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Abstract ; Vitex tifolia var. Simplicafolia grown on the sandy coast of Yantai, China, was chosen as the material for this
study. The experiments focused on differences in stolon length. Four levels of sand burial treatments were set up; no-sand
burial, light sand burial (1/3 lengths of the stolon) , moderate sand burial (2/3 lengths of the stolon), and severe sand
burial (3/3 lengths of the stolon). In each sand burial treatment, the stolon was buried at two different depths, to half the
shoot height and the full plant height. After 20 days of sand-burial, various parameters were measured, including the length

of the stolon and adventitious roots, shoot height, and soluble sugar, starch, and cellulose content, to determine how
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carbohydrate conversion in the stolon of V. tifolla contributed to plant resistance to sand burial. The results showed that
compared to the control without sand-burial, the stolon was much longer following licht and moderate treatments (i.e., half
or full height of shoot) , and had new adventitious roots, higher soluble sugar and starch content and lower cellulose content
In particular, under the light half sand burial treatment, the top of the V. iifolla stolon grew fast, and had the highest starch
content, lowest cellulose content, and low soluble sugar content. However, under severe half sand burial and severe full
sand burial treatments, the stolons grew very slowly, had higher cellulose content and lower starch content. These results
indicate that sand burial represents a type of stress to these plants, which damaged the leaves and disturbed the normal
balance of carbohydrate metabolism in the stolons, but also signaled the plant to activate their adaptive response. During the
adaptive response, the conversion of carbohydrates was accelerated at the top of the stolon, so that cellulose content
declined, while starch and soluble sugar content increased. This response may provide more nutrients and energy for the top
of the stolon to grow quickly and protrude above the sand. Alternatively, cellulose in the stolon subjected to sand burial may
be degraded to provide energy and nutrients to the damaged stolon to grow and survive, in addition to enhancing the growth
of adventitious roots. Our results indicate that V. trifolia overcomes burial through the quick growth of the top of stolon and
new adventitious roots, with carbohydrate conversion providing the energy resource and nutrition for growth. Thus,
carbohydrate conversion is correlated with the capacity of the V. trifolia stolon to resist sand burial. Moreover, the capacity
of V. trifolia to adapt to sand burial shows that this species exhibits phenotypic plasticity, which is important for regulating

the carbohydrate balance and sustaining the stolon under sand-burial.
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Fig.1 Comparison of the length of stolon and adventitious roots and shoot height of Vitex trifolia var. simplicifoli under different level
treatments of sandy burial after 20 days. Unit:cm
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Table 1 Changes of total carbohydrate contents in the leaves and shoot and roots of Vitex trifolia var. simplicifoli under different levles of sand

burial for 20 days (unit: ug/g. DW)

B 253 Base of stolon HEZEHF Middle of stolon HRZETE Top of stolon

TiH Ttem ES s R ES nf R ES i Uit

Shoot Leave Root Shoot Leave Root Shoot Leave Root
F I8 Control 77.3+53b  194.1x13.2b  0£0.0c 72.1£0.9bc  180.7+0.9b 0+0.0d 91.6+4.2a  129.9%3.3hc 0£0.0
R H-LSB 542:87c  121.75.4c 44.2+134c 64.2+3.1c  146.4+8.1c 0£0.0d 63.9+9.3¢  132.1£16.3hc 0+0.0
i H-MSB 1048+1032  208.5x19.6b 2462+24.6ah 899+134ab  1915£17.2b 744£17.1b  80.5:132abe  162.5+29.1b 0£0.0
L H-SSB 105.0+1.2a  278.55.0a 2.8+0.3¢ 100.6+1.8a  267.3x6.1a 88.6+1.2h 84.4x4.7ab 154.9x3.2) 0£0.0
R 44 F-LSB 94.5+15.2ab  189.0+20.6b 202.9+18.6h 94.9+21.7a  199.7+33.9b 46.4x11.2c 98.2+17.54a 206.9+42.7a 0£0.0
4 F-MSB 74.7:17.4b  98.2+15.3d 269.9+76.2a 70.7£8.3hc  123.3x21.3¢ 152.3£30.5a 71.0+3.1bc  123.9+8.0bc 0+0.0
T4 F-SSB 1005582 104.7£5.8cd  0£0.0¢ 69.2+2.1bc  149.121.2¢ 146.8£0.82 68.4x9.2bc  109.7+8.7c 0£0.0

