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2006; Zhao etal., 2005a, 2005b, 2006, 2010; Li
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FEZK ) FTE B N AEA T (BEEEHE . s
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Fig. 1 Observation site
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AR BIBE (5 AR —ANFPRIEI ) |, BTN AR
HFEFESE I ( Elymus nutans ) o TE 6 HWIFHHE,
PR A AR O, HABAREY 8 H IR
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frigida ) FIIERESEIEE , ARG FIH 2012—2016 4F
SEAE LB G A T 8T o 2011 4F A R R 55—
A, R TFEIEBI, i 2016 AT RIFIANE,
PL 2016 4EARE 2011 AEMENSHAE (1yr) 5 2012
AERFAEES 2 4 (2ed yr) , 2013 45 RFIAEEE 3 4F
(3rd yr) , 2014 5F R FHESE 4 4F (4th yr) , 2015
NSRS S 4F (Sthyr) o
1.2 MIRAE
1.2.1 @3

T E RSN H BRI R 50 B T M 8P4 |
PLEFFF R I HA AR RUIR X BN TR0
K = 4e#E R X (CSAT3, CSI, USA) FIJF
LTINS AR BT (LI-7500, LI-COR, USA)
MAZS R G0 COL 38Rk, RARIIR } 10 Hz,
B30 b 1 UCOFBIME, Bt TEdE R
% ( CR3000, Campbell Scientific, Logan, UT, USA )
W, AR, HAWIREEEE R MRS, AT AL
PERHEAIL (CR1000, Campbell Scientific Inc) H,
W 5 28 N HAl RS AL = B (R 1) o &
47 AR SR AR Na (99.999% ) | ARifE
CO, SMEKehRE COy oM, FHER AL (LI-610,
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122 ZIERA I FodEAb
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BRI A TR T ] o AR A P A B
K1) ( PPFD<10 pmol'm s ') %, Jhar s
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Table 1 Measurements of meteorological parameters, instruments and location

WM EL 2 Observation elements

1Y%% Instruments B R AR Height or depth/cm

CO,MH, 0% JE CO, and H,O concentrations Li-7500, Li-Cor, USA 220
=4 X F1%S S Vertical wind and air temperature CSAT3, CSL, USA 220
WEHURN L #G i Latent heat and sensible heat CSAT3, CSI, USA; Li-7500, Li-Cor, USA 220

Jti Fifi & Photosynthetic photon flux density Li-190SB, Li-Cor, USA 150

S K R ) i Short-wave and long-wave radiation CNR-1, Kipp and Zonen, Netherlands 150
3EGE R Soil heat flux HFT-3 and HFPO1, CSI, USA -2

K#E Wind speed 034A and 014A, CSI, USA 220

2SS IRIRIE Air temperature and relative humidity HMP45C, CSI, USA 100, 220
L3R E Soil temperature 105T, CSL, USA -5,-15,-35,-55

F#7Kit Precipitation
43 /KA Soil water content

TE525MM, CSI, USA 50
TDR, CS615, CSI, USA

-5, -15,-35,-55

WEHGE, BT ChinaFLUX #2905t
FRAOFRET 1 (Yu et al., 2006 ), Hfads =4iAs
FriiEs% ( Zhu et al., 2005 ) . WPL #%1E ( Webb et al.,
1980 ) . FAAgIHR . SR ESIN . HIBRRIE CO,
i UE (A S RGO ) 4 ( Reichstein et al.,
2005 ) . BRI #D ( Falge et al., 2001 ) 1 NEE
W EPF4> (Reichstein et al., 2005 ) o FFHFFE AR &
A ol g, s AR MR R EUE B B 1Y CO,
W, AR (1) SN B Ay m
P (Yuetal., 2008) . A3 (1) BRHAKXARL
BARFOCEA SRS (PAR) #IAERINALL (2)
FAI I AR 13 A

- 2y(t.—
Rn _ Rrefeln(a bty +cX Sy +dX Sy )(ts—10)/10 (1 )

axP XPAR
P _+axPAR

o, R,ONEKEIES CO, il M R R R,
Reee A IR 10 CHISH AR RGN HR
Ry B RGREITRR s a Fl Pog ST =%
FAIG A BOER ¢, 5 em RACA) TR, Sy
N5 em ALK IS KR (m*m™) | a. b, c M
d G A AR IR R LS S8, ot 5>0, d<0.

