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Characteristics and controlling factors of photosynthesis in a maize ecosystem on

the North China Plain
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1 The Key Laboratory for Silviculture and Conservation of Ministry of Education, Betjing Forestry University, Beijing 100083, China

2 Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of
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Abstract: Light-response parameters of plant photosynthesis are important indices characterizing ecosystem productivity.
Gross primary production ( GPP) is one of the most basic energetic and biogeochemical characteristics of an ecosystem. The
study of plant photosynthesis at the canopy and ecosystem scales is improved by using micrometeorological methods such as
the eddy covariance technique. To investigate photosynthesis and its light-response characteristics, CO, flux was
continuously measured using the eddy covariance technique in a summer maize field on the North China Plain from 2003 to
2006. Net ecosystem carbon exchange ( NEE) rose with increase in photosynthetically active radiation and their relationship
was expressed by a rectangular hyperbola function. Light-response parameters and GPP showed temporal variation and
generally peaked at the heading/grain filling stage. The seasonal mean initial light use efficiency (@), maximum
photosynthesis rate (P, ) and dark ecosystem respiration (R,) in the summer maize field varied from 0. 054 to 0. 124
wmol/pmol, from 1. 72 to 2. 93 mg CO,-m~>+s™", from 0.23 to 0. 38 mg CO,-m™>+s™', respectively. Light-response
parameters were significantly affected by maize growth. Monthly mean o, P

leaf area index (LAI). About 50% of the changes in o, P

and R, rose exponentially with the increase in

max

and R, can be ascribed to the variation in LAI. Usually, weak

max

light reaching the ground is mainly composed of scattered light. Under a large LAI, a suitable canopy structure was

EEWE : FREASMPI R IR (973 7K1) (2010CB428404) ; P R i ACAEASRHIT AL 55 2% e 98 < BT W ( YX2011-19 ) b5t i 8 s 247t
I H (XK100220655)

Y75 B #8:2010-07-06; &iTHE:2011-02-14

# IAAEZH Corresponding author. E-mail ; 1ijun@ igsnrr. ac. cn

http ://www. ecologica. cn



4890 A E = 314

advantageous for absorbance of scattered light from all directions and led to a high use efficiency of weak light. In summer,
the temperature was high and varied within a narrow range. The influence of temperature on R, was insignificant. LAl was
the main factor controlling R,. Total seasonal GPP in the maize field was 806.2, 741.5, 703.0 and 817.4 g C/m’ in
2003, 2004, 2005 and 2006, respectively. The interannual differences in GPP were largely attributable to climatic
variation. Compared with the other years, the low GPP in 2005 was a result of the lower soil water content. Monthly mean
GPP increased exponentially with an increase in air temperature (P < 0.01). Air temperature explained 34% — 51% of
GPP variation. During the vegetative growth period, GPP increased significantly with increasing LAl (P < 0.01) and the
relationship between GPP and LAl was expressed by a rectangular hyperbola function. During the reproductive growth
period, GPP decreased exponentially with declining LA (P < 0.01). Under the same LAI, GPP during the reproductive
growth period was lower than that during the vegetative growth period, because of the decline in leaf chlorophyll content and

the lower air temperature during the reproductive growth period.

Key Words: maize ecosystem; light response parameter; gross primary production; eddy covariance; leaf area index;

air temperature

BAIRATEF1(GPP) JE REBUES RGP M AE = AR IR Ead 25 M JLA4F 5L, AT 5 Fing~
A AAE AR AL AE BAE S B THRIRA I TR Rk, R R IR M AR 12
AR T &2 AR S RS RDE AR AITZE, 20 HH20 90 AR RISk A= B R G K 1 CO, i
eV 2 EZARGR RIS SR, 78R 8 R F Bk R AR B R G K R A7 1 A O, 3 F 22 T 1hi
PAT T KRB TAET X TAENKE CPP 5 FE BRI KR RIRM A B RS 6PP (W3 7 ik
JE T IE

B RGN GPP YE T HBHEE (LA AR BREIGE LSRN R &4 bIX, ePP 3%
SZ R AR RERR O IR R S A VR VEIRAE R G Bl sh A AR R ) 32 e o R
MR LS B R K ORGSR et A K Z i, YIRS EAE Y A K i, oPP 32
WA T ARG " AT R RNR X GPP FIAEZS RGN AR e 206 R B S RGeS e K/

