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Abstract 
 

Uniconazole is a plant growth regulator that inhibits the cytochrome P450 family of enzymes, which are involved in the 

catabolism of abscisic acid (ABA), and promotes plant growth and stress resistance. To investigate the cold-stress resistance of 

adzuki bean (Vigna angularis) seedlings, the cold-tolerant accession Baoqinghong (BQH) and the cold-sensitive accession 

Tianjinhong (TJH) were foliar sprayed with 20 μM uniconazole, followed by cold stress at 15°C for 5 d. Our results revealed 

that foliar spray of 20 μM uniconazole considerably increased the crop yield and yield-related parameters, including the number 

of pods per plant, the number of seeds per pot, and the 100-grain weight, in both TJH and BQH under cold stress. The 

malondialdehyde (MDA) and osmolyte content as well as antioxidant enzymatic activity were higher in BQH than in TJH. 

Foliar treatment with uniconazole (20 μM; 225 L/Ha) significantly increased the yields in both BQH and TJH under cold-stress 

exposure. Therefore, we concluded that foliar treatment with 20 μM uniconazole effectively promoted the cold tolerance of the 

adzuki bean cultivars by interacting with endogenous ABA and physiological adaptation, including the activities of antioxidant 

enzymes and the levels of osmolytes. These results provide novel insights and are expected to aid in the development of more 

effective stress resistance breeding programs in adzuki bean production. © 2020 Friends Science Publishers 
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Introduction 
 

Uniconazole is a triazole-based plant growth regulator that 

inhibits the activities of the cytochrome P450 family of 

enzymes, which catabolize abscisic acid (ABA) (Kojima et 

al. 1996). This plant-growth retardant is involved in the 

processes of somatic embryogenesis (Li and Wolyn 1995), 

seedling growth (Jiang et al. 1998), flowering (Wijayanti et 

al. 1996), and stress resistance (Leul and Zhou 1999). 

Uniconazole exerts powerful inhibitory effects on ABA 8'-

hydroxylase, causing alterations in the hydrophilic functional 

groups and conformations of many enzymes (Todoroki et al. 

2008), including CYP707A, a key enzyme for controlling the 

ABA concentration (Todoroki et al. 2009), CYP701B1 

(Miyazaki et al. 2011), and CYP701A6 in rice (Todoroki et 

al. 2012). In addition, uniconazole suppresses trans-zeatin 

biosynthesis in Arabidopsis (Sasaki et al. 2013). ABA is a 

plant hormone involved in the response to abiotic and biotic 

stresses. Treatment with ABA has been found to increase the 

cold resistance of many plant species, such as Bermuda grass 

(Cynodon dactylon) (Huang et al. 2017), Elymus nutans (Fu 

et al. 2017), and rice (Xiang et al. 2017). 

Adzuki bean (Vigna angularis) is an important legume 

crop and is widely cultivated in the Heilongjiang province of 

China. The color of grain can be red, white, black (Yook et 

al. 2017), or gray (Yang et al. 2015). Previous studies have 

established the production of starch (Aslinah et al. 2018) and 

the contents of tubulin (Mizuno et al. 1981), glycosylsterol, 

and saponins (Kojima et al. 1989) in V. angularis. More 

importantly, aqueous extracts of V. angularis have been 

demonstrated to have potential beneficial medicinal effects 

as well as applications in disease therapy (Itoh and Furuichi 

2005; Baracho et al. 2016). In view of its importance and 

usage, the growth and related regulatory mechanisms in V. 

