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IRIKENEKTER A S H SR A F XA Bl RUEE A9

X F i, R
(RARIEKF KA HERIAFER, B RE 150030

i E:ANIRRTEKHDERRRERAE T ERABRASK I AFHEGY R IFTEF]ITRAILREXFRE L KR
sh, & A & HARI AR LI-6400XT A 2 AU % T AL 32 5 KAG B £ FH 16 4856 R AL 22 0.60.90.120.150.180
kg/hm? (& A& 7 WO, W60. W90 . W120.W150.W180) T 49 £ &% A AR A A SRR T IL R IR AF, R
KRAFTEREFHMAREGEmmI G, PSHRE T SRS KE F/F B EERF/F R EEF
REAHK g ARIERLFER ZH MR EIE M E LA ZEEIKGALH . WI20.WI150.WI180 4 2 5 W0 4
R FEFARMS T W0 W07 ;4 koK ELHAINLFEMMAERSTIEwmIA S, MILE CO, B R2>HK %
&, 36 R K 2] 150 kg/hm®Z )6 , XAk B4, JL R CO B Ry 38 hm, A WIS0 &34 A2 F LT
R COERD M EBRELE LML ZE FRFE, SLHPSITR L P SBT3, b A4 R 42 AR AL H AL
[ 76 R 09 LT d o B4R AP R, £ W50 & 32 F PSILE E & 4 & 35 3 R R 46 RAL 32 #1756 vf 2 o AR ol /F
i, M7 RE 4938 e v i o 4%, 4%, R 3% K T 400 umol/(m?+s) J& , 23K 1 —4h AR vl v o 4% L6 R = 6938 e dn
LA ERTHEM. RATWI20.WI150.W180 &I 47 A B AFAE A A9 A3, R K F AES K EPrnn &
A WI50 & 3Z>W180 & FZ>WI20 & 32, AAME ELCP 5 Z AR, AN E T K Ea & & A ARG *F R £ R,
EZFARNERTE KRG BEXT, & ALK R R A B) T RAG T ARG B AR 2k X A, B i 565 ASe
T VAR R ERAGT B Rt A AR KA A F R E A 150 kg/hm? R 4%,

X B OIE:ERAKREE, KA U RALK; AAo4ER

FEISES: S511;Q945 HRARRRED : A doi:10.13522/j.cnki.ggps.2017.0697
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IKAE R I EEZR AR —, B E AR R IS A IR s E W ER e —. =
MR KR ) AR AL X, KRB MOV L), 8 B EU K, PR AR T 4 R R R /KRR AR R B R, T v 7
JFROKFE BIPRAT A R R S KRB IR AR B AT e 2 2 MR AR H A B AR S
ANAURT PASE i K e (O A BE A FH R0 RIS 3 RE 25048 388 97 2 LR S 22, K RUEL 91 #) 2R 2 3 3807 B R A1 .
DRI, A0 250 ST K HE AR £ 15 ZAHEE S HE PR AR i R0 BRI B, 3 e KR P

AR, W2 3R D HOAR DR L RE % TR  HE A  JC B 05 3t S WF U REAT I T (RIS BE 08 e B RN B
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R 3 XA ZKORE BUIE AR QR 78 1 K RER O DL AL KRR 26 8 e 2 DL R OK R 77 2 (R B2 1y » SR Bt T 52 1
FERR R o

1 MR57E

1.1 MR

I T 2016 4 5—9 HIE R ACAM R % 1 230 i E AT , A T oy B+ AU R AR R A= .
B 73 0 8 28.561.45.0.7820.76 g/kg , 3 R Z ~ T8 A5 I U 43 3l 04 115.82.54.3.182.6 mg/kg , pH fH
6.52. HAAERAR R (B N & 46%) IR 8 (5 N & 18%, & P.0s 1 46%) i AL (4 K.O & 40%)
12 REHR

