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Abstract: Tournefortia argentea is an evergreen plant of Boraginaceae with important ecological, ornamental and
edible values. It is a pioneer species at the tropical coastal and island of the Eastern Hemisphere. To provide basic
data for protection and utilization of 7. argentea, and to understand the ecological adaptation mechanism on
tropical coral islands, we selected individuals of 7. argentea naturally growing on Dongdao Island of Xisha Islands
to examine their morphological and physiological characteristics, nutrient composition, and the physical and
chemical properties of their rhizosphere soil. The results showed that 7. argentea was a heliophyte, characterized
with low stomatal density, small specific leaf area, well developed spongy tissue, large Alum/Axle and thick white

hair on leaf surface, which help 7. argentea to keep moisture and obtain water effectively. The content of proline in

BEETH: NSFC-J RELEEESE (U1701246); FRIBE A 285082k S8 % 15 (XDA13020500) [Supported
by NSFC-Guangdong Province Union Funds (U1701246); Strategic Priority Research Program of the Chinese
Academy of Sciences (XDA13020500)].

YRR B0 (1990-), 5, (L ZR A W i N, 1l LR AU AR, R BN A AL S 2E AR OG5, (E-mail)
hongyuecai@scbg.ac.cn.

“EfEMEE. ML (19729, 9, WL, #i5a, TENFEYLESE S 2B R A8 F
K5, (E-mail) jiansg@scbg.ac.cn.



leaves of T. argentea was high, but the content of malondialdehyde was low, indicating that 7. argentea had good
drought resistance. The content of nutrient elements were high in plant leaves but low for rhizosphere soil,
suggesting that 7. argentea was able to use nutrient elements of rhizosphere soil effectively and had strong
tolerance to barren soil. The branches were fragile and easy to break, which helps 7. argentea in preventing from
being uprooted by typhoons. Moreover, the branches were water-storing tissues so after typhoon the crown could
be recovered quickly. In a word, 7. argentea can adapt to various environmental stresses, such as strong light, gale,
drought and barren soil. Therefore, T. argentea can be used as an important plant species of vegetation restoration
in tropical coral islands.
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Fig. 1 Community (A), branches (B), flowers (C) and fruits (D) of Tournefortia argentea

B 7 1 Ry R RL, BRIELIVE T (Manner & Elevitch, 2006), [FJi
A B R ORI AT LRI IE s AN, ANEORIESE R . E3EDE, BN
R B ARG T IR, P BOK 2RI T Lt e fE 98« 7R3, AN S
TR A 70 AU UG, F LRI LE RS « TS FNZ A2 i 28 38U T8 (Manner &
Elevitch, 2006). fRERREIRLFHIEM . KNAEEE, — B EAAT G, )l
PR RE NIRRT AL TV RESIR 2 S5 LA A, F PR AR B AR R T A A
TR BRENA S, B EME— SIS RIS REBW IR T 8RB B R 8 Fhk
MAW (FUF, 1988). Fith, REW A BZWESDRER N HNME.

AT, [ A AR B BT 70 32 AR PR A 2 Ch [E R 2B b B B g 235 1996)
REVRGER (R A B T P v b B S AR A A, 19770 R 73 73 Bt (Ogihara et
al, 1997; Ogihara etal, 2002). J%5 (Chenetal, 2007) FIERHF 7T CHEF, 2012) %%
JI T TR PH VDR IR AR I T AR A AR A A R R AT A R AR . BRI AR A AN
NFEEIREIG N, S PUyRE & BRI A T R (XRHE, 2007). HREMHIE
B FOE RS REAL, JET-R ETE, SfRORYT . ASCWETT 1 IUIbHE 8 2R B B AR AR 7
SR EER . A PERRAE . MR E IR U R AR s L A B 5T A, DU SR X B0 &
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1.1 B 50 MR I,

