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Abstract
Introduction
Drought and low organic carbon content are two main problems for agriculture in arid and
semiarid regions. Drought stress is responsible for at least 40% of crop losses in the world. The use
of biochar (BC) and hydrogels can decrease adverse effects of drought on the plant. The objective of
this study was to evaluate the effect of BC and hydrogel application on morphophysiological and

biochemical parameters of Salvia officinalis L. under drought stress (DS).

Materials and Methods

A factorial experiment with a randomized complete block design with three replicates was
conducted in the research greenhouse of the Meybod industrial town in 1398/2018 to investigate
the BC and hydrogel effects on the growth, physiological and biochemical characteristics of Salvia
officinalis L. under drought stress condition. The BC and hydrogel was applied by mixing dry soil
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at rates of 0, 10, and 20 ton BC.ha, 100, and 200 kg hydrogel.ha™ with three DS levels of D1
(irrigation in 80% field capacity (FC) as no-stress conditions), D2 (irrigation in 60% FC as mild-
stress conditions) and D3 (irrigation in 40% FC as severe-stress conditions). The growth
responses were examined included morpho-physiological (i.e., chlorophyll content, leaf area,
relative water content (RWC), ion leakage (IL), and phytochemical (i.e., antioxidant activity (AA)
and total phenolic content (TPC)) parameters.

Results and Discussion

Results showed that drought stress significantly decreased growth parameters and RWC while
increased IL, AA and TPC. Application of 200 kg hydrogel.ha™ and 20 ton BC.ha significantly
increased chlorophyll index, root and shoot dry weight compared to the control under severe
stress condition. At mild stress, all treatments significantly reduced the root:shoot ratio compared
to the control. However, in severe stress, only application of 10 and 20 ton BC.ha™' significantly
reduced this parameter compared to the control. In no stress and sever stress, use of 200 kg
hydrogel.ha increased RWC in plant in comparison with control (15.9 and 5.1% respectively).
Results indicated that 200 kg hydrogel.ha™ and 20 ton BC.ha treatments significantly decreased
IL and TPC in mild and sever stress conditions in comparison with control. All treatments
significantly decreased AA in severe stress and control has the highest amount of AA in this level
of drought. It seems that use of BC and hydrogel in soil increased soil water holding capacity and
improve soil structure. In addition, BC contains various elements that can improve plant
nutrition under drought stress. The amount of BC and hydrogel application is very important on
the effectiveness of these amendments on the plant characteristics under stress conditions.

Conclusion

The application of hydrogel and biochar could improve the growth indices, leaf relative water content
and reduce the total phenol concentration and antioxidant capacity in the plant under drought stress.
It seems that these amendments reduce the negative effect of drought stress on the plant by increasing
the soil water holding capacity, improving the structure and increasing the availability of nutrients for
the plant.

Keywords: Antioxidant activity, Ion leakage, Organic amendments, Relative Water Content,
Superabsorbent
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Table 1. Physicochemical properties of soil and biochar used in this study

Parameter Unit Soil Biochar
Clay % 19 -
Silt % 28 -
Sand % 53 -
Texture Sandy Loam -
pH 7.6 8.6
EC dS.cm™ 1.3 2.6
Organic Carbon % 0.52 53.5
Total nitrogen % 0.04 2.87
Available phosphorous mgkg?! 12.2 48.6
Available Potassium mg.kg! 235 523
Bulk Specific Gravity g.cm? 1.1 -
Field Capacity % 27.8 -
Biochar yield % - 313
Ash content % - 46.5
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Table 2. Variance analysis of measured traits of Salvia officinalis L. under the influence of amendments
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Block 2 135%™ 0.63" 94.3™
Drought (D) 2 251.25" 2146 716.57"
Amendments (A) 4 29.02" 34367 423.66"
DxA 8 0.84™ 7.56" 119.2™
Error 28 5.54 1.74 60.18
CV (%) 21.33 17.44 15.77

497253.5" 0.1™ 4.03™ 10.25™ 4.86™ 0.01%
642650
60211.2"
63621.5™

99.12" 2.7 27.57 3631.2" 1.22"

75.71" 75457 6.61™ 634.17  0.18"
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53485.5 6.26 508.7 3.56  21.07 0.01
15.8 6.59 19.7 18.19 1942 16.06

ns

., " not significant, significant at at 1 and 5% probability levels, respectively.
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Table 3. Mean comparison of the effect of drought (D1, D2, D3: 80, 60 and 40% Field Capacity (FC))
and amendments (Control, H1, H2: 0, 100, 200 kg Hydrogel.ha™'; B1, B2: 10, 20 ton biochar.ha™') on

evaluated traits of Salvia officinalis L.