PRI FH K 32 5 /K FEAE it b, 76 CRAIE Y R IR R S5 TR A R ) 26 11 R SRR K BEE (R D,
6 4H it Z& 7K ~F- 43 511 4 060,90+ 120 150+ 180 kg/hm®, &b # AR 5 F WO, W60, W90, W120. W150. W180 %
e KRR, RN 255 em, L EA N 24 em, FEZKERN 18 em, K BA HK L 1@
1o ZTREA TGS AT LR . 4573 B+ 7.5 kg, T48E WG BRS040 I 2 50 it N B B I, G
H UL AR E B BRI B AR R 3 N B, MR E S 10K, 360 B, T2016 45 H 7 H B Btk
JED,5 H 20 H i £ K I AM R R BT 4 — Bk, B3 /G 28k, 6 H 1 HEEEAE, 7 A 21 H i f#
B, T-9 H 23 HIlGR, BN F H13E 140 do

1 KBEFPAKSEHLEX

HERBEL IR ST BRI AT e FEE A FLEAIH g%l
KB HE 5~25mm 5~25 mm 5~25 mm 5~25 mm 5~15mm %

1.3 Snm Rz iR R

J; FH| Farquhar #5540 5401 342 7 B B A5 50 S ) 60 A B 14D /K R 6 B 1 L Y N2 ARFAIE , 45 BN /) A= 7 A
WIS [ it B 2 T KRR B KOG T Py s BT 200 o DA KOG B i 28 1 A B2 4R bR . X6
Wi [ fH 2 AR 46 B B AT 22 P BT UE 047, 45 2 B U L 28 50906 250 0 B X il 54906 255 0 IO 7K ST 2R 1R 22
I3 BIAEAME 5 LCP FSG LA 55 LSP.

2 ¥
QE+P, - [(aE +P, ) -4aBP, J

2B
A P E AR ZE (umol/(m* - $)) s o AR M E T30 (umol/pumoD) ;s E 9 NS ZH: 7 1956647 2500 5 i &
%% & PPED (umol/(m* - 8)) 5 Py o A KRG B THEZH (umol/(m? - 8) ) 5 RN IE FFIRHE 2K (umol/(m*-8)) 5 B 461
R 2t/ Ce =40 .
1.4 MEEFRRT7E

IR LI-6400XT L6 A4 T 10:00 XK FEM I Ot & = P AL R E G 8] — S8 AR BE 2R 73
BCL Je 75 s TR 26 R N 5 T 75 % K FE I 3t AT 30 min B AL FL, I 5 HT 46 9% Fos T AR 986 Fos BRK 6
Fu PSILS N HH O B AR Fo/ o TELETEYE FUF,, 76 B ARG T IDE AL 3 K R4 q, 5 AT E R K &
B g, FEALALBEEL 10 AN IUAE A3 o

1z WPS X84 HEAT B &, IR i B3R, B 3R 08 A Sl 36~ 3848 £ bl v 22, il LSD fu 46 (P<
0.05) 73 K AL PR 8] () 72 7t SB35 1k

2 BRGNS

2.1 AEIERENKIEF.FoFLB500

FoFFo 3 MARERIIAE 2 AT AR5 RO, =& R IS PSID G A B HL IR AR RS 4. E 1
RTEIR K EEAS Rt R N 5 20 BE S 30 A A L 7L B P P Fro T SIZ AR A T A () R 1A AN () Ach 2
(AN [R) - BER IR 22 7 0 25 (P<0.05), F[AD . 1T AI%D, W0 W120. W150 A3 (1) F, B 4 BEHH MK 34N 4B
FIARRIH EEZ R, HS W0.W60 b FE 72 57 2.2 , A5 WO W60 2L FRAH L , W90, W120.W150
RO DR T 9.35%18.14%12.00%F1 12.69% - 11.44%.15.42%. Ak b F, 6% it &1 £ 5 T+
e e B AR AR AL, 2y BE I HR T A P AR AR FE A0, S AR 5 LA S e B K . AR R R 26 T AN

P = -R, , (D
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A E W FAE AR L AR 2 BE R (B F ARG 22 S T ) SR R

1407 s SBEM mIRCTTHE =dEEM =B 780 mOEEH  miEHE miEE m LG
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600 |
100 |

o Fm
60 300
40
150
20
0 0
Wwo W60 W90 W120 W150 W180 Wwo W60 W90 Wi120  WI150 WI180
s LSl
(@GO (b FR TN