KGR YDA HHR A ; H-LSB-- Half of light sand burial ; F-LSB--Full of light sand burial; H-MSB--Half of moderate sand burial; F-MSB--Full of moderate sand burial ;
H-SSB--Half of severe sand burial; F-SSB --Full of severe sand burial

F2 DE0XEAFEZEREMATAMBEESESREBRKLEYSELNTN (B4 %)
Table 2 Changes of the ratio of soluble sugar and total carbohydrate contents in the leaves and shoot and roots of each stolon segments of Vitex

trifolia var. simplicifoli under different levles of sandy-burial for 20 days (unit: %)

AT ZE A Base of stolon 82 Middle of stolon LT Top of stolon

UEH Ttem 2/ BE m/BE B/ BE 2/ BHE "/ EE /B E Z/RE /B E B/ BE

Shoot/total Leave/total Root/ total Shoot/ total Leave/total Root/total Shoot/ total Leave/total Root/ total
Xt AE Control 54.6+3.3a  45.1x1.10c 0.0£0.0c 43.2£5.5¢ 43.7£2.9¢ 0.0+0.0¢ 54.8£2.2ab  40.0£3.3¢ 0.0+0.0
BREERE H-LSB 455+4.7b  49.3+7.9c 38.7+1.4b 46.4+0.3bec  58.1x0.8ab  0.0+0.0c 37.8+0.5de  59.2+0.7ab 0.0+0.0
i EEAE H-MSB 56.5+4.2a  60.5+4.4a 47.4+12.8b  58.1+8.1a 60.5+4.7ab  44.4+9.1a 47.5£5.3bc  58.7+5.1ab 0.0+0.0
HFAEYHE H-SSB 57.5+£32a  51.9+5.2hc 0.0+0.0c 54.5+5.8ab  51.5+4.2bc  39.5+6.2ab  45.6+6.7cd  58.2+8.2ab  0+0.0
R4 F-LSB 58.2+4.2a  58.1+£5.8ab  61.8+6.6a 48.2+3.2ab  53.6+8.lab  33.8+1.2b 49.9+8.3ab  51.6+7.1b 0.0+0.0
4 F-MSB 55.4+4.5a  54.1+4.5ab  64.625.3¢ 59.2+6.5a 54.6+3.5ab  67.6x11.1c  58.9+6.2a 59.3+3.8a 0.0+0.0
B2 F-SSB 43.8+2.8b  46.2+2.8¢ 0.0+0.0c 29.1+2.1d 66.5+1.2a 7.1+0.8¢ 34.8+6.2d 57.245.7ab 0.0+0.0

2.4 VDS 25 A 6 MR ZE YA B i ) R )

Xof BECHR ) A AN AR 25 P e B B bR T R AN, SRR AN TR 25 SN B AN R i R e e R 1 i
ZERAMA G (R 3) , (AORFEIRREE I 20 d J5, )8 2825 g A O LRG0 JF: 2 T 0T HR, S8 o s i ) )
ZEYDIRRR RO MREAIG , Anfe s PR EE PR ) 2R I R BT BR A S 3 i 287 % .49 % 1 3
%, FEAEEZE(RZEM) TERR R b B R P SE K o Sl SR RESE AN 356 % (110 % #1139 % ., IfH.,[A]
— R ZE L VD S ZE T R VDR A 2R DA [ ER A ) IR 2R S R 2 R R,

SR ZE R R A B A A R 2525 R A R R R e RS N (8 %) ,
RIS (75 %) . BEAHEEZEVER &5 TN EAR A B R 4 (45 %) M B3 (113 %) B s
h i Rl EIZE VDR A RNV R A SRR A 25 S NI
2.5 UDSEUXH R B 2R A B 6 AR A 2 4 2 1) R

Xof RECHR) ) 25 AR AR B O 2R 41 A 28 i 3G a (A 22 R . [RIAHR) 2E L Rl — A 2R A2
PR GHWA 2, AARFRRE LI 20 d J5, 52525027 2 2% & 8 H00 BRAIG, H T B 4 i 7 )
SEYPIRRREE RN (R 4) . SEXTIEAILL SRR B R SR P E R, 2 BRI
74 % 37 % 120 % ; FEERRE PR HEERHR A BIREAR 15 % 30 % F120 %, %) 5% 22 5% 3 (P <0.05) .
IR T ASE AR A R AR S A R R 2R IRV 2R AR G R Y R
T U A (H 22 R (R RR R R 2R v AP e R 5 i Tk i, R R R ) )
£ PR YER B R 156 %, A ZER/N 24 %)
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x3 B0 XRAGEZREMREMNSESHZREBKLEYS BTN (BAL: %)
Table 3 Changes of the ratio of starch and total carbohydrate contents in the leaves and shoot and roots of each stolon segments of Vitex trifolia

var. simplicifoli under different levles of sandy-burial for 20 days (unit: %)

