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5 4 P AR AR DT SO B, S/ DX X6 b Wi AN R E A SO K R i Rl 2 3 o R A ) 22 57
LGP BARPR I SRR AR, DUIHR 7R /KRG AN [FIBE R 3T A3 7 ML, D9 g 7 g A X e I 7K 70 B X
R SEN S RE P

1 MR57EE

L1 R IR X

WIS T 2015 4F 6—10 H LERE KK IE X (31°57'N, 118°S0'E) P k47 L 3EECH 7K FE X, + 358
[) J5 B o R RN AL N T & 2 7K R 40 1) O 30.6% 1 39.6% , 3R RSN /G35 -+, AT L 38 ARGl 4 SR A U
B8 579 33.0.10.37.62.9 F147.4 mg/kg , AT 7 20 H0H 2.40%.

1.2 REg

R IG W E 4 Pl A A R K B 7 (Frequent and Shallow Irrigation, FSID « % i1 ¥ ¥ (Wet Irrigation,
WD . 2 ] 3% 8 ( Controlled Trrigation, CID 1 & 7K -5 ¥ (Rain-catching and Controlled Irrigation, RC-CD) , &1
AR 3 RE R, HE 124NN X, AN X KexFE N 3.0 mX 2.5 me /NX 22 [8] T BEFT N 50 em = R AR, Bl 1)
B &/NXBENATE . EHHEHIRRS % T RSN ST SRR, BRI R K 1. MK
G B 2R E KR BRI, BUEZK 22 1 PR, 7K 20 P8 a0 RO &, 48 B R IR I, 22 7K J2 R B R I e K 38 MR FEE
I S By HE7K 22 B B FR , oK 2 i R HE 1 7E - 238 51 0~30 om [ TDR 45k (Mini-Trase System-Soil Moisture
Equipment Crop, Santa Barbara, CA, USA) #4713 /K 70 5E .

TR Bt 0 0 ol SR 21 b s P “ B RE 447, 6 10 HAEBR, AT FRIE A 20 em X 15 em, X3 Bk, 10
H23 Bk, A F ML 135 d. 6 A5 HitidEIE(E SE, NIP,Os K.0=15 %:15%: 15%)300 kg/hm*, 6 7 17
H.7 17 HA8 H 19 H 2 5t R 2 (R B E=46.2 %)150.0.75.0 A1 150.0 kg/hm? £ i 75 E « 7 BE AE A1
FENE, AL B IE & — 2. AT IHN TR, BREEARE It ok, HoAt R B A [F] .

&1 AR B X T 6930 B AR

pise bl Y R L H B AN IR Sy BEM WA SRR LA TR
. VK b B/mm 30 30 50 40 40 0
FSI /%?k KT FR/mm 10 10%~60%* 10 10 10 60%~70%*
ik &M _FFR/mm 40 100 150 200 200 0
. HEK 1 BR/mm 20~30 10 30 20 10 0
bLTAlE .
WI - HEK IR/ % 100 70~80 80 90 80 60%~70%
%M _EFR/mm 40 100 150 200 200 0
- HEK EBR/% 30 mm* 100 100 100 100 80
CI - HEK T BR/% 10 mm* 60~70 70~80 80 70 HARET
& P /mm 40 60 80 80 80 0
" HEK FBR/% 30 mm* 100 100 100 100 80
RC-CI azk- WK TR /% 10 mm* 60~70 70~80 80 70 HRET
it EW R /mm 80 150 200 200 200 0

T D mm” R KGR, “% R 27 30 om 3 5K 5 AN SRR 11 20 Ll 7 FOR AT R BRI s ) T 1R AT Heh Kl 5
2)7 BE WL A2 ) 5 1 v J 1 41T 2 RO 2 b i M

1.3 IsFRFNF &

DR RWIESH

Sr AIAERHARF AR (8 H 24 FD VALBJA 9 A 18 DA M 10 A 12 HD W 8] 2 b & = 5t S 5k
TIE, BEAS /N R IR AL 3 7 AT E - F I 4% 25 71 (SPAD-502, Minolta, Japan) il & H4¢ 2 & , I M v
W B (1) SPAD A » LAV SSMEAE R iZ /N X I (1) SPAD AR - R PR A 455 =X i1l i 43 25 %% 4 (MINI-PAM-II,
WALZ, Germany ) ¥l 7€ 7K F& 43 22 98 6 S 300, Kt e JeE it by s, 00 5 Ji i 195 38 B2 15 min, PR 627 4%
SRS NI, Sl e BRI L R R R OGS SR DIRE . RN T S IR 5K SR AT ORI R A AR
(17715

