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Indicative effect of the anatomical structure of plant photosynthetic organ on

WUE in desert region
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Abstract; Affected by the extreme arid environment caused by salinization, high temperature and intensive radiation, desert
plants change their structural characteristics, such as fleshy leaf, assimilating shoots, lots of epidermal hairs, thick cuticle
and so on, to improve their water use efficiency. Structure being basis of function, the anatomic structure of photosynthetic
organ (including leaf and assimilating shoot) of desert plants can indicate their water use efficiency. It has been improved
that stable carbon isotope (8" C value), an indicator of long-term water use efficiency ( WUE) of desert plants and a
comprehensive value reflecting the whole life history of plants, was widely applied to illustrate the response of 8" C values in
plants to environment factors. Therefore, there must exist an important relevance between plant anatomical structure and

8" C value to some degree. However, most of studies on plant anatomical structure have been focused on its relationships
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with drought resistance, environmental plasticity and plant taxonomy for a long time, little was known about its response to
WUE indicated by 8”C value. In this paper, the relationship between plant anatomical structure and 8°C value was
analysed in the middle reaches of Heihe River basin, in order to find an effective indicator for WUE from the point of plant
anatomical structure. The results showed that: (1)all the plants with axial photosynthetic organs had higher 8" C values that
those with leafy organs but Hedysarum scoparium. (2) The variation range of thicknesses of the photosynthetic organs and
different tissues among different desert plants was large. The maximum value of the leaf thickness ( 77) or axis diameter
(Da) was 6.9 times higher than the minimum, and those of cuticle thickness ( Tc¢), epidermis thickness ( Te) , palisade
tissue thickness (Tp) , spongy tissue thickness ( Ts) and aqueous tissue thickness (Ta) were 5.8,11,4,3.5 and 3.5 times
higher than the corresponding minimum, respectively. T/ or Da and Te of most desert plants with axial photosynthetic organs
were higher than those with leafy organs. (3) The correlation analysis between different tissue thicknesses of desert plants
and their 8" C values indicated that ; there was a significantly positive correlation between 8" C value and 7! or Da, with the
correlation coefficient 0. 719 (P <0. 01), while the correlations of §°C value with other tissue thicknesses were not
significant. In conclusion, from the point of the anatomic structure of photosynthetic organs of desert plants, WUE could be
indicated by 71 or Da. The higher Tl or Da, the higher WUE desert plant possesses, and WUE of plants with axial

photosynthetic organs are higher than those with leafy organs.

Key Words: desert plant; anatomical structure; long-term water use efficiency (WUE) ;stable carbon isotope ratio (8" C

value)
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Fig.1 Sketch map of different cross sections about various tissues of desert plants C. roborovskyi and S. regelii
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Table 1 The plant species in the middle reaches of Heihe River basin and stable carbon isotope ratio(5'>C) of leaves or assimilating shoots

B R/ EEN P T4 Bt A A FaE B Al 3
Cross section Species Latin name Family Life form 8 C/ %o
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FaR); Reaumuria soongorica MR INHEAR -25.64
ek Kalidium cuspidaium R AR -25.08
Gk Sympegma regelii R INEEAR —24.66
vy Haloxylon ammodendron iR} HEAR -17.08
RS Calligonum mongolicunl s HEAR -15.99
Bk Salsola passerina R AR -17.38

TR RMARIR C, AW, ol C; 1)

3.2 TREXMYOLE S E T 2% R

YNNG 2B E 2R T2 3D XIS i o U FOR S S50 77 A2 T — 8 W& N, B e X
FIAEY , BB AN R T3R5 XA R Rk 25 A AT BE , ELAS [ R IR (R S5 AR E AP e 25 57 (R 2) . Z5H 2T
RERY LA, T B XA YOG B 4 B A AL U5 A 0 25 5 5 DR D RB 1Y 22 57, FF 52 A 4 A P 2 L WUE

B UL, ARG A S (MR sk R4 ) A5 B A8 A0 3 FRIAR S, A 230. 97—1587. 64 pwm, AN [RJFZ
)22 5 2 . REHGIOLE S EEY N Da & THERAEY0) T1,

http ; //www. ecologica. cn



16 1] SKIEIE 45 e B XA GG 4 B A S50 A R TR B R s AR 4913

MR TR T X ARG A 4 B A R B AR AU BT o Lt AN AR ]

502 1 F LD RE SR K B RAEI K 3 28 K W B, FE I IX b R A ) v, A )2 IR R AR
IR 0.96—5. 59 wm, £L00 )&, ZEH v i o Uil s KPR IR Z

AR PR KAE R, A R T 3G SR AE ) K 20 T RE T . FR R SEAE Y Te ARSI HR ), 7. 19—
79. 07 wm , e KA R e/ MBI 11 52247, Re B2 AUBREE N 1. 7% —11. 81% , B BAAS [ R 5 A 40 79 305 L A 35
HRE R 2 B A M B ORoK e T & ARTRD 2R Sk dm , PRIz, A RO G AR BRI Te YUK 2
7E 19—80pm Z [A] | M- REEEE 1Y Te /DT 16 wm , FiR K THUR G AR E o

