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Abstract

In this study, the effect of vermicompost and mycorrhizal fungi was investigated on growth, yield,
chlorophyll pigments, leaf antioxidant enzymes, and seed silibinin content of Silybum marianum, milk
thistle. The seeds were inoculated by two species of mycorrhiza fungi, Glomus mosseae and G. intraradices,
and plants were irrigated and treated with 0, 25, 50, and 75% vermicompost after culturing. The treated
plants were then compared to control plants in a greenhouse experiment. The results showed that growth
parameters including leaf area, and plant height and vyield significantly increased in mycorrhiza fungi
treated plants especially along with 75 % vermicompost treatment. The effects of symbiotic relationship
between milk thistle and G. intraradices were more pronounced than G. mosseae. Moreover, combination
of mycorrhiza and vermicompost increased the photosynthetic pigments chlorophyll (a), chlorophyll (b),
total chlorophyll, and carotenoid. Also, a significant decrease was observed in activities of peroxidase,
superoxide dismutase, and catalase after vermicompost and mycorrhiza treatment. The results showed
that silibinin decreased significantly in vermicompost application.
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Introduction

Milk thistle (Silybum marianum) is an regions of Europe, North Africa, and the Middle
annual or a biennial plant of the Asteraceae East (Ross, 2008). It is an ancient medicinal herb
family which is native to the Mediterranean and some experiment and clinical studies have

_ shown the anticancer, antidiabetic, and cardio
;Crzzlezzzr;ggg;frfsg di@gmail.com protective effects of its extracts (Tamayo and
Received: January, 2017 Diamond, 2007). Silymarin, a mixture of flavonoid
Accepted: April, 2017 complexes, is the main essential oil in milk thistle
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which is wildly used to control liver diseases
(Hellerbrand et al., 2016). The major active
constituent of Silymarin, a standardized extract of
the milk thistle seeds is silibinin (Davis-Searles et
al., 2005).

Antioxidant system activity plays an
important role in Silymarin functions in
controlling disease (Post-White et al., 2007).
Antioxidant activity consists of enzymatic and
non-enzymatic antioxidants. Major antioxidant
enzymes include catalase, peroxidase, superoxide
dismutase, and glutathione s-transferease
(Antolovich et al.,, 2002; Weydert and Cullen,
2010) which are used to measure endogenous
antioxidant activities and fluctuations in plants
(Ghanati et al., 2005; Gill and Tuteja, 2010;
Sairam et al.,, 2002). Silymarin and its related
compounds are found to be scavengers of active
oxygen species such as the superoxide anion
radicals, hydroxyl radicals, and hydrogen
peroxide (Kiruthiga et al., 2007).

The effects of vermicompost amendment
on plant growth and physiology varies depending
on biological and environmental factors such as
species and location. While some studies report
the improving effect of vermicompost application
on shoot and root dry weights (Paul and Metzger,
2005), others show no effect (Bachman and
Metzger, 2007). This is also the case with plant
nutrient  uptake. Vermicompost contains
available forms of nutrients and it is easily
absorbed by plants (Edwards and Burrows, 1988).
Peyvast et al. (2008) found a significant increase
in total nitrogen content of plants following
vermicompost treatment. However, Federico et
al. (2007) reported no significant effect of
vermicompost application on plant total nitrogen
contents. Similarly, while some studies on
relative water content reported a positive effect
of vermicompost application (Verma et al., 2013),
others showed no significant changes in this
parameter (Jain et al.,, 2012). However, most
studies agree on the positive effect of
vermicompost amendment on potassium (K)
concentration in plant tissue (e.g., Chamani et al.,
2008; Peyvast et al, 2008). Vermicompost
application also significantly increased plant leaf
area (Peyvast et al., 2008).

Mycorrhiza fungi play an important role in
microbial activity, nutrients dynamics, and plant
ecology. These fungi are like other beneficial
microorganisms such as P solubilizing bacteria
(Panhwar et al.,, 2009) and N fixing bacteria
(Naher et al., 2009). Mycorrhizal fungi are natural
inhabitants of tropical soils (Smith and Read,
2010). Glomus is a genus of arbuscular
mycorrhizal (AM) fungi which are thought to be
obligate symbiotes (Wang and Qiu, 2006). The
AM association is a relatively non-specific, highly
compatible, long lasting mutualism from which
both partners derive benefit (Smith and Read,
2010). In addition to its ecological significance,
this association may also have applications in
agriculture, particularly in sustainable systems
(Schreiner and Bethlenfalvay, 1995) where the
intimate link between the soil and the plant is
created by the mycorrhiza. Since mycorrhiza
impact nutrient movement, they may be fully
exploited in plant nutrition and soil conservation
(Balestrini, 2016). Mycorrhizal symbiosis often
leads to changes in the rate of water flow into
host plant and influence in tissues hydration and
leaves physiological activity (Augé, 2001). It even
can increase root adsorption up to 47 times
(Smith and Read, 2010). The dry matter of onions
in symbiosis with mycorrhiza fungus, Glomus
macrocarpum, was 5 to 6 times higher than non-
In fact, vermicompost and mycorrhiza could have
a great potential in sustainable agriculture
systems mycorrhizal plants (Thomas et al., 1986).

Vermicompost and mycorrhiza could
have a great potential in sustainable agriculture
systems. Although there are many studies on
antioxidant enzymes activity in plants under
stress, little is known on the effect of
vermicompost and mycorrhiza on the antioxidant
activity in medicinal plants. The main objective of
this research was investigation of the impacts of
vermicompost and mycorrhiza fungi on growth,
antioxidant activity, and chlorophyll pigments in
organic cultivation of Silybum marianum.

Material and Method

Experimental performance and plant
materials

A pot experiment in greenhouse was
carried out based on a completely randomized
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design with three replications in 2015 at the
Islamic Azad University, Gorgan Branch. Seeds of
Silybum marianum were provided from Pakban
Bazr Co. Two species of mycorrhiza namely,
Glomus mosseae and G. intraradices procured
from Hamoon Morvarid Co., Iran were used for
milk thistle seed priming. The seeds were sown in
20-liter pots containing field soil and grown in
greenhouse condition (average temperature
25/20°C day/night, RH 75%, photoperiod 12 h,
PPF 250 pM m™2 s (400-700 nm) at the plant
level). Vermicompost was used at 25, 50, and 75
% concentrations in irrigation water.

