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Growth and physiological adaptation of Messerschmidia sibirica to sand burial on

coastal sandy

WANG Jin',ZHOU Ruilian"* , ZHAO Halin® ,ZHAO Yanhong', HOU Yuping'
1 College of Life Sciences, Ludong University, Yantai 264025, Chinaa
2 Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou 730000, China

Abstract: Messerschmidia sibirica Linn, Siberian sea rosemary, may be useful in the restoration and protection of sand
dunes. We explored its ability to withstand varying levels of sand burial in the Yan Tai coastal dune in the spring and
summer of 2009 and 2010. Four levels of sand burial treatments were set up: no-sand burial ( control) , light sand burial
(1/3 of plant height) , moderate sand burial (2/3 of plant height) and severe sand burial ( plant fully covered by sand).
Changes in soil temperature, soil moisture, fresh weight ( FW ), dry weight ( DW ), relative plant height, plasma
membrane permeability, MDA content, osmotic regulation, and activity of antioxidant enzymes in the leaves of plants in
different levels of sand burial were investigated to elucidate the strategies used to maintain physiological and biochemical
processes during growth in the different environments. Soil temperatures below sand decreased while soil water content

increased with increasing levels of sand burial. Plants in light and moderate sand burials were taller than controls. In
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individual plants, the FW and DW of leaves above sand increased while FW and DW of leaves below sand decreased. On
the 5™ day after sand burial, the leaves of whole plants in each of the three levels of sand burial had lower membrane
permeability, MDA and proline contents and higher levels of activities of SOD and CAT than controls. Also, in individual
plants, membrane permeability, MDA and proline contents, and activities of SOD and CAT in the leaves below sand were
lower than in leaves above sand. The decrease in these physiological indicators was therefore correlated with increases in soil
moisture and lower soil temperatures. Leaves above sand appeared to suffer from stronger ground thermal radiation, drought
stress, and high temperature.

These findings suggest that under light and moderate sand burial, antioxidant enzymes and proline play an important
physiological regulating role in retarding lipid peroxidation and protect the leaves above sand, allowing them to grow rapidly
and helping the plant avoid further sand burial. Moreover, under severe sand burial, although darkness and low oxygen
limit photosynthesis and respiration of the buried leaves, those leaves can keep more nutrients to transfer to the apex of the
shoot to make it grow and emerge above sand. Our results confirm that Messerschmidia sibirica Linn has a high resistance to
even severe sand burial and uncovers some of the physiological strategies employed in this resistance. Thus it may be a very

suitable plant for vegetation restoration, sand fixation, and protecting beaches in coastal dunes.

Key Words: sand burial ; Messerschmidia sibirica Linn; growth strategy; physiological strategy
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H(DW) S R A Iz 1 P A A B ) ANE 1 ) 5 i X A BT R D | BT P4 A B A AL
A= 3 TS, VIR B O B E I R AR A RV 5| R R A B, DL i b A )
IET P BERL AR

http ; //www. ecologica. cn



14 M Tt & BEEVD IR S | SOV A AR K R A B N R 4293

1 #R5FHE
1.1 WF5RIX [ SR

S T HBA L 2R B v A TR 28 119°34'—121°57", 4646 36°16'—38°23", iZ ML IX & Tl Z2 WS,
fige , I HA 3 T AR K o 651. 9 mm, EBEEFYE 7—8 H |, MR 1) 49% ; --F SR
11.8°C , i A A 8 A (24.6°C) , it i fe i < I 38. 4 °C, +3 pH {4 4.22—6.79, WX TG T
ST M7 BT VD b, S5 LT3 A VDR R I AR B V0 Fe MR RRAIE R S KD+ R IR AU LA T
RICHEY R 2, EEAEY)A T 5 ( Carex kobomugi) b5 | H4E,
1.2 W5k
1.2.1 A RrPRic

