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FEE : R RIS E RO R AR T AR RME 20U T R RA: & B Boiie 205 & DL Rk  RURa e RS R Al 5 K R
PR SRR Z IO 2R o IR R S KR 72 i S K RS UM 2R ZE AT LA S i 8 C{E (B e e ) 7 R 4
B AFTE & BRI G C R (P <0. 05) s /K FEFFRL I A 1 BT 2k DA A 3 1 BE RN 32 1 232 S5 /KRR 4T I DL S B AR &%
ZERFRL B R 85 NCRUBRE R R A1) A7 i E ML 52 (P <0.05) o 3l st 3 L4343 ( Principle component
analysis, PCA) LK 22 ST IV 4347 ) 0, KRR 7= et AR 0 40 Wl 3t AN [ s 31 R TR) 6 B Al L 280 3 1 LA B AR )
028 T, 22 W 7K R A 7 a0 T S5 KRR R e DA Sl R RRE R R AT TEAI e R o PCA 4 HT4h
W AT 8 4~ 4 (Principle components , PCs ) GE 5 A% B /K T 25 % B ik VAAH CHE 5 90. 5% B8 S T £ 04tk
Wl 4347 T 61, AN B S[R3 B AR R DGR AR A I AR R i A O S i VR CE A AR UK
HAEEVER & i 89% 62% 80% 86% 86% F1 68% (AL R, L5 SRR 1L AN [F A HRIAS R 28 B Ak VLS = DL K
FaE e VRURI 2 5 2 RE IS RTIUIN AN [7) T8 TR Ah BHL 194 7K = B R AH G i B o

KW KA RERNE; SRR S ®; AREMMESE; i, I
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Relationships between Stable C and N Isotope Compositions of
Rice Plants, Rice Yield and Quality

Wang Zhenchang'”  Guo Xiangping'” Huang Shuangshuang'®  Cao Xinchun'?  Qiu Rangjian’ Liu Chunwei’
(1. Key Laboratory of Efficient Irrigation — Drainage and Agricultural Soil — Water Environment in Southern China,
Ministry of Education, Hohai University, Nanjing 210098, China
2. College of Water Conservancy and Hydropower, Hohai University, Nanjing 210098, China
3. College of Applied Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract; To study the relationships between stable C and N isotope compositions, C and N
concentration of different organs during different growth stages and rice yield and quality under different
irrigation regimes, experiment was conducted in the Key Laboratory of Efficient Irrigation-Drainage and
Agricultural Soil Water Environment in Southern China, Ministry of Education, Nanjing, China, from
May to October in 2013. Five treatments, including alternate flooding and light drought stress during
tillering stage ( T-LD ), alternate flooding and heavy drought stress during tillering stage ( T-HD) ,
alternate flooding and light drought stress during jointing stage (J-LD), alternate flooding and heavy
drought stress during jointing stage (J-HD) as well as control treatment ( CK) with water depth being
kept at 5 cm during the whole growth stage, were set up. Results indicated that rice yield had significant

postive relationships with §" C of root, stem and leaves of rice plants during rice ripening stage (P <
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0.05) ; the gross protein content of rice grains as well as chalky rice rate and chalkiness had significant
relationships with 8" N of root, stem and leaves during jointing stage as well as ripening stage (P <
0.05). The principal component analysis (PCA) was conducted for combination of the selected C and N
related parameters, and the retained principal components (PCs) were used in stepwise regression with
yield and quality parameters. PCA results showed that a maximum of 90. 5% of the total variability in C
and N related parameters was explained by the first eight PCs. The stepwise regression analysis indicated
that C and N related parameters of different organs during different growth stages could explain 89% ,
62% , 80% , 86% , 86% and 68% of total variance in rice grain yield (GY), gross protein content
(GPC) , brown rice rate (BRR), chalky grain rate ( ChGR), chalkiness degree ( ChD) and amylose
content ( AC), respectively. Results indicated that the selected C and N related parameters of different

organs during jointing and rice ripening stages could accurately predict yield and quality of rice plant

grown under different irrigation regimes.

