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Responses of three soybean cultivars exposed to UV-B radiation
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Abstract— To understand the responses of various soybean (Glycine max) cultivars to ultraviolet-B, Dongnong 42,
Zhonghuang 57 and Jin 36 were cultured either under UV-B radiation (10.08 kJ / m-2 UV-B) or without UV-B for 25 days.
Under UV-B irradiation, significant difference were observed in plant height, nodes length, contents of soluble sugar,
proline, protein, flavionoids, GSH, ASA, relative content of anthocyanins, also the emzymes activities of APX ,SOD and GR.
The lowest plant height was presented in Jin 36, followed Zhonghuang 57 and Dongnong 42. The node length of plant
decreased from the first node to the fourth one, and the maximal reduction was observed in Jin 36. Contents of protein,
flavionoids, GSH, ASA and anthocyanins as well as emzyme activities of APX, SOD and GR significantly increased under
UV-B irradiation where content of protein and activities of emzyme APX, SOD and GR were higher in Zhonghuang 57 than
those in Dongnong 42 and Jin 36; higher GSH, ASA, flavonoids, as well as the anthocyanins were showed in Donghong 42.
Increased proline content was observed in the three cultivars upon UV-B (p<0.05) where Zhonghuang 57 >Dongnong 42 >
Jin36; for the soluble sugar content, the order was Zhongnong 57>Jin 36>Dongnong 42 (p<0.05). Various soybean
cultivars showed varied physiological responses upon UV-B.
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I.  INTRODUCTION
Ultraviolet-B (wavelengths from 280 to 320 nm) radiance resulting from depletion in the stratospheric ozone layer affects
plant growth and metabolism with morphological, physiological, and biochemical changes is well documented (1). UV-B is

recognized as one of the major environmental regulators that control gene expression, celluar and metabolic activities (2).

Plants have adopted the specific ways to deal with UV-B radiation. Leaf thickening is one mechanism which may mitigate
the detrimental effects of UV-B by greater tissue absorption (3). Epidermal flavonoid accumulation is known as another
adaptive mechanism which can alleviate harm on mesophyll that related to photosynthesis (4, 5). Enzymatic and non-
enzymatic antioxidants that defense reactive oxygen species (ROS) induced by enhanced UV-B radiation (6, 7) has been
illustrated too (8). UVRS, plant photoreceptor of UV-B, was a newly discovered mechanism which involved in the UV-B
induced pathway (9-11).

Different species showed various responses, so is the cultivars of the same species (12, 13). It has been well established that
dicotyledonous plants are more sensitive to UV-B than monocotyledons. At the present study, three soybean cultivars

(Glycine max) were exposed to UV-B radiation, the growth and physiological traits were investigated.

1. MATERIAL AND METHOD
2.1 Plant material and treatment
Soybean (Glycine max) seeds were provided by the Wheat Research Institute, Shanxi Academy of Agricultural Sciences
(SAAS), China. They are selected for uniform size and sterilized for 10 min with 0.1% HgCI2 and washed for 20 min with
running water. Five seeds were sow in pots (15x20cm), and there were 6 treatments, with 3 replications each. When seeds

were germinating, irradiation treatment was applied according to the light / dark period as given (Table 1).

UV-B radiation was generated by a filtered lamp (30 W, 297 nm, Qin brand, Baoji Lamp Factory, Baoji City, China.). The
lamps were hung above the plants 40cm, the irradiation was obtained by adjusting the distance between the lamps and the

pots. Daily dose were 0 and 10.08 kJ m-2 UV-B, respectively.
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TABLE 1
LIGHT / DARK TREATMENT
UV-B irritation (daily dose) Dark

Treatment 0 10.08 kJ-m-2

CK1 + - 16 hr-d-1
B1 - + 16 hr-d-1
CK2 + - 16 hr-d-1
B2 - + 16 hr-d-1
CK3 + - 16 hr-d-1
B3 - + 16 hr-d-1

CK1-3 soybean cultivars without UV-B radiation; B1-3: soybean cultivars with UV-B radiation

2.2 Measurement of plant height
Plant height and internode length were measured twice weekly, and three seedlings per replication were randomly selected

from each treatment for the downstream measurements.

2.3 Soluble sugars analysis
Soluble carbohydrates were determined according to the anthrone method (14). One ml of leaf extraction was added to 3 ml
(final volume) solution containing 1.08 M H2SO4, 1.09 mM thiourea and 2.1 mM anthrone. The mixture was heated at

100°C for 10 min and the absorbance at 620 nm was recorded. A calibration curve with glucose was a standard.

