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Article Info ABSTRACT

Article type: Background and Objectives: Today, due to the lack of water resources
Full Length Research Paper  and drought, water management is an important part of farm operations
and producing quality products. Among the various solutions, adding
organic modifiers to the soil is one of the most effective methods in order

Article history:

Received: 06.26.2024 to maintain soil moisture and fertility. Biochar is considered one of the
Revised: 07.01.2024 best methods of soil management and amendment and can be used to
Accepted: 07.14.2024 increase soil organic matter and improve soil physical and chemical

properties. In addition, biochar production makes optimal use of
agricultural and industrial waste and can be used to protect the
environment and reduce pollutants and convert waste into useful
compounds.
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Water shortage Materials and Methods: This research done as a factorial based on a

completely randomized design with four replications in the form of pot
cultivation in the research greenhouse of the Faculty of Agriculture of
Mohaghegh Ardabili University. The first factor included oak wood
biochar in proportions of 0, 5, 10 and 20% and the second factor included
3 levels of irrigation (100, 75 and 50% of Field capacity). Drought stress
was done by reducing irrigation water based on the field capacity of plants.
Flower performance and developmental and physiological characteristics
were evaluated. Statistical analysis of data was done with SPSS 21
software. Comparison of means was done with Duncan's multi-range test
at 1% and 5% probability level.

Results: The results of the research showed that the application of biochar
at a ratio of 20% had the greatest increase in the values of growth and
vegetative traits such as height, leaf surface, stem diameter and leaf
greenness. Also, biochar caused a surprising increase in the yield and
characteristics of flowers in the Althaea officinalis L.. The lowest amount
of vegetative and reproductive traits in severe drought stress was 50% of
the field capacity, and the use of oak wood biochar improved 21.1% in
vegetative traits and 81.8% in reproductive traits. Also, by maintaining soil
moisture and creating a cationic balance and increasing the absorption of
nutrients, biochar improves the performance of plant stomata and increases
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stomatal conductivity by 65% and reduces ion leakage by 47.6% in severe
stress conditions compared to control Plants. With the increase in the
level of stress, the production of secondary and antioxidant compounds
increased in the plant, and the application of biochar reduced the
production of secondary and antioxidant compounds by 21.1% by
reducing the negative effects of stress.

Conclusion: The present study showed that biochar had a significant
effect on increasing the growth, vegetative, flower yield and reproductive
characteristics of the Althaea officinalis L. under stress-free conditions and
various drought stress levels. Also, biochar showed a positive effect on
increasing plant resistance to water deficit by increasing organic matter,
maintaining moisture and creating ion balance. According to the results of
the research, it is recommended to use oak tree biochar in dry and semi-
arid areas to increase plants tolerace to water deficit and increase soil
fertility.
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Table 1. Soil and Biochar Physical and chemical analysis.
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Table 2. analysis of Variance of the effect of oak wood biochar on growth and vegetative traits of Althaea
officinalis under drought stress.
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** * means the presence of a significant difference at the probability level of 1 and 5 percent, respectively,

" means the non-significant difference
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Table 3. Comparison of the mean of the interaction of drought stress and Biocher on growth and vegetative
traits of Althaea officinalis.
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In each column, the means that have at least one letter in common are not significantly different from each other
based on Duncan's test
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The effect of biochar on the stomatal conductivity of Althaea officinalis L. under drought stress.
(Different letters in each column indicate a significant difference).
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Table 4. analysis of Variance of the effect of oak wood biochar on yield and Reproductive traits, of Althaea
officinalis under drought stress.

