ISSN 1000-0933
CN 11-2031/Q

1
|

Acta Ecologica




L J A 7S IR

L XX g
&9 (SHENGTAI XUEBAO)
AR A F 35 FESH 2001448 (FAHT)
El R

HNRIEIE 5 ERGIR

TR R A A P R W 5 g ) - PP KRE,ZEE,FEHE, % (1897)
W AR IIE T S B AT R HEJE e v evnrrn e et Fuez,E A (1910)
TR EB R AT R oo ER ;’%’{% }é\,%" %,% (]922)
MESERMES
FH = AN M3 By b JRER T B R AAE R AT COL K E B L HE AR A B o J v veeeennneeeineni i
....................................................................................... W E L E T E, KA, (1937)
Ay AR T AT AS RN T Aot T 5o 0 S R A AU 8 B A T A oo
....................................................................................... FERLT A R B, B A%, % (1946)
FUR R B il 2 AL T AR B ARG R B B A e EEm N EE, BER, % (1956)
B EACKT 2% 2 E A R F I BRAEM Frm e N EET, 2 EE (1965)
FERREFRE LA A F KT RE LRSS TACFFAE oo o, )0k, FE & (1975)
K T AT AR AN K BB o e AR INE I, ERT L (1984)
E T AL TR R B M Sl B P B B e e B, ENIR, EE R, % (1994)
IR A S AR R A S B R R e FH, TAME,FEK, % (2003)
BBRD B AFELGH LT ARG L R H B EWEHFTE - HKF,F F,F (2012)
BERAER 3T TG FE AL B A FE A R P SR e eeeeen e M 75 # AT %,Iﬁigﬁﬁﬁ,% (2020)
B TR R A AR BRAT—— AT N B IR A A e S X FaH, WA, % (2028)
AR AAG R 5 AR K EGE RAER R IR AT vvvereeernnneeen Fod Ko B #HHEA,F (2039)
e BEEMESRS
A R R AF R ETE RN BRI BT T e Bk, BREE FEE,%F (2050)
T A S AT )| 08 I Bl A ARMBEE A F LR Hra e BOE ik, 2B L, % (2061)
R BB BERE SR PR GAREE AR ox,EER, HERE F (2068)
2012 F A F IR A FAE Tk 2T DA E LM EFFAE s FTHA,K F,FHEHE % (2076)
ZHFEMHE P RBEERAL GBI Z T A oo B &, KOLE KL% (2085)
AT IR AL T8 3 5 K S S B BE T 2 M T AL e HEE REE % (2095)
Mot FERRBEAEESEKAEL——VARBEIEBEA B v wO4K = RE#E (2102)



=N XFEMLKES

A E SR E G EERNBDE R E K e

KB4 55t TV R EA LIRS E S R AR5

FELAEGRERALIREZSEZGE B ERILYE oeene-
W RERA PR IR B M A A DA BR AL R AAE R

ﬁlﬁ EF-J-LEIU\

Ry RER P Pb.Cd 77 FRIAUBAE R R E -

j;ﬁkg Einilb\
E T EEEARBMAAGAR L RIEZF AN

R R ARAC AT AR A A S A P R AE G e

.................... KB, EMA, E L% (2109)

YT U X FME, KB, £ (2118)

......................... BER,EF=H,E 7 (2128)
.................... WA, ZfEL FRE & (2137)

.................... EH L EHW, A AL E (2146)

........................ KEE LR, Z E (2155)

.................... REH ,F B ITHR,EF (2164)

