7 91.7 83.3 75.0 76.0
10% VC 58.3 83.3 91.7 100.0 91.7 91.7 75.0 91.7 85.4
20% VC 58.3 58.3 83.3 100.0 91.7 91.6 75.0 91.7 81.2
30% VC 75.0 58.3 83.3 91.7 75.0 75.0 66.7 58.3 72.9

Mean 60.48 70.8%8 83.3%8 93.8~ 81.3%8 87.5% 75.0%8 79.2%8
MGT (day) Control 5.17%¢ 5.18%¢ 3.77¢ 3.83¢ 4,93%¢ 4.67¢d 4.90%¢ 4.43cde 4618
10% VC 4,77 5.03%® 4.10d 4.10d 5.17%¢ 5.10%¢ 4,700 5.20%¢ 4,778
20% VC 4.50¢de 5.27%¢ 4.17¢de 4.37¢de 6.10%d 6.203%¢ 5.27%¢ 5.20%¢ 5.1448
30% VC 5.17%¢ 5.10%¢ 4.43cde 4,53cde 6.932 6.77% 5.00%¢ 5.37%¢ 5.414

Mean 4.908¢P 5.15%8 4.12° 4.21¢p 5.784 5.69%8 4.9718¢ 5.1448
Gl Control 11.7° 20.3% 26.7% 24.0% 20.3% 20.0% 16.3% 19.7% 19,9
10% VC 14.0° 20.0% 22.7% 35.02 23.0% 22.0% 18.7% 21.0% 221
20% VC 15.3% 17.7% 23.0% 25.3% 15.3% 20.0% 15.3% 17.3% 18.7
30% VC 17.3% 13.7° 24.3% 26.0% 14.7° 16.0% 16.0% 20.7% 18.6

Mean 14.6¢ 17.98¢ 24.2R8 27.67 18.38¢ 19.58¢ 16.68¢ 19.748¢
CUG Control 20.030¢ 19.93bc 26.92 26.62 20.43b¢ 19.33b¢ 20.53%¢ 22.53bc¢ 22.07
10% VC 22.03%c 19.93bc 24.1% 24.5% 19.63%¢ 20.13b¢ 21.6%¢ 20.03b¢ 21.5°
20% VC 22.43b¢ 19,23bc 24,23 22.33c 16.5°° 16.7°° 19,23bc 19.53¢ 20.0%8
30% VC 19.43bc 19.73b¢ 22.83c 22.43b¢ 14.5¢ 15.1¢ 20.030¢ 19.13bc 19.18

Mean 21.08¢ 19.7¢ 24,5 24.078 17.8¢ 17.8¢ 20.3¢ 20.3¢
RDW (g) Control 0.0542 0.053% 0.036° 0.049% 0.146% 0.145% 0.0572 0.0633> 0.075"®
10% VC 0.078% 0.077% 0.036° 0.0542 0.121% 0.123% 0.092% 0.102%»  0.086*
20% VC 0.090% 0.1142° 0.034° 0.035° 0.1662 0.132% 0.050% 0.0763> 0.08748
30% VC 0.071% 0.027° 0.050% 0.024° 0.091% 0.1042% 0.029° 0.120%  0.065®

Mean 0.0738¢ 0.0688¢ 0.039¢ 0.041°¢ 0.131# 0.126* 0.0578¢ 0.090%8
SDW (g) Control 0.536¢9 0.476¢9 0.183M 0.125¢9 0.853%¢ 0.669¢9 0.984%c  0.797>f 0.578"
10% VC 0.553¢9 0.657¢9 0.201f9 0.255¢9 0.805"" 1.028a¢ 1.10582¢ 1.313% 0.740%8
20% VC 0.7599 0.746"9 0.312¢"9  0.242¢f 1.3202 0.9823bc 0.690°9 1.0543¢ 0.763*
30% VC 0.580¢9 0.324%9  0.237¢f¢  0.198f¢ 0.8223¢ 0.7990f 0.697%9  1.047%c (0.5798

Mean 0.607¢ 0.551°¢ 0.233° 0.205° 0.95078 0.8708 0.8698 1.1534

(VC: Vermicompost, GP: Germination percentage, MGT: Mean germination time, Gl: Germination index, CUG: Coefficient of uniformity
of germination, RDW: Root dry weight, SDW: Shoot dry weight, CA: Arda, CD: Diyar-95, LK: Kafkas, LF: Firat-87, GA: Altinay, GC:

Cinsoy, PIS: Sprinter, PIG: Green pearl).
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Fig 1: Responses of cultivars to vermicompost doses.
(CA: Arda, CD: Diyar-95, LK: Kafkas, LF: Firat-87, GA: Altinay, GC: Cinsoy, PIS: Sprinter, PIG: Green pearl).
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The experiment was aimed to evaluate the effect of
vermicompost on germination and seedling development
of grain legumes under controlled conditions. The 10% and
20% concentrations of vermicompost promoted all traits
in used cultivars, however, each cultivar exhibited different
responses to increasing doses. In general, 20%
concentration seems as the highest beneficial threshold
and above caused inhibition of seed germination and
seedling growth. The effect of vermicompost application
may reveal different results due to interactions with various
factors such as ecological factors or microbial interaction
under field conditions. Thus, the study was carried out
under controlled conditions to eliminate environmental
fluctuations.