VEYDHE I 2 oA T 3R v A — B I B &, ph R b B B B R0 R I K
IRBE SR, 2 111°11-112°54'B, 15°46'-17°08'N. R 40 T B AR IR HE, 2 rhdb-7R
FE R PKARETE, RTHybE S R IR R s, FEHUEAR 1.55 km?, SFEZ) 3-6 m,
PR 26~27 C, IR R UE . AR B FESFERNE 1500 mm, (HFFEKKZETS
Y, ARERTEEE, 6-11 HAWEE, MRENEER 87 %, 12 H &3S AAT
7, BFWELCAEEN 13 % (XIBERESE, 2017). PHYEE @ XK HZE KL, FEKE
W 2 400 mm, B EREREL 2 %, 2 A3 A RzEKEICH KR, KRTREWE 10 5 (7
KA SOV SR BN, 1977). EXFFENELD. ZRKER. W HIEHK
SIMECLORFFI AR R, By AW B IR H AR KT O R T B B A SR OK IS B R

REERMEGFE RS, TEMEDFEEZE 76 M (BT, 2013). #EAMATRIDT
E— R R, LG R B By A B FIER (Scaevola sericea) HRER . IEF AR
(Guettarda speciosa)~ WIEAREE (Morinda citrifolia) FHERB/NTFAR, HE>FIH 1 ZHL
WA KR BIPURAME  (Pisonia grandis) TR AWK, & T 2R BRI —F-.

1.2 Wk

F 2016 7 A, fERDIEI 6 PRMEFEI B AR TR, R L1 LA 4T T
Ui A 3 R AT I A FIA 2%, 2R NTBCAR IR AR B D148, T 4°CUKFE IR AT

1.2.1 JEASFRFR S RAEN 8 Ee AR e R A L1 3000 AR A & i A (LA), 2
JFET 65 CHMPMTEEERFHRETE (DW). iHH F7WF: SLA=LA/DW (Gower
etal., 1999), M-T# & & (LDMC) = M- #H/ MfH,

M R S EF VI E, 75652 AU T LS I & v J5 B i 4 A A 4 21
() JEFE, b 3R Rz JERE AL AR 48 M (%) R /INRAR L% BE o AR AL % BE AN S ALK B TSRS FL T
FUEHL (SPD, SALIATRE= SALE xS ILK 2.

FIH Leica RM2235 V) v HL3R BUEL 26 B U) 10 | 20 pm J5 () 52 %29 Jv, JAAE Leica
DM4000B &8 3RS AR, 28)5 K H Image J 340 h B8 BN SEHE,
K% = T/, 5 ANBEk B 5T 3 % B T~ 3548 RY S 8 A 11 T 35 A Jo2 30 % B
(FREE, 2016).

B TE I K BRI 2 : SR, B 20 em BN BEH K ket , JF& L
EAOIPRIAS, AR T AR, DA 50 em & 078 S b e R I E ek SOk R, Hika e
(i K FIK BB AE — B FEFE b R B AR T E 7K % (Renetal, 1997). B5cEm KT
KEAR: K =W/AAte HH Ko NREMBEEH S5 R K FKE(gem 2s "MPa ); W
NEESAE—E R BN I Sk E(g), t NSIKTIRT (s), A NFZEREEAA (cm?), WE 54
HE.

BB Alum/Axle (%) = FE AR S EL /BT IR, MtEfRE (VD =
SEEHA/FEEE KBS, 2014, WESANEE.

1.2.2 A FRAFAEN &

1221 MR EE DL 80% N AR 2 At i, HEAM ot (Uv- 3802,
Unico) 73T 663 nm F1 645 nm ALl @ WL, TR IS¢ 3R a, 4R b, B SRR
NS a/b MIHME MRS SE, 1984) e 3 MEE.



1222 WEHEEAMBER (ABA) BE  nIEHEEERHE S, Ak
UK 0.1 mL % G2 7 2.5 mL IR A 5 4 6 BETH(UV-3802, Unico)bb e, %
£ 595 nm, PUAAZS HIAE, SEROLE OGRS, 2008); ABA K H & 8GR AH (ks
ME (PVEERSE, 2013), &lE 3 NEE.

