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Physiological response of Vitex trifolia to sand burial in the sand coast
ZHOU Ruilian ", WANG Jin ', YANG Shugin >, YANG Shude '

1 School of Life Science, Ludong University, Yantai 264025, China
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Abstract: Vitex trifolia which grows in the sandy coast of Yantai, China is a plant with high resistance to sand burial and a
good ground cover. It was chosen as the plant material to study how a plant adapts physiologically to sand burial. Four
levels of sand burial treatment were set up: no sand burial, light (1/3 plant height) , moderate (2/3 plant height) and
severe sand burial (3/3 plant height). Changes in plasma membrane permeability, MDA content, osmotic regulation
(proline and soluble sugar contents) , and activities of antioxidant enzymes (SOD, POD, CAT) in the leaves from different
levels of sand burials were monitored.

On the 5" day under light and moderate levels of sand burial, leaves of both young and mature plants of V. trifolia
showed increased membrane permeability, MDA content, activities of POD and SOD, proline content, and RWC while
soluble sugar content as compared to controls. We also compared leaves of the same plant above and below sand burial .
leaves above sand had higher membrane permeability, MDA content, activities of SOD and POD, and soluble sugar than
those below sand burial. In contrast, proline content of leaves below sand was higher than the content of those above sand.

With prolonged time of sand burial (10 days), membrane permeability, MDA, soluble sugar content and activity of
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POD decreased and SOD activity and proline content increased in leaves above sand. After 10 days of light and modest sand
burial, leaves above sand also grew well and were stronger than those of control plants. These results indicate that
antioxidant enzymes and osmotic matter are involved in adaptation of V. trifolia to sand burial through physiological
regulation. The sand burial not only intensified drought and ground thermal radiation stress to leaves above sand, but also
made the leaves below sand encounter stress due to deficiency of light, O, and CO,, all of which interrupted normal
metabolism and induced the production of active oxygen free radicals resulting in membrane lipid peroxidation. At the same
time, sand burial stress activated antioxidant enzymes and promoted the accumulation of proline, eliminating the
accumulation of free oxygen radicals and lipid peroxidation, thus maintaining the integrity of the membranes. Therefore,
under sand burial, rapidly activated antioxidant enzymes (SOD and POD) hindered membrane lipid peroxidation and kept a
dynamic balance between oxygen free radical production and antioxidant enzyme scavenging. This played a very important
role in the rapid response of V. trifolia to sand burial stress, keeping plants growing well under light and modest sand
burials. This may be the main mechanism of protection during sand burial of the whole plant, allowing the shoot apex to

grow fast and emerge from the sand.
Key Words:; sand burial; physiological mechanism; antioxidation enzymes; Vitex trifolia; proline
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35.8% , HEXTIRZERALE HID TR 40 BGE N & T U L0k R Sk ik s s 3al n 1 40 it f5 85
PNV ] 7 5 AR AR TR (6 2) o

[FIFER I, VO SAL B 5 d, 52 B b B S VDR BOBR AR AR I - MDA 5 2 43 50l 8% BRI 115. 7%
6.7% 16.7% (B SXTIEEFARE (R 1), HEFRFEIRYD L5 MDA & & & TV T it i, anfe i fib B
PHEYD i MDA &3 0 VD R I MDA &80 19. 8% F1109. 2% , {Erh ) H VIR | 2h kR pknt
A MDA B I T 2.4 45 1.3 £, 5XEREE(P < 0.05)(3£2), DHAM 10 d, BHREKM
A MDA & ¥ TXF R (HRIRR VD LAV Rt A MDA SR 2R AREE (P > 0.05), ZhR7EVDHIE A&/ Ttk
F MDA & 878k 5 RAE AR T B A TR, S5 3R00, I (AbBES d) VO3 Paa v st R G o S A T, e
ST IR A, (R (A 10 d) VLR, i A 4 % v 35 %) 3 1 i B B Ao PR A DRSS, MDA F i
TR,

