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Abstract

Drought is one of the most important environmental stresses that limits the growth and production
of agricultural products worldwide. Nowadays, the use of biostimulants in agriculture to enhance
plant growth and performance under abiotic stresses has attracted considerable attention.
Accordingly, in order to investigate the effect of vegetal protein hydrolysates (VPHSs) application (as
foliar application at concentrations of 2 and 4 ml L™, fertigation at concentrations of 1.5 and 3 ml L
1 and control without protein application) under drought stress conditions (40, 70 and 100% of field
capacity) on some morphological, physiological and phytochemical characteristics of sage (Salvia
officinalis), a pot experiment was conducted as a factorial experiment in completely randomized
design with three replications. The results showed that drought stress reduced plant height, stem
diameter, leaf number, leaf and stem fresh and dry weight, chlorophyll content, net photosynthesis
rate, stomatal conductance, transpiration, leaf nitrogen, phosphorus and potassium content, essential
oil content and yield. However, the use of VPHs, improved growth indices, photosynthetic pigments
and parameters, enhanced the uptake of nitrogen, phosphorus and potassium, and increased essential
oil content and yield. So that in the fertigation treatment with a concentration of 3 ml L, plant height,
stem diameter, number of leaves, leaf dry weight, total chlorophyll content, net photosynthesis rate,
leaf nitrogen content, essential oil content and yield increased by 52.29, 12.38, 28.94, 39.66, 21.78,
20.1, 72.48, 13.14 and 60.87 percent, respectively, compared to the treatment without protein
application. The findings of this study showed that VPHSs can be used as an effective biostimulant to
improve growth and nutrition and increase essential oil production of medicinal plants under drought
stress conditions.
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Table 1. Some physical and chemical properties of the soil used in the study

FC N P K o.M EC pH Soil Texture
(%) (%) (mgkg?!) (mgkg™) (%) (dSm?)
18 0.15 9.12 237 0.97 0.69 7.72  Sandy Clay Loam
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Table 2. Effect of vegetal protein hydrolysates on some growth parameters of sage (S. officinalis) under different
drought stress levels

Drought VPHs Plant Stem Leaf No. Leaf fresh Leaf dry Stem fresh Stem dry
stress treatment Height diameter weight (g weight (g weight (g weight (g
(%FC) (cm) (mm) plant?) plant ) plant?) plant?)
100 30.67g 2.19bc 14.11de 7.92 2.67c 3.95def 1.93d
70 Control 22.22n 1.99e 13.44efg 7.43 2.49cd 2.169 1.22fg
40 17.220 1.88f 12.67g 6.35 1.97ef 1.98g 0.969
100 43.33b 2.26b 19.67ab 11.96 3.7ab 6.8a 2.9a
70 Felb 35.11e 2.19bc 15.56¢d 10 3.24hc 5.01c 2.4c
40 27.87i 2.02e 13.67efg 8.25 2.6¢ 2.45¢9 1.45¢f
100 47a 2.36a 20a 12.27 4a 6.4ab 2.72ab
70 Fe3 30.89f 2.26b 16.44c 10.22 3.54ab 5.15¢ 2.44hc
40 28.89% 2.19bc 15.67c 8.94 2.42cde 3.3f 1.7de
100 36.78c 2.21bc 18.11b 10.85 3.53ab 6b 2.46bc
70 Fo2 27.11j 2.13c 14ef 8.8 2.67c 4.69cd 2.29c
40 25.56k 2.05de 13.33¢f 7.55 2.12de 3.85ef 1.73bc
100 36.5d 2.21bc 17.8b 11.78 3.79b 6.56ab 2.88a
70 Fo4 24.561 2.19bc 16.11c 9.95 3.48b 4.63cd 2.46bc
40 23.78m 2.09d 14ef 8.17 2.5cd 4.12de 1.93d
FC

100 38.86 2.24 17.93 10.95a 3.54 5.94 2.58
70 27.98 2.15 15.11 9.28b 3.08 433 2.16
40 24.65 2.04 13.86 7.85¢ 2.32 3.14 1.55
VPHs

0 23.37 2.02 13.44 7.23c 2.37 2.69 1.37
Fel5 35.41 2.15 16.3 10.06a 3.18 4,75 2.25
Fe3 35.59 2.27 17.33 10.47a 331 4.95 2.28
Fo2 29.82 2.13 15.14 9.06b 2.77 484 2.16
Fo4 28.28 2.16 16 9.96b 3.25 51 242
FC *% *% *% **k **k ** **
VPHS *%* *% *%* *% *% *% *%
FCXVPHS k3 *% *% ns *% *%k *%k

VPHSs: Vegetal protein hydrolysates, Fe1.5 and Fe3: Fertigation at concentrations of 1.5 and 3 ml L™%; Fo2 and Fo4: Foliar application at

concentrations of 2 and 4 ml L.

ns and ** are non-significant and significant at p<0.01, respectively.