T 5L DA Y P PR 2 ) 3 R e G B ALRE IR T 1) e, LR AR 20 2 Vi 2 A SRR B e S AR ) R
HRAIE R ) K AR BB SR, fErEROL A28 B iR 4120 R 15 H Rl AR, Ankr 4% S
BRXG L % SIS I R R SR A AR O A S B I A T A AL R AR IS T R R
AIRIE R I R B,

w2 iR, Tp ZAEAETE R 41. 25—166. 50 wm,Rp 4 6.64% —55.22% , H:H C, 1 C, #¥ Tp B4k
L FE S350 59. 35—166. 50wm F1 41. 25—60. 18 um, Rp 19 KL [ 4351 K 22. 97% —55. 22% F1 6. 64% —
12.28% , LA WL, K450 C, M Tp F1 Rp =51 C, #HY, M4 41 230 S se i R 4k, U HAE 2 80h R
A B WY h A A AR e, MR e VD HR B, mELS A LT Ts 408
178. 24 um Fil 144. 64 pm , 7ETAIFFEAE P b JE F 5T P A7, {H 78 FE A I PR 2L 20 43 A7 1 X e 7 /N A 21 41
(B 1) b TARACIRES A= 2 e, 2 POLE & T MROC G E AR AL 531k, Ra
115 58. 16% , s i i WA ZH 20, 3435l G 4 B AR P A I 7K 2EL 23 rb A R V8 200 LR 5 ot A B o3 A, v 45
A LIS B (BIRGH) o
3.3 TREXAMEYDLA S E RS RHE S 6V C

TR RIS R BRI 85 C EEEZ CO, ¥ HURMB IR =2 78 (AR AP e A 1EH
ST AR TR 2R A TR A T B R T 2k AR A2 BAF ) N RS AR A S ), oA 150, A F A5 A AR R i R YR
CO, 51 M5 M AT 2 i SR P00 6 C 1), FLAI UL M 20 2R i 45 4 SURRAE 0 6 S WA 49 0 S RE 1
TN, MR AR, 2 )2 H B RE s KA AR, Mt o, myseg iR, fif Co, fthy
A TRI B 3 5 R A EE 1500 A K LA CO, 3 BR800 X5 23 S5 A 40 R e A VR ), A 4 41
— 2 IR Y R N AETE R I I TR PR, 23 BT CO, 9 BRI G RE i R AT, 1 40 40 4L oAb A #1 T CO,
PHL

AR  FEK S BE B = (PR S 088 DXCAE ) B 45 R4 78 DR AR 7K 43 R BRI K 43 5O 7 T A 2R, i
i FRE R R TR K 3, JEE AR 522 B 1 7K 4328 0 BT 1k as 58 0'e FEOXT P 45 4 1 0 4 5 I 7K 2 48
Ay V] PB4 B SRR 8 /IR B | T8 75 32 R 1 AR A BRAR 3 0 TE R AT, [R) A a2 BRER 8 I 7K 2H 208 55 AL 0 Y
BB RN, I ERER 2R LA 2 RO A a8 B R R A A
3.4 FEEXMYPDLA I ERRIRES 8% C AE AT

i T X AE P 25 L5 X 87 C {E R RZ M B BE AN [R] , HL A5 A SURRE I AR AL AR 25, AP 6 i
REARFIE IR A3 I FH W R bR -5 67 C (ELIAH SC G RAIEAT T 0125 43 B, SRR 485 K 1) 1 B 37 1 DX AEL
HI7K 3 R AR FRA BRSPS (£ 3) .

Tl XA 25 S5 H Z [ DL K 5 87 CAE ARG A Hr 45 R W .8V C S T1 35 Da A5 35 W 1035 (1) 1E A
KX F AT, 175y =0.007x-29. 056 (r=0.719,P<0.01) , [}, SHEMIH Te, Te F1 Ts IEAE, 5 Tp Ta
A (EAEMEARN B TEMYISHL 26, TI 5, Da 5 Te Ts \Ta \EMIE, 5 Te T Tp AL, A LER
M 6 CAEM A+ b, A M R DI Re (O 254 Z [l HAT — 8tk A, Te 55 Ta ZIRIAELE B E M CR (r=
-0.819,P<0.05) , Ut IIff /K ZH LU IR AR , HOsl/ D oK 3 i 2 I D RE A 855

http ; //www. ecologica. cn



33 %

iz

»y,

'+
#

4914

G0 0>d ‘B MM g A [u] ) [ig[n] *onssn snoonby 1y fonssn £Suodg g fonssn opesieq ‘14 *stuuoprdy iy fremonny

FD ooy Funepuuissy FsyfgRo ity [ E) O MOE Pty 1L LG ST Y o MOE O L SGGE Y G ST R G AT B o2 I D K I "D SO ch S