ANFEFEVHHIALEE S d A1 10 d, ZhBRFIRORRBE AR T - RWC 9300 R (6 1,26 2) , Vo4t i T &kt
FE o KE (HYPEAN B ] K S XIS B R (P > 0.05)

®1 MBI RRPAKRER SRR AMREE MDA 1 RWC EHEL

Table 1 The changes in membrane permeability and contents of MDA and RWC in the leaves of V. trifolia with mature plant under sand burial

HiH F I Control BV 1SB HiEE VDR MSB FEEVD L SSB

Item 5D 10D 5D 10D 5D 10D 5D 10D
AREEYE/% T 2.69+0.90a  4.87+0.21a  3.73x1.28b  3.64x0.70b  6.02%1.50c  3.4120.66b  3.16x0.8lab  1.91x0.76c
Membrane 234 4.480.63a  4.79:0.67a  3.85:0.94ab  3.82:0.98ab  3.37x0.70hc  4.03x0.12a  2.84x0.83c  3.16x0.27)h
permeability 1734k 3.10£0.27a  5.02:0.49ab  3.00£0.15a  6.11x0.11a  3.81+0.80a  4.69+0.07b  4.91x0.88h  3.34:x1.74c
P MDA T 0.77¢0.09a  0.720.0la  1.7320.29b  0.21%0.06b  1.150.61ab  0.4620.14c  0.97%0.04a  0.53x0.0dac

/(pmol/ i g)  2/3 b 0.7320.14a  0.5420.06a  1.4820.01b  0.54£0.07a  0.42x0.18b  0.54x0.11a  0.87%0.10a  0.370.09)
1/3 b 0.6120.13a  0.9320.04a  1.3420.29b  0.31x0.09b  0.6820.14a  0.37£0.05b  0.630.03a  0.320.07)
HixH ki % T 80.50+2.50a  80.87+4.60a 83.01x1.20a 84.1722.71a  83.202.60a 82.09+0.37a 83.27+0.82a  85.12%3.50a
Relative water 2/3 4k 81.84%3.10a  80.05%1.12a  84.96+4.85a 84.02:0.03a 84.44%2.69a 87.36x0.41a 86.43x1.36a  90.06x1.50h
content( RWC) 1734 78.63%1.88a 77.04x1.35a  86.06x5.10a 86.97+1.18a  85.02x4.80a 87.86+0.65a 85.81x5.80a  92.84+2.42h
LSB: light sand burial; MSB: moderate sand burial; SSB: severe sand burial ; SRACHYD R HA 3 /NG ERE N [F]— AR V0 L Ab A0 X R A S [R] v 340 Ak 28 ) 509
b

F2 EFRERYHREREFM 5 MAAEERES MDA 1 RWC 4
Table 2 The changes in membrane permeability and content of MDA and RWC in the leaves of V. frifolia with young plant under sand burial.

T it B Control i VDI MSB H LTI SSB

Item 5D 10D 5D 10D 5D 10D
YN RS % 51 3.14+0.60a  6.00+1.39a  3.49+0.50a  2.81+0.65b  4.95+0.25h 2.57+0.04h
Membrane permeability 1/2 kb 3.03+0.69a  5.42+1.15a  2.9220.49a  4.11x0.97b  6.15x0.42b 4.01+0.83b
[ MDA o4 0.27+0.03a  0.79£0.05a  2.5820.03b  0.16£0.05b  0.71x0.17a 0.410.10¢
/(pmol/ T ¢) 1/2 4b 0.46+0.03a  0.69+0.02a  0.21x0.11b  0.29%0.05b  0.95x0.04c 0.370.03b
AHXS 5 7K 4/ % 51 79.99+3.43a  78.59+1.40a  88.59+0.76b  87.07+0.78h  85.01+3.99h  90.27+2.40b

Relative water content( RWC) 1/2 kb 83.54+1.27a 77.13+2.0la 85.83+0.78a 82.64+1.46a 83.42+1.76a 80.70+1.24a
PR TR