Growth and yield measurement

After 60 days from planting, plant growth
traits including plant length and stem diameter
were measured by a ruler and caliper. Leaf
characters, length, width, and area were
measured at 3 to 4 leaf stage by leaf area meter
and the average was used for analysis. Number of
inflorescence capitule per plant was recorded at
the beginning of reproductive season. At the end
of vegetative growth and harvesting time, the dry
seeds (g) per plant was measured and vyield
(kg/ha) was calculated with a simple proportion
calculation considering pot planting surface. The
weight of 1000 seeds was recorded in each pot.

Antioxidant enzymes activity measurement

Fresh leaf samples were harvested two
month after planting and immediately were kept
in liquid nitrogen at -40° C until antioxidant
enzymes and photosynthetic pigments assay.
Peroxidase enzyme (PO) was measured in 60 mM
Na-phosphate buffer (pH 6.1) by
spectrophotometric method and 470 nm
absorption according to the method described by
Pandolfini et al. (1992). The activity of catalase
(CAT) was measured in a reaction mixture
consisting 10 mM H,0,, 25 mM Na-phosphate
buffer (pH 6.8). The decomposition of H,0, was
followed by the decline in absorbance at 240 nm
within 1 min, using spectrophotometer (T90,
Beijing Karaltay Scientific Instruments, China).
CAT activity was expressed based on changes in
the absorbance against mg of protein in the
extract (Ghanati, Morita and Yokota 2005).
Protein content was measured by (Bradford,
1976) and BSA standard. The activity of

superoxide dismutase (SOD) was measured using
the method of (Giannopolitis and Ries, 1977) by
monitoring  the inhibition of  nitroblue
tetrazolioum (NBT) reduction at 560 nm using the
spectrophotometer. SOD activity values were
given in units per mg of protein.

Total soluble sugars and photosynthetic
pigments assay

Total content of soluble sugars was
measured by anthrone reagent (Yemm and
Willis, 1954) with a few modifications. Briefly,
0.5 g of samples were homogenized in 95%
ethanol and filtered. The residue was twice
extracted with 70% ethanol and the filtrates
were added and centrifuged at 3500 x g for 15
min. 100 pl of supernatant and 3 mL of
anthrone reagent (150 mg anthron+100 mL
H,SO, 72%) was added and heated in a bath at
100° C for 10 min. The absorbance of the liquid
was measured at 625 nm using glucose as a
blank.

Photosynthetic pigments were measured in
80% acetone-extracted samples according to
(Arnon 1949). The absorbance of chlorophyll
and carotenoid content was measured at
three-wave lengths 470, 645, and 663 nm
using spectrophotometry. The chlorophyll and
carotenoid concentrations are calculated as
follows:

Chlorophylla

[(19.3 X A663)- (0.86 X A645)] V/100W

Chlorophyll b = [(19.3 x A645) — (3.6 x A663)]
V/100W

Carotenoides = [100(A470) - 3.27(mg chl. a) -
104(mg chl. b)]/227

Total chlorophyll (mgg™?) =

[20.2 (OD645) + 8.02 (OD663)]V /
1000W

where OD is optical density, V is final volume of
80% acetone (ml), and W is dry weight of sample
taken (g).
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Silibinin content measurement
Exteraction and isolation

Dry powdered seeds (3 g) were placed in a
Soxhlet apparatus for 10 hours, petroleum
ether (50 ml g) was used as defatting solvent
before it was filtered under vacuum. The
residue was dissolved in MeOH and extracted
for 16 hours. The combined extracts were
evaporated to dryness. The yellow remaining
powder was dissolved in MeOH up to 50 ml
volume and analyzed by HPLC.

HPLC analysis

HPLC (Knauer Co, Germany) was carried
out using a K1001 pump, monitored at 280 nm
by UV-VIS detector K2501 and quantified. 20
ul of diluted sample, 1:10, was injected. A
mixture of acetonitrile-methanol-water was
used as mobile phase. Total time of
chromatography was 30 min. The silibinin
concentration was assayed by comparing
obtained peak with the peaks of standard
curve for different concentrations of pure
silibinin (sigma).

Statistical analysis

Analysis of variance was performed by
SAS 6.1 software and differences among the
treatments were evaluated by Duncan Test (P
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<0.05).

Results

Growth character and yield

The results of mycorrhiza and
vermicompost treatments on milk thistle growth
characteristics showed that height of plants, stem
diameter, leaf area, and leaf size were affected by
mycorrhiza fungi and vermicompost. However,
these changes were only statistically significant
when mycorrhiza fungi and vermicompost were
used together (Table 1). The highest amount of
growth characters was observed at 75 %
concentration of vermicompost combined by
mycorrhiza (Table 1). Although mycorrhizal
species did not make statistical differences in
growth traits except leaf length, these result
showed that G. intraradices influenced growth of
milk thistle more than G. mosseae (Table 1).
Results showed that mycorrhiza increased the
yield and number of seeds per plant (Table 1);
however, this increase only was statistically
significant in Glomus intraradices (Table 1). G.
intraradices was more efficient than G. mosseae
in yield and related traits including the number of
capituls, seed weight per plant, and weight of one
thousand seeds (Table 1). Vermicompost
significantly increased seed weight per hectare,
seed weight per plant, the number of capitule,
and seed weight and this increase was more

Table 1

The effects of Mycorrhiza fungi and vermicompost on growth and yield of Milk thistle

8

5 g Plant Height Stem Leaf aria Leaf Width Leaf Length . . Weight of 1000 Se'ed

] ] . 2 Yield Capitule weight
S 35 (cm) Diameter (em?) (cm) (cm) seeds

3 3 (kg/h) (number) per plant
5 9 (mm) (8) (@)

X
41'33bc * b f b d d d. by

Q 0 338 5.63°+0.16 1.32¢'+.06 3.5°+.29 8.66<+ 0.34 550¢ + 39 2.1¢4+0.35 10.46<+ 0.51  32°+2.08

3 .

