ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)

ENVIRONMENTAL SCIENCE

Vol.37 No.9

2016

FERZFRESHEHRAP D £
4 4 & KB ¥ HE




3% f"& ﬁ‘ § F378E oW

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2016 4 9 H 15 H

H &
1960 ~2013 4FEFR [E F5 15 JL T ZSARAY, «oveemmmerenremm e R, BERH, FEA, T8 (3237)
RS K Ve MU 7 R I SRS ML oevveeeeeeeeeeeens IHBRT, AR, H R, TRE (3249)
1R EFK T — YR BT 5 V5 Y B K T B TR AR AN A AERAIE -+ vvvvveevmmnermmm e
.......................................... M EE N FE L BRE R A,E/NE, TR X, TAA R a M, THRE (3258)
B B AR A S TR ) AR AT L UM PRI ZE AT o v eeeneeeme e
............................................................ R ER FHAF,BRE, EERN RN pE, ERE, 2£F (3268)
B AR SRR S A I 1S YA E T M R ZEA0HT e vvreeemreenme e YR T, kM, THS (3280)
IS RIS RIGYFAE  vvveeeerrmerrrrree e ZH.EH,EHPH,KEFHRE I, MEFHW (329)
R X MR A PR G R R B AN TR] AR SRR oo EAE, B, E, L, ELTF KK, EXE (3300)
K ITF 5 KA VOCs MR BEARARAE FOREIPHT oo ovveeerrmmeeemneeeeiieeenees RTHE AN R JE Sk, ERE (3308)
A HR ) TCZL U HE RO N [RTUR A P A BB IR e veveee e x| k4, ERAL (3315)
R 111 2R B 7K B K AU 24 AE B B TS UBRIFT +ovvvvvermmneemmms e WXHE, E R (3322)
e X (HE BR—HL B B TURR) T LTS YR B AR S KU AT - S0 B4R R R A Bl W, b4, s 1 (3333)
KRR 5 BRI S AT B ICIRETEIH R eeoeeeeeeeeeeeeeens EEE,EAM, L, FEW, THA (3340)
KA EZUUIHI TP PPCPs [T ZS A3 A A HE T P IRUBAT ++vvvveevemmsermmnserii s
.................................................................. KoL R AR RS, ER KT R, 2R (3348)
TR A A USRI HE SRR ovvveevemoem e WA, INE L HE 2, R R (3356)
P RSB MR 9T 3R K SR AL X H AT A | BRI ] veeeeeeeeesemeess
..................................................................... BORE RIS HTE A, KEA B, ERRKE (3365)
AR KA TE 1B VA SRR BT 25 RO SPIT = vveeeememeeemmeeeeneeees Fin g, B, EF K KER (3375)
TRV TR BT A5 30 1) AR A KRR TTRR weeovmeeeeemmmeeenmneeenes R, EXm,BALH, &GS, T, ZRA (3384)
ﬁj‘ﬁj“ﬁfg%%qzﬁ?%ﬁ*ﬁﬂ%ﬁéﬁ*¢7KE:F%W‘@FHL%E/‘J%E§%/J§ ......................................................
.................................................................. ﬁﬁﬁ’ﬁ%m’%%iﬁy%g%’ %%E,Xd%,}{ﬁ,&f&% (3394)
T B TR SRR P RS R S SRR 3T +oeveeemeemmeesmeeesieeees KEH, 2o, 2/, KA, TR, BHR (3402)
ST A A e B AR B M T KA R R AR FET A DAL LR PR A FAKAE S RG] evvveeeeeenenns
....................................................................................... SEW PR B R R R KM (3413)
TR K KK AU 4 i 25 0] 0 5 5 AR R OG- oo AL, T, F0, M, 78, EHEEF (3423)
TR K P A K 5 BB YR BRI oeovereeeseesnesenens XU, 5 79 e, B AR, H AR (3430)
oA A LA N BR T i R AL IR ER I EEM o vvverrreeeeas PR B T A E, kAL B E (3438)
