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Abstract

Vetiveria zizanioides is ideal in maintaining soil and water, and is widely used for remediation of soil
contaminated by heavy metals. However, it is affected by high-temperature stress. In this study, Vetiveria
zizanioides plants were sprayed with 6-BA and ABA in a growth chamber 1 d before heat stress treatment, then
the plants were subjected to high-temperature conditions. Relative water content, relative electrical
conductivity, contents of ascorbic acid (AsA) and reduced glutathione (GSH) as the antioxidative substances,
and content of malondiadehyde (MDA) were determined. Also, the antioxidative enzyme activities and the
osmoprotectants levels were detected. Diaminobenzidine (DAB) staining of leaves and roots in Vetiveria
zizanioides was observed for determination of hydrogen peroxide accumulation. The results showed that
relative water content was decreased, relative electrical conductivity and MDA content were increased by the
heat stress treatment. Under high-temperature conditions, relative water content was increased and relative
electrical conductivity was decreased by 6-BA and ABA treatments. At the middle and the late stages of the
heat stress treatment, activities of superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT), and
the contents of ASA and GSH in leaves of the 6-BA-treated and ABA-treated plants were significantly higher,
whereas the MDA content was significantly lower than those in the high-temperature controls. Hydrogen
peroxide accumulation levels in the 6-BA-treated and ABA-treated leaves and roots were lower than in the
high-temperature controls. Contents of soluble sugar, sucrose, and glucose in the 6-BA-treated and ABA-
treated leaves were significantly higher than those in the high-temperature controls. Proline content in the 6-
BA-treated and ABA-treated leaves was stable. The results suggested that the enhancement of the heat
resistance by 6-BA and ABA treatments was correlated with the activation of the antioxidant system, as well as
the sugar-based osmoprotectant.
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Introduction

Vetiveria zizanioides (Linn.) Nash, known as vetiver grass, a perennial plant, is ideal in maintaining soil
and water (Mickovski and van Beek, 2009). Also, it is widely used for remediation of soil contaminated with
heavy metals (Paz-Alberto ez al.,2007). The planting areas of vetiver grass are located in tropical and subtropical
regions, where temperature is extremely high in summer. The plants may seriously be affected by high-
temperature stress. Therefore, it is essential to improve the heat resistance of vetiver grass for its application
and promotion.

In recent years, climate change and global warming frequently result in extreme weather, including
extremely high temperatures. Plants have developed a set of protective mechanisms during long-term
adaptation to environmental stress. Reactive oxygen species (ROS) accumulate when plants are under stressful
conditions. Plants can activate their enzymatic defense systems such as superoxide dismutase (SOD),
peroxidase (POD), catalase (CAT), and non-enzymatic defense systems such as ascorbic acid (AsA) and
reduced glutathione (GSH) to improve ROS scavenging capacity (You and Chan, 2015). Cytokinin (CTK)
and abscisic acid (ABA) have been shown to enhance plant tolerance to abiotic stresses (Zhou ez al., 2005; Dias
et al., 2014; Gupta and Rashotte, 2017). ABA can improve plant resistance by increasing the activity of
antioxidant enzymes and the level of antioxidant substances in elms and Stylosanthes guianensis (Zhou et al.,
2005; Dias ez al., 2014). Cytokinin can enhance the plant scavenging system, reduce the attack of ROS on
photosynthetic membranes and thus maintain high photosynthetic efficiency under stressful conditions
(Wang 2000; Cortleven ez al., 2019). Our previous studies have shown that ABA and CTK effectively
improved drought resistance in Vetiveria zizanioides (Hu et al., 2015). However, the effects of these plant
growth regulators on heat tolerance of Vetiveria zizanioides have not been reported.

In this paper, Vetiveria zizanioides plants were sprayed with 6-benzyladenine(6-BA) and ABA under
normal temperature conditions, then subjected to high-temperature stress 1 d later. Physiological and
biochemical changes of the Vetiveria zizanioides plants under stressful conditions, as well as the effects of 6-
benzyladenine(6-BA) and ABA on the plants were studied, with the aim to provide a theoretical basis for
improving the heat tolerance of Vetiveria zizanioides.