angularis have been extensively studied. For example, the 

gibberellin and colchicine present in the plant tissues have a 

positive influence on the microfibril arrangement of 

epidermal cell walls (Takeda and Shibaoka 1981). Moreover, 
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gibberellin A3 has been shown to decrease the expression 

level and enzymatic activity of 1-aminocyclopropane-1-

carboxylic acid oxidase (Kaneta et al. 1997). However, the 

growth of adzuki beans in Heilongjiang province 

(northeastern China) is often adversely affected by cold 

stress. Treatment with uniconazole is proposed to improve 

the yield and antioxidative defense capacity of V. angularis 

by enhancing cold tolerance during the seedling stage. The 

objective of the present study was to investigate the effects of 

uniconazole treatment on improvement of cold tolerance in 

V. angularis. The findings illustrate the physiological 

mechanism of uniconazole in enhancing cold tolerance of 

adzuki beans at the seedling stage to improve adaptation, 

growth, and yields. 
 

Materials and Methods 
 

Plant materials and treatments 
 

The cold-tolerant Baoqinghong (BQH) and the cold-sensitive 

Tianjinhong (TJH) were treated with uniconazole to 

investigate its mechanism of action on the cold-stress 

resistance in terms of physiological and yield parameters. 

Fifteen-day-old uniformly grown seedlings were planted, 

with three seedlings per pot, in plastic pots filled with black 

soil in an experimental farm in Harbin City, Heilongjiang 

province (45°75'27''N, 126°63'19''E), China. The normal 

growth temperature was maintained at 25°C. The seedlings 

were randomly divided into four groups, in which 

Uniconazole15°C and Uniconazole25°C were foliar sprayed 

with 20 μM uniconazole (CAS number 83657-22-1. Sigma-

Aldrich, Merck KGaA, Darmstadt, Germany), and CK15°C 

and CK25°C pots sprayed with nothing. After being fully 

absorbed within 1 d, the Uniconazole15°C and CK15°C pots 

were moved to a growth chamber at a daily temperature of 

15°C for 5 d and randomly arranged on growth chamber 

benches with three replicates, whereas the Uniconazole25°C 

and CK25°C pots were kept at 25°C with a complete random 

experimental design with three repeats. Leaves of all four 

groups were collected from the same positions at 1, 2, 3, 4, 

and 5 d after cold treatment. After cold-stress, all seedlings 

were transplanted in the field to determine yields, number of 

pods per plant, number of grains per pot, and 100-grain 

weight (Zhao et al. 2006). The experimental layout was a 

randomized block design with replicates. 
 

Physiological measurements 
 

The activities of catalase (CAT, EC1.11.1.6), peroxidase 

(POD, EC1.11.1.7), and superoxide dismutase (SOD, EC 

1.15.1.1) as well as the contents of free proline, soluble 

sugar, and malondialdehyde (MDA) were determined with 

three replicates using the methods described in our previous 

study (Xiang et al. 2017). 

Briefly, MDA content was assayed by the thiobarbituric 

acid method. Leaf samples (0.1 g) were homogenized in 5 

mL of 0.05 M phosphate buffer (pH 7.8) at 4°C. The 

homogenate was centrifuged at 12,000 × g for 20 min. Then, 

2.5 mL of 20% (w/v) trichloracetic acid (TCA) containing 

0.5% (w/v) thiobarbituric acid (TBA) was added to 1.5 mL 

of the supernatant. The mixture was heated in boiling water 

for 10 min and then quickly cooled in an ice bath. After the 

tube was centrifuged at 1800 × g for 10 min, the absorbance 

of the supernatant was recorded at 532, 600, and 450 nm 

with a GE Ultrospec 2100 Pro UV/Visible spectrophotometer 

(GE Healthcare, USA). The MDA concentration was 

calculated by the formula:  
MDA (mM) = 6.459 (A532 - A600) - 0.569A450. 

