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Photosynthetic diurnal variation characteristics of leaf and non-leaf organs in

winter wheat under different irrigation regimes
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Abstract; The wheat in northern China is subject to drought stress, which leads to decreases in both the leaf photosynthetic
capability and grain yield, at the grain filling stage. The green leaves and non-leaf organs, such as spike, stem and sheath,
play very important roles in wheat photosynthesis. The diurnal photosynthetic variation ( DPV) can determine the response
of wheat to the environment. However, most of the research on DPV is focused on the leaf blade. Very little research have
concerned DPV and midday depression of green non-leaf organs in wheat. The purpose of this study was to determine the
DPV characteristics of green leaf blade and non-leaf organs in wheat, so as to investigate the response characteristics and
responses of DPV of wheat canopy and green non-leaf organs to different irrigation regimes, and detect differences in diurnal
photosynthesis accumulation among the green organs. A field experiment was conducted with three irrigation treatments [ no
irrigation, two times irrigation (irrigation applied at jointing and anthesis) , and four times irrigation (irrigation applied at
double ridge, booting, anthesis and grain filling stage) ] in the growth period of wheat. The diurnal variations of the canopy
photosynthetic and respiration rates and the net photosynthetic rate, respiration rate, stomatal conductance and chlorophyll
fluorescence parameters in flag leaf blade, leaf sheath, ear and peduncle were measured at the grain filling stage. The

diurnal variations of the net photosynthetic rate in the ear and the peduncle showed a single-peak curve, while those in the
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flag leaf blade and the leaf sheath were a double-peak curve, i.e., a midday depression occurred at around 12 pm, at the
grain filling stage. The net photosynthetic rate decreased in all the investigated organs with decrease of the irrigation time.
Under serious drought conditions, the leaf photosynthetic rate and diurnal photosynthetic accumulation decreased
significantly, but those of the non-leaf organs were not affected so much as those of the leaf blade. The diurnal variation of
net photosynthetic rate in all the investigated organs was coincident with that of the F /F  and differed slightly from that of
stomatal conductance. The photosynthetic accumulation of all the investigated organs was higher in the morning than in the
afternoon with the morning photosynthetic accumulation occupying 51% to 62% of the diurnal photosynthetic accumulation.
The photosynthetic accumulation in the morning was increased with the reduction in irrigation times. No midday depression
was found in the canopy photosynthetic rate and canopy respiration rate under different irrigation treatments. In addition, no
significant difference was observed in canopy photosynthetic rate and diurnal photosynthetic accumulation amount between
the two times and the four times irrigation. There were significant differences in photosynthetic performance and the diurnal
variation characteristics between wheat leaf blade and non-leaf organs. The net photosynthetic rate in leaf blade was more
sensitive to water deficit than that in the non-leaf organs. Light water deficit did not affect canopy photosynthetic rate
significantly. The canopy photosynthetic rate was less affected than the net photosynthetic rate of the leaf blade by serious
water deficit. Two times irrigation in the growth period of wheat achieved a similar canopy diurnal photosynthetic
accumulation amount to that of the four times irrigation. The combination of cultivars with higher water usage efficiency,
limited rates of irrigation and nitrogen fertilizer, and higher planting density with more non-leaf organs were the best choice

to achieve high grain yield for wheat in northern China.

Key Words: wheat; non-leaf organs; photosynthetic characteristics; diurnal photosynthetic variation ( DPV); water-

saving cultivation
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Fig. 1 Soil water content in different soil layers at anthesis (A) and grain-filling ( B) stages under the 3 irrigation treatments
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Table 1 Correlation between canopy photosynthetic rate, canopy temperature and environment condition

F8H5 Index 10 CT 12 CT 14 CT Light)[f:iation i tei‘fmure Air ﬁ{idity 10 P, 2P, 14 P,
10 CT 1..0000