A S RIS CO, W EE ES RS
CO, Z&#i (NEE ), HIARRGOCA1ERITEE M
CO, (GPP) S5HEBRGFEMUAEKRE CO, (R) [BIFY
WSz 25, F R RN ORI R A= (1) 7]
g R 5HERE (1) AEIEEKE (S ) ZIH
MEFRREL, HAH RS A AR FEARAESR
RGN, BERRGH BIFRERAESRE T
W R (s F . H Rl NEE b H &l R, a5
FIERRGENCEE T, WASRERICE Bk

GPP=NEE+R (3)

RE 5 P 5 R B o0 AT 2 A 00 3 e 5 T i i A

NEE=R, - (2)

MFBL e T e
Hs+LE=R,+G (4)

Kb, Hs ME#HlE; LE AEBHAGEE; RN
WS G o HEERGE R, TGRSR PG
WMCEE, EE AR AT, RERH A R
BERM 0.76(2012),0.76( 2013 ), 0.73( 2014 ) .
0.72 (2015) . 0.89 (2016) ., REEMIGAFRLEN
BEZ T 22N (0.7—0.9) ( Aubinet et al., 2000;
Wilson et al., 2002) . MI&&EPRM/N, AlREZHT
20T i E A R AR RGR 2 Y. 2012,
2013, 2014, 2016 FARMEHELE 75%LI L, 2015
SEA AR 70%.

HR A5 224 UL A1 SCRik .45 ( Zhang et al., 218) ,
WANT KN 4 A E 9 A%, BEHHN
4H20H—6A30H, AKFIEHAH7H 1 H-8
A31H, HiEMRhoA 1 H—10 150, JE4EK
ZW M1 H1H—4H19HF10 A 16 H—12 A
31 Ho ARFERERIEREFFCE R, DR
#5711 ( Gross primary productivity, GPP ), ¥
GPP>1 gm * (LA C i) X HAEKTE, AKFEX
BENAER TR,

123 AT AREZ LM T

TERHAE 8 H )ikt |- A Wy AR W R 1Y
Mg, Jedbf g, RIS, BEDLIERE 4
A~ 50 cmx50 cm RETT, WAIRRALAL . BEK B
& R, T Simpson F8EUA TR
YiRhE AR B, R RENLBC S, AR
T B YIFRBE LR 5 BRI = B A TR A 5E
AT AR R, B ) ST b BY R A A
HA R E T 65 CHERMAENMT ZIE
HIGFRE. SRR AT,

Dsimpson = 1 - Zl)lz ( 4 )
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K, P RN BRI i AR AR XS
HLH s N, RN T 5 i R E
N FoRIZF A G W) b 2 E 2 A
1.2.4 it

FKHLAERIE . 2oL EIH . BRI 250
BT LA K81 2y W 450 7 R RS A T SE oA o et ol
Uﬂ%u%ﬁiﬁ%@ﬂf SPSS 15.0 ( SPSS, Chicago,
USA kAT o o FHZ5 R 77 B RLSR R A “sem”
AR =R (Growmg season length, GSL ) Xf
NEE 4EFr78 5 1) H A M a2 (T84, 2017 ) .
2 H#HR
21 FFEVEFEEYEFIFIE

Kl 2a— & 2d R TAEH)R (MAT, a). 4FF%
KiE (MAP, a), #i F24EY) & (AGB, b). Simpson
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— N W A oW
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0.00
200 @) = /‘
r A

180
160}

140 A

GSL/d

120 lyr 2ed yr 3rd yr 4th yr Sthyr
Year of plant

2 —AFEEHREDNR (MAT, C, a). £BKE (MAP, mm,
a )t E 4B AGB,g-m?,b ) FEERSRMIEE( Simpson index,
c) FMAEKZKE (GSL, days, d) ZEUHHE (B THIEE ZHE )
Fig. 2 Statistical characteristics of mean annual temperature (MAT, C,
a), mean annual precipitation (MAP, mm, a), green aboveground biomass
(AGB, g/mz, b), plant community characteristics (Simpson’s index, c), and
growing season length (GSL, days, d) over a plant cycle and the age of

planting except for the second planting year

AR SH/NE T a, b, ¢, d RREFBEM (P<0.05, 7
AR, n=4)

Dots with bars indicate Mean+SD (n=4). Error bars denote standard
errors. Letters above each bar (a, b, or ¢) indicate significant difference at

P<0.05 among treatments

ZREVERSRL (SP, ¢) FIZEKZFERKIE (GSL, d) b
FIAEAERR 2R AERAL . FEITTAT, 2ed yr PREEIH 7
MAT T HABAEGY (<10%F-HI1R 5 ), 1yr. 2ed yr
) MAP & T HABER (S10% FIFKE ). A4
¥ AGB FE—/FHLE A7 /e I B 25 5, 4th
yrAGB [(658.00+114.76) g11 )% & & T HAWAEH)