®CO LS qTC €TFYS 6LT -

Rl ¢ 216 01FS8 €61 -

- 98¢ Cl PS6"9+81 09 261 v 21T 1+65°0C PES 0 YTl "0¥8S ¢ IEEYFY6 6L6 i

- ¥9°9 JPIE ¥¥89 TS °¢l Y 499 "0F6L "C¢ P8¥ "0 PS170F€8 ¢ BYC L6FY9 "L8S] LTS

456 "¢t 1y "8IFLS 91T - - JLE'S JESHFST 1Y 350°¢C 9IL 1F60 01 P6Y 0 YS1°0%6€°C 260 "8SF Ly S86 A
®66°TS OTPIFST'S8T  P69°0T  dTTIFFO¥FI  PL6'TT  BTTEIF6S 091 P99 LT IFYT €T qzyl 980°0FS6'%  PSOISFLI 669 - S
®G6°LS By GTFO0 88 PIE'€l  BITIFLTSLI  J8I°8 q96°6¥Ly 601  ®BIS'II  ®ST'TFLO 6L PST 0 ISTOFI6°T 426 LI1F90°6€€1 T
qLE 8¢ P98 "8FSI 111 - - 2T€ 6T O¥$9FT6 18 PSL'9 26°0%SS 61 LI BET0F65°S P98 " 1LFGE"6LS @
®91 "8¢ q6€ "TTFE6 "FIT - - PIT'ST  948°0IF8E¥IT  JOL'I 98T 0FEL L P9€ "0 fe170%29°1 29% "¥¥F66 016 HY SOXY Ykt
- - POT'0C 9% SFTE IS OP1°6C  PSL'STEOVL  9BLL 0L PE 0789 €1 q61°1 ST1°0%26°C 9ET 1TF60 ST 617
- - BPCLy  2¥6 1IF6CCCl dLyLE Y0 LFIV 96 PPESTL 9E1°0¥89°6 2660 40T 0F¥S T 969 1TFLT LST (G AL
- - 28%°GT  PIILFET'S8 OFL LI 91 EFGE6S 20¢ Y 960761 'L P60 1500796 "0 9¢ "8TF8Y PEE ik 26 &
- - 2968 8T 99°G¥TL"99 28%°0¢ P9I SFOV 0L 2678 9¢°0%08°6 206°0 10°0¥80°C 9TE 617FL60ET FLy
- - - - B8 IS BLI'TIFOS 99T  2€0°% PSO 1796 °CI PYS 0 960 °0F6¥ '€ PE] ¥SFLE THY ik L
- - qz1 o€ Pt "9¥¥8 68 q9¢°¥€  46T°8F6F TOI  qBLSOI  PST OFYL ST BLLTT qz1°0%8T°S 9T "STF9T 86T B
- - - - ®TT'SS O "SFHE +8 qL8°6 P10 1FL0°SI 2601 L 0F91°€ 260 61F9Y "SO€E P22 JeoT Y-
% /Py wnl /v f %/5Y wl /s, % /44 wrl /dj, %/ wl /3, %/%4 wl /o, wl /o 10 ]
1y onssi) snoanby 1G enssn ASuodg 14 @nss1} apesie] o sturaprdsy 1) Ie[nonny) PV 10 T 10ok® m@ﬁ@mm Homoos wwﬁu
SR N e Sune[uissy 10 jeo] Sl Ry k2
vz B e 17 Hz 7 ft 17 HE ¥ =R A

syuefd 319s9p uI J0oys SUNE[IUIISSE PUE JEI[ JO SINSSI) SNOLIBA JO SHNSLIdEILY) Apuend) ¢ dqel,

DHEREGELV 2RO K HREE T

//www. ecologica. cn

http



16 1] SKIEIE 45 e B XA GG 4 B A S50 A R TR B R s AR 4915

e T XA WA R L GV AR B A A 28 B i 5 A EL i 5 6 C (E 22 8 i AH S Fral 0.6 C (H 5 4%
HA ) 2 AAFAE AR R B A 2 R {HS Rp B E A (r=-0.638,P<0.01) , 5 H'EK AL
APV NTE N

K3 REREYAERESCCHESSHLAGEHMMNBEXELR

Table 3 Correlation coefficients of photosynthetic organ traits with 6> C value

-l R f A bi o *KE B 20 21 AR ZA R K 2H R N
[ 2 H R
L or As C E Pt St At 5
8¢
fiZE C -0.052 0.458 0.487 0.256 -0.230 -0.318
K E 0.619* 0.004 0.268 -0.323 0.195 -0.464
ML 2 Pt -0.091 0.328 0.127 0.472 0.235 -0.638 "
MR LH L St 0.859* 0.081 0.772* 0.692 1.000 -0.406
7K 4HE At 0.497 -0.819* 0.651 0.087 1.000 -0.496
FasE kRN R LR 813 C 0.719 ** 0.035 0.173 -0.472 0.752 -0.072

IR R TEEM YA A LUSE S 6 C MMM RS A LA RBERFRLALUHE 6V C HMMX R, « FREFBE,P<0.05; + =
FoRZEFW B, P<0.01

4 Hit5itie

KT XA A K BIBR AP P R, DG B AT AR 00 R 58 28 A5 SRR B 7R ASE, o mT M) P ) 7K B DR
HUA AR R RIS DR AR T3 m K o IO 7 0] A, A X R RE ) A HE LU 45 2 B 10 2
F gkt T RAAE T A i 28 4 ) OIS REAEE 1 AL P RR I U S CO, DY AT 5 1A
Witk lal(r R 22 58 . T UL ARG 4 B A FE 0 e R A B B 87 C AR KWK 43 A
R

MR JRERE BN R R B RS BRI N RN TR o RO T LA i R A e PR U R
UG, EIRYBADEE RGE W E & K5 B R BOR . A BF5T 3R W1, S R T 4 S
(SLM) VESR I A B JI R 67 C {H YA RLE /R 48, S B BE R WUE AA7EIEADEOG R P 2 8m ) 4
KT IR AT AL X 6 T DA 19 B 454 5 87 C ECRMAT R0 C H 5 v B A B il
F—MIEARSC R o ASCTT TSR 1 A S ARVE IR S, I 230, 97—1587. 64 pm , AN [F) A4 14 22 57
B3, 56" C R RFEEMC, B, 7T LK T 5 Da AF AR /K 73 R HRCR AT8 75 (8, it 1 RS, WUE 85

REFIE  AHYIR B HN IR 3 E KR RN 6 IR 2 SRR A I, A 52 e i R A
WIERK o3 760 A OCHE S AR, Te A Te 5 67 C (HIEAIR (K 3) , H. Te BURIRMER S . XFPTAISERY C, HH)
KL, B S M Sk B 3R SRR BE R T 208D 1 A = SR BE IR T 20RD  (HU2: 67 C (A R/ N5 3R B R — B, X
WL T Te X 8" C ELASEM 5 T A B2 o 3X AT BB T 7 B0 3 B JRE B S AE ) ) WK AL BT 3R AT SR A 2%
B AR AR R RACRE T 55 , T B I NS 3R BRI K I3 A8 HE | (I A AR PR AR B 2 K R R R
BB, L2 AR RIK, KIS RE 1 B8 | B 1K 73 28 B AN S, PRLIHAS SR T e H 3 B 5
KARFFA ST AW AR BRIEAR , W0y 2610 SRR A L G BE ) AR A5 14 2 R A0 A N A
TR R ARG A 5 Sk o Bk R AR, 5 B S BR A R K RE D, 67K A3 il 2 Y T 8L I, S 4
KRR 1 67 C R Ry ik 4 B €, AW

