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Influence of arbuscular mycorrhiza fungi, rice-husk-drived
biochar and compost on dry matter yield, nutrients uptake
and secondary metabolites responses of Iranian borage

Echium amoenum Fisch & C. A. Mey

Einfluss vesikuldr-arbuskuldrer Mykorrhiza, Biochar aus Resisspreu und Biokompost auf Ertrag,
Nihrstoffaufnahme und sekunddre Inhaltstoffe von iranischem Gurkenkraut

This study was carried out to investigate the effect of
bio-fertilizers including mycorrhiza (MY), rice husk com-
post (RHC), and biochar (RHB) on dry matter yield,
nutrients uptake and some secondary metabolites of the
medicinal plant Echium amoenum Fisch & C. A. Mey. The
experiment was conducted in a completely randomized
design and executed with six treatments and six replica-
tions. Treatments comprised of Ty: control, Ty: MY, Ts:
RHC, T4: RHB, Ts: RHC+MY and Te¢: RHB+MY. The fol-
lowing parameters were studied: leaf dry weight, macro
and micro nutrient uptake, chlorophyll a, chlorophyll b,
carotenoids, proline, anthocyanin, flavonoid, mucilage
and carbohydrate content. The results show that applica-
tion of RHC, RHB and MY individually or in combination
significantly affected the studied parameters in compari-
son with the control treatment. In all cases, combined
application of bio-fertilizers together with mycorrhiza
application (Ts and Te) had a more positive impact on
the studied parameters compared to the application of
each treatment alone.

Key words: Bio-fertilizers, Nutrient uptake,
Dry matter yield, Secondary metabolites

(Echium amoneum; Fisch & C. A. Mey)

In einem Gewdichshausversuch wurde der Einfluss von
Bio-Diingern wie vesikular-arbuskuldrer Mykorrhiza,
Biochar aus Reisspreu und Biokompost auf Ertrag, Nahr-
stoffaufnahme und sekundére Inhaltstoffe der Medizi-
nalpflanze Echium amoneum; Fisch & C. A. Mey (irani-
sches Gurkenkraut) gepriift. Die Varianten waren kom-
plett randomisiert. Alle Behandlungen zeigten signifi-
kante Effekte auf Trockenmasse, Nahrstoffaufnahme und
Gehalte an Chlorophyll, Carotinoiden, Prolin, Anthocya-
nen, Flavonoiden, Schleimstoffen und Kohlenhydraten.

Stichwérter: Bio-Diinger, Néhrstoffaufnahme,
Sekundérstoffwechsel, Biochar, Gurkenkraut

Nowadays, one third of human demands for medicines is
obtained from plants (AGaToNoOvVIC-KUSTRIN et al., 2015).
Medicinal plants are used for different purposes. In gen-
eral, products derived from secondary metabolites are
responsible for the impact of medicinal plants. (CABELLO
et al.,, 2005). Medicinal plants cultivation has been
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increased during the last two decades across the world
(SaLEHI et al., 2016) because of their great importance in
modern and traditional medicine. They are also used as
raw materials for pharmaceutical, cosmetic and fra-
grance industries (KARTHIKEYAN et al., 2009). The amount
of effective ingredients and chemical characteristics of
medicinal plants is highly depended on the yield of these
plants and is also affected by the nutritional status and
fertility of the soils (RaEI and Arami-MiLan, 2014). A fer-
tile soil must contain the required amounts and an opti-
mal combination of minerals, organic, macro and micro
elements needed for these plants (KARLEN et al., 1997).
Environmental impacts of chemical fertilizers and also
expenses of their production lead to increase in tendering
toward application of bio-fertilizers (Kannavan, 2002).
The use of bio-fertilizers has long been recognized as an
effective measure of improving the structure and fertility
of the soils (FoLLET et al., 1981). The content of soil
organic matter is generally one of the most important cri-
teria of soil quality and is influencing the processes
occurring in the soil and many soil properties (CERCIOGLU
et al., 2014). Adding compost to agricultural soils, as a
soil conditioner and an organic fertilizer has beneficial
effects on crop development and yield by improving soil
physicochemical and biological properties (AGEGNEHU et
al., 2016; CercioGLU et al., 2014). There are numerous
studies illustrating that using organic matter has a posi-
tive effect in cultivation of medicinal plants (RaE1 and
AramI-MiLANI, 2014). The conducted research showed a
significant improvement in yield and chemical composi-
tion of medicinal plants grown on soils treated with com-
post (HENDAawy and KHaLD, 2011). Also, biochar as an
organic substrate has drawn a lot of international atten-
tion as a useful organic material, which can improve the
status of soil fertility (LEHMANN et al., 2006). It can
enhance and improve the physical and chemical proper-
ties of soils, increase microbial activity, reduce nutrient
leaching, and alter nutrient availability, thus contribut-
ing to improve plant growth conditions (EGAMBERDIEVA et
al., 2016). Studies on medicinal plants indicate that
application of biochar not only promotes growth of these
plants but also significantly affects plant chemical com-
positions via an enhancement in plant nutritional status
(AMEI et al., 2016). One further method in organic culti-
vation of medicinal plants is mycorrhization. Mycorrhizal
fungi are beneficial microorganisms and hence, have
been considered as bio-fertilizer (RAEI and ALAMI-MILANI,
2014). The improved productivity of inoculated plants
was attributed to enhanced uptake of immobile nutrients
such as phosphorus, zinc and copper (KARTHIKEYAN et al.,
2009). Results of different studies have documented that
mycorrhizal inoculation caused an increase in yield of
chemical compositions value of medicinal plants in com-
parison with non-inoculated plants. In fact, also observed
improvements of secondary metabolites may be due to
an enhancement of nutrients uptake caused by mycorrhi-
zation (ZOLFAGHARI et al., 2013; KUMAR et al., 2015). Ira-
nian borage (Echium amoenum Fisch & C. A. Mey.) from
the plant family Boraginaceae is a wild annual herb and