3rd yr AGB [(322.83+55.28) gm °] Al 5th yr
[(530.22£156.56) g'm |2 [H] 22 AW E, i HE
T 1yr [(44.49+21.17) g-m*]( [&] 2¢ ), 4 4F°F¥) AGB
F[(388.88+ 267.94) g'm ], 3rd yr Simpson F5%0 K
B(0.73£0.09), WEET 1yr (0.58+0.15), Sth yr
(0.610.11)F0 4th yr (0.56+0.09), T HAhAFE {5y 2 6] 2%
BARZE (K 2d), SFH SP 4(0.62£0.08), A& %
SRR E M S REE ALY R A A R, FRE RE
H— AR B 2R (Baietal., 2004 ), AT
HTE 5 4EN, AGB K H SP Rk, skt T
AREIRDS . Xuetal (2017) BFFTERM, HH 3—

5 ARRY N TR LV A5 A AR f i — HANAEE . 9 2d

TR, — AP N GSL B R AR BR A 384 i i
s

HE 3 AR, ZS50RE f (Air temperature, 7,
Kl 3a) . 5cm H3ERE 5 cm-£, (soil temperature,
ts, ¥l 3b) FDGHE 7% i PPFD ( photosynthetic
photon flux density, PPFD, [l 3e) 2 L,
AR . [, ATRUE K P (& 3¢)
SIS, PRI B AR 1 F 6 1Y
WE(E—3, M HEEEKE Swe (Kl 3c) MR LS
5 PR, MWAUKAEZ VPD (Kl 3d) M2E L
FEANRAE, RS TIRERSE, #2500
ProR B, K FE AR TE 5—9 H , (524 87%,
P 5 1, WUE(EY H IAE 8 HTTE , IR 3¢ ).
22 CO:BETHFE
2.2.1 NEE B &4k

Bl 4 FER AR 2 AN [EFE ARy NEE 9 H
Ak, eI AE KB, BRI, RIN
HRW, BilHEEL, 4 8:00 247 NEE fiE{H
(B ) Hedh il (W), thPRTE (10:30—
14:00 ) Wik BiRoR, BEE W THaGmb, K
Z47E 19:00NEE i U EAHONIE(E, IE G ]
A BRI (K] 4a— K 4c ). TEAEDIAEA KB EL,
NEE (1) HZ2 AU, ZRARiR AR/, Ry 1n K
PR CO, (18 4d), 7R, NEE HZE{LIR
JEREFHR (Kl 4a), PRI (9.3+1.64)
h, 5th yr Wl fE ik (-0.24 mgm s ™), H
BAE 11:00 . W W W fH S /D B9 R 1yr ( -0.07
mgm >s ), HIITE 10:30, 5thyr ARG (E & 1yr
(9 3.4 1%, Bk 2ed yr 4, Sthyr FYMIIEE 8% = T
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S
©

lyr 2ed yr
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B3 FENREEFESEE (4, C, a), 5om LERE (£, T, b), 5cm LFEEKE (S, mm?, ¢), BKE (P, mm, ¢) BFKEE
(VPD, kpa, d) FtEFEEEE (PPFD, mol-m*d’, e) EHEHR

Fig.3  Air temperature (f,, 'C, a), average 5 cm soil temperature (¢, ‘C, b), soil water content at a depth of 5 cm (Sy, mB-mﬁ, ¢), and precipitation (P, mm, c),

vapor pressure deficit (VPD, kPa, e) and photosynthetic photon flux density (PPFD, mol'm >-d”", d) over a production cycle and the age of planting

HABAEGY, 1M 2ed yr BIWRISIE(E B & T 1 yr (A
da), PEAERKZEREW, A[FEFEAEG Z1H) NEE HAZ
k255 (K 4b), RIS [A] 4 (9.5+1.12)
h, 2ed yr WIS M FE R (—0.73 mgm s ™), H
PIAE 12:00, T 3rd yr B9 E/N (—0.47 mgm >s™'),
HERFE 12:00,2ed yr AYTRICIEE & 3rd yr AY 1.6 £i%5.
2ed yr WA B 8 v T HABAEAY , 1T 4. Sthoyr 2
WA 2 2 T 1. 3rd yr (8] 4b ), A4 #53] NEE Y
HAMEAEA R Z 22 780K (Bl 4c), ¥k
WS 8] R (8.6£1.14) h, Tyr W STIé (A F =5 ( —0.33
mgm >s ), HBIFE 13:00 . 5th yr WIS ik
fit (=0.13 mgm™>s'), HILE 11:30, lyr Mkl
{H52 Sthyr 19 2.6 fi%. R 4th yr 7b, Lyr P ISCIGAE
BEETHMEND (K 4c). FEIEEKZEN, AR
PRy 28] NEE HARBAER 59, JLT-BA R
W, RI M KPR CO, (Kl 4d),
222 NEE#&% T4k