FEME VD 1 BERRD 5 | RE T M O b | B 2% 5 R AR R E AR I . DL SRR S 30 em A2
4 KBS YA TR, It S HEbRid ., Hic 5B ES kT A 173 4b 2/3 4 iy ZEEBigdsid, LA
0 2 AR VR B, IR AE IR FE AL, 43 3 2 OO AR R o A8U A, PR X 2B A I VDS 5 ORI 10 KR
LEHT A FW A DW #5E
1.2.2 Vi

IR 4 MUPHIRELREE .0 (O IR-IR VD4 B2 VD R (13 kw5 TP VDR (2/3 B ) AR B VD3 (4230
VL) RN ER A 15 bR AN FRE A 3 Yk, YD HRAL B BIKE AR S T Hobk v 40 ) 85 RS 30 em ( EEFE
PHEY 20 em( FFEEVPIE) 10 em (FREEVSIR) AL A 1—2m? (T HE . Py B RS B 3 By HE K T e A Rk HE
i, SRIF IR TV AAE AN YD A R0, — Rt R e, WS R R LB, v
DX 3] Pl P 70/ V0 5 b T AR S A SR VD M — 1A, 5 F VD AL B X R IE
1.2.3 AR HBAGIE AL e bt

AR SHIE R PR A KRB B EAR bR —, EVHE S 5 RIS 10 K, BEVLAARIC B #4 kL
VEBUEAR B V0F- 5% , /O H AR5 B ACKS A R DG b 2 A BT TI 89 F sl L EARic iyt BCT
T AR AR S P 0 e (FW) RN EE (DW) |, I RO 45740 (67 A v B DA B e s B (] s s FH 59 )
VR R U0 HL Ak B 1 B 4 1 3 B, — 1S 43 Rk B 20 T S 6 5 0 240 A RS vk N it R AR KRR ) — A8
AR AL A B P R S T IR | FT VAR &5, SOD (POD (CAT I J1 (940 M, AR i % 57 i V0 2B JiE
FEVP IR RE S 0,10 .20 30cm P50 0 HE T B -0 AS [ B2 32 V0 1 v - v - S90S [) JE2 3 D B A B+
FE A 885K, A IE I ES 3 WUk,
1.3 KR

AR o0 S 2 0 A TR R R K AR L S I 0 i AR X a5 AR KR
VA I R I R AR K

Tl AR T B < R EBCISE I A R T T B b i A U (pH = 7. 8,0. 05 mmol/L IR ZE ik ) , vkify bt
RIS AE 15000 1/min 4 C 44 F O 15 min, B R THUAACEENE 7180 MDA &R 0T i e
B2 , R SRS 2 PO UMk i (NBT) SEiR I 2 SOD 162 SR Al AL B AR I 2 POD 76 #E™ ;R A
LRI G CAT 1SR SR I BRAC Y e Z R v 1 5 MDA & 5175 SR B = Fo €0, 0 00 5 I 5 il 22 e
ST SR R B s T e S i

1.4 s
SERVEHRE R 3 DL LR S IME, T SPSS 1. 5 #3175 dE 407
2 ERG54HH

2.1 VPSR A SR RN - K I A
TEVD S A S AN [ JE R D - Sl 38 R - K o 1) 3 BT LA A /S8 XA 00 Bl A 35 ) S S D
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MR 3 T S KE (R 1), Wb BEVD | Bl VDR R 3 SR T s fE A s 5, 5+
HEE K EMR VP RMERER S (40 C) , HEEEVHREER, v+ ARG, W EEvbi, FEvbig )=
FEWEN 10 em A1 20 em, HIEREHITRET 12 CH 14 C

R1 ARMEEETHESKEMTERENTN

Table 1 Changes in soil moisture and soil temperature under different levels of sand burial