3

s 25 48°+2.02 5.76® +0.16 1.46%%+.05 3.83%%.14 8.66%+ 0.33 1216°+45  2.43%+0.32 11.45>+0.24 432+1.59

3

2 50 50°%+2.3 5.86%°+0.26 1.53°+ .21 3.9%+.19 9.66°+ 0.42 1270¢+ 57 2.63°+ 0 11.67°+0.80 44°+2.6

1%

§ 75 66.332+£2.8 6.132+0.2 1.72%+ .08 4.5°%+.19 10.66%+0.39 1765 +81 2.932+0.29 13.64°+0.35 44.6° *

3.33

o 0 43bc+5.23 5.7*%+0.36 1.38%f+.07 3.33°+.39 9+ 0.55 725¢+21 2.1¢¢+0.50 10.83+0.19 36°+2.01
§ 25 52°+3.32 5.87%+0.3 1.63%¢+ .08 4.332+.28 10.33%+0.58 1513°+145 2.83%®+ 056 12.823°+0.38 44.3°+2.3
s

§_ 50 642+2.38 5.9%°+ 0.38 1.64%c+ 08  4.46°+ .17 10.66%+ 0.57 1666°°+ 155 2.86°°+ 0.47 12.98%+0.31 45°+2.8
<

0

@ 75 67%%23 6.132+0.3 1.752+.09 4.662+ .17 112+ 0.31 16982+63 292 +0 13.872+0.41 46° +3.54
Control 34.33°+3.62 5.23°+0.28 1.24'+.21 3.33+ .26 7.46°+0.25 434+ 30 1.869+0.23 9.59% 0.32 28+ 1.65

Values (mean + SE) followed by different letters are significantly different, according to the Duncan’s test
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Table 2
The effects of mycorrhiza fungi and vermicompost on chlorophyll pigment, carotenoid and sugars in Milk thistle leaves
<
o
= 3
g g Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoids Sugars
3 E (mg/g Fw) (mg/g Fw) (mg/g Fw) (mg/g Fw) (mg/g Fw)
58
X
g 0 8.3812+0.21 4.612+0.13 14.6 £ 0.35 86.82 £ 1.65 1373.2b+ 21.64
3
b 25 6.200+0.49 3.152+0.15 10.7¢+ 0.46 65.2b+1.27 1378.9bc + 28.90
3
§ 50 6.03°+0.18 1.582+ 0.04 8.69b¢+ 0.49 64.7°+ 1.43 1283.6°t 29.43
1]
Q
o 75 1.269+0.58 0.952+0.07 4,859 +0.25 40.8+1.01 18912+ 18.90
o 0 5.37°+0.19 4.32+0.12 11.1°+0.38 60.6¢+1.29 1420.9b¢ +31.36
§ 25 3.35¢+0.17 2.402+0.06 7.244 +0.37 36.4+ 1.67 1539b + 34.66
=
Q
§_ 50 3.78¢ 0.21 2122+ 0.14 8.66¢+ 0.19 459+ 1.43 18852+ 25.52
&
1
@ 75 6.14> +0.53 18.092 +£0.11 10.38%¢ +0.43 66.4° +1.58 1398.2b¢+19.80
Control 1.129+ 0.06 0.82+0.1 3.23¢+0.03 17.88+ 1.64 6009+ 15.29
Values (mean + SE) followed by different letters are significantly different according to the Duncan’s test.
noticeable in  treatments  with  higher Results of leaf carotenoid analysis
concentrations of vermicompost and in G. showed that mycorrhiza fungi significantly

intraradices (Table 1). Yield, seed weight (kg) per
ha, was 1765 kg/ha in combined application of G.
mosseae with 75 % vermicompost which shows
about 4 times yield increase in comparison with
control plants (Table 1).

Chlorophyll pigments, sugar and carotenoid

The results showed that both mycorrhiza
species, alone or in combination with
vermicompost, significantly increased chlorophyll
a, b, and total chlorophyll in comparison with
control plants (Table 2). The highest level of
chlorophyll a, 8.381mg/g FW, was observed in
plants treated with G. mosseae while the average
amount of chlorophyll a in control plants was
only 1.12 mg/g FW (Table 2). Comparison of the
effects of mycorrhiza on chlorophyll a and total
chlorophyll showed that G. mosseae species are
more effective than G. intraradices; however,
there were no significant differences in
chlorophyll b content between the two species
(Table 2). The highest production of chlorophyll b
in leaves was observed in G. mosseae and 75%
vermicompost with G. intraradices (Table 2).

increased this pigment more than three times, in
comparison with control plants and this increase
in G. mosseae incubation was significantly more
than G. intraradices (Table 2). The highest level of
carotenoid pigments was 86.8 mg/g FW in G.
mosseae. Results showed that the amount of
soluble sugars significantly increased in
mycorrhiza  fungi seed inoculation and
vermicompost treatments (Table 2). There were
significant differences between two types of
mycorrhiza in soluble sugar levels. G. mosseae
was most effective in increasing soluble sugars.
The highest amount of soluble sugars in the
leaves was related to the treatment with G.
mosseae mycorrhiza and 75% vermicompost
(Table 2).

Leaf protein content

Protein content increased significantly in
mycorrhiza fungi treatment. There was a
statistically significant difference between two
species of mycorrhizal. Vermicompost increased
leaf protein content significantly only in 50 g/l
fertigation in both mycorrhiza species. The
highest leaf protein content, 2.16 mg/g FW, was
observed in 25% vermicompost and G.