M PURAE  SiEBAE 4 A i PR 2 21 1) 3 B e I B AR Y 7 1) A % o A ik BRI A: 20 2RIV mT st £ i ' g
PRI K3 , ST LA ORI AT SR G BEA T A R0 g 10, MPAS 2 R 2 /) 1 7] 4
% AP PG RE AR B G AFE T nas i [ i 23 s i PO 4R g oh €O, 9564, £ CO, {1k
AR T L 55 R 5 AR 2 4 2 7 A BITICSORE D RELAHIH PRI CO,, R T 80, DG B R T2 BB A
ik, Thoday " ** IR A 7K 4338 1 WA 20 21 ) 6 B S i 22 LB D g AR 200 22, edfieats , AL Th AR ZH OB

http ; //www. ecologica. cn



4916 JAE = 33 4%

FE R T 7 E B RO SR A3 B . AR 8V CES Tp 5 Rp B2 0O ICE I & | 16 B 52 I AE 4 1 i
FEALLU CO, P BRI BTICEUN, 7K 43 F50% J ThT 9 52 Wil v X 6 RE 0 s ROR T, T B i o B IX Ok
HESR AN A 4038 2o TR, AL K 43 e ek 553 0 R A A A A K 10, T B IX A 0 A — B Bl Pt 3 . =2
XRRBH AP $i v K o R I T R AR AL SS . BA B /K FIHACR R C, MY, B2k i g
G ENTRIIRE S BE RIS AR A8 A MR i ) AR S5 R CO, RAELE A BN LB bR 2l 8 b A
FIFEEERT Co, M5, 6% C EHE .,

FEX A 22 g 4 ZH U 6 VR FHRUK 23 R FH AR 0 R A 5 B VE o BRA 2L Y g 4 21 21
HHT CO, B Bk A K 8= A H T4 5 WUE, AP EAHEE T £ 0,67 C [H5 Ts IEAH%
(#£3),5 Mediavilla™" ST 5 BS54 5 64 TR 25656 ZR I 9T 45 SR — 350, 389 it - P s 4 2 ) it
AR THEm WUE,

HAT K ALUR T ALY BA 5 PR AE 01, EZJE i T IC K AL SR K S 4 2 D % 36 1z 4 g
1, A7 B T R EE K 2 2 e A A SRR AR Sy, (I IR A AR R 1B B TR R IE H AR
PO AT UL KUY R B BT A B R, AN, KSR T AT Co, IR, iR 4
VARER 4310 CO, /N e i RIBR CO, Ve, 8 C B, X 5 6 C {EIF] Ci/Ca WAL (Ci M R
YURAIBRAY CO, MRPE , Ca JEZ UK ) P2 25 SR —80, ARAFFEH, ROt & 3 B MY A I K 8L 43
b, HAE A A S B R T i FU R 35 58, 16% 163X 7 R v, BRAEFESL , e 6 FheR G & 4% B LY Y
SUC Y E T RAEY) (1) , BERII KA 214 T A WUE,

KT IR TR, BRI SRR R AR A A S R 1) B MRS AL 8RR, R R I KL et R
BT MR, AR S AR —3, Tp 5 6" C MGG, AR F 7K 43 FHRLR B4 =, Ui A S B 4
it 7K 43 e SOR AN S A 2 R B 7 A7 43t 787 A 7K 43R SR R AR A 38 1 R A P 2 — 17
MR ZURAL WK AR Y G A B 0 LI, 780 R T A5 i A1 I B 2L

25 LR  FEE XA ) NS 22 RE A 25 A AT U B T L ERBEE I 1 LA Kk WUE B¢, Horp 82 C E 5 Fr
JE R s R A A B A A R R 3 A G R T LIS WUE IR S RAEFE bR .

References :

[ 1] Klich M G. Leaf variations in Elaeagnus angustifolia related to environmental heterogeneity. Environmental and Experimental Botany, 2000, 44
(3): 171-183.

[2] LiLZ, Shao LH, YuY W, Chen J G, Zhang D G. Study on leaf dissection structure and drought resistance of four shrubs growing in desert
steppe in Tsaidam. Grassland and Turf, 2009, (3) . 20-23.

[3] SuPX, Yan Q D. Stable carbon isotope variation in plants and their indicating significances along the inland Heihe River basin of northwestern
China. Acta Ecologica Sinica, 2008, 28(4) : 1616-1624.

[4] LiAP, Wang XJ, Yang X Y, Zhang L. Evaluation of drought resistance capacity of desert shrubs in Hobq desert based on characteristics of leaf
anatomical structure. Journal of Desert Research, 2010, 30(6) ; 1405-1410.

[ 5] Gong W C, Zhuang L., Zhao W Q, Zhan D X, Zhang L. Ecological adaptation of morphological and anatomical structure of photopsynthetic organs
of Tamarix ramosissima and Haloxylon ammodendron. Journal of Desert Research, 2011, 31(1) . 129-136.

[6] CaiZQ, Qi X, Cao K F. Response of stomatal characteristics and its plasticity to different light intensities in leaves of seven tropical woody
seedlings. Chinese Journal of Applied Ecology, 2004, 15(2) : 201-204.

[7] Wang XL, MaJ. A study on leaf-structure and the diversity of xerophytes ecology adaptation. Acta Ecologica Sinica, 1999, 19(6) . 787-792.