I S AT, AN T A S RE A K, GPP.,
R HI NEE WA H S AN ] . GPP 7EAE YA K BB
SR IE RN BRI 2, 7E 3 AR 4 ARG
41, 3rd yr GPP 7F 6 AAE| KM (208.4 gm ™),

BT HABAESY, 2. Sthyr GPP 7E 7 J1iA50E(E , &
FAESF K 174.94, 169.56 grm ™=, Tiij 1., 4th yr GPP
16 8 A A Bk KAE( K 5a), e RAEAT 34 130.13
146.48 gm *, R7E 1—2 A1 11—12 A FAFHE
FE, 3 HIFIRREE R W EITHmEm, 1, 2, 3rdyr
R1E 8 kB E ARAE(79.17.111.16,156.52 gm™* ),
4. 5thyr R7E 7 HAEIERAE(89.87.88.98 gm *),
3rd yr R S RAEH 156.5 gm 2, & THABAES (K
5b). NEE 7k 1—4 Ao H BaZ 12 Ak
IE(E RV ), 3 AJFtRigm, 214 AJK S HoiksE]
ROKMH, BEJER/NE ol (BRI ). 56 H 254k
M, ANEAE B IR A AR Al (e
—M—IF) IR, 1ye 7 AR (7 A1 H),
2edyr A5 HIE (5 A 31 H), 3rdyr N5 A% (K
Y95 HSH), 4, Sthyr&87E 5 H FA] ( KRAHK S
H25 HM S A 21 H) #AAC (IFE-f ). mF
Wekl, 2—4thyr 7£ 9 %) (249 H 4 HATfE ) %%
IR (fi—1E), i lyr 769 A (499 H 29 H )
A% Ry HE . NEE RI3A W ISEAE B - GPP
MR, 3rd yr 76 6 A BAHARBI UL, H—88.1 gm 2,
1M 2, Sthyr, 7£ 7 H iKW (s (—67.63 . —80.58
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Fig. 4 Average diurnal trends of each season in net ecosystem exchange (NEE) over a plant cycle in the artificial grassland

a, b, cBEIPHAREDUIESE, AR /NG FEER R R I SO ) 25 57 . FRATREREIIE X 4 H 20 H—6 H 30 H (a), /£
KFIEWN7H 1 A—8 A31 A (b), MEWHIOATA—107 150 (), MAERFWHNTIATA—4A19AF 107 16 H—12 31 H (d)

In the graphs a, b, and c, the histogram is the absorption peak. Lower case letters without parentheses indicate significant differences of the diurnal uptake
peak according to rank sum test. We defined the start of the growing season as April 20 to June 30 (a), the peak of the growing season as July 1 to August 31
(b), the end of the growing season as September 1 to October 15=(c), and the non-growing season as January 1 to April 19, and October 16 to December 31 (d)

g-m72 ), 1. 4th yr 7£ 8 HIikFBIWIIE(E, 45K
(=50.97. —60.22 gm>) (& 5¢).
223 NEE#FFREAL

Hi &l 6a A[%1, GPP. R Fll NEE i fivi 4 iR
(R fIn S BRGNS FRAR A A, 7E55 3 4RI A
R, BEGIRAG () o B TR —4, HAehsE
{3 GPP ¥JimF R, % 3 4F GPP & T R, KRR
SREERGOR, H-128.52 gm 2, MRS —4EN 47
gm 2, B IR, SIS, % ES RS
—ANFIRE R N A BRIE, 23 EIRR 180.4 gm ™2,
224 R/GPP

HE 6b A, AREFHLAEG7E R — H
R/GPP [WEAFEA R 2%, BIAME, 5—9 H,
R/GPP FU{E AR 2 Jeisi/ Na g i iass, Js/N i

JERTHINAIEEE . 1yr, 5 5, GPP R0, ik
A R/GPP [L{H, BRT 6 H, 7—9 AHMEX/NT 1,
ViHH 7—9 H GPP>R; 2ed yr, 5—9 J R/GPP It{4
Sl NI BRIR R, 5 A9 A R/GPP>1,
6—8 H R/GPP<I, 3rdyr, 5—9 A R/GPP &)/
T 1, #BAEK S GPP IR T R, 4th yr fil Sthyr,
R/GPP HWAHZRSJE/ NG &S, 4th yr H(E
15 HRTF 1, i Sthyr /NP 1, 78 6—8 Hixlbfi
AT, B9 A¥IRTF 1. £ 5 H 2ed yr R/GPP [t
A = FHABAEGY, 1WiAE 6 A 1yr iZHE HEB—A4
PRAE, I T HARAEG -
23 CO.BEZFVERMEFHHT
231 AKEFAYFLER T COBETHHH
B AR, GPP R EZ245 IR ¢,
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Fig. 5 Seasonal changes in gross primary productivity (GPP, a),
ecosystem respiration (R, b) and net ecosystem exchange (NEE, c) of