12 cT 1..0000

14 cT 1.0000

JE53#; Light radiation 0.1547  0.1124  0.1250 1.0000

R Air temperature 0.9609 ** 0.9606 ** 0.9505**  -0.1222 1..0000

JBJ¥ Air humidity -0.9358 ** —0.9250 ** —-0.9091 * 0.1817 -0.9879 ** 1..0000

10 P, -0.2299  -0.2706  -0.2755 0. 8960 * -0.4871 0.5102 1.0000

2P, -0.1041  -0.1581 -0.1580 0.9300 ** -0.3708 0.3856 1.0000

14 P, -0.1115  -0.1645 -0.1859 0.8563 " -0.3638 0.3575 1.0000

# o FORARIR B WK (P<0.01) , + FRHISEIAE] B3R (P<0.05)
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Fig.2 The diurnal variation of canopy photosynthetic rate, canopy temperature and environment conditions
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Fig.4 The diurnal variation of different organs’photosynthetic rate in different irrigation treatments
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Fig.5 The diurnal variation of stomatal trait index of different wheat organs in different irrigation treatments
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Fig.6 The diurnal variation of F,/F,, in different organs of wheat in different irrigation treatments at filling stage (16/5)
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Fig.7 The diurnal variation of F, /F,, in different organs of wheat in different irrigation treatments at filling stage (26/5)
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Table 2 Diurnal photosynthetic accumulation quantity of canopy and various organs in different irrigation treatments

8:00—12:00 12.:00—16 :00
BotaE BOLA R BOLA R L
ﬁiﬁiﬁ ﬁf Ak 3 ! I)iji:_;lE Kb ﬁThere':citL ho{fjj B(REpis Ig’[‘he}pe:lcitL EI/J
organzy Treatments photosynthetic Photosynthetic ~ morning to diu-mal Photosynthetic afternoon to dil{rna]
amount amount photosynthetic amount photosynthetic
amount/ % amount/ %

R Canopy 10 433.11(81) 256. 82 59.3 176.29 40.7

2 570.53(106) 316.67 55.5 253.86 44.5

14 536.59(100) 293.18 54.6 243.41 45.4
A 10 285.06(33) 171.63 60.2 113.43 39.8
Flag leaf blade 2 526.99(60) 300. 44 57.0 226.54 43.0

14 876.44(100) 479.47 54.7 396.97 45.3
TR 44 1] 10 154.42(66) 88.32 57.2 66.11 42.8
Peduncle 2 211.44(90) 112.11 53.0 99.33 47.0

14 234.17(100) 119. 14 50.9 115.03 49.1
JHE P-4 10 181.66(62) 104.77 57.7 76.89 4.3
Flag leaf sheath 2 257.06(87) 150. 87 58.7 106. 19 41.3

14 295.02(100) 170. 43 57.8 124.59 42.2
T Ear 10 73.51(57) 41.20 56.0 32.31 44.0

12 126.32(99) 74.77 59.2 51.54 40.8

14 128.15(100) 66.24 51.7 61.91 48.3
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Non-leaf organs 12 594.82(90) 337.75 56.8 257.06 43.2

14 657.34(100) 355.81 54.1 301.53 45.9
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TR EA R BIALEIAEAE AR RIS . XU PUBFSEIAN , E AR AE T W R b 2 1 o RO 3 5 O
A B IR 38, A A VR R RCRIRAR B FER N, 258 Y KRS PSR B, AR s s TR S
2 PS I o T 33 2K 3% |, 52 M 2] ATP F NADPH [RI46 7007 A= it &4 F /F B TR X AT RES& T ot &
MR R R B AR PR N 2 — (At g B AR LR BILE “ K S & T R T & L e K T
SALRRS, AR 1 & A S YR E R R AALIRE S . ASRKEiE T A RS E LG HE R RILSE F/F,
B SRS H AR L XA &30, i i S EOL A R H R 5 RAL S MO (K 5—7) . B
RAESALA R RER B IR S ECA KT M FZRE A, G F/F, FAK &% RUBPCase 16 PEREAE) AT
REREZAYMINE  EARIS D, /N AR T 47 (8] A9 A 06 TN OB A R 30 B i PR 34, I i
TE P SR OCRT E R IN BOYG G i Rk fi KA, 5 PR B LB o ik — 2D AR

