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Physiology and Biochemical Characteristics of Canavalia maritime under
Stress
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Abstract: In order to understand the stress resistance characters of Canavalia maritima in Paracel Islands, the
anatomical structure, physiological characteristics and nutrient status of leaves were studied. The results showed
that palisade tissue of C. maritima leaves developed well with high density of stomata. The chlorophyll a/b was
lower than 3 . 1. The antioxidants enzyme activities were high, especially the activity of SOD was the highest,
and content of proline was high. In addition, under low soil nutrient content, the nutrient content in leaves was
high. Therefore, Canavalia maritima could be used for vegetation restoration and reversing desertification,
because it had characters in resistance to drought, strong light, high temperature and infertile.

Key words: Canavalia maritime; Leaf; Anatomical structure; Physiological ecology; Stress resistance

i )15 (Canavalia maritima), Y A4/KhiE, &5
FHLeguminosae) JJ & J& 2 A S BUBRAAEY), TE
ARFERHTIE X, FEFRIE 500 T 25 e ¥4 2 e PRI
WD), AEPRVDRE U W . ] S
PIFE, FIREM-H 3/~ BFEmt H/ANEHN,
VAN o3I AN AN 61 A i e A e N R
MBSk, Fide, EEEEUERIEEE, A4
ANHEERE IR, P KRS . SRIEF A,
WEIRAE, e th. RARKETE, T bk

iR B 38: 2018-06-28

#52 HiH: 2018-09-03

R, B FriblEe, 1elle-7 H(E 1).

FREA A ) 2 DU RE B AR ity
BUFEH) i (REE) BT ER0. T 5 PR S B PSRRI,
FIE YL ASE T, T RAT B TS A ) A
P (4 R R REAE FAely R0 I (REE) R4 P R mh b
M. RT MG R 2 R P ET) B 2RZ TR
AR ISR 2 0 di A S5 R A 2 A 230, DR
J% 53, W R SR BRI T S), ) R
RENE 16T TIAIE D R s B %, R — € 25 )

HETE: FEBE A RN % TR T (XDAL13020500); NSFC-/ 4 BE &4 4235 H (U1701246) %5 Bl
This work was supported by the Strategic Priority Research Program of Chinese Academy of Sciences (Grant No. XDA13020500); and the United

NSFC-Guangdong Fond (Grant No. U1701246).

PEF I BHi(1993~ ), &, WLiFid:, FENFHP G RWAESF M. E-mail: hjing@schg.ac.cn

* J@ {5154 Corresponding author. E-mail: jiansg@scbg.ac.cn


http://frps.eflora.cn/frps/Leguminosae

158 P BT A SR

Bl 1 KT GIIAEA) . FiF BRI J1(C)

Fig. 1 Fower (A), seed (B) and leaves (C) of Canavalia maritime in Yongxin Island
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Fig. 2 Leaf cross section of Canavalia maritima

AL
Stomatal

PR

Guard cell

THARAI
Spongy tissue

g e

Palisade tissue

K 3 #E I E R AL

Fig. 3 Anatomical structure of Canavalia maritime

e, RN 2RI 1. Fe. Zn 2 5%
WL R A R E FR 03, Hh Fe § & i
1913.27mgkg?!, Zn &N 82.65mg kg l.

3 WRAIZE L

3.1 M REI G HRHE
AR RS, 25 RSB
TR 8 R I R T B ST, i fg I TR g i
IR R E 2 b P T AR AR S L)
XPEFRIERICS FI R PR 2, S AR A
R AR B AT S i o R D4 i) S B
THIAA A 217.29 cm? gL, B #AHT I AR5 i A LA (CF
) 185 cm? g ) AR, o L it R I #Avniy L b X
KA AEANIRI RI6L, A1 52 (1 e U LE et T AR
R, HERICRERE 2, AR TR A R R,
TG R, SRR R,
RG] G R AR 2 DR E . A4l
g5 R R RE I EE R (CTR) K Flg 4 48 i i J2
FERILLE, ARFRM, CTR 5hifKEE B3
THARK AR, —BEAEYIN CTR BOK, BAE
FEAFIE SRR PR, T R . I By )