[ 8] WangY L, Wang J. Plant Morphological Structure and Environment. Lanzhou: Lanzhou University Press, 1989. 57-87.

[ 9] Richards R A, Rebetzke G J, Condon A G, van Herwaarden A F. Breeding opportunities for increasing the efficiency of water use and crop yield in
temperate cereals. Crop Science, 2002, 42(1) . 111-121.

[10] Cowan I R. Regulation of water use in relation to carbon gain in higher plants // Lange O L, Nobel P S, Osmond C B, Ziegler H, eds.
Physiological Plant Ecology 1. Encyclopaedia of Plant Physiology, New Series, vol 12B. Berlin, Heidelberg, New York: Springer, 1982
589-613.

[11] Ziegler H. Stable isotopes in plant physiology and ecology // Behnke H D, Liittge U, Esser K, eds. Progress in Botany, Vol 56. Berlin; Springer-

http ; //www. ecologica. cn



16 1] SKIEIE 45 e B XA GG 4 B A S50 A R TR B R s AR 4917

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]

[38]

[39]

Verlag, 1995. 1-24.

SuB, Han X G, Li L H, Huang J H, Bai Y F, Qu C M. Responses of 8"*C value and water use efficiency of plant species to environmental
gradients along the grassland zone of northeast China transect. Acta Phytoecologica Sinica, 2000, 24(6) . 648-655.

Xie X Q. The research on the crop necessary water, consuming water and water use efficiency of agricultural ecosystem in main kind area in China
// Farmland Ecologically Trial Study. Beijing: Weather Press, 1996 64-81.

Hall A E, Richards R A, Condon A G, Wright G C, Farquhar G D. Carbon isotope discrimination and plantbreeding. Plant Breeding Reviews,
1994, 12 81-113.

Araus J L, Amaro T, Casadesis J, Asbati A, Nachit M M. Relationships between ash content, carbon isotope discrimination and yield in
durumwheat. Australian Journal of Plant Physiology, 1998, 25(7) : 835-842.

Tsialtas J T, Kassioumi M, Veresoglou D S. Evaluating leaf ash content and potassium concentration as surrogates of carbon isotope discrimination
in grassland species. Journal Agronomy and Crop Science, 2002, 188(3) . 168-175.

Frank A B, Ray I M, Berdahl J D, Kam J F. Carbon isotope discrimination, ash and canopy temperature in three wheatgrass species. Crop
Science, 1997, 37(5) : 1573-1576.

Jones L H P, Handreck K A. Studies of silica in the oat plant. Ill. Uptake of silica from soil by the plant. Plant and Soil, 1965, 23 (1) ; 79-96.
Masle J, Farquhar G D, Wong S C. Transpiration ratio and plant mineral content are related among genotypes of a range of species. Australian
Journal of Plant Physiology, 1992, 19(6) . 709-721.

Sparks J P, Ehleringer J] R. Leaf carbon isotope discrimination and nitrogen content for riparian trees along elevational transects. Oecologia, 1997,
109(3) : 362-367.

Wright G C, Nageswara Rao R C, Farquhar G D. Water-use efficiency and carbon isotope discrimination in peanut under water deficit conditions.
Crop Science, 1994, 34(1) . 92-97.

Brown R H, Byrd G T. Relationships between specific leaf weight and mineral concentration among genotypes. Field Crops Research, 1996, 54
(1):19-28.

Williams D G, Ehleringer J R. Carbon isotope discrimination and water relations of oak hybrid populations in Southwestern Utah. Western North
American Naturalist, 2000, 60(2) : 121-129.

Farquhar G D, Richards R A. Isotopic composition of plant carbon correlates with water use efficiency of wheat genotypes. Australian Journal of
Plant Physiology, 1984, 11(6) ; 539-552.

Rong L, Wang S J, Du X L, Yu G S. Relationship among leaf anatomical characters and foliar §'* C values of six woody species for Karst Rocky
Desertification areas. Scientia Silvae Sinicae, 2008, 44(10) ;: 29-34.

Li Z L. Plant Slice Technology. 2nd ed. Beijing: Science Press, 1987.

Li Z L, Li R A. Observation on assimilating shoots of nine xerophtes pecies in Gansu. Chinese Bulletin of Botany, 1981, 23(3) . 181-183.
Farquhar G D, Ehleringer J] R, Hubik K T. Carbon isotope discrimination and photosynthesis. Annual Review of Plant Physiology and Plant
Molecular Biology, 1989, 40(1) : 503-537.

Marshall J D, Zhang ] W. Carbon isotope discrimination and water-use efficiency in native plants of the North-Central Rockies. Ecology, 1994, 75
(7). 1887-1895.

Huang Z Y, Wu H, Hu Z H. The structures of 30 species of psammophytes and their adaptation to the sandy desert environment in Xinjiang. Acta
Phytoecologica Sinica, 1997, 21(6) ; 521-530.

Mediavilla S, Esudero A, Heilmeier H. Internal leaf anatomy and photosynthetic resource-use efficiency: interspecific and intraspecific
comparisons. Tree Physiology, 2001, 21(4) . 251-259.

Poorter H, Remkes C, Lambers H. Carbon and nitrogen economy of 24 wild species differing in relative growth rate. Plant Physiology, 1990, 94
(2):621-627.

Sobrado M A, Ehleringer ] R. Leaf carbon isotope ratios from a tropical dry forest in Venezuela. Flora, 1997, 192 121-124.

Evans J R, Caemmerrer S V, Setchell B A, Hudson G S. The relationship between CO, transfer conductance and leaf anatomy in transgenic tobacco
with a reduced content of Rubisco. Australian Journal of Plant Physiology, 1994, 21(4) . 475-495.