SOD (EC 1.15.1.1) activity was assayed by monitoring 

the inhibition of photochemical reduction of nitroblue 

tetrazolium (NBT). For the total SOD assay, 5 mL of the 

reaction mixture containing 50 mM HEPES (pH 7.6), 0.1 

mM EDTA, 50 mM Na2CO3, 13 mM methionine, 0.025% 

(w/v) Triton X-100, 75 mM NBT, 2 mM riboflavin, and an 

appropriate aliquot of the enzyme extract. The reaction 

mixtures were illuminated for 15 min at a light intensity of 

350 mmol (photon) m-2 s-1. One unit of SOD activity was 

defined as the amount of enzyme required to cause 50% 

inhibition of the reduction of NBT as monitored at 560 nm. 

Peroxidase (POD, EC1.11.1.7) activity was assayed with 

guaiacol as the hydrogen donor with an extinction coefficient 

of 26.6 mM cm-1 at 470 nm. The reaction mixture consisted 

of 0.25% (v/v) guaiacol and 0.1 M H2O2 in 10 mM sodium 

phosphate buffer, pH 6.0. A series of dilutions of the crude 

enzyme preparations (0.1 mL) were added to 3 mL of the 

reaction mixture. Changes in absorbance at 470 nm from 0, 

1, 2, and 3 min were recorded, and the activity of peroxidase 

was expressed as mmol (product) min-1 g-1 (FM). Enzyme 

activities were measured with a GE Ultrospec 2100 Pro 

UV/Visible spectrophotometer (GE Healthcare, USA). 

CAT (EC1.11.1.6) activity was determined by 

continuously monitoring the decomposition of H2O2 at an 

absorbance of 240 nm, according the reported method with a 

minor modification (Aebi1983). The reaction mixture 

contained 100 mM potassium phosphate buffer (pH 7.0) and 

0.14 mM H2O2. Reaction was started by adding mitochondria 

into 1 mL of the reaction mixture, and the absorbance at 240 

nm was monitored by a spectrophotometer. The molar 

extinction coefficient of H2O2 at 240 nm is 36 M cm-1. 

For the free proline assay, leaf samples (0.5 g) were 

homogenized in 10 mL of 3% sulfosalicylic, and the 

homogenate was filtered through filter paper. Extract (2 mL) 

was added to 2 mL of glacial acetic acid and 2 mL of acid 

ninhydrin, and the mixture was bathed in water of 100°C for 

30 min. After cooling down, 4 mL of methylbenzene was 

added with agitation. Absorbance of the red methylbenzene 

supernatant was taken at 520 nm with a GE Ultrospec 2100 

Pro UV/Visible spectrophotometer (GE Healthcare, USA). 
 

ABA, salicylic acid (SA), indole acetic acid (IAA), and 

jasmonic acid (JA) measurements 
 

ABA measurements were performed with three replicates, as 

reported previously (Wang and Chen 2011; Xiang et al. 



 

Uniconazole Treatment Alleviates Adzuki Bean Cold Stress / Intl J Agric Biol, Vol 23, No 1, 2020 

 237 

2017). SA was extracted from leaves excised from adzuki 

bean plants; then, its quantity was determined three times by 

reverse-phase high-performance liquid chromatography 

according to the procedures specified in the study by Mohr 

and Cahill (2007). Approximately 100 mg of fresh leaf tissue 

was used to establish the amount of free IAA, with three 

replicates. The sample preparation was performed according 

to the procedure reported previously by Ludwig-Muller et al. 

(2009). The concentrations of endogenous IAA were 

calculated based on the isotope dilution principle (Cohen et 

al. 1986). Then, monitoring of the quinolinium ions (ions 

derived from endogenous IAA and 13C6-IAA, respectively) 

was conducted at m/z 130/136 (Mittag et al. 2015). Sample 

preparation through vapor-phase extraction, followed by 

chemical ionization gas chromatography/mass spectrometry, 

was employed for the JA measurements (Schmelz et al. 

2004; Acosta et al. 2009). 
 

Statistical analysis 
 

All measurements were expressed as the mean ± standard 

error of three replicates by SPSS (V24.0, IBM Corporation, 

Armonk, NY, USA). The results were analyzed by one-way 

analysis of variance and Duncan’s test. Statistical 

significance was considered at P < 0.05. OriginPro2016 

software (OriginLab Corporation, Northampton, MA, USA) 

was utilized to draw the figures. 
 