1.2.2.3 JHEBRFA B SEMNE  HER (Pro) &8 KHABE/KIRIEE, R &
=AY, TE 520 nm AbiEEUROGE; B (MDA) &R B B 2 BRIE I 5E
B 532 m Al 600 nm Kb IWROBAE IR ZEE (IS, 2006), #FllE 3 NES,

1.2.2.4 PrEAEREEREY) S EIE  DURIER A 3 AN EE .. Y adiE LR
(T- AOC) KRB B R PrEEE 10817k (FRAP) M5 (BEEKA, 2013). fERRMES
R, Fe¥- ZMLRE=NYIE (TPTZ) #LJF AN Fe¥- TPTZ, RWifh, 7F 593 nm AbAG F KWK
WA . HEAAY AR (SOD) PR &0 DU M vE I i ,  DATE S B AR & b il & 7 R
50%H A — NS AL (U7 g 8D (A8FF, 20000, AR (CAT) 3R 5 K
Wk, LA ZHEY 1 min WAL 1 nmol i S A BN — AN BTSN, (U-g! D
CAR¥, 2000).

RS B R FAEAARE L= %E (Lamuela- Raventds et al, 1999), FEFEIESAET, M
YRR HIRIC R, FEAEE LAY, 78 760 nm WEE KR K.

123 MR RIEM RN E  (EE A RBUH S, A7 [l SEie = HEAE 60 CHET.
MR ERE (TND RHILREZENE: HA2BSE (P) RAESP RN E; ot
AN E (TOC) KA BRI A-TRIRR AL E . §°C Ml KA R 25 i
{% (IsoPrimel00, Iso- Prime, Manchester, UK) #4770 E T, BRIENL R AR T4tk
AL (%0), FHOR R, HRAEEFRARAEA XTI H: 6 (%) =[ (Ream/ Rsa) -1] % 1000, Ream 3
TNEE S AR B, Raa 3R B BR bR ) AR N = B2 o Bk [F) A7 3% B Brbr Y 9 Pee Dee
Belemnite (PDB), BRI [E /K2 RAM F 2 R LKA HZE M E I F A (Reps =
0.0112372, §"Crpp =0%0) (HEZFEZE, 2016),

1.2.4 LIESEAMETNE  TERRAR BRI ERAR R R %), BL6 1~ 0~20 em IR 2 1,
TN BRI AR AR, #5286 S AT, 1 2 mm 5. IR B I E SR bR, SRt
B ARE GuDeks, 19960 #EAT.

1.3 HdE skt
By B3 43 b S AE R Microsoft office Excel 2010 F1 Adobe Photoshop CC 2015 i3
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2.1 JEAS R AR AL

EEAMAE ORI, REMAAAR M, BRI - EEEN A OSE, BEY
1ERAKIIVER . RS PSR R R WEMI Ao, KRR RE, H
PR, RWMBATE, ETRENBZ KRN S 2 T H S Z 4848, w
[N 2 E B Aa HEFI A M2 g 4R 2128, B R RGIA LEWEE, ERGTERNEE
(B 2A) . TEASMHFRAEWEER 1 o, iAo BRI B R R B SLE B oA
84.88 cm?-g'. 534.47 um. 86.67 n-mm?. 120 n-mm?, M58, FTRESILEETE 5. e
MR Mg AL M HE N 0.16, HFARH LT LU= HAURIE . TR E & /K R4 i
MFE (K 2: B,
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Fig. 2 Leaf and wood anatomical structure of Tournefortia argentea
Note: (A). U-ep. Upper epidermis; Pal. Palisade tissue; Sp. Spongy tissue; L-ep. Lower
epidermis. (B). a. Parenchyma; b. Vessel.
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Table I Morphological characteristics of Tournefortia argentea

FEHR Index A Value
ELH-T AR Specific leaf area(cm?-g™!) 84.88+9.85
FATHTH A Leaf area per plant (cm? ) 120+24.36
%} )& Thickness of uper epidermis(pm) 15.14+2.47
3R S fL% & Stomatal density of upper epidermis(n-mm) 86.67+£9.30
TR LS FLEE Stomatal density of lower epidermis(n-mm?) 120+18.26
AL FTESL Stomatal pore area index of upper epidermis 0.086%0.016
T2 S FLTHI AR FE %L Stomatal pore area index of lower epidermis 0.108+0.027
I )5 £ Blade thickness( pm) 534.47+134.96
WA= 4 21 )5 Thickness of palisade tissue(um) 34.22+8.29