2) = 5 2% Fp

IKFE TE A, LERRAS /N X BRI (1) 3 7 b, W 7 3 7O R A R AR 2 4 S A TR =, vH
BGE R /N X TR AT Bl e B SERR = i
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1.4 BIHETEMGIT 54
X F Excel (Excel 2010, Microsoft, USA) #E 47T #4f 4b ¥ AN 22 14, iz ] SPSS (SPSS 19.0, SPSS Inc., USA)
A HEAT BLIR 25T 22 43 AT AAS 6] S 5808 B A 52 434 » 22 8 L 38R Duncan 725 (P<0.05) o

2 RSN

2.1 FREIEBRIRA XS KEE SPAD EHIF N

2 J& AN RIHE WA A K ARG I i 2R 2R (SPADAED IARE M o FH 3% 2 WA, Sl AU 6 B 4% b B F SPAD
{8 2 TN T2, FL BN B SR [F A B A M F SPAD 15 2 573 .3 (P<0.05) . &AL FE M F SPAD {8 FAE F
PRF I FSTALBE > WI AL > CT A BE >RC-CTARHE . Hodr, 2L WILCI.RC-CI AL FEHL FST AR F - - SPAD
1E 43 5 38 1 3.81% 7.45%F1 10.90% ; 3% 4 WI. CI.RC-CI A ¥ 45 FSI AL FEIH- Fr SPAD {43 5 48 7111 9.85% «
16.32%7H128.74% . #hiA# )5 , i Fy SPAD fH %4k 2 N Bt sh , Horh , FSTARBE M v SPAD i L2 3 R
FE I A6 3 53 ) B AR 17.48% F1 45.79% ; WI 4k 22 53 1) B AIK 13.90% F1 40.15% ; CT 4k R 43 51l B I 11.08% Fi1
36.76% ; RC-CI b B 73 5l A 9.74%F1 31.17%.

&2 R R X3 KA R et R A2 (SPAD AR 9 %k

sl HEWERE HhREFF LI AL HEE
FSI KB HE 45.57a 37.60d 24.70d
WI TR 45.33a 39.03¢ 27.13¢
CI P I 45.43a 40.40b 28.73b
RC-CI BRI 46.20a 41.70a 31.80a

- FBIAE NG F 8 3 3 [F I AR R e AR 4 AN AR BELE o= 0.05 K2R R3E, FIH.

2.2 AEPERRAIIKFE RS BRI

F 3R AN FRE AR S KRG 9 Y S EU R . 3R 3 AT AN, KR SR A8 A 45 A E I 1 52 e 2 5
(Fv/Fm~@psi~qP Fl gN) 22 5 S5 AN 2.3 5 LA AN 28 2R AS [F) b B2 8] 1 5 56 S 3 (Fv/Fm  @os i g P 1 gND )
ZREE(P<0.05), H¥JFEI N RC-CIALFE > CI AL FE > WI AL BE >FSI AL, Hodr, FL#Y WILCI.RC-CI &b
PR FSTALER I Fv/Fm 3811 2.57%~5.27% « @es 1 1 111 2.44%~4.89% P 4 111 1.74%~4.06% g N 1 111 4.60%~
14.66% , 3% #4 Y WI.CI.RC-CI AL P45 FST AL FL I F Fv/Fm B 11 4.65%~9.59%  Dps i 16 1111 4.23%~19.90% g P 1
T03.57%~13.78%-gN 3411 7.37%~18.32%.

k3 R BB Xt KAt R R RS KAk

EEM HEREREIOESH FSI WI CI RC-CI

FvIFm 0.837a 0.834a 0.8286a 0.829a

. Desii 0.526a 0.521a 0.529a 0.523a
ThTEAAEHA

qP 0.738a 0.728a 0.722a 0.729a

gN 0.318a 0.302a 0.315a 0.304a

FviFm 0.778¢ 0.798bc 0.807b 0.819a

o Drsii 0.491b 0.503b 0.509ab 0.515a

gP 0.689b 0.705b 0.722ab 0.733a

gN 0.348b 0.364ab 0.385ab 0.399a

FvIFm 0.709¢ 0.742b 0.763a 0.777a

_ Des 0.402d 0.419¢ 0.444b 0.482a

qP 0.588¢c 0.609¢ 0.643b 0.669a

gN 0.475¢ 0.510b 0.526b 0.562a

WA T IHERE S My Fo/Fm . Dosu M P AT B [ — b AN [ A0 38 ] T e 52 R A FSTAR 2 > W AE
HE>CIALIR >RC-CU L I Fr gN AN i85, ASFIAE IR N L THIR I RC-CLAR S > CLALFE > Wit
¥ >FSIAbHE .
2.3 NEPEBAER KT~ RIS

