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Figure 1. Conversion of rice husk to biochar at 450 C°.
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Table 1- Physico-chemical properties of soil, biochar and culture media used in this experiment.

Sl (Kb s S
Physical characteristics of soil

(1) o133 05 alas (1) 45530 b b Sl il (1) s (1) S (1) o
Permanent wilting point ~ Field capacity (%) Soil texture Clay (%) Silt (%) Sand (%)
(%)
15 26 i 36.63 25.53 37.83
Clay loam

s oA Dl berdo 58 s S hs
Physico-chemical properties of pure rice husk biochar

55 Jals b - . . Bt aadia
g T s fr o T
Oraanic exc?z:l%ne Electrical el Total Bulk -
matt?a (%) capaci ,g/ conductivity pH porosity density Particle
(meq100gy  (Sem) (%) (g om?) P
57.74 8.31 863 7.90 0.75 0.39 1.54
s bS5 50 alede S pled= 555 b S
Physico-chemical characteristics of soil alone and in mixture with biochar
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Growth media  carbon 19 conductivity porosity Particle
%) capacity (uS cm) (%) Bulk density
(meq 100 g1) density (g cm?d)
(gcm?)
Sk
(Soil) 0.64 12.98 205 7.82 0.45 1.43 2.20
0i
IXIO S st S
Soil+3.5% 0.81 13.48 266 7.97 0.46 1.26 1.94
Biochar
'/,\/ )L;_-)—:..H';Sl;'-
Soil 7(? Bioch 0.90 14.09 341 8.09 0.49 1.07 1.75
0il+7% Biochar
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Figure 2. Mean comparison of the interaction effect of rice husk biochar and drought stress on shoot dry
weight, number of leaves, plant height, stem diameter, number of lateral branches and ratio of root/shoot
dry weight of African marigold (Data followed by the same letters, are not significantly different using the

LSD test at 5% level and the vertical index above the columns represents a standard error).
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Figure 3. Mean comparison of the interaction effect of rice husk biochar and drought stress on length and

diameter of flower, number of flowers, flower dry weight, and flowering time of African marigold (Data

followed by the same letters, are not significantly different using the LSD test at 5% level and the vertical
index above the columns represents a standard error).
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Figure 4. Mean comparison of the interaction effect of rice husk biochar and drought stress on cell
membrane stability index, malondialdehyde, and leaf relative water content of African marigold (Data
followed by the same letters, are not significantly different using the LSD test at 5% level and the
vertical index above the columns represents a standard error).
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Figure 5. Mean comparison of the interaction effect of rice husk biochar and drought stress on proline,
soluble carbohydrates, and soluble proteins of African marigold (Data followed by the same letters, are
not significantly different using the LSD test at 5% level and the vertical index above the columns
represents a standard error).
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Figure 6. Mean comparison of the interaction effect of rice husk biochar and drought stress on the
activity of peroxidase and superoxide dismutase enzymes and hydrogen peroxide content of African
marigold (Data followed by the same letters, are not significantly different using the LSD test at 5%

level and the vertical index above the columns represents a standard error).
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Figure 7. Mean comparison of the interaction effect of rice husk biochar and drought stress on
chlorophyll a, chlorophyll b, total chlorophyll and carotenoid content of African marigold (Data followed
by the same letters, are not significantly different using the LSD test at 5% level and the vertical index
above the columns represents a standard error).
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Abstract

Bedding plants are important elements in landscape construction, and their cultivation is limited by
drought stress. Improving the cultivation medium of these flowers with organic materials such as
biochar can be a sustainable and environmentally friendly solution to increase their tolerance to
drought stress. For this purpose, a greenhouse research was conducted to mitigate the effects of
drought on morpho-physiological and biochemical characteristics of African marigold by application
of rice husk biochar. The factorial experiment was conducted with two factors of irrigation treatment
at three levels of 100, 50 and 25% of the field capacity (FC) and biochar at three levels of 0, 3.5 and
7% (w/w) in a completely randomized design with 5 replications. The results showed that drought
decreased the morphological factors of shoot height, shoot dry weight, number of leaves, number of
lateral branches, number of flowers, and length and diameter of flowers, so their lowest value were
obtained in 25% FC. Furthermore, the use of biochar improved the morphological traits mentioned
under drought conditions. The activity of peroxidase and superoxide dismutase enzymes, hydrogen
peroxide content, proline, malondialdehyde, soluble carbohydrates, chlorophyll a, chlorophyll b, total
chlorophyll and carotenoid increased under drought conditions. The use of biochar reduced these
biochemical traits under drought conditions. Furthermore, relative water content of leaf, cell
membrane stability index and soluble proteins showed a decreasing trend under drought conditions,
and the use of biochar led to the improvement of these traits. In general, 7% biochar was more
effective than 3.5% in reducing the adverse effects of drought stress. Therefore, 7% rice husk biochar
can be recommended as a suitable soil improver to increase tolerance to drought stress in bedding
plants for landscape purposes, although more investigations are needed both under field cultivation
and at other applied amounts.
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