2067


https://en.wikipedia.org/wiki/Arbuscular_mycorrhiza
https://en.wikipedia.org/wiki/Fungus

2068 Iranian Journal of Plant Physiology, Vol (7), No (3)

+ control

[ I RS B R R IS

vermicompost(%)

Fig. I. The effects of vermicompost, Glomus intraradices, and Glomus mosseae on seed Silibinin content of Milk thistle

(means * SE) mg/g DW

intraradices and leaf protein was reduced in
higher concentrations of  vermicompost
treatment (Table 3).

Leaf antioxidant enzymes

Activity of peroxidase enzyme in leaves of
milk thistle significantly decreased in mycorrhiza
fungi- and vermicompost-treated plants (Table 3).
A significant difference in peroxidase enzyme
activity was observed in mycorrhiza species
(Table 3). Maximum value of peroxidase (50 AAbs
470/mg protein) was observed in control plants
while minimum value (12.7 AAbs 470/mg protein)
was observed in G. mosseage and 50%
vermicompost (Table 3). Catalase activity reduced
significantly in  mycorrhiza fungi-inoculated
plants. Catalase in control treatment reached the
maximum value 63. 3 (AAbs 240/mg protein).
Catalase activity in G. mosseae mycorrhiza
significantly reduced to the lowest rate of 12.03
(AAbs 240/mg protein). Leaf catalase activity
raised when vermicompost concentration
increased in both mycorrhiza species (Table 3).
The SOD activity decreased significantly in
vermicompost and mycorrhiza fungi treatments
(Table 3). Plants inoculated with Glomus mosseae
had less SOD activity than G. intraradices. The
highest and lowest amount of SOD activity were
found in control treatment (320 U/protein) and in
plants treated with 75% vermicompost and G.
mosseae (189.2), respectively (Table 3).

Seed silibinin content

The amount of measured silibinin by
HPLC method was 4.39+0.19 mg per gram of dry
seed of milk thistle (Fig 1). Results showed that
silibinin decreased significantly in vermicompost
application (Fig 1). Mycorrhizal fungi caused a
slight decline in silibinin although this reduction
was not statistically significant (Fig 1). The amount
of silibinin was less than 1.19% of seed dry weight
in G. intraradices and 75% vermicompost
treatment.

Discussion

The results showed that the use of
vermicompost can have noticeable effects on
increasing seed yield and some growth traits of
milk thistle which can be a consequence of
physiological changes in plant. Vermicompost
75% was more efficient than the other
concentrations was it resulted in more increase in
leaf size and leaf area expansion.

Many studies have reported positive effects of
vermicompost treatments on various plants.
Incorporation of pig manure vermicompost
enhanced shoot and root weight, leaf area, and
shoot/root ratios of tomato and French marigold
(Bachman and Metzger, 2008). Joshi and Vig
(2010) also reported increase in plant growth
parameters (plant height, number of leaves, and
plant dry biomass) with application of 45%
vermicompost (cattle dung) amended treatment
in L. esculentum. Also, Gupta et al. (2014)
reported that addition of cow dung and
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household-based vermicompost in appropriate
guantities to the potting media resulted in
increased growth and flowering of marigold
seedlings including plant biomass, plant height,
number of buds and flowers. In addition,
increase in length, biomass, number of seeds,
number of shoots in Vinca rosea and tillers in
Oryza sativa has been reported by Reddy (1986)
in 50:50 soil to vermicompost mixtures. Tomati
et al. (1983) showed positive effects of
vermicompost on the growth of Begonias sp. and
Coleus sp. (Ornamental plants), especially a
stimulation of rooting and time of flowering in
plots amended with vermicompost. Plant height
of maize also increased significantly as compared
to the control when grown in soil amended with
vermicompost (Gutierrez- Miceli et al. 2008).
Azarmi et al. (2008) reported increase in leaf
area and shoot dry weight by 43% and 27 %,
respectively, in tomato with 15 t/ha sheep
manure vermicompost applications, whereas
Atiyeh et al. (2001) reported increase in shoot
height of tomato plants with the amendment of
5 % pig manure vermicompost.

Mycorrhiza  fungi  increased vyield
parameters compared with the control plants and
the performance of G. intraradices was much

Table 3

more than G. mosseae. The increase in growth
and vyield in milk thistle plants by adding
vermicompost treatment to mycorrhiza fungi was
very remarkable. Tohidi-Moghaddam et al. (2004)
reported that mycorrhiza through expanding
roots and increasing accessibility, rose
phosphorus absorption and thereby increased
the number of seeds per plant as well as other
components of vyield in soybean. Symbiotic
mycorrhiza fungi with wheat roots increased the
shoot dry weight, number of tillers per plant, and
the root length (Mohammad et al.,, 1995).
Mycorrhiza fungi spread mycelia networks
outside roots and expanded the contact surface
of the roots to soil and increasing nutrient
absorption and transport to roots which are
effective in improving yield and their components
(Khan, 2006).

Combination  of  mycorrhiza  and
vermicompost increases photosynthetic pigments
chlorophyll (a), chlorophyll (b), total chlorophyill,
and carotenoid. Induction of fungus mycelium of
mycorrhiza in plant roots provided access to
larger volumes of soil that led to more water and
nutrient absorption (Smith et al.,, 2003).
Arbuscular mycorrhiza fungi have hyphae and
mycelia with inner and outer root (Zarei et al.,

The effects of vermicompost, Glomus intraradices, and Glomus mosseae on the activities of peroxidase, superoxide dismutase,

catalase, and protein in Milk thistle leaves

<
3
= 3 PO
g ] Protein CAT SOD
e g (AAbs 470/mg , 4
3 3 (mg/g Fw) . (Aabs240/mg protein) (U/mg protein)
] <] protein)
X
0 1.87b<+0.51 27.9° +4.65 12.03¢£0. 8 217.79+14.4
§ gQ 25 1.719+0. 16 13.25P +6.41 42°+1.10 222.49+24.6
g 3
m
] b 50 2.072+£0.44 12.7°+ 0.867 15.2¢+ 6.31 232.6%9+ 12.6
75 1.61b+0.36 17.95 +4.91 26c+0.4 189.2¢+15.3
@ 0 1.75%+0.29 13.88°+6.34 12.4¢+3.9 250.5¢+5.3
5
é* 25 2.162 £ 0. 65 13.87°+3.89 12.8°+0.28 280.3v+18.9
)
)
% 50 2.112+0.10 15.3b+ 2.44 12.7¢+ 5.1 279.4b+ 18.7
m
1%
75 1.764 + 0. 36 12.97°+3.56 532 + 4.3 22439+11.6
Control 1.62+0.018 50t 4.37 63.32t£6.3 3202+ 19.90