Niinemets U. Components of leaf dry mass per area thickness and density-alter leaf photosynthetic capacity in reverse directions in woody plants.
New Phytologist, 1999, 144(1) . 35-47.

Shipley B, Lechowicz M J. The functional coordination of leaf morphology and gase exchange in 40 wetland plant species. Ecoscience, 2000, 7
(2):183-194.

Slaton M R, Raymond H E, Smith W K. Estimating nearinfrared leaf reflectance from leaf structural characteristics. American Journal of Botany,
2001, 88(2) : 278-284.

Martin B, Thorstenson Y R. Stable carbon isotope composition (8'°C) , water use efficiency, and biomass productivity of Lycoperscon esculentum,
Lycoperscon pennellii, and the F1 hybrid. Plant Physiol, 1988, 88(1) . 213-217.

MaJJ, JiCJ, Han M, Zhang T F, Yan X D, Hu D, Zeng H, He J S. Comparative analyses of leaf anatomy of dicotyledonous species in Tibetan

http ; //www. ecologica. cn



4918 JAE = 33 4%

[40]

[41]
[42]

[43]
[44]

and Inner Mongolian grasslands. Life Science, 2012, 55(1) : 68-79.

Fang X W, Wang W P, He X Q, Wang G. A study on vegetative compensatory growth of shrub, Caragana korshinskii, under different clipping
treatments in disturbance environment. Journal of Plant Ecology, 2006, 30(5) ; 810-816.

Shi Y J, Wang C L. Kalidium foliatum (Pall. ) Moq. Journal of Traditional Chinese Veterinary Medicine, 2003, (S1) . 142-144.

Yang S D, Chen G C, Zhang C L, Chen J, Wang X C. Some difference of capacity of osmotic regulation between lanceolate and broad-ovate leaves
in Populus euphratica. Acta Botanica Boreali-Occidentalia Sinica, 2004, (9): 1583-1586.

Yang G, Wang C G. Preliminary study on leaf and tem structure of the xerophyte in Lop Nor. Arid Zone Research, 1984, 57(1) : 57-63.

Li F L, BaoW K. Responses of the morphological and anatomical structure of the plant leaf to environment change. Chinese Bulletin of Botany,

2005, 22(S1) : 118-127.

[45] Thoday D. The significance of reduction in the size of leaves. Journal of Ecology, 1931, 19(2) ; 297-303.

[46] Liu L, Ren Y. Water metabolism of several psammophyte. Journal of Inner Mongolia Forestry Science and Technology, 2011, 37(3) ; 8-12.

[47] Hall A E. Physiological ecology of crops in relation to light, water, and temperature // Carroll C R, Vandermeer J H, Rosset P, eds.
Agroecology. New York: Mc Graw Hill Publishing Company, 1990 191-233.

B30k

[2] ZEWz, AREE, FRI3C, BREEY], sKRAEE. S5k R TR 4 R M 7 5 4540 5 HHr B R OFoE. R 5 REHE, 2009, (3)
20-23.

[ 3] J5RER4s, T™T5lh. RE SR FUEE YRR E R R 602 A8 A B AR /R B 3. 252440, 2008, 28(4) : 1616-1624.

[4] #EY, ERIL, H/0E, 5KE. FEASTUBEILM RG-S SRR T, PEYEL, 2010, 30(6) : 1405-1410.

[5] A48, Em, 838, SRR, F. SHENS RGBT AN RGN P EYEE, 2011, 31(1) : 129-136.

[ 6] #E4, FPR, W5, LA B it i LR AR B I TS XA 6] G B B g o o FH AR 5241, 2004, 15(2) ¢ 201-204.

[7] EipkE, B3 NSEAEYI R AESER W R AR, 1999, 19(6) : 787-792.

[8] Tk, T HWBESHEHRE. 2. MR, 1989 57-87.

(127 25k, #h2¢E, Zepeit, dadig, fak s, REM. hERICRR SR X ALY 8" C (8 KoK 43 R ISR Xt TR 4 B2 A me 1. R A 25 2
i, 2000, 24(6) : 648-655.

[13] PERe. T FERMM X R A S RGAEDF K FK AR FIRCERIIIE /7 R MAEIRIEDETE. JEat. gL, 1996 64-81.

(251 %W, EMAs, I, arEm. WA Ak X 6 iR ILRL I R g R 4548 5 8 C A AR DG HE. ARl B4, 2008, 44 (10)
29-34.

[26] ZIEHL HWIHAHA (BB, duat: B, 1987.

[27] ZEIEHE, ZE5950. REHNILAR A FEALE A iR, Y24, 1981, 23(3) ; 181-183.

[30] BRI, R, WIIEME. 30 PRSI EARYI ALK S HA U BRGNS 2 4T, 1997, 21(6) : 521-530.

(401 Jrmisc, ETMG, MI/NEE, ENI Peahssg s A RDAIE D7 2007 408 Fe Ak RAMERYSE . AR AE 28244, 2006, 30(5) : 810-816.

[41] WA, T, HI0UR. hEEEZZRE, 2003, (S1) . 142-144.

[42] HWTE, BREE, KR, BRI, TR S5 SEO0IE i A8 A W RE I RO 22 5. PHALKEYIZA4i, 2004, (9): 1583-1586.

[43] Mk, EWs. DALMY ZE A5 ML T, TR XS, 1984, 57(1) : 57-63.

[44] ZJ72%, WAERS. AWM IS A S5 R X BB AR AL M R S35 R, AEA 2 R, 2005, 22(S1) ¢ 118-127.

