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Adaptation Strategies of 29 Species to Tropical Coral Islands Based on
Leaf Anatomical Traits
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Abstract: In order to explore the adaptation strategies of plants to extreme environments such as drought, strong
light, saline alkali and barren soil in tropical coral islands, leaf anatomical traits of 29 species grown in Wenchang,
Hainan, and transplanted to tropical coral islands were measured and compared. The results showed that compared
with the same species in Wenchang, Hainan, the herbaceous plants transplanted to the tropical coral island had no
significant changes except for the increase of dry matter content; while the specific leaf area (SLA) of woody
plants decreased significantly, the leaf thickness and dry matter content of leaves (LDMC) increased significantly,
the spongy tissue was thicker and the palisade tissue was arranged more closely, but there was no significant
difference in length, density and area index of stomata. Woody plants on the island adopt the resource acquisition

strategy of slow investment income, put more resources into leaf construction to enhance adaptability under stress,

WA B #A: 2022-10-19 B2 HH: 2023-01-17

EHEBA: FEZRE AR ITRIBUE(2021YFC3100401);  H EAFEBE 4 QUHT I 3 £2(2019339); o A2 e 46 i R 1l 75 45 A4 5T H (QNXM-01); o
FEI ol 272 e 2 535 28 01 H (KGFZD-135-19-08) % 1)

This work was supported by the National Key R&D Program of China (Grant No. 2021YFC3100401), the Project for Youth Innovation Promotion Association
of Chinese Academy of Sciences (Grant No. 2019339), and the Young Talents Project of South China Botanical Garden, Chinese Academy of Sciences (Grant
No. QNXM-01), and the Key Research Program of the Chinese Academy of Sciences (Grant No. KGFZD-135-19-08).

EH IS FWHI(1999 44, 2, WL, WAty % . E-mail: Zhouyuheng@scbg.ac.cn

* JWIRME#H Corresponding author. E-mail: liunan@scbg.ac.cn



748 HAH W AR 27

¥31%E

and improve the potential of photosynthesis and water storage to resist stress through non stomatal regulation. In

conclusion, the 29 plant species on tropical coral islands had stronger resource utilization ability, could adopt

more conservative resource utilization strategies, better adapt to drought, strong light and other stress environ-

ments, and could be used for vegetation construction of tropical coral islands.

Key words: Coral island; Ecological adaptability; Functional trait; Leaf structure
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Table 1 Information of 29 common species in tropical coral islands, China

F5 No. ¥ Species Al Family J& Genus AR Life form
1 AR Casuarina equisetifolia AMFEF} Casuarinaceae KFREJE Casuarina FEA Tree
2 Mi-F Cocos nucifera KEHEARL Palmae Wi¥J& Cocos FrAR Tree
3 W Heritiera littoralis FEAIAL Sterculiaceae HR#E Heritiera FFAR Tree
4 SEMAA Hernandia sonora SEMHIAR} Hernandiaceae YEM-HiJ® Hernandia AR Tree
5 WHE Hibiscus tiliaceus H2ERL Malvaceae AH¥EJE Hibiscus FeAR Tree
6 HHEARES Morinda citrifolia FEHF} Rubiaceae EE KB Morinda Fe A Tree
7 W Morus alba %%l Moraceae )8 Morus FEA Tree
8 JK¥E R Pongamia pinnata I AE R Papilionaceae K& )@ Pongamia F*A Tree
9 W Allemanda neriifolia FerHkEL Apocynaceae HEWEE Allemanda H#EA Shrub
10 KFHAE Catharanthus roseus FrHkRE Apocynaceae KFIE Catharanthus K Shrub
11 85 * Clerodendrum inerme HEERL Verbenaceae K# @ Clerodendrum H#EAR Shrub
12 JK# Fagraea ceilanica BEFl Loganiaceae KKHiJE Fagraea #EAR Shrub
13 ¥KZ& Hibiscus rosa-sinensis %8Rl Malvaceae KMEJE Hibiscus #EA Shrub
14 ZEMIWI Jatropha integerrima KBl Euphorbiaceae WRIRM J& Jatropha H#EA Shrub
15 LM Melaleuca bracteata BhaaRt Myrtaceae HTZE Melaleuca H#EAR Shrub
16 etk Nerium indicum JeXHkREE Apocynaceae FATBkIE Nerium #EAK Shrub
17 F%7L% Pluchea indica %%} Asteraceae [@E%)E Pluchea R Shrub
18 VAR Scaevola sericea AR} Goodeniaceae LIRS Scaevola H#EAR Shrub
19 A& Vitex rotundifolia L¥FEEFRlL Verbenaceae HEHE Vitex H#EA Shrub