Values (mean = SE) followed by different letters are significantly different according to the Duncan’s test.
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2006). Using mycorrhiza arbuscular fungi in corn
improved the synthesis of chlorophyll and
increased photosynthesis in plants (Smith and
Read, 2010). The effect of vermicompost and
mycorrhiza fungi on sugar and protein contents
of leaves was significant (Table 2 and 3). Golchin
et al. (2006) demonstrated that chlorophyll
content of the leaves of pistachio (Pistacia vera
L.) and the photosynthesis rate were better in
vermicompost treatments relative to the control.
Berova and Karanatsidis (2009) found a distinct
increase in the content of chlorophyll a and
chlorophyll b in comparison with the control.
Vermicompost has chelating power through
which it affects nutrition. Consequently, the
production of plant pigments and transfer of
photosynthesis products are made easier for the
plant. This is why chlorophyll (a), chlorophyll (b),
total chlorophyll, and carotenoid showed
increase in the treatment of vermicompost and
mycorrhiza. In many plants such as wheat and
beans, these compounds increased protein and
chlorophyll in plant substances by increasing the
rate and extent of food absorption (Abou-Aly and
Mady, 2009; El-Bassiony et al., 2010).
Vermicompost contains macronutrients,
beneficial microorganisms, and hormones
which influence the growth and yield of plants
(Theunissen et al.,, 2010). Macronutrients play
an important role in crop yield based on their
role in activation of enzymes for chlorophyll
synthesis,  growth, fruit ripening, and
maintenance of the plant enzyme system
(Grusak and Della Penna, 1999). Vermicompost
is known to provide a slow, balanced nutritional
release pattern to plants, particularly in terms of
release of plant-available N, soluble K,
exchangeable Ca, Mg, and P (Edwards and
Fletcher, 1988) which is subsequently used by
plants efficiently. The beneficial effects of
vermicompost treatments in increasing
photosynthetic pigments and carbohydrates
formation may be explaining by its favourable
effect on enhancing growth parameters. Also
increased flowering could be attributed to the
increased photosynthetic rates as a result of
using vermicompost treatments.

Mycorrhiza symbiosis with spearmint was
also found to increase water and nutrients
absorption through roots which leads to

enhanced photosynthesis and this in turn results
in  more production, improved biological
performance, and increased carbohydrates and
protein (Canellas et al., 2015). Mycorrhiza fungi
also increased the absorption of nitrogen that
plays a key role in chlorophyll building and
protein synthesis (Balestrini R. 2016). Augé
(2001) found that symbiosis with mycorrhiza
increased the number of photosynthetic units.

Although  the  direct effect of
vermicompost was not evaluated in this
experiment and all effects were on interaction
with mycorrhizal symbiosis, differences in the
studied traits after vermicompost
supplementation were remarkable.
Vermicompost as an organic acid derived from
humus and other natural resources have an
essential role in soil quality. It is the most
important part of organic matter that directly
plays a major role on the release of nutrients,
cation exchange capacity, buffering capacity, and
retention of phosphorus metal and toxic organic
molecules. Humus substances increase
absorption of minerals through stimulating and
adding microbiological activities. Organic acids
have very small quantities of hormonal
substances with beneficial effects on increasing
the production and quality of agricultural
products (Canellas, 2015).

A significant decrease in activities of
peroxidase, superoxide dismutase, and catalase
was observed after vermicompost and
mycorrhiza treatment. Antioxidant enzyme
activity in cells over expressing plants growing in
the face of increased environmental stress and
thereby can reduce the damage caused by
oxygen free radicals. Research has shown that
inoculation of mycorrhiza fungi plays an
important role in increasing plant resistance
against environmental stress (Augé, 2001).
Silibinin content also was significantly reduced by
vermicompost treatment. There are reports
showing that drought stress enhanced
accumulation of silibinin in milk thistle seeds
(Afshar et al.,, 2015). On the other hand,
vermicompost and mycorrhiza reduce water
stress effects and loss. Therefore, antioxidant
enzyme activity and silibinin reduced in proper
growth condition provided by biostimolators.

Conclusion
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Vermicompost and mycorrhizae with
increasing photosynthetic pigments enhanced
growth and yield of milk thistle plant; however,
antioxidant activity per unit significantly
decreased. Combination of mycorrhiza and
vermicompost can increase the photosynthetic
pigments chlorophyll (a), chlorophyll (b), total
chlorophyll, and carotenoid. Simultaneous use of
vermicompost and mycorrhiza puts the plant in
an ideal condition where it spends less energy for
production of peroxidase, superoxide dismutase,
and catalase enzymes. Silibinin content also was
significantly reduced by vermicompost
treatment. Despite bio-stimulators such as
vermicompost and mycorrhiza potential for
increasing growth and vyield parameters of milk
thistle, they decrease antioxidant activity and
secondary metabolism production.

References

Abou-Aly H and M. Mady. 2009. 'Complemented
effect of humic acid and biofertilizers on
wheat (Triticum aestivum L.) productivity'.
Annals of Agricultural Science,
Moshtohor.47:1-12.

Adani F, P. Genevini, P. Zaccheo and G. Zocchi
.1998. 'The effect of commercial humic
acid on tomato plant growth and mineral
nutrition'. Journal of plant
nutrition.21:561-575.

Afshar RK, MR. Chaichi, M.A. Jovini, E. Jahanzad
and M. Hashemi. 2015. 'Accumulation of
silymarin in milk thistle seeds under
drought stress'. Planta.242:539-543.

