https:/ijpb.ui.ac.ir/?lang=en
Journal of Plant Biological Sciences
E-ISSN: 3041-9603
Vol. 15, Issue 4, No. 58, winter 2023
Document Type: Research Paper
Received: 21/02/2024 Accepted: 03/12/2024

Morphophysiological responses and nutrient uptake of stevia (Stevia
rebaudiana Bertoni) to the application of biofertilizers and methyl
jasmonate under drought stress conditions

Fatemeh Roshdi!, Mohsen Movahhedi Dehnavi''"'*, Amin Salehi!, HamidReza
Balochi!

'Department of Agronomy and Plant Breeding, Faculty of Agriculture, Yasouj University, Yasouj, Iran.

Abstract

This research aimed to investigate the nutrient uptake and morphophysiological characteristics
of Stevia rebaudiana under biofertilizers and methyl jasmonate (MJ) application during drought
stress. A factorial experiment, based on an randomized complete block design (RCBD) with
three replications, was conducted in the research greenhouse of Yasouj University in 2021. The
first factor included three irrigation levels after 20%, 40%, and 60% depletion of available soil
water. The second factor comprised the application of Funneliformis mosseae, Bacillus subtilis,
and the control, while the third factor evaluated foliar application (75 uM) and non-application
of MIJ. Drought stress at 40% and 60% water depletion significantly reduced nitrogen and
phosphorus content, plant height, number of leaves, lateral branches, and root and shoot dry
weight compared to 20% water depletion. However, root colonization (tripled), soluble sugar
content (85.41%), catalase activity (12-fold), and leaf potassium content (73.67%) increased
under drought. Biofertilizers enhanced most of these traits across all stress levels, except plant
height and shoot dry weight. Methyl jasmonate significantly improved leaf nitrogen,
phosphorus, potassium, soluble sugars, catalase activity, number of leaves, lateral branches, and
root dry weight but did not significantly impact root colonization, plant height, or shoot dry
weight. Overall, biofertilizers were effective in mitigating drought stress.
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Introduction

Stevia rebaudiana is a perennial plant with sweet leaves, approximately 300 times sweeter than
sucrose, and is widely cultivated worldwide, including in Iran. Drought stress is one of the most
significant environmental challenges limiting stevia production, negatively affecting growth,
development, and metabolic processes. Studies on Stevia under PEG-induced drought stress
have shown reduced chlorophyll and carotenoid content, increased ROS, MDA, electrolyte
leakage, and heightened enzymatic and non-enzymatic antioxidant activities. Harnessing the
symbiotic relationship between plants, mycorrhizal fungi, and growth-promoting bacteria is a
promising strategy to mitigate drought-induced damage. The ameliorative effects of mycorrhiza
in salinity and drought-stressed stevia have been demonstrated. For instance, in vitro cultivation
with mycorrhiza reduced electrolyte leakage and significantly increased root and shoot dry
weight. MJ, a novel plant growth regulator, enhances plant resistance to environmental stresses,
including drought. Its application has been associated with increased phenolic content and
antioxidant activity in stevia. This research was designed to evaluate nutrient uptake and
morphophysiological characteristics of stevia under biofertilizer and methyl jasmonate
application during drought stress.

Materials and methods

A factorial pot experiment was conducted in 2021 in the research greenhouse of the Faculty of
Agriculture at Yasouj University, Yasouj, Iran. The experiment followed an RCBD with three
replications. Drought stress was applied at three levels: irrigation after 20%, 40%, and 60%
depletion of available soil water. The biofertilizer treatments included a control, arbuscular
mycorrhizal fungus (Funneliformis mosseae), and Bacillus subtilis. Foliar application of MJ
was performed at two levels (0 and 75 uM). One-month-old stevia seedlings (at the two- to
three-leaf stage) were sourced from Zargiyeh Firouzabad Company. F. mosseae spores (120
spores/g soil) were obtained from the Hamadan Phytosanitary Clinic, and B. subtilis suspension
(108 CFU/g) from the Karaj Water and Soil Institute. Plastic pots (32x13x10 cm) were filled
with soil, leaving a 5 cm margin at the top. Mycorrhizal fungus (50 g per pot) was placed
beneath the roots, while seedling roots were dipped in the bacterial suspension before
transplanting into pots. Soil moisture was monitored using a soil moisture meter (Model 1-
150SM, AT, England) to manage drought stress levels. MJ (Sigma-Aldrich, W392707) was
foliar-sprayed one week before drought stress application, with a second spray three days later.
Measurements included root colonization, leaf nitrogen, phosphorus, and potassium content,
soluble sugar content, catalase activity, number of leaves, lateral branches, and root and shoot
dry weights.