2.2 AN[EEREEVDIT B &SR b AR ARk
SEILHR UPHRER 5 MG 10 K | R VD33 S B 3 e ik sk &30 B SOD I S Rk (% 3,5 4)
ST IRA L, RIS MR AR G2 P YD Sd, iE A SOD §E S 43N T 28. 1% | 20.2% 54.9% , 4tk
HRRAE AR VDI R i B SOD 1 A BN T 14. 7% (16.5% . ABIEERYS R SOD i IR TR
M H I E 2R E(P < 0.05), VHIACHER & TV AT R SOD {6 77, (HEIR#AE TV F it A SOD % 11,
N T JE B Vb ML X ol B R RN G ek B BRI AR I i POD 1% i3 (36 3,36 4) . UMRAERRE P HEW
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HRALFE 5 d, %Rk A POD 7% 140 B BB EE AN T 63.5% 34.9% 100.8% , I 5XREF B EFH(P < 0.05),
RRAE R VD3RR 5 d, BBk B POD 36 J3 40 BB IN T 84.8% (13.3% . VP 10 d, Hi &30t
F POD % 7R LA S0 S d i9—2, (HYPH S d A1 10 d, sRRERRYD B F POD 36 1 T Rt A,

ANFEBEVDIE S d, bk Bt &R iRt R CAT 36 I3 (% 3) . e b VLT, bk
BRI CAT T J3 43 518e0f BRI 10. 8% .10.16% 17.4% , GRTEZE R A B3 (BIREH A CAT 1% 1 B
FXIE M T CAT W R FX IR, HWEEF B E (P < 0.05), [k Bt CAT & JMEFIP it
Ao SRk SR AR R BRI EE VDR S 4, BRI A CAT 36 I FRE T 47.1% 12.7% (34), TPHL10 d, sikk
FLhRE BIT SFFHERRNT i CAT 16 1 2 R H,

#3 IEMEREKENERHF POD.SOD #1 CAT EAKNEL

Table 3 The changes in the activities of antioxidant enzymes ( POD, SOD, CAT) in the leaves of V. trifolia with mature plant under sand burial

HiH Xt #8 Control BV 1SB YR MSB VP SSB
Item 5D 10D 5D 10D 5D 10D 5D 10D
SOD TA#E  72.67+1.07a  65.27+2.0la 144.34+6.92h 111.82+7.81b 124.15£3.65¢ 129.71+2.35¢c 157.85+4.43d  120.82+6.31c

/(U-g™ e -h7') 2734 91.36£6.33a  67.92+2.99a 103.7923.11b 129.91+10.5h 87.31+1.42a  79.65%6.67a 120.51x1.79c¢  108.46x7.00c
1/34h  99.01£12.32a 62.71£3.92a  109.93+2.31b 118.83+11.2h 105.8422.31a  99.23+2.38¢ 130.4423.41c  120.1624.52b

POD TR 0.74£0.02a  0.45+0.08a 0.70£0.02a  0.36+0.13a  0.95+0.03b  0.85+0.03b  0.96+0.02b 0.84+0. 04b
/(mol H,05 234k 0.35:0.07a  0.29+0.08a 0.67+0.06b  0.38+0.11b  0.37£0.04a  0.39+0.09b  0.62+0.03b 0.40+0.07b
min~"g™! # ) /34 0.17£0.05a  0.2920. 10a 0.67+0.02b  0.34+0.10b  0.58+0.03b  0.39+0.08b  0.95+0.05¢ 0.53+0. 04¢
CAT Ti#  47.8046.15a  34.82+4.71a  31.55+3.53b  35.32+1.83a  32.26+1.67b 35.79:11.07a 36.34x6.97b  53.15%5.53b
/(wmol H,0,/ 2/34b 29.23+6.43a  31.9248.04a  28.91£5.69a 42.358.77h  43.75£9.76b 31.11%5.73a  50.73+11.03b  33.40+7.99a
g fif ) 1/34h  31.48+4.45a  50.68+12.04a 53.13+1.47b 47.38+11.57a 36.87+1.35a 26.91x4.20bh 33.308.35a  25.2127.97b