[46] XU, LB JUR ARG IR AR, WSS Mol BH, 2011, 37(3) : 8-12.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.33,No.16 Aug. ,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review
Advances in theoretical issues of species distribution models «---e-eeeeeennes LI Guoging, LIU Changcheng, LIU Yuguo, et al (4827)
A review on rare earth elements in farmland ecosystem —«-eeesseeeeeneniieii JIN Shulan, HUANG Yizong (4836)
A review on the mechanism of attachment and metamorphosis in barnacle cyprids --- RAO Xiaozhen, LIN Gang, XU Youqin (4846)
Decision making in group living animals = ++-eeeeeeeeeeneeeeeeaine. WANG Chengliang, WANG Xiaowei, QI Xiaoguang, et al (4857)
Autecology & Fundamentals
Influence of monsoon’s advancing, retreating and conversion on migrations of Nilaparvata lugens (Stal) in China «-oceveeeereeeneneens
................................................................................. BAO Yunxuan, HUANG Jinying, XIE Xiaojin, et al (4864)
Prey selection and feeding rate of sea stars Asterias amurensis and Asterina pectinifera on three bivalves «+-eeeeeeeeereeiiiiiiii. .
.......................................................................................... QI Zhanhui, WANG Jun, MAO Yuze, et al (4878)
Habitat selection of Whooper Swan at Bayanbulak in Xinjiang of China --------- DONG Chao,ZHANG Guogang,LU Jun, et al (4885)
The genetic structure of endemic plant Preroceltis tatarinowii by ISSR markers «««««-+ssssveeeesimuumetiiiiiiii
....................................................................................... LI Xiaohong,ZHANG Hui, WANG Deyuan, et al (4892)
Genetic analysis of salt tolerance of F, progenies between chrysanthemum and the intergeneric hybrid of chrysanthemum and
CTOSSOStEPhtM  +++vveeessrmmrenre ittt XU Lili, CHEN Fadi, CHEN Sumei, et al (4902)
Indicative effect of the anatomical structure of plant photosynthetic organ on WUE in desert region «-«-eseeeeeeeeemieiiiiiiiiii..
.......................................................................................... ZHANG Haina, SU Peixi, LI Shanjia, et al (4909)
Effects of water on photosynthesis in different age of tomato leaves ------------ CHEN Kaili, LI Jianming, HE Huiqiang, et al (4919)
Photosynthesis-nitrogen relationship in evergreen and deciduous tree species at different altitudes on Mao’er Mountain, Guangxi ------
....................................................................................... BAI Kundong, JIANG Debing, WAN Xianchong (4930)
Effect of fertilization on the dynamic of soil N,O fluxes in Chinese chestnut stands —«+-eeeeeerereeerienniii
.................................................................................... ZHANG Jiaojiao, LI Yongfu, JIANG Peikun, et al (4939)
Effects of long-term fertilization on aggregate dynamics and organic carbon and total nitrogen contents in a reddish paddy soil =~ -+-------
................................................................................. LIU Xiyu, WANG Zhonggiang, ZHANG Xinyu, et al (4949)
Population, Community and Ecosystem
Carbon storage of natural wetland ecosystem in Daxing’anling of China ++---+ MU Changcheng, WANG Biao, LU Huicui, et al (4956)
Monitoring the riparian vegetation cover after the Wenchuan earthquake along the Minjiang River valley based on multi-temporal
Landsat TM images: a case study of the Yingxiu-Wenchuan section =~ «+eeeeeeeeeeeeeeeecnnes XU Jiceng, TANG Bin,LU Tao (4966)
A dynamic analysis of spatial distribution pattern of Larix gmelinii natural forest in Pangu farm under varying intensity of fire
CLISTUTDANGE v +veerermemenentnten ettt ettt ea ettt ettt e et e et et aaeaereneataeneeeneaanenns NI Baolong, LIU Zhaogang (4975)
Structure of macrozoobenthos in lakes along the Yangtze River and relationships with environmental characteristics =~ -+-eeeeeeeeeeeenees
....................................................................................... CAI Yongjiu, JIANG Jiahu, ZHANG Lu, et al (4985)
The research on the age structure and sex ratio of Niviventer confucianus in Thousand Island Lake «--ceeoeereeeereneniiiiiiiii..
................................................................................................ ZHANG Xu, BAO Yixin, LIU Jun, et al (5000)
Mathematical model of insect Logistic increasing and economic threshold based on sex pheromone trap —«-e-eeeeeeeeeeeeeieiiaii..
................................................................................. ZHAO Zhiguo, RONG Erhua, ZHAO Zhihong, et al (5008)
Community composition and phototaxis of insects in tea plantations in Southern Jiangshu Province during late fall +e-eeeeeeeeeieinieiennns
.................................................................................... ZHENG Yingcha, NIU Yuqun, CUI Guiling, et al (5017)
Effect of agricultural land use types on soil mite communities in north China — ««««s-=ssseereessmmmre i
....................................................................................... HAN Xuemei, LI Dandan, LIANG Zian, et al (5026)
Landscape, Regional and Global Ecology
Exploring the space syntax under negative planning: a case study of landscape connectivity based on the behaviors of avian edge
SPECIES  ++reessrrrrrees ettt YANG Tianxiang, ZHANG Weigian, FAN Zhengqiu, et al (5035)
Temporal -spatial variation of heterotrophic respiration in alpine area of southwestern China ««+sseereerereereniiniiii

................................................................................. ZHANG Yuandong, PANG Rui, GU Fengxue, et al (5047)