Results and Discussion

Drought stress at 40% and 60% water depletion significantly decreased nitrogen and
phosphorus content, plant height, number of leaves, lateral branches, and root and shoot dry
weights compared to 20% water depletion. However, root colonization (tripled), soluble sugars
(85.41%), catalase activity (12-fold), and leaf potassium content (73.67%) significantly
increased under higher drought stress. Biofertilizers significantly improved most traits,
regardless of MJ application. Inoculation with biofertilizers also increased leaf potassium
content under drought, with or without methyl jasmonate. Key traits, including shoot weight
and leaf number, improved significantly with biofertilizers and methyl jasmonate under drought
conditions.
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Drought stress likely reduced nitrogen and phosphorus availability due to reduced transpiration,
active transport, membrane permeability, root growth, and nitrogen mineralization.
Biofertilizers (F. mosseae and B. subtilis) combined with MJ mitigated these effects by
enhancing leaf osmotic adjustment and antioxidative activity, leading to improved root and
shoot dry weights.

Conclusion

The findings demonstrate that biofertilizers (F. mosseae and B. subtilis) and MJ can mitigate
drought stress in stevia. These treatments enhanced nutrient uptake, osmotic adjustment, and
antioxidant activity while improving growth traits like root and shoot dry weights. To validate
these findings, further experiments under field conditions are recommended.
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Figure 1- Mean comparison of the interaction of biofertilizer and methyl jasmonate at each drought stress level for
plant height in Stevia. Non (non-use of biological fertilizer), B (bacteria), F (mycorrhiza), Mj (methyl jasmonate), Mj

(non-use of methyl jasmonate). At each level of methyl jasmonate and drought stress, at least one common letter
indicates no statistical difference between the means at the five percent probability level based on the L.S. Means

procedure. Bars indicate standard error.
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Table 2- Analysis of variance (mean square) of the effect of drought stress, biofertilizers and methyl jasmonate on some investigated traits in Stevia

Sources of d.f. Plant Number of Number Root dry Shoot dry Leaf Leaf Leaf Leaf Catalase Root
leaf per of lateral weight weight nitrogen phosphorus potassium soluble activity colonization
variation height plant branches content content content sugars
per plant content
Replication (R) 2 1.2 57.5 0.2 0.02 0.02 0.0009 1.1 1.1 3.08 16.3 55.1
Drought stress (D) 2 76.2% 71/6™ 0.8 1.3* 1.3* 8.3 16.8** 16.8** 17.7% 2928 1025 =
Biofertilizer (F-B) 2 6.7™ 299* 0.7* 03" 0.1° 19.6* 29.2* 29.2* 43.2% 632 13595
Methyl jasmonate (Mj) 1 25.1° 9.3m™ 0.06" 0.9* 0.01™ 2.3 9.5 9.7 120 117 26.7"
(D) x (F-B) 4 36.1° 181° 0.06" 0.7+ 0.06* 0.9 0.8" 0.89 3.28™ 78.5™ 790 =
(D) x (Mj) 2 1.4m 192™ 1.04* 1.2* 0.6* 0.007 ™ 0.2 0.2 8.82° 19.4* 340
(F-B)x (Mj) 2 28* 93.5" 0.7* 1.9* 0.03™ 0.4* 0.7 0.7¢ 3.39™ 2,72 1140
(D) x(F-B)x (Mj) 4 21.4* 422 0.7* 2.0 0.4+ 0.1° 0.04" 0.04" 16.3* 7.75* 417+
Error 34 5.4 82.5 0.1 0.1 0.01 0.03 0.1 0.7 243 2.45 67.2
C.V (%) 9.5 21.0 27.2 16.3 9.3 0.9 42 42 11.2 8.17 133

ns, * and ** indicate no significant difference, significant at 0.05 and 0.01 percent of probability levels, respectively.
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Figure 2- Mean comparison of the interaction of biofertilizer and methyl jasmonate at each drought stress level for

number of leaves per plant in Stevia. Non (non-use of biological fertilizer), B (bacteria), F (mycorrhiza), Mj (methyl

jasmonate), Mj (non-use of methyl jasmonate). At each level of methyl jasmonate and drought stress, at least one
common letter indicates no statistical difference between the means at the five percent probability level based on the