PO BEH R Gl

H Control Light sand burial Moderate sand burial Severe sand burial

fem 5d 10d 5d 10d 5d 10d 5d 10d

A Ak R % T Top 0.2 6
Soil moisture 2/3 4k 2/3side 0.2a 1.5a 0.3b 3.3b
1/3 4k 1/3side 0.2a 1.9a 3.8b 4.7b 8.0c 8.2¢
W2 Soil surface 0.3a 1.5a 1.6b 2.7b 4.8¢c 8.4c 8.2d 8.7¢
IR/ C ToR 40.1 40.0b
Soil temperature 2/3 4k 40.2a 40.1a 27.9b 27.6b
1/3 kb 40.1a 40.0a 28.0b 28.5b 25.1b 24.0b
M 40.1a 40.2a 27.7b 28.9b 24.3bc 24.2bc 20.0c 20. lc

2.2 REEEVHFRb S |k KR R R ah s
M2 2 WLUE VIR T 005 | B AR R TR AR K, 2o Sd BRI EE VDI AR B AD | RO AR K
1R AT S L X B GRT 27.0% 1 24. 7% AR EE B VD B AR SE R FRAR (3. 1% ) o DI 10d J5 , X B BRI 384 1=y, 0L
OSBRI VD TRk R RN TV N AR R AR EE ) U HOE E VDA AR I e R R RN ZE W A TS 2
Ak,
®2 FEBEWETHIIEM A 6E, TE M A ANk RIERANSEEW

Table 2 Changes in fresh weight (FW) .dry weight (DW) and relative water content (RWC) of the leaves and plant relative height (RH) of

Messerschmidia sibirica Linn under different levels of sand burial

Xif i R R VD AT
A Control Light sand burial Moderate sand burial Severe sand burial
fom 5d 10d 5d 10d 5d 10d 5d 10d
fif T FW i Top 310.7a  316.5a  313.6a  460.4b  227.4b  358.3¢  135.5c
(M) /mg 2/3 4ib 2/3side 458.2a  504.2a  493.6b  580.9b  316.9c 308. 6¢
1/3 4k 1/3side 296.17a  373.0 296.5h 289.4a 345.7¢
T& DW T 29.1a 39.0a 48.13b  58.3b 36. 4c 43.7¢ 15.2d
(") /mg 2/3 kb 62.2a 64.0a 63.2a 64.3b 35.4¢ 27.6d
1/3 kb 36.4a 38.4 36.0a 32.1a 34.8a
AHXT Bk 5 RH/ % 50 53.1a 54.7a 49.0a 60. 1a 55.2a 70.9a 57.9b
2/3 b 31.6a 32.5a 32.1a 39.9a 31.9a 27. 4c¢
1/3 4k 15.3a 12.8 18.9b 12.9¢ 14.7d
AT K TR 76.9a 83.3a 79.8a 82.0a 80.3b 81.42a  89.2¢c 92.1b
RWC/% 2/3 b 74. 1a 83.8a 80.2b 84.2a 85.8b 85.9h
1/3 kb 79.4a 84.1a 87.2h 85.8b 87.5b
BARIV T HBAL

5 X AR VPHE 5d A 10d Y0 B0 A FW g B T IR DR TR A, A VD HE 5d #) 10d
X BTG WA EE 5. 8 myg, T E AN b B VDA B A TR I 43 5438 147 mg F1 130 mg, 43 BN B
25 {551 22 5, BREEVDIE 2/3 AbE R AR IR 2 5, (HYD ARSI A FW T FREIHIE T3 1R

Y DW XD NS FW ARTE], YPIARSE T Vb ARSI e DW SN, (i e B /N T
FW R38R, Vo3 Sd, 525 FH BE VR B DW 20 B4 B8 DW 51 66% F125% ,{HVPHE 10d 1 H DW 1§+ 2
HSXTRZERAK, MY Y B DW B IRAC, iR DW T Ra e B v S B (R iR I 384, e A
Pk 2/3 Ab, b BE RV FE VDR i DW 43 50 BRAK 43% T 56%
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AW AEVPHEAL B A U BRI R K R SR B SR EE S AR, (BT T
MR, YR AEYIM K R R S TR IR AR W A K
2.3 AFEEVE TGt b 40 BSE A MDA % 248k