known as a valuable medicinal plant native to Iran and
Syria and was therefore selected for this experiment
(MEHRBANI et al., 2005). The usable parts of borage (as
medicinal plant) are petals and leaves which have been
advocated for a variety of effects such as demulcent,
anti-inflammatory and analgesic, especially for common
cold, anxiolytic, sedative and other psychiatric symptoms
(MoRTEZA-SEMNANI and SAEEDI, 2013). The leaves are
glazed and contain a lot of vitamin C. The brewed leaves
are useful for respiratory tract discomforts. The leaves
can be used either raw in the salad or cooked like spinach
(MIRAJ and KIANI, 2016). To increase knowledge on the
impact of mycorrhization and organic substrates on
medicinal plants this study was aimed to determine the
effect of rice husk compost, rice husk biochar and mycor-
rhization on nutrients status and chemical composition
including some secondary metabolites of Iranian borage
of E. amoenum.

A completely randomized experimental design was carried
out with six treatments and six replications in order to inves-
tigate the effect of rice husk compost (RHC), rice husk bio-
char (RHB) and mycorrhiza (MY) on dry matter yield, nu-
tritional status and some secondary metabolites of E. amoe-
num. The experiment was carried out in a greenhouse locat-
ed at the college of agriculture, Shiraz University, Iran from
January to August 2017. The daily temperature was 25—
27°C and 16-17°C during the night. A silty loam soil was
collected from the top layer (0-30 cm) of a field located at
the experimental station of the college of agriculture. RHB
was prepared from the rice husk provided from the experi-
mental station using a laboratory furnace under limited
oxygen supply at 600°C for 4 h. Previous studies indicated
that a procedure at higher temperatures resulted in a high-
er C content (LIANG et al., 2016). In addition, with increas-
ing temperature the ash and fixed C contents increased
but a reduction in the content of volatile materials was
observed (TAG et al., 2016). To provide RHC, rice husk
was composted under aerobic conditions in the green-
house for 2 months. Claroideoglomus etunicatum?! was
used to create a mycorrhizal system. Treatments com-
prised of Ti: control, To: MY, Ts: RHC, T4: RHB, Ts:
RHC + MY and Te: RHB + MY. Five kg pots were used and
filled by treated soil. 1% organic matter (OM) was ap-
plied for both RHC and RHB (50 g OM per 5 kg soil).
Mycorrhizal infection was done by adding 100 g of
C. etunicatum inoculum (800 spores, root colonization of
75%) into the top layer of soil (3-5 cm) before sowing.
Two seeds were planted into the pots. Plants were irri-
gated by distilled water daily and the required nutrients
were added based on the soil testing results (150 mg/kg
N derived by urea, 5 mg/kg Fe derived by sequoestrine,
5 mg/kg Zn derived by Zn,So4 and 2.5 mg/kg Cu derived

1 Classification: Fungi, Mucoromyceta, Glomeromycota, Glomeromycoti-
na, Glomeromycetes, Glomerales, Claroideoglomeraceae, Claroideoglo-
mus
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Table 1. Some physicochemical properties of the examined soil (0-30 cm)

Parameters
Texture ~ Sand  Silt  Clay pH EC oM CCE  N(T) P(A) K(A) Fe(A) zn(A) Cu(A) Mn(A)
Silt Loam 32.94 50.24 16.82 7.72 0.69 1.2 42.8 0.143 154 446.54 4.99 0.73 1.79 9.6
Unit
- % % % - dSm-l1 % % % mg mg mg mg mg mg
kg-1  kg-1 kgl kg1 kgl kgl
T: Total value, A: Available value, EC: Electrical Conductivity, OM: Organic Matter and CCE: Calcium Carbonate Equivalent
Table 2. Some properties of the applied organic fertilizers
Parameters
pH EC oM N (T) P(T) K (T) Fe() zn() cCu() Mn(T) Ash
RHC 6.77 213 11.4 0.653 0.07 0.29 1976 31.6 14.4 132 25
RHB 6.85 2.25 24.3 0.965 0.255 1.45 5636 63.7 20.2 201 44
Unit
- dSm-1 % % % % mgkg? mgkgl mgkgl mgkgl %

RHC: rice husk compost, RHB: rice husk biochar and T: Total value.

by CuzSo04). Some of the soil and organic substrates prop-
erties are given in Table 1 and 2. Plants were harvested 7
months after emergence and shoots and roots were sepa-
rated and were cleaned by dipping them in water 2 to 3
times till the adhering soil particles were removed. To
perform plant analysis, the leaf samples were transported
into the laboratory and were dried in an oven at 65°C for
48 h. To measure mucilage and flavonoid content in leaf
material, the powdered samples were needed. The inves-
tigated plant parameters comprised of the dry matter
yield of plant leaves, plant nutrition analysis and some
secondary metabolites. Also a chinese mountaineer was
used to grind the fresh sample for measuring chlorophyll
pigments, proline, anthocyanin and carbohydrate.

Estimation of leaf dry matter content

The biomass of leaves was washed thoroughly to remove
all the adhering soil particles in running tap water and
gently pressed in folds of filter paper to remove excess
moisture. The samples were wrapped in paper and
placed in hot air oven at 65°C for 48 h. After 48 h, the
plant parts were removed, cooled in desiccators and
weighed to record dry weight.