L.S. Means procedure. Bars indicate standard error.
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Figure 3- Mean comparison of the interaction of biofertilizer and methyl jasmonate at each drought stress level for
number of lateral branches in Stevia. Non (non-use of biological fertilizer), B (bacteria), F (mycorrhiza), Mj (methyl

jasmonate), Mj (non-use of methyl jasmonate). At each level of methyl jasmonate and drought stress, at least one
common letter indicates no statistical difference between the means at the five percent probability level based on the

L.S. Means procedure. Bars indicate standard error.
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Figure 4- Mean comparison of the interaction of biofertilizer and methyl jasmonate at each drought stress level for
root dry weight in Stevia. Non (non-use of biological fertilizer), B (bacteria), F (mycorrhiza), Mj (methyl jasmonate),

_Mj (non-use of methyl jasmonate). At each level of methyl jasmonate and drought stress, at least one common letter
indicates no statistical difference between the means at the five percent probability level based on the L.S. Means

procedure. Bars indicate standard error.
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Figure 5- Mean comparison of the interaction of biofertilizer and methyl jasmonate at each drought stress level for
shoot dry weight in Stevia. Non (non-use of biological fertilizer), B (bacteria), F (mycorrhiza), Mj (methyl
jasmonate), Mj (non-use of methyl jasmonate). At each level of methyl jasmonate and drought stress, at least one
common letter indicates no statistical difference between the means at the five percent probability level based on the
L.S. Means procedure. Bars indicate standard error.
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Figure 6- Mean comparison of the interaction of biofertilizer and methyl jasmonate at each drought stress level for

leaf nitrogen content in Stevia. Non (non-use of biological fertilizer), B (bacteria), F (mycorrhiza), Mj (methyl

jasmonate), Mj (non-use of methyl jasmonate). At each level of methyl jasmonate and drought stress, at least one
common letter indicates no statistical difference between the means at the five percent probability level based on the

L.S. Means procedure. Bars indicate standard error.
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Figure 7- Mean comparison of the biofertilizer at each methyl jasmonate levels for leaf phosphorus content in Stevia.

Non (non-use of biological fertilizer), B (bacteria), F (mycorrhiza), Mj (methyl jasmonate), Mj (non-use of methyl
jasmonate). At each level of methyl jasmonate, at least one common letter indicates no statistical difference between

the means at the five percent probability level based on the L.S. Means procedure. Bars indicate standard error.
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Figure 8- Mean comparison of the biofertilizer at each methyl jasmonate levels for leaf potassium content in Stevia.

Non (non-use of biological fertilizer), B (bacteria), F (mycorrhiza), Mj (methyl jasmonate), Mj (non-use of methyl
jasmonate). At each level of methyl jasmonate, at least one common letter indicates no statistical difference between

the means at the five percent probability level based on the L.S. Means procedure. Bars indicate standard error.
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Figure 9- Mean comparison of the biofertilizer at each drought stress levels for leaf potassium content in Stevia. Non

(non-use of biological fertilizer), B (bacteria), F (mycorrhiza). At each level of methyl jasmonate, at least one
common letter indicates no statistical difference between the means at the five percent probability level based on the

L.S. Means procedure. Bars indicate standard error.
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Figure 10- Mean comparison of the interaction of biofertilizer and methyl jasmonate at each drought stress level for
leaf soluble sugars in Stevia. Non (non-use of biological fertilizer), B (bacteria), F (mycorrhiza), Mj (methyl

jasmonate), Mj (non-use of methyl jasmonate). At each level of methyl jasmonate and drought stress, at least one
common letter indicates no statistical difference between the means at the five percent probability level based on the

L.S. Means procedure. Bars indicate standard error.
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Figure 11- Mean comparison of the interaction of biofertilizer and methyl jasmonate at each drought stress level for
catalase enzyme activity in Stevia. Non (non-use of biological fertilizer), B (bacteria), F (mycorrhiza), Mj (methyl
jasmonate), Mj (non-use of methyl jasmonate). At each level of methyl jasmonate and drought stress, at least one
common letter indicates no statistical difference between the means at the five percent probability level based on the

L.S. Means procedure. Bars indicate standard error.
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Figure 12- Extra- and intra-root organs of arbuscular mycorrhizal fungi observed in Stevia plant root.
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Figure 13- Mean comparison of the interaction of biofertilizer and methyl jasmonate at each drought stress level for
root colonization percentage in Stevia. Non (non-use of biological fertilizer), B (bacteria), F (mycorrhiza), Mj (methyl
jasmonate), Mj (non-use of methyl jasmonate). At each level of methyl jasmonate and drought stress, at least one
common letter indicates no statistical difference between the means at the five percent probability level based on the

L.S. Means procedure. Bars indicate standard error.
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