*ﬁﬂjjk'ﬁgﬁﬁ?‘S%Xd—ﬁgﬁiﬁ&ﬁ%%qiﬁgﬁﬁIJ[EJ ............................................................ FE , /ﬁ%‘#fﬂ , ‘F;-j /B'L ( 3447 )
S LI AE B M B TR L MITRHT Iy ovveeroemmoneeemenneenn JEISH IR R T, R4, IR, B RS (3453)
LY A/O T LA IR TG KIIRORTITE oovvveeeemeemmsemseesenns F34e, v, 308, B E KA (3460)
SERTE YK KK DGR BEAREIECRFSE +vevevreesemssesmnssssisnsscccns EEMREE, LT, X4 (3466)
Fe’-PRB 2%]%‘?(:1‘( V[)fiﬂﬁlljj'?&?ﬁ”ﬁﬂm%’] .......................................... )Eﬁk’ ﬁﬁ’%g;{:fg’ :’f—tﬁf ’ﬁ}]ﬂ « , x| ;ﬂ (3473)
EDTA—nSiOz gp\]ﬂé;@j*jzxj‘ Cd2+ %Wl}ﬁ .............................. %J]Dﬁﬁ}z , 77%5 , ?ﬁ;ﬁ( , é;ﬁﬁg , g& gj,E , Amjad Ali , ;I]é ‘X ( 3480)
AR-PPy/ AQDS I A b BB BRI RERYSMBT AL +ooovveeeeeeeomsomeomenenees WAL, KRR, P EE, ZFT, KE W (3488)
AT A KT S A B R A BT I BE - vveeeem oo BEZE FBA, ERE, N4 (3498)
AT N TARH AL AR ACRERE oovoeeeeeeeeene A8 REERAEE KER, RAE, EEE, LB (3508)
HIMER AW 5 PHA S5 OUR BUIEZR  veeerrrrreemmmreeannreennnneanns XA NE R, %, SRR (3518)
SEAEAAR 2 A E BRI BN FI 22 B L] coveeeeeere e W, s, TR, AR, 5 E (3524)
FE TR T X T 48 BRUTIELI  coeevereeremmemmer e, FEM, S0, K TTF (3532)
U7 BRI AR M 2R 1 e ZIRTFIRTS YA AE S B ATAN <eeeeeeee R, BF, FAE, KEF, mH A (3540)
CTE T R A R MO A LRI, - B M, B RECH, RAUH, B E AR E I, B WA, I E Y (3547)
AMIREERECT AKAEAS L IR RGN «ooevvvrremreeemmmmmnnreeenninieeeeeenn EYRUE AU B, K, R, B (3554)
R A= W) BB XA FH SO AN N IR 15 G L BN, oeeeeeeeeeees W=, B0k, B A MW, KKW, B, Z—T (3562)
DRI AT 2 Fenton 1% 2B He A M B G B HOCL - veeveeeeeeenoe JBE A, AL AE,EIE KL, B (3575)
S I EaR L Rer O R e G R/ S SR 16 71 ISP BEE, HH, LT, NE, R (3582)
37 JH PLEA B2 UM A28 25 111 T RO S IR AT evveeneeesnesnns s Y THE (3500)
VTSRS RRE ALY B/ IN 25 1 3 BB B VR S L RS AL, +o v evene e
...................................................... TG kA R KB S A M E R HEH R (3598)
SRR, BLEHIO VTR M CH, | CO, HERUBG R ooeeeeeeeeeeieeisieeeeens A, I, E 5, 21 (3606)
B S T AR - OB H 4 CO, TR BB ZE +ovveeermmmeee it
......................................................... L2 FEF EL, Zwe], ZEE NE IR, T, FEF (3616)
RG]l DX ] L S R A B A8 A K IR FEURRAE +oveveeemmmee e PR, MG T8, Z R (3625)
A R B IR AR S LI E BT - E AR KB AR, B AN, E S, AR, B &, AR X, KE (3634)
RO R T A EFEFIE IR AFEIR oeeeerrrree FAL R DR (3642)
T R AR ST A N S RGO AR SN e eeemnrerenneren e Epe B, THE (3650)
HENC KA U AUSREE A ALTTE oeeeeereeeeees 5, AR, B, ok, KE, B, HHKH (3660)
TR RO T35 P e Ry SRS B M BRI BII] oo vemeemme e x| EX HE,EEFL (3670)

(RIERPEVAETT J3 35 (3517) ABERLE ) fiEFr 7 0 (3561 ) 5 H.(3289,3321,3422)