Nutrition analysis of plant leaves and organic matter

To measure P, K, Fe, Zn, Cu and Mn, the powdered
samples were needed to be ashed so they were combusted
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in a muffle furnace at 550°C over 2 h. EC and pH of com-
post and biochar were determined in a 1:10 ratio of water
and organic matter (GILLMAN and SUMPTER, 1986). Fe, Zn,
Cu and Mn contents of the plant samples, RHC and RHB
were estimated by dry ashing and dissolving the ashed
samples in 2N HCl and using atomic absorption
(CHAPMAN and PRrATT, 1961). Total concentration of N in
plant samples, RHC and RHB were measured by Kjeldahl
(BREMNER, 1996). Total P in plant samples, RHC and RHB
were determined by Vanadate-Molybdate yellow method,
where phosphate ions react with vanadate-molybdate
reagent to form a yellow dye. The measurement wave-
length was 435 nm using a spectrophotometer (CHAPMAN
and PrATT, 1961). Total K was determined by the flame
photometer in the extraction of the dry ash method
(CHAPMAN and PRATT, 1961). Ash content of RHB and RHC
was measured by standard ASTMD-2866 method on
weight basis, where 1.0 g of oven-dried RHB and RHC
was briefly heated at 600°C overnight, cooled and
weighed again (RaJkovicH et al., 2012).

Chlorophyll and carotenoids

One gram of fresh leaf sample was finely cut and gently
mixed with a clean pestle and mortar. To this homogenized
leaf material, 20 ml of 80% acetone and 0.5 g MgCO3
powder was added. The materials were further grind
gently. The sample was then put into a refrigerator at 4°C
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for 4 hours. Thereafter, the sample was centrifuged at
500 rpmlfor 5 min. The supernatant was transferred to
100 ml volumetric flak. The final volume was made up to
100 ml with addition of 80% acetone. The color absor-
bance of the solution was estimated by a spectrophoto-
meter using 645, 663 and 470 nm wavelength against
the solvent. Acetone (80%) was used as a blank. The
solution mixture was analyzed for chlorophyll a, chloro-
phyll b and carotenoids content in the spectrophotome-
ter. The pigments were expressed as mg per g fresh leaf
(Porra et al., 1989). The equation used for the quantifica-
tion of chlorophyll a, chlorophyll b, and carotenoids are:

Chl a = (11.75%A ¢62.6) — (2.35%A 645.6)
Chl b = (18.61xA g45.6) — (3.96X% A ¢62.6)
Carotenoids = (1000 A 470 - 1.82 Chl a-85.02 Chl b)/198

“A” is absorbance by spectrophotometer.

Proline

Proline accumulation was determined by extracting fresh
samples in 3% sulfosalicylic acid. The extract was heated
in a water bath for 10 min and then filtered through filter
paper. Two ml of the extract was mixed into 6 ml assay
media containing 2 ml ninhydrin solution and 2 ml acetic
acid. After that, all samples were incubated at 100°C for
30 min and cooled at room temperature. The colored
product was extracted by adding 4 ml toluene. Finally,
absorbance of organic layer was measured at 520 nm.
Toluene was used as blank. Amount of proline was
reported as micromole per g fresh weight (umol g1 fw)
(BATES et al., 1973).

=
X
—

Proline(u g_1 fresh wt) = YS—V

115.5

Where M is proline content obtained from the standard
curve, T is 4 ml of the added toluene, and W is weight of
fresh leaf (0.5 g).

Anthocyanin

WANGER method (1979) was used to measure the amount
of anthocyanin in leaves. 0.5 g of fresh leaf was weighted
and completely ground in porcelain mortar with some
amount of acidic methanol (methanol and hydrochloric
acid in a ratio of 99:1%) and the extract was poured into
test tubes and put in the dark for 24 h at 25°C. Then the
extract was centrifuged for 10 min at 4000 g and the su-
pernatant absorbance was read using a spectrophotome-
ter at 550 nm wavelength. The anthocyanin content was
calculated using the following formula:

A=¢bc
Where A is absorbance, ¢ is molar absorptivity, b is width

of the measurement cell and equals to one centimeter
and c is concentration in units of molarity.

1 Revolutions per minute

Flavonoids

The aluminum chloride colorimetric method was used to
estimate the flavonoids. Dried leaf samples of the plant
(10 mg) was extracted by 80% ethanol then a definite
volume of solution (0.5 ml) was mixed with 1.5 ml of
95% ethanol, 0.1 ml of 10% aluminum chloride, 0.1 ml
of 1 M potassium acetate and 2.8 ml of distilled water.
After incubation at room temperature for 30 minutes, the
absorbance of the reaction mixture was measured at
415 nm with a UV-VIS spectrophotometer. The amount
of 10% aluminum chloride was substituted by the same
amount of distilled water in blank. Quercetin was used to
make the calibration curve, the reacted flavonoids of the
extracts with aluminum chloride was used for the deter-
mination of flavonoids content as mg g-! dry weight of
plant leaves (CHANG et al., 2002).

Mucilage

Mucilage extraction was performed by hot extraction
method. Briefly, 2 g of dry samples mixed with 10 ml of
acidified distilled water (pH = 3.7). Then, 200 ml of dis-
tilled water (the same pH as above) was added and
blended for 20 min. After separating the waste products
using a Buchner funnel, the remaining solution was cen-
trifuged and ethanol 96% was added (4 times the solu-
tion volume). The final solution kept at 4°C for 24 h to
mucilage precipitation. The precipitate was separated by
vacuum filtration using a Buchner funnel and then
weighted after drying. The content of mucilage was
reported in percent (%) (HirsT and JoNEs, 1955).

Carbohydrate

To measure soluble carbohydrate 0.2 g of the leaf fresh
tissue with 10 ml of 95% ethanol were put in hot water
bath at 80°C for 60 min. One ml of extract was reacted
with 1 ml of 0.5% phenol and 5 ml of 98% sulfuric acid.
The absorption of each sample was measured at 483 nm
with a UV-VIS spectrophotometer. The concentration
was determined from a standard table and calculated on
a fresh weight basis (ug glucose g1 fw) (DuBois et al.,
1956).