20 164 Arachis hypogaea Al Leguminosae VEACAE )R Arachis BEA Herb
21 CHR: Crinum asiaticum Fwkl Amaryllidaceae R Crinum B Herb
22 FFH Cynodon dactylon AAEL Gramineae FF )& Cynodon A Herb
23 JEWE Ipomoea pes-caprae JEfEFE Convolvulaceae TEJE Ipomoea HA Herb
24 155 Miscanthus sinensis AAFL Gramineae T8 Miscanthus FLA Herb
25 £l Spinifex littoreus AAF} Gramineae EHIJE Spinifex FLA Herb
26 BITRE Thuarea involuta AAFL Gramineae BEY)E Thuarea A Herb
27 Y9G Vigna marina WETEAEFR} Papilionaceae ULE )& Vigna A Herb
28 ASAEWIE Wedelia biflora %%} Asteraceae WA R Wedelia K Herb
29 W JI5. Canavalia maritima FAEFR} Papilionaceae JIGJ& Canavalia JEA Vine
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Table 2 Character index and its ecological significance

i H Item IR Trait HE A7 3L Ecological significance
TEAS LTI A Specific leaf area (cm?/g) RO R PIRI F ZHIR I EE ST, CARAEDDR AN [F) AR BE AR AL @ R8T, IR
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4R 20 25 B Thickness of spongy tissue (um) LS AARA e B SR ARG, HEDI 2 1 4 2 SR A IE BT 5 5 5
FCERBE I 4l R L1121,
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Fig. 1 Comparison of specific leaf area (SLA) and leaf dry matter content (LDMC) of plants in two places. ***: P<0.001; **: P<0.01; *: P<0.05; NS: P>0.05.
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Fig. 2 Comparison of leaf structure traits of plants in two places. LT: Leaf thickness; UET: Thickness of upper epidermis; PT: Thickness of palisade tissue;

PW: Width of palisade tissue; ST: Thickness of spongy tissue.
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Fig. 3 Comparison of leaf stomatal traits of plants in two places. SL: Sto-

matal length; SD: Stomatal density; SPI: Stomatal area index.

PSR LDMC 83 & TAK TR A1,
% WY EL X At B30 £ 9% 20 R 1) R 25 A 5 T L 1
B

FEH A YRR AL I AR AL, T2
K. SLA 5 LDMC % i T-£7 G S MU X 51 IR
(R e 70 B g B3, —Jam =, SRR SR
TR SRS AR I8 W B AR ) SLA ALK ) LDMC,
M Fr A AT B EDE A REVEGR, FROMEINER, &M
TR IR T AR PP TTRIBT IR R <7 LA
JH SR B8 B B BRI SLA A=K LDMC,
R 75 ar oK A R ORKRE ST, TR R
18, RE S 4P HUE N IR PO AN T R PR3, A
BT MR 5 72 0 2R, BRI AN, A7
P ERRET TR ART B R RMEY, &

KT Hory B 5 AR AAEY) SLA 235 P4, LDMC
TESEE, U AT I S A A R e A WA A
DHIEICE, SREUS BT - as (1) ST SR GRS,
BRI RI g, ek, A
B 1B K A PR R GE R EBY . IR AR A&
Ry B 3 B R OR K B ) E AT T RIS
2R, 0 HAE T S5 K AR A TR IK SR .
M AFEY) SLA FIFEARIEAN T2, 308 H AT 585 5
[ea] T SR EUC PR 5 % - WA 2 53 s DA I Sk 8 ey B 38 5% 1)
IS EEZ S -