T ZBUER RGO, NEE 566G 8RS (PAR) 22 8] i ¢ 2 n] FH B A U 2R ke ik 1) ik Ak
BREEABENNEES BV IGE TR (o) KRR (P, ) AAESRERIFRER(R,) ™,
A REBRGOCE SRR AL AT 5T 32 B4 b T ARG 7 A B AR 28 R G A S 58
A

AHIFFE R FH i E A S AR RS JE R B RO T CO, 8 B AT 1 45 4a ROV, H B97E T8 R 2 &
K HAEZS R G06AAE e R AR AE B e R, B35 B oK B G 7= 1 B AR AR AIE Rt B85 R - Fg
IV, SRy 2R FASE R A SRy 2 A 3 DX 3 )Y 28 A R RUBE () 4% TR ) 24 7 T R (R B AR Al A ka5
1 MRMAFAE
1.1 WSS

T3 /N AR 95 78 v R 27 B 8 3l ol 25 & SE Bl 617 (36°57'N, 116°36'E,22.0 m)  iuifif
TR RREZE R EIX 1T 40 a SEXE 13.29C,1 A7 AR5 R -2.4 26.9C , Zuki4E iR
SHEFEIR 5242 M)/m?  JIARF- 4R K 5 585 mm, FEK R BCAYS & F T R0 ,6—8 H KL L
AR 70% o ARESE X EHERE O B pp AR Y, IR b+ R e REEA LR S
R 1.21% ,pHE N 7.9—8.0, EKTE6 HrhFa#EM,9 H Na/10 H BAIWOR . J K & FhoR H Ta) B A%
PR UL 1, 8 KA KHE S A5 AT I AU Y (Li-Cor 3100, USA) Ml L fe
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F1 EXHEEE

Table 1 Field managements for maize

B A it
0y A FEAN R[] Applied N T WA (]
Year Variety Sowing date after sowing Trrigation/mm Harvest date
/ (kgN-hm™)
2003 5. 981 2003-06-14 112.5 60.0 2003-09-27
2004 51981 2004-06-20 165.0 2004-09-25
2005 F17E 86 2005-06-18 90.0 2005-10-15
2006 519002 2006-06-18 97.5 60.0 2006-09-19

1.2 Gl i 5 /NS A B

Wl R R A R 2, WA R G FEZ R CSAT3 B = 48 75 XU 3 { ( Model CSAT3,
Campbell Sci. Inc. , USA) FIE TR ) LI-7500 BIFF#& L1048 CO,/H, 0 43 #1{ ( Model LI-7500, Li-Cor Inc. ,
USA) A, FiRXE$5 CR5000 HU%HE R 4 #% (Model CR5000, Campbell Sci. Inc. , USA)Mli% , 50 4 4E
AR, B 30 min %t 1 4P ME, ADNAERS BRI RS TS 2 2 AR-100 7 3 A8 KU 31 ( Vector
Instruments, UK) F1 2 J2 HMP-45C B R AL A% ( Vaisala, Finland) . EKRIETTAT,2 J2 IR E L BAS &
A3 2,05 m A1 3.25 my 3R )R ,2 2R AR AR S B A3 0 2,55 m R 3,75 m. B KU A v
3.6 mg SRIHATE , KR XA EETE 200 m DAL, By o 2 T U B B i 225K DA A 3R S th
Li-190SB & &R 728 ( Model Lil90SB, Li-Cor Inc. , USA)MAE . MeAk, & 30 H b0 4% SR ST s
St K SRR K NS CR23x BB R4 % (Model CR23x, Campbell Sci. , USA)
A% , 4 30 min Hi i 1 4FIME
1.3 il A AL B

Xof JERL s B e SO AT AR BRESE A WPL ACIE'™ | X R BT R A 58 /K s SR 42 114 308 - B Je e
IEF O (Bo) M55 BRI Y HI5% . BLAh, 257 8] EE 388 XGHL /N T I B S, M I A I 1 3 s d . AR5
o, FORAE R I A BRI XU 0. 18 m/s, XF iR 23 bR A B3R ATl T A MO | 45 R 45 Dt DR ke 2 ) 5 40
Fradigh , LA A 7 122 WSk >
1.4 G SECRLER g A 1A

HR4E Michaelis-Menten 3l J1 5 & HIAE S R Geidrhe 5830 ( NEE ) Xt PAR 10w 1o (i1 & 7T Hy 5 A7 WU 26 07 1%
iR .