Vol.37,No.9

55 37 B4 9 W B2 55 : 2
20 & o £t S Sep. ,2016

ENVIRONMENTAL SCIENCE

BB RS im B X &N R TS R R Rl = B F2

UL e R

(LLP 2 2 4 3 A 50T, KRR 030006 )

FEE . AR TE R R X A/ N2 B GE S AT T PRAE BN , W L6 A8 AR T, ) 3R (T,) R )2 HR AR (T,)
WH ., FRE SN EmRERH | FRMMCR. 4PRFVL A FRE LT, 5 T, BRI —3k, MR EBHE
0.90 LI Iy HRE I B ESREWACH T (NEE) | SFIHAEJ1(GPP) | BRI (R, T T, MR BT K5
ME HENTH T, T, MHXREBEENS T, M T, WHEXREERAK; FIRE - &/NER GPP, NEE FI R, 5 3
ARBE(T, T, M T)FBR R EN ML R R, ABRGOCEMERNERERE T, BI8T T, 19,2274 1C £4. R, 5
T, MXRRWIFTH T MWRR, 5T, T, RERMNIEREERAK(0.95 ~0.96) . BFFELERAT LA T 18 By 200 i 5 )2
R S A AV SR £ P 0 i AR AR

KB . ANE; Bol i R ENERE; ]UR,; R

RESHES. X171 XEERIREE. A XEHS: 0250-3301(2016)09-3650-10 DOI: 10. 13227/j. hjkx. 2016. 09. 049

Effects of Canopy Temperature on Carbon Dioxide Exchange of Winter Wheat

in Taiyuan Basin

LI Hong-jian, YANG Yan, YAN Jun-xia "

(Institute of Loess Plateau, Shanxi University, Taiyuan 030006, China)

Abstract: We measured daily changes of carbon dioxide exchange in a winter wheat site in Taiyuan basin using chamber method for two
years and analyzed relationships between environmental factors affecting carbon exchange of the wheat, including air temperature (T, ),

soil temperature (T,), canopy radiation temperature (T,) and carbon exchange of the wheat on daily and seasonal scales. The results

showed that variations of both T, and T, on daily and seasonal scales were consistent with a correlation coefficient of above 0.90. On

of the measurement days were smaller than those against T, or T, but the correlation coefficients for NEE, GPP and R, against T, and
and all the temperatures (T,, T, and T,)

eco c

T, showed no difference. On seasonal scale, the relationships between GPP, NEE, R
showed a significant parabola-shape. Optimal temperature of T, for photosynthesis was slightly lower than that of T, but the difference

between the optimal 7, and T, was only about 1°C. Relationship between R, and T, for the two-year measurement data was better than

eco

that with 7', but correlation coefficients of R_, with T and T, had nearly no difference ranging from 0. 95 to 0. 96. Our results could

eco c

give some implications for ecosystem carbon exchange estimation with remote sensing method based on canopy temperature.