00 F iy wiktill  wibbl  wILAA

500
400 |

F,
V300 f

200

100 f

0
wo W60 W90 Wi120  WI50 WI180

s
(TS
B 1 R E TR AT AT S 3R T

AT HAAH AR W 150 AbF K FE 1) Fo 5 HoAh AL B8 22 5 56 2, 55 S A AR B AR LE , W50 Ab B 1) F 7R 3715 1
S AR T 20.27%  18.37%  14.29%  8.17% « 21.96% , 1 B 3 #2755 7 21.05% « 25.11% « 8.53% + 4.64% <
32.87%. SrEEMHS A I WI50 5 WO W60 Ab B 2 7 i 25 , 75 47 BEJH W150 A FEAH L WO W60 AL F, A2 4,
7 8.34%-4.68% , LA F 100 7 16.66%-17.74%, W150 5 W90 . W 120, W 180 Ab 3 ik 3| 5. E /K F. 74K
FT AR FH R £, P I E Bl B i BN 3G R, iR B W50 A B /KF 2 J5 , s mi B 55 B, S it 9k /K
VEASE 2T i 80 ) /KRG v PSTL S Bl rCo P P A% e 28 1y T HLAh 80 o 10 W 180 AR R 5 WO Ab FE (1)
Fo fHEAK, 555345 & W Fo (B W180 AL FE N H AT WO ALFH , 108 BA &AL e FH Bk v %o B A5 3 3R A iR
P, FEAK PSILR B, FRIFIK BRI AEK K E -

ESEEHAMERRENE N, £S5 F. AU LES . E3RT 8 W0, W60, W90, W120.
W150.W180 Ak P () F,, (284 3 43 51 N 1.30%+ 3.88%+ 5.66%+ 8.17% - 18.01% ; F, ({125 4k 2 43 5 A 1.44%
4.28%-6.30%-9.78%21.21% , MM S B 7] A5 5% S F, 56 5 52 i 60 B o dE RO 52
2.2 RIKENEAREEEXT NI IRNE F/F. SEBER MY F/FRF

FJUF. 2T R PSILOGA S R G0 [ B O B 3 3 AR (W B B Fe br . b 1 2 W], AN )26 5 30 1)
— MR T, F/F. R E AR, o3 BEIA /I, RT3 0K, 18 B AR, 7E AU L RIHE
B S [R] it G505 A R 1) 5 EE S 7%, W90 W 120 W 150 W 180 Ab FH 1 it B A5 Ak 25 3 A L A 22 S B 3%, HiAth
INMEFHINY LR ZR  (HEARIN W50 4bFE>W120 4L FE>WO0 AR FE>W 180 AbHE . 78 1A B4
B, W60.W90.W120.W150.W180 4t Hi 5 WO AL EEAH LY , Fu/F. 73 38 0 1 0.63%+0.90%+0.95% 1.02% «
0.42%, W150 KB F/F ONBOK . R /K BIELE W150 Kb EE R /K ARE M- F PSIT N o0 P OB RERE AL 3R
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I3t 1 » PSTI S H O R B 38R 1 B B

FJF T W PSIL s N i RV PE 1) o — B e br . M2 0T E W, F/FES S F/F AL, R — %
BN, F/FE2EVIRIRA . FEAFETERELTE T, F/F, B i 002 T8 I, 18 30 W6EAH f5 6 5 i
RE MG RS T % (BEMFEICE T, F/F AR F/F &R 2R, A ZETE K. W0,
W120.W150 kb3 T (1) F/F, 50k, %15 W0 W60 W 180 A FRAFEFE i 3% 25 5%, HE I N W150 A FE>W120 AbFE
>WO0 AL FE . BRI, 5 Hofth A FEAR L, W150 40P 7K A5 PSII A 7B A2 35 PR 5 K