artificial grassland ecosystems over a plant cycle

MW ZREMEFEEL SP AIAERKZKE (GSL) LR
#l (7=0.92, P=0.008, % 2)., "=KZFE R LA H44E
R 1Y 812%, FEZHHERE 1 #H (R*=0.80,
P=0.025, % 2), Iii NEE S#tig ZrEvE+5%k SP &
WEMEMHERXER (=08, P=0.026, %2).
NEE 5 H#iE S IEMHR (£=0.65, P=0.001,
Kl 7a), Bl HIRMTHE, CO, Wl BRI,
Zent 5 AFERIXT A BE, FERPREEE 4 NEE XTRE
e R g 2 (RER K k), B PR AERRAE K

s00l (a) B Grp

600 -

400

Xi(gm™ a™)

200+

-200

lyr 2ed yr 3rdyr  4thyr
Year

Sthyr

®2 ERTEHEASH

Table 2 Multiple stepwise regression analysis

s bR .
. . . r Fop
Period Variable Linear modle
GPP=2 288.19-599.16¢,+
GPP | 154.23SP+0.05GSL 0.92 33.219 0.008
. +0.
HERKE
) R R=1508.59-99.23¢, 0.80 17.364 0.025
Growing
NEE NEE=185-507.47SP 0.80 16.813 0.026
season
R/GPP
O
ERERIE=S R R=-200.27+3 038.53Sy. 0.92 45.249 0.007

Non-Growing

10
season

t, ( Temperature air ), Z5SIREE; ¢, ( Temperature soil ), 5 cm 13§
MR 5 Sy ( Soil water content ), 5 cm +3E 77K & ; SP ( Simpson index ),
L FRLFEEIE R GSL ( Growing season length ), AEKZKE

NEE XHEJE MR &+ (K EHET1re) (F
7b). XK R FEERIE 5—9 H, HeFRF
IKEY 87.78%, it /AT H K7k &5 NEE XR K
P, NEE 5 HFEKRZIEMRE (=039, P=0.012,
Bl 7c), BEEREAKREBIE, BRUIREE 168
232 A KRFEVIRERFATCOLE T 69354

AR R ZEY, AN THEHAESRERACEE
I, BAMEER, NEE HIRAER RETE0AEHI B
W) COy i, AEAKZE R (H44E R 1 18.8%, R4
B TSR, B K R FEZ IS KR
Swe B (#°=0.92, P=0.007, % 2).
2.3.3 SFIRNEE# % B -F

SEF )7 AR AT LIS R E NEE K H B
il PR 7 ARG Dk i o AHC BT R, MAT . MAP .,

200 (b)

L Jiyr A
I 2cd yr

[ 13rdyr
I 4th yr
I 5th yr |

May Jun Jul Aug Sep
Month

E6 —ANHMERHBMRLESSN (GPP) , £6FREMT ( A) MESRLGSCOXHRE (NEE) £RETL (a) M5—9AZALESRETR
5RMREFNILE ( AGPP) 4 (b)
Fig. 6 Annual changes in gross primary productivity (GPP), ecosystem respiration (R) and net exchange ecosystems (NEE) (a) and variation of ecosystem

respiration (R)/gross primary production (GPP) for each month from May to September (b) in a plant cycle
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Fig. 7 Relationship between day of NEE with day of temperature (a), temperature response slope and year of plant(b), monthly NEE with monthly

precipitation (c)

GSL : >

Reco/NEE

E8 %£KZFKE (GSL) MEEKERRSERKTHESRECOX
#eEbfE ( ANEE ) 34 BRNEER MR S5 7 IR R
Fig. 8 Structure equation modeling of the relationship between the
growing season length (GSL), non-growing season R and growing season
NEE (R/NEE) and annual NEE of the artificial grassland

BEFLFORARENE, §k LB RIS RE, Wk
MR REUNA/N, 2 H9 GSL Fl R/NEE % NEE (44 [l g e e

Arrow width is proportional to the strength of the relationship.
Numbers adjacent to arrows are path coefficients and indicative of the size
effect of the relationship. The proportion of variance explained (+%) appears

alongside every response variable in the model

AGB 1 SP 5 NEE B4R R R 2R E LA
KFKE (GSL) FHEAE KT 54 KFmAS
ZRY: CO, 28 Al ( R/ANEE ) H:[al#5 7 % 4EBR NEE
224k (&l 8 ). GSL il it R/NEE X} NEE j=4:
(TR 2 M (0.92 ) K X ™ A 1 B 25
(0.38), GSL Fil R/NEE JL[Ff#H¢ T NEE 4FPrAs 5
1 93%.
3 itig
3.1 NEERIBZEWK