Materials and Methods

Plant material and experiment procedures

‘Sunshine' Vetiveria zizanioides seedlings were grown in greenhouses in the College of Horticulture,
South China Agricultural University. Vetiveria zizanioides seedlings with similar number of tillers were
transplanted into 15 cm diameter plastic pots with a 5:1 mixture of peat soil and perlite. Each pot was planted
with 5 seedlings. Fifteen days after transplanting, 12 pots with 60 seedlings were moved to a controlled growth
chamber with high temperature (Chamber I, 06:00-18:00, 43 °C, 18:00-06:00, 38 °C), and 4 pots with 20
seedlings were transferred to another room with normal temperature (Chamber I, 06:00-18:00, 28 °C, 18:00-
06:00, 23 °C). 12 pots were evenly divided into 3 groups, and sprayed with distilled water (CK1), 15 mgL" 6-
BA (6-BA treatment), and 10 mg L' ABA (ABA treatment), respectively, kept in normal temperature for 24
h. Then the plants were transferred to Chamber I for heat stress treatment. The remaining 4 pots were sprayed
with distilled water and transferred to Chamber II as normal temperature control (CK2). The distilled water
or solutions contained 0.01% Tween-20. All the seedlings were watered daily to keep the soil moist. The second
or third leaves of the seedlings were collected at 1, 3, 5,7, and 9 d after high-temperature treatment.
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Determination of relative electrical conductivity and relative water content

The second mature leaves of Vetiveria zizanioides were collected for determination of relative electrical
conductivity and relative water content. Relative electrical conductivity was detected according to the method
of Blum and Ebercon (1981). Relative water content was determined as described by Zhou ez /. (2005).

Determination of MDA content

MDA content was detected using the method described by Huang and Guo (2005). The colorimetric
method of thiobarbituric acid was used to determine the OD values at the wavelengths of 532 nm and 600 nm.
The MDA content (mM) was calculated according to the formula: (OD532 nm -OD600 nm )/(1.55 X 10°).

Determination of SOD, CAT, and POD activities

Leaves were ground in phosphate buffer (50 mmol L, pH7.8, containing 2% polyvinylpyrrolidone) in
an ice bath, centrifuged at 13000 X g for 20 min at 4°C. The supernatant was the enzyme extract. SOD activity
was determined by the method of Giannoplitis and Ries (1977). CAT activity was determined by the method
of Chance and Maehly (1955). POD activity was determined by the method of Kraus and Fletcher (1994).

Determination of AsA and GSH content
Leaves were extracted by grinding with 5 mL of 5% trichloroacetic acid solution, centrifuged for 15 min

at 10 000 X gat 4 °C, and the supernatant was fixed to 5 mL for the determination of AsA and GSH according
to the method of Law ez a/. (1983).

Determination of proline content
Leaves were extracted with 3% sulfosalicylic acid solution, mixed, and extracted in a boiling water bath
for 10 min, filtered. The filtrate was proline extract. Proline content was determined according to the method

of Xiao and Wang (2005).

Determination of soluble sugar content

Ground leaves 0.25 g were extracted with 5.0 mL 80% ethanol in a boiling water bath for 0.5 h, shaken
repeatedly, and centrifuged at 6 000 X g for 5.0 min. The residue was extracted again with 3 mL 80% ethanol,
combined supernatant, added 0.1 gactivated carbon, shaken several times, and filtered. The filtered residue was
washed with 2.0 mL of 80% ethanol, and the filtrate was fixed to 8.0 mL, as the soluble sugar extraction
solution. Total soluble sugars and sucrose were determined according to the method of Xue (1985). Glucose
content was determined according to the method of Yang ez al. (2014).

Determination of hydrogen peroxide content
Observations were made using diaminobenzidine (DAB, Diaminobenzidine) tissue staining method
according to the method of Guan and Scandalios (2000).