LSB: light sand burial; MSB: moderate sand burial; SSB: severe sand burial; B AT HBAL

x4 MERERHKREANEHRMH POD.SOD 1 CAT EAKMEL

Table 4 The changes in the activities of antioxidant enzymes (POD, SOD, CAT) in the leaves of V. ftrifoliawith young plant under sand burial

i H XA Control TEEVHT MSB FREVIT SSB
ltem 5D 10D 5D 10D 5D 10D
SOD/(U-g™" #ff -h™") T 105.42£1.99a 104.81+3.79a 110.3520.97a 117.49x13.4a 126.02+11.05b 138.44+2.42b
17240 106.8+4.42a  116.11+0.98a 133.1522.72b 122.67+3.83a 121.30x4.76c 115.57+5.70a
POD T 0.32+0.12a  0.39=0.0la  1.19+0.02b  0.44x0.12a  0.54x0.04a  0.38x0.08a
/(pmol HyOpmin™'g™! #E8) 12 &b 0.730.05a  0.45:0.0la  0.75x0.06a  0.43x0.07a  0.65:0.03a  0.82x0.06h
CAT T 66.28+16.20a 27.65+8.18a  20.05+6.09h 23.46x4.06a 47.89:3.64c  43.73x4.04D
/(pmol H,0,/g BTE) 172 &b 21.4£10.80a  54.51£6.02a  26.32%5.33a  29.74x10.5b 29.916.40a  11.17x4.70c

LSB: light sand burial; MSB: moderate sand burial; SSB: severe sand burial ; B2 R V> R #BAL

2.3 A[FEREEVHEET B &R B sad gE ) o i AR

SRR R M E VIS d, B S R R I R I 2R o ) e BRI T 4. 8%
24.2% 120% (3 5) . (AfERBEMPEEVDHN Vb b Fr Bl 20 & & 23 0 Lb v N it 4K 40. 4% F151.9% , H.
PIEZEFRBE(P <0.05), FEYPIIEHE)ZER (VP4 10 d) , sERRYD b A Il &R & 0 in, v B - A il Rt
TG, ERERPEVHT | BRI bt 5 2R & o B LY N R 22.9% F196.9% . #likk Lt &5t
A B2 R v g 10 55 R AR ] (R 6)

SR, I rp m] i MR XU 38 P i 7 5 i G A B, Uk BRI & SR AR AR B v B N B VD3 Sl R
F AT A R IR B R B 13.7% 15, 7% 26.3% , AR TR F ol it & s T B[Rl RkvD bt A
MRS RS TR (RS) . V10 d, ANFEEVPIR | oNCAT g Mol N B i HL R0 IR IS
[FIREVD L B al i R = TV o gk st &R i R T M VD i 7 5 RSORR AR F] (R 6)
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Table 5 The changes in the contents of the proline and soluble sugar in the leaves of V. trifolia with mature plant under sand burial

i [ XT3 Control VDI LSB iRV MSB HEVHE SSB

Item 5D 10D 5D 10D 5D 10D 5D 10D
AL B 0.61:0.02a  0.71:0.03a  0.51£0.06a  1.81£0.06b  0.45:0.09a  2.26x0.47¢c  1.23x0.15b  1.27+0.11b
Proline content 234k 0.63:0.0la  0.72£0.03a  0.55:0.11a  0.8920.02b  1.00£0.04b  0.550.05¢  1.42x0.02b  0.910.12b
/(ng/g BEHE) 134k 0.6120.02a  0.75:0.03a  0.89+0.03h  0.87+0.10h  0.87£0.09h  0.73x0.01a  1.42:0.19c  0.61:0.08a
AT T 15.25:0.69a  27.73x1.31a  24.64x1.15h  21.7620.42a  25.0920.81b 24.80£2.22a 19.48%0.59a 17.17£2.18b
Soluble sugar 234k 27.83:1.85a 37.05:6.69a 23.3720.83a  27.06%0.55h 21.47+1.58a 21.96x2.31h 17.18x0.17h 18.471.62c

content/ (png/g BEF)  1/3 4k 37.89+1.58a  37.17+0.91a  21.85x1.62b 24.50x1.11b 21.72x0.39h  21.22+1.58h  22.97x0.64h  15.54x1.39¢

