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Abstract

In the present study, the winter cold tolerance of 5-year-old chinaberry trees was
investigated in response to salicylic acid (SA) and abscisic acid (ABA) under a
completely randomized design. Treatments included 1- Control (distilled water), 2- 100
uM ABA, 3- 2 mM SA, and 4- 100 uM ABA + 2 mM SA combination. One week after
applying the treatments, leaves and buds were sampled and also the indices related to
cold tolerance were evaluated during the winter in Jan. and Feb. under three temperature
treatments of -6 -12 and -18 °C. The application of SA + ABA increased 42.4%, 50.3%
and 21.4% of bud phenol, protein and proline content, respectively. Also, this treatment
reduced 42.6, 36.1 and 37% of ion leakage, malondialdehyde (MDA) and hydrogen
peroxide (H,O;) of the buds, respectively. In January and February, the lowest ion
leakage was related to trees sprayed with SA + ABA. The highest activity of catalase
(CAT) and ascorbate peroxidase (APX) was related to ABA treatment. However, the
highest activity of guaiacol peroxidase (GPX) was related to SA + ABA and the lowest
activity of these enzymes was related to the control. The highest endogenous ABA and
the lowest gibberellic acid (GA3) were related to SA + ABA treatment, and the lowest
content of these phytohormones was related to the control trees. The content of
putrecsine, spermine and spermidine of treated plants with SA + ABA was 33.3, 16.9
and 9.37% higher than the control, respectively. In general, the application of ABA and
salicylic acid can increase the cold tolerance in chinaberry trees by creating
physiological and biochemical changes.

Introduction
Chinaberry (Melia azedarach L.) is a deciduous tree native to the semi-tropical areas of
Australia and Southeast Asia. However, it is planted in many cold regions of the world.
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For this reason, improving the tolerance to cold and freezing damages of this tree has
been one of the priorities of its planting in cold regions. One of the ways to increase
cold tolerance is to use growth regulators such as SA and ABA. Foliar application of
plants with SA increases cold tolerance by reducing ion leakage and cell membrane
peroxidation. ABA plays an important role in cold acclimation of plants during
exposure to low temperature. Since the effect of these growth regulators on cold
tolerance of chinaberry trees has not been reported, therefore, we investigated the
effects of exogenous SA and ABA on electrolyte leakage, soluble sugars, polyamines,
ABA, GA;3, proline, total phenolic compounds, and water content in order to understand
the tolerance mechanism of chinaberry trees under cold stress. Additionally, the effect
of exogenous application of SA and ABA on cold tolerance and some physiolocical
changes involved in cold acclimation was evaluated in chinaberry trees during cold
acclimation stage.

Material and Methods

In the present study, the winter cold tolerance of 5-year-old chinaberry trees was
investigated in response to SA and ABA application under a completely randomized
design. Treatments included 1- Control (distilled water), 2- 100 uM ABA, 3- 2 mM SA,
and 4- 100 uM ABA + 2 mM SA combination. One week after applying the treatments,
some physiological traits including photosynthetic pigments, leaf abscission and
periderm formation were recorded for each treatment group. Moreover, buds were
sampled and their bud water content, total phenol, total soluble protein, proline, soluble
sugars (glucose, fructose and sucrose), membrane stability indices (ion leakage, MDA
and H,0,), phytohormones (ABA and GAj3), free polyamines (putrescine, spermidine
and spermine) and activity of antioxidant enzymes (GPX, APX and CAT) were
measured in this stage (Nov.). Also winter cold tolerance (based on ionic leakage) of
treated and control plant were evaluated in January and February under three
temperature treatments of -6 -12 and -18 °C. Finally, data were analyzed with SAS (9.1)
software using GLM program and Duncan's multiple range test (5%).