Statistical analysis

The statistical analysis was performed by the SPSS soft-
ware and comparison between applied means was done
using Duncan’s multiple range tests (DMRT) at the 5%
significant level. The figures were drawn by the MS Ecxel
software.

Leaf dry matter yield

Combined or individual application of RHC, RHB and MY
significantly increased dry matter yield of Echium leaves
compared to the control (P < 0.05). The highest value of
leaf dry matter belonged to the RHB + MY treatment
(33.2 g pot™1) but was not significantly different from
RHC + MY treatment (Fig. 1). Improvement in crop per-

Journal fiir Kulturpflanzen 70. 2018



ZAHRA AHMADABADI et al., Effect of bio-fertilizers on some plant properties of Echium amoenum Fisch & C. A. Mey

Leaf dry matter yield
35 a a
b
30 c b
25

20

g/ pot

15

T1 T2 T3 T4 T5 T6

Fig.1.  Effect of bio fertilizers on leaf dry matter yield content of
Echium; Different letters indicate statistical differences between
groups according to DMRT at P < 0.05. T;: Control, T,: MY, T3: RHC, T:
RHB, Ts: RHC + MY and Tg: RHB + MY.

formances are consistent with other findings, which may
be attributed to improved availability of nutrients and
soil moisture content (ZHANG et al., 2016). Based on the
data given in Table 3., there was a positive correlation
between macro and micronutrient uptake and plant dry
matter yield. In addition another experiment showed
that organic fertilizers significantly influenced leaf dry
matter content, which might be due to the high concen-
tration of nutrients in organic fertilizers (HOSSEINI VAKILI
et al., 2015). Further results proved that due to high

levels of nutrients, especially nitrogen in organic amend-
ments, vegetative growth and dry matter yield of medici-
nal plant Plantago psyllium increased (Yabpav et al.,
2003). Compost treatment significantly increased herb
dry matter yield via beneficial effects on soil physico-
chemical and biological properties and improving nutri-
ents availability (ABDuULLAH et al., 2012). Furthermore, it
was described that increased in plant growth and dry
matter yield as a result of biochar additions can be attri-
buted to optimization of the availability of plant nutri-
ents (AGEGNEHU et al., 2016). Based on the results of the
present research mycorrhization increased dry matter
which is in agreement with those results obtained by
other researchers. For example, mycorrhization had a
significant effect on dry mass production of Plantago
japonica in comparison with non-mycorrhizal treatments
(Hico et al., 2010). Similarly, SELVAKUMAR and THAMIZHINIYAN
(2011) illustrated that mycorrhization significantly
improved dry matter of Capsicum annuum L., which may
be reasoned by the important efficacy of mycorrhization
on nutrients availability enhancing growth and biomass.
In conformity of our findings Swamy et al. (2016) stated
that there was an increase in plant growth and dry matter
of medicinal plants inoculated with mycorrhiza com-
pared to non-inoculated plants due to improvement of
nutrient uptake.

Nutrients uptake of shoot

Plant uptake of N, P, and K was significantly affected by
separate or combined application of bio-fertilizers
(P <0.05). The highest values were observed in co-appli-

Table 3. Correlation among nutrients uptake, dry matter and secondary metabolites of Echium

N P K Fe Zn Cu Mn

N 429" 846™ 851 -.035* .834™ .860™ .852**
P .525* .547* -059* .548* .519* .610™
K 974 101 991** 988 .962**
Fe .044* 969 992" .984™
Zn .521% .741* 511*
Cu 983" 961
Mn 973
Mcy

Antcy

Chla

Chlb

Crts

Pro

Carbo

Flvo

Rdw

768"
.468Ms
.864™
997
.597*

973*
933
.882™

Mcy Antcy Chla Chib Crts Pro Carbo Flvo Rdw Ldw
964" 913%™ 949 -777° 7217 9837 .848™ .848™
416" .455ns  487ns -520%  .502* 495 .513* .579*
837" .809™ .867™ -947™ 9117 .869™ .966™ .940™
965 921 972" -875™ 823" 906 997 .987*
512 | 542* 512* -533* .517* .611* .563* .519*
746" 7347 7017 -964™ 915 .877° 956 .932**
.909* .866™ .813™ -909™ .865™ .839™ .9917 .969™
843 813" 773" -883™ .844™ 903" 9737 985"
982 980™ .949™ -987™ 952" 895 882" 833

967 921 -975" 942 882" 854" 795"
.980% -979™ 929" 870" 798" 747"
-960™ 911 .839* .740* .694™

-971™ -993* -851* -818™

867 .800™ .774™

.890™ .850™

.985™

**_Correlation is significant at the 0.01 level, *. Correlation is significant at the 0.05 level, ns. Correlation is not significant, Mcy:
Mucilage, Antcy: Anthocyanin, Chl a: Chlorophyll a, Chl b: Chlorophyll b, Crts: Carotenoids, Pro: Prolin Flvo: Flavonoid, Rdw: Root

dry weight, Ldw: Leaf dry weight.
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Table 4. Effect of bio fertilizers on uptake of nutritional elements of the leaf

Micronutrients (mg pot2)

Fe Zn Cu Mn
Control 4.29d 0.508d 0.1384 0.669 d
MY 5.17 be 0.608 ¢ 0.164 ¢ 0.779 ¢
RHC 5.72b 0.652 bc 0.189b 0.877b
RHB 5.70b 0.676 bc 0.192b 0.888 ab
RHC* MY 6.90 2 0.802b 0.2282 1.008 2
RHB* MY 6.90 2 0.8532 0.2392 1.0202

Macronutrients (mg pot2)
N p K
Control 373d 27.74d 3834
MY 468.bc 45,50 482¢
RHC 475 be 39.9 be 5750
RHB 523b 40.6 bc 596 b
RHC* MY 561 b 59.62 6392
RHB* MY 5922 58.132 6202