®o6 MEERERAKEMEHMFERBRIMTTAEESENTL

Table 6 The changes in the contents of the proline and soluble sugar in the leaves of V. trifolia with young plant under sand burial

5 H Xif B Control R Vb MSB VP SSB

Item 5D 10D 5D 10D 5D 10D
[ iR Proline content o 0.61£0.18a  0.65+0.11a  0.62+0.14a  0.85x0.06ab  1.44x0.37b 1.23+0.17b
/(pg/g BEHD) 1/2 kb 0.60+0.08a  0.70+0.07a  0.88+0.05b  0.84+0.02a  0.88x0.03b 0.68=0.07a
AR Soluble sugar o4 26.09+0.43a  22.3620.64a 24.64+0.31a 21.4620.0la  18.56£1.48h  18.36x2.11a
content ( pg/g i ) 1724 24.16%3.46a 22.56+0.71a  23.91£0.56a 21.10x0.68a 22.78+1.33a  15.310.43b

LSB: light sand burial; MSB: moderate sand burial; SSB: severe sand burial; SRRV T HBNAL

3 iR E4%iR
3.1 VhHRSERR I AE A YE RN MDA ARk S5 A A TS AR e £

VL HEFE B0, A0 BE A A B v i e 2 T AR P R 0 R R 5 R ) A B s P S AR O
WOREACUE T A0 PO R R A 4R PR R aE e R o AR B IR B (1 SRR 7 4, e A S A AR T AR
W25 R R B R VDR S d, BURR RN QAR SE BRI - MDA &5 Y38 i BEE 4 BB PR R (£ 1)
[FRRYD bt R 2B GEPEFD MDA & i TUD R SRS 23R i i MDA 5 5 1 R Bl A 448 it 25 17k
ik, ATUL VD3N i 5 0 R P 8 o 55 R 3 Ak ™ ) MDA 3% 2 BEAH DG (R=0. 76) , Y3 350 4
FLRE R ok AR E IR 5 | R A0 i RS Az 41 1) 22 R 1

TN BEGTEE AR SR R B AN BV EE S d, AE SR RS RR AR T R MDA 5 2 394 g 0 200 i 5 375 1 39 K
(1,38 2) WyEIE, it POD F1 SOD 1% Jj g hn (3R 3,3K 4) . 1 H [k VD B 5 4 &M MDA & i |
POD 1 SOD i& & T, WAL, ¥ Lt R bu S AL B IS T3 & 5 0 5 4l MR RR o S AR I3 i A
Y A PR R IO, BREVDHR R (VDI 10 d) , £RREE VD L A g s et i MDA & st T
TR, R POD 1 JJ R, M SOD 16 J AT A /NI BE RS &, it et A (EAS T A2, HEE VDI S
d, BERBE BRI SOD 1 POD ¥ J1 0% sy (MDA 2 s 38 e /b 240 e s PR A 38 K5 VD3 10 d, B bk
SOD F1 POD i Jj MDA & s FA M EPEREAR o X — 7 R, V3 pha S B8O A d 2R 5 R 4 i G
it S AR I 20 0 PSS 57 M4 AL DS — O T, AR RNk i e B XV RO U R P B R e, AR VD HEE R 4
b 308 3 PR R B S AR B B ) 4L R SRR SR A A0 M A pR RN R R T X T AR SR VDR R U
LEIRIRR IR R AE A VDR R 2 T v g PR o S o 25 i 2 K e J BT AR VD 1T P A 1) R A RO AP IR A

