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1 BKBRXHEASPRTE

1.1 RBREHER

HHEAKBBLOBFEREN 4 MRS S0 EE
EH AR BRBEEEAN TR TEADBEE
(1. XMERFETEAREZRNSEX, B
HSBERARTER . ES LK, BREEK EK
D EFEG6~9 A, KB LT TRILHBMELE
Bl kA M E S SRR S, AR
BEAEERNSEALBIEZK ,RRAF TR XTE
AKEHSEBE RAYE, BRBER D, KKRHEEZ.
FER T, FEmBEN R E. BRHEESD
E7~-9A, 52FRKEN 0P L, KB RO
FHEFETEX M TREXK I ELE, BBEEH
VEMEELUAKMELSFEI B, LEAR
U1 BEL KETMEREFILNLE, BER
BHEAEHETRESEX, TELOM, BRH LD HE
BaRR VvEXEGHRA RLERERKLRE™
H, L PEA BBEANE, BREEX, KER
T RREBUL, HAESFEN A KER AN
MEBRD, LWk EFEmE . ERRE
AREFFER REFTERESE. BKIWH
EPET~-IBAHELERKEN 5%, NET
B, RBEALFRESRMM S EHW, & FILaT
BERR FO5EWAVERE B EERTEE,
ARG RRE L M LRI RN E, B
B, A GERBANLY Bk,
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H! FRETRERARBESTGHIMZBRARELR
Fig.1 The geographic locations of 4 trial sites along
rainfall gradient in arid and semiarid areas of China

B4 RB A SBEES(R DA, ZM.8
REBEENEF4 T RABAKKREKREH B

BB B, 3 TR AR K S X 0 BE 0 T B 4
BB, At R 4F H RS A AR B .

1 FRETERRARSETIIREANSERA
Table 1 The main geographic and climatic conditions of

four trial sites in arid and semiarid areas of China

KRB2¥ =M HER ®_E W 7
Parameters Lanzhou Baiyin Jingtai Linze
FHRA R (mn) 328 204 185 117
Annual mean precipitation
FHRRR (o) 1365 1864 2678 2238
Annual mean evaporation
EHR(T)
Anmual mean temperture 9.1 8.0 8.2 7.1
£ H B8 (h)
Annual sunlight hours 2446 2559 2125 3052.9
EHTFREHB(
Anmual aridity inde 17.2 11.3 10.2 6.6
KM RE(%)
Relative humidity » 31 4 46
EXRH (d)
Non-frost day > 180 182 159 152
#4R (m) 1575 1702 1631 1300
Elevation
HE(N) 3568’ 36°26' 372 39°31°
" Latitude ~73 ~ 39 ~23 ~ 58’
2 (E) 103923 104°3  104°1'  100°4
Longitude ~ 40’ ~ 16 ~14' ~ 36
HoTFREHB() =P/(T+10),P REKRKE (mm), T REF
#HE(C).

Note: De Martonne aridity index(/) = P/( T +10); P, Annual mean
precipitation(mm) ; T, Annual mean temperation( C).
1.2 BEEERng/MHEpEitEnIR

2006 4 8 A B REKBHOBEDI K 4 4

BEAZN AR BE GEXEN-EFECY
FERK C MY ER B EN R, #ITHBEE,
HAaHEZ A8 ( Reaumuria soongorica ) #l %5 4%
AW ( Tamarix ramosissima ), B R T HBE AL H
(Ajania fruticulosa ) F1 7% B 3 & 3% B 3 ( Sonchus oler-
aceus) , R B9 H R )& B K ( Nitraria tangutorum ) il
HWAHRRI(N. spmrwama)uﬂ%ﬁﬁﬁ%%g(Pe-
ganum harmala ) 1 3 % 7 18 ¥ 25 52 B 8 ( Zygophyllum
loczyi)%, BRAR—AFAMBEH BT LEBR 2
km B—4EH, BB 10x 10 m? , T HMALE, B
HYKRAEERBNR 4D 1x1 o’ BFHT, X
BIEFTHTYH R BEARMEEENASE,
B—-RR AN REEEMH LTy W E
REZELEME LA, FRZRE SOCHT . HE
HITEY R’
1.3 #% LMA.N,.. % Chl, . S RJE

HYHERRAREAWE HRERHT S
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ZEBE TRETRRKRAKBRBETHYHEHH ZRERE 71

Z—RVHE, EREED) RN EEGH R
N IMA(g/m?)o KB HEBIE SOCT M THRE,
SR EM A AT, L 0.1 mm Mo WM
YARIBENLEASE. Y24 ERNE B
H LR E R, KDN - 2C LR E RN (EBARAL
HBATME, e EHETREEE Nuwo o
BESEWEHBELGEY N E HAKESR, 2
R AL B4R 425753 B E ODges F1 ODgy , # AR 3
BB GRBEEE Chl,..