345 H 2R )2 Thickness of spongy tissue( pm)

199.97+14.12

WA 2 23/ 40 40 27 Palisade tissue/ spongy tissue 0.16+0.03
I F %5 B Leaf density (g-cm™ ) 0.12+0.01
AJF % B Wood density (g-ecm™) 0.57+0.03
5452 Vessel density (n-mm?) 47.254£9.08
38 HAE Vessel diameter ( pm) 60.49+6.18
¥ 672 57K % Potential hydraulic conductivity(kg-m™' MPa™! s 16.86+7.67




SE M VEFEEL Vulnerability indices 1303.52+169.07

k4w Alum/Axle(%) 13.96+4.57

2.2 AFERE

WERM TSR a FIHSEE b &80 021 mgg 'F10.14mgg ', HEkE a/b

FEAE N 1.55 (R 20 Al EEE OIS ER, N 43.64 mg-g !, IIERR/AKTFHUK, 9 2.80 pgrg's

AT FE AP E AR FE i P PTG PR 25 R sk 2 P, Hod S8 AL SR A A

A A B T8, 20BN 21.05 U-g !t AT 133.78 U-g! (£ 2). A M S & B
AN 12.27 nmol-g! F1 8.76 mg-g !, {HHZ IR & = =14 1167.09 pg-g's

2 OREM LB AR RHE

Table 2 Ecophysiological characteristics of Tournefortia argentea

F8hR Index {A Value
2% 2% a Chlorophyll-a content (mg-g ') 0.21+0.008
4% 2 b Chlorophyll-b content (mg-g ') 0.14£0.014
M4 2 a/b Chlorophayll-a/ Chlorophyll-b 1.55+0.10
M H & E Soluble protein content (mg-g™!) 43.64+1.63
M5 R & & Abscisic acid (ABA) content (ug-g") 2.80+0.003
% % & & Proline (PRO) content (ug-g™) 1167.09+22.70
75— Malondialdehyde (MDA) content (nmol-g™) 12.27+0.29
Y Sy & & Total phenolics(Tp) (mg-g™') 8.76+0.44
MPTEALAE ) Total antioxidant capacity (T- AOC) (U-g™) 60.75+1.54
FBEAY B ALEEE T Superoxide dismutase (SOD) activity (U-g™) 133.78+6.03
LA MNEBEEME Catalase (CAT) activity (U-g™) 21.05+1.35

2.3 W B IR S I B A 1

WEMI T EFRITR S REWER 3 in, SANBE ERE, 40073 gkg!, SRS &E
BAK, 10299 gkg!, FBELLA 5.89, FesE Bk [FIAL 3 EE A H-25.70%00 R ARTBM AR BR L 5811)
AT 2 A 4 RN R 4 fos, B3RS /KEUN 3.4%, pH fH ) 8.26, 2, LiEd's
EEE (7428 gkg). B (5.60 g-kg). B (275.05 mg-kg!). Bk (753.55 mg-kg!), {H4f
FRHAE 235mgke .

R 3 RBWIH FEIRICR S B LR R R

Table3 Nutrient content in leaf of Tournefortia argentea

F845 Index HME Value

I F S HLBR & 5(TOC) Leaf total organic carbon content (g-kg™") 400.73



I F SV B (TN) Leaf total nitrogen content (g-kg™) 17.603

I By % 2 2 (TPH) Leaf total phosphorus content (g-kg™) 2.99
- % L Leaf N/P ratio 5.89
Fa BRI % HE 2813 Crpi (%o) -25.70