PLER#E 20 71 35% B, SLA 5 LDMC [a] £ 30
ke KU, B35 LDMC ol n, M4
FEREIN, MIMFE SLA PG X WAARILH EYI7EK
W R R, 5 S AR ThRe R R, TE
i RYVHE TR CAE RSN IR 1AL B . AR 7L
SR EH -3, K TR SCE X ARAEY) K%
R 2 BT I S M X R ASAE ) SLA A1 LDMC #52
2 AHIR(P<0.05) . TNELR AN SLA 5 LDMC
(1) 57 FH 20 0% R AE R HL 35 AN 2. 2 (P>0.05) . IX 1] RE 2
HH T A% SLA, LDMC 521 F & /K & (LWC) 54
BRBS 301 AN [RIRE AR 7K 43 A P 2 7 A ],
PR X BRI A A 1 i 7 A 2 S5 1 () 20400 R A
TEH A4 AR I R 3 AR K 23 ] R A AN TR 9,
AP0 R A SR D ) SLA B354, B A H- R 42 )
LWC 5K, RILHARTESRm KK EE T, 10 R
TP LWC %, RILH AR RER I fRK RE 71831,
TERGT IS T R IE T, AFEYFIE LWC 17
fE2E 5, IX G5 LDMC 7E iR BAF R R 8 X
], MIfiHEISS T LDMC 5 SLA Z [A]ffAH G R4,
3.2 YR R B B R G ER SR & R

HRMEMEKKERLHEIIR, HEIEMAZER
Z A R E— BRSO, T K 237 SR AEAR
KFLE BRI 1E FH AT I s S 5 6 HR
sFH T2 E, SEMPOCEIER U RAEKKE
TELER R o

BT SCE MR, FHk 2 #5110
ARAKED P L EESG N, A 4 2R 45 4 24 58
Kik, MEEAR SEEMAASMILE R FRFEaHl. &
B AR A 32 HO I 5 iR . 368 s
i, R REEN M, AR AT
REFDERER AR, MR IA M2 2H 2L L K HE )
SR T A AL S M G T 5 X R 2 T I P
YU, SXORT A SR AT SR TR A E DY,



e

T HTAE: He T R R R ARIR ST 20 B 4050t Fhv T 5 & f) 3 17 S m 753

ST A DG Lo AR B I 4 R R

AL, SALLEEY SRR ks &
BAEH, BUNARAL AR AR B RS A R
TR SR RE, BAEYEE SRR 12
Ji K 431, St ek v SR X 25 Fel i SR b A AT
o, THERF(Elaeagnus pungens)ZEHEAR ) S AL%
J¥°4 57.27~360.05 n/mm?W* 4, i AT 7T AP RS AR A #
iy B 2 PO AEL A~ Y SFL B AN 279.58 n/mm?,
RN H RN, AR T HEDER AR
(%) ] i 3k G DR] 28 s A P et 2 /KU, AR 1 LA
JAAE S 2B Z R R 5C &

3.3 A0 R T B T B A PR E

T3 BT PR AL A 4E S AL 1 AR
FLAT PR o A FLiE A 220 75 15 1E
SEMLE TR R Sipr S AL, EERIAESAL
REAE A I8 22 S AVSCFL BR B 5 2 (0 IR s L) 11450,
AL 3 e KR A
21, LM AR SER . FREpE T, A RE
AL RAEAN, T B CRFFK 73 RSO b
IK A3 J AN 7 T I J DAL FREAA Y (1) 7K 43P Al 6]
2205 22 W (il {6 (Sophora  davidii) i N T 5 iy
BRI AR, HRHSEE RN SEYRERK
FoKA R R RE V] KI5 W T
A2 (B B R B A M, REE 22 AR T 5
1838 S50 AL SR AK AR M o I T2 el
RHMERE, BRI 5 R A Y R
B M ZRE B DA S R A R B B S N . X
IR R R I B 5 B R A HE ) 2R B B R
i SFEARFAENS), R e i 38 ety JE R R P 2H 2R 55
AL 7 ARy i B 2R K, $E sk o R 24
2, NIMAE R T B T R AR %A T PR IR
PAEKKE .