While low concentrations of vermicompost (10-20%)
were effective on germination and growth as reported in
previous reports, it has been also stated that higher doses
do not promote and nor inhibit all traits (Ceritoglu and Erman,
2020). Although GP significantly changed depending on
species and cultivars, vermicompost doses did not have any
stimulating or inhibitory effect on it in the present study.
Germination vigor is affected by water uptake, seed viability,
environmental factors, genetic characteristics and
phytohormones (Miransari and Smith, 2014). Germination
percentage was not inhibited by the vermicompost
application, even at the highest dose (30%). levinsh et al.
(2011) report that increasing the concentration of
vermicompost (especially higher than 30%) leads to linear
decreases in the GP. Similarly, the inhibitory effect of
higher vermicompost doses can be observed in other traits
(Table 3).

The MGT delayed with even 10% vermicompost
application in five cultivars. Tolerance to elevated pH was
the highest in chickpea. Vermicompost which has an
alkaline character led to increasing electrical conductivity
and pH in the soil (Hanc and Vasak, 2015). Pervin et al.
(2013) stated that pH has a vital role in urease activity,
which is an important enzyme for the germination process
and the structure of urease isolated from chickpea is
alkaline. Mohebbi and Mahler (1989) determined that lentil
exhibits optimum growth in close to neutral pH and high
acidity or alkalinity strongly inhibits growth. Zou and Hou
(2017) determined that the protease enzyme has a vital
role in protein metabolism during germination and the
highest activity of it was observed in pH 5. So, high
medium pH inhibited the germination and growth traits in
soybean. Similarly, pea cultivars were negatively affected
by increasing vermicompost doses possibly due to
increasing pH value. Beal and Metha (1985) suggest pH
values 5.0 to 5.2 for optimum growth and metabolic activity
in pea.

The Gl enables an easy comparison of tested seeds.
So, especially 10% vermicompost application led to
stimulating germination speed and index. In general, the Gl
exhibited a positive relationship with MGT in the study. The
CUG focuses on fluctuations and stability of germination
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between the first and last germinated seeds. The uniform
stand establishment has a vital role for crops. Non-
homogenous emergence decreases plant growth, yield and
quality due to variation in phenological duration (Stivers,
2017). While the GI was not affected by vermicompost, the
CUG showed significant differences depending on increasing
doses (Table 2). Humic substances, phytohormones, or some
microbial metabolites that are water-soluble bioactive
substances in vermicompost promote the germination
process (Arancon et al. 2007; Ceritoglu et al. 2018). However,
increasing concentrations of bioactive components may
cause inhibition on germination and this interaction may vary
by genotype. In general, increasing vermicompost doses
reduced the uniformity of germination. It is thought that
genotypic responses exhibit different characters towards
vermicompost solution (intake heterogeneity), therefore, it
caused heterogeneous stand establishment.

While 10 and 20% concentrations of vermicompost had
a stimulative effect on the shoot and root growth except for
the LF and pea cultivars, 30% concentration inhibited all
cultivars (Table 4). The main reason for this situation is
thought to be caused by the slow-solubilizing and complex
character of vermicompost which contains some plant
growth-promoting phytohormones (such as auxin and
gibberellins), macro and micronutrients. Ceritoglu and
Erman (2020) stated that even though a low dose of
vermicompost increases plant growth, seed yield and yield
components in the LF, higher doses inhibited it. Pant et al.
(2012) stated that a low quantity of gibberellin (198 ng L)
in vermicompost tea stimulates seed germination and root
growth. levinsh (2011) determined that vermicompost
applications have a substantial effect on leaf chlorophyll
content and photosynthetic pigments. Vermicompost is
reported to promote root growth due to the auxin impact of
humic substances (Trevisan et al. (2010). Similarly,
Canellas et al. (2002) determined that humic substances
can improve root growth and promote H*-ATPase enzyme
activity in maize.

CONCLUSION

Although optimum doses of vermicompost had a stimulative
effect on the germination and seedling growth, it has been
determined that the appropriate dose for the species and
varieties changes significantly. It has an inhibitory effect on
germination and seedling growth if the threshold value is
exceeded. The 20% vermicompost application led to the
improved growth in chickpea while 10% was enough to
observe a significant effect on other species. Although 20%
concentration of vermicompost stimulated root and shoot
growth compared to control, differences between 10, 20 and
30% were small, thereby, using 10% concentration of
vermicompost seems. Inhibition is thought to be caused by
the density of humic substances and elevated soil pH. So,
vermicompost dose should be determined carefully to benefit
from its stimulating effects.
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