Albayrak S and N. Camas. 2005. 'Effects of
different levels and application times of
humic acid on root and leaf yield and yield
components of forage turnip (Brassica rapa
L.)". Journal of Agronomy 4 (2): 130-133.

Antolovich M, PD. Prenzler, E. Patsalides, S.
McDonald and K. Robards. 2002.
'Methods for testing antioxidant activity'.
Analyst.127:183-198.

Arnon DI. 1949. 'Copper enzymes in isolated
chloroplasts. Polyphenoloxidase in Beta
vulgaris.' Plant physiology.24:1.

Atiyeh RM, CA. Edwards, S. Subler and J D
Metzger .2001. 'Pig manure vermicompost
as a component of a horticulture bedding
plant medium: effect on physicochemical
properties and plant growth'. Bioresour
Technol 78:11-20.

Augé RM. 2001. 'Water relations, drought and
vesicular-arbuscular mycorrhizal
symbiosis'. Mycorrhiza.11:3-42.

Ayas H and Gulser F. 2005. 'The effects of sulfur
and humic acid on yield components and
macronutrient  contents of  spinach
(Spinacia Oleracea Var. Spinoza)'. J biol
5¢i.5:801-804.

Azarmi R, P S Ziveh and M R Satari .2008.
'Effect of vermicompost on growth and
nutrient status of tomato (Lycopersicum
esculentum)'. Pakistan J BiolSci.
11(14):1797-802.

Bachman, G.R. and J.D. Metzger. 2007.
'Physical and chemical characteristics of a
commercial potting substrate amended
with vermicompost produced from two
different manure sources'. Hort.
Technology 17: 336—-340.

Bachman GR and JD Metzger .2008.' Growth
of bedding plants in commercial potting
substrate amended with vermicompost'.
Bioresour Technol 99:3155-3161.

Balestrini R. 2016. 'Biological potential of
Arbuscular mycorrhizal Fungi'. In:
Bioformulations: for Sustainable Agriculture.
Springer. p. 127-135.

Berova M and G. Karanatsidis. 1999. 'Influence
of Bio-fertilizer, Produced by Lumbricus
rubellus on growth, leaf gas-exchange and
photosynthetic pigment content of pepper
plants (Capsicum annuum L.)'. IV Balkan
Symposium on Vegetables and Potatoes 830;
2008.

Bradford MM. 1976. 'A rapid and sensitive
method for the quantitation of microgram
guantities of protein utilizing the principle
of  protein-dye  binding'.  Analytical
biochemistry.72:248-254.

Buttar DS, N Singh and N Singh. 2016.' Impact of
phosphorus amendments on colonization
and spore population of Glomus bagyarajii


https://en.wikipedia.org/wiki/Arbuscular_mycorrhiza
https://en.wikipedia.org/wiki/Fungus

2072 Iranian Journal of Plant Physiology, Vol (7), No (3)

(AM fungi) in chickpea'. Plant Disease
Research.31:40-44.

Chamani, E., D.C. Joyce, and A. Reihanytabar.
2008. Ver- micompost Effects on the
Growth and Flowering of Petunia
hybrida ‘Dream Neon Rose’. Amer-
Eurasian  Journal Agri and
Environment Sciences  3(3): 506—512.

Canellas LP, FL, Olivares, NO Aguiar, DL Jones, A.
Nebbioso, P. Mazzei and A. Piccolo . 2015.
'Humic and fulvic acids as biostimulants in
horticulture'. Scientia Horticulturae 196:15-
27.

Davis-Searles PR, Y Nakanishi, N. C. Kim, T. N.
Graf, N. H. Oberlies, M C Wani, ME Wall, R.
Agarwal and DJ Kroll. 2005. 'Milk thistle and
prostate cancer: differential effects of pure
flavonolignans from Silybum marianum on
antiproliferative end points in human
prostate carcinoma cells. Cancer
Research.65:4448-4457.

Delfine S, R. Tognetti, E. Desiderio and A. Alvino.
2005. 'Effect of foliar application of N and
humic acids on growth and yield of durum
wheat'. Agronomy  for  sustainable
Development.25:183-191.

Edwards CA and KE Fletcher .1988. 'Interaction

between earthworms and
microorganisms  in organic matter
breakdown'. Agricul Ecosyst Environ

20(3):235-249

El-Bassiony A, Z. Fawzy, MA El-Baky and RM
Asmaa. 2010. Response of snap bean
plants to mineral fertilizers and humic acid
application. Res J Agric Biologic Sci.6:169-
175.

Federico, A., G. Miceli, J. Santiago-Borraz and
J.A.M. Molina. 2007. 'Vermicompost as a
soil supplement to improve growth, yield
and fruit quality of tomato'. Bio- res
Technology 98: 2781-2786.

Jain, M.C.,, M.K. Sharma, P. Bhatnagar, M.
Meena and R. K. Yadav. 2012. 'Effect of
mycorrhiza and vermi- compost on
properties of vertisol soil and leaf NPK
content of Nagpur Mandarin (Citrus
reticulata Blanco)'. The Asian Journal
of Horticulture 7(2):528-532.

Joshi R and AP Vig.2010." Effect of

vermicompost on growth, vyield and
quality of tomato (Lycopersicum
esculentum L)'. Afr J Basic Appl Sci 2(3—
4):117-123

Ghanati F, A. Morita and H Yokota. 2005. 'Effects
of aluminum on the growth of tea plant
and activation of antioxidant system'. Plant
and s0il.276:133-141.

Giannopolitis CN and SK Ries. 1977. 'Superoxide
dismutases |. Occurrence in higher plants'.
Plant physiology.59:309-314.

Gill SS and N. Tuteja. 2010. 'Reactive oxygen
species and antioxidant machinery in
abiotic stress tolerance in crop plants'.
Plant physiology and biochemistry.48:909-
930.

Golchin A, M. Nadi and V. Mozaffari. 2007. 'The
effects of vermicomposts produced from
various organic solid wastes on growth of
pistachio seedlings'. IV International
Symposium on Pistachios and Almonds
726; 2005.