Treatments Lateral shoot number Plant Height (cm) Leaf area (mm?)
D1 14.53a 56.22a 1699.7a

D2 12.03b 48.93b 1380b

D3 6.5¢ 42.4c 1312.2b
Treatments Lateral shoot number Plant height (cm) Root length (cm)
Control 9.56b 43.06b 18.61b

H1 10.33b 44.61b 18.47b

H2 11b 47.83b 24.01a

B1 10.17b 49.94b 24.33a

B2 14.11a 60.47a 22.83a

Values with different letters are significantly different at P < 0.05 according to LSD tests.
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Table 4. Variance analysis of RWC, ion leakage, total phenolic content and DPPH scavenging activity
of Salvia officinalis L. under the influence of amendments and drought

Mean Square

Source of variation df RWC Ion Total phenolic DPPH scavenging

leakage content activity
Block 2 2.44" 23.76™ 0.02™ 2.5™
Drought 2 602.8" 1652.9" 10.117 195.94™
Amendments 4 48.02" 108.3" 1.357 35.35"
Drought x Amendments 8 15.46™ 29.98 0.317 16.37"
Error 28 3.65 9.66 0.02 1.27
CV (%) 2.56 9.03 3.47 4.12
ns,, : not significant, significant at at 1 and 5% probability levels, respectively.

Table 5. Interaction effect of drought (D1, D2, D3: 80, 60 and 40% FC) and amendments (Control, H1, H2:
0, 100, 200 kg Hydrogel.ha™'; B1, B2: 10, 20 ton biochar.ha™) on evaluated traits of Salvia officinalis L.

-
=]
o] - - 2 b
oy %’6‘ % ) - ® g = .
3 g 2 2 5 e S
Eg =3 :£_ :_ 2 oo £ d4 fg
p A £§ Z @ £5® % & 38 %3 5¢
e EFEROS % g = E £y i
) e & g = ~ = S g =
» 5 & 5 -
b

Control 8.67bcd 40.20bcd 4.4bcd 31.20c  0.15de 74.90c 34.73d 4.22g  24.45gh
Hl  7.63bed 36.93¢c-f 5.53bc  33.84c 0.17de 79.51b 22.58g 4.47fg 25.85fg
H2 14.93a 40.87abc 6.37bc  45.27b 0.14de 86.82a 21.58g 3.82h  25.54fg
Bl 10.00b 41.23ab  5.53bc  28.30cd 0.22de 81.65b  25.8efg 3.74h  22.93hi
B2 15.20a 44.93a 3.83cd 67.57a  0.06e 85.71a 23.57fg 3.63h 21.21i

Control 6.43ef  34.97f 12.50a 15.8efg 0.81a  70.8def 35.02d 4.92d 28.42cde
H1  7.00def 35.50f 7.23b 13.50gh  0.55b 72.97cd 34.57d 4.64ef  26.65ef
H2  9.30bc 38.47b-f 6.27bc  19.3efg 0.32cd  73.26cd 28.37¢f 4.48fg 25.891g
Bl 5.80efg 38.27b-f 5.63bc 18.7efg 0.30cd 71.1def 30.9de 4.84de 27.02ef
B2  9.73bc  38.97b-f 4.9bcd 22.53de 0.22de 72.4cde 28.76ef 3.81h  25.9fg

Control 2.50i 26.96g 1.93d 2.251 0.87a 67.83f 46.9ab 6.04b  38.19a
H1  3.22hi  35.95¢f 6.43bc 7.17hi 0.89a 69.63ef 49.46a 5.52¢c  29.57¢
H2  4.00ghi 39.90b-e 11.53a 14.1fgh 0.82a 71.04de 41.23¢ 5.11d  28.96¢d
Bl 4.10ghi 36.40def 6.25bc  13.8fgh 0.44bc  69.36ef 50.52a 6.32a  31.74b

B2 4.80fgh 40.07b-e 11.97a 21.2def 0.57b 70.9def 42bc 4.97d  27.36def
Values with different letters are significantly different at P < 0.05 according to LSD tests.
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