Key words : winter wheat; carbon flux exchange; canopy radiation temperature; air temperature; soil temperature
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Fig. 1 Daily changes of the environmental factors and CO, flux in the heading period of winter wheat
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Fig. 2 Daily changes of GPP, R, and NEE in different periods of the growing season of the winter wheat in 2009 and 2010
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Fig. 3 Seasonal changes of the environmental factors and carbon flux in the winter wheat measuring period
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Table 1  Correlation coefficients of daily changes among the environmental factors on different measurement day in the winter wheat growing season
€ H n T, T, T, PAR || W& H ¥ n T, T, T, PAR
7 T, 1 14 1
2010-04-12 | e 0.91 ! 2010-06-04 4 7020 !
7 T, 0.86* 0.97 ** 14 -0.32 0.98 " 1
7 PAR 0.71 0.92* 0.93™ 1 14 -0.68 " 0.82™ 20 1
5 T 1 12 1
T - -
2010-04-19 O 0.37 ! 2010-06-13 2 0-19 !
5 T. -0.25 0.99 ™ 1 12 0.20 0.89 1
5 PAR -0.66 0.94" 0.89" 1 12 -0.53 0.84™ 0.57 1
6 T, 1 6 1
T -
2010-04-26 6 ! 0.66 ! 2010-06-20 6 0.36 !
6 T, 0.77 0.94™ 6 -0.36 0.99™ 1
6 PAR 0.52 0.65 0.52 1 6 -0.34 0.76 0.80 1
9 T, 1 11 1
T _
2010-05-06 o ! 0.25 ! 2010-06-27 H 0.20 !
9 T, -0.31 0.97 ™ 1 11 0.27 0.99 ™ 1
9 PAR -0.71" 0.80™ 0.83™ 1 11 -0.72" 0.46 0.37 1
10 T, 1 8 1
T —
2010-05-14 10 ! 0.34 ! 2010-07-01 8 0.20 !
10 T, -0.37 0.97* 1 8 0.09 0.99 ™ 1
10 PAR -0.68" 0.78* 0.79 ™ 1 8 -0.20 0.86™ 0.86™ 1
12 T, 1
T —
2010-05-20 12 N 0.43 !
12 T, -0.32 0.98 ™
12 PAR -0.76 " 0.84™ 0.76 ™" 1
1) * /R P<0.05; = = F/R P<0.01, T
x2 EZNEFTREIRBERFZEMNHEXRY
Table 2 Correlation coefficients of seasonal changes of environmental factors in the winter wheat growing season
A R/ C n T, T, T, Wio Wao W3
T, 14 1 -0.56" -0.51 -0.56"
2009 T, 14 0.77 1 * -0.35 -0.28 -0.30
T, 9 0.88 " 0.96 ™" 1 -0.60 -0.36 -0.36
T, 13 1 -0.18 0.02 0.02
2010 T, 13 0.89 " 1 -0.11 0.11 0. 06
T, 13 0.93 ™ 0.98 ™ 1 -0.19 0.05 0.01
30 40 20
7? o (c)
£ - L . -
z 20 30 e 0o F 15 F o o
£ * o0 £ . £ °o @ ° wmg
= . E ?E; o Po o’
2ot * = 20t = 0t °c._*
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® E o e = e 00
1& ] | % w | o A'0%
% 0 oo o7 g 10 e T, “@ > o T,
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bt * & oBoo oT; oe ol oT;
_10 1 1 ' U ' L L O L L 1
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e i jEr,C EeC
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Fig. 4 Response of daily changes of NEE, GPP and R

eco

to the temperatures during the heading period of winter wheat
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Table 3 Correlation coefficients of the temperature to CO, flux in the winter wheat growing season in 2010
W5 H n iRE  NEE R, GPP W5 H n NEE R, GPP
7 T, 0.51 0.30 0.43 14 -0.83™ -0.15 -0.73™
2010-04-12 7 T, 0.78 = 0.65 0.78 " 2010-06-04 14 0.65" 0.89 ™ 0.79 ™
7 T, 0.84" 0.66 0.79" 14 0.67 0.95™ 0.80
6 T, -0.67 -0.01 -0.57 12 -0.49 -0.36 -0.46
2010-04-26 6 T, 0.02 0.50 0.14 2010-06-13 12 0.91™ 0.93 ™ 0.93 ™
6 T, -0.08 0.29 0.01 12 0.73* 0.77" 0.74™
9 T, -0.83™ 0.09 -0.75" 6 -0.42 -0.18 -0.35
2010-05-06 9 T, 0.72* 0.87™ 0.80" 2010-06-20 6 0.97 0.87 0.95 =
9 T, 0.74* 0.87 0.82" 6 0.95" 0.90" 0.95 =
10 T, -0.88" 0.52 -0.84™ 11 -0.93™ 0.47 -0.64 =
2010-05-14 10 T, 0.65" 0.13 0.71" 2010-06-27 11 0.17 0.91™ 0.62 *
10 T, 0.67" 0.14 0.74" 11 0.08 0.94 0.55
12 T, -0.69 " -0.25 -0.61" 8 -0.19 -0.45 0.19
2010-05-20 12 T, 0.86™ 0.86 0.92* 2010-07-01 8 -0.67 -0.69 0.67
12 T, 0.80 " 0.86™ 0.87™ 8 -0.66 -0.60 0.66