Results and Discussion

Our results indicated that exogenous ABA especially in combination with SA led to an
array of physiological changes in chinaberry plants during cold acclimation stages. The
leaf photosynthetic pigment and bud water content was decreased but shoot periderm
formation and leaf abscission increased by ABA + SA treatment. The application of SA
+ ABA increased 42.4%, 50.3% and 21.4% of bud phenol, protein and proline content,
respectively. Biosynthesis and accumulation of osmoregulants is one of the important
regulatory reactions of plants in response to environmental stresses. The highest content
of soluble sugars including glucose, fructose and sucrose was related to SA + ABA
treated trees and the lowest was related to the control. Also, this treatment reduced
42.6%, 36.1% and 37% of ion leakage, MDA and H,O of the buds, respectively. Cold
stress, while increasing the peroxidation of membrane lipids and disrupting its
permeability, caused the leakage of solutes and damage to the plant. The lower
production of MDA and H,0O; in SA + ABA treated trees indicates the protective role of
these hormones in membrane stability during cold acclimation period. In Jan. and Feb.,
the lowest ion leakage was related to trees sprayed with SA + ABA. The highest activity
of CAT and APX was related to ABA treatment. However, the highest activity of GPX
was related to those trees treated with SA + ABA and the lowest activity of these
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enzymes was related to the control. Increased antioxidant capacity is one approach used
by plants to improve their cold tolerance. Metabolic changes mediated by ABA and SA
lead to changes in oxygen free radical levels, which in turn cause induction of the
antioxidant defense system. The highest endogenous ABA and the lowest GA; were
related to SA + ABA treatment, and the lowest content of these phytohormones was
related to the control trees. ABA is an important signaling factor for low temperature
stress and has a protective function for the microtubule structure of cells. The content of
putrescine, spermine and spermidine of treated plants with SA + ABA was 33.3, 16.9
and 9.37% higher than the control, respectively.

Conclusion

The use of ABA, especially in combination with SA, with its effect on the physiological
indices related to cold acclimation, led to a reduction in cold damage and ionic leakage
of the membrane. The antioxidant properties of the treated plants were shown by
increasing the activity of catalase, peroxidase and ascorbate peroxidase enzymes and
increasing the accumulation of phenolic compounds. On the other hand, the application
of SA + ABA increase the compatible osmolytes, soluble sugars, polyamines and
Phytohormones (ABA and GAgz) increased the cold tolerance in the treated chinaberry
trees compared to the control, which can be used as a method to increase winter cold
tolerance in chinaberry trees in cold climate regions.
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Figure 1- Minimum, average and maximum temperature in the period from October 1 (Oct. 1) to November 30 (Nov.

30) in the study area (Malayer University)
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Table 1- The effect of foliar application of salicylic acid (SA) and abscisic acid (ABA) on Chlorophyll a, chlorophyll
b, total chlorophyll and carotenoids content of chinaberry leaf during cold acclimation stage (November)

Treatment chlorophyll a chlorophyll b total chlorophyll Carotenoids
(mg g* FW)* (mg g* FW) (mg g* FW) (mg g* FW)
Control 3.69° 1.84° 5.54 2 0.95°
SA 329" 1.60%® 489" 097°¢
ABA 311°¢ 1.23°¢ 435°¢ 1.18°2
SA+ABA 320%™ 152° 472" 1.01°

LI Gl sae oDl (Ao )3 0 Ch“) GobT Llod 51 0 gt a 55 &S zie oy > slyls ébﬁgﬁs%
*Means with common letters in each column do not have a statistically significant difference (5% level).
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Table 2- The effect of foliar application of salicylic acid (SA) and abscisic acid (ABA) on leaf abscission, shoot
periderm formation, bud water content, bud total phenolic contents and bud soluble proteins content of chinaberry

during cold adaptation stage (November)

Treatment Leaf abscission

Periderm formation Water content

Total phenolic Soluble proteins

(%)* (%) (%) (mg g* FW) (mg g™ FW)
Control 40.3" 66.0° 76.852 7.15°¢ 211°
SA 17.3°¢ 68.3° 72.67° 10.59° 2.83%®
ABA 56.6 2 83.3° 64.11°¢ 10.44° 3.40%®
SA+ABA 22.3° 68.3° 68.37 ™ 12.42° 419°

I (5513 gne M (Ao 53 0 pelans) (65LT Lol 51052 o 55 &S a3 - (51,5 sl Sl
*Means with common letters in each column do not have a statistically significant difference (5% level).
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Table 3- The effect of foliar application of salicylic acid (SA) and abscisic acid (ABA) on electrolyte leakage,

malondialdehyde, hydrogen peroxide and proline content of chinaberry buds during cold acclimation stage
(November)