R 4 ARBRAR LA

Table 4 Physical and chemical properties of soil

¥845 Index H{H Value
2 /K& Water content (%) 3.4+1.5
HHLH% Oganic carbon (%) 5.182+3.08
pH {& Value of pH 8.26+0.06
4% Total nitrogen (%) 0.13+0.02
“4=1g§ Total phosphorus (mg-kg™") 2.35+1.63
£5 Calcium (g-kg™) 74.38+26.46
% Magnesium (g-kg™") 5.60+2.63
#7 Potassium (mg-kg™") 275.05+£149.52
#9 Sodium (mg-kg™") 264.09+134.63
£ Manganese (mg-kg™) 116.31£29.67
£ Iron (mg-kg") 753.55+121.85
%% Zinc (mg-kg) 62.77+25.92

3 T

3.1 AR 5 PR AR S

FEAERT RS A ) B B T AL I AR A, TR R S TR TR 25 45 P o 3 L 4/ I B 5% 1) A
o AL R AT S ARSE RN K 53 75 8 1) e B LA, P oG A RN ZE I R
AN [ R A e 161 1) <AL 58 43 A VB L D 5~1 000 nomm2 2 [8], i TR {F S ILEE T
B (R, 2013), IREM 1 F R T SFLEEHN 86.67 n-mm?, FRESFLEE N 120 n'mm2,
SAEBARKST, R BN 8IS AR AL B, W55 2806 1E F SR IE B PE V0 B B BBk A 15
[FfS, ARER R REIIWEAEEZ N AOEE, AU RO 56, 3 T DL %
7S ish, Bk K AR RE1EF

et AR R A AR S v T E R, AT RAEME ) S5 P AR ) Dh e MR TR A,
FEZEIEAE FRIRIL B U B FR 55 BT AR BOR, T AE 7205 B0 25 (R R 5 r L i T AR — /N
(Shipley & Vu, 2002), & E PGy HE & & WA 35 5 XU RIS 765 A AR 1 EL TR A
166.84 cm?-g! (FEEELL 2017) 1 205.06 cm?g! CREAELE, 2017), MARTEWHH L
k9 84.88 cm? !, FUIFTIAR N, UL EHAR B B v A EUR, AT RAMEEEc 2 K oy, DAIE
P8 VO HE By BRI KRB .

R A ML AR 408 0.16, BN 2H 2/ 43 40 20T LAysl 55 %60 6 1R R i
WIS T SR HEUEIR o RIR AR H SRR FLE B, BRI AT DLZE RN



ZEIEAE R PREF I AR R SRS e R, AT R i 5 — i S AR (ZE2R, 2016)
FHEE, HREM AR HEEE AN (0.57 gem?®), FEEHAEK (60.49 um), 23 FKE
N 16.86 kg m™-MPal-s™!, UL EM BARIFMK L FEETT, DLUE R PV HE S BRI 28
RKF-o ST EE B AR MEIEBATAR GRS, 2017) FHEL, HRBM ARG
BN (057 grem®), R ELI R (13.96%), 1M HA T FL A /K s B 4 B Al 5 &0k,
HA BE IS, (FHARFDENMEN T WA R E WIS K s, &N P RS 12T
G Y7/ S T

TR N B E BN A moER, AfRERFEIAM R (8°C) SHEMLh ML
AR REA B HE VIR, S K R &8, Y R 813C (A5 HoK o R 3
B EREMIEMIG, SBCHMBA, HYAKSF AR (Knight etal, 1994). HREH
[11813C I N-25.70 %o, BAFESEF 2002 -5 S BAEYI I B [R5 25 2L R 7 b R, BRI e
TEEAAEYISC EHARTEH N-27.01 %0, HREMK18C KT T A I FIIME, IiE
B AR B A A0 17K 23 R R AL R B T
3.2 RS AT AR P 3 3 B

PO G MAESHERONES (TR, &R 6. &k, M3, stz ik
5, BOEMREKE R, MWEYEMNE 25— RIS L, X Len] DR
NPT IR EE AR . 2R (PRO) nERBERNZS SEMSERTGIEN, 4HEY
ZRHOKE MR, PRO KE & BRI R0 1 YRS E My i v, BABIERY 7
(IZhaeE, M5 /R 2R (i, 1984), AR EM i PRO &
AN 1167.09 pg-g', 1w T [ 9 AT I 5 L S5 R R LR AT AR 200.78 pug-g! (RIESE,
2017) FIHAME 158.61 pg-g! (FEES, 2017), WEWHHETEWBAET, MERKES K,
DATE B 58 6 AR R T B il T 5 S 2 1 MR 25 XS B0 ik B2 #h RS B i .