R A S R RE A At AR 7 B s BAEAR A SR I e 5 22 70 W 4 R 7 A RIRE AR AR R
SRS R RIORL K S5 S AR TR R DL R AR R 22 57 1B 35 (P<<0.05) . 5 FSTAREEAHEL , WILCI A RC-CI
Kb FRAE G SRS FITH B 7.40%  11.05% 1 6.04% ; FRREARLES 5 FEAE 4.86% 1 6.61%F1 3.04% ; 45 525 43 51



T 51 4.45%.5.95%F1 6.77% ; T-Fi Jii 545 5 50 1.86%3.49%F1 6.08% ; 15 7= & 45 1 FH 151 8.81%+ 13.78% Fll
16.44%.
k4 TR #BAE X KA =2 BT 2R AR F R

b ¥ TEWAE [EYACRIT 1 AL IR % TR /g [ R g
FSI HRIKE#E 11.76¢ 131.7a 84.73¢ 24.67¢ 32.36¢
WI W E 12.63b 125.3c¢ 88.50b 25.13bc 35.21b
CI T IR 13.06a 123.0d 89.77a 25.53ab 36.82a

RC-CI B 12.47b 127.7b 90.47a 26.17a 37.68a

2.4 AEVEREXTKEM FHEERASHS~EHRFNEEXR
5 S KREM B M SR POGRHIE 5 B AR PR AR R |13 5 WA AT I s R B RO S
B ah e TR R DL O B R AN R T b AR & IAHEE , FLRVHAN S B 23 & L Fv/Fm . Dosi
qP~qN 52552 TR U8 B0 B35 15 35 (P<0.05) 8Ll 3% IEAH G (P<<0.01) . HlAR S ISR 3K & J 0%
JS AR b 5 /KRG R RO AR 50 ¢ BRI AL B2 KF-(P>0.05)
k5 KAG A e R SR IE G 2 ARG AR £ A 2 (n=12)

AEH MR RIS (VISR S AR A S5 % Tk & B

4R E -0.115 0.167 0.151 0.190 0.151

Fv/Fm -0.438 0.384 -0.560 -0.410 -0.522
HHFEFFFCRA Dis1i 0.177 -0.101 -0.160 0.071 0.025
qP -0.508 0.413 -0.540 -0.415 -0.547

gN -0.144 0.073 -0.415 -0.250 -0.349

HiREE 0.596* -0.484 0.839%* 0.782%* 0.854%%

FvIFm 0.640%* -0.557 0.882%* 0.844%% 0.889%*

2B D 0.571 0.481 0.865%* 0.580%* 0.760%*

qP 0.615* -0.449 0.761%* 0.779%* 0.841%%

gN 0.460 -0.460 0.680* 0.639* 0.716%*

HaREE 0.501 -0.407 0.832%* 0.881%* 0.864%*

Fv/Fm 0.650* -0.534 0.901%* 0.904%* 0.943%*

I Drsi 0.467 -0.371 0.796%* 0.865%* 0.836%*

qP 0.517 -0.370 0.866%* 0.912%* 0.918%*

gN 0.606* -0.492 0.872%* 0.941%% 0.932%*

AN 2 R IRAE =0.05 F10.01 KT L [FISIAS [ Sk IR AR DG 1 ik 35 AR b 2%
3 it

M4 RS A E P RE R LN S 5 3 M AR AR I8 K B [ HE A X R /KRG S BT 1€ 191 SPAD
EICH R 22 5, Bl AR W RE , ik P 322, SPAD {E AT BRI, 25 A B SPAD {E BE AR A BT A [A), A4y FSI
AbFE>WI AL FE > CT AL >RC-CI AL TR . | HEWE AN 28 7K -4 0 A 8 AR )= 338K 0 KN A Ab T F DA R
A R, g B R oG LI R T A B R SRR MR ST DL
BB A RS0 PS IDMOGEE W CRIR G L. CAA W AR B, M2 R KIS HFv/Fm . Dosi P
BEVEYIAE B HAROHEIR T R B% , 10 g N BE A B HARIHEIR 1T 7, A 0t R BUK R AT AE H )5  Fv/Fm - Desii
gP AW T B, gN AW TF o AN A RE B T KRR AS R A2 B Wi R R S BRI BT A A (2 F 00t
FAR 53 BER /K 735 8RS K G /K FE A B 2 R 208, F B /K R 1) v/ Fm 42 30 B3GR 8 7K B
ACFE , K TR A FETE A FV/Em . @osyi «qP F gN 22 55 AN 035 B AR & AL , & Ab BRI 2R R S 50
PRSI K, FLBIAN 35 2 R TG bR R BN RC-CT AL FE > CT AL FE > WI AL FE >FSTALFR . XS A
PR S K- HEL ) T AR B AT S K A, 5 4 A 0 SR M R w e