5132 A % R 3345

................................................................................. ZHAO Mingsong, ZHANG Ganlin, LI Decheng, et alo (5058)
Spatial distribution and change of vegetation carbon in Northwest Guangxi, China on the basis of vegetation inventory data «---+-------
................................................................................. ZHANG Mingyang, LUO Weijian, LIU Huiyu, et al (5067)
Resource and Industrial Ecology
Urban metabolism process based on emergy synthesis: a case study of Beifing «+«e++reeereeeeessemmmmimmmiiiiniii
............................................................................................. LIU Gengyuan, YANG Zhifeng, CHEN Bin (5078)
Evaluation on cultivated land ecological security based on the PSR model and matter element analysis — <+-e-eeeerererenmneieeiien...
.......................................................................................... ZHANG Rui, ZHENG Huawei, LIU Youzhao (5090)
The effect of super absorbent polymer on the growth and nutrition absorption of Festuca arundinacea L. on an improved gangue
ITLALFIX *+# o ee eesememensmnennnneneseenenesenesetneneaeneneentneaeeneaenensenes ZHAO Zhifeng, WANG Dongmei, ZHAO Tingning (5101)
Urban, Rural and Social Ecology
The effect of distance on the ecological conservation value: a case study of Sanjiang Plain Wetland — «+-coveeeeeeeeeeniniiiiiii. .
....................................................................................... AO Changlin, CHEN Jinting, JIAO Yang, et al (5109)
Research Notes
Scaling effect on spatial variation of soil organic carbon in mountainous areas of Guangdong Province «+«-ereeeeeeeeereeniiniiiii.,
.................................................................................... JIANG Chun, WU Zhifeng, QIAN Lexiang, et al (5118)
The changes of hair length and pelage thermal insulation in captive female squirrel, Sciurus vulgarize manchuricus, during

autumn molting Period «««++sssseeererrrmuiiinnittiiii JING Pu, ZHANG Wei, HUA Yan, et al (5126)



(ERFER)2013 £EITBE

CERZFER) RH HERBAB AR DS R, D EA RS hERHEBAE SR 0 F IR
RN A AR ] Q1R 1981 47, Hiif AR A 2# U ATV B MR IR QT MR LR . R EAEST L, AR
GG [ 7R REE R LS ) RAE S R TAE R IR R A A2 WAL, A S 2 i B i R T 17
PR HEAE S 2R SEIR AR R, S 3R I 15 35 R i i AR 28 2 B A A IR IR 55 A [ R 2R i R Rl R SR A 55

(HEAS A T2 B A 25 2 A% 0 S 2R 10 B B LA R A0 S I 5 1 SR GR BB R AR L R X
R S B AR A2 S T ) B 5 R M SO RS T s AR A2 B B vk OB AR A48 0 BT A
AR BHIFh S RIS BN 4%

CEERZARY) 2 A ), K 16 FFA 300 BT, BN E M 90 Jo/ M, 24 i 2160 TT.,

E IR & AR5 . 82-7, AR & AR5 M670

FrfEFIS . ISSN 1000-0933  CN 11-2031/Q

A5 MM SRy B T ST I, Pl B S A R R W S, Wl T KRN TAE S BMIF AT | S5 e | 1B 43
TEAETTI

WML, 100085 JLAUEFIEXAUERE 18 %5 B i&: (010)62941099; 62843362

E-mail; shengtaixuebao@ rcees. ac. c¢n M it : www. ecologica. cn

AMEERESE Tk REDEE gl RERE OEE B 6

4 & % Ik ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO)

CEATI 1981 453 A B1F) ('Semimonthly, Started in 1981)

$33% FlelW (201348 H) Vol. 33 No. 16 (August, 2013)
% L= <$Z§%Tﬁ>?ﬁiﬁﬁﬁ Edited by Editorial board of
Mk b O E OB i 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬁéﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
HLi : (010)62941099 Tel ; (010)62941099

www. ecologica. cn .
. www. ecologica. cn
shengtaixuebao@ rcees. ac. cn .
shengtaixuebao@ rcees. ac. cn

E: I S (1N S
F & hERE AR Editor-in-chief WANG Rusong
5 DI
I EAEASREEE S Supervised by China Association for Science and Technology
7O
ep R R e A A PR BF ST 0 Sponsored by Ecological Society of China
Hutil . b T IE X AU % 18 5 Research Center for Eco-environmental Sciences, CAS
HIF L 4w i . 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H R 4 & & I3 it Published by Science Press
Hihk . b A IR LT 16 5 Add ;16 Donghuangchenggen North Street,
MR w65 . 100717 Beijing 100717, China
En Rl e ACARER T Printed by Beijing Bei Lin Printing House,
x 1T #4 4 & K i Beijing 100083 , China - 3
Hitik . AR FEIAR AL 16 5 Distributed by Science Press M ee—
mﬁﬂéﬁﬁ% 1100717 Add:16 Donghuangchenggen North g
Eﬁlﬁ :1( 010) 6;‘334563 Street, Beijing 100717 , China 1 m
-mail ; journal @ cspg. net 0 /]
Tom i‘%iﬂﬂi[ﬁ%‘ P8 Tel: (010)64034563 S =—n
" 2l ournal @ cs — ON
EISNRAT ol B 8 557 080 ) Frmailfournal® csps et © ==°
HiE . L ET 399 r:—%vﬁ Domestic All Local Post Offices in China > 8
M ZIN =} I
BB 2565 . 100044 Foreign China International Book Trading 3 E
}"'%@""E‘: . o o Corporation - N~
YR ey — N
W owr GE LRI 8013 Add:P. 0. Box 399 Beijing 100044, China —
ISSN 1000-0933 4= = ey
N 0o ERIMAF LT ENBERS 82-7 EsSEITRS M670 ZEfr 90.00 5T

CN 11-2031/Q



	1.pdf
	全页传真图片.pdf
	中文ml.pdf

	20131610.pdf
	3.pdf
	英文ml.pdf
	16fd.pdf