Results 
 

Effects of uniconazole treatment on adzuki bean yield 
 

After cold-stress exposure for 5 d, the number of pods per 

plant (Table 1), the number of grains per pot (Table 2), the 

100-grain weight (Table 3), and the yield (Table 4) decreased 

from 37.45 to 22.56 g, from 4.49 to 4.44 g, from 9.69 to 8.76 

g, and from 44.98 to 26.23 g pot-1, respectively, with 

statistically significant differences (p<0.01). These results 

indicated that the cold treatment mainly resulted in a 

diminished number of pods per plant and also minimally 

affected the 100-grain weight and the number of seeds per 

pot. Uniconazole treatment effectively increased the cold-

tolerance potential of TJH. After treatment with uniconazole, 

the number of pods per plant, the number of grains per pot, 

the 100-grain weight, and the yield of cold-stressed TJH 

were increased (per pot) from 22.56 to 32.33, from 4.44 to 

4.58 g, from 8.76 to 9.32 g, and from 26.23 to 37.74 g, 

respectively. Although treatment with uniconazole increased 

the yield and cold resistance of TJH, it only partially alleviated 

the adverse effects cause by cold stress. In contrast, cold 

stress exerted minimal effects on the number of pods per 

plant of BQH, but it decreased the number of grains per pot, 

the 100-grain weight, and the yield of BQH. Treatment with 

uniconazole increased the yield and cold resistance in BQH, 

enabling recovery to achieve its normal growth. These results 

reveal that the cold-resistance mechanism in cold-tolerant 

BQH is different from that of TJH. 

 

Effects of cold stress and uniconazole treatment on 

antioxidant enzymatic activities 

 

The MDA contents as well as CAT, POD, and SOD 

enzymatic activities were analyzed to determine the 

mechanism of the cold tolerance in BQH (Fig. 1). At the 

normal growth temperature (25°C), treatment with 

uniconazole exerted minimal effects on the MDA contents as 

well as CAT, SOD, and POD activities of both BQH and 

TJH. The main difference was that the cold-stress treatment 

increased the MDA content as well as CAT, SOD, and POD 

activities more significantly in BQH than in TJH (P < 0.01). 

 

Effects of cold stress and uniconazole treatment on 

osmotic adjustment and hormone accumulation 

 

We also analyzed the contents of osmolytes. The contents of 

free proline, soluble sugar, and soluble protein in BQH were 

higher than in TJH, especially after cold treatment for 3 d 

(Fig. 2). Importantly, treatment with uniconazole elevated the 

ABA contents significantly more at the normal and low 

temperatures in BQH than in TJH (P < 0.01). Conversely, the 

ABA content was significantly increased by uniconazole 

treatment only at 15°C. The main difference between BQH 

and TJH was the ABA content of their leaves. Another 

significant difference was found in the SA content, that is, 

treatment with uniconazole followed by cold-stress exposure 

increased the SA content in BQH but exerted a minimal 

effect on the same parameter in TJH. Likewise, cold stress 

induced a higher IAA content in TJH than in BQH. 

 

Discussion 
 

Cold tolerance is important in affecting the quantity and 

quality of bean production. Previous studies have shown that 

cold tolerance is related to photosynthetic reactions (Hussain 

et al., 2018; Xu et al. 2019), the content and activities of 

enzymes in the glyoxysomal membrane and the 

mitochondria (Breidenbach et al. 1974), as well as those of 

fatty acid desaturase (Zhang et al. 2011) and ABA (Shinkawa 

et al. 2013). The main functions of ABA are associated with 

the metabolism of protein phosphatase 2C (Xue et al. 2008). 

Reportedly, interactions of ABA with other proteins and 

transcription factors regulate the stress response (Park et al. 