OB 1 wagm wRTH ehE R W mARE  WEEE edEs e

a a

44 |

wo W60 W90  WI20 WIS0 WI80 wo W60 W90 Wi120  WI50  WI80
A A

(a) F/F, (b) F.JF,
B2 TRAERZLE TR LF KM A F/F. 5 F/F.AEL

2.3 RIKEETRERAZEN ¢, 9« HIRM

FA A VE R R B (q,) » — BT T R PSILR S, FRC e b 2 B AR B S Dl o FRR 2 ] 0, AH R it 250 &
AEBETR A A2 B I HERE g, A3 BESH T iy, FE AR CTT IR BIUEAE , B 5320 R R Ut B PSTL SO HR o AE KT
AR B o AN [ it 25U AL B B, WO W60 AbEE 5 WO kb BN 7E FLAAMIR BN i 3 22 5, A 3 ANME R
WITC 2 25 5, M ARCTT 30 R  FL B W120.W150 . W180 4T 5 WO AL BRI R L B 2 25 7 . ek 1Y
HI W60, W90, W120. W150. W180 4 ¥ 5 WO /b HAHLL , ¢, 43 M $2 1 T 1.71%+10.23% + 25.8% + 34.97% ~
21.96%. R TT—HhAE BT K R AR KR B IR ORI L o K B AR 75 SR B AR K, 78 R R /K B E I 38 0 48
NERE 8% A7 R A2 12E PSIL N B AT 5 D8] AH vy Tt 260 o0 B 15 i A0 110 PSTIJ JB7 Hh O T TBORE B2 A R AR HERICR
E B ) RUIE £ 8 3R 8RR B, 5 1 PST s 2 H o B B 1A% 336 003 0 1 32 4061

%2 RRAAEREALE T AEAE ARG TH ¢ gty Tk

] b N

S8R AT EillEEat LA SrBER AT Fili ] LA
W0 0.230+0.113a  0.469+0.050b  0.372+0.064b  0.133+0.071c 1.113£0.188b  1.428+0.038a  1.350+0.038b  1.401:0.137a
W60 0.277+0.159a  0.477+0.065b  0.384+0.082b  0.139+0.039¢ 1.16340.203ab  1.438+0.069a  1.465+0.135a  1.413+0.106a
W90 0.286+0.122a  0.517+0.112b  0.385£0.102b  0.287+0.101b 1.180+0.258a  1.442+0.068a  1.388+0.127ab  1.391:0.879ab
WI20  0284+0.119a  0.590+0.116a  0.423+0.069a  0.288+0.051b 1181402432 1.455+0.050a  1.425+0.048a  1.362:+0.147ab
WIS0  0.296+0.191a  0.633£0.621a  0.459+0.059a  0.348+0.073a 1.170£0.243a  1.417+0.032a  1.464+0.056a  1.415+0.203a
WI80  0.3158+0.188a  0.572+0.13a  0.303+0.035c  0.238+0.111b 1178402852 1.453£0.077a  1.358+0.041b  1.305+0.135b

VE FORUE A T LA % RS R R BT 2 R 5 (p<<0.05): FIA.
g R E AR B R R bR . FHER 2 W] R0, BRI SRS gu RS 5 g, — 55, Bl 35 e U
AN EE R g 3G . S AL ZE RIS B3, WO W60 WO 4b B [F] A I H 35 22 =, T
W120.-W150 . W180 &b FH A 76 4 BEMA SR T IR KRB B3 257  (NEmMB S A A E R BE . Mo F
PUERE , FEHIFEHA W120. W150 Ab B 7K 78 1 g 1 3B B 5y T HoAth 4 41 40 22 77 5K, 58 WO b BRAY 57 5.56% A1
8.44%. It ZUE [ B REAR S G S UM I R RE T (AR A B3
2.4 RKENETRER R EXKER S ERFEN TN
K EHHEAR R R B AL BN, KA 306 G AL S B M TE] C O, BE IR 29 55 28 i 3 % 1 )
AR DA B 15 B R S BRLTA) COL B R 73 B Ve 2R 3 frs . IR 3 0] 1, W120.W150. W 180 Ak 3
OGRS SE  EBEE H W0, W60, W0 b R I H B 22 7, M IF CO, BE R S B AH