FARKK RS KR, Ty 4.50%, K73 8= [
ERZH I AR 77 -

i ) T R T AR S AL R L
ety L e AN SN AR BV E UL AR PN
AR AR e, BRSO SR RTAIRIR A
PE T REAA TR 73 A R I AAR Y, A7
FORY, WEEET PR AL, LT
FEGAN o A AL B A IG 0, 9 7K 73 R 5 1 R 200,
2R R AL R TR T FESE A i, e
el 3@ I B0 LR PR OR i L iR 2% 2
P B & B A 2R ATk 25°C DAL, i TT R RAL
WL AR A B T RTRA, BEAKERZ ], Hg
& B R A 5 e

FEREAEL T, AEYEE P AL R AR
J5 JS2 AN SO AR Pt g ) 45 ) FD 3O S I A T B I
IZEME R, DAYERF AR T 5 7K 7024, g 7] &AL
RN YIRS IE, REVSIRITIM ) 5% 5534
Sihid .

3.2 AEARRHE
2R A BEMR MO RE A 2% 32 s e 1
MIE BRIy AR a BERIZDE, & Bl



%2

TR ) S AP A ACRRE S 161

AR AR, M2 b EERICE SR
I, TESSCEURME AT EERE . B E M4
Fa RIMEE b B, AR TR
TNREAFHA AR L A K . I 4RE alb
K, ReSEarHhR FEGRIGIE, FREEZRpLE
Y. MHNRIEREL 2T, YR RRUER, I
FGRE S R R AN A A, XHEYr~
AfEE. BB alb A 1.75, IKF 31 1, ik
B4R R a SRR, XU ] ER R B A
REAIIRAE, MUARIRFFELFIE AR ST, A A
GG REL T o

MDA EJEfsid A w1y, dE2M R
5| A P A b ) B R SR BRI AC G, it R
OIS ZR G 1 25 46 Th Re A AL Th e A 2B AR 4k, S D43
155 B ) S EOE A B SET5], MDA 2 £k
AR FE L (0 B AR AR, T B A TS 1 2 P S )
T8 R R N ) B R I 4 A5 1281, H SOD.
CAT Witk 5 MDA & EFAHK KR, 5. (K
W EER. TR BRI A A
ARG, TEIEHHET, Jei1E AR AEFH 1%
R R AR ROS W4 B S B SE AL B A R R TH
B EAROmIAEE TS, W2 MRS S HEEERHR,
SOD REMEALERSE A & 7 H B = AL B, KA
WAEEAL R O2 1 Ho0,, REGEFF(RANFRH] ROS X 4H
VAN S, R AEYR N TE B ROS [ 5E —1E B
25129, YEREAA N ) SOD /KT 2 $2 i WP A
TLRE TR 2 — B0, [ SLAB A 1) SOD ¥ P 5y
TR ROS RE K.

W & E G TS MDA & & b & & S5 Bl
WFFT 45 B4, 1 SOD. POD. CAT i1 5 5 7k 2581
TR E KPR BB EAE 2 IE & R AN
Vi J1E ) SOD. POD. CAT i ik b 7 A . W
KEE, BT 100 U gll2232, X L0 T & A4
AR BRI ST P iE R AT ®A R, R
P MR AR £ A RN ThEE, RIS R 1 ) S P bE
[ — /N E L.

BHFR, W& ESERINGE, AR AT
Pro & B2 INB3, Pro A H/N THIR B IE R
Vs, FEVMATEISSRE N 2 KSR BRGNP~
fir. Pro & & S5 MY I 2 Wi i R 7 AE R
WA S i TS Pro B RE, W Y4ERREIIE S
BRI A R %, BT LERIETEA, 5
PAEAL 5 G W 1R FH R DR 3R A A A P 3 12 21 T

fiiy, AERFAHRARAES.