2009). In the present study, cold-stress treatment for 5 d 

exerted significant effects on the evaluated indicators in the 

cold-sensitive accession TJH. Specifically, cold stress 

decreased the number of pods per plant, the number of seeds 

per pot, and the 100-grain weight in TJH as well as the yield 

of BQH (Tables 1–4). Furthermore, uniconazole foliar 

treatment followed by cold stress recovered the yield of 

BQH to normal levels, while it only partially recovered the 

yield of TJH. 

Considerable changes were also observed in the 

antioxidative enzymatic activities and the contents of 
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osmoregulatory substances (Fig. 1–2). Osmolytes, including 

free proline, soluble sugars (Creelman et al. 1990; Bertrand 

et al. 1994), and soluble proteins (del Rio et al. 1977), play 

crucial roles in the response of crops to abiotic stresses 

(Shabala 2013). An increase in the contents of 

osmoregulatory substances was established to protect the 

plasma membrane from the damage caused by oxidative 

stress effectively. The main function of most antioxidative 

enzymes, including CAT (Shikanai et al. 1998), POD 

(Ivanov and Edwards 2000; Stiborova et al. 2000), and SOD 

(Alscher et al. 2002), is the scavenging of reactive oxygen 

species. We showed that under normal conditions and low-

temperature exposure, the CAT, POD, and SOD activities in 

BQH were higher than in TJH (Fig. 1–2). 

The effects of uniconazole on plant hormonal activities 

have been comprehensively studied. For example, it has been 

reported that uniconazole-P treatments increase the ABA 

content but decrease those of IAA and GA3 in Satsuma 

mandarin fruitlets (Kojima et al. 1996). Uniconazole also 

inhibited the biosynthesis of trans-zeatin in Arabidopsis 

(Sasaki et al. 2013). Although uniconazole promoted the 

activities of stress hormones while suppressed those of 

growth hormones, it increased the starch yield (Liu et al. 

2015; 2019) and heavy metal accumulation (He et al. 2017). 

In this study, we found that foliar treatment with uniconazole 

increased the ABA content in TJH, resulting in a partial yield 

recovery. However, treatment with uniconazole did not 

elevate the levels of growth hormones such as IAA (Fig. 3). 

Table 1: Effect of uniconazole on the number of pods per plant in adzuki bean seedlings grown under low-temperature stress 
 

Accession Treatment 1 d 2 d 3 d 4 d 5 d 

BQH CK25°C 22.67 ± 1.34Aa 22.67 ± 1.34Aa 22.67 ± 1.34Aa 22.67 ± 1.34Aa 22.67 ± 1.34Aa 

CK15°C 23.67 ± 1.20Aa 23.11 ± 0.70Aa 24.22 ± 0.69Aa 23.00 ± 1.00Aa 23.11 ± 1.69Aa 

Uniconazole25°C 23.00 ± 1.33Aa 23.00 ± 1.33Aa 23.00 ± 1.33Aa 23.00 ± 1.33Aa 23.00 ± 1.33Aa 

Uniconazole15°C 23.56 ± 0.84Aa 22.67 ± 0.67Aa 23.33 ± 1.53Aa 22.67 ± 0.58Aa 22.78 ± 1.65Aa 
TJH CK25°C 37.45 ± 2.34Aa 37.45 ± 2.34ABa 37.45 ± 2.34Aa 37.45 ± 2.34ABa 37.45 ± 2.34ABa 

CK15°C 26.11 ± 3.34Aa 30.22 ± 1.35Cb 30.56 ± 3.25ABa 28.67 ± 3.34Cb 22.56 ± 1.02Cc 

Uniconazole25°C 29.78 ± 2.27Aa 39.78 ± 2.27Aa 39.78 ± 2.27Aa 39.78 ± 2.27Aa 39.78 ± 2.27Aa 