NEE = P PAR (1)
“TaPAR + P, "

A, a( pmol/ wmol ) EHIEA T TREE P, (mg COym™s™" ) NI IOGEHE (H PAR— o W EBRS
BRASH AT ) LR, (mg CO»m ™ s™") FER MG IR 3R (B PAR—O IR S RGN ) . NEE 0] phy i
AHOCAS I () Bl B ELAEARTT . NEE S IER R AR 7] KSHEL CO, , )R Z FKm e IR S €O, .,

PLSd Ryt i) a4 1 R0 IS 1A 3% CO, 38 S48 FIXT A 9 PAR Z B FIHAR (1) #:47 THIA 15 H
ANTE] AR AR 2 R G e v 28K

BV (GPP) i F LA

GPP=R_-NEE 2)

K R AES RGN (g C/m™d™") , B EMEBHEE(LAD) IR Q  FEAIAT P
2 HRHSWEIHE
2.1 ARG N AR

R FARFEARY ARASRGEE WA CO,( NEE) FEYCEH BRI R (K1) , &2
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W] e Bl AR (1) Sk FoR, 1EE ERAEKZE XY PAR BARM B PAR THi 4 I i CO, B8 hndse e ; 24
PAR BB B PAR FHE AR B CO, MRS HR: A3 R A5 /I S oy i R it -2 . A Segarh, 28U B £k
M4 CO,AZHhEAE PAR BRI A M & /E AR . Puckridge Fl Ratkowsky' ! Wall 1 Kanemasu' ™! % Fil/]\
52 CO, 28 i BEWI Y PAR FOREINH L TYEAR ARG . Baldocchi ™ %t/N22 | K B NEE #F 58 ) & BLAR
M NEE 5T PAR Z IR 2 IELMESCR , AR G AR B E A, X T 22 AR5 s <+
5 ARy SRR R ROIRBEAS [F] S

K1 @7~ , Y4 PAR WL/ NEE BE PAR 43 A1 FEAECEE 5 Y PAR HUHKIN  NEE Fifi PAR 53 A1 HL S BS HL
(BI1) o XULHIRBARE S LGRS BR T PAR &G HAW A5G K Qi f1 22 (vPD) | T 38K 73 & 555 % NEE
WA —E MR

2003—2006 FH EARHEBRRG VY o P, F1 R T 535 7E 0. 054—0. 124 pumol/wmol 1. 72—2.93
mg CO,;m 5™ F10.23—0.38mg CO,m s~ AEFR2ZEF U (R 2) . HH12006 4FFKH B o B HHABAEG =

15 - 15 -

10 2003 10 |, 2005

05 ..' 05 E,

o M .

-05 -05 [

-1.0 -10

-15 e -15
o~ 20t ) ' -20
v
£ -25} -25 |
o))
é -30 1 1 1 | -30 1 1 1 |
o 0 500 1000 1500 2000 0 500 1000 1500 2000
Z 15 - 15
£
S o5 i 05 fx.;

0 A o

-05 [ Y -05 [

-1.0 -10 F

-15 _ -15

-20 | SRR -20

-25 -25 |

_30 Il Il Il J _30 Il Il Il J

0 500 1000 1500 2000 0 500 1000 1500 2000

Yo B AR S PAR/(umol-m™2-s7")

E1 AEEHEEKE NEE Xt PAR KN
Fig. 1 Response of NEE to PAR in the maize field from 2003 to 2006

R2 BEEREAXMESH KE(T,) HEERES(PAR) LERE(W,) SJAMERIER(LAL,,,)
Table 2 Parameters of light response derived from Eq. (1), air temperature (7, ), photosynthetically active radiation ( PAR), soil moisture