ANZEEI DL SR RIS EEORAMEY . MRS E HCA R EE, BRI A H G A A
HRFAIEM 2 E A BT 1 A 85 A St S50 7 402 R A E K o B (TOAL ) 4504, i
M HOGA R TR M AR & E H GG mEED R85 SO G it it i s bR 2 EDOL A it

http ; //www. ecologica. cn



514 A AFARBOK R TN SRS A B HALRHIE 1321

W H, HER RS B SRR R A P AR F T A I v A S B AR TR A RE . G T
INE TR AR M S AR B AT M AR A R 2B ) Morgan VRS R BAR B L A B
WORABIBE RS 7E TR R B B T R s R R K B, AR N AR R
(RE TR A ) A B K1Y PEP SR LA (PEPC) 757, BLAEE FE mil TR a s S, Hme s
BRI, C ARG ER R 5RXT Cy HEE B BN A — o AMEVE . SO A AR 25 B O A i ok & Tt
R HINTERR B IS G RRRANGY . &4 E LARDLE B G SO6E 81 51% —62% , H b5 #E K IR E0s />
MR, VLB, X B A 2 e R MECA S, LA ELBPLEE S XL T 74 % Bt G &
B DTRR AR R

R AR BE 3BT, ASTRIE K A BERFA O & 3 WP 3 H AR (35 S B il 2% O R PRI S X 5
AT AARIE 25 AR > R85 G 25 RO A 19 2B 2R A R IT W (R R i e K
WHARER H G ERE LI 2 KA F R 5, N 4 KA BE R Bk b B AR . 75 2 /K &b 358 4o 4 1 i 4
IKAE TR I TR X 4R 4 K AR BRI/ BEAARSE M i BRI I/ | 245 7 VS 04 i i AR H BB AR
St P RRUK RIS . 28 DRFSR R e /N T KRk B b 38 4 BRI 7K 3 Y 4 in oA 25
R B 2R T R ARG, AR XTI AR R 5 T R A Sl 2 AR, AN AT RS s IR A H OGRS B
i TSR BRI E A e A R T R K S RS
4 it

INFE It AR S0 28 BOG S H AR RIUR R R a5, i B 55 B H OB S B h 4 T ARk A7 AE AN R R
JECAART TR AR R 1 R H OGS 2 g h R AL TER R RIS . R B R 43 il ) e B
R T AR 2R, KA BT A R A H LA B R, AR g B RN, BRI A H
AR A St BRI N 2R R K T BOSREAAOEA JCBH SR M T EE K 43 G R B e %) IR AR A /N X
FEA B RRARIREEE . DRI 7E 2 hE B AR b 5 Y B b AR e A AR & 1 O A it i
HLAE , A R FHLR AT KR,

References :

[ 1] Lan L W, Zhou D X. Studies on water-saving and high-yielding of winter wheat. Beijing: China Agricultural University Press, 1995 1-6.

[ 2] AvausJ L, Brown HR, Febrero A, Bort J, Serret M D. Ear photosynthesis, carbon isotope discrimination and the contribution of respiratory CO, to
differences in grain mass in durum wheat. Plant,Cell and Environment, 1993, 16(4) . 383-392.

[3] Wang Z M, Wei A L, Zheng D M. Photosynthetic characteristics of non-leaf organs of winter wheat cultivars differing in ear type and their
relationship with grain mass per ear. Photosynthetica, 2001, 39(2) . 239-244.

[4] XuD Q. Ecology, Physiology and biochemistry of midday depression of photosynthesis. Plant Physiology Communications, 1990, (6) ; 5-10.

[5] XuDQ, Shen Y G. Diurnal variations in the photosynthetic efficiency in plants. Acta Photophysiologica Sinica, 1997, 23(4) . 410-416.

[6] XuDQ, DingY, Wu H. Relationship between ciurnal variations of photosynthetic efficiency and midday depression of photosynthetic rate in wheat
leaves under field conditions. Acta Photophysiologica Sinica, 1992, 18(3) : 279-284.

[7] HanF S, Zhao M, Zhao S S. Study on the causes for photosynthetic decrease of wheat at the middle day ( I ). Acta Agronomica Sinica, 1984, 10
(2):137-143.

[ 8] Zheng G S, Wang T. Nonstomatic limitations in midday depression of photosynthesis in winter wheat leaves. Chinese Journal of Applied Ecology,
2001, 12(5) : 799-800.

[9] WangT, Zheng G S, Zou Q. A study on photosynthetic midday depression of wheat and mechanism under drought and well-watered conditions.
Acta Agriculturae Boreali-Sinica, 1997, 12(4) . 48-51.