Means within the same column followed by the same letter indicate non-significant difference according to DMRT (P < 0.05). MY:
mycorrhization, RHC: rice husk compost and RHB: rice husk biochar

cation of RHB + MY. Maximum N, P and K uptake in plant
were 591.8 58.1 and 620.5mg potl, respectively
(Table 4). These findings are in agreement with others
reported that bio-fertilizers are able to enhance plant
macronutrient uptake (MARKUS et al., 2008). ZHANG et al.
(2016), documented that separate or combined applica-
tion of biochar and compost had a significant influence
on plant N, P and K uptake in comparison with inorganic
amendments due to the impact of biochar on increasing
fertilizer use efficiency and also due to a temporary
change in pH which is useful for uptake of lower available
nutrients (AMEI et al., 2016). It was revealed by HEITKOTTER
and MARSCHNER (2015), that the chemistry of biochar can
lead to the retention of K by cation exchange capacity
associated with acidic functional groups formed during
oxidation process on biochar surfaces, hence, K can be
more available for plant. Following organic matter appli-
cation in soil, more availability of N, P and K was observed
for plants in comparison with mineral fertilizer treated
plants, which was due to the fact that compost and bio-
char supplied these nutrients into soil and also improved
their availability for plants uptake by reducing the sorp-
tion and leaching potential of nutrients (AGEGNEHU et al.,
2015). Additionally, SuBramaNiUM et al. (2018) stated
that improved status of N uptake in soil induced by organic
matter application may be because of more reduction of
organic matter compared to the NHjs loss, which usually
enhances N uptake. They also reported that the improve-
ment of P and K uptake in plants following compost appli-
cation was due to the mineralization. Our results are in
agreement with other research reports which described
that the positive effect of mycorrhization on plant macro-

nutrients uptake is due to the ability of mycorrhiza to
translocate nutrients via extending hyphae and increas-
ing root absorbing surface (ZHANG et al., 2016). The same
results were obtained for micronutrient uptake in plants.
Micronutrient uptake in plants was affected by separate
or combined application of treatments (P <0.05). The
maximum amounts of micronutrient uptake resulted
from co-application of RHB + MY or RHC + MY. The high-
est values of Fe, Zn, Cu and Mn uptake in plant were
6.90, 0.85, 0.24 and 1.02mg pot’l, respectively
(Table 4). Similar to the other studies" results, through the
present experiment there was an enhanced plant essential
elements uptake as a result of bio-fertilizers application in
soil (ALLAH WADHAYO et al., 2015). More plant nutrient up-
take, particularly microelements, may be due to the organ-
ic acids provided as a decomposition product of organic
matters (CONVERSA et al., 2015). With respect to the influ-
ence of mycorrhization, our findings are in agreement
with that observed by other researchers who reported im-
proved plant nutrient uptake following mycorrhization
(NEUMANN et al., 2009). One reason for high nutrient up-
take resulted by mycorrhization might be due to the ability
of mycorrhiza to colonize roots completely, which enhanc-
es nutrients content by the extraradical mycelium (Kumar
et al., 2015). The same conclusion was reported by Bric-
coll et al. (2015), who studied the effect of mycorrhiza-
tion and documented an increase in the percentage of Mn
translocation to the leaves, from 14 to 22%, which also led
to increase photosynthetic activity in the mycorrhizal
plants, since Mn is a constitutive element of photosystem
IT (EnaMi et al., 2008). Since biochar and compost are de-
rived from biomass, they have high amounts of macronu-
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trients (N, P, and K), and micronutrients (Fe, Zn, Cu, and
Mn) and enhance nutrient uptake by plants (AGEGNEHU et
al., 2015). Considering this and the results of chemical
analysis of compost and biochar in the present study, an
enhanced nutrient uptake of plants could be expected.

Chlorophyll and carotenoids content:

As expected, addition of organic bio-fertilizers had a pos-
itive and significant effect on chlorophyll pigments con-
tent including chlorophyll a (Chl a), chlorophyll b (Chl b)
and carotenoids in comparison with the control
(P <0.01). In case of these parameters the highest values
were related to the combination treatments, too. The
maximum amount of Chl a, Chl b and carotenoids was
observed in combined treatments RHB + MY and were
7.75, 5.85 and 4.90 mg g~ fw, respectively (Table 5). It
has been found that the higher biomass resulted from or-
ganic fertilizer addition is because of the positive effects
of bio-fertilizer application on chlorophyll pigments con-
tent (AGEGNEHU et al., 2015). As the results of present
study showed, there was a positive correlation between N
uptake and chlorophyll pigment content; besides N, up-
take of other nutrients including K, Fe, Cu, and Mn had a
positive correlation with chlorophyll pigments content,
too (Table 3). A study conducted by KaranaTsipis and
Berova (2009) showed that organic N fertilizers signifi-
cantly influenced the content of Chl a, Chl b and carot-
enoids because of the fact that nitrogen is a structural el-
ement of chlorophyll and affects its formation and accu-
mulation. Furthermore chlorophyll pigments in
Matricaria chamomilla L. were found to be significantly
increased after vermicompost application in soil in the
study of SALEHI et al. (2016). According to previous find-
ings, there is a significant correlation between leaf N con-
tent and chlorophyll concentration. Leaf chlorophyll con-
tent is a good indicator to determine the N status in
plants. In general, it can be supposed that vermicompost
as an organic fertilizer can increase chlorophyll and
carotenoid contents by increasing the amount of N avail-
ability for plants. By this, more sunlight can be absorbed,
more assimilates can be produced and plant growth and
yields can finally be enhanced (FEnG et al., 2015). As a

result of a carried out experiment, it was documented
that inoculating plants with Gigaspora margarital led to
higher leaf chlorophyll concentrations in non-inoculated
plants and chlorophyll pigments concentration signifi-
cantly increased (Zuccarini, 2007). The reason may be
due to the increase in photosynthesis or presence of larger
bundle sheath chloroplasts present in inoculated leaves
(Devi and REDDY, 2004).