(W,) and maximum leaf area index (LA/ ) in a summer maize field

max

gy PRETECR LSS - R A ARgEs BHERIE skt
Yeur a P Ry p T, PAR W, TR
/ ( wmol/ mol ) /(mg COym2s7') /(mg COypm=2s7!) /C /(MJom™>d™) /(mP/m®) LAL,
2003 0.057 2.93 0.37 0.813 23.6 158.1 0. 160 5.3
2004 0.067 2.15 0.23 0.607 23.8 171.0 0.174 4.1
2005 0.054 2.25 0.24 0.569 24.0 164.8 0.151 4.3
2006 0.124 1.72 0.38 0.419 24.1 162.0 0.163 4.6
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WY, P, BB ARAL, fEE 2 11,2003 455 5 KA K ZR e O B AR A, (B R T H LAT 5K, PR 6 A
A P, R AR, 2004 AEREF 2 2 I RER & T EKRXT 556 R AR
2.2 A SEERHE
2.2.1 o BALRHE

HEPIRT 5 R FRCE T o kR, REKRHAESRS o (HRAILERE L 2, 72 TR 2k
W R BHER ST FOR (A K LA BU N SRS MR B, o (55N, R0 5 B B K248 AR 2, X556 A
RO Z B . 2003 ,2004 ,2005 F1 2006 4 K o {H 435147 0. 083 ,0. 099 ,0. 120 F1 0. 188 wmol/ pumol , — fi§
HIAE 8 AP Al E 9 AW, HEXRIGH,BEE IR R &, FoREZX 556 A R TR, 2003—2006 4
Tk Y o (HIEEITE 0. 054—0. 124 pumol/ wmol . AR SEHN 5E 1) o {EL Y161 5 3 45 7 [R) — b DB A
SR 3 2K R FR I 45 5 (0. 07—0. 12 wmol/ wmol ) #£3% , {H 55 T Baldechi'™ | Suyker %) F Miglietta 2527
Glenn 528 %6 5 K UL 25 52 (0. 015—0. 041 mol/ wmol ) o AS[RIAEAY AN ] L X A8 S A PRS2 44 AE W) S b
oo T B 45 B it b A7 AE 25001, 3X P BB T B0 & S B PR g Rl X 22 55 1) 2R A

0.20 - 0.20 -
2003 2004
0.16 - 0.16 -
012 - 0.12 -
0.08 |- 0.08
3
g
3 o004 f 0.04 -
°
g
=
§ 0 1 1 1 1 1 ] 0 1 1 1 1 1 ]
06-18 07-08 07-28 0817 09-06 09-26 10-16 06-18 07-08 07-28 08-17 09-06 09-26 10-16
0.20 - 0.20
2005 2006
0.16 - 0.16
012 - 0.12
0.08 - 0.08 -
0.04 - 0.04
0 L L L L L ] 0 L L L L L ]
06-18 07-08 07-28 0817 09-06 09-26 10-16 06-18 07-08 07-28 0817 09-06 09-26 10-16
Date

2 EKH o EITHHFE(2003—2006 4F)

Fig. 2 Seasonal variation of « in the maize field from 2003 to 2006

2.2.2 P, WALEHE

MY EIOCEHE (P, ) REY EBTE RS G EZ—, B EKBEERRSEWN P, B ARHE L
K3, BEKEWI(7T A9 LAL BN, P, B, AN, B LAL 3 m, P AR BT, Sk P, dl
BAE 8 H v A it B ORI LAT 3k A KIS, 2003 ,2004 2005 1 2006 4Efc K P, 53310 4.07
4.02.3.34 f16.00 mg CO,m™>s™  FEAFEIRW], M 2 EOK T ERM R 2l 0%, w2650 TR, P,
R, 2005 4FE FOKH P, TE/NE RIS, HAMERHEA G AR TR (& 3) , AT BB IZ AR FOK AR
W FHEFMIE (R , W E SRR P, JERTE1.72—2.93 mg CO,m™>s™, 5 T Miglietta
S5 Glenn %525t R K GEE A MWLM 25 51 AN [] il DX VR4 ol PR i) 65 BRI A P 5 2% 2 1) 22 500 T A 2 3K
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EdRZES R EEEN
7 7r
6 2003 6 2004
51 5
4+ 4
Ht/_) 3k 3 F
E 2 2 r
S
= 1t
£
§g O 1 1 1 1 1 J O 1 1 1 1 1 J
o 0618 07-08 07-28 0817 09-06 09-26 10-16 06-18 07-08 07-28 0817 09-06 09-26 10-16
7 7
6L 2005 6 | 2006
5 5
4 4
2+ 2 - \
1t 1r

O 1 1 1 1 1 ] O 1 1 1 1 1 ]