1.4 BEIH

78 F] Origin 6.0 F1 SPSS 11.0 K #4 *F $ 48 #E 17
LERGH AT, RBBER LB LB A Tukey’
s-b BEREH 200, RbEE R EA R F B/ ZFe ik
(OLS) 47 B 43 87 , B4 1) #H X HE A Pearson’s test
A0, A SRR 3 K ERMFHE.
2 BRS04
2.1 ERBABELANRABEY

MK BBEESHH M B8 CREMIEE
ANMRRAYHHTAE HYBELYERRLE
PIRE2, 2MEARAWHEBELEHAIADHRE
( Reaumuria soongorica community) SMBEDE QR
B PRSI ILERTAS S AREAE S WHEK
KR h 41 1S A 35 K BE 7% ( Reaumuria soongorica &

Salsola community) , B EAW BHRIEEE,
ARABEES, RERRAMEHEREIEEX
P& (Salsola community) , R EH YW AL HIEEXK.
MHEEE ASREERX A0 e EREEEE
0 P AR B2 R Ol R R B R (V-
traria sphaerocarpa community ) , R #AE Y1 K ] &
£ ERE UDKMBAEEE 4 MRBAWHEEE
EHEREXKBRBEO MR, ZH R SEgEEER
HL,EE kL MERRAHMBEFZEERRK, RE
18%k%H. KBEHYPIREC, YHBEE, 2ZM G
R R 8 E
22 ARESAH{E CUHHH . EEERIE

H ERUEHERRARERAMELELE
BYEFHE, A E C, WRHKFR, LR &L
HRABRE UM EEBEEBEEER ¢, U,
ERUHERVH AN C, P, USARBRARS
X ERER G WRIEREEN R, ENR_ENH
ARMEN BH TR BREATLENELEREEE
F.EZMWAREORAGRR BREEREEE
00 B R R L R

M 3 F i, Bk B E & A RS A
EEEN EERARNNEEEFIZREIHARE
Bidk LMA B3 K ue o fin ) #) F 52 P36 5 T e 32
ZEDE B N @ o PR A Chl, & BSE N T B

F2 TRARARZFHT4IRBRIHEVBRELBEY

Table 2 Plants community compositions at 4 trial sites with different precipitation

BRA HMBEY ey HEEE(%)
Trial site Vegetation Dominant species Coverage
OHBE 41 8 ( Reaumuria soongorica) 2 B AW ( Tamarix ramosissima ) . {6} $2 3% JL.( Caragana
2 M R ) intermedia ) ¥ % ( Caragana korshinskii ) . # K T % ( Ajania fruticulosa )\ B ¥9 i 1€ 8.8
Lanzhou . soongened ( Heteropappus meyendorffii ) M2 Lycium chinense) 4847 3¢ ( Lepidium ruderale ) . % Al :
comamtuty ( Plantago asiasica) 3 ok % Bassia dasyphylla) 3% % % ( Chenopodium glaucum )
Ay &HEEX £ B ( Reaumuria soongorica) 35 %k 3% E 3 ( Salsola passerina ) . 8 % ( Artemisia hedinii ) |
a8 2 B 8 ( Nitraria tangutorum ) 5% 5¢ 3% ( Peganum harmala ) . % 2 % ( Polygonum convolvu-
Baivi Reaumuria lus) J B B (Achnatherum splendens ) . 3 % % ( Bassia dasyphylla) & % % ( Halogeton 64.9
ayin soongorica & glomeratus } HE{ Chenopodium. olbum ) , 48 Bt 1B 7K ¥ (‘Anabasis brevifolia } . 55 R % { Se-
Salsola community taria viridis )
B IR E R ( Salsola passerina } I M 3% E 3 ( Salsola loricifolia ) K A58 £ R { Salsola
BER arbuscula ) EL¥ ( Reaumuria soongorica ) « 4 ¥ ( Nitraria tangutorum ) i 25 5% B & ( Zy-
RE B gophyllum loczyi) M A \E 4§ ( Ajania fruticulosa) \ ¥ # ( Artemisia desertorum ) . %% 3¢ % 35.7
Jingtai Salsola co . ( Peganum harmala ) . 3 7K ¥ ( Bassia dasyphylle ) B % # % ¥ ( Halogeton arach- :
Y noideus) 8 ( Chenopodium album ) . % % ( Tribulus terrestris ), /I @i & % ( Eragrostis
poaeoides )
H % H ( Nitraria sphaerocarpa) 75 % ( Phragmites communis ) 3% 3¢ ¥l ( Alhagi sparsifoli-
B a) B % ( Glyeyrrhiza wralensis ) \ 41 % ( R ia soongorica ) % 4% B ¥ ( Tamarix
% Nisraria ramosissima) . ¥ #) { Haloxylon ammodendron )« 3k 4% # % % ( Calligonum coput. - 18.3
Linze medusae) 7 & i 1% % ( Calligonum potanini ) « B 7 ¥ ( Bassia dasyphylla ) ¥ X ( A- '
":“”"“",’7’" griophyllum squarrosum ) B 8 { Echinochloa crus ~ galli) -t REBL ( Chloris virgata)  MB BE