TEIE R OUT AR Bt A BB KT R ER (R 3) o VD8 5d, AN [R] JEE 2 /0 JHL A 3 F) Ao ke e e ot
i 40 P B3 1 A AIG 0T R, AR S 289 I R 2 R 3 e X BRI R AIR T 25% (R 37% (B E) \54%
(HRE) o (B[R —HEAR VD L R 4B M 2 8 00 R i R, s B RN v BE VD 3D 1 AP e 4 R 1
BV R 3. 1% F138.3% , 53ak,  FEARIR]l— &R0 W B A V0 LA I 5 40 R 375 4 5 VD MY, G T
F12/3 Ab AT VDS o 240 B R A7 1 T34 L VD SR Y i R A MRS M 530 55 94% 1 36% | YDSIREAR TV R I
F L S

[FIRE R I, VD3 Sd, BEVDIREERE /38 i, AR -2 MDA & 543 SO0 BRI T 10% (1) (14%
("FBE) 23% (FHJE) . AR —HEY L H MDA £ AN T4 B & TV i R, Qg 3 vp i b 1 v
EAEYINE A MDA B4R SIS R i MDA &5 56% M1 17% o H A0 AR IR — 300 A YO BRI I H- MDA
SEE T IAETRER A 2/3 AbIA VO A MDA & 85734 FL VP B AG I 20 507 23% 1 101% T
FEFEVDHE 10d I R 20 M 832 1 ) AR B T b MDA 75 2t 3 ik P A1

R3 TRAEEMETRSIEMNHFAMEEET MDA SEMEL

Table 3 Changes in cell membrane permeability and MDA content of Messerschmidia sibirica Linn under different levels of sand burial

oy BEH R iR
W5 H No-sand burial Light sand burial Moderate sand burial Severe sand burial
Testing item
5d 10d 5d 10d 5d 10d 5d 10d

YL % TS Top 11.13a 1.88a 7.94b 2.03a 8.30b 2.52a 4.19b 10.57b
cell membrane 2/3 Ak 2/3side 12.94a 2.50a 8.17b 4.03b 5.61b 6.47b
permeability 1/3 4k 1/3side 8.20a 2.35 7.81a 6.44ab 4.19b
N R g 1.42a  0.96a 1.59a 1.19a 1.68b 1.49b 1.27a 1.00a
MDA content 2/3 4k 1.90a 0.57a 2.21b 0.97b 0.68a 1.35b
/(mmol/g BEH ) 1/3 4k 1.95a 1.32 1.22b 2.18¢ 1.45a

BN TR AL

2.4 ARBTG5 UL S 028k
gERF  BEE VPR EERA N, Ab 5 Bk B POD 15 1 R A (FR4), VHIE 5 K, 5XTEM L, B
FE EE VDR BUAE R P34 POD IS 1 IR T 23% 31% 5% o AR [FFERALH - POD 1
TV SR MIAR, RV Bt R POD & U0 T M Ak, PR [FE—EFBALH 5 POD 1% 1Bl & VD3RR B
FXE I TR, VAL BRERD 5 AR R POD 105 1 FRAK, 1Rl 5 VDR (] 24 | PRI BE AR /N
*4 AEEEDETHSIEMNH POD.SOD 1 CAT FHHZEN

Table 4 Changes in activities of peroxidase (POD) .superoxide dismutase ( SOD) and catalase ( CAT) of Messerschmidia sibirica Linn under