The means in each column followed by similar letter(s) are not significantly different using Duncan’s test (p<0.05)
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Table 3. Effect of vegetal protein hydrolysates on chlorophyll content and photosynthesis parameters of sage (S.
officinalis) under different drought stress levels

Drought VPHs Chla Chlb Total Chl P, (umol CO;, gs (mmol E (mmol H,O
stress treatment (mg gt FW) (mg gt FW) (mg gt FW) m2s?) m2S?) m2s)
(%FC)

100 2.19 1.06 3.25 10.58e 42.8l 3.02cd
70 C 1.93 0.85 2.78 6.79) 29.3m 2.07e
40 1.69 0.69 2.38 5.030 20.6n 0.24i
100 2.46 1.10 3.56 11.31b 77.5¢ 6.02a
70 Felb 2.36 0.98 3.34 8.83h 73.8f 4.53b
40 2.03 0.89 2.92 5.23n 51.6i 1.12f
100 2.58 1.15 3.73 10.73c 80.5b 4.63b
70 Fe3 2.37 1.05 3.42 10.65d 76.56d 3.70c
40 2.16 0.92 3.08 5.50m 52i 0.70g
100 2.28 1.07 3.35 11.99a 76.5e 3.01cd
70 Fo2 2.17 0.95 3.12 8.50i 689 3.01cd
40 2.02 0.90 2.92 5.571 48.76j 0.34hi
100 2.35 111 3.46 10.10f 84.8a 3.11cd
70 Fo4 2.23 1.03 3.26 9.569 65.7h 2.28de
40 2.08 0.95 3.03 5.83k 47.9k 0.37hi
FC

100 2.37a 1.09a 3.46a 10.94 72.42 3.95
70 2.21b 0.97b 3.18b 8.87 62.67 311
40 1.99c 0.87c 2.86¢ 5.43 44.16 0.55
VPHs

0 1.93d 0.86b 2.8d 7.46 30.9 1.77
Felb 2.28b 0.99a 3.27b 8.45 67.63 3.89
Fe3 2.37a 1.04a 3.41a 8.96 69.69 3.01
Fo2 2.15¢ 0.97a 3.13c 8.68 64.42 212
Fo4 2.22bc 1.03a 3.25b 8.49 66.13 1.92
FC **k *% *% *% *x *x
VPHS *% *%x *%x *%x ** **
FCxVPHs ns ns ns ** ** **

VPHs: Vegetal protein hydrolysates, Fe1.5 and Fe3: Fertigation at concentrations of 1.5 and 3 ml L™; Fo2 and Fo4: Foliar application at

concentrations of 2 and 4 ml L.

ns and ** are non-significant and significant at p<0.01, respectively.

The means in each column followed by similar letter(s) are not significantly different using Duncan’s test (p<0.05).
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Table 4. Variance analysis of drought stress effect on mineral content and essential oil content and yield of sage

(S. officinalis) treated by vegetal protein hydrolysate

Mean square

Sources of variations df N P K EO content EO yield
Drought (D) 2 3.66™ 0.18™  8.87" 0.44™ 0.14™
Protein (P) 1.06™ 0.027  2.42™ 0.055™ 0.02™
PxD 8 0.24™ 0.005"™  0.19" 0.009" 0.002"
Experimental error 30 0.018 0.003 0.4 0.005 0.001
C.V (%) 8.65 18.58 19.64 4.82 114

EO: Essential oil
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ns, * and ** are non-significant and significant at p<0.05 and p<0.01, respectively.
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Figure 1. Interaction effects of drought stress and vegetal protein hydrolysates on leaf nitrogen content
Fel.5 and Fe3: Fertigation of Vegetal protein hydrolysates at concentrations of 1.5 and 3 ml L™%; Fo2 and
Fo4: Foliar application of Vegetal protein hydrolysates at concentrations of 2 and 4 ml L.
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Figure 2. Effects of drought stress and vegetal protein hydrolysates (VPHSs) on leaf phosphorus content
Fel.5 and Fe3: Fertigation of VVPHSs at concentrations of 1.5 and 3 ml L™; Fo2 and Fo4: Foliar application of
VPHs at concentrations of 2 and 4 ml L
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Figure 3. Effects of drought stress and vegetal protein hydrolysates (VPHSs) on leaf potassium content
Fel.5 and Fe3: Fertigation of VPHSs at concentrations of 1.5 and 3 ml L; Fo2 and Fo4: Foliar application of
VPHs at concentrations of 2 and 4 ml L%,
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Figure 4. Interaction effects of drought stress and vegetal protein hydrolysates on essential oil percentage
Fel.5 and Fe3: Fertigation of Vegetal protein hydrolysates at concentrations of 1.5 and 3 ml L; Fo2 and Fo4:
Foliar application of VVegetal protein hydrolysates at concentrations of 2 and 4 ml L™!
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Figure 5. Interaction effects of drought stress and vegetal protein hydrolysates on essential oil yield
Fel.5 and Fe3: Fertigation of Vegetal protein hydrolysates at concentrations of 1.5 and 3 ml L%; Fo2 and Fo4:
Foliar application of VVegetal protein hydrolysates at concentrations of 2 and 4 ml L-
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