{ Kochia scoparia )  # JIUK { Kalidium foliatum ) « # 4 B { Halogeton glomeratus)

EBREFOHA C U,

Note: Black style species are C, species.
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BHEREATHNEEXRTZEIRFROER
BBk LMA I N, & B R v B T 2 B 38 A0 0 B 5
EREEFNEIRAEMTF IMA AR ES
Chl,. & BEI N HH KT REME. REFRMREE

YA AT ZERARRERENY T 218, KRA
MG Y EREIFE IMA R N, S BH
F 838 0 BT 5 K, Chl,, A B FE T 28 A m

BT R
23 BUBRRABTUAN ERUESEHAEKERDOHEL

Table 3 The changes of plants leaf and stem traits in 4 trial sites with rainfall decrease

M E LMA(g/m?) Nl g/m?) Chl,.. (g/m?)
Y #_y - - -
Species Organ M AR BRE  OKE N A RE kR =M Ag  BE KE
Lanzhou Baiyin  Jingtai  Linze  Lanzhou Baiyin  Jingtai  Linze  Lanzhou Baiyin  Jingtai  Linze
ay M Leaf 257.94 329.2c 362.4b d432.3a 6.1 9.3 10.9 9.9 0.23 042 034 0.63
Reaumuria
soongorica “RHY Green branch 119.1d 147.5¢ 185.4b 248.6a 3.2 3.4 3.6 2.7 0.02 0.05 0.03 0.04
BHEEH M Leaf 281.0c 309.3b —  527.5a 7.4 9.6 — 9.5 0.90 0.56 — 0.52
Tamarix
ramosissima R4 Green branch 61.6c  93.7b —  230.52 1.1c 2.5 — 36a 005 0.09 — 0.18
EAEH B} Leaf 347.9 253.3  370.5 - 13.4 9.6 10.0 - 1.05 1.14  0.68 -
Ajania
fruticulosa B Green branch 291.8c  617.3b 748.4a  — §2 7.7 9.3a - 0.19 0.5 0.65 —
HER M Leaf 348.3  562.6 423.7 443.4 13.4 2.9 139 16.9 2.09 1.91 1.83 2.5
Sonchus
oleraceus MRk Vein  127.1d 192.7c 236.4b 305.1a 3.0d 4.6c S.1b 7.6a 0.21 0.24 0.4 0.42
=] ] B Leaf 358.5d 488.3c 517.5b 836.0a 20.7 21.2  19.3 28.3 1.83 1.3  1.05 2.45
Nitraria
tangutorum R Green branch 115.6d 264.2c 269.1b 1087.6a 3.4 5.3 4.5 26.2 0.12 0.05 0.05 0.26
2% 1 M Leaf 356.4d 459.9c 506.2b 639.2a 14.7 14.3  16.4 15.1 .17 0.87  1.21 1.43
Peganum
harmals %% Green stem 121.9d 153.6c 181.2b 336.2a 3.4 3.3 3.4 9.4 0.17 0.11 0.08 0.2
HEEMR 0 Leaf 881.8 1203.7 945.9 1264.0 299 349 245 295 1.84a 1.77b 1.60c 1.45d
Zygophyllum
loczyi B2 green stem 361.6 556.1 408.6  626.9 8.9 10.6 6.5 17.8 0.32 0.4 0.28 0.26
BE¥ B Leaf 337.6d 357.8c 370.4b 498.4a  10.7 9.8 11.4 11.4 0.74 1.43  1.22 0.9
Polygonum
convolvulus R Green stem 282.1  187.5 195.6  387.3 3.9 2.6 3.3 6.2 0.11a 0.08b 0.06b 0.02c

EBENIKMENFHE, A-THRARERREREENHATERETEINE P<0.0s KFLABE, “—EREYHER

—HABRABRKRED,

Note: Data are means ( + s.d.) of three replications. Black style values within row of same index followed by the same letter are not significantly different

at P <0.05 according to ANOVA. “~—" indicates the species have not sampled in certain research areas.

