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Effects of combined elevated temperature and drought stress on anti-oxidative
enzyme activities and reactive oxygen species metabolism ofBroussonetia
papyrifera seedlings
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Collaborative Innovation Center of Sustainable Forestry in Southern China of Jiangsu Province, Nanjing Forestry University , Nanjing 210037, China

Abstract: In recent years, under the global climate change scenario, the occurrence of seasonal high temperature and
temporal drought phenomena has increased in some subtropical regions. Consequently, the survival and growth of plants are
restrained under the combined stress of elevated temperature and drought. In the present study, a pot experiment was
performed at the Xiashu Forest Station of Nanjing Forestry University in 2013. One-year-old Broussonetia papyrifera
seedlings were grown in 27-cm pots with brown loam soil, using a completely randomized design with four replicates.
Seedlings were initially grown in the field environment and then transferred to a controlled greenhouse with three elevated-
temperature and soil-moisture treatments, and the effects of combined elevated temperature and drought stress on anti-
oxidative enzyme activities and reactive oxygen species ( ROS) metabolism were measured in B.papyrifera seedling leaves.
The results indicated that under either elevated temperature or drought stress, the superoxide dismutase (SOD) , peroxidase
(POD), and catalase (CAT) activities of seedlings increased with the increase of stress level. Under the combined elevated
temperature and drought stress, the activities of SOD and POD were higher than those under single temperature or drought

stress, and increased over stress exposure time. Significant variation was observed in SOD activity of the seedlings between
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combined stress treatments, revealing the synergistic effects of combined stress on SOD activities. Under the combined
elevated temperature and drought stress, ROS, including O, production rates and hydrogen peroxide ( H, O,) and
malondialdehyde (MDA ) contents, were significantly higher than those under the single temperature or drought stress
treatment,, which suggests the limited role of antioxidant enzyme activities in alleviating the damage of the cell membrane of

seedlings due to differences in ROS metabolite accumulation.

Key Words: elevated temperature; drought; anti-oxidative enzyme activities; ROS metabolism; Broussonetia

papyrifera seedlings
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Fig. 1 Variation of superoxide dismutase activity in Broussonetia papyrifera seedling leaves under different treatments
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Fig. 2 Variation of peroxidase activity in Broussonetia papyrifera seedling leaves under different treatments

2.1.3 it A SR (CAT) 16 P 520

3 SR AN i B T S AL 3 S A A 4l A CAT 36 PEBE AL BEAS T Rp 2k i sh 828 Ak, i BRI 50, 72 IE
TR JOK 3550 A4 ET CAT WG PEJCHA ARk, 7F 40% M )57k & T P00 i, 25°C 19 CAT 36 #
SRS INA S, T 33°C A1 40°C AL EEAY CAT 3G PEEBUSE ETHE FREAIFAE, 18 70% H Al 5K & S b0
T ,25°C F 33°C A PRI CAT 1 PSS IS T I, i 40°C AL PRI CAT WG MR iR seihnpyfash, ik =,
40°CALFT /) CAT 3G M 2 5 T 25°C FN 33°C AL, &2 G a8 T Y CAT {6 1E 5 5 —hia AH L 25 5 A8 i 35 (P>

0.05) .
22 A H&}EX}‘*’JW@JE(& E=RAWL TP A
221 X H,0, & Ry

%wﬂ,mm H, 0, & it A8 A S A b 3R B0 g Bl 25 30 bof [ %) S8 4 T 184 00, 7 21 Bk R 25 3k 3 e KA
(K 4), TRHP—WRaT, b5 T 2ERa R, 1,0, &N, mi7e SR p—hE T, 1,0, F & K/hE
Iﬂjj 33°C>44°C>25C (HHINFEEE AR W, 5 33°CALBEAA L, 40°C T H,0, & &EMA Frisl, ZAMHE T H,

i b THIR R Y R TR BA (P<0.05) .

222 X O; PPA RN

Pl 5 Sy AN TR 2 R0 4K oAb 3 T RIS O 2B, HRIEL S AT S — il T, 05 7 A R
ETIERIRER 0; P2 EdR, LIS 0d 94, 33°C F1 40°C if O, 7242 3R 435 T 25°C 1Y 21.3% £ 78.9% .,
FTRP—PHaT,0; FmA BRI B AR LA, BEE AR ] RFEE  33°C AL BT | 100% H [a] 45K B AN B O
FEAE RSB E T 1T 40% 1 70% H R RE K AR B O 7= A R M B E TG T R L TRk
40°CALHT , 100% F1 70% HI )45 /K SEALBRE O, ;= s AR 345 33°C Ab 38—, 1 40% H [H)#F7K 5t b
PRy OF PAA ORI S TS TR ES . EEMHAT 0 & & Hg e 2 1 & & T B—1HE (P<0.05)

http ; //www.ecologica.cn



24 SO ARG I X R R A TS A R S S 5

700 700
25°C 33°C
600 600
500 500
400 400
300 | 300
TE 200 200
g
g7, 100 100 |
¥5 . . .
g g 0 Il Il Il ) 0
g «E‘ 0 7 14 21 0 7 14 21
fros § 700 ~ B B F] Stress time/d
H g 40°C
= 600
=
S
500 - —— 40%
400 —*— 70%
—0— 100%
300
200
100 |
O 1 1 1 J
0 7 14 21

JpIE TR Stress time/d

B3 FEALETHRLGE CAT FEEANTEL

Fig. 3 Variation of catalase activity in Broussonetia papyrifera seedling leaves under different treatments
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Fig. 4 Variation of hydrogen peroxide content in Broussonetia papyrifera seedling leaves under different treatments
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Fig. 5 Variation of superoxide radical production rate in Broussonetia papyrifera seedling leaves under different treatments
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Table 1 Variance analysis on anti-oxidative enzymes activities and ROS metabolism under different treatments
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Fig. 6 Variation of Malondialdehyde content in Broussonetia papyrifera seedling leaves under different treatments
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