HAFIEZARS . CN 11-2031/Q * 1981 % m * 16 * 276 % zh % P * ¥ 90. 00 * 1510 * 29 * 2014-04

EEECEEECEECEEEECEECEEEEE

HEEWR: ROAHRHS —R MR — R, P ERR R R Z M E 5, 2 22 Fh 3 ANAERN, A2 F 7L w4
DX 2R P ) IV L 2 5 L A () B8 B M A M T ISR, B BV R A2 TE AR BRAS RLE LA RS
K WL MR SRS FTR bR, Y A2 B HSR A 0 BT, 348 7 1R 2 0 Ve 1 A%, L L AR A
Bk NS EAGIL X AR A A IR AR o AZ LR A MO Forh L . S v A MR 4 7 £ 1
SR AR T 0 0o 7 v L ARAMAORT A0 A A g i 7 % Gk 107 ML 42 43 o 5 Y B S

HEREGRE: REFEEE MR E-mail: cites.chenjw@ 163.com



55 34 %55 8 1] 2o & E2 Eiid Vol.34,No.8
2014 4 4 H ACTA ECOLOGICA SINICA Apr.,2014

DOI: 10.5846/stxb201308182105
X, F/NE, RS, d0F, 2R, TR BH RS BN TR S £ A R GRS S . AR 2525 4, 2014,34(8) :2118-2127.

Liu J, Tong X J, Zhang J S, Meng P, Li J, Zheng N.Impacts of solar radiation on net ecosystem carbon exchange in a mixed plantation in the Xiaolangdi
Area.Acta Ecologica Sinica,2014,34(8) ;2118-2127.

KBRS X = /NVR IR A TR R ki
ﬂi:u\%éﬁﬁ# j:& 5'/ r-.l

> 1 e, o 2 T 2 3 2, >, 2
) 42 BB, kEAa ) EOR, FE KR, R OT
(L. dbmmpll Kbz pe b st 1000835 2.*&]%%?#%47)?%3&%%%@%@? E ML RS FE A=, dbat 100091 ;
3. IRl e b PR 2 5 RO S T Bl K B B 2R AR R S0 = JL R 100101)

FRE K PHAR ST AR A 25 R 50 5 KRR sc 3 (NEE) Y R BEIRBE R 12— P I8 B2 AR G 22 98 AR5 B0 1 I 2
G X EOA /MR IR TARASH CO, 3 et FIA SRR N FHEAT T 3a(2006—2008 4F ) Ay 2 SEVLIN 3 LARE 25 $6 80 (&, ) RS, 500 T
2006—2008 4ELE K HEZE (6—8 H ) KSR %425 R 40 NEE AU, 518 T K FHAR ST AUHAB BR5E  7- 9 [R) 28 {5 NEE (1952
mAALE] . Z5RKD] . 2006—2008 FLEKE FEL T RAT  ASRARIOCEEE P WIEHIRT 400425 1 38% .58% Fl
55% ; 2= RS BIRIIECREF R o BB RRAAY 2.6.1.9 F 2.2 %5, WEZSTEB L, 20 0.44 By R E4R S 40, B R 28
FAAE—E W it i, N TIRSEMAE S RGNS IR K . 2 2 RAT, U R S 38 n 5 5 2 AR CRUR T 9 1 fn 22
Wl N ) A B 2 NSl 2 e A I 55 P WA P, AT R 15 o 1 v S I (Y 3 58 PRI, ZEAL R RKE SR SR &
REA, A 2 28 35 RS2l TIRSSMA A R G RRIICRE 1A BT

SRR < I 25 4 B USRS 5 e s s Yo A AU S 5 N TR S8 Mk

Impacts of solar radiation on net ecosystem carbon exchange in a mixed

plantation in the Xiaolangdi Area

LIU Jia', TONG Xiaojuan" ", ZHANG Jinsong®, MENG Ping”, LI Jun’, ZHENG Ning’

1 College of Forestry, Beijing Forestry University, Beijing 100083, China

2 Key Laboratory of Tree Breeding and Cultivation of State Forestry Administration, Research Institute of Forestry, Chinese Academy of Foresiry, Beijing
100091, China

3 Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of
Sciences, Beijing 100101, China