Leaf proline content

Data in Fig. 2 show that application of bio-fertilizers
separate or combined with mycorrhiza significantly
decreased the concentration of proline in comparison
with control (P <0.05). The highest value observed in
control was 5.21 ymol g1 fw, while the lowest proline
content belonged to the combined treatment of RHB + MY
and was 3.11 ymol g-! fw. Proline, an amino acid, plays
an important role in plants and is essential for plants
metabolism (XUE et al., 2009). Numerous studies have
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Fig. 2.  Effect of bio-fertilizers on leaf proline content. Different
letters indicate statistical differences between groups according to
DMRT at P <0.05. T;: Control, T,: MY, T5: RHC, T4: RHB, Ts: RHC + MY
and Tg; RHB + MY.

1 Classification: Fungi, Mucoromyceta, Glomeromycota, Glomeromycoti-
na, Glomeromycetes, Diversisporales, Gigasporaceae, Gigaspora.

Table 5. The effect of bio fertilizers on the content of chlorophylls and carotenoids (mg g1 fw)

Chlorophyll a
Control 6.244d
MY 6.20 ¢
RHC 6.79 bc
RHB 7.16b
RHC + MY 7.512b
RHB + MY 7.7572

Chlorophyll b Carotenoids
4,544 3.70d
496 ¢ 4.04¢
5.08 bc 4.29°b
5.30b 432b
5.802 4,842
5.852 4902

Means within the same column followed by the same letter indicate non-significant difference according to DMRT (P < 0.05). MY:
mycorrhization, RHC: rice husk compost and RHB: rice husk biochar.
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shown that the proline content in plants increases under
different environmental conditions such as drought,
high salinity, heavy metals and oxidative stress (ZAHED
CHKOVARI et al., 2015). Proline protects plants from vari-
ous stresses and helps plants to recover from stress more
rapidly via different strategies like affecting plant-water
relations followed by maintaining turgidity of cells under
stress or increasing the rate of photosynthesis (SHAMSUL
et al., 2012). Regarding to the described results of this
experiment with respect to the plant dry matter yield and
chlorophyll pigments content, it is clear that bio fertiliz-
ers application improved soil physicochemical and bio-
logical conditions, enhanced water and nutrient uptake
rate and generally decreased in stress conditions. Data
shown in Table 3 also revealed that there was a negative
correlation among nutrients uptake and chlorophyll pig-
ments with leaf proline concentration. So as expected,
the plant proline content decreased by improving soil
conditions in terms of both physicochemical and biologi-
cal properties. With regard to the effect of compost appli-
cation on proline contents, it was concluded that proline
content in Jatropha curcas was reduced by compost addi-
tion, which is attributed to the ability of applied compost
into the soil to retain plant nutrients that are otherwise
washed out (MazHAR et al.,, 2011). Moreover, MAIE
MOoHSEN et al. (2016) illustrated that plants fertilized with
vermicompost as an organic matter, had the lowest val-
ues of proline content (4.99 and 4.48 mg g1 fw) com-
pared to unfertilized control plants giving the highest
values (9.60 and 8.73 mg g~! fw). In conformity to our
results, it also was documented that mycorrhization led
to a decrease in proline content in C. annuum L. (RUSCITTI
et al., 2011). Our findings are consistent with other stud-
ies observing that proline concentrations decreased un-
der non-stress conditions followed by organic and
bio-fertilizer application into the soil (YANG et al., 2000;
NaNJo et al., 2003).

Anthocyanin content in Echium leaves

Separate or combined application of different bio-fertiliz-
ers show a significant effect on the anthocyanin content
of plant leaves (P <0.05). The lowest (4.64%) and the
highest (6.39%) values of anthocyanin were observed in
control and combined treatment of RHB + MY, respec-
tively (Fig. 3). Application of MY, RHC and RHB individ-
ually increased leaf anthocyanin content compared to the
control with the percentage of 29.9, 20.0% and 23.0%
respectively. However, combined application of bio-fertil-
izers was more effective and increased the anthocyanin
content by 47.0% and 47.1% in RHC + MY and RHB + MY,
respectively. Anthocyanins are plant pigments which play
relevant roles in plant propagation, plant defense mecha-
nisms, color of fruits and vegetables and there are also
evidences proving their benefits in human health (SanTos-
BuUErLGA et al., 2014). Enhanced nutrient uptake following
bio-fertilizer application affect anthocyanin concentra-
tion in plant (SHAALAN, 2005). The results of the present
study demonstrated that the increase in nutrient uptake
following bio-fertilizer application had a positive correla-

Antocyanin
7 a a
6 b be be
~ 5 d
X
~ 4
3
2
1
0
T1 T2 T3 T4 TS Té6

Fig.3.  Effect of bio fertilizers on leaf anthocyanin content. Differ-
ent letters indicate statistical differences between groups according
to DMRT at P <0.05. T1: Control, T,: MY, T3: RHC, T4: RHB, Ts: RHC + MY
and Tg; RHB + MY.