FATIRAR POAC X 22 4 A T Rl Pl il 7 N T

iy NEE HASEHUE 5 ORI 10 75 s S5 R AR
Hi, A0S SEE S ( Kobresia humilis ) Y] ( Kato et
al., 2006 ). =74 #&ME ( Potentilla fruticosa ) FEM
#ifa] (Zhao et al., 2006). EFEM S5 ( Kobresia
tibetica )TRFALE AR ( Zhao et al., 2010; Niu et al.,
2017; SREAEE, 2008 ) Al A A AP B A T
Fo (GRSEAE, 20085 =TS, 2010 ) AYARLHL
AR, XEH TR H AL HYI KA
CO, FMRZISCRN 3 CO, HEUM 2T R AN], T3
NEE (1) H AR 7E AR R 215 A8 {225 501 i ( Kato et
al., 2004; Zhao et al., 2005a) . ZRifi, AL
PR = VTR AR RS Al X 22 A A e AP R N T
NEE f#7E 1 B i94FEPR2E 5 o 7R IR T 1, Sthoyr (19 CO,
B R IGHE RS 1yr (19 3.4 6%, T Lyr FhdE a4
MG, 2E5E0K, MiteAE KZEIE 2ed yr AYMR I (E
JE3rd yr 9 1645, B TR RAL A AR 7 A28 1.2)
(Niuetal., 2017 ), HiBEH 1yr MTRICIEAE S Sthyr
() 2.6 %, B 1yr AUCH], HABAGAZcE],
lyr 216 CO, T RHE# R 5 0.16 mgm >s ', i
THABAESY, & 5thyr (0.09 mg COym s ') (¥
1.7 f%5. 3—5 4R N TR S5 M ph—, AR
& (Xuetal.,, 2017) , AlfiE Sthyr fAPHETE AL THR
TEHPIRES, FEORICFBIGE R

N T HEH CO, AR 5 RS 6 T e K HE R
ARIRAEA KRR, 2091 0.47—0.73 mgm >s”'
H0.17—0.28 mgm >s™', & T3 e JR AR F BB A
TR R A R R 0.35 mgrm >s', FIFKIA]
RBEHGHE 0.22 mgm >s ™ (A%, 2010),
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5 R RAR A L, e RIICR = TRE
Bk 037 mgm >s ', 4 FEHEHE N B (036 —
0.48) mgm *s ' FVAPRALH ) 0.48 mg'm s '( Zhao
etal., 2005a ). (EAKT 78 =0 I v B (0 VA B Ak v )
R RIS 2 0.73—0.9 mg'm s FIRL ]k
Heif# 2 0.20—0.29 mg'm >s™' ( Niuetal., 2017 ),
PR | SRS FRTR, wE s H e =4
A PRGIHR] A —EC:, AR CO, T
WCRTREIAS [R] 245 T AN ] o
3.2 NEE WIZEHT

BT M, XF + Mgk AT A R BA B T
CO, MZETTPEARML ( Zeng et al., 2014), A
Ff AR R G H-R, CO, 1Y NEE HA7 BH i (1) 21548
o X —HFEFE N T 5 A 25 R 40 b R BAS  fin
o TEANF RIS FIVRLT, BEE MR
B, AT A5 R G TR R A B R AT, Lyr
FEUR E R A e (7 40 ), HCK 2ed yr, 3rd yr
i, 4, Sthoyr BOMEEIS, BRT lyr, HABFY
fE S Atk e, SRS RRALESRS
FHiE (5 ApA] ) (Zhao et al., 2005a), BT %
SBMHENTf (6 H FA)) (ZEmE%, 2018) 1
IS R EH (7 H FA]) (Zhaoetal.,
2005a ). lyr 78 6 HAPHL, BOCYAFETFUR FE ik Ao ]
B B B T AR . IR, 2—4thyr 76 9 A4
f5= 1k R I - s HEL , 5 v P8 o VH PR
I (9 H FA]) (Zhaoetal,, 2005a), H-F e
S EEMENE ) (9 HHA] ) (Zhao etal., 2005a) ,
lyr (AN 76 9 AIRA MR, 5 @9
AT (9 H FA) ) (Zhao et al., 2005a),
AT DA Y, X 2 0 455 B T 332 e 25 BRI (TR
—IC—TR) ]
3.3 NEE&FEBRZT