Uniconazole15°C 25.00 ± 3.18Aa 32.67 ± 3.28BCb 30.00 ± 2.34Bb 31.44 ± 1.90BCb 32.33 ± 2.52Bb 

Data are expressed as the mean ± standard error of three replicates. The uppercase and lowercase letters within each column indicate the differences at 0.01 and 0.05 levels of 

probability, respectively. CK15°C, plants were not treated with uniconazole and were grown at 15°C; uniconazole15°C, plants were treated with uniconazole and were grown at 

15°C; CK25°C, plants were not treated with uniconazole and were grown at 25 °C; and uniconazole25°C, plants were treated with uniconazole and were grown at 25°C 

 

Table 2: Effect of uniconazole on the number of grains per pot of adzuki bean seedlings grown under low-temperature stress 
 

Accession Treatment 1 d 2 d 3 d 4 d 5 d 

BQH CK25°C 4.43 ± 0.13Aab  

4.29 ± 0.10Ab  

4.55 ± 0.14Aa  

4.33 ± 0.06Aab 

4.43 ± 0.13Aa 

4.24 ± 0.24Aa 

4.55 ± 0.14Aa 

4.50 ± 0.01Aa 

4.43 ± 0.13Aa 

4.06 ± 0.14Ab 

4.55 ± 0.14Aa 

4.27 ± 0.27Aab 

4.43 ± 0.13Aa 

4.06 ± 0.11Bb 

4.55 ± 0.14Aa 

4.47 ± 0.07Aa 

4.43 ± 0.13Aa 

3.86 ± 0.18Bb 

4.55 ± 0.14Aa 

4.45 ± 0.12Aa 

CK15°C 

Uniconazole25°C 

Uniconazole15°C 
TJH CK25°C 4.49 ± 0.33Aa 

4.30 ± 0.22Aa 

4.58 ± 0.13Aa 

4.33 ± 0.43Aa 

4.49 ± 0.33Aa 

4.48 ± 0.12Aa 

4.58 ± 0.13Aa 

4.47 ± 0.33Aa 

4.49 ± 0.33Aa 

4.27 ± 0.19Aa 

4.58 ± 0.13Aa 

4.39 ± 0.10Aa 

4.49 ± 0.33Aa 

4.29 ± 0.05Aa 

4.58 ± 0.13Aa 

4.44 ± 0.18Aa 

4.49 ± 0.33Aa 

4.44 ± 0.11Aa 

4.58 ± 0.13Aa 

4.29 ± 0.09Aa 

CK15°C 

Uniconazole25°C 

Uniconazole15 °C 

Data are given as mean ± standard error of three replicates. The upper- and lowercase letters in each column indicate P< 0.01 and P< 0.05, respectively 

 

Table 3: Effect of uniconazole on the 100-grain weight (g) of adzuki bean seedlings grown under low-temperature stress 
 