33 BEF TR FERE

R A U S B, R B R kRIR]
HLREST, REESBIEL A 1IE L RE S BT Bel, Ji s
FEAHEIRIH N 588 3.52~54.71 g kgt, “THA
(19.75+1.94) gkg'; M P &E AN 0.21~3.36 g kg,
F-¥159(1.6520.15) g kg 137, B i T S
N. P & &EfEm, AR T HEREa &ALk
g, PRI AR A K ETEI R . B
B LIEEENUR . N FIP & &4, {H Ca. K. Mn,
Na %6 uRFE, &% H =N 540 mg kgt, HFE=
PRARE), X R IR A LA 200, W) SAKIARE
FRFI AR TR, TEP RS ESEERWEY)
A L TR RS, 3 Rk s, A e
TR, EEH TR EERREE R A e . 5
PO 5 A FAR LG, TS L T AR
/s, TS EEWAR, VRO FIEESRI
TN, A TR BA R .

I By it ) L A KA R, R
SR AR PR 5 B R BE 77, R KO A K AE & iR
SR R UE RO I 1) 5 P AR e
R, 7R R 2 R I R AR S A b, W)
AT DMEA— P B IR AR S SC R, WO )
WSS, MWEEYIERAEER L.

7% 3R

[1] TONG Y, JIAN S G, CHEN Q, et al. Vascular plant diversity of the
Paracel Islands, China [J]. Biodiv Sci, 2013, 21(3): 364-374. doi: 10.
3724/SP.J.1003.2013.11222.

HAR, WL, B, SF hEVGD R SEM Z A 0] AR
14, 2013, 21(3): 364-374. doi: 10.3724/SP.J.1003.2013.11222.

[2] de ALMEIDAG C A, MORENO F B M B, SANTI-GADELHAT, et al.
Crystallization and preliminary X-ray diffraction analysis of a lectin
from Canavalia maritima seeds [J]. Acta Cryst, 2005, 61(1): 87-89.
doi: 10.1107/S1744309104029197.

[3] DELATORRE P, SILVA-FILHO J C, ROCHA B A M, et al. Interactions
between indole-3-acetic acid (IAA) with a lectin from Canavalia
maritima seeds reveal a new function for lectins in plant physiology [J].
Biochimie, 2013, 95(9): 1697-1703. doi: 10.1016/j.biochi.2013.05.008.

[4] HUANG X P, MU B, LIN W H, et al. Pterocarpin and isoflavan
derivatives from Canavalia maritima (Aubl.) Thou [J]. Rec Nat Prod,
2012, 6(2): 166-170.

[5] ZHONG T H, ZHANG L, MA X H, et al. Studies on chemical



162 T A ) 22 4R

07 %

constituents of Canavalia maritima (Aubl.) Thou [J]. Chin J Mar Drug,
2016, 35(3): 31-36. doi: 10.13400/j.cnki.cjmd.2016.03.006.

PR, sRE, TR, S5 WS TR Y 03 R A RN TR PR
M [1 HE¥EEEZ4), 2016, 35(3): 31-36. doi: 10.13400/j.cnki.cjmd.
2016.03.006.

[6] DENG Y C, ZENG C, XU L X, et al. Extraction of DNA from
Canavalina maritima, Rhizophora apiculata [J]. Nat Sci J Hainan Uniy,
1994, 12(1): 33-35. doi: 10.15886/j.cnki.hdxbzkb.1994.01.006.
XSFN, 5, 4RSLHT, 5. WIS ZLM DNA FRIC [J]. iR K
SRR (E AR BHFRR), 1994, 12(1): 33-35. doi: 10.15886/j.cnki.hdxb
zkb.1994.01.006.

[7] LINSS, YUY, LUO L, et al. Apreliminary study on the impact of low

temperature on mangrove forests in the Pearl River Delta: A case study
of Futian national nature reserve in Guangdong province [C]// Botanical
Society of China. Abstracts of Papers of the 75th Anniversary Annual
Conference of Botanical Society of China (1933-2008). Beijing:
Botanical Society of China, 2008: 2.
MATE, R, POE, & (RIS Bk =M X R AR
LA AR AT AR [ X B AR ORGP OB [C 2.
A 2B TR AR AR 2 iR SO R4 (1933 -2008). ALBT:
52, 2008: 2.