ANEFE A S RGAERR NEE 2530 R R EH
WERN, X EERF N2 3 A g R |
A IR EE TR LA R B A PSR (AT . X1 AN
AT ) L2 N E B (Jensen et al.,
2017) o MFANTEBRNESREN S, FHI7
A CRERD, AR AR E] ) v] fE R4 0 £ 7S R 48 NEE
SHEER T, ROTEH, ATEMAESRS
NEE 4ERR78 5 T %42 GSL 45, GSL @it
R/NEE [H]4Z5201 NEE (& 8) . X S5iibffsiss
R, ML BME AR 10 4E 5 R,
NEE 4EBr78 5 F %57 GSL 1945 H( Li et al., 2016 ),
ARE R, NTEBEREZ AT, 6
AR (lyr) , FFR BB 4 A 1] B S i T Ho A 4
By, AR FEL M EN A | FREL R (4
%5, 2018) , FRARERRAS G 730 1—2 ),

MR ST A4 2 e W AT 91 T L A 1
Ko 3P EAF MR B A S S, IR T 3
WS>, EINT - AERENG, ffS R T GPP,
HORAR S — R R BN IE , A0 GPP & T
R, FEWHBAL., BT lyr, HABESL 8 HIEUkE
Wl BRATEEH T A KRR, A S KR
FH N TR ) A K K R Rl R i s 30 P
T EEEMNNEMASRS 1—2 40 H, Bk
#E, FIRAER, MNENARIHSE T, ik 9—10
H KPR SR T, TN T A2 R G PEIL,
HEIH T Z B AR IR
3.4 CO.BE#HIEF

ERZAEYHFMAEEYHTF, . SP #
GSL HAZRWE GPP AR5, X 57 il = i KSR B
WA GEANE, £ MG A SR S B 5 i b
FELTMENFAESRE GPP AEFRE R (Li
et al., 2016) , THFE 245 98 B Ak B ) A 45 &R
i, M Sy S TE T GPP [ FEH T ( SEmE4E,
2018 ) o AHWFGTREZ i T A0 R A o Y AR
FRIE, NEETHER TR TFIRm A KSR
J& GSL, \ZMEMB T GPP lZYAE R, Mk
ZREPETE BN J A A V5 S5 A 1 BB AR B,
TERETR 25 P A X RS 10 R AR 0 b mp e Lk o i 4
M, A 5 AN TR EE A T AR EIRES,
R 22 REPE 48 B BE & AR A FR B AR fk . A
RRAR 2R 8 (SP) Bt K2 GPP
FEZEAYNT., FEF SP HEEmELEKS
NEE, FEEM B2 REMERRE I, [k HE T2 ik
W, XS5 RRITE N TR, BRI 2R
HESZWNE CO, lwA b, KA LB, HEid
PR N T b R T i AR A BR A G, AE
FE S ARV, Dbl R4 i i 0 e A AR A%
B, IR BCEREACE I (IRZE, 2012) , ¥
Tl BSCRN 22 A P 5 5 Bt 25 R 4 03 1o 15 o g A2 £k B
W, HEFARW A, BARE bz Kk
2 SRCAT LI X2 SRk ST e e o A IR VA=Y e 1)
WFoE L0, Yy Fh 3 5 B AR e b D e 25 0k 8 7%
( Zhao et al., 2015), 1fij H.ikZEHY) P2 s AIRETS
LERSLIN L7 1 ( Zou et al., 2014 ), it a] W,
VIR R . BEE SRS 2R S RS R
= FVBANG PR 2 VA O o 7 IR 1k 0 b Pk 52 0 o
EHR % R 2 MR IR IE M 0, TTREXTAER R
SLofe A RN

HRKZERA N2 R 81.2%, KT EH*ESETE
MaHE LA 4 97% (Lietal., 2016 ) FljsFE 50
Y 86.8%—88.2% ( Wang etal., 2015) ., ZAHF
SRR AR K2 R e E MR, B
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FERFN R, XSRELBHENTMLESRE
HZE R —Sy (S9E5E, 2018) o MidEAKZE
R \544F R ) 18.8%, = T = 9E 4 BR M I\ B A 1)
7% (Lietal., 2016 ) I FEE S FEEM A 11.8%—
13.2% ( Wang etal., 2015) , AlREZ AN T HHIEA:
KERKERTHEMNFR ARSI, @8R
=R, B TR ER RN R, EAEERK S
H1 Sye s R HEER T, X —25 R R A=
TIRIKAEAE K T R 22 HHOK M, X ] 6E
SRR R O, Al bt R I e
AR A 1 22 RO A7 VRl B2 A 35 ] ( Wang et
al., 2015) . AILIEH AN TR R, JE A HbAE
W —AEEIRT, R WET AR EEZ HHORY
FE K AR