Experimental data analysis
Significance of differences was analyzed according to Duncan's new complex polarization method with
a significance level of 0.05, using the software DPS (7.05).
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Results

Effects of 6-BA and ABA on the growth of Vetiveria zizanioides plants under high temperature stress

As shown in Figure 1, plants of the normal temperature control (CK2) grew well with upright and dark
green leaves, while the leaves of the high-temperature control (CK1) wilted and curled. Under high
temperature condition, the 6-BA and ABA treated leaves were green, and the yellowish area of the leaves was
less than that of the CK1. The results showed that plant growth was inhibited by high-temperature stress, while
exogenous application of 6-BA and ABA could reduce the inhibition.

Figure 1. Phenotype of the Vetiveria zizanioides plants 9 d after 6-BA and ABA treatments under high-

temperature conditions
From left to right are CK1 (high-temperature control) plants, 6-BA treated plants under high-temperature conditions,
ABA treated plants under high-temperature conditions, and CK2 (normal temperature control) plants, respectively

Effects of 6-BA and ABA on the relative water content and relative electrical conductivity of leaves

As shown in Figure 2, relative water content (RWC) of Vetiveria zizanioides leaves showed a decreasing
trend under high-temperature conditions. At day 9, leaf RWC decreased to 17.2%. RWC of the ABA and 6-
BA treated leaves maintained at a higher level compared to that of the CK2, and was significantly higher than
that of the CK1 after 5 and 9 d of treatment. Relative electrical conductivity of the CK1 leaves showed a sharply
increasing trend, while that of the ABA and 6-BA treated leaves increased slowly and remained at a low level
and was similar to that of the CK2.

Effects of 6-BA and ABA on SOD, CAT, POD activities and MDA content

As shown in Figure 3A, the SOD activity of the high-temperature (CK1) treated leaves showed a
decreasing trend. The activity was significantly lower than that of the CK2, the 6-BA and ABA treated leaves
at 7 and 9 d time points. The CAT activity in the CK2 leaves showed a relatively stable trend and remained at
a high level, while that of the CK2, the 6-BA and ABA treated leaves showed decreasing trends. Under high-
temperature conditions, the CAT activity of the 6-BA and ABA treated leaves was significantly higher than
that of the high-temperature control at the 7 and 9 d time points (Figure 3B).
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Figure 2. Effects of 6-BA and ABA on relative water content and relative electrical conductivity of
Vetiveria zizanioides leaves under high-temperature conditions

CK1, high-temperature control. CK2, normal temperature control. Bars on the columns indicate stand errors (n=4).
Different letters indicate significant differences at P<0.05 level among treatments at the same time point according to
Duncan’s multiple range test.
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Figure 3. Effects of 6-BA and ABA treatments on SOD (A), CAT (B), POD (C) activities and MDA (D)
content of Vetiveria zizanioides leaves

CK1, high-temperature control. CK2, normal temperature control. Bars on the columns indicate stand errors (n=4).
Different letters indicate significant differences at P<0.05 level among treatments at the same time point according to
Duncan’s multiple range test.
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POD activity in the CK2 leaves showed a relatively stable trend and remained at a high level, while that
of the CK1 showed a decreasing trend. Under high-temperature conditions, the POD activities of the 6-BA
and ABA treated leaves were significantly higher than that of the high-temperature control at the 7 and 9 d
time points (Figure 3C).

The MDA content of the high-temperature control leaves showed an increasing trend, while that of the
CK2, 6-BA, and ABA treated leaves showed a stable trend and remained low. There were no significant
differences among the CK2, 6-BA, and ABA treated leaves (Figure 3D).