2.4 Assay of free prolines

Proline content was assayed followed the method described by Bates (15). Briefly, extraction from leaf was mixed with acid-
ninhydrin and glacial acetic acid, and then heated at 100°C in a water bath for 10 min, the reaction was terminated on ice
followed by toluene added in. The proline-ninhydrin chromophore in the upper phase was used to measure absorbance based

on dry weight.

2.5 Determination of total protein content
Total protein content was quantified according to Bradford (16) where BSA (bovine serum albumin) was used as the

standard.

2.6 Contents of flavonoids and relative anthocyanins assay

Leaves kept at 55° were frozen with liquid N2 and ground to fine powder then suspended with 60% aqueous alcohol. The
supernatant was used to detect flavonoids. Briefly, 5% NaNO2 was added then the mixture was incubated, followed by
adding AI(NO3)3 and NaOH. Absorbance was recorded and flavonoids were calculated on dry weight base. The relative

anthocyanins content was assayed according to Zhang (17).

2.7 Analysis of SOD, APX, GR activity and ascorbic acid, GSH level

Superoxide Dismutase (SOD) activity was determined based on the photochemical reduction of nitroblue tetrazolium (NBT).
One unit of SOD activity is defined as the amount of enzyme that inhibite the NBT reduction by 50%. Ascorbate peroxidase
(APX) activity was measured according to Nakano and Asada (18).Glutathione reductase (GR) activity and Glutathione
(GSH) content were measured according to Ban Wang et al. (19). Ascorbic acid (ASA) content was determined by
Mukherjee and Choudhouri (20).

2.8 Statistical analysis

Statistical significance is estimated at P < 0.05 followed Duncan’s multiple range test. All data were given means + SD.
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I1l. RESULTS
3.1 Effects of UV-B irradiance on seedling height and node length of soybean

TABLE 2
RESPONSES OF PLANT HEIGHT AND NODE LENGTH UNDER UV-B RADIATION
Length of nodes (cm) Plant height

Varieties 1st 2nd 3rd 4th cm

CK1 10.740.41a 8.6+0.52 a 11.240.67a 6.6+0.56a 44.5+0.53a
B1 9.5+0.63b 6.7+0.46d 7.9+0.35¢ 4.5+0.23c 34.3+0.48b
CK2 10.1+0.78a 7.8+0.93c 8.5+0.82b 5.3+0.23b 36.8+0.84b
B2 9.3+0.81b 6.9+0.73d 6.4+0.58d 3.5+0.20d 29.5+0.70c
CK3 9.5+1.12b 8+0.85h 7.7+0.95¢ 4.0+0.26¢ 33.8+0.97b
B3 8.5+0.63c 7+0.54d 4.9+0.69d 0.8+0.05e 28.8+0.62c

Different letters indicate significant differences between treatments at 0.05 level according to Duncan’s multiple range
test (n=4), the same below. CK;: Dongnong 42 without UV-B, CK,: Zhonghuang 57 without UV-B, CKj3: Jin 36
without UV-B, B;: Dongnong 42 with UV-B; B,: Zhonghuang 57 with UV-B, Bs: Jin 36 with UV-B.

UV-B treatment significantly suppressed plant height where they were 22.92%, 19.84% and 14.79% lower in Dongnong 42,
Zhonghuang 57 and Jin 36 than the control (p<0.05). The lowest and the highest seedling height were observed in Jin 36 and
Dongnong 42, respectively.

The dwarf induced by UV-B radiation presented from the first node for each variety. For the first node the reduction level
was Dongnong 42>Jin 36>Zhonghuang 57. The second node was much dwarfed than the first one where they were
decreased by 22.09% in Dongnong 42 group, 24.71% in Zhonghuang 57 and12.50% in Jin 36. Considerable decreasing was
found in the third node where the shortest node of 2.5cm showed in Jin 36. In the fourth node, maximum inhibition showed

where it was 0.8 cm in Jin 36 group (p<0.05) (Table2) .