BN 3 RYIAEAE & W1 B X NEE #il
GPP T IVE AR ZEAE D A U0 I B A i 4
FHEER i B A K e I VE P AR 4K 3 B2 o5 .
SRR NEE Fl GPP 5 T, [ R 3¢ Z 54 5 43
TS T, MT, 0,05 T, f1 T, AR ZER
AR, EHENEEBRGHRE LT, 0l RE: T,
ORI ot 30 £ 1) VAT AR

R.5 T, MT MHXREREHEG TS T, 09,5
MzEHAMHK 4 H12H. 4 A26 HAIS H 14 H)
AR (7 H 1 H) B REON B35, Hgr
KEBIREN T WFEAKNF. R, 5T, B ER B — AT
KFS T, 09, £0EHRE LT, o] UARE T, Kbt
SR SERREMWRA R, MG E HAERR
2.5 CO, MEHFHTISIRENCR

X g— KM ER T, T,, T.. GPP, R, NEE
BCHSEEME, A H SPSS B Curve Estimation” Xk 7K
i 5 R R T MU A3 BT, 45 R RPN Y

GPP, NEE F1 R, 5 i B 4B 2 1 35 09 — W 4l 4 4

KZNERBRGOCEEN SIRERHCOCR R
UM A U iR AR AR, R, T LA S
7 [T r 43 SRS 4 X 7 3k A o A /N AR S
ARG EAGIRE. 2009 4F T, F1 T, A B iR 40 31
g 28.6°CHI121.9°C 5 2010 4E T, T, Fl T, B
BESrI R 24.9 0 26.3 F117.8°C (£ 4). 2009 4E3H
S3rIE HLLAMRACIR , 30Tk 0 T, %t Gpp
ISZIR AN 2010 4RI 45 Rk, T, 1 i i
ERALT T, 09, HERAKRIE 1CES, XFEE
KA A Z 7K Ay i i), 28 I R 8 T, IR T,
SRR, XU ERAR R E B 7, v LA T,
FATEICHEH R =28, (A B 52455
IKAPIRILS S 5E. 2009, 2010 4E GPP 5 7., T, .
T, ZIR PR DL R B3 3 0.67 ., 0.62, 0.55
F10.80,0.69,0.73. Pi4f: GPP 5 T, iR RBIUT
T AT, .

x4 ZNEZFFHREGPP 5REMEEIIETHE

Table 4  Fitted equation between GPP and the temperatures over the season in the winter wheat growing period

AFAfy R n IEyiE R? F P T,
T, 9L GPP = -0.079 T,> +4.01 T, -30.797 0.67 6.14 0.035 25.38
2009 T, 14 GPP=-0.15T,> +8.5855 T, -102. 15 0.62 8. 89 0. 005 28. 62
T, 14 GPP=-0.3417 T.> +14.9620 T, —141. 31 0.55 6.71 0.012 21.89
T, 12 GPP= -0.1517 T,> +7.5426 T, —62. 904 0.80 17.45 0. 001 24. 86
2010 T, 12 GPP=-0.0935 T,> +4.926T, -33.36 0.69 10. 03 0. 005 26.34
T, 12 GPP= -0.4819T.% +17. 11 T, - 120. 65 0.73 12.32 0. 003 17.75
T, 21 GPP=-0.098 7,2 +4.986 T, - 0. 098 0.51 9.38 0. 002 25.44
2009 ~2010 T, 26 GPP=-0.045 T,> +2.550 T, —13.577 0.24 3.66 0. 042 28.33
T, 26 GPP = -0.167T.% +6.417 T, -38.981 0.28 4.37 0. 025 19.21

1) #4300 52 B ZLAMIE AR IR, T 1)
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[ B IR N/ R, SR 5
BEN IR R R (FS). 20004 R, 5 T,. T,
TR PR P E R4 0,50 A 0. 43. 2010 4F

KZNEM RS T, T, M T, ML UE RE
Sr3040.95 ., 0.96 F10.86. Fi4EREME R, 5 T,
HC R T 5 T, .

x5 ZNEFTRER, SEEMSGEAFE

Table 5  Fitted equation between R, and the temperatures over the season in the winter wheat growing period