Effect of 6-BA and ABA on the accumulation levels of H>O: in leaves and roots

DAB staining represents the level of H,O, accumulation. The darker staining indicated more H,O,
accumulation. As shown in Figure 4, the accumulation of H,O, in CK2, 6-BA, and ABA treated leaves and
roots was less than in the high-temperature control ones (Figure 4, A and B).
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Figure 4. Hydrogen peroxide accumulation of the 6-BA and ABA treated leaves (A) and roots (B) in
Vetiveria zizanioides indicated by DAB staining

From the left to the right are CK1 (high-temperature control) tissues, 6-BA treated tissues under high-temperature
conditions, ABA treated tissues under high-temperature conditions, and CK2 (normal temperature control) tissues,
respectively.

Effect of 6-BA and ABA on AsA and GSH contents of Vetiveria zizanioides

As shown in Figure 5A, AsA content in the CK2 leaves showed a relatively stable trend, while that in
the high temperature treated leaves increased and then decreased. The AsA content in the 6-BA and ABA
treated leaves showed an overall increasing trend. At the 7 and 9 d time points, AsA content in the 6-BA and
ABA treated leaves was significantly higher than that in the CK1 and CK2.

GSH content of the CK2 leaves was stable, while that of the high-temperature treated leaves decreased
during the treatment. The content in CK1 was only 35.0% of that in CK2 at the 7 d time point. At the 7 and
9 d time points, the GSH content of the 6-BA and ABA treated leaves was significantly higher than that of the
CK2 (Figure 5B).
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Figure 5. Effects of 6-BA and ABA on AsA (A) and GSH (B) contents of Vetiveria zizanioides leaves. CK1,

high-temperature control
CK2, normal temperature control. Bars on the columns indicate stand errors (n=4). Different letters indicate
significant differences at P<0.05 level among treatments at the same time point according to Duncan’s multiple range

test.

Effect of 6-BA and ABA on sugar and proline contents in Vetiveria zizanioides

As shown in Figure 6A, total soluble sugar content of the CKI1 leaves increased at the 3 d time point,
then decreased, while that of the CK2 was stable. Total soluble sugar content of the 6-BA and ABA-treated
leaves showed an increasing trend until 7 d of treatments. Moreover, at 5,7, and 9 d time points, the content
was significantly higher than that of the CK1. Sucrose and glucose contents of the treatments showed similar
trends as those of the total soluble sugar contents. Also, at 5, 7, and 9 d time points, they were significantly
higher than those of the CK1 (Figure 6, B and C).
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Figure 6. Effects of 6-BA and ABA on sugar and proline contents in Vetiveria zizanioides leaves
A, total soluble sugar content. B, sucrose content. C, glucose content. D, proline content. CK1, high-temperature
control. CK2, normal temperature control. Bars on the columns indicate stand errors (n=4). Different letters indicate

significant differences at P<0.05 level among treatments at the same time point according to Duncan’s multiple range
test.

At normal temperature, the proline content of the leaves remained stable. Under high-temperature
conditions, that of the CK1 increased to the highest level on day 5 and then decreased. Proline content of the
6-BA and ABA-treated leaves was stable and was significantly lower than that of the CK1 (Figure 6D).

Discussion

When plants are subjected to stressful conditions, membrane structure may change, and membrane
permeability increases, resulting in electrolyte leakage. The level of electrolyte leakage is measured by relative
electrical conductivity (Takashima et 4/., 2021). Also, lipid peroxidation in the membrane may occur, and the
lipid peroxidation product MDA accumulates (El-Beltagi and Mohamed, 2013). In the present study, we
determined the relative electrical conductivity and the MDA content in the leaves of the Vetiveria zizanioides
plants. We found that they were increased by the heat stress, suggested that heat stress could affect membrane
by increasing their membrane permeability and lipid peroxidation levels. Interestingly, when the Vetiveria

zizanioides plants were sprayed with 6-BA and ABA 1 d before subjected to heat stress, their membrane
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permeability and lipid peroxidation levels were less than those of the heat stress control, indicating that
exogenous application of 6-BA and ABA could reduce membrane damage, hence increase heat resistance of
Vetiveria zizanioides plants.