[8] HU D D. Study on propagation and stress resistance of six island wild
ornamental plants of Carex putuoensis etc [D]. Hangzhou: Zhejiang
Agricultural Forest University, 2010: 41-59.

5 6 it I I AL FUE YT BHEOR S Hrii v T
[D]. WU WriLge bk K%, 2010: 41-59.

[9] LI J, LIU N, REN H, et al. Ecological adaptability of seven plant

A% HiEE

species to tropical coral island habitat [J]. Ecol Environ Sci, 2016, 25
(5): 790-794. doi: 10.16258/j.cnki.1674-5906.2016.05.009.

AEGE, WM, ATHE, S 7 PR T I B PR I AR A
[]. 23822, 2016, 25(5): 790-794. doi: 10.16258/j.cnki.1674-
5906.2016.05.009.

[10] Xisha Islands Plant Investigation Team, Guangdong Institute of Botany.
Plants and \egetation in the Xisha Islands of China [M]. Beijing:
Science Press, 1977: 27-53.

IR A KA FT AT VDR SR A VR A A R P VDR S R A
# [M]. dbmt: BR iR, 1977: 27-53.

[11] CAI Y P. Experimental Guidance of Plant Physiology [M]. Beijing:
China Agricultural University Press, 2014: 10-184.

FOKEE. EYEMZSIRHES M) bR P ER RS AL,
2014: 10-184.

[12] LIU G S. Soil Physical and Chemical Analysis & Description of Soil
Profiles [M]. Beijing: China Standard Press, 1996: 9,24,31-41.
XeRs. RIEEFA T SRR M) Jbst: o E bR s,

1996: 9,24,31-41.

[13] CAI Y L, SONG Y C. Adaptive ecology of lianas in Tiantong evergreen
broad-leaved forest, Zhejiang, China: I. Leaf anatomical characters [J].
Acta Phytoecol Sin, 2001, 25(1): 90-98.

BEKAL, RIKE . WHL R E W S A Y i RS 2 1.
R AR I LA [0]. R AR S 544, 2001, 25(1): 90-98.

[14] ACKERLY D, KNIGHT C, WEISS S, et al. Leaf size, specific leaf area
and microhabitat distribution of chaparral woody plants: Contrasting
patterns in species level and community level analyses [J]. Oecologia,
2002, 130(3): 449-457. doi: 10.1007/s004420100805.

[15] DING L Z, CHEN Y J, ZHANG J L. Leaf traits and their associations
among liana species in tropical rainforest [J]. Plant Sci J, 2014, 32(4):
362—370. doi: 10.3724/SP.J.1142.2014.40362.

VT, BRIEZE, TRBOK. B MR BUB A PR R 3L 5%
BE [J]. HEYELFEEAR, 2014, 32(4): 362-370. doi: 10.3724/SP.J.1142.
2014.40362.

[16] LIU F D, WANG Z S, ZHANG M, et al. Photosynthesis in relation to
leaf nitrogen, phosphorus and specific leaf area of seedlings and saplings
in tropical montane rain forest of Hainan Island, South China [J]. Acta Ecol
Sin, 2007, 27(11): 4651-4661. doi: 10.3321/j.issn:1000-0933.2007.11.033.
XA, Erpds, skH, S5 R B RAGE LB R AR R g A 5
G R EEH AR SE R [0 ZERS AR, 2007, 27(11): 4651
4661. doi: 10.3321/j.issn:1000-0933.2007.11.033.

[17] GARNIER E, SHIPLEY B, ROUMET C, et al. A standardized protocol
for the determination of specific leaf area and leaf dry matter content [J].
Funct Ecol, 2001, 15(5): 688-695. doi: 10.1046/j.0269-8463.2001.00563.X.