3.2 Effects of UV-B irradiance on contents of flavonoids, anthocyanins and protein
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F1G.1 FLAVONOIDS, ANTHOCYANINS AND PROTEIN CONTENT UNDER UV-B RADIATION
Different letters indicate significant differences between treatments at 0.05 level according to Duncan’s multiple range
test (n=4). D: Dongnong 42; Z: Zhonghuang 57; J: Jin 36

The content of flavonoids in different soybean cultivars varied where Jin 36 >Dongnong 42 > Zhonghuang 57, but it
increased in all groups when exposed to UV-B. The maximum content was observed in Dongnong 42 (1.05mg/g), followed
by Jin 36 (0.64mg/g) and Zhonghuang 57 (0.46mg/qg). It raised by 325%, 165% and 61% in Dongnong42, Zhonghuang 57
and Jin 36 groups, respectively (p<0.05).
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The relative content of anthocyanins was significantly increased when exposed to UV-B radiation. It improved 400%, 325%
and 80% in Dongnong 42, Zhonghuang 57 and Jin 36, (p<0.05) respectively. The highest content was showed in Dongnong
42, and it was the lowest in Zhonghuang 57.

After 25 day (from germination) of UV-B irradiation, protein content was significant increased (p<0.05) where they
increased 50.36%, 20.27% and 13.29% in Dongnong 42, Zhonghuang 57 and Jin 36, respectively (p<0.05). Maximum
protein content was found in Zhonghuang 57 whenever with or without UV-B radiation (Fig.1).

3.3 Effects of UV-B irradiation on contents of proline and soluble sugar in various soybean cultivars
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FI1G. 2 UV-B AFFECTS CONTENTS OF PROLINE AND SOLUBLE SUGAR
Different letters indicate significant differences between treatments at 0.05 level according to Duncan’s multiple range
test (n=4) D: Dongnong 42; Z: Zhonghuang 57; J: Jin 36

Soluble sugar decreased under UV-B radiation and it was not the case for proline. For Dongnong 42, soluble sugar decreased
by 45.09% and proline increased by 17.18% (p<0.05), they were 7.87% lower (p>0.05) and 14.25% higher (p<0.05) in
Zhonghuang 57; 25.14% lower and 32.85% higher in Jin 36 (p<0.05), respectively. The highest proline level and sugar both
appeared in Zhonghuang 57(Fig.2).

3.4 Effects of UV-B irradiation on antioxidative enzyme activities of SOD, GR and APX
After 25 days of UV-B radiation, activities of antioxidative enzyme as SOD, GR and APX in the three cultivars considerably
increased where they increased 45.22%, 62.49% and 96.91% in Dongnong 42 (p<0.05); 39.10%, 65.82%, 55.44% in
Zhonghuang 57 (p<0.05), 32.39%, 66.02%,48.54% in Jin 36(p<0.05). The highest SOD, GR and APX activity turn up in
Zhonghuang 57 group, and the lowest SOD GR and APX activities occured in Dongnong 42(Fig.3).
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FI1G.3 ANTIOXIDATIVE ENZYME ACTIVITIES OF SOD, GR AND APX EXPOSED TO UV-B.
Different letters indicate significant differences between treatments at 0.05 level according to Duncan’s multiple range
test (n=4) D: Dongnong 42; Z: Zhonghuang 57; J: Jin 36
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35 Effects of UV-B irradiation on GSH and ASA

Significantly increased GSH and ASA were observed in three soybean cultivars under UV-B irradiation where they increased
252% and 83% in Dongnong 42; 145% and 78% in Zhonghuang 57; 68% and 31% in Jin 36, respectively, (p<0.05). The
highest GSH and ASA presented in Dongnong 42, followed by Zhonghuang 57and Jin 36 (p<0.05) (Fig.4).
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F1G.4 CONTENTS OF GSH AND ASA EXPOSED TO UV-B
Different letters indicate significant differences between treatments at 0.05 level according to Duncan’s multiple range
test (n=4). D: Dongnong 42; Z: Zhonghuang 57; J: Jin 36
AV DISCUSSION
Plant height is an important agronomic trait. Reduction in plant height upon to enhanced UV-B has been reported in several
crops (21). Tevini et al. (22) found that indoleacetic acid, a growth hormone, was absorbed in the UV-B range and believed
that UV-B dependent photooxidation might be the reason for the dwarfed shoot. The present study showed UV-B
significantly inhibited the plant height of the three soybean cultivars, especially Dongnong42. Given that nodes were
fundamental part of plant height, the inhibitory occurred in nodes was easy to understand. UV-B seriously inhibited the
fourth node of Jin 36. The first three nodes were more dwarfed in Dongnong 42 than the other cultivars. Besides, the stems
exposed to UV-B irradiation became thin and weak, especially in Zhonghong 57 which might due to the varied substances in

stems and the altered allocation of photosynthate (23).