The plant hormone ABA is known as a signaling substance and is induced by abiotic stresses (Hewage
et al., 2020). Exogenous application of ABA can promote the recovery of Zea mays seedlings from heat stress
(Bonham-Smith ez al.,, 1988). Cytokinin (CTK) is another crucial hormone involved in plant growth and
development, as well as plant responses to stresses (Cortleven e al., 2019). Exogenous application of CTK
enhanced the heat tolerance of creeping bentgrass (Liu and Huang, 2002). In accordance with these previous
studies, our results also showed that exogenous application of ABA, and 6-BA, a kind of CTK, enhanced heat
resistance of Vetiveria zizanioides by reducing membrane permeability and lipid peroxidation levels. The water
status of the plant indicated by RWC was also kept by ABA and 6-BA treatments under high-temperature
conditions. Further confirmed that ABA and 6-BA increased the heat resistance of Vetiveria zizanioides.

When plants are under heat stress conditions, ROS such as superoxide radical, hydroxyl radical, and
H,O, may accumulate. The accumulated ROS may damage the cellular components. Plants can activate their
antioxidant system to scavenge ROS (Asthir, 2015). To further investigate the mechanism of the enhancement
of heat resistance by the ABA and the 6-BA treatments, we determine the H,O; level and the ROS scavenging
system of the treated plants and the control plants, including the antioxidant enzymes SOD, POD, CAT, and
the antioxidant substances AsA and GSH. The results showed that the ABA and 6-BA treated Vetiveria
zizanioides plants had higher activities of SOD, POD, CAT, and contents of AsA and GSH, a lower level of
H.O,, compared with the untreated plants under heat stress conditions. These results indicated that ABA and
6-BA activated the ROS scavenge system in the Vetiveria zizanioides plants, and resulted in a relatively lower
level of H,O, under heat stress conditions. The increase in the heat resistance of the Vetiveria zizanioides plants
was related to the activation of the ROS scavenging system by ABA and 6-BA.

When faced with stresses, plants can accumulate compatible solutes to counteract water efflux to
maintain growth and development (Sangu e 4/., 2015; Xia ¢t al., 2020). These compatible solutes are regarded
as osmoprotectants, e.g., proline, sugars (Chen ez 4/., 2007). Under heat stress conditions, the ABA and 6-BA
treated Vetiveria zizanioides plants had high levels of osmoprotectants, including sucrose and glucose, as well
as the total soluble sugar, indicating that exogenous application of ABA and CTK could increase the sugar-
based osmoprotectant. However, the proline-based osmoprotectant did not show similar trends. Though we
did not find induction of proline by ABA and CTK treatments. An increase in the Vetiveria zizanioides plants
under heat stress conditions was observed. Similar to the Sorghum bicolour plant under heat stress conditions
(Gosavi et al., 2014). Exogenous application of proline enhances heat resistance of Vigna radiata (Priya et al.,
2019). Our result suggested that the increase in the heat resistance by ABA and CTK was related to the increase
in sugar-based osmoprotectant, not the proline-based osmoprotectant.

In the present studies, we focused on the physiological and biochemical mechanism of the ABA and CK
induced resistance in Vetiveria zizanioides plants. It seems that the activation of the heat resistance by ABA and
CTK also involved transcriptomic and proteomic changes. Therefore, future studies should be carried out to
investigate the molecular mechanism of the ABA- and CTK-induced resistance in Vetiveria zizanioides plants.

Conclusions

6-BA and ABA treatments improved heat resistance of Vetiveria zizanioides. The enhancement of the
heat resistance in Vetiveria zizanioides was related to increase in the activities of the antioxidant enzymes SOD,

CAT, POD, the contents of the antioxidant substances AsA, GSH, and the sugar-based osmoregulatory ability
of the 6-BA and ABA treated plants.



WuJ etal. (2022). Not Bot Horti Agrobo 50(3):12755
Authors’ Contributions

Methodology, JW, ZH and BZ; formal analysis, JW and YL; writing - original draft preparation, JW
and BZ; writing - review and editing, BZ and ZH; project administration, ZH; funding acquisition, BZ.
All authors read and approved the final manuscript.