Ay T n mYE Py R? F P
T, 9 R, = -0.039 T, +2.373 T, —24. 608 0.48 2.78 0. 140
2009 T, 14 R, =-0.0318 T,2+2.1798 T, -26. 021 0.50 5.45 0.023
T, 14 R, =-0.0648 T.2 +3.3407 T, -31.041 0.43 4.18 0. 045
T, 13 R,,=-0.0451 T2 +2.7798 T, —24.545 0.95 85.65 0. 000
2010 T, 13 R, =-0.0216T,2+1.5747 T, -10.513 0.96 107.90 0. 000
T, 13 R, = -0.187 8772 +7.4589 T, —55.589 0. 86 31. 46 0. 000
T, 21 R,,=-0.034 T.2+2.137 T, -18.701 0.53 10.75 0. 001
2009 ~2010 T, 27 R, =0.0027,% +0. 3587, +0. 198 0.50 11.34 0. 000
T, 27 R, = -0.06172 +2.819 T, -18.824 0.27 4.54 0.021

FES RS CO, &84 (NEE) ZAERRGOL
B R WA 55 WP R A Y e e 1) e g =2 2 3, 34
BE R -t B RS AR S R GG A RV AR FH i
B ke A S R G CO, 28 fuit. NEE BERE
FRsE AR ki 228 1k, B NEE Bifi 65 /9 78 i
B IR IA B BOE IR R NEE fok, 2 )5 B IR
ARSI NEE XOFUGR/N (R 6) . X U B 7R 8
FRR S &N A S R G BAT R BRI fE .
TREARMARET NEE 380Nl RBIE U FEA /N K e i

AR T3 8555 , AR T B v s/ N AT R PR A R e
FHANE B A REITE S AR ) AR 8 2 B
1,6 HIREARSE T i, BUi A& /INAZ IE A FHESR Y, O
ARE B R, 2009 4 NEE (ol <l . 3%
TRBEAY R 27. 11°C F120. 98°C 5 2010 4F i 7l /2 1
BE SRR 22,26 . 23.30 F1 16.31°C. 2009
RN BOE TR E AR T 2010 4E1,2010 AFAE M 1 Fe ik
ek J 2 ek B AR B A P 25 S AN K U AT LA T, ok
BAQ T, 1154 NEE AOIRE =240

®6 ZNEZVFRENEE 5EEMAEIEAE

Table 6 Fitted equation between NEE and the temperatures over the season in the winter wheat growing period

A TR n [mlH g5 72 R? F P Tyt
T, 9 NEE = —0.04 7.2 +1.637T, —6. 188 0.74 8.44 0.018 20. 46
2009 T, 14 NEE = —0. 1181 T,% +6. 404T, —43. 113 0.60 8.12 0. 007 27.11
T, 14 NEE = —0.2768T.% +11. 6164 T, —110. 21 0.74 15.75 0.001 20. 98
T, 12 NEE = 0. 1012 T,% +4.5055 T, —35.828 0.62 7.25 0.013 22.26
2010 T, 12 NEE = —0.0687 T, +3.2017T, -21. 529 0.45 3.66 0. 069 23.30
T, 12 NEE = —0.31T2 +10. 112 T, - 68. 255 0.64 7.95 0.010 16. 31
T, 21 NEE = —0.064 T,> +2.865 T, —20.094 0.55 11.16 0.001 22.38
2009 ~2010 T, 26 NEE = —0.047 T,> +2. 196T, - 13. 802 0.30 4.85 0.018 23.36
T, 26 NEE = —0. 106T.2 +3. 610 T, —20. 266 0.37 6.61 0. 005 17.03
3 i Frie iR e 77, 53 A i i R DL 5 1A T

3.1 X RIS T R

FEPEEAE T B SR — ZR S AL AR )
A S B T W T ) 355 4 AR A A O 1
JEE , DR LS S WA RO A 1 B B 2RI [ 1
AR o TRl A1 AR 1 S IO S A RS AG , PR 1O
VERIRREST D6 & B R WA il ot & 8 R AR
(9 S PR — 7 s PR O R R T AL i A
M R A5 , 53— T R A e diE o 2 PS T
TN ABE AT 52 W DI SO0, AR 17 i B iz Ay ik [l
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JE R R ROG A VE R et F R 441k
IR Z WA AR PR L B e 7 i £k 3%
PR R R IE D ARBR ST AR AN E
GPP 55 B 4B 52 I8 2 1) — ik th 262X, 2009 , 2010
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55% . 62% M 73% . 69% . SFFMAELRYG, Hib
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