T RIZEFEHS Base of stolon

) EZE P Middle of stolon

B ZE T Top of stolon

TiH Item 2/ B M/ B B EasYN M/ S R/ S EVISE M/ EE W EE

Shoot/total Leave/total Root/total Shoot/ total Leave/total Root/total Shoot/total Leave/total Root/total
Xt Control 6.1£3.3¢ 12.6£2.10cd 0.0+0.0d 14.3£0.9b 12.6+0.9be 0.0+0.0d 4.1£1.0e 11.1£1.3de 0.0+0.0
BRHEE H-LSB 35.5+£3.3a 42.2+3.2a 42+54a 40.3+1.5a 36.6+1.8a 0.0£0.0d 44.7+1.3a 35.7+2.3a 0.0+0.0
R H-MSB 13.5+0.8b  14.1x4.2bc  27.5£3.2b 14.3+58b  14.9+3.4b 14.0£3.1b 13.3+5.2¢ 16.4+1.3¢ 0.0£0.0
A H-SSB 8.8+1.2h¢ 7.5+0.5d 0.0+0.0d 13.5+1.8b 9.0+1.1d 24.8+1.2a 11.6+2.7cd  12.0+2.2de 0.0+0.0
14 41 F-LSB 7.3+1.5be 8.1+1.7d 7.7+1.3¢ 7.3+1.5d 10.5+1.8cd 6.2+1.2¢ 7.9x1.4de 9.4£3.5¢ 0.0+0.0
421 F-MSB 9.3+£2.4¢ 14.6+4.1bc 8.8+1.2¢ 7.3+2.1d 12.2+2.3bed  13.3£0.9h 9.5+3.1cd 13.1£1.8d 0.0+0.0
4 F-SSB 15.8+2.8h  19.7+5.8b 0.0+0.0d 16.2+2.1b  11.6x1.2cd  23.4+0.8a 17.8+4.2h 25.6+2.7h 0.00.0

x4 B0 XREMEHGEAESMUREMALZISESHRREGKLEMEEBILNTL (B %)

Table 4 Changes of the ratio of cellulose and total carbohydrate contents in the leaves and shoot and roots of each stolon segments of Vitex

trifolia var. simplicifoli under different levles of sandy-burial for 20 days (unit; %)

I EIZEFEH Base of stolon

) EZE P Middle of stolon

B ZE T Top of stolon

TiH liem 2/ B M/ B B ENIsYN /B R/ S 2/BE e/ B

Shoot/ total Leave/total Root/total Shoot/ total Leave/total Root/total Shoot/total Leave/total Root/total
XFHE Control 42.4+3.3a 42.5+3.10a 0.0+0.0d 46.8+6.8b 43.1+3.0a 0.0+0.0f 49.0£2.2a 49.0+3.3a 0.0+0.0
BRHEE H-1SB 19.0+2.3d 8.5+1.6e 19.3+0.7¢ 14.0£0.3d 6.1£0.3d 0.0£0.0f 17.8+0.9d 5.2£0.3e 0.0+0.0
FrREH H-MSB 30.0+3.3¢ 25.4£3.5d 25.5+0.4b 27.7+4.7¢ 24.7+7 4¢ 41.6+4.6¢ 39.2+£5.9h 25.0+6.2¢ 0.0+0.0
A H-SSB 33.7+1.2bc  40.6+2.0ab 0.0+0.0d 32.0+1.8¢ 39.5+6.1ab  35.7+1.2d 42.7+4.7h 29.8+2.2¢ 0.0+0.0
1P 4 F-LSB 34.5+5.7bc  33.8+4.3bc¢  30.4%2.6a 44.8+5.4b 36.4+£2.8ab  60.0+1.2b 42.2+3.6b 39.0+3.4b 0.0+0.0
421 F-MSB 35.3+3.3bc  31.2+6.1cd  26.6%5.5b 33.4+3.1c 33.2+4.0b 19.2+2.9¢ 31.6%5.1¢ 27.6+5.0¢ 0.0+0.0
4 F-SSB 40.4+3.8ab  34.1+2.8hc 0.0+0.0d 54.7+2.1a 22.0£1.2¢ 69.5+0.8a 48.0+2.2a 18.0+1.7d 0.00.0