AT 5 NEE Ffigs H ¥R A s (&
Ta ), EoRTTSE 3R I Z Rl NEE 4EBR7E 55019 32
FERT (Jung et al., 2017), 7EFER AT 5
TR BN T SR SR B AT A R I A R )
W 23 SAER A BE, 2ed yr NEE Xl
FE RN B AR A (RER K MK ), HEE FAEAR
FRAGSE N, HHIREE A s 2% (I 7b), o]
AEE R M IZ A K R BRI, A K Rk g
H, BEKERE R () 3c). M TEREEHF2 A —
FEMNFERRR , HEFEEmE R RGN . K
B AEZS RGN, ) — AN BB T, %
SR IXAERE K R EAR TP TE 5—9 H, FEEK
MEMERLE, Wi, FEAERKREKSASHEESRS
FRPNIE o FHCHIFY 2 BH 5 i e B A /K R A
e K2 A AR R G UK il (234
2004; 5714, 2010 ),
4 LHig

T K e A AR A N TR AR S R G e —
AL, — iR R B3R 180.4 gm > (LA C
T o B PERSG (REFRAICE] ) e AR
TR EER N NEE MRS S, G P AR
A IER BRI RE 1 JE G vk /)y, ZEFRAESS 3 ARmi
AEJIIR B R . =T IRIXON T4 Hi Al A vl L3
TR RGN BRRAE ST [FIEE, ASBF5E3RM, Fp
M 5—6 4FJ5, L3RR IR py o Wi AR 2y
B, A= Rgs K, WK THRA . ASIE R
ek e = hfe, 4 5—6 AETE R A THIH
JE AR RS, N TR =T
TRAR RS Al X — A = AR S AR5 A A R0l
RIS, I, 76 =TTIRR IO AE X & L4
TR, AR T R R i A R 1 X AR
AR A B PR A TR, T EL AR N TR ]
R E A
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Variation Characteristics of CO, Fluxes of Elymus nutans Artificial Grassland
for A Planting Cycle in Agro-pastoral Transition Area of Sanjiangyuan

HE Fuquanl’ 2, LI Qil, CHEN Dongdongl, ZHAO Xinquanl, LUO Caiyunl, XU Qianl’ 2, CHEN Xin" 2,

ZHAO Liangl*, DING Shengxiang3, ZHAO1J inzhong3

1. Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810008, China;
2. University of Chinese Academy of Sciences, Beijing 100049 China; 3.Tongde County Meteorological Bureau, Tongde 813299, China

Abstract: Development of artificial grassland has become one of the important elements of the ecological environmental protection
and restoration project. Understanding the dynamics of CO, exchange is required for accurately predicting and evaluating the carbon
budget and ecological service function of the perennial artificial grassland ecosystem. In this study, we analyzed 5 years datas (2012—
2016) from eddy covariance observations of an Elymus nutans grassland in agro-pastoral transition area of Sanjiangyuan to identify
the features and decisive factors of net ecosystem CO, exchange (NEE), gross primary productivity (GPP), ecosystem respiration (R).
The results showed that, (1) in a complete planting cycle (5 years), the CO, flux was increased then decreased with the increase of
the plant years. The total cumulative CO, uptake was 180.4 g'm ™ (by C) during the production cycle, indicating that the studied
grassland was a weak C sink. Further analysis showed that, the studied artificial grassland was a carbon source in the first planting
year and contributed 47 g'm > C. From year 2 to 5, the grassland served as carbon sinks and in the 3rd year carbon sink strength

reached the strongest at —128.52 g'm >a”'

. (2) GPP in growing season was mainly controlled by air temperature, Simpson index and
length of growing season (+’=0.92). A clear linear relationship between NEE and Simpson index was evident in growing seasons
(*=0.80). And (3) management (seeding and harvesting time) affected the length of the growing season, while the growth season
length impacted the ratio of R to the growing season NEE (R/NEE) (96%). The length of the growing season also affected the R/NEE
ratio of the non-growing season by directly determining the interannual variability of NEE (92%). In addition, management affected
the interannual variability of NEE. Together, the present study reveals that re-planting grassland every 5-6 years is a win-win system
of “production-ecology”, regardless of carbon sequestration function or production function. Developing artificial grassland is an
effective way to balance ecology and production in agro-pastoral transition area of Sanjiangyuan.

Key words: agro-pastoral transition area of Sanjiangyuan; artificial grassland ecosystems; net ecosystems exchange; growing season

length; grassland management



