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Effects of Elevated UV-B Radiation on Photosynthesis and Contents of Active Substance of Eucommia ulmoides Plantation

FU Jin-ying, YANG Chao,LI De-wen" et al (Northeast Forestry University , Harbin , Heilongjiang 150040)

Abstract [ Objective] The aim was to study the effects of environmental ultraviolet (UV-B) radiation on the photosynthesis, active substance
content and membrane lipid peroxidation of leaves of Eucommia ulmoides and provide theoretical basis for the ecological cultivation of Eucommia
ulmoides. [ Method ] Taking five years old Eucommia ulmoides leaves under different ultraviolet radiation treatments [ CK; + 0; T,: +
1.40 kJ/(m*+d); T,: +2.81 kJ/(m’+d) ] as materials, with the single factor analysis of variance and correlation analysis method were used to
study the variation content of photosynthetic parameters, photosynthetic pigment, aucubin, chlorogenic acid, genipin, geniposide, geniposide acid,
flavonoids, total phenol, tannin and MDA, H,0,,0,+”. [ Result] Elevated UV-B radiation significantly reduced the photosynthetic rate (P, ),
stomatal conductance (G, ) ,intercellular CO, concentration (C;) ,transpiration rate (T,) and chlorophyll a/b,and increased the content of chlo-
rophyll a,chlorophyll b, carotenoid and total chlorophyll significantly; the content of total chlorophyll in T, treatment was the highest [ (1.15 =
0.049) mg/g] ;the content of carotenoid in T, treatment was the highest [ (0.036 0 £0.001 6) mg/g]; UV-B radiation significantly reduced the
partial metabolites such as aucubin, geniposide acid, geniposide and chlorogenic acid content in the leaves of Eucommia ulmoides,and the maxi-
mum change was 20.74 times,61.23 times,16. 16 times and 13. 63 times, respectively,and other secondary metabolites, genipin, flavonoids, total
phenolics and tannin content were significantly increased. The contents of total phenol and tannin in T, treatment were 1.21 times,1. 11 times,
1.34 times and 1.37 times higher than that of CK treatment,respectively,and the contents of total phenol and tannin were (1.290 0 £0.023 0)
and (17.30 +1.44) wg/g respectively in T, treatment. UV-B radiation significantly increased the contents of MDA, H,0, and O, ,the content of
MDA and O, in T, treatment was 39.46% and 70.48% higher than that in CK treatment group. The content of H,0, in T, treatment was
43.51% higher than CK treatment group. [ Conclusion] UV-B radiation significantly affects the photosynthetic parameters of Eucommia ulmoides
leaves and the main active substances such as chlorogenic acid,aucubin, geniposide and geniposide,so the UV-B radiation intensity can be used to
improve the economic benefit of Eucommia ulmoides.
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Table 1 Effects of elevated UV-B radiation on photosynthesis parameters in E. ulmoides leaves pmol/ (m’ - s)

possil HLAER(P,) SALREE(G,) Jal] CO, ¥EE(C)) HMEHEF(T,)
Treatments Net photosynthetic rate Stomatal onductance Intercellular CO, concentration Transpiration rate
CK 11.890 £0.047 a 0.280 00 £0.001 60 a 286.68 +0.09 a 6.0100+0.0280 a
T, 10.810 £0.027 ab 0.240 00 £0.001 70 b 272.33£0.67 b 5.6700£0.0190 b
T, 10.270 £0.027 b 0.220 00 £0.000 54 b 257.55+0.45 b 4.920 0 £0.007 8 b

T [V 5 AR T B3R R A BRI TE 0. 05 7KV 22 57 1.3 s BB R P88  drifki (n =5)

Note ; Different lowercase letters at the same column indicated that there were significant differences among treatments at 0. 05 level ; values were the mean SE,
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Fig.1 Effects of elevated UV-B radiation on the contents of pho-

tosynthetic pigments in E. ulmoides leaves
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Table 2  Effects of elevated UV-B radiation on the content of secondary metabolite in E. ulmoides leaves ng/'g

g B S 2 L R RS B R it

Aucubin Chlorogenic Geniposidic Geniposide
Treatments . .