different levels of sand burial

N Xof ] REEVH PRV HEEVP
\{MUEI’J{ H No-sand burial Light sand burial Moderate sand burial Severe sand burial
Testing item
5d 10d 5d 10d 5d 10d 5d 10d
SOD activity T Top 133.6a  72.71a  136.99a 117.78b  159.09b  103.77¢ 124.61c  96.37d
/(U-g ! T -h7") 2/3 kit 2/3side 151.6a 133.18a  141.47b  114.44a  137.55¢ 129.9d
1/3 &b 1/3side 120.2a  118.5 139.8h 134.97¢ 114.55d
POD activity o0 0.5l1a  0.59a 0.36b 0.43b 0.33¢ 0.43¢ 0.48d 0.38d
/(pmol HyOpmin~' g™ 2/3 4t 0.57a  0.58a 0.34b 0.44a 0.32b 0.45¢
fif ) 1/3 ik 0.40a  0.51 0.43b 0.36¢ 0.42b
CAT activity THH 342.3a  317.27a  353.82b  290.46b  378.26c  297.99h  324.41b  294.8h
/(mol Hy0,/g ) 2/3 ik 253.13a 231.03a  323.22b  304.20b  311.12c 310.97¢
1/3 4k 289.5la 288.55 302.21a 297.18b 285.20a

SRR T AL
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TEVPIIES 5 K B VOIS EERE N WP 51 FEH - SOD AYIE S AW FTH(BRE VM) (% 4) , RIBFEA[FEB
it R SOD & JJ R BN VS RT3 B AR AR R — 0 R A Y i i - SOD I g & b st
Fo VOHACPRER B T RLRRYD R SOD I 3 AHEIRRAR T PRI - SOD %

FEVPIEE S R SR IRAUM LE AR B R VDI AR AR T T3 CAT 6 B, U R R VDI
[FIREAS [FIEB AL B CAT 36 SR BN B0 i RV Nt G B v sUofn vp B2 b3 0D it i CAT 3% 1433
FEVP R 12% F124% o 756  RRRE—FALE B CAT 35 77 DIt 25 70 4 52 B (g 6 i R B, 7E VDRSS 10 K
IR CAT I 205 11 AT BRI T RS
2.5 ARRIEEVDH NG| RS SR & Ak

FEVPHAS 5 R BEAE VO HRR S A 3E a5 et Brp AR S ORI (R 5) o SXTEA L R b
JEE R ER 0 Sk B ) R R A A I R T A R 4 RGN 142% 44% 63% (P<0.05) . H[F—HEkT
W P Bl 2R B W T N i, AR R — BB Bl 2R 1 R 2 B VD MR R B mi ks TR R, AE
PSS 10 K, 6 RS S | it e i 20 & S A B, i Vb3l b5 | v b B IR & A R R

SR, W Fr o i i X VD 3 A B 0, 55 I R A I, VDR 5 R V3L A B Rk v e o ] 3 PR o
IR T R, A% B e B R R D MR A B R R M A R4 R R T 60% .63% .80% ( P<
0.05) . i [Al—AEAR > bt R Al s s & /N U R AR R — BB A R e R s M B U v 1
JELRE MG I R AR, ANAE 1/3 Ak, FREE PR R VDR i R ml s AR B BRI T 72%
73% 82% ., HHILZ T, ZEVPHLEE 10 K, A5 X BRIV 3L Ah ) A4 i v el i P 5 38 R R, (HLR VD
AR PRI R TR S AR T BT R VD R I 5 R R T 2 T R RN T 2. 38%
8RR R BT & I B i

x5 ARAEEMETHSIEMFHESBMATAEESENTL
Table 5 Changes in the contents of proline and soluble sugar in the leaves of Messerschmidia sibirica Linn under different levels of sand burial

X RV rhEET I RV

s | No-sand burial Light sand burial Moderate sand burial Severe sand burial
Testing item
5d 10d 5d 10d 5d 10d 5d 10d
IR/ (ne/g EE)  TIE Top 0.17a 0.76a 0.73b 0.73a 0.91c 0.72a 1.30d 0.75a
Proline content 2/3 Ak 2/3side 0.87a 0.85a 1.85b 0.82a 0.96¢ 0.97¢
1/3 b 1/3side 0.74a 0.82 1.72b 0.67a 0.62a
AR (ne/g BETE ) THHS 4.45a 0.78a 2.03bc  0.63a 1.79b 0.38ac  0.68¢ 2.15b
Soluble sugar content 2/3 kb 2.58a 2.9a 1.79b 0.79b 1.66¢ 1.04bc
1/3 4k 8.47a 2.62 2.37b 2.26¢ 1.47h