3 itit54iR

FATZERFI, (1) VHERT G BERIC A0 ) B 2545 BL 28 20 d A, Tt 2 0T JEGA J2 V0 3L 4b 35 ) ) )
25 FLHEERFN A B B AN Y Sk TOUER A B 3 k2 I R ) ) ZE TR A T VD ) A B R o B R A
LD P A 38y o S TS R R 2R A KA B ROM IR (18 1) o (2) g B SR ) ) SR R b R A
20 d 5, MEERKENBERTXRE L) oK EY a5 (R D), Hralis v & (€ 2) Lk
TEE (R3),MARERTE TR (R4), (3) IR VA ZE 0 RT i o0 & s T30 YA
1Y, VPRI ZE M 2R 2R S AR T ROA TP, JC R R AT (AR B R ) | 2R AT s R A T 4
2 e Rk, S5 FFRW, VDR AL T S50 &) 25 4 5 4 e & AR B2 (L3 — s S ) i LT RE T
R ZE N IEE KA G AR, VYRS R 2R P AR K S AR S R TR K AL B W R B RN 2 A Rk K AL
BV RERRRARDC , B4, VD3I o) ) 25 N B /K Ak G W B R A (ol ) ) 25 Tt PR it A= 4 19 1 T BB
st ang?

— ORI, A S R i A A 2 2R R AT B8 PE (phenotypic plasticity ) , B[] — A3 PR B X6 A [] 91 355
JO7 28 A P A AN ] R BRI 2 T AR T B 2 O R B AN TR, R B i B AR R AR R 92
S0 MY AZ SR A RIS PR P 2 e — e AR AR B S R O T IE AR I ZE [ Polygonum
persicaria] Eii§7k{’%ﬂj]IE'_H#ﬁﬁﬁﬂ‘m@i%ﬁﬁ%ﬁ%%fﬁzﬁﬂ%‘éi%ﬁ’%ﬁU{%?%K%E/JQEJ&@%[M o 5T
IWRTE TR A B T 7= A (AR T SRS W P A A7 9 B A oMtk S A 03 7 28 A PR B 48 5 T 52
PR E 0 Rk, YA R, B ) ) 2K P BR K AL A P B AN A B T v £ B A R
[ A R A AT S PR B, S YD 35 R P S VL, AR, VD HRAE ) ) 2K T R AR K LB R A A W8 7
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Karpinski ' *' I 22 35 (Arabidopsis ) —#43 R B SRIER , 75— 4300 At Al & BLEEG Y i R R RE
AR TR EE ST . Yono P2 M T 4k T ARG Chenopodium album Fi &K BILA LWL, W58k
B, A S T B RO, A5 R T AR BT REIE ISR E IR . IESEEE B BT AR SR Y E T
M B A, XSGRO 9 1F BT DA B RA% 36 25 4y i [ B AE ) JR 7R T —FhRE 7, RIS —S a4 A A4~
TR AL F A [F) PR B 0, X PR o HA A B AR W BE T, (AR W) B A &R 4t 3K 45 18 N ( systemic acquired
acclimation) MYRET], Rk, FEVDIRAR IR rh  VDIRARA 180 Bt R, 8z VD 3 EE g 3 1 B2 i T e e
EReA L3RR &SR NG ENTb a8 NS 5 €L G E S b /G Y SR Y ST BV S E- S VR e g VA |
R IAVE SRR