[10] Zhang SY, Wu H, Shen Z X, Zhong H M. The response of midday depression of diurnal varriation of net photosynthetic rate of wheat leaves on
ecological factors in the field environment of Qinghai Plateau. Acta Botanica Boreali-Occidentalia Sinica, 1995, 15(3); 212-218.

[11] NiuLY, RuZ G, Liu M J. Studies on the diurnal variation of photosynthesis of flag leaf and evaluation method of photosynthetic potentiality in
winter wheat. Journal of Triticeae Crops, 2002, 22(2) : 51-54.

[12] Dong S T. Studies on the relationship between canopy apparent photosynthesis and grain yield in high-yielding winter wheat. Acta Agronomica

http ; //www. ecologica. cn



1322 A E = 314

Sinica, 1991, 17(6) : 461-469.

[13] Zhang Y P, Wang Z M, Wang P, Zhao M. Canopy photosynthetic characteristics of population of winter wheat in water-saving and high-yielding
cultivation. Scientia Agricultura Sinica,2003, 36(10) : 1143-1149.

[14] Zhang R X, Liu X Z, Fang Z W, Xuan Y N, Yan J Y, Zheng Y F, Yang Z M. The capacity of photosynthetic assimilation of carbon after leaf
expansion in wheat — an estimation of leaf source capacity( LSC). Scientia Agricultura Sinica, 1997, 30(1) : 84-91.

[15] LiX, Liu YL, Jiao D M. The Relationship between ciurnal variation of fluorescence parameters and characteristics of adaptation to light intensity in
leaves of different rice varieties with high yield( Oryza sativa L. ). Acta Agronomica Sinica, 2002, 28(2) ; 145-153.

[16] Wang T, Zheng G S, Zou Q. Changes of Ribulosel ,5-Bisphosphate carboxylase activity during midday photosynthetic depression. Plant Physiology
Communications, 1996, 32(4) : 257-260.

[17] Evans LT, Wardlaw I F, Fischer R A. Wheat// Evans L T. Crop Physiology: some case histories. Cambridge: Cambridge University Press, 1975
101-150.

[18] Bort I, Brown R H, Araus J L. Refixation of respiratory CO, in the ears of C; cereals. Journal of Experimental Botany, 1996, 47 (10):
1567-1575.

[19] Wei A L, Wang Z M, Zhai Z X, Gong Y S. Effect of soil drought on C, photosynthesis enzyme activities of flag leaf and ear in wheat. Scientia
Agricultura Sinica, 2003, 36(5) : 508-512.

[20] Xu X L, Zhang Y H, Wang Z M. Effect of heat stress during grain filling on phosphoenolpyruvate carboxylase and ribulose- 1, 5-bisphosphate
carboxylase/oxygenase activities of various green organs in winter wheat. Photosynthetica, 2004, 42(3) : 317-320.

[21] Xu X L, Zhang Y H, Wang Z M. Effect of heat stress on photosynthetic characteristics of different green organs in winter wheat during grain-filling
stage. Acta Botanica Sinica, 2001, 43(6) : 571-577.

[22] Morgan J M. Osmotic adjustment in the spikelets and leaves of wheat. Jourmal of Experimental Botany, 1980, 31(2) : 655-665.

[23] GuoTC, WangZJ, HuTJ, Zhu Y J, Wang C Y, Wang H C, Wang Y H. Study on canopy apparent photosynthesis characteristics and grain
yield traits of two winter wheat cultivaters with different spike type. Acta Agronomica Sinica, 2001, 27(5) ; 632-639.

[24] LiNN, Li H, Pei YT, Shi Y H, Tian Q Z, Xie L. J, Wang S L, Liu X, Xu F J. Effects of allocations of row-spacing on photosynthetic
characteristics and yield structure of winter wheat cultivars with different spike types. Scientia Agricultura Sinica, 2010, 43(14) . 2869-2878.

BE K

[ 1] ARRE, FBAS. NEYKE I, dbat: dh gk RS R, 1995 1-6.

[4] k& SeafEH P MRAAS ARS AL AR, 199, (6): 5-10.

[5] ¥k, WM. MYOLEEHECRE B, EYEBE, 1997, 23(4) : 410-416.

[6] ¥rka, TH, ik, HEV/NZWFIEARRH AR SEE FIE" IR, MR, 1992, 18(3) : 279-284.