Ak, AL RIEERE, BRI
A A HE ) A o A AR D 7E T T iae S AR K R BT,
T AL A R R kAR R A . AT A
TR, & FE K 5 S At AL
FE, T R K A3 il A AL BE RS, RALIA T R
71 R B BRSNS PEALT R T R HX 6 Fhbt RAE
VIR SR I, PSSR IR S L AR, A
I, ARG 2 F AL T S AT B HH T R B
W By M X I ZE T T R, BV AL R 7R e —
JE 1) LK a B N, I BT RS ALE I T R
IREPY, R @R RS AL 7 SRR m B R R

73 VAT R s S 3 5 T 5 R 2 SR
RICEEAIR FH ) 5 T T B B R, R OR s 22
BB XA IS FHAT I T

BT SC B WM, AR A Ay T3 & )
AP0 5 BN A FAR R 1 0 B 2 2
AR 5 T AR A HEL 0 DU SR 43 - WA 2 ) B AR SR
W, RS BRI B R R I I
ARAHYIRI LM TR R T B R T R
UPANCNESTE 3 )i I3/ EN SR S Ate
R, R W R AL A S R, X
T 25 AR 5 R OE S AR RE 0 B DA Rt M) T 3 3 &
AR BB EORK 2 B SRR SLIR 7 5,
XY TR G, R ER B A a A B R B
RIFIAERIERNE . B, AIK S e F s B e
IS, AR T A, A FUREEN 19 Fi
ARAFEA AT I B B R 1 70 00 3 N A IR 5 13
S, BIFTTEE RO FAy S 3 S5 A A P R
SRR P B AT R B A S AN E

SE

[1] REN H, JIAN S G, ZHANG Q M, et al. Plants and vegetation on South
China Sea Islands [J]. Ecol Environ Sci, 2017, 26(10): 1639-1648. [{%
iy, IR, SKENE, S5 b E RS SR AER U (0], 4
BHEEFIR, 2017, 26(10): 1639-1648. doi: 10.16258/j.cnki.1674-
5906.2017.10.001.]

[2] ZHAO H T, WANG L R, YUAN J Y. Natural environment, resources
and development of the South China Sea Islands: The 70" anniversary
of recovery of the South China Sea Islands (3) [J]. Trop Geogr, 2017,
37(5): 659-680. [BAMEE, FMIHR, =K L. FEIEH 5K H AR
BT R ——a & HEUT S i & 70 JH4E3) [J]. #viiih
H, 2017, 37(5): 659-680. doi: 10.13284/j.cnki.rdd1.002983.]

[3] CHEN H Y, TANG K X, SUN Y M, et al. Drought-tolerant plants
screening and drought-resistant technology research for island vegeta-
tion restoration [J]. J Appl Oceanogr, 2016, 35(2): 223-228. [ &L,
DI, AT, 4. RIS S T B A IR R R R
BEFE [J]. R HEPE A 223R, 2016, 35(2): 223-228. doi: 10.3969/J.
ISSN.2095-4972.2016.01.011.]

[4] LUO Q, LIU H, WU G L, et al. Using functional traits to evaluate the
adaptability of five plant species on tropical coral islands [J]. Acta Ecol
Sin, 2018, 38(4): 1256-1263. [ 5, X, RAEbk, & ETIheglk
ARPEGT 5 A A I SRR HE R (9], EASAR, 2018,
38(4): 1256-1263. doi: 10.5846/stxb201612152597.]

[5] VIOLLE C, NAVAS M L, VILE D, et al. Let the concept of trait be



754 FAGHT T HAHT A ) 27 1

¥31%E

functional! [J]. Oikos, 2007, 116(5): 882—892. doi: 10.1111/1.0030-
1299.2007.15559.x.

[6] DUH D, XU C H, LIU P, et al. Foliar anatomical structures and ecolo-
gical adaptabilities of dominant plants in the north Shaanxi Loess
Plateau [J]. Acta Bot Boreal-Occid Sin, 2010, 30(2): 293-300. [A1 445,
IRERLL, XBE, 4. BRAEIE RIS R S R S
N [J]. FEALAES 4], 2010, 30(2): 293-300.]