W150 kb3 55 HoAth 5 2H Ab 30 31 52 38 K, HoAth 5 KhHE R G 2 35 22 57, 1 -5 HoAth 5 AbEEAH LG, W150 Ab3E N A fH]
COLBEIR B 5 B I T 7.59%.4.05%+3.59%2.90%4.95% . Bl jiti Z B AW 5, 13O A B8R 55 4L
R SR FL AR AL, T B IE] COL BE/R A0 B/ o i S Bk B W50 BIALERET , 56 A 3R 5 R FL T ik 2
WA AR, 43 5310 °M 16.623 pmol/(m?+$) 5 0.510 umol/(m?+s) , 17 il [8] CO, JBE /K 43 $UN #i /IMEL (242.673 pmol/mol)
2 e iR R — DR E e A E S S AL EZ 2], MR COL B R 7 BUA Al 7. BHILE H
Tt A A AL I AR R AL R SR A R AR T S50 T COLIEAE , M B R] COL BE R 43
HOT B, T Rt R A AL AT 5K B SRR, AT COLTH FE &, M TA] CO, BE /R 43 $i bt 2 181 T
W150 &b FRAKFE G A A ek , AR K S A HE A
k3 FR#ERE T AR LA b As 2

bR F 6 AH %/ (umol -m™+s™) SALFE/(umol -m?+s™) IR COLBE/R 434/ (umol *mol™)  ZEREEZ/(pmol -m”+s™) R
wo 12.444+0.021c¢ 0.333+0.089d 258.052+0.269a 3.663+0.101c 0.809 2
W60 14.203+0.078¢ 0.421+0.034¢ 251.111+0.304a 4.364+0.058¢ 0.900 6
Wo0 14.497+0.214b 0.441+0.019¢ 247.349+0.171a 4.410+0.046b 0.827 7
W120 16.112+0.059a 0.493+0.039b 245.389+0.309a 4.903+0.203a 0.846 8
WI150 16.623+0.028a 0.510+0.047a 238.473+0.098b 5.329+0.082a 0.8515
W180 15.745+0.104a 0.509+0.022a 250.86+0.145a 4.943+0.100a 0.8149

2.5 NEIMERE TN R #hik

TE 53 BEIA 55 P55 — S A HEAT S min )97 il 2R ASE40L 5 9 1 &2 1) 2 A s S A [0 it 280 /K R I ol i o7 i 2
(F3). TEFR/KENERIZT W120.W150 W180 4b it i 7 fth 28 B &A1+ W0 W60 W90 Ab P , 15 I it 2
BN KFE AR L AR BN EE A MG, AR T KRG A KA A = FIA SR o 1 e it = A
R LA R LHN W50 40 FE>W180 A FE>W 120 A0 FH . LA IH iet v 1 it 280 B 6 ' & R AL U A ot
TR, ASTRN 0T LR BA , B it U 0, A A AR BN, S UGB R o A R i TR A B R
— AR T BRI, SR K T 400 pmol/(m?+s) RS i) i 260 58 6 i IS 28 6 2 5, LR YT — AU 43 Bl
FE P TR T o0 B0, 0 BA 76 SR /K EhE A N R U B R M 1 1 58 % 66 7778 BT A, JF FLAS ) e 80 2 Ak
BRI S [ 2R 7E [7) S 0 R S8 A R IR s AR B, DLBRCTT — B S o Uk

30 1

30 r
B 25
PR L0t
E 3
\_E; 15 §_ 15 F
gg 10 ) gg 10 F
§ ‘; —e— W0 AE  —e— W60 it R b —e— W0 KB —e— W60 L
s5H 4 W90 AbEE  —e— W120 kbR s ;77 W0 AE —e— W20 43R
}r o W150 kb3 W180 kb3 j —e— WI150 AbTE W180 4hEE
0 & 1 1 1 J 0 b 1 1 1 J
Tf 500 1000 1500 2000 { 500 1000 1500 2000
¥ F#/ (umol - m2-s1) 5 38/ (umol - m2-s1)
(a) 7rBE (b) R — s