[ 7] SRl &8, B NEFEEF PR 1. KEAESHFS5TENCR. fEYEHR, 1984, 10(2) : 137-143.

[8] FpEAE, £ HWRLNEMNFeEF AR B AAEALRE]. A2, 2001, 12(5) : 799-800.

(9] L&, MEAE, 488 TREEHMREHET/NOEEFREIHYIABITE. IR, 1997, 12(4) : 48-51.

[10]  SRMIR, i, TLIRVY, PR, T U/ M e G MO B AR LAY TR R GO 3R 5T i AL A AR Bma . PE LA # 41, 1995,
15(3) . 212-218.

[11]  4RB3iTn, WifR, XIBIA. ANEEEIEN BZML B RIFNITEe. ZEEY A, 2002, 22(2) : 51-54.

[12] FEWE. BN EREOCA IS OCR BT, EYEIR, 1991, 17(6) ; 461-469.

[13] BiF, Fal, FBE, B A&/NEZTOK R BREREROCAREE. hERLRZE, 2003, 36(10) : 1143-1149.

[14]  SRIEBE, XIWEsE, Jabfh, BWR, BUR L, MO €, Bl ANE R RIF G 6 B Rk e ——m e A 5. Ol R, 1997,
30(1): 84-91.

[15] ZFEE, XA R, AR R KAE SR R 3OS0 B AR RDGE R ERISC R, FEW%3R, 2002, 28(2) ; 145-153.

[16] LAk, MEE, 488 NEHET RIS RuBPCase i PEIAEIL. AT A FAE IR, 1996, 32(4) ; 257-260.

[19] BZw, £l Blag 3na. HHeT RN Z M A E COLABRG TR, PERIRE, 2003, 36(5) : 508-512.

[23] SR, EZA, PR, Ko, FRM, £4%, Fkk. RRBEER/NE MRS RE R R pT s, 1R, 2001, 27
(5): 632-639.

[24]  Z=Rus, 223, Jetls, AEfe, M, BHEAR, TMSE, X8, RRUG. 1RRIERC B A R R A /N o & R K™ BEES I 52

. EL R, 2010, 43(14) ; 2869-2878.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.31,No.5 March,2011( Semimonthly )
CONTENTS

Root system characters in growth and distribution among three littoral halophytes -«+-+-coxeeeeeeeee YI Liangpeng, WANG Zuwei (1195)
Population dynamics of endophytic bacteria isolated from the roots of infected Cymbidium faberi +-++++-+- YANG Na, YANG Bo (1203)
Spatial variability of forest soil total nitrogen of different soil layers —++«+=s+sssssresssrsmtenttiitt it
........................................................................... ZHANG Zhenming, YU Xinxiao, WANG Yousheng, et al (1213)
Habitat prediction for forest musk deer ( Moschus berezovskii) in Qinling mountain range based on niche model «+«+eseseeerereeereeeaenns
....................................................................................... LUO Chong,XU Weihua, ZHOU Zhixiang, et al (1221)
Growth release determination and interpretation of Korean pine and Koyama spruce in Shengshan National Nature Reserve, Hei-
longjiang Province, China «-+«+++ssssssssssemsmstimitiiiit it WANG Xiaochun, ZHAO Yufang (1230)
Growth tolerance and accumulation characteristics of the mycelia of two macrofungi species to heavy metals — +-+roerererereeereeeeenes

.................................................................................... LI Weihuan’ YU Lanlan, CHENG Xianhao, et al (]240)