06-18 07-08 07-28 08-17 09-06 09-26 10-16 06-18 07-08 07-28 08-17 09-06 09-26 10-16
Dae

3 EEXH P, TWEFE(2003—2006 4F)

Fig. 3  Seasonal patterns of P, in the maize field from 2003 to 2006

max

2.2.3  R,MAEALERAE
BRI HE (R,) AR CRRIE LKL 4, R, ATHIRE LAT 0938 i3 m , J5 WIRE LAT /R Rk /b

0.8 0.8~
2003 2004
0.6 - 0.6}
04+ 04+
0.2 02k
w
(\"E O 1 1 1 1 1 J O 1 1 1 1 1 J
3 06-18 07-08 07-28 08-17 09-06 09-26 10-16 06-18 07-08 07-28 08-17 09-06 09-26 10-16
O 08~ 0.8
2
=4 2005 2006
&
0.6 | 0.6}
0.2 02|
0 1 1 1 1 1 J 0 1 1 1 1 1 J
06-18 07-08 07-28 08-17 09-06 09-26 10-16 06-18 07-08 07-28 08-17 09-06 09-26 10-16
Date

4 BEEXKHE R TLHFAE(2003—2006 4)

Fig. 4 Seasonal variation of R in the maize field from 2003 to 2006
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2003 ,2004 2005 F1 2006 4Ef K R, 435120 0. 510 ,0. 461 .0.399 £1 0. 714 mg CO,m™>s™ , — B HEAE S H
f]—9 H#I, 2003—2006 -F) R JLFEILE 0.23—0. 38 mg CO,m s, 55 2004 2005 4F4H Lt ,2003 Al 2006
R FOKRAARK TR LAT AR (3R 2) M AR FIAE AR R B I I R, DRI R 381
2.3 OUBTEMMAERE

HEAHSHIRAE T (GPP) (AL FE WL 5, EKR M JE , BE LAL 35, 5256 G a8 1AW, 2]
8 A brph) 6PP AR, ZJn  BEE M Fr %, GPP R R, B gt T R 8K K . Wil ie) 5 %
KH K GPP JEEITE 15.40—25.66 ¢ Com™ d™" I TF Turner &5 Hl Suyker %2 £ T K H A 080 45
2003 2004 2005 F12006 4T K F WV GPP 4351 7.61 7.57 .5.86 .8.88 g Com™>d™", 4a H1,2006 4£ &
KZEI P fe e, H GPP R K (3R 2 FIE5) o SHABARE G AH LE 2005 4F GPP 5 fik, X F 22 2005 AFHAKAY
KA I T AR A K Y (62 AT 5) . 2003 ,2004 2005 Fil 2006 4E E K ZE GPP RN
806.2.741.5.703.0 817.4 ¢ C/m’ AEFRZE AR . 5 Suyker 5570 FEAF T oK HH UL 25 SR AH EE , AR 5256 00 0
PE F K GPP S EUN, X FEEREARRIWEZE h EOK Rl 158 5 URS S AR 2 R i

30 - 30 -
2003 2004
L.y 5+
2+ 20+
15+ 15+
10 + 10
o 5t 5
o
'E 0 1 1 1 J 0] 1 1 1 J
O 06-18 07-18 08-17 09-16 10-16 06-18 07-18 08-17 09-16 10-16
2 2 0
E r -
[©) 25l 2005 5| 2006
L 20 |
151 15}
101} /\ 101
5r \J/\l St /\M
0] 1 1 1 \NV\ J 1 1 1 J
06-18 07-18 08-17 09-16 10-16 06-18 07-18 08-17 09-16 10-16

Dae

B 5 ZEEXKHME GPP TLHFHE(2003—2006 4F)
Fig. 5 Seasonal variation of GPP in the maize field from 2003 to 2006

2.4 NHEZSE.GPP T
2.4.1 LAl A SEBI

SEEAREY B E KIS RGEA Y o P, R IIBE LA SN2 5E0E K (B 6) . R EKM, 2
50% ) o P, FI1 R ZEACTT H LAL KARRE (B 6) , SAMFFREE ISR R &/ N P Fn HEE R B o
{EABE LAT BN K . R o (H5 LA BREMEXRRDY 5 o (55 LAT B F 0T 1 A S 207 Fedth
WP R Bk R A 5506 RO S, LAL /NI B RAEARAR R | TR SRR B, X6 B W i
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