tion with anthocyanin content in plant (Table 3). It was
reported that treated plants with organic fertilizers led to
a significant increase in anthocyanin content compared
with untreated plants (ELHAM and Rania, 2015). N-fertil-
izer application cause to an increase in N uptake by
plants and also enhance in expression of the responsible
gene for anthocyanin synthesis, hence, it can be expected
that anthocyanin content of plant is affected by N-fertil-
izer application (YAMUANGMORN et al., 2018). Considering
RHC and RHB as organic-N resources and the role of my-
corrhiza in nitrogen availability for plant, it can be con-
cluded that the increased anthocyanin concentration fol-
lowed by bio-fertilizer application in the present study
may be caused by an enhancement in nitrogen uptake
rate. Moreover, plant nutritional status especially nitro-
gen has an important effect on the control of anthocyanin
concentrations (DoRAIs, et al., 2008). In conformity with
our results, LINGuA et al. (2013) reported that any inocu-
lation with mycorrhiza increases the concentration of an-
thocyanin in plant. LU et al. (2015) illustrated that my-
corrhization significantly boosted anthocyanin accumu-
lation in Dioscorea spp, compared with the control. In-
deed, mycorrhization is considered as a kind of microbial
stress for plants like pathogens and insects, which lead to
increased the concentration of anthocyanins via a defense
mechanisms in plants (HARGREAVES et al., 2008). Similar-
ly, the results of a study carried out by HEMASHENPAGAM
and SELvARAJ (2011) demonstrated that mycorrhization
may influence the metabolic pathway of anthocyanin in
plants by activating the biosynthesis of anthocyanin,
thereby influencing the accumulation of anthocyanin.

Total flavonoid content

Flavonoid content was significantly influenced by organic
fertilizers application into the soil (P < 0.05). The lowest
(0.51%) and the highest (0.71%) concentrations of leaf
flavonoid content was measured in the control and com-
bined treatment of RHB + MY respectively. Combined
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Fig. 4.  Effect of bio fertilizers on plant flavonoid content. Different
letters indicate statistical differences between groups according to
DMRT at P <0.05. T;: Control, T,: MY, T3: RHC, T,: RHB, Ts: RHC + MY
and Tg; RHB + MY.

application of RHC and RHB along with MY were more
effective in comparison with separate application and
leaf flavonoid concentrations were increased by 37.96%
and 39.92% compared to control, respectively (Fig. 4).
As bio-fertilizer application can improve soil physico-
chemical and biological conditions, secondary metabo-
lite concentrations can be affected via an enhanced water
and nutrient uptake rate of plants. There was a positive
correlation between nutrient uptake, especially N uptake,
and flavonoid content (Table 3). These improvements in
crop performance are consistent with other studies de-
scribing flavonoids as practical indicators of both poten-
tial photosynthetic productivity and plant vigor. These are
related to the N concentration and serve as a response of
crop to N fertilizer application and soil nutrient status
(BozzoLo et al., 2017). This clearly demonstrates that fla-
vonoid content is influenced by bio-fertilizer. (VEBERIC et
al., 2005). Similarly, the results of a study showed that
application of organic fertilizer (10% N: 10% P20s5: 10%
K»0) increased the production of flavonoids in Pumila
Benth. (IBRaHIM et al., 2013). The examination carried
out by TaBALDI et al. (2016) described that, flavonoid con-
tents were significantly affected by addition of poultry
manure in the cultivation of Pink Pepper, which was
traced back to the high concentration of nitrogen in poul-
try manure (JONES and HARTELY, 1999). In another re-
search the total flavonoid content increased by 26% in
leaves of Manihot esculenta in response to vermicompost
compared to inorganics fertilizer sources (Nur et al.,
2013). Based on the other researchers’ results, it was
concluded that the concentration of flavonoids increased
in all of the inoculated plants with mycorrhiza. In fact,
flavonoids play a significant role in how plants interact
with organisms and serve as signaling molecules be-
tween plants and soil microorganisms. (FRANCINEYDE et
al., 2014; HEMASHENPAGAM and SELVARAJ, 2011). Similarly
to our results, it was documented that colonization with
mycorrhizal fungi influenced total flavonoid content in
plants (MotLavi et al., 2015), which might be due to the
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efficacy of mycorrhization on production of flavonoids
during symbiosis and also by changing the expression of
genes involved in biosynthesis of flavonoids (Devi and
REDDY, 2002). The results of a study that investigated the
impact of mycorrhization on flavonoid concentration
demonstrated a significant increase in flavonoid content
in Viola tricolor L., which may be because of an improve-
ment in nutrient status induced by mycorrhiza or due to
the plant’s systemic defense reaction to inoculation
(ZuBkk et al., 2015). According to what was reported by
ZHANG et al. (2013), improved formation of flavonoids
caused by mycorrhizal inoculation in Ferrea, can be
explained by the activity of key-enzymes responsible for
flavonoid synthesis. Accumulation of plant secondary
metabolites like flavonoids in response to mycorrhization
may be attributed to the enhancement in mechanisms
such as activation of metabolic routes, production of sig-
naling molecules and alterations in the activity of key-
enzymes for the production of these compounds (Riter
Netto et al., 2014). Furthermore the increased level of
total flavonoids in plants as a results of mycorrhization
can be due to the reaction of the plant against mycorrhi-
zal colonization induced by phenolic compound accumu-
lation in plant cells as a plant defense response against
microorganisms (Lu et al., 2015).

Mucilage accumulation

Accumulation of mucilage was significantly (p <0.01)
affected by the studied treatments. Results revealed that
combined application of bio-fertilizers was more effec-
tive than separate application. The lowest (8.0%) and the
highest (11.1%) accumulation of mucilage in plant leaves
were related to the control and combination treatment of
RHB + MY, respectively. All treatments significantly
influenced mucilage content in plant leaves ranging from
12.3% to 39.1% in comparison with the control (Fig. 5).
Regarding to the previous results of this experiment and
with respect to the effect of bio-fertilizers application, it
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Fig.5.  Effect of bio fertilizers on plant mucilage accumulation.