[7]1 LI G H, ZHANG K, LIU F Z, et al. Morphological and physiological
traits of leaf in different drought resistant peanut cultivars [J]. Sci Agric
Sin, 2014, 47(4): 644-654. [Ji] 1%, KE, XX, & KEGLEME
TEAE R T TS AR BRRE (7] P ERALRLSE, 2014, 47(4):
644-654. doi: 10.3864/j.issn.0578-1752.2014.04.004.]

[8] ZHOU W M, LIU N, CAI HYY, et al. Ecophysiological adaptability of
Hernandia nymphaeifolia to tropical coral islands [J]. Guihaia, 2021,
41(6): 897-904. [JHWHtE, XIHh, 42V, &5, SERHAXS R I &
W A AR AE N [J]. ) TGRS, 2021, 41(6): 897-904. doi:
10.11931/guihaia.gxzw202007030.]

[91 XU BB, LIUN, REN H, et al. Stress resistance biological characteristics
of Scaevola sericea in Paracel Islands [J]. Guihaia, 2018, 38(10): 1277—
1285, [#RUUUL, Xff, (R, &, POVOHES SO 0 il AL 24
P [J]. JPEREY), 2018, 38(10): 1277-1285. doi: 10.11931/guihaia.
gxzw201711012.]

[10] YAN L, LT H, HE X, et al. Ecological anatomy of nine priority species
in Alasan area [J]. J Inner Mongolia Agric Univ, 2000, 21(3): 65-71.
[MEFe, ZR4L, BAmE, S PUEhX 9 MERmPGHEWEREEE
ARG (3] WO 54K, 2000, 21(3): 65-71.]

[11] CAI Y L, SONG Y C. Adaptive ecology of lianas in Tiantong ever-
green broad-leaved forest, Zhejiang, China: I. Leaf anatomical charac-
ters [J]. Acta Phytoecol Sin, 2001, 25(1): 90-98. [Z£/K T, KK E. #r
VLR 2T G R MR RE AR & R AR 2527 L AU RRAIE A EL A
[9]. HEMHERER, 2001, 25(1): 90-98.]

[12] KLICH M G. Leaf variations in Elaeagnus angustifolia related to
environmental heterogeneity [J]. Environ Exp Bot, 2000, 44(3): 171—
183. doi: 10.1016/s0098-8472(00)00056-3.

[13] LIAO M C, LIU N, JIAN S G. Ecophysiological adaptability of

Chromolaena odorata to tropical coral islands [J]. Guihaia, 2021, 41(6):

905-913. [BZEK, XA, fiMgEJE. "L Ry T3 55 ) A B A 265
ENE [J]. ) PERES, 2021, 41(6): 905-913. doi: 10.11931/guihaia.
gxzw202009050.]

[14] CATH Y, LIU N, WEN M H, et al. Ecological and biological charac-
teristics of Tournefortia argentea in Xisha Islands [J]. Guihaia, 2020,
40(3): 375-383. [#EHtH, XU, 4L, . PEUDRERIRER (Tour-
nefortia argentea) ) AEZAS Y FFME (7], T FEAES), 2020, 40(3):

375-383. doi: 10.11931/guihaia.gxzw201808021.]

[15] ZHANG S K, HUANG Y, JIAN S G, et al. Stress resistance charac-
teristics of Calophyllum inophyllum, a tropical beach plant [J]. J Trop
Subtrop Bot, 2019, 27(4): 391-398. [FKIHLAT, #E, fiEYs, 2. #
TR L JE S M BUT A 2R L (7], #AAT LR 3R,
2019, 27(4): 391-398. doi: 10.11926/jtsb.4043.]

[16] LI X Y, LIU D M, JIAN S G, et al. Biological characteristics of drought
resistance of Guettarda speciosa [J]. Guihaia, 2021, 41(6): 914-921.
[FWed, FZRY, W, & RS 0. )
14, 2021, 41(6): 914-921. doi: 10.11931/guihaia.gxzw201908017.]

[17] JIAN S G, REN H. Atlas on Tool Species for Vegetation Restoration on
Tropical Coral Islands [M]. Beijing: China Forestry Publishing House,
2017: 2-119. [FEEG, AT, R I I & R AR A Mk 52 1 B o [l it
[M]. dbx: A EAROE AR AL, 2017: 2-119.]