Sla e Sl
Mean Square 4 N
151 = e
¢ P E v oo sl
5 s IS s 055 550 sl ‘Sdf’ S.0.V
Flower diameter Flowgr dry Flowgr fresh Number of flowers
weight weight
e
7.516%* 230.972%* 4453.707** 206.222%* 3 G
Biochar
13.288%** 40.777** 1508.526%** 73.817** 2 < o
Drought stress
- N s
0.21%* 3.786* 106.297* 1.906* 6 ST e o
Biochar x Drought stress
tolasl oLl
0.826 0.563 12.715 0.817 48 o
Error
(-Lﬁ; ) Ol ekl o
13.88 5.82 5.58 4.36 - it

CV (%)
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**  * means the presence of a significant difference at the probability level of 1 and 5 percent, respectively,

" means the non-significant difference
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Table 5. Comparison of the mean of the interaction of drought stress and Biocher on yield and Reproductive
traits of Althaea officinalis.

J5 s B S 035 K 5o sl e S
Flower diameter ~ Flower dry weight  Flower fresh weight ~ Number Biochar Drought stress

(cm) (gr) (gr) of flowers

7.28% 4.26" 22.34° 6.8 0

7.05¢ 5.09° 27.75¢ 8.2¢ 5% 100% FC

7.42% 7.33¢ 39.18° 11 10% (e )t el b

8.54° 14.95° 72.32° 16.6° 20%

6.54" 321 16.12f 48" 0

6.25¢ 3.47¢ 16.76" 5.8¢ 5% 75% FC

6.32¢ 4.12% 22.12° 6.4 10% e VO by s b

5.548 4.18" 22.26° 6.8 20%

5.130 2.19' 10.32 3.6 0

5.53! 2.41M 12.54% 5.4% 5% 50% FC

5.92" 3.87% 21.66° 6.4 10% e o) by s b

7.18% 4.19% 22.28° 6.5% 20%
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In each column, the means that have at least one letter in common are not significantly different from each other

based on Duncan's test
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Table 6. analysis of Variance of the effect of oak wood biochar on Physiological traits of Althaea officinalis
under drought stress.

Sla e Sl
Mean Square ax
o 10 Sl Gtﬁ
L = 55 s Js Js ¢ S.0.V
SR ) . df
Ton leakage I slast gl Total flavonoid ~ Total phenol
g Flower dry weight content content
b
2049.797* 442.38* 43.26* 82.99* 3 i
Biochar
19605.434** 3006.92%* 309.33** 368.08** 2 < o
Drought stress
o X St 3
1141.24* 126.03** 18.83* 41.69% 6
Biochar x Drought stress
tolasl oLl
1.73 1.88 2.42 1.73 48 o
Error
Ao 13) Ol purd o g2
14.21 8.06 6.04 6.81 - e

CV (%)

.L.'T:LZL;:)‘)L;'M J)’\I;ﬁ-\éﬁjr.k«nsjwjéoj\ Ju:;—‘chﬂjéjbbé.u ) e éﬁ)\r.;jkzﬁjim

**  * means the presence of a significant difference at the probability level of 1 and 5 percent, respectively,

" means the non-significant difference
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Table 7. Comparison of the mean of the interaction of drought stress and Biocher on flowers Physiological
traits of Althaea officinalis.

5 st BT e b JUENEE

)5 U5

Sl S RS
Flower dry weight Total flavonoid content ~ Total phenol content .
(%) (mg.g FW) (mg.g FW) Biochar Drought stress

54.33h 21.66" 64.98° 0
54.15" 20.77 64.44" 5% 100% FC
53.96" 20.66' 64.04" 10% (o3 Vee) (ol b b
53.81" 19.919 63.92¢ 20%
68.73° 23.41° 67.89° 0
67.17¢ 22.51° 65.05° 5% 75% FC
61.68 22.39¢ 64.95° 10% (o3 V0) (o5 b b
55.698 22.138 65.36° 20%
86.84° 32.59° 78.22° 0
86.58" 30.42° 76.06° 5% 50% FC
74,24 26.22° 68.17° 10% (o3 00) olos oad b
65.86° 23.96¢ 67.12¢ 20%
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In each column, the means that have at least one letter in common are not significantly different from each other

based on Duncan's test
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The effect of biochar on the Ion leakage of Althaea officinalis L. under drought stress.
(Different letters in each column indicate a significant difference).
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