Grusak MA and D DellaPenna .1999. 'Improving
the nutrient composition of plants to
enhance human  nutrition and health'.
Annu Rev Plant Phys Plant Mol Biol

50:133-161

Gupta, R.,, A. Yadav and V.K. Garg. 2014.
"Influence of vermicompost application in
potting media on growth and flowering
of marigold crop'. Int J Recycl Org Waste
Agricult 3:47-7??

Gutierrez-Miceli FA, B. Moguel-Zamudio, M
Abud-Archila, VF Gutier- rez-Oliva and L
Dendooven. 2008. 'Sheep  manure
vermicom- post supplemented with a
native diazotrophic bacteria and
mycorrhizas  for maize cultivation'.
Bioresour Technol 99:7020-7026

Hellerbrand C, JM Schattenberg, P Peterburs, A
Lechner and R. Brignoli. 2016. 'The
potential of silymarin for the treatment of
hepatic disorders'. Clinical Phytoscience
International Journal of Phytomedicine and
Phytotherapy, 2:7.

Hendawy SF, MS Hussein, A-EA Youssef and RA
El-Mergawi. 2013. 'Response of Silybum
marianum plant to irrigation intervals


https://www.researchgate.net/publication/43518490_Vermicompost_effects_on_the_growth_and_flowering_of_Petunia_hybrida'Dream_Neon_Rose'_American-Eurasian?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/43518490_Vermicompost_effects_on_the_growth_and_flowering_of_Petunia_hybrida'Dream_Neon_Rose'_American-Eurasian?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/43518490_Vermicompost_effects_on_the_growth_and_flowering_of_Petunia_hybrida'Dream_Neon_Rose'_American-Eurasian?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/43518490_Vermicompost_effects_on_the_growth_and_flowering_of_Petunia_hybrida'Dream_Neon_Rose'_American-Eurasian?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/43518490_Vermicompost_effects_on_the_growth_and_flowering_of_Petunia_hybrida'Dream_Neon_Rose'_American-Eurasian?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/43518490_Vermicompost_effects_on_the_growth_and_flowering_of_Petunia_hybrida'Dream_Neon_Rose'_American-Eurasian?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==

Effects of vermicompost and mycorrhiza fungi on physiological characters of milk thistle

combined with fertilization'. Bioscienc

5:22-29.

Khan AG. 2006. 'Mycorrhizo remediation an
enhanced form of phytoremediation'.
Journal of Zhejiang University Science
B.7:503-514.

Kiruthiga P, RB Shafreen, SK Pandian, S Arun, S
Govindu and KP Devi. 2007. 'Protective
effect of silymarin on erythrocyte
haemolysate against benzo (a) pyrene and
exogenous reactive oxygen species (H20,)
induced oxidative stress'. Chemosphere
68:1511-1518.

Liu C, R Cooper and D Bowman. 1998. 'Humic
acid application affects photosynthesis,
root development, and nutrient content of
creeping bentgrass'. HortScience 33:1023-
1025.

Mackowiak C, P Grossl and B Bugbee. 2001.
'Beneficial effects of humic acid on
micronutrient availability to wheat'. Soil
Science Society of America Journal 65:1744-
1750.

Mohammad M, W Pan and A Kennedy . 1995.
'Wheat responses to vesicular-arbuscular
mycorrhizal fungal inoculation of soils from
eroded toposequence'. Soil Science Society
of America Journal 59:1086-1090.

Naher, U.A., O. Radziah, Z.H. Shamsuddin,
M.S.Halimi and I.M. Razi. 2009. 'Growth
enhancement and root colonization of rice
seedlings by Rhizobium and
Corynebacterium spp'. Int. J. Agric. Biol. 11:
586—-590.

Nardi S, D Pizzeghello, A Muscolo and A Vianello

2002. 'Physiological effects of humic
substances on higher plants'. Soil Biology
and Biochemistry 34:1527-1536.

Nardi S, D. Pizzeghello, M Schiavon and A Ertani
. 2016. 'Plant biostimulants: physiological
responses induced by protein hydrolyzed-
based products and humic substances in
plant metabolism'. Scientia Agricola.73:18-
23.

Pandolfini T, R Gabbrielli and C Comparini .
1992. 'Nickel toxicity and pero xidase

activity in seedlings of Triticum aestivum L.'
Plant, Cell & Environment 15:719-725.

Panhwar, Q.A., O. Radziah, M. Sariah and
I.M.Razi. 2009. 'Solubilisation of phosphate
forms by phosphate solubilizing bacteria
isolated from aerobic rice'. Int. J. Agric.
Biol. 11: 667—673.

Patil SR. 2016. 'Composite effect of various
biofertilizers and neem cake on
effectiveness and efficient growth of Citrus
limonia (Rangpur lime) seedlings'. Recent
Trends in PGPR Research for Sustainable
Crop Productivity.84. vol ? no? pages?

Paul, L.C. and J.D. Metzger. 2005. 'Impact of
vermicompost on  vegetable transplant
quality'. Hort Science 40 (7):2020-
2023.

Peyvast, G.H., J.A. Olfati, S. Madeni and A.
Forghani. 2008. 'Effect of vermicompost
on the growth and vyield of spinach (

Spinacia oleracea L.)'. Journal Food Agri-
PPN

Post-White J, EJ Ladas and KM Kelly. 2007.
'Advances in the use of milk thistle
(Silybum marianum)'. Integrative cancer
Therapies 6:104-109.

Reddy, M.V. 1986." The effect of casts of
Pheretima alexandri (Beddard) on the
growth of Vinca rosea and Oryza sativa L.
In: Edwards CA, Neuhauser E.F. (eds)
Earthworms in waste and environmental
management. SPB Academic Publishing,
The Hague, pp 241-248.

Ross SM. 2008. 'Milk thistle (Silybum marianum):
an ancient botanical medicine for modern
times'. Holistic Nursing Practice 22:299-
300.