[18] VENDRAMINI F, DIAZ S, GURVICH D E, et al. Leaf traits as
indicators of resource-use strategy in floras with succulent species [J].
New Phytol, 2002, 154(1): 147-157. doi: 10.1046/j.1469-8137.2002.
00357.x.

[19] LIU J H, ZENG D H, LEE D K. Leaf traits and their interrelationships
of main plant species in southeast Horqin Sandy Land [J]. Chin J Ecol,
2006, 25(8): 921-925. [XI 4, H{EE, LEE D K. RPURIbIbH A
X A PR R ARG R (] AR, 2006, 25
(8): 921-925.]

[20] QIU D, WU G L, LIU L, et al. Spatial-temporal variation of leaf dry
matter content and specific leaf area of Cinnamomum camphora in
urban area [J]. J Yunnan Univ (Nat Sci), 2019, 41(3): 609-618. [ %,
FHRR, X%, S WATE M T AR L E AR I B A
5[] mEEREEZER(ERBLEAR), 2019, 41(3): 609-618. doi: 10.
7540/j.ynu.20180178.]

[21] CUNNINGHAM S A, SUMMERHAYES B, WESTOBY M. Evolutio-
nary divergences in leaf structure and chemistry, comparing rainfall and
soil nutrient gradients [J]. Ecol Monogr, 1999, 69(4): 569-588. doi:
10.1890/0012-9615(1999)069[0569:EDILSA]2.0.CO;2.

[22] REN Y Y, LIU Y P, WANG N, et al. The relationship between leaf
anatomic structure and drought resistance of nine broadleaf plants [J]. J
Nanjing For Univ (Nat Sci), 2014, 38(4): 64-68. [{Lik 4%, Xk, T
&, %9 TR TGAL R M g S5 S HTRIERIR R D]
R MOl K 2220 (B AR BFEAR), 2014, 38(4): 64—68. doi: 10.3969/j.
issn.1000-2006.2014.04.012.]

[23] LI B, CHEN X M, LI T Y, et al. Comparison of the anatomical
structures of the leaves of two different drought resistant Agropyron
cristatum [J]. Jiangsu Agric Sci, 2015, 43(9): 247-249. [ZE4%, BREH,

FERE, &2 FOAFRTUR KR AR RIS LR 0], 5K



e

T HTAE: He T R R R ARIR ST 20 B 4050t Fhv T 5 & f) 3 17 S m 755

MR, 2015, 43(9): 247-249. doi: 10.15889/j.issn.1002-1302.2015.
09.082.]

[24] GOWER S T, KUCHARIK C J, NORMAN J M. Direct and indirect
estimation of leaf area index, fips, and net primary production of
terrestrial ecosystems [J]. Remote Sens Environ, 1999, 70(1): 29-51.
doi: 10.1016/s0034-4257(99)00056-5.

[25] CHANG Y Q, XU W Y, MU L Q, et al. Effects of drought stress on
anatomical structure of leaves of three species of shrubs and their
drought resistances [J]. J NE For Univ, 2012, 40(3): 36-40. [ Jefi4,
tRoCiE, B, . T RBEXT 3 0 EREA R R 5 4
i B [3]. ARACHO K222 4], 2012, 40(3): 36-40. doi:
10.3969/j.issn.1000-5382.2012.03.010.]

[26] FU Q S, LI H L, CUI J, et al. Effects of water stress on photosynthesis
and associated physiological characters of Capsicum annuum L. [J]. Sci
Agric Sin, 2009, 42(5): 1859-1866. [f-1Fk3k, Z=4TUs, HifH, 55 /Ko
o 38X SRR A 1 F RO O A R M g g (3], b RO R
2009, 42(5): 1859-1866. doi: 10.3864/j.issn.0578-1752.2009.05.046.]

[27] REICH P B, WALTERS M B, ELLSWORTH D S, et al. Relationships
of leaf dark respiration to leaf nitrogen, specific leaf area and leaf life-
span: A test across biomes and functional groups [J]. Oecologia, 1998,
114(4): 471-482. doi: 10.1007/s004420050471.