AN BFFE L5 538 B, VP 3R 5d, BERYD B SOD H1 POD 1% J1 MDA & & FIZ0 i3 P2 K T F
(F1,£3), AWFFREW,TEHEE(ROS) P24 TAEYDEIER S A 7E A RIFI A/ R AR Ui i A ik
W RV i R b AR T RS I AR AN A L BT AR IR OR TR O, VD3l e g b 3R 1
W Py 2 VDR, O R A7 ) M T AR S RS 2 Az T R I A I, SR BRCR i RoORr iR DA EH
ek = AN =l B S LA O B a R A iR RN 0N T8 G 5 NI (BN A8 YR k=W S WS B SER RTE =X e
TRy RS, PRV T M AL TARIREG CRET BER CO, AR, VR BRE R 1 M 5B AE
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FHIFREAR A iyl s 76 P4 A e B AR R [R5 e AR ) i3 s 20 T A G
WML b, (ARBRRE A I CO, AR, 5N A 2L, 1754 A i SEF B MR o ik T 80
TR PR ARG 7 A0 A MDA K TR
3.2 UPHEEAR R B IR T AR R AR

PR AR AT Sl AR A ] s B R e s R A R 0 L IR R B AT A A B
BT R BIK AR P 2R 1 e A3 I R AR K A AR Y AR ST A SR VD HE S d,
i 25 VD AR E PR3, IR AN Iy ok BRI 5 S o - e A 2R o RAEDG S K B ik s (R 1, 2, K
5,%6), FERREMAPEVMLS d, Btk bk R I 2R & i o i e vD R AR 40. 5% F151.9% T it 5 AH
XS KRS TR 2. 19% F16.3% , VHHETF I R 4R & i S50 Rk oy Z 5L 2 EAHSC, D3R B2 5
- F 2 R RS 5 K VR

FERRFE R VPR S d, BURRVD T E B IR & i T U0 (36 5) (5 MDA & 40 i 558t A IS F b
(), EEVHES A, M A IR R SRR BRI T 120% , i A MDA S EAUE R 17% , YR
SRR = 510 A MRS PR IURT MDA & B ARG, 1 FLYP3E 10 d, V0 bt Fr il 2 & i 3 n 5
b AN PE AT MDA & 0 PR R DG . — 2Bt & B 2 MR E nT v PR H a3 R 2R
FEFEAGTE R R IR gT R I, UDSLS VR i e B R A Al R T B Lk R i ST A A AR A
B AR L Y RV M AR A i 25 R B R T AT AN, U Lt B R dE e S
VEHT, P (s A ] T I 2R 0 5 i B A IR, iU 2R B S DR I R | Az i
F AR B LA A0 A R LA S I SR 5 LR Bt T AR TR R B L A kA A LR
PR, F B S A B AR K R T, YOS ae rp i o 2 RR 1 B B PR AR A B &, v R
P SR ) Rl T A A0 ) A P 3 S A b 2 B B AR e R AR

VHLS d 110 d, BEVDHEERE RS ek B al s pE R S R R RO A S LR i B RWC 6 2 A G,
AR U35 - R T MR A B S SRR K o, 1 VD v bk R D A e A e A T
A B R T M O D A B R L VDR BRI G AR B 30 A VTR i R i A A T A
BVERE R M TEAE P UL, PRI A 0 R B YD 3LIS |, VD B e r At ) T A A A D ML R A R P
BARKMBERYR

25 F TR TEAR R VD ELRE T | P3R4 Rk B RSk —RE R TR DR AE g DU L RS & R )
i 55 T B £ IR I VMR ) A R A R L YD IEASSUINR T v R 32 1 SR AR S A S, 51
20 RSN b S A o AR 200 3 P K i Lt (VD R I e 3 PR R BRI CO, R B AE 5 A0 A
JE gL A, (R VDG T AR B 2R G R R R B B A 20 A AR A S 2 B A e
FGE , M R A G TV MR R VD R R R PR A KRR B, FE VDR T, B s b
TP AT TG 7 30 AR i AR AR, 4R 4 18 P SRR BRI 53 790 1] 194 20 25 1 Ay 7 Ll 1y 2 8 A o B VD I
U bk R RS A K R AR, R E VDR VD AR R T DR 2 i A K A S R T0UHE VD T
A BB PR HLE] P AR R U Fe N TR 2 IR A v el R v, ) SR FH A JE VD B DA A AR PR
R AT A R R 2 B 1 in B Akt A
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