2.3 BRARBETHUHEKER/HEYRLE
i
FEEHRKEBHED, ZH AR . ZRAEE

AT RBREREYHNREER/MHEYRLE

ZHHM (A 2), BRAKBEDHWIEE HYRHHE

B/ HBRKR, #ER 13062, RERKER R (H

K 1.0044) E1 4R (B 0.9942) , B K A0 R 7 1t i 22

MU ZR/M BN, FEN 0.9103(% 4),

ParEKBE D, LR T RELBREE, GEYH

WRSAAERE, HKERE AR, MEMNRIEK,

XERZYHAEPEE CUBBEES, 2H ¢

VIMHBEBEHERA—-BU(F2),

10°y
—— 0O *#{ Lanzhou
10°4---- A {14 Baiyin S
0 &R Jingtai o
w 104 ===+ Wi# Linze A
5t
F;,f 5 109
R &
= é 10
¢ O
¥ E 10
R
o § 10°4
g
] (o3
10" R ge
10? T e DU § ey | oy ™
107 10’ 1° 10' 10 10 10t 10°
i B 4 P B Leaf mass(g)

B2 EERAHYRAEHSHANEYRILE
Fig.2 The changes between green stem or branch biomass and

leaf biomass at four sites
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F4 HNGEEHEHANEYBLETUREYRELHAXE
Table 4 The changes of biomass ratio of green stem/leaf, and the biomass correlation between green stem and leaf

B8R K¥EEEERY FE L HERH ry BEH n
Trial site Linear regression model Slope Related coefficient Sample number
ZM Lanzhou logy = 0.9103logx + 0.0002 0.9103 0.96% * » 47
B4 Baiyin " logy = 0.9942logx ~ 0.1319 0.9942 0.93% * » 96
BE Jingai logy = 1.0044logx + 0. 1566 1.0044 0.98* » » 36
& iE Linze logy = 1.3062logx — 0.3158 1.3062 0.93% % » 67

H:x o« « RHKHBEYE P<0.00l K¥LEE¥.
Note: * * * All regressions were significant at P <0.001.
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Leaf and stem traits of plant communities along rainfall
gradient in arid and semi-arid areas

GONG Chun-mei', WANG Gen-xuan’
(1. College of Life Sciences, Northwest A & F University, Yangling, Shaanxi 712100, China;
2. Institute of Agroecology and Ecoengineering , College of Life Sciences, Zhejiang University , Hangzhou, Zhejiang 310058, China)

Abstract: Plant leaf and stem traits include the leaf mass per areas (LMA), leaf life span (LL), nitrogen content
per unit area (N,,,) and the chlorophyll content per unit area (Chl,,,,) . These features, directly affecting the properties
of carbon sequestration capacity of plants, are the adaptation strategies of plants resistant to the environment in the long
process of production in order to obtain maximum photosynthetic formation. This study is to identify plant leaf and stems
traits (LMA, N,., and Chlarea) and explore the changes of adapting to progressive drought stress along rainfall gradient
in arid and semi-arid areas. The results show that different families and genera of plants distributed in Lanzhou, Baiyin,
Jingtai and Linze experimental sites take different attributes of leaf, stem or branch response characteristics against
drought stress with annual mean precipitation reducing. The LMA and content of N,,, increase with intensification of
drought stress and Chlarea content increases with the decline of drought stress, which reflects the strengthening of plant
adaptation to drought stress in some extent. In addition, green stem or branch/leaf biomass ratio in Linze species is the
largest with annual mean precipitation reducing, followed by Jingtai species, even Baiyin species, whereas Lanzhou
species is the smallest. With the increase of drought stress, the biomass ratio of green siem or branch/leaf is gradually
increasing in dry areas.

Keywords: rainfall gradient; LMA; N,.,; Chlarea; biomass ratio of green stem or branch/leaf



