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This experiment was conducted in order to investigate the effect of seed coating with
biochar and activated carbon on some quinoa seed germination indicators, and it was
implemented as a factorial in the form of a completely randomized design with four
replications in 2019, in Yasouj University's Faculty of Agriculture. The first factor is seed
coating in four levels (no coating, coating with activated carbon, coating with biochar and
coating with activated carbon + biochar) and the second factor includes salinity stress in
four levels (zero, 75, 150 and 225 mM sodium chloride). The results of the interaction of
salinity stress and seed coating showed that the highest content of soluble sugar (28.578
mg/g seed FW) and malondialdehyde (2.97 umol/g seed FW) was obtained by coating with
activated carbon in 150 mM salinity stress. Also, the highest amount of seed hydrogen
peroxide (0.18 pmol/g seed FW) and proline (10.49 pmol/g seed FW) at the level of 225
mM sodium chloride was obtained by covering the seeds with biochar and active carbon,
respectively. Covering seeds with activated carbon and biochar led to an increase in the
length of root and shoot under salt stress conditions. However, under salinity stress
conditions, root weight and length vigor index of seed improved more by coating seeds
with activated carbon. It can be stated that seed coating can greatly reduce the harmful
effects of osmotic stress on germination and biochemical traits in quinoa seedlings and
improve seedling growth.
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EXTENDED ABSTRACT

Introduction

Germination is one of the most important stages of plant
growth, which can be affected by non-living
environmental stresses such as salinity. Salinity, by
reducing the osmotic potential of the environment,
toxicity, and changes in enzyme activities, causes a
decrease in water absorption by seeds and results in a
decrease in germination. The use of treatments with
biological origin in the form of seed coating treatment
significantly improves plant performance. Biochar and
activated carbon have a biological origin and are being
considered today due to their non-toxicity and
importance for human health and the environment. The
quinoa plant is able to produce seeds with high food
quality despite growing in very polluted and stressful
environments. But the germination, greening and
establishment of quinoa seeds, like many crops and
weeds, is delayed due to water salinity. The most
important problem of quinoa is the greening and initial
establishment of the plant with saline water sources.
Therefore, in this study, the germination of quinoa seeds
coated with biochar and activated carbon under salt stress
was investigated.

Materials &Methods

This factorial experiment in the form of a completely
randomized design with four replications was
implemented in Yasouj University in 2019. The first
factor is seed coating at four levels (no coating, coating
with activated carbon, coating with biochar and coating
with active carbon + biochar) and the second factor
includes salinity stress at four levels (zero, 75, 150 and
225 mM chloride sodium). After drying the coatings, 25
seed samples were transferred in 4 replicates in petri
dishes with a filter paper bed, and to complete seed
cultivation, 5 ml of distilled water for the control
treatment or sodium chloride solution for each salt stress
treatment was added to each petri dish. The seed coats
were separated from the seeds after 24 hours. Seeds were
germinated inside the germinator at a temperature of
25+1 degrees Celsius for 7 days under dark conditions.
The seeds whose root length was at least 2 mm were
counted as germinated seeds from the first day. At the
end of the 7-day period, after counting the number of
germinated seeds, 5 seedlings were randomly selected
from each petri dish, and the stem length and root length
(in millimeters) were measured with a ruler. To measure
the dry weight of roots and stems, the samples were
placed in an oven at 75 degrees Celsius for 48 hours and
then weighed. Traits such as germination percentage,
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germination speed, stem length index, length and weight
of radicle and shoot were measured.

Results & Discussion

The results of the interaction between salinity stress and
seed coating showed that the highest content of soluble
sugar (28.578 mg/lg seed wet weight) and
malondialdehyde (2.97 micromol/g seed wet weight) was
obtained with seed coating. Salinity stress was observed
with activated carbon at the level of 150 mM. Also, the
highest amount of hydrogen peroxide (0.18 umol/g seed
wet weight) and seed proline (10.49 pmol/g seed wet
weight) at the level of 225 mM sodium chloride was
obtained by coating seeds with biochar and active carbon,
respectively. Covering seeds with activated carbon and
biochar led to an increase in the length of root and shoot
under salt stress conditions. However, under salinity
stress conditions, root weight and length index of seed
stem improved more by coating seeds with activated
carbon.

One of the adaptive responses to salinity stress is the
accumulation of soluble organic substances to maintain
osmotic balance. Soluble sugars accumulate as
compatible osmolytes under salt stress conditions and
play the role of protective factors in plants. The increase
of proline in plants under osmotic stress is an adaptation
to overcome these conditions. In the current research, in
the salinity stress levels, coating with activated carbon by
improving the cell repair systems were able to clean the
radicals produced by the salinity stress by activating the
antioxidant enzymes and reducing the amount of
hydrogen peroxide. Also, the delay in root emergence in
the cover treatments decreased the percentage and speed
of germination, since activated carbon has a great
potential to improve seed germination and plant growth,
probably this factor increases the length index of seedling
stems.

Conclusion

Seed coating with activated carbon and biochar were able
to moderate the osmotic effects caused by salinity stress
by improving seedling parameters such as root and shoot
length, root dry weight and shoot dry weight. It was also
found that coating with activated carbon increased the
stem length index of quinoa seedlings. In this way, it can
be said that to deal with the negative effects of
environmental stresses, especially salt stress, seed
coating with activated carbon and biochar can be used,
and in this way, the germination and seedling indices of
quinoa seeds under salt stress can be improved.
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Ao )30 \JL&lC)J@uJbtgjl:&.ugﬁJ;g* '

=and ™ represent significant at 1 and 5% probability, respectively.
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Figure 1 - Mean comparison of the interaction salinity stress and seed coating for total soluble sugar content of quinoa seeds.
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Means with at least a common letter, are not significantly different based on HSD (5%) test.
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Figure 2 - Mean comparison of the interaction salinity stress and seed coating for proline content of quinoa seeds.
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Means with at least a common letter, are not significantly different based on HSD (5%) test.
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Figure 4- Mean comparison of the interaction salinity stress and seed coating for Hydrogen peroxide content of quinoa seeds.
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Means with at least a common letter, are not significantly different based on HSD (5%) test.
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Table 2- analysis of variance effect of different levels of coating and salinity stress for some Seed germination and
seedling traits of quinoa seeds

S 03 Ses 03y s Jsb jesls

w3 ;54 s 5l
et gl 5 ot Gommaten TSR wELE el e nad
<S> 1 1 1 1
S.0.v D]j percentage rate Root length Shoot length Root dry Shoqt dry See_dling_ length
weight weight vigor index
P 3 3992.66" 175.12" 129.99" 1412.94" 0.10" 0.01" 246652
coating (A)
® s 3 2288.66* 189.95 562.78° 2535.98* 0.19° 0.02¢ 7573.76*
salt (B)
AxB il 31
) 9 222.22* 465" 68.52" 392.78* 0.02° 0.02° 484.77°
Interaction AxB
Lo
c 48 88.33 152 17.62 103.60 0.008 0.009 104.20
rror

Ao )30 ) dled gl )3 (5ol3 an 5 13 gme b o e *T 5T

s *and ™ represent not significant and significant at 1% and 5% probability, respectively.
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Means with at least a common letter, are not significantly different based on HSD (5%) test.
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Means with at least a common letter, are not significantly different based on HSD (5%) test.
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