Abstract ; Light quantity and quality strongly influence plant growth. Solar radiation is one of the main environmental factors
driving vegetation carbon assimilation. As one of the natural climatic variables, clouds change the fraction of diffuse
radiation arriving on the land surface and can influence carbon dioxide exchange between vegetation and the atmosphere. In
this study, CO, flux was continuously measured during the vegetative growing season ( June-August) from 2006 to 2008 by
the eddy covariance systems in a mixed plantation in the Xiaolangdi area, Henan province. The clearness index (k,) was
used to describe the effects of cloudiness on solar radiation. Clear mornings and afternoons were identified based on the
change of k, with solar elevation () at a half-day scale. The impacts of cloudiness on the net ecosystem exchange of carbon

dioxide ( NEE ) were investigated to reveal the mechanism of changes in coordinate of solar radiation and other
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environmental factors on the net carbon uptake by the mixed plantation. The results showed that net CO, uptake was higher
under cloudy skies than that under clear skies. Under cloudy sky conditions, light-saturated maximum photosynthetic rate
(P,,.) increased by 38% , 58% and 55% and ecosystem apparent quantum yield () increased by factors of 2.6, 1.9 and
2.2 for the mid-growing seasons in 2006, 2007 and 2008, respectively, when compared to clear sky conditions. This work
indicates that net carbon exchange could improve in the mixed plantation under cloudy skies relative to clear skies. For a
given solar elevation angle interval, when the sky conditions changed from clear to cloudy, total solar radiation received by
the ecosystem decreased, and balance of diffuse and direct components of solar radiation received by the ecosystem changed
as well. Correspondingly, other environmental factors (Ta, VPD, etc.) also changed. Those changes can influence carbon
exchange between forest ecosystem and the atmosphere. During cloudy days, the increase in diffuse radiation received by the
ecosystem was more easily absorbed by shaded leaves for photosynthesis in forest canopy with higher leaf area index.
Photosynthetically active radiation ( PAR) and vapor pressure deficit ( VPD) were enhanced with the increase of k,, but
diffuse PAR first increased then decreased with the increase of k,. Under cloudy sky conditions, the light distribution is more
even and the diffuse radiation received by the forest ecosystem is greater, which benefits photosynthesis of the shaded
leaves. VPD is an important factor that affects stomatal conductance. Therefore, the decrease in VPD associated with cloudy
conditions can enhance canopy photosynthesis. Temperature is one of the main environmental factors controlling ecosystem
respiration. Air temperature declined with the reduction of k,.Net CO, uptake reached its maximum when k, ranged between
0.4 and 0.5 (the average value was 0.44). When the value of %k, was more than 0.5, net CO, uptake decreased. It is
suggested that the increased diffuse PAR, decreased VPD and decreased air temperature under cloudy skies may improve
ecosystem photosynthesis and reduce ecosystem respiration, leading to an increase in net carbon uptake in the mixed

plantation ecosystem.

Key Words: cleamess index; diffuse radiation; photosynthetically active radiation; net ecosystem exchange;

mixed plantation
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Fig.2 Light response curves of the mixed plantation in clear and cloudy skies from June to August in the years from 2006 to 2008
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Fig.3 Relationship between NEE and the clearness index (%,) for different intervals of solar elevation angles from June to August in 2006
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Table 2 Values of k, when NEE reaches its maximum for different
intervals of solar elevation angles from June to August in the years

2006—2008
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45—50 0.43 0.41 0.46
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55—60 0.45 0.44 0.39

60—65 0.40 0.44 0.50

65—70 0.42 0.51 0.38

T4 Average 0.44 0.46 0.42
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Fig.5 Changes in total PAR and diffuse PAR with the clearness index (%, ) for selected intervals of solar elevation angle from June to

August in 2006
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Fig.6 Changes in vapor pressure deficit (VPD) and air temperature with the clearness index (%,) for selected intervals of solar elevation

angle (50°—55°) in the mixed plantation from June to August in 2008
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