Plant leaves are the target of solar radiation. Pal et al. indicated leaf orientation might be an important factor accounts for the
sensitivity under UV-B (24). He illustrated that maize was less sensitive to UV-B might due to near-vertical leave than mung
bean whose leaves are horizontal in orientation. Decreased leaf area under supplemental UV-B has been reported for a
number of dicotyledonous species including cucumber, radish, soybean and garden bean (25-27). Murali et al. (3) manifested
that leaf thickness was related to UV-B sensitivity, and he believed thicker leaves could mitigate UV-B radiation through
additional tissue absorbance, thereby prevent a greater proportion of UV from reaching sensitive organelles in mesophyll
tissues. We observed the leaves of three varieties soybean became thicker and smaller after UV-B radiation, which agreed

with the above reports.

Besides leaf, UV-B sensitivity was also correlated with the change of certain biochemical substances in leaves. Most plants
produce more flavonoids upon UV-B radiation (27), though the absolute amounts of constitutive and UV-B-Induced

flavonoids varied greatly from species to species. Flavonoids accumulation occurs under both low and high UV-B radiation.
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Couple of reports argued that the function of phenylpropanoids and flavonoids that accumulated via UV-B-mediated pathway
is to increase ROS scavenging activity (5, 28). It was reported the UV-Induced improved quercetin: kaempferolrol ratio
represented an increase in ROS scavenging activity, rather than an increase in UV absorbance (29) One of flavonoids, the
anthocyanins (ANT), which is highly water soluble pigment and accumulates in vacuole (30), was considered beneficial to
plants for alleviating damage to photosynthetic systems via UV-B absorption (31). It was believed the significantly ANT
accumulation upon heat stress might account for the increased osmotic potential of leaves, so as to increase the water
absorption and reduce transpirational losses (32). Based on this, we speculated the flavonoids accumulated upon UV-B
radiation served for the absorption of UV-B, ROS scavenge, also the osmotic control. Lately study indicated that changes in
ROS and antioxidant metabolism were intrinsic response to UV-B radiation. It was reported high level of UV-B might
elevate ROS level or membrane-localized NADPH-oxidase, and genes expression which may be controlled through UVRS,
COP1 and HY5 (2) Besides, UVR8 improved the expression of chloroplastic proteins such as SIG5 and ELIP, which might

protect photosynthesis by regulating the secondary metabolites and photomorphogenesis (33).

At the present study, significantly improved contents of flavonoids, anthocyanins, GSH, ASA as well as increased APX, NR,
SOD activities were observed in the three soybean cultivars when exposed to UV-B. Slightly higher SOD, GR and APX
activities in Zhonghuang 57 was detected compared with those in Jin36 which might be related to higher protein content.
However, higher levels GSH, ASA, flavonoids and anthocyanins in Dongnong 42 were observed than other cultivars after
UV-B radiation.

Chen and Murata (36) presented that proline, as a molecular chaperone can modify allosteric enzyme in adversity and
protected the electron transfer of mitochondrial complex Il. Park et al. (37) indicated proline can effectively protect and
repair PSII damage in adversity. Smirnoff and Cumbes (38) suggested proline could act as active oxygen scavenger. We
speculated the increased proline in three soybean cultivars might be the acclimation to UV-B radiation. Photosynthesis
converts light energy into the chemical of sugar and organic compounds, therefore the levels of sugar in plant was closely
related to photosynthesis. Approximately 80% of the CO, assimilated during photosynthesis was soluble sugar, which is the
major transport form of organic carbon exported from the source to sink (39). The change of soluble sugar induced by stress
can lead to loss in agricultural production (40). Thereby we deem the reduction of soluble sugar in three soybean cultivars
under the UV-B indicated a greater movement of assimilates from the source to sink which is beneficial to yield formation.

The results are consistent with Ana et al (41).

V. CONCLUSION
Various soybean cultivars showed varied physiological responses upon to UV-B, but the trend is consistent. The result
further showed that enzymatic and non-enzymatic antioxidants SOD, APX, GR, ASA, GSH, increased in leaf of the three
cultivars which developed a strong network defense system through UV-B radiation. Both flavonoids and protein contents
significantly increased which may be related to the increased secondary metabolism of plants. The improvement of osmotic
regulation substances as proline and anthocyanins may be a adjustment of plant to UV-B. The soluble sugar decreased among

the three cultivars which suggested UV-B affect the photosynthesis, not negatively.
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