[18] HU Y M, HU Y W, SONG Z H, et al. Correlation analysis between the
palisade tissue of common greening species leaves in Taihang Moutain
and the drought tolerance of plants [J]. N Hort, 2012(14): 68-69.
BIIRES, WIZE5C, RWINE, 4. ORAT L IXH LA Aty i A2 41
UG PSS D). BT, 2012(14): 68-69.

[19] FARQUHAR G D, SHARKEY T D. Stomatal conductance and photo-
synthesis [J]. Annu Rev Plant Biol, 1982, 33(1): 317-345. doi: 10.1146/
annurev.pp.33.060182.001533.

[20] YANG H M, ZHANG XY, WANG G X, et al. Stomatal characteristics
and the contents of seed ODAP, protein and starch in two varieties of
grass pea under stress condition [J]. J Lanzhou Univ (Nat Sci), 2004,
40(1): 64-67.

R, KBS, EARYF, S TR I EANL B 2R ILRE R
¥ ODAP, M FAFIEMARMBFTE [J]. 2 K224 (AR
2£Ji7), 2004, 40(1): 64-67.

[21] ZHU Y, HUANG L, DANG C H, et al. Effects of high temperature on

leaf stomatal traits and gas exchange parameters of blueberry [J]. Trans

Chin Soc Agric Eng, 2016, 32(1): 218-225. doi: 10.11975/j.issn.1002-



%2

TR ) S AP A ACRRE S 163

6819.2016.01.031.

RE, W, RRAE, & oEiR R R SILRHEA SR S
RO [J]. ARk TRE243R, 2016, 32(1): 218-225. doi: 10.11975/

j.issn.1002-6819.2016.01.031.

[22] SONG G M, LIU N, JIAN S G, et al. Physiological and biological
characteristics of Terminalia catappa [J]. J Trop Subtrop Bot, 2018,
26(1): 40-46. doi: 10.11926/jtsh.3801.

FOGWE, XN, WREG, 55, MUCRAE IR AR (0], Bl
KPR, 2018, 26(1): 40-46. doi: 10.11926/jtsh.3801.

[23] WANG X H, LIU N, REN H, et al. Ecological and biological charac-
teristics of Pisonia grandis [J]. Guihaia, 2017, 37(12): 1489-1497. doi:
10.11931/guihaia.gxzw201709003.

TEEE, ik, 1T, 5. PUXAE(Pisonia grandis)ifi A= 254 P E
fiF [3]. " PEM4, 2017, 37(12): 1489-1497. doi: 10.11931/guihaia.
gxzw201709003.

[24] REGINATO M A, REINOSO H, SUSANA A, et al. Stomatal abun-
dance and distribution in Prosopis strombulifera plants growing under
different Iso-Osmotic salt treatments [J]. Amer J Plant Sci, 2013, 4(12):
80-90. doi: 10.4236/ajps.2013.412A3010.

[25] CHEN S Y. Injury of membrane lipid peroxidation to plant cells [J].
Plant Physiol Commun, 1991, 27(2): 84-90.

B/ as, IR SR A RO (3], R B2 IR, 1991,
27(2): 84-90.

[26] LI X, YUE H, WANG S, et al. Research of different effects on activity
of plant antioxidant enzymes [J]. China J Chin Mat Med, 2013, 38(7):
973-978. doi: 10.4268/cjcmm20130709.

2, WAL, ETR, S NPT E AL ERE R B R R LT A A
AR Q). PE P2, 2013, 38(7): 973-978. doi: 10.4268/
€jcmm20130709.

[27] HUA C, WANG R L. Changes of SOD and CAT activities and MDA
content during senescence of hybrid rice and three lines leaves [J]. Acta
Bot Boreali-Occid Sin, 2003, 23(3): 406-409. doi: 10.3321/j.issn:1000-
4025.2003.03.008.

B, TAH. AL Z R/ Z P SOD. CAT iG A
MDA F &AL [J]. FadbAEY) 274k, 2003, 23(3): 406-409. doi: 10.
3321/j.issn:1000-4025.2003.03.008.