VO TR 257 A T MR N, T ST AR T ) ) 2R TOU PR A i A K DB R — 2D v, TR R R
YA R A P KA A Y — 38 T e ik A A (RS IRROKIE &), — o TR
YIRS R ( Z5AamKAL &) , i ik A& AR AL TRk A, (BEDHE ST, i RSB ER 2
BH T 4EREAE bk A= AN A= K AR S5 R oK Ak G A i B0 B 2R TR oK b & AR ey, b 1T 4k
T KA G ARG T R ) ) ZE TR AT R 8% 1) i 1 S 55 T IO ) bR 2B 4 DA ) R 2R T A T ok Ak
GYIEAL, BIZSFPERR KL B (LF4ER) TG i M AR LS F PR OK AL &, T BT 27 4 R & 2 20 F BE A
FIYEPERERISERS & BIEA, Turner 55 U BFSE & L, MU AE R 5 SZ45E MREBAE AT BOBR K AL A st 23 18]
ER A ZE AR AT A PR K AL S W A PR AR Libes 5 0 BFST L & B, TR AE M B OCER A AR R
B, RN ZE ARG PRk K Ak G Wl 1) R B AME b 1 2F AR A R MR RS, A STIA
Sy ki S P AEYIAR LS MR KL A I B RS A AME T R A KRG A G A T L E AR A Rk b
Joi T PR ) 2 T g 3 o DR R K A A A I S A8t | T s 4 A 250 4 v T T R DA
P A A 3 ] g2 HAR D — 2P VDI AR A B R 1 X3, R, sk 1) ) ZR VD3 AN MR A B, B
) ) ) 2 A MR A R R s, VDI VD L B R TR I BT, — A [
JE 2 RN A3 e 3 o sl A R g VD ST TCVEA T O AR 3 ATV A K A W A BTG T ) ) 2R
A ERAE RS AT PR OK AL G W5 K38 K, 5 R B 2222 oK A& AR R 4, S BCEEM ok b & Y564k,
KA LR YL R ST 4e S VE R AN AT i MR & i, TR ZEAE IR B, TR B AN ARAN SR AR P % R 5
AR 3E ) T LS T DG Gt 7 AR A R S - S SR T AR 4 5 TOURR AR K B S kAR T YD A
3 e RN 1 i AR i) e N E N A LY o B IR/ K= ST I T 110 et 7/ R T A S TR (B R S I 4
T 5 1) ) 25 TR 2T 248 38 0 28 A L T sy DR A 4 A BB o U, R AR i T bk A 4 M — 25 VD A ik
IKAC A W - FOREAR PR A A7 TR I S 0 S5 30 1) ) 25 v 27 4 3R 1 B i AN S A 2 4 1) ) ) 25 44
SLAEARER B TR R 2R AN RIE U TR B A TR A A ) B 25K P Bk AR T A
HEEREEN, (R 2 AR 2R E TV T, AU ZE T i T g0 A= K3z, if 5
BIZERNEMRIE WALZBH , X TRl TV T oA 4 R 2, S8 TR 2P AR 5B BREm
R URT A RIS S AR AR, AT FR A T i e K A B W AE AL 4R B A VR T FE S, T RERI Ay
AT HERROK AL A P A TG T A ERR AR, PR AS R B VD3 5 B ) 1) ) 25 PN 2 4 22 1 PRk
fiffe PRI ZR T PR AR A AN AR ) 7 A 2 AR BRI R A AT 9 P A 3R

AFF 5% 2% I S R E A R AR T SRR | T X AR M A VD38 B ) A 4 o) ) 2R PR AR K R E AR TE
B KA B AT K A DA R B s et v e ) R BATVER 3R BT S 2 A7 SE R R e
WSZIRGER AR 2 PR, SR e i v B T e s e e, T U S 2 R S TR ) 9
FEAERER, WETIE R I, FEAN B B ZE IO I 0T, 0 B R R e 3 fof ) ) 2K AR R AT MR S R,
WA R ol m i MR RS TIER S AR AR, X RV EE VDI BV AT K S )
A RV RT SR S AR () 2R PR A A IR AR EY K, WU AR R VD b A T R VD S TG G A R
)R ZE R K AL B i A R ) R 2R AR (RN AR R AT B SRR | X AR I R VD b B )
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P B L (EA 4

i LRk U —Fba e O A SR AL S G R ORI E £ il o ) R s v
P A B R VDI A OB S A AL ™ A 3 A SO, G R 2 R SRR P A D L ) ) ) =5 T X Jok
AT IR K AL S WAL AR AT R R AR R TR A ] I R S i, O T AR K SR BERE BRI 3R ORI
R R SR PR A AR (b — 2D ey [ P HLE (S A 3 e it T 2 2R ™ A T 22 1) L i P A
N R ZEANE R A R SR ERE R, (RIS 3T A E AR AR J8 RT3 DR B K AR IR AL R B T AR 2 i 1) T 7K 3328 i )
G &S AR IR o B SR NIV S Uy i i Sl T BN AR 7L AW R ST S S IO & T Uy
SIRPTYN AR ) BA R
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