Characters of the OMI NO, column densities over different ecosystems in Zhejiang Province during 2005—2009  «+eceeoerererrreneeenes
................................................................................. CHENG Miaomiao’ JIANG Hong’ CHEN Jian’ et al (1249)
The forest gap diameter height ratio in a secondary coniferous forest of Guan Di Mountain —«««=cseseeseeeesrensneeeeeaeanecaeieieanee...
............................................................................................. FU Liyong,TANG Shouzheng, LIU Yingan (1260)
Landscape responses to Changes in water levels at Poyang Lake wetlands ceeeeereeereoreeeaneeaeeeneeaneennueenteriterieereeaaeaneeeieeaaes
------------------------------------------------------------------------------ XIE Dongming’ ZHENG Peng, DENG HOngbing’ et al (1269)
Effect of simulated nitrogen deposition on litter decomposition in a Bambusa pervariabilis x Dendrocala mopsi plantation, Rainy
T (O TU Lihua, DAI Hongzhong, HU Tingxing, et al (1277)
Effect of aromatic plant-derived nutrient solution on the growth, fruit quality and disease prevention of pear trees «+ecocserecerereeceeeees
.......................................................................................... GENG Jian, CUI Nannan, ZHANG Jie, et al (1285)
Influences of different plastic film mulches on temperature and moisture of soil and growth of watermelon in gravel-mulched land ------
............................................................................................. MA Zhongming, DU Shaoping, XUE Liang (1295)
Effects of drought stress on photosynthetic traits and protective enzyme activity in maize seeding =+ «=«+=tsresrrrersrsararrecaeeeacanaeceene.
------------------------------------------------------------------------------ ZHANG Renhe’ ZHENG Youjun, MA Guosheng’ Bt al (1303)
Photosynthetic diurnal variation characteristics of leaf and non-leaf organs in winter wheat under different irrigation regimes -+=-+------

................................................................................. ZHANG Yongping’ ZHANG Yinghua s WANG Zhlmln ( 1312)
The root system hydraulic conductivity and water use efficiency of alfalfa and sorghum under water deficit =+erovverererrecerreeeeeeeeeene.
................................................................................................ LI Wenrao s LI Xla()ll s ZHANG Su1q1 s et 3.1 ( ]323 )

.............................................................................. CHEN Shengbin, OUYANG Zhiyun,ZHENG Hua, et al (1334)
Influence of silts on growth and development of Acorus calamus and Acorus tatarinowii in turbid water — «+ecorrerrerreemererenereeeeenne.
....................................................................................... LI Qiang, ZHU Qihong, DING Wuquan, et al (1341)
Roles of earthworm in phytoremediation of pyrene contaminated soil -+-+--+ PAN Shengwang, WEI Shigiang, YUAN Xin,et al (1349)
Population dynamics of Frankliniella occidentalis ( Thysanoptera: Thripidae) along with analysis on the meteorological factors
influencing the population in pomegranate orchards =~ +e-eseeerereeerererereneeeens LIU Ling, CHEN Bin, LI Zhengyue, et al (1356)
Geophagy of Macaca Thibetana at Mt. Huangshan, China +:cocoereeereeeeeeeeeeeeee YIN Huabao,HAN Demin, XIE Jifeng,et al (1364)
The structure and dynamic of insect community in Zhalong Wetland =~ «+-ceveeeeeeeeees MA Ling, GU Wei, DING Xinhua,et al (1371)
Analysis of layer progressive discriminant relationsbetween the occurrence of Bipectilus zhejiangensis and soil «cseeveesrererreaeaeaeeeeees
................................................................................. DU Ruiging, CHEN Shunli, ZHANG Zhengtian, et al (1378)
New mutations in hind wing vein of Apis cerana cerana ( Hymenoptera: Apidae) induced by lower developmental temperature «+«+++++
................................................................................................ ZHOU Bingfeng, ZHU Xiangjie, LI Yue (1387)
18S rRNA gene variation and phylogenetic analysis among 6 orders of Bivalvia class — trrororrerorrerarerereneereiieiiieeeeeeeee
................................................................................. MENG Xueping, SHEN Xin, CHENG Hanliang, et al (1393)
Laboratory study on ethology of Spinibarbus hollandi «+++-«+++eeovreeeereeeaeenens LI Weiming, CHEN Qiuwen, HUANG Yingping (1404 )
Dynamic change in ecological footprint of energy consumption for traction of locomotives in China = «+eeseeeereeeeees HE Jicheng (1412)
Approach to spatial differences analysis of urban carrying capacity ;a case study of Changzhou City «=«+eovorerereesrareeieaeneiiineieeeee.
....................................................................................... WANG Dan, CHEN Shuang, GAO Qun, et al (1419)
Social adaptive capacity for water resource scarcity in human systems and case study on its measuring — «+ecorserorersrraeseraeaeaeeeeenes
.......................................................................................... CHENG Huaiwen, LI Yuwen, XU Zhongmin (1430)
Effects of physical leaf features of host plants on leaf-mining insects -+---- DAI Xiaohua,ZHU Chaodong, XU Jiasheng, et al (1440)
Review and Monograph
Progresses of free-air CO, enrichment (FACE) researches on C, Crops: a Teview =+««++s+ssssssssssmsemmmsaniisitinis st
........................................................................ WANG Yunxia, YANG Lianxin, Remy Mandel‘s(theid,et al (]450)
Scientific Note
Influence of limestone powder doses on fine root growth of seriously damaged forests of Pinus massoniana in the acid rain
region of Chongging, China «---s++sssssseesssreeenueeaniisii LI Zhiyong, WANG Yanhui, YU Pengtao, et al (1460)
Leaf surface microstructure of Ligustrum lucidum and Viburnum odoratissimum observed by Atomic force microscopy ( AFM) ««+eeeeeeees