[28] TAIZ L, ZEIGER E. SONG C P, WANG X L, ZHOU Y, translated.
Plant Physiology [M]. 5th ed. Beijing: Science Press, 2015: 597-617.
TAIZ L, ZEIGER E. :R#Aill, T2, H=, ¥ EWAES [M].
555 . JERC Rh AR, 2015: 597-617.

[29]1 DOU J H, YU S X, FAN S L, et al. SOD and plant stress resistance [J].
Mol Plant Breed, 2010, 8(2): 359-364. doi: 10.3969/mpb.008.000359.
SERIE, MMR, AT, %. SOD HEMpaditt [J]. Ty
HFf, 2010, 8(2): 359-364. doi: 10.3969/mpb.008.000359.

[30] SCANDALIOS J G. Oxygen stress and superoxide dismutases [J].
Plant Physiol, 1993, 101(1): 7-12. doi: 10.1104/pp.101.1.7.

[31] WU Y B, YE B. Effects of combined elevated temperature and drought
stress on anti-oxidative enzyme activities and reactive oxygen species
metabolism of Broussonetia papyrifera seedlings [J]. Acta Ecol Sin,
2016, 36(2): 403-410. doi: 10.5846/stxb201409201862.

SR, . R T AL A T R 4 v A S TR A
SARuRE [3]. 44 %4IR, 2016, 36(2): 403-410. doi: 10.5846/
stxb201409201862.

[32] WU S H, CHEN H W, JIAN S G, et al. The biological characteristics of
Cordia subcordata on tropical coral island in China [J]. Ecol Sci, 2017,
36(6): 57-63. doi: 10.14108/j.cnki.1008-8873.2017.06.008.

R, BRI, fIEs, S5 o E I R AL AR K (Cordia
subcordata) A5 R [3]. AEESFL, 2017, 36(6): 57-63. doi:
10.14108/j.cnki.1008-8873.2017.06.008.

[33] YANG C L, DUAN R J, LI R M, et al. The physiological characteristics
of salt-tolerance in Sesuvium portulacastrum L. [J]. Acta Ecol Sin,
2010, 30(17): 4617-4627.

W, BOWZE, ZEnit, 55 $hAE RGO ER A BRI 0.
A 25544, 2010, 30(17): 4617-4627.

[34] QUAN X Q, ZHANG Y J, SHAN L, et al. Advances in proline
metabolism researches of higher plants [J]. Biotechnol Bull, 2007(1):
14-18. doi: 10.3969/j.issn.1002-5464.2007.01.004.

AHIR, K, R, S WS EDIERTT R [ Y
AT, 2007(1): 14-18. doi: 10.3969/j.issn.1002-5464.2007.01.004.

[35] GLENN E P, BROWN J J, BLUMWALD E. Salt tolerance and crop
potential of halophytes [J]. Critic Revn Plant Sci, 1999, 18(2):227-255.
doi: 10.1080/07352689991309207.

[36] VILE D, SHIPLEY B, GARNIER E. A structural equation model to
integrate changes in functional strategies during old-field succession
[J]. Ecology, 2006, 87(2): 504-517. doi: 10.1890/05-0822.

[37] WANG J Y. Research and analysis of liana and herb plants leaf
functional traits of evergreen broad-leaved forest in Daming Mountain
of Guangxi [D]. Nanning: Guangxi University, 2013: 38-41.

FESKWE VG K 1 G ] AR A AR i T RE PR AT A
Loy#r [D]. BTt JHE K%, 2013: 38-41.

[38] SHAO N. Spatial and temporal variation of soil total nitrogen on
Hainan Island [D]. Beijing: Chinese Academy of Agricultural Sciences,
2015: 45-51.

BGe. g & e A AR RAFE R B A [D]. dbst: s ERE
Rl pi, 2015: 45-51.

[39] KNOPS J M, REINHART K. Specific leaf area along a nitrogen
fertilization gradient [J]. Amer Midland Nat, 2000, 144(2): 265-272.
doi: 10.1674/0003-0031(2000)144[0265:slaaan]2.0.co;2.