B3 R R E AT T ARG B o 5

FE 53 BE I 5 31— AU X e 250 120~ 180 kg/km® &b B 2 37 7K A - A )6 £ 3 3 it o7 gh 2R 0L, K
FH Farquhar 15 84 B8 0% 550 4 1y S AN [F) 80050 Sk B R /KR I 1 e R 0L, HL vk RES KT 0.90. A%
ZHAFE N 55 (LSP) JEAME SULCP) VE R B TR (Pyne) R EF U () F R . FIEHEAE
N — IR KRG LSPALCPAR T 73 B8, P i1 T4 BRI, AL S ECBACA R, X 53T — B2 K
T A K S ], o AV P RE %, 5o /K 0SE N RO A 0% o Bt LR 48 o, 43 BE ) LSP - 43 B 31 AN 5 — b B3
LCPIIFRBIN W50 A FE<W 180 AL HE<W 120 AL FE , ] Py 5 2 AH R o 15 BH iR IR BT 205 K FE XS K5 5
BRI IE B, 3G 50 T2 R (L I e e S AR AT BT R B T A FH it U R R W B RO o TR i A
B RREIR 25R Ry BB S WRE TC ) B . 384 b, 7F 120~ 180 ke/km’ /5 it &0 B30 Bl 9, o) 4G R0 i Aot
Wi 8 4R AIE , W 150 40 R RGR fief:
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k4 KRR HAR R 56 R AL Ao 5 ) AR AL
RO G, RWE TR ety JeE R/ MR 2 f/

e tH (pmol m™-s™) (pmol*mol")  (umolm?*+s")  (pmol-m?+s’)  (umol-m>+s™) (LMD R
W120 27.42 0.054 847.32 56.88 1.53 0.941 0.954
5y BRI WI150 28.34 0.066 652.68 45.37 1.60 0.930 0.966
WI180 27.82 0.057 663.47 46.44 1.64 0.927 0913
W120 28.02 0.062 524.50 42.71 1.70 0911 0.916
R AT R W150 29.63 0.076 488.74 30.16 1.34 0.922 0.904
W180 28.71 0.070 540.32 34.65 1.81 0.917 0.924

34T iR

ANE i RN 9 S EUS e SR BON W B AR . IR OE FL Al AR R G F I K5 Fu G RE
W Fu Fo TETEIEVE FJF AR K 2B g, 5 ARG 5 VK R g 350 B it 2B 38 I 2 IO R A2 Ak, T 7E
PR T R I B AR, IX 5 SCHR[10,18] 45 R — 8. 1E = 00U S B RE i (e B /K R A PSIT OB Y #E4T
P TR I8, A RCKS I F R REFEHICRE G PSS S H O IR IR o 3k v 9 i 60 B 2 %) ST R B3k i — 7 1)
POHIVE R, BRI A E I RE . Bk b, s BB T KR8 %0t S 8 AL TR AU B, 1X 5 LA A G AT
Frl 20 BAH—

b it R = PR v K AR I S ALEOKR , SAL R EE T A IR CO. 2 5 A E R IR, b h
BRI Ry o I Bl 2 AL, B i SR B I, 1A TR T, IA E 400 pmol/(m’ - s)B, - il 21 Gl
RZEEPRIZ DN, HIR T — AR 7 5OFE B K T BEIA . 0] bl o3 BE 55 4T e A I i R AE S B it
RETF /7 BEW LSP . 4y BEHAFNR T — B LCP ¥R IA W150 A EE<W 180 AL BE<W 120 AL B, 1M Py 5
ZAH I, Ut BRI A A T K B AR 5T KRG I kT R USRI F o A [ it B A B R R T —
TR & M 28 S 808 T 20 BE G, 31X 5 78 ZKORS A K % 1A 7 — A0, AKORS X 1 7K 80K & o D ARG
A%, RIEH a BRI R A, 50T NS RO A AN A . 1% 7] B 3R 8 H/h T 5% 1R DA JGRE AR B AN
A 26, U RE S UK 2 7 K