Ethical approval (for researches involving animals or humans)

Not applicable.

Acknowledgements

This study was supported by the National Key Research and Development Program of China
(2018YFD1000302), the National Natural Science Foundation of China (32072515).

Conflict of Interests

The authors declare that there are no conflicts of interest related to this article.

References

Asthir B (2015). Mechanisms of heat tolerance in crop plants. Biologia Plantarum 59:620-
628. https://doi.org/10.1007/5s10535-015-0539-5

Bonham-Smith PC, Kapoor M, Bewley JD (1988). Exogenous application of abscisic acid or triadimefon affects the
recovery of Zea mays seedlings from heat shock. Physiologia Plantarum 73:27-30. hetps://doi.org/10.1111/5.1399-
3054.1988.tb09188.x

Chance B, Machly AC (1955). Assay of catalases and peroxidase. Methods in Enzymology 2:764-775.
bttps://doi.org/10.101 6/50076-6879(55)02300-8

Cortleven A, Leuendorf JE, Frank M, Pezzetta D, Bolt S, Schmulling T (2019). Cytokinin action in response to abiotic
and biotic stresses in plants. Plant Cell and Environment, 42:998-1018. hzzps://doi.org/10.1111/pce.13494

Dias MC, Oliveira H, Costa A, Santos C (2014). Improving elms performance under drought stress: The pretreatment
with abscisic acid. Environmental and Experimental Botany 100:64-73.
bttps://doi.org/10.1016/j.envexpbor.2013.12.013

El-Beltagi HS, Mohamed HI (2013). Reactive oxygen species, lipid peroxidation and antioxidative defense mechanism.
Notulae Botanicae Horti Agrobotanici Cluj-Napoca 44:44-57. https://doi.org/10.15835/nbha4118929

Giannoplitis CN, Ries SK (1977). Superoxide dismutase: I. Occurrence in higher plants. Plant Physiology 59:309-314.
hitps://doi.org/10.1104/pp.59.2.309

Gosavi GU, Jadhav AS, Kale AA, Gadakh SR, Pawar BD, Chimote VP (2014). Effect of heat stress on proline, chlorophyll
content, heat shock proteins and antioxidant enzyme activity in sorghum (Sorghum bicolor) at seedlings stage.
Indian Journal of Biotechnology 13:356-363.

Guan LM, Scandalios JG (2000). Catalase transcript accumulation in response to dehydration and osmotic stress in leaves
of maize viviparous mutants. Redox Report 5:377-383. hetps://doi.org/10.1179/135100000101535951

Gupta S, Rashotte AM (2017). Expression patterns and regulation of SICRF3 and SICRFS5 in response to cytokinin and
abiotic ~stresses in tomato (Solanum lycopersicum). Journal of Plant Physiology 171:349-358.
https://doi.org/10.1016/j.jplph.2013.09.003

10



WuJ etal. (2022). Not Bot Horti Agrobo 50(3):12755

Hewage KAH, Yang JF, Wang D, Hao GF, Yang GF, Zhu JK (2020). Chemical manipulation of abscisic acid signaling:
A new approach to abiotic and biotic stress management in agriculture. Advanced Science 7:2001265.
bttps://doi.org/10.1002/advs.202001265

Huang M, Guo Z (2005). Responses of antioxidative system to chilling stress in two rice cultivars differing in sensitivity.
Biologia Plantarum 49:81-84. https://doi.org/10.1007/s00000-005-1084-3

Kraus TE, Fletcher RA (1994). Paclobutrazol protects wheat seed-ling from heat and paraquat injury. Is detoxification of
active oxygen involved. Plant Cell Physiology 35:45-52.