content acid content acid content content
CK 68.860 0 £0.017 0 a 47.450 0 £0.0400 a 121.860 +0.023 a 39.830 +0.064 a
T, 3.3200+0.0120 b 43.510 0 £0.005 8 b 1.990 £0.012 b 3.920£0.012 ¢
T, 4.690 0 £0.005 8 b 34.0600+0.0120 ¢ 4.800 +0.035 b 9.150 £0.058 b

PIVER s B i YL gy LSS

ViSE - . '

Genipin Flavonoid Total phenols Tannin
Treatments

content Content Content Content
CK 0.330 0 +£0.005 8 b 254.990 +0.027 b 0.930 0 +£0.006 7 b 11.44 £0.52 b
T, 0.400 0 +£0.0120 a 283.120 £0.140 a 1.2500+£0.023 0 a 15.72+0.63 a
T 0.360 0 +0.005 8 b 214.730 +0.087 ¢ 1.290 0 £0.023 0 a 17.30+1.44 a

TE : [RIBVEOE 5 AN R R 2R AL BRIRIAE 0. 05 7KF-22 5 1 35 3 B o P X% + AR (n =3)

Note : Different lowercase letters at the same column indicated that there were significant differences among treatments at 0. 05 level ;values were the mean SE,
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Table 3 Effects of elevated UV-B radiation on the contents of MDA ,

H,0, and O,-" in E. ulmoides leaves

Qb3 MDA H,0, 0,
Treatments pmol/g pmol/g ng's
CK 13.61 £0.41 b 51.74 £1.66 b 22.190 +0.041 ¢

T, 18.98 £0.26 a 67.11 £3.82a 37.830+0.093 a
T, 18.71 £0.39 a 74.25 +4.22 a 33.820+0.047 b
T« RS VEE 5 S [F) B3R AL B IE] 7E 0. 05 7K P22 57 Wl 35 5 B (e
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Note : Different lowercase letters at the same column indicated that there
were significant differences among treatments at 0. 05 level ; values
were the mean SE,n =3
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Table 4 Correlation on the physiological indexes and secondary metabolites of E. ulmoides leaves under the UV-B stress

Chla &+ Chlb &+ Car &

Sh Chlorotnll  Chloroshell  Corotonond Chl &8¢ Chla/b MDA & H,0, % & 0, &’

Indexes OTOpRY Oropiy ATOTEnolC Chlorophyll  Chlorophylla/b MDA content ~ H,0, content  O,-" content
a content b content content 2

HUEFEa 0.826"" 0.900"* 0.107 0.944"" -0.558 0.747" 0.510 0.869" "

Genipin content

MRHBIEES A -0.466 -0.821"" -0.497 -0.711° 0.693" -0.979"" -0.840""  -0.973""

Aucubin content

LRIE R A 0.194 -0.306 -0.700" -0.073 0.490 -0.681" -0.804"" -0.535

Chlorogenic acid content

S e iy -0.467 -0.822"" -0.496 -0.712° 0.693" -0.979"" -0.839"" -0.974""

Geniposidic acid content

R EHEiE -0.550 -0.861"" -0.437 -0.778" 0.689" -0.976"" -0.800""  -0.993""

Geniposide content

Wi A 0.710" 0.329 -0.531 0.558 0.051 -0.055 -0.358 0.147

Flavonoid content

S i Total 0.326 0.743" 0.539 0.59%4 -0.696" 0.961"" 0.856"" 0.923""

phenols content

PAT A 0.270 0.668" 0.485 0.522 -0.653 0.772" 0.617 0.762"

Tannin content

. P<0.05; % %.P<0.01
Note: #. P <0.05; * *.P<0.01
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