4 & P

DTG T Fon 5t K5 Fun PTAR 58 6 F 56 0 T 0110 388 K, 76 W50 Ab B2k 21 0 AF J5 12887 B A
PSII J 8% H O (1) G B % 30 3 %6 P F L 5B AEIE VE FUF AR AR R 226 L% . e tb BB K 2 ¢, 5
A ZE VR FH g b i B A5 FF o F F RS BUARAL , 58 6 2 2035 45 W150 A3t AL 32T 43
AIE B , W120. W180 Ab BRI 2, DA b 1 4 v U A Bl T2 /51 PSIL R B A0 B FF TSGR B, AR gk e &
ROR PR K RE =2

2) VR AKEDERE 20N AN R A R X 1 6 A 2R VAL T A I S IR COL BE IR 43 B2 (A1 9% R A 3 K
KEEM . WL BCR 5 S L 5 B b i Z = i 2T & 5 BV 3, JIA COL BE R 73 B AR (L 5 15k
BRI . WIS0 B E Al A 5 HA A B 72 7 B35, e A i 3 5 ik

3) AN [ il 0 i 0% 5O S i 7 Y 2R R 1 2 50, B it U 3 0, 843 7K Pa e TH 575 7K G LSPLLCP R %,
B BMEFE R Py I W150 20 FE>W 180 4 H>W 120 4, LCPARAL 5 P, I o

S MK
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Response of Fluorescence Parameters and Photosynthetic Traits of Rice to
Different Nitrogen Application under Sufficient Irrigation

LIU Qifeng, XU Shugin”
(School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: [Objective] Nitrogen and soil water combine to affect physiological development of plants, and the
purpose of this paper is to experimentally investigate the response of fluorescence parameters and photosynthetic
traits to different nitrogen applications when soil moisture is not a limiting factor. [Method] Pot experiments
were conducted at the experimental station of Northeast Agricultural University with japonica rice as the model
plant. We examined six nitrogen levels: 0, 60, 90, 120, 150 and 180 kg/hm”® (referred to as W0, W60, W90, W120,
W150 and W180 respectively thereafter). At each growth stage, we measured the main fluorescence parameters
and the photosynthetic traits using the LI-6400XT photosynthetic apparatus. [Result] The initial fluorescence F,,
the maximum fluorescence F'.. and the variable fluorescence F, increased with the applied nitrogen. The photo-en-
ergy conversion efficiency of PSII reaction center F./F., latent active F./F, photochemical quenching coefficient
¢, and non- photochemical quenching coefficient gv all increased with the applied nitrogen first, and then de-
creased after reaching a peak. Compared with W60 and W90, W120, W150 and W180 differed more significantly
from WO. With nitrogen application increasing, the net photosynthetic efficiency and the stomatal conductance
both increased, while the inter-cellular CO, molar concentration decreased. When nitrogen application reached
150 kg/hm’, the photosynthetic rate decreased while the intercellular CO, molar concentration increased. The net
photosynthetic efficiency, stomatal conductance, intercellular CO, molar concentration and transpiration efficien-
cy in W150 differed considerably from those in other treatments, suggesting that increasing nitrogen application
either enhanced or impeded the central electron transport in PSII reaction, the initial photosynthetic rate and the
thermal dissipation capacity. The PSII reaction was most active in W150, and regressing the light response to the
nitrogen application indicated a positive correlation. When the light strength exceeded 400 pmol/(m’-s), the in-
crease in the light response with the nitrogen during the jointing and heading stages was more significant than dur-
ing the tillering stage. In W120, W150 and W180, the maximum net photosynthetic efficiency P, .. was ranked in
W150>W180>W120, while the LSP, the light compensation point, and the light saturation point LCP went the op-
posite direction. The apparent quantum efficiency a, curve bend angle f and the dark respiration rate difference
Rd did not show noticeable changes in all treatments. [Conclusion] When soil water is sufficient, increasing ni-
trogen fertilizer enhanced light absorption by leaves and promoted the light response. For our experiments, the op-
timal fertilizer application was 150 kg/hm’.

Key words: sufficient irrigation; rice; nitrogen fertilizer; fluorescence parameters; photosynthetic characteristics
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