Law MY, Charles SA, Halliwell B (1983). Glutathione and ascorbic acid in spinach (Spinacia oleracea) chloroplasts.
Biochemstry Journal 210:899-903. hztps://doi.org/10.1042/bj2100899

Liu X, Huang B (2002). Cytokinin effects on creeping bentgrass response to heat stress: II. Leaf senescence and oxidant
metabolism. Crop Science 42:466-472. https://doi.org/10.2135/cropsci2002.0466

Mickovski SB, van Beek LPH (2009). Root morphology and effects on soil reinforcement and slope stability of young
vetiver (Vetiveria zizanioides) plants grown in semi-arid climate. Plant and Soil 324:43-56.
hetps://doi.org/10.1007/s11104-009-0130-y

Priya M, Sharma L, Singh I, Bains TS, Siddique KHM, Bindumadhava H, ... Nayyar H (2019). Securing reproductive
function in mungbean grown under high temperature environment with exogenous application of proline. Plant
Physiology and Biochemistry 140:136-150. h#tps://doi.org/10.1016/j.plaphy.2019.05.009

Paz-Alberto AM, Sigua GC, Bauil BG, Te JAP (2007) Phytoextraction of lead-contaminated soil using vetivergrass
(Vetiveria zizanloides L.) and cogongrass (Imperata cylindrica L.) and carabaograss (Paspalum conjugatum L.).
Environmental Science and Pollution Research 14:498-504. https://doi.org/10.1065/espr2007.05.415

Takashima K, Shahir Bin NA, Ando S, Takahashi H, Kaneko T (2021). Evaluation of plant stress due to plasma-generated
reactive oxygen and nitrogen species using electrolyte leakage. Japanese Journal of Applied of Physics 60:010504.
bttps://doi.org/10.35848/1347-4065/abcf5b

Sangu E, Tibazarwa FI, Nyomora A, Symonds RC (2015). Expression of genes for the biosynthesis of compatible solutes
during pollen development under heat stress in tomato (Solanum lycopersicum). Journal of Plant Physiolology
178:10-16. hetps://doi.0rg/10.1016/;,jplph.2015.02.002

Yang H-F, Kim H-J, Chen H-B, Rahman J, Lu X-Y, Zhou B-Y (2014). Carbohydrate accumulation and flowering-related
gene expression levels at different developmental stages of terminal shoots in Litchi chinensis. Hortscience
49:1381-1391. htps://doi.org/10.21273/HORTSCL.49.11.1381

YouJ, Chan ZL (2015). ROS regulation during abiotic stress responses in crop plants. Frontiers in Plant Science 6:1092.
https://doi.org/10.3389/fpls.2015.01092

Wang SG (2000). Roles of cytokinin on stress-resistance and delaying senescence in plants. Chinese Bulletin of Botany
17:121-126. (in Chinese with English abstract)

Xia F,Han Z, Zhu H, Dong K, Du L (2020). Comparison of osmoprotectants and antioxidant enzymes of different wild
Kentucky bluegrass in Shanxi province under high-temperature stress. European Journal of Horticultural Sciences
85:284-292. bttps://dﬂi.org/](). 17660/eJHS.2020/85.4.10

Xiao LT, Wang SG (2005). Experimental Techniques in Plant Physiology. China Agricultural Press, Beijing pp 151-158.

Xue YL (1985). Plant Physiology Manual. Shanghai. Shanghai Science and Technology Press, pp 134-138.

Zhou B, Guo Z, Liu Z (2005). Effects of abscisic acid on antioxidant systems of Stylosanthes guianensis under chilling
stress. Crop Science 45:599-605. hetps://doi.org/10.2135/cropsci2005.0599

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are
OPEN 7% ACCESS| allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any

other lawful purpose, without asking prior permission from the publisher or the author.
License - Articles published in Notulae Botanicae Horti Agrobotanici Cluj-Napoca are Open-Access,

distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License.
BY © Acrticles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to

hold the copyright/to retain publishing rights without restriction.

11



WuJ etal. (2022). Not Bot Horti Agrobo 50(3):12755

Notes:

»  Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published
in the journal.

»  Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

»  Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for
the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors
or persons to whom they are credited. Publication of research information does not constitute a recommendation or
endorsement of products involved.

12