Accession Treatment 1 d 2 d 3 d 4 d 5 d 

BQH CK25°C 14.83 ± 0.69Aab 

13.27 ± 0.80Ab 

15.80 ± 0.97Aa 

14.93 ± 1.25Aab 

14.83 ± 0.69Aab 

13.10 ± 1.03Ab 

15.80 ± 0.97Aa 

14.21 ± 1.03Aab 

14.83 ± 0.69ABa 

13.46 ± 0.59Bb 

15.80 ± 0.97Aa 

15.08 ± 0.50ABa 

14.83 ± 0.69ABab 

13.20 ± 0.60Bb 

15.80 ± 0.97Aa 

14.23 ± 1.09ABab 

14.83 ± 0.69Aab 

13.40 ± 1.06Ab 

15.80 ± 0.97Aa 

14.53 ± 1.19Aab 

CK15°C 

Uniconazole25°C 

Uniconazole15°C 

TJH CK25°C 9.69 ± 0.25Aa 

9.54 ± 0.56Aa 

10.06 ± 0.52Aa 
9.85 ± 0.24Aa 

9.69 ± 0.25Aa 

9.63 ± 0.16Aa 

10.06 ± 0.52Aa 
9.75 ± 0.16Aa 

9.69 ± 0.25Aa 

9.21 ± 0.29Aa 

10.06 ± 0.52Aa 
9.73 ± 1.06Aa 

9.69 ± 0.25ABa 

8.68 ± 0.37Bb 

10.06 ± 0.52Aa 
9.49 ± 0.26ABa 

9.69 ± 0.25Aab 

8.76 ± 0.71Ab 

10.06 ± 0.52Aa 
9.32 ± 0.48Aab 

CK15°C 

Uniconazole25°C 
Uniconazole15°C 

Data are given as mean ± standard error of three replicates. The upper- and lowercase letters in each column indicate P< 0.01 and P< 0.05, respectively 
 

Table 4: Effect of uniconazole on the yield (g·pot-1) of adzuki bean seedlings grown under low-temperature stress 
 

Accession Treatment 1 d 2 d 3 d 4 d 5 d 

BQH CK25°C 44.55 ± 1.29ABab  

40.60 ± 5.40Bb  

49.50 ± 1.68Aa 

45.63 ± 1.87ABab 

44.55 ±1.29ABab 

38.60 ± 4.42ABbc 

49.50 ± 1.68Aa 

43.45 ±2.53ABbc 

44.55 ± 1.29ABa 

39.67 ± 1.78Bb 

49.50 ± 1.68Aa 

45.10 ± 4.30ABa 

44.55 ± 1.29Ab 

36.98 ± 0.52Bc 

49.50 ± 1.68Aa 

43.29 ± 4.10ABa 

44.55 ± 1.29ABA 

35.91 ± 3.68Bb 

49.50 ± 1.68Aa 

44.19 ± 5.47ABa 

CK15°C 

Uniconazole25°C 

Uniconazole15°C 

TJH CK25°C 44.98 ± 2.07Ab 
44.18 ± 1.65Ab 

50.40 ± 4.19Aa 

44.54 ± 1.15Ab 

44.98 ± 2.07ABb 
39.16 ± 2.42Bc 

50.40 ± 4.19Aa 

42.48 ± 1.45Bbc 

44.98 ± 2.07ABab 
36.09 ± 3.25Bc 

50.40 ± 4.19Aa 

38.50 ± 6.09Bbc 

44.98 ± 2.07Aab 
32.11 ± 4.76Bc 

50.40 ± 4.19Aa 

39.82 ± 4.15ABb 

44.98 ± 2.07ABa 
26.23 ± 0.71Cc 

50.40 ± 4.19Aa 

37.74 ± 3.74Bb 

CK15°C 

Uniconazole25°C 

Uniconazole15°C 

Data are given as mean ± standard error of three replicates. The upper- and lowercase letters in each column indicate P< 0.01 and P< 0.05, respectively 
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Instead, under cold stress, this treatment induced a significant 

increase in the endogenous ABA and SA contents in both 

BQH and TJH due to the higher ABA content in the cold-

tolerant BQH leaves than in the cold-sensitive TJH ones. 

However, cold-stress treatment reduced the BQH and TJH 

yields by different extents. Foliar treatment with uniconazole 

promoted an increase in the endogenous ABA content, 

resulting in full recovery of the BQH yield but only a partial 

recovery of the TJH yield after the cold treatment. These 

findings are beneficial for breeding programs that involve 

selection of adzuki bean accessions with high ABA contents. 
 

Conclusion 
 

Exogenous uniconazole treatment partially alleviated the 

adverse effects of cold stress on yield parameters of adzuki 

beans. The beneficial influence was caused by the increased 

ABA content induced by uniconazole, resulting in enhanced 

antioxidative enzymatic activities and osmolytes in the 

leaves of adzuki bean seedlings. 
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