BNV TR AL

3 Wit E%it
3.1 oI EOR VDI N A A KON R

YOHRLR YDA R 28 TG 1 S, B BB A RO AL TE 1 2B K A, QIR AT B AR BRI RO AT
YA, ABESTAEREN]  AE Vb s 5 K R YD B YD b AIYD T A RRARR B T IR, YD
PRATYD b ARAAOS vo BE R T X IR, VDR S X IR ], L RE Y0 R AR A b S A I i T e 1 2R
Ko BUEHIIE BE VDT R AR S | A 0 IR AR SR SR — B . IR IR R B, (70 b 3 v
AR R I Rl A AERE S VD A e FW O DW ORI, VD R R FWORT DWOSIZD  aX SREH VD
AR A K AR O, AR VPSR AR AR A i et 3 B DR (o] b A A YD BRI OG & A P AR R
A iBOR CRU N N e X (R EI:U L WARE s 7/IDit i R ) WA R IR S S ek 7 NIV ES s da s e an

X AN YR O 48 22 P B A AR AR R AT e A B, oo 2 A AN RE M b I . AT fE
JE T TP R DA A AU B YUERIE T o JF4 AR XD R i 52 7 15 ORI ] P 1 114
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2 JIAEOC . GEHRRI, BARWD | R A M R RN INAE R M BV R A K R 20 10d VOIS AR R A
ToOCIRMMIE AR i R AR B i g, M 2F i Az, TSR 25 AR H oA B A S iy, iR T 2 wp s VD T
SRS AR TCEAT A E GO0 T M A R R AT BB . — V0 T SN E] 1 i 5 AR X e AT
FE , HEB 5 A Bk W0 o RN RE e A A4 s — VDI IS VT R R R AR B i R A 2 R RE
AP B S, DA o B, YOS RES 1R (il LA K Al B 0 R A (i 45 B3R A K A
MEL T BENS Y HA70E T ok, =2 RD5 | FZE T HAG AR 5 X' A3 M A R AR K I BE 7, 7R IS R 25 T A
VT ) B A AR G Th v 25 i — E P s VD 1 S AR IS BOEIR B M Ak 2L A4, a] WA 5 | B & — Al i 3 i AE 4
EYH SRR POEA KRR SV E IEA T FERR PSR e 5 ot L i s 20 LA ARt —4
Wros.
3.2 PG| EXT VLT N A AR B 5

KEMFTE R, T 45T CUMIRHR Ky 3R 8= 46 ) MW AR 9 16 1 A R G 1 A e e 3R, 23
FEHI PR P9 4R PR AR AN | 2 s i 40 e A B et 48R 4R P SRR R BT TS PR AL B R 4
BT BTSN A REE A B B A 098 0% VR VR AR AN B a1 i 2 1 ) 2 — 2
BB | R A R A A AR,

R FEVPHE RS 5 O AN TR JEEE V34D B AR AR I 200 B35 4 R MDA B i B0 6) BEAIG, 17 4 Bk AR
i F SOD \CAT 7 J1 M & R & e 8 BE . [l —AE AR VD i o 4 I 325 14 . MDA Rl 2R % & S SOD
FICAT 16 N1 ¥ TV v st v WLV HRER & 70> DAY R beE AR RS ), eV EE SR 10 K,
TR Z SR AR, VL & K38 0, 20 B RSE3 : F MDA 2 15 T B, Il 208 7 1 S SOD il CAT
DY, VHLE R TR YD bk A 4 RS A MDA 5 i AR S P SR BES  BEAE FR (R = 0. 957
R2=0.994 ),

eSS U AR 00 B R L SR o =01 N 1 VAP S O ol o 39 = R LT 3
1), S FRRE RS b, i Tt 28 VR AR S 80 7 Sk 8w . W N I o A& M MDA Fi 24 R
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