Sairam RK, KV Rao and G Srivastava . 2002.
'Differential response of wheat genotypes
to long term salinity stress in relation to
oxidative stress, antioxidant activity and
osmolyte concentration'. Plant Science
163:1037-1046.

Schreiner RP and GJ Bethlenfalvay . 1995.
'Mycorrhizal interactions in sustainable
agriculture'. Critical Reviews in
Biotechnology 15:271-285.

2073


https://en.wikipedia.org/wiki/Arbuscular_mycorrhiza
https://en.wikipedia.org/wiki/Fungus
https://www.researchgate.net/publication/266036985_Impact_of_Vermicompost_on_Vegetable_Transplant_Quality?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/266036985_Impact_of_Vermicompost_on_Vegetable_Transplant_Quality?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/285899353_Effect_of_vermicompost_on_the_growth_and_yield_of_spinach_Spinacia_oleracea_L?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/285899353_Effect_of_vermicompost_on_the_growth_and_yield_of_spinach_Spinacia_oleracea_L?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/285899353_Effect_of_vermicompost_on_the_growth_and_yield_of_spinach_Spinacia_oleracea_L?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/285899353_Effect_of_vermicompost_on_the_growth_and_yield_of_spinach_Spinacia_oleracea_L?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/285899353_Effect_of_vermicompost_on_the_growth_and_yield_of_spinach_Spinacia_oleracea_L?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/285899353_Effect_of_vermicompost_on_the_growth_and_yield_of_spinach_Spinacia_oleracea_L?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/285899353_Effect_of_vermicompost_on_the_growth_and_yield_of_spinach_Spinacia_oleracea_L?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==

2074 Iranian Journal of Plant Physiology, Vol (7), No (3)

Smith SE and Read DJ. 2010. 'Mycorrhizal
symbiosis: Academic press'. Elsevier Ltd.

Smith SE, FA Smith and | Jakobsen 1. 2003.
'Mycorrhizal fungi can dominate phosphate
supply to plants irrespective of growth
responses'. Plant physiology.133:16-20.

Tamayo C and S Diamond. 2007. 'Review of
clinical trials evaluating safety and efficacy
of milk thistle (Silybum marianum [L.]
Gaertn.)". Integrative Cancer
Therapies.6:146-157.

Theunissen J, PA Ndakidemi and CP Laubscher
CP .2010. Potential of vermicompost
produced from plant waste on the growth
and nutrient status in vegetable
production. International Journal of the
Physical Sciences 5(13):1964-1973 .

Thomas R, S Dakessian, R Ames, M Brown and G
Bethlenfalvay.1986. 'Aggregation of a silty
clay loam soil by mycorrhizal onion roots'.
Soil Science Society of America Journal
50:1494-1499.

Tohidi-Moghaddam H, B Sani and F. Ghooshchi
2004.'The effect of nitrogen fixing and
phosphate solubilizing microorganism on
some quantitative parameters on soybean
from sustainable agricultural point of
views'. Proceedings of the Proceeding of
8th Agronomy and Plant Breeding Congress
of Iran, Guilan University, Iran;
2004.international symposium agric
environ.Prospects in earthworm farming.
Publication Ministerodella Ricerca
Scientificae Technologia, Rome, pp 49-56.

Tirkmen O. 2005. 'Effects of arbuscular
mycorrhizal fungus and humic acid on the
seedling development and nutrient content
of pepper grown under saline soil
conditions'. Journal of Biological Sciences
5:568-574.

Verma, A.K., S.S. Sindhu, T. Janakiram, M.C.
Singh, A. Singh, B. Singh and R. R.
Sharma. 2013. '‘Influence of vermi-
products and pusa hydrogel on growth
and flowerring of landscape gerbera under
greenhouse  condition'. International
Journal of Agriculture, Environment and
Biotechnology 6 (1): 109-115.

Wang B and YL Qiu. 2006. 'Phylogenetic
distribution and evolution of mycorrhizas
in land plants'. Mycorrhiza 16:299-363.

Weydert CJ and JJ Cullen . 2010. 'Measurement
of superoxide dismutase, catalase and
glutathione peroxidase in cultured cells
and tissue'. Nature protocols 5:51-66.

Yemm E and A Willis. 1954. 'The estimation of
carbohydrates in plant extracts by
anthrone'. Biochemical journal 57(3): 508—
514.

Zarei M, N Saleh-Rastin, HA Alikhani and N
Aliasgharzadeh. 2006. 'Responses of lentil
to  co-inoculation  with  phosphate-
solubilizing rhizobial strains and arbuscular
mycorrhizal  fungi'. Journal of plant
nutrition 29:1509-1522.


https://www.researchgate.net/publication/264862457_Influence_of_vermi-products_and_pusa_hydrogel_on_growth_and_flowering_of_landscape_gerbera_under_greenhouse_condition?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/264862457_Influence_of_vermi-products_and_pusa_hydrogel_on_growth_and_flowering_of_landscape_gerbera_under_greenhouse_condition?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/264862457_Influence_of_vermi-products_and_pusa_hydrogel_on_growth_and_flowering_of_landscape_gerbera_under_greenhouse_condition?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/264862457_Influence_of_vermi-products_and_pusa_hydrogel_on_growth_and_flowering_of_landscape_gerbera_under_greenhouse_condition?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/264862457_Influence_of_vermi-products_and_pusa_hydrogel_on_growth_and_flowering_of_landscape_gerbera_under_greenhouse_condition?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/264862457_Influence_of_vermi-products_and_pusa_hydrogel_on_growth_and_flowering_of_landscape_gerbera_under_greenhouse_condition?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==
https://www.researchgate.net/publication/264862457_Influence_of_vermi-products_and_pusa_hydrogel_on_growth_and_flowering_of_landscape_gerbera_under_greenhouse_condition?el=1_x_8&enrichId=rgreq-60038e627d1427c1d2e16b0fde49f5b1-XXX&enrichSource=Y292ZXJQYWdlOzI3Nzk2ODE0NjtBUzoyNjI0MjQwMjQ1ODAwOTZAMTQzOTU3ODE3MTkwOQ==