TG, F2 /N DXCRRAT B R SR KRG S PR B R N & K -$ 3 (10 171.97 kg/hm®) > 2 1) #E 8% (9 921.50
kg/hm?®) > {1 HE I (9 484.60 kg/hm?) > 1% 7K B #E (8 734.85 kg/hm?®) . CLAE HIF 81020 B, 5 7K E i A X 78
TR EI 7= 8 5 R R K Z REMR R 5 B o ASHIE 8 0 T TR 42 1 JRE W AN 5 /K - I E AR BRI 7
IKEHEK TG B BRI 0 o A VLA PRI 56 3 B 3 118 FEE VR 1) 38 7 8 SR L4 o) R, (F S 3 4545
B 45 RN 5 2 M, AWF 4SR5 G F ML, s R /K RS S A LS Ae 0 B B AU s A+
4



SR LTS . R AR Kb A B BB L 5 K- Rl B 0 JL A T
0 T TR 0 T PR WA B FRPRLIES A BB A AR sh KR R 26, K
P 36 3 TR B9 RC-CLAL B > CLAL B > WL A5 > FSLALBE K R R 0 71 G WK R
HERFECFR 1 SPAD (5% F/Fm  @ess «qPgN . ITITIE S T 1 F B2, e RKRBRL K 0L 2 Th RN, (R 7
U T SR BB (0 1 2O AT TR RS TR 2 S M TR 2 7R A0 SPAD
PR OB P BT U B R AOHIR R0, BB 2, S RUIE 10,20,30 7140 d
I SPAD A 523 S B v/ Fin B gP 1 gN) 5 T RLTURE 25 30465 2 3% IR BESUARIL,
FLIIRBCAIBAO U Fr SPAD (1R 5 50 B H P/ Bros «qP R N 5 T LR i S5 4 2 B 0
BSEETEAIS . T APV SL2) , T 0 P i) SPAD (115 5B B R 36 TE AR, R A9 AL
0 e B 5 T WS R SRS 0 00 9 300 BV . Bos g P gD 2 S 2
1% A1 2 K LSL BRI SPAD (LRI 5 OB M P/ Do+ qPgN) S REI R
Bt T

BOH K B 5 KL IR WEE P UM BLR 2 K- 30 715 W SPAD (8 Fy/Fom By qP
N B ARG KRR S5 90 RO R 7 B . AR5 BT 4290 FUR R 9006 SPAD (8
Fv/Fim rss P AN 5 KBB4 S T RO AT Bt 835 M B2 LRI, I, K S
RSB P K0 B T ELA A R Ot AT 58 RO R
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Effects of Irrigation Modes on Yield and Chlorophyll
Fluorescence Characteristics after Heading Stage of Rice

GUO Xiangping, WANG Fu, WANG Zhenchang, HUANG Shuangshuang, LIU Wei
(College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China)

Abstract: In order to study the influence of yield and chlorophyll fluorescence characteristics after heading stage
under different irrigation modes of rice, took Hybrid rice cultivar “Nan-jing 44” as material, four irrigation mode
were set as FSI (frequent and shallow irrigation), WI (wet irrigation), CI (controlled irrigation), RC-CI (rain-
catching and controlled irrigation), and relationships between chlorophyll fluorescence characteristics of leaf and
yield characters were also analyzed. The results showed that chlorophyll content (SPAD value) and fluorescence
characteristics (the maximum photochemical efficiency (Fv/Fm), the actual photochemical efficiency of photosys-
tem II (@psi), the photochemical quenching coefficient (¢P) and the non-photochemical quenching coefficient
(¢N)) had no significant difference under different irrigation modes at heading to flowering stage. Where, SPAD
value, Fv/Fm, @1, P could be decreased and g/N could be increased with the process of the application time, the
decreasing and increasing range presented FSI>WI>CI>RC-CI and RC-CI>CI>WI>FSI, respectively. Compared
with FSI, the setting percentage increased by 4.45%, 5.59% and 6.77% under WI, CI and RC-CI treatment, the
thousand seed weight increased by 1.86%,3.49% and 6.08% under WI, CI and RC-CI treatment, the grain yield
per hole was increased by 8.81%, 13.78 and 16.44% under WI, CI and RC-CI treatment, respectively. Correlation
analysis showed that SPAD value, fluorescence characteristics (Fv/Fm, @esi, P, gN) of leaf were significant (P<
0.05) or highly significant (P<0.01) positively correlated with setting percentage, thousand seed weight, grain
yield per hole at mike ripening stage and yellow ripening stage of rice. The results indicated that appropriate wa-
ter management could improve the light energy conversion efficiency, potential activity, open proportion and sta-
bility of PS II reaction center in later growth stage of rice, which improves the setting percentage and thousand
seed weight, which would ultimately result in the increase of yield.
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