Different letters indicate statistical differences between groups ac-
cording to DMRT at P <0.05. T;: Control, T,: MY, T;: RHC, T,: RHB, Ts:
RHC + MY and Tg; RHB + MY.
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can be stated that application of bio-fertilizers improved
plant nutrient availability which affects secondary
metabolite formation. The positive correlation between
nutrient uptake, chlorophyll pigments, and mucilage
accumulation in plants indicated an effective influence of
organic matter application on plant growth and second-
ary metabolite quantities (Table 3). The most important
role of mucilage is to facilitate freezing tolerance and
protect plant against water stress via absorbing water
from the atmosphere and storing it, hence, the amount of
mucilage is considered as a plant healthy factor (PATTEN
et al., 2010). In conformity to our findings, there are nu-
merous studies reporting that mucilage accumulation, as
a production of many various plant species will be affect-
ed by organic matter application (Rakl and ALami-MILANI,
2014; EBraHIMI et al., 2010). Moreover, according to the
results of an experiment, a significant difference was ob-
served in terms of mucilage concentration between treat-
ments in which the highest mucilage content belonged to
the organic fertilizer application (19%) and the lowest
content was related to the control (8%) (MIRSHEKARI and
ForoOuUzANDEH, 2015). Generally, the increased percentage
of mucilage followed by organic matter application may
be due to different factors such as increased absorption
content of nutrients in plant (Bajiva, 1994). On the other
hand, a positive effect of mycorrhiza on mucilage per-
centage in medicinal plants has been reported, which re-
fers to enhanced nutritional status in mycorrhizal plants.
(Rarr and WERIA, 2013). Significant increase in mucilage
content following bio-fertilizers application and mycor-
rhization is in agreement with other studies describing
that enhancement in nutrients availability induced by
bio-fertilizer addition significantly increased mucilage
content. (HENDAWY, 2008; ABEDINI et al., 2015; KHALID and
KHaLD, 2012).

Total carbohydrate content

Application of bio-fertilizers significantly increased total
carbohydrate content compared to the control (P < 0.01).
Combined application of bio-fertilizers was more effec-
tive than separate application and showed that the high-
est concentrations of carbohydrate which were 12.3 and
12.0 mg g1 fw, was measured in the RHB + My and
RHC + MY treatments, respectively. The lowest content
of total carbohydrate was measured in the control, which
was 8 mg g1 fw (Fig. 6). Our results are in agreement
with those of researchers who reported that compost
application at different rates improved carbohydrate con-
tent (AMINIFARD et al., 2013; WINTER and Davis, 2006).
Moreover, it was concluded that carbohydrate percent-
age increased by using compost, which may be attributed
to the positive effect of compost as a source of essential
nutrients besides improving their availability (MazHAR et
al., 2011). Based on the data presented in Table 3, it can
be concluded that there is a positive correlation between
chlorophyll pigments and total carbohydrate concentra-
tion in plants. EL-QUESNI et al. (2013) observed a signifi-
cantly increased total carbohydrates content in leaves of
Jatropha followed by bio-fertilizer application, which
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Fig. 6.  Effect of bio fertilizers on total carbohydrate content. Dif-
ferent letters indicate statistical differences between groups accord-
ing to DMRT at P <0.05. T;: Control, T,: MY, T3: RHC, T4 RHB, Ts:
RHC + MY and Tg; RHB + MY.

was due to efficiency of photosynthesis of the plants. In
general, the enhanced carbohydrate status of leaves
might be due to an increased in chlorophyll content and
photosynthetic rate coupled with enhanced synthesis of
carbohydrate (ELHAM and Rania, 2015). Following com-
post application, ABD EL-SABOUR et al. (1997) reported an
improvement in plant efficiency for carbohydrate pro-
duction via an increase in total chlorophyll formation. In
agreement with our findings, there are numerous studies
describing the effectiveness of mycorrhization on total
carbohydrate content (RAFI and WERIA, 2013). According
to the results of an experiment it was indicated that the
measured amount of total carbohydrate in mycorrhizal
plants was higher in comparison with non-mycorrhizal
plants (SHINDE and MANJUSHA, 2014),which could be due
to the mechanisms causing rapid uptake and movement
of carbohydrate from fungus to host (LENIN et al., 2010).
Furthermore the positive correlation between mycorrhi-
zal association and carbohydrates content in plant can be
due to the enhancement of nutrient availability for
plants, which positively affect plant secondary metabo-
lite synthesis such as chlorophyll, hormones, vitamins
and carbohydrate (Ocamro and Azcon, 1985). Addition-
ally Wu et al. (2011) illustrated that mycorrhization in-
creased plant photosynthetic rate relative to non-mycor-
rhizal plants, which may have led to higher carbohydrate
concentrations in mycorrhizal plants.

The findings of the present research revealed that all
studied treatments in Echium cultivation significantly
affected the amount of leaf dry matter yield, chlorophyll
pigment content, proline, anthocyanin, flavonoid, muci-
lage and carbohydrate concentrations. Bio-fertilizer appli-
cation significantly influenced the studied parameters via
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an increase in the levels of NPK and an enhancement in
nutrient availability in soil. An important result of this
research was the considerable effect of enriched RHC and
RHB with mycorrhiza on the studied traits. Combined
application of bio-fertilizers with mycorrhiza was superi-
or to separate applications in increasing leaf dry matter
yield and all measured parameters. The role of mycorrhi-
zation on nutrient uptake rate by plants via creating an
elaborate web of hyphae that confines and absorbs nutri-
ents was significant compared to the control. Enhance-
ment of nutrient availability for plants positively affected
plant secondary metabolite synthesis. Furthermore mycor-
rhization may influence the metabolic pathway of antho-
cyanin in plants and activates the key-enzymes, which
are responsible for biosynthesis of secondary metabolite.
Our results suggest that RHC, RHB application in combi-
nation with MY application improved plant nutrient uptake
rate and enhanced growth/yield and plant secondary
metabolites status. Further research is needed to deter-
mine long-term impacts of these soil conditioners on the
secondary metabolite status of medicinal plants.
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