[28] ZHONG Y M, WANG W J, WANG J M, et al. Leaf functional traits of
oasis plants in extremely arid areas and its response to soil water and
salt factors [J]. J Beijing For Univ, 2019, 41(10): 20-29. [#h5iHS, T
SCHE, EMRE, S AR X SRR D RE IR R ok 3K
SHEF R R (3], B MOl R 2 4R, 2019, 41(10): 20-29. doi:
10.13332/j.1000-1522.20190128.

[29] CHEN L, YANG X G, SONG N P, et al. A study on variations in leaf
trait of 35 plants in the arid region of middle Ningxia, China [J]. Acta
Pratac Sin, 2014, 23(1): 41-49. [Mbk, ##iE, RIF, & FHF
S R R R AERT AT (1] FolE4R, 2014, 23(1):
41-49. doi: 10.11686/cyxb20140106.]

[30] ZHANG L, LUO T X, DENG K M, et al. Vertical variations in specific
leaf area and leaf dry matter content with canopy height in Pinus
yunnanensis [J]. J Beijing For Univ, 2008, 30(1): 40—44. [5k#k, &K
K, WM, S5 B E kA L TR ) 5 B b e R e Y 3
BEAHE ] AL R 24, 2008, 30(1): 40-44. doi: 10.
13332/j.1000-1552.2008.01.019.]

[31] WILSON P J, THOMPSON K, HODGSON J G. Specific leaf area and
leaf dry matter content as alternative predictors of plant strategies [J].
New Phytol, 1999, 143(1): 155-162. doi: 10.1046/j.1469-8137.1999.
00427 x.

[32] GAOJL,LUO F M, ZHAO Y M, et al. Specific leaf area and leaf dry

matter content of three kinds of poplar in Ulan Buh Desert Oasis [J]. J
NW For Univ, 2016, 31(1): 15-20. [FH 52, TR, S, 5 52
ARV 3 Pl L TARAH P & AT ()], PEbpke
P24k, 2016, 31(1): 15-20. doi: 10.3969/j.issn.1001-7461.2016.01.03.]

[33] WRIGHT I J, REICH P B, WESTOBY M, et al. The worldwide leaf
economics spectrum [J]. Nature, 2004, 428(6985): 821-827. doi: 10.
1038/nature02403.

[34] ZHANG L, LUO T X. Advances in ecological studies on leaf lifespan
and associated leaf traits [J]. Chin J Plant Ecol, 2004, 28(6): 844-852.
[kAR, BRAE. M A S A SR PR AL ZS 220 Ut e ().
T A 52441, 2004, 28(6): 844-852. doi: 10.17521/cjpe.2004.0110.]

[35] ACKERLY D D, KNIGHT C A, WEISS S B, 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.

[36] LI SJ, SUP X, ZHANG H N, et al. Characteristics and relationships of
foliar water and leaf functional traits of desert plants [J]. Plant Physiol
J, 2013, 49(2): 153-160. [ZE35 5, FRIG4L, GREER, &5 Sttt
KA R R MEARRFAE AR BLOG R [J]. #AE B4R, 2013,
49(2): 153-160. doi: 10.13592/j.cnki.ppj.2013.02.011.]

[37] ZHANG Z G, WEI H X. Specific leaf area and leaf dry matter content
of main plant species in red lotus wetland of Weishan Lake [J]. Acta
Agric Jiangxi, 2021, 33(5): 63-69. [FKIAE, 2RI, HlLwE
Ho T ZEAE RN LE M T AR B E BT A ()], VLSRR,
2021, 33(5): 63—69. doi: 10.19386/j.cnki.jxnyxb.2021.05.010.]

[38] SAURA-MAS S, SHIPLEY B, LLORET F. Relationship between
post-fire regeneration and leaf economics spectrum in Mediterranean
woody species [J]. Funct Ecol, 2009, 23(1): 103—110. doi: 10.1111/j.
1365-2435.2008.01474 x.

[39] CORNELISSEN J H C, LAVOREL S, GARNIER E, et al. A handbook
of protocols for standardised and easy measurement of plant functional
traits worldwide [J]. Aust J Bot, 2003, 51(4): 335-380. doi: 10.1071/
bt02124.