TR N AR — B M SHERRIEMEA = E PG R G0, DU i ny DL 58 g
I A B B B, TR B B = AR i S e A o SR k5SS, 2007),
WEMPEBIEMLRE T (T-AOC) 5 60.75U-g', 5ARINELREMIL, HaprEiba
WK (EFZE, 2017). REMAHLER a AIHEEER b 15 22U R 518 0.21
mg-g! 10.14 mg-g!, SPXM (FEELE, 2017) ABEHAAAR CGRBUIES, 2017) HL,
REMARACK 25 &, v LU i gk e s 0 IR W 428 1) R T S B ik N6 & R 4077 AR
T 22 B PRSI ot 200 i TV 485 ) ) S8 A 1 5 i B B AR 5 s T A R 1) 3 B g
e

Wl (MDA) RS MAER N EE e —, HEEA—CRE b i s
JE I SR A A F AP R 540 1) 52 AL, AET B8 T, M)A I 1 0™ AR H RSB
eI RBHKRER R, MRIBEAGS S AER, IS8 MDA K Fm (G5, 2013),
RAEARB L, MDA W& &4 THARIK T, 5 R AT BE A2 o &I I 7K 25 48 R 1
(I 2 R K TS5 i 1 AR B X IS KT R T, R T A R P S 5 ) e 52 SR A T A 1) 1
E.

3.3 HRBAN TR LI AN X0 R

WG VO e AR, 250 1) b B A SO G ERIR 5, 38 32 331 #h 43 HTRAE
K. B 4 BT A, BB TR DM AE B, IR DR RS RN 0.13 %,
AN 2.35 mg-kgt,  [RIRF,  IUIAVD o s v I U A R A B o B (A AR A K
SO, [t S 0 LU D, BEVA R A R AR, AR IR S R ) T 4
INFTRE, HASEE KERR, TMEMN N 3.4 %, T A, SR, 3% pH i
9 8.26, i pH H S U L EEE TR T R M A AE Y ] R R . EARIER
BRI A i S AU BAE A R [FAGRE 77, R B T R A0 BT 5 PR Ak



IEE/) (Vile etal., 2006). fREM M HKEAYIREE (TOC) A 400.73 g'kg!, BASE
(TN) H17.603 g'kg!, MBS E (TPH) N 2.99 gkg!, PJALERYIFE DM & =EHIAN
UEHAS, 2012) , BB HAEKORM R, St 7 AR BRI AR I E FR e =R FHEE /T, L
a7 3T Y (1 e AR R

PEIDEE S AT & A 2 K IX, R 7-9 A 86 WEITZETY, d8E G KAk B R RIR
ARSI, AU By mr 2 LA B AR A A, [FIR 6 5y B AR A B KR
W 2R AT T AT v Vb R S A A A N, 1977). HREMME IR, BB A
JREREE AR, WU KRIE; BE T B KSR SRR Rk, m B EA 8K RI5ERE,
B Hegs A, Sk E R, BTk, a7 A7k akgoEmR ke, R T35 KE
B, WEn DOREIRE, 7850 1 HE B MR SR I AR A TR
4 5w

AL Ay B B B K BE 0 W 3R R A 25 6 AT SO SR RE IR K 4y
BRI o i 2R 1 T e P I B R FE B E e L TGS 2 AT S TR B RUEAR R
A RHIE S i R3S FRon R M Re ), A HLRRIE B 9B SEOGAE AT I & (D
Whi. 5iah, AREREAME: BRI FIRR T, (8 HAE T I  (RfED Bl i X (1)
T K 52 B A T T EL A T Il 1) I8 P 5%
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