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Response of Anatomical Structure and Physiological Characteristics of
Akebia trifoliata Leaves to Acid Rain Stress and Relieving Effect of
Titanium

WANG Kai, TAO Xingmei*, LI Xiaogin, QIAO Zuqin, LIU Zhao, ZHANG Yongfu™"

(School of Agriculture and Life Sciences, Kunming University, Kunming 650214, China)

Abstract: To explore the response mechanism of Akebia trifoliata to acid rain stress and the effect of exogenous
titanium [Ti(SO4)2] on its acid resistance, the changes in leaf anatomy and physiological characteristics were
studied after simulated acid rain and exogenous titanium treatment, and the principal component analysis and
correlation analysis were performed. The results showed that compared with the control, the lateral vein and
epidermal structure of leaves were seriously damaged under simulated acid rain (TO) treatment, the main vein,
main vein vascular bundle, leaf and palisade tissues were thickening, the chlorophyll content was significantly
decreased, the oxygen free radical production rate, the activities of superoxide dismutase (SOD), peroxidase (POD)
and catalase (CAT) were significantly increased. Exogenous titanium treatments (T1-T3) effectively alleviated the

damage of lateral vein and epidermal of leaves, significantly increased chlorophyll content, SOD, POD and CAT
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activities, and maintained a low rate of oxygen free radical production. Principal component analysis showed that
main vein, vascular bundle and leaf thickness played a key role in response mechanism to acid rain stress.
Correlation analysis showed that there were significantly positive correlations among vascular bundle thickness,
palisade tissue thickness, leaf tissue structure tightness, activities of SOD, POD and CAT. Therefore, the seedlings
of A. trifoliata could adapt to acid rain stress by changing the leaf anatomical structure and increasing the
activities of SOD, POD and CAT. Appropriate Ti could effectively alleviate the damage caused by acid rain stress,
and 0.2 mmol/L Ti had the best effect.

Key words: Akebia trifoliata; Acid rain stress; Anatomic structure; Physiological characteristics; Acid resistance;
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B 1 BRTE MG T = AR R R SR AR . ASE: TEAS; F~J: K K~0: RIS mvb: ERKGEE I e BRI le FaR B Iv: MK pt: A4
st WEARALL. KRR F~J=50 um; K~0=30 um
Fig. 1 Change in natomical structure of Akebia trifoliata leaves under acid rain stress. A-E: Morphology; F-J: Main vein; K-O: Mesophyll tissue; mvb: Main

vein vascular bundles; ue: Upper epidermis; le: Lower epidermis; Iv: Lateral veins; pt: Palisade tissue; st: Spongy tissue. Bars: F-J=50 xm; K-0=30 um
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Fig. 2 Anatomical structure of Akebia trifoliata leaves. CK: Control; TO: Acid rain; T1: Acid rain+0.1 mmol/L Ti; T2: Acid raint+0.2 mmol/L Ti; T3: Acid

rain+t0.4 mmol/L Ti; P/S: Ratio of palisade tissue to spongy tissue; CTR: Tightness; SR: Looseness. Different letters upon column indicate significant

differences at 0.05 level. The same below

F 1 BRI T X = AIE My A B bR ) R

Table 1 Effect of acid rain and Ti on physiological indicators of Akebia trifoliata leaves

Qb Treatment CC (mg/g) OFRP (nmol/g-min) SOD (U/g) POD (U/g) CAT (U/g)
CK 6.13+0.30a 11.60+0.65d 108.70+5.92d 327.08+26.82¢ 61.64+5.31e
TO 2.09+0.27d 51.15+£2.01a 181.16+5.92¢ 437.50+17.02d 88.52+4.11d
T1 3.76+0.36¢ 22.55+1.62b 342.394+9.12b 1 525.00+39.67b 210.23+4.52b
T2 4.95+0.41b 17.30+1.55¢ 387.68+4.18a 1779.17+15.96a 232.19+2.82a
T3 3.34+0.31c 23.86+1.74b 336.96+7.25b 1110.42+31.28¢ 201.05+6.83¢

CC: M&EK S &; OFRP: A H W34 %,; SOD: HA B LEE; POD: WA WWEE; CAT: JEMIMERH. TFH

CC: Chlorophyll content; OFRP: Oxygen free radical production rate; SOD: Superoxide dismutase; POD: Peroxidase; CAT: Catalase. The same below
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Table 2 Principal component eigenvalue matrix of anatomical structure and physiological indicators of Akebia trifoliata leaves

¥ F 4 Principal component
Parameter 1 2 3
LMT 0.890 0.128 -0.254
MVBT 0.823 0.329 0.147
UET -0.676 0.032 0.555
LET -0.679 —-0.009 0.195
LT 0.815 -0.087 -0.086
PTT 0.459 0.600 0.623
STT 0.549 —0.598 0.569
P/S -0.127 0.978 —0.086
CTR —0.040 0.684 0.681
SR 0.145 —-0.649 0.702
FFE{H Eigenvalue 3.606 2.698 2.115
TiRkZE Contribution rate /% 36.058 26.978 21.153
Z 11 TTHk®% Accumulative contribution rate /% 36.058 63.036 84.189
CcC 0.073 —0.983
OFRP —0.404 0.895
SOD 0.967 0.242
POD 0.985 0.048
CAT 0.984 0.155
FHEME Eigenvalue 3.043 1.852
TiRkZE Contribution rate (%) 60.851 37.042
Z 11 TTHk®%  Accumulative contribution rate /% 60.851 97.893

LMT: FMKJZEE; MVBT: ERK4EE SR, UET: B3RNJERE; LET: FRIEJZEE, LT whv )RR PTT: MMEAZUE R, STT: ig4RAH VSRS, kR R

WA HRE. TR

LMT: Leaf midrib thickness; MVBT: Main vascular bundle thickness; UET: Upper epidermis thickness; LET: Lower epidermis thickness; LT: Leaf thickness;

PTT: Palisade tissue thickness; STT: Spongy tissue thickness; Bold indicates the index with the heaviest load proportion. The same below
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Fig. 3 Principal component analysis of anatomical structure and physiological indicators of Akebia trifoliata leaf
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Fig. 4 Heat map of correlation. *: P<0.05; **: P<0.01.
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