.................................................................................... SHI Hui, WANG Huixia, LI Yangyang, LIU Xiao (1471)



2009 EEEYFR B WSSOI EFET 10 ZHF*
(PR 2010 4= CSTPCD HidE )% )

=2
e P ol cinion | s VTl et v
1 ERER 11764 1 ERER 1.812
2 N A: A 2R 9430 2 Y 1.771
3 MY RS 25 4384 3 A AR 1.733
4 B k7/ 2 4177 4 G/ EZ2 2 1.553
5 HERPIRE 4048 5 HERFIE 1.396
6 M PR 3362 6 [iilo-E7E2ir 0.986
7 gﬁiiﬁl OOLFOE\;TEGRATIVE 3327 7 BAE 0. 894
8 MOLECULAR PLANT 1788 8 CELL RESEARCH 0.873
9 IKHE Y24 1773 9 ELY /e 0.841
10 BHEFER 1667 10 DL/ 0.809

* (AR 2009 AETEAZ LKLY 1964 FhEMSE I RIHEF h S5 IR 11764 K, £ EHERE 1; FHHE
F1.812, = EHERE 14,55 1—9 JmiELE 9 AR EEFAS 2R A ERE R0

REEEREME . fLUiE BiTHREE. XIXE B %
5 5 % ® ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) bl Started |
CEATI 1981 4F 3 81 (Semimonthly , Started in 1981)
{3l BSsW (2011 F3H) Vol.31 No.5 2011
gﬁ $ﬁ <<ft,u %ﬂi)éﬁiﬁﬁﬁ Edited by Editorial board of

Mol ;6 S E XU 18 5
HIB B i B ; 100085

3% : (010) 62941099

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

ACTA ECOLOGICA SINICA

Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
Tel: (010)62941099

www. ecologica. cn

Shengtaixuebao@ rcees. ac. cn

iy
= H"Tk% s “ L A Editor-in-chief FENG Zong-Wei
F & TPEPEADE °
§aLas A Supervised by China Association for Science and Technolo,
B A y e
b Rl IZJE/:—E/L»HPE;LH%EP‘L\ Sponsored by Ecological Society of China
Hudk . b ST IE X A % 18 5 Research Center for Eco-environmental Sciences, CAS
I 1B 2 A5 - 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
; Published by Science Press
H 4 4 & g3 it
ik R AR IR L AT 16 5 Add:16 Donghuangchenggen North Street,
il B i . 100717 Beijing 100717, China
Ep Rl b AREI R Printed by Beijing Bei Lin Printing House,
x 1T # 4 2 K & Beijing 100083 , China M A
Hihk . ZR AR L 16 5 Distributed by Science Press rg )
Hﬂgﬁéﬁﬂ :100717 Add ;16 Donghuangchenggen North =) %
HL ik :1(010)6;2)34563 Street, Beijing 100717 , China L ===
E-mail; journal @ cspg. net . =
iT W 42 M Tel ; ('?19)64(134563 8 —g
ESNEAT o R 55 2 I Ll pe el .
ﬂﬂiﬂ: :“3/'?\ 399 1;:1‘5 omf:s 1c ' oca nsti, 1ces 1n 1n"51 E g
BB . 100044 Foreign China International Book Trading n __':
s ey e s o Corporation S N
¥ T iE T T 5 8013 5 Add;P. 0. Box 399 Beijing 100044 , China o
jing
ISSN 1000-0933 N T NP _— —
d RAMATERAT EREE RS 827 ESNETR S M670 7 70.00

CN 11-2031/Q




	05fm+ml.pdf
	stxb201008271235.pdf
	05fd.pdf