[40] WRIGHT J P, SUTTON-GRIER A. Does the leaf economic spectrum
hold within local species pools across varying environmental condi-
tions? [J]. Funct Ecol, 2012, 26(6): 1390-1398. doi: 10.1111/1365-
2435.12001.

[41] GUO X X, ZUO X A, YUE P, et al. Responses of leaf morphological
traits of three dominant plants to water and nitrogen in desert steppe of
Inner Mongolia [J]. J Desert Res, 2021, 41(1): 137-144. [Z8¥1Hr, £
N, R, S NS TR RV A (Stipa glareosa)s BRAE
(Allium polyrhizum)F1 % 5¢ 3% (Peganum harmala) TE 2SR X 1235

IKEFA IR SL [J]. HE VDL, 2021, 41(1): 137-144.]



756 FAGHT T HAHT A ) 27 1

¥31%E

[42] SANTIAGO L S, GOLDSTEIN G, MEINZER F C, et al. Leaf photo-
synthetic traits scale with hydraulic conductivity and wood density in
Panamanian forest canopy trees [J]. Oecologia, 2004, 140(4): 543-550.
doi: 10.1007/s00442-004-1624-1.

[43] XU Z Z, ZHOU G S. Responses of leaf stomatal density to water status
and its relationship with photosynthesis in a grass [J]. J Exp Bot, 2008,
59(12): 3317-3325. doi: 10.1093/jxb/ern185.

[44

=

PAN X, QIU Q, LI 1 Y, et al. Drought resistance evaluation based on
leaf anatomical structures of 25 shrubs on the Tibetan Plateau [J]. J S
China Agric Univ, 2015, 36(2): 61-68. [i&Hf, EEFL, 2=k, 5. 3T
W AR S RIS T R I 25 AR TR EPET (7], SRR
254, 2015, 36(2): 61-68. doi: 10.7671/j.issn.1001-411X.2015.02.011.]
[45] XI R C, MA L Y, WANG R H, et al. Research advances in water
consumption controlling mechanisms of forest tree species [J]. Chin J
Ecol, 2006, 25(6): 692-697. [RU#, LjE—, THikE, . A
KRNI S (7). AR, 2006, 25(6): 692-697.]
[46] LI J Y. Mechanisms of drought tolerance in plants [J]. J Beijing For
Univ, 1991(3): 92-100. [Z=75 K. W P4k L ILHLEE [J]. JEstik

Ak K B4R, 1991(3): 92-100.]

[47] LIF L, BAO W K, WU N. Morphological and physiological responses
of current Sophora davidii seedlings to drought stress [J]. Acta Ecol
Sin, 2009, 29(10): 5406-5416. [ZE75 2%, A4EME, 25, AR
o AN 7 S T B A R RS S AR B R (7], AR A AR, 2000,
29(10): 5406-5416.]

[48] XUE Z D, HAN R L, HOU Q C, et al. Anatomical study of xeromor-
phism of leaves in cutting for five brushes in Yan’an region [J]. Acta
Bot Boreal-Occid Sin, 2004, 24(7): 1200-1206. [FE2##, whis, 4
PRAR, 4. JEZIBIX 5 P BRI RIBTIC (7). PEbEY
2241, 2004, 24(7): 1200-1206.]

[49] HAN G, LI S X, XU P, et al. Analyisis of drought resistance on
anatomical structure of leave of six species of shrubs [J]. ] NW For
Univ, 2006, 21(4): 43-46. W1, 20k, 1518, 5. 6 PR %
BRI RAE T (], PEAEAR AR 4R, 2006, 21(4): 43-46.]

[50] ZHU Y H, KANG H Z, LIU C J. Affecting factors of plant stomatal
traits variability and relevant investigation methods [J]. Chin J Appl
Ecol, 2011, 22(1): 250-256. [AR#EetE, HEEME, XIFIL. M HS
FLYRIRAR S s (8 3K BT e 074 (0], AR S 244, 2011, 22(1):
250-256. doi: 10.13287/j.1001-9332.2011.0011.]