Malondialdehyde (pumol Hydrogen peroxide Proline

Treatments Electrolyte leakage (%) o FW) (umol g’ FW) (umol g’ FW)
Control 59.29°2 4962 8.44° 490"
SA 48.34° 3.70° 6.18° 5.90°
ABA 38.44° 332" 5.50 ™ 5.99°
SA+ABA 34.00 ¢ 3.17° 5.27°¢ 6.23°2
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*Means with common letters in each column do not have a statistically significant difference (5% level).
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Table 4- The effect of foliar application of salicylic acid (SA) and abscisic acid (ABA) on soluble sugars and total
carbohydrate content of chinaberry buds during cold acclimation stage (November)

Soluble sugars

-1
Treatments Total carbt'):r:,)\//c)iiate (mag (umol g* FW)
Glucose Fructose Sucrose
Control 60.54 ¢ 48.73° 41.71° 52.94°
SA 69.68° 50.96 ° 4480 60.13°
ABA 75.85% 52.70% 46,572 64.70%®
SA+ABA 74.32% 53.71% 47852 69.28 2

I (gl pme Ml (e 53 0 Cla,w) GobT Llod 510 g a 55 &S 2 oy >~ slyls ‘_;La&;iﬂ.:a%'&
*Means with common letters in each column do not have a statistically significant difference (5% level).
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Table 5- The effect of salicylic acid (SA) and abscisic acid (ABA) on activity of catalase, guaiacol peroxidase and
ascorbate peroxidase antioxidant enzymes of chinaberry buds during cold acclimation stage (November)

Treatments Catalase Guaiacol peroxidase Ascorbate peroxidase
(Unit mg™ Protein)* (Unit mg™ Protein) (Unit mg™ Protein)
Control 287°¢ 7.83° 4.96°
SA 420" 12.98° 10.58%
ABA 5.15° 14.13° 12.89°
SA+ABA 441° 17.36° 12.04°

51 (5513 e S (o 53 0 pedan) (5T lond 510 gt o 53 &S e g o (115 (sl S0l
*Means with common letters in each column do not have a statistically significant difference (5% level).
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Figure 2- The effect of foliar application of salicylic acid (SA) and abscisic acid (ABA) on endogenous abscisic acid
(Fig. A) and gibberellic acid (Fig. B) content of chinaberry bud during cold acclimation stage (November). Means
with common letters in each column do not have a statistically significant difference (5% level).
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Table 6- The effect of foliar application of salicylic acid (SA) and abscisic acid (ABA) on putrescine, spermidine and

spermine content of chinaberry bud during cold acclimation stage (November)

Treastments putrescine spermidine Spermine
(umol g™ FW)* (umol g™ FW) (umol g* FW)
Control 49.74° 72.28° 92.72°
SA 53.73° 75.66° 96.51°¢
ABA 63.04° 77.95% 107.22°
SA+ABA 74.58* 79.76 ° 111.46°%

A Ay c}a.d)} Sl sme SNl (65T Blod 51 0t 8 55 S e oy - (sllo éu&:i'l:.eek
*Means with common letters in each column do not have a statistically significant difference at probability level of 5%.
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Table 7- The effect of foliar application of salicylic acid (SA) and abscisic acid (ABA) on bud ion leakage (%) as an
indicator of winter cold hardiness of chinaberry buds in January and February stages under different temperatures

January February
Treatment -6°C 12°C -18°C -6°C 12°C -18°C
Control 25.49° 45.97° 62.21° 21.73° 36.67° 58.91°
SA 19.58° 3361° 52.62° 15.83° 26.86° 46.66°
ABA 18.65° 30.09° 50.00° 14.90° 22.68° 39.19°
SA+ABA 16.16 ¢ 32.48° 46.88° 12.41° 21.37°¢ 36.50°

I (gl pme Ml (Ao y3 0 c}a.d) GobT Llod 51 05 a 55 &S 2 (o > (gl yls ‘5La¢,:§5l:.e
Means with common letters in each column do not have a statistically significant difference (5% level).
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