Key words: rice; stable isotope; 8 C; 8"”N; yield; quality
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R BE S PRBE A 25 (9 S i 2 [ g 26 32 590 E et
T AR R

W 5 A1 LR85 1 O A KR FAAS [ i A 2555
Jiti, YER B R 2 2 B . Bk /AU
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L1 s 5%t

JIT A 7K e ot ol A 204 il g 7 o e A 447
( Oryza sativa L. Nanjing44) . KFEREAS DL MORE K R
BT S FhREEAL B, 73 5 %) BEAR B (CK) | BEHA
BRI (T-LD) 7y BEi i By
B (T-HD) kTR R - R - R P4l
(J-LD) Fik 1o A EE B -42 -8 R AL M (J-HD) . 4%
AOFRTE 12 ~ 14 A~E S, X IRALBE (CK) Rk )
WL BRI, & AR T BB OREF S cm KEAE,
HAthgbFE, B K 2 YK (07:00 F118:00 £ FKHE 1 1K)
FRIBUR AR T, 2 3 B /KR8 T 8l x Tk
TRRE, N CHEK 2K R, dERei ) SR
Qb T AN A B BT B BT K b BRARRE K TR BR 2z ) (E

K ECTRRANGR 1 FroR ) 5 ik v i 55 W38 58 i F K
RETIOAR G0 — A LKA B R AR AR SE B o 7K 0 iy
BFFURTT, 25 A BRI S K i, T 2013 4F
S5—10 JI 43 AT R 27 B J7 b IX i BHEHE 5 A0l K
TG E W E AR ERENHT e
25.5 cm, FESEHAA N 24 em, FEEEAZN 18 em, X
5] L HCA B S R 2, 2 R R
pH {H 2 7.2, 3 0 A T &% 8 BT & 1L 43 i
50.2 mg/kgfl 9.58 mg/kg, F 2013 5 A8 HEF
M6 721 HEFRBEEEAR Y 3 i 1O AR
PEATRERR , BiA 3 O, BRI RE R B 2 Bk, IR BOE I
K AHFJ5 0 d(0 days after transplanting,0 DAT)
It A2 T AT G TR AI XIS Y ST E ,
Tr R L IR = (CO(NH, ), ) 0.22 g B R £
(K,S0,)0. 09 g @R — %% (KH,PO, )0.25 g AL
NE1. 67 g, Hrp A ML AR Bt 73 8k 3. 75% %Al
JE T2 E N 1.29 g/em’, H ] 45 K % ( Field
capacity, FC) 5 33. 0% (G &/KEK)

F1 2013 FRRBABKEIRIT AR

Tab.1 Experimental design for pot grown rice in 2013

b [ BER g AFH IR

CK 7 2EEH HOKEDHE (S em)

T-LD BRI+ R SYEEI 70% ~80% +10 cm +70% ~80%
T-HD TR+ R+ ER SYEE 70% ~80% +10 cm +70% ~80%
J-LD BE R+ RE AT 70% ~80% +15 cm +70% ~80%
J-HD TR+ B+ ER HATH 70% ~80% +15 cm +70% ~80%

T BRK M A, HA AR B IAR [R5 70% ~ 80% 7 5 K 3 & FH IRI 15K 2 19 17 20 %0, Herp 70% 7K 43 R BR, 80% K 4y LB

5 cem 10 em F1 15 em FoRKE,

1.2 NZEEREFE

THRT AR (78 DAT) #2408 (122 DAT) 43
SRS KRB IR ity , BSR4 DA, BAR T
R P F P AR AR B [RIE AR AR | 3 v
Ja  AESCT IR R R S AR 2K i 3 ER Ay, 7E AU
PHAEAR 3 AR 25 RN 4 3Ry, Ho AR ZERIHAE
105°C 254 F A7 30 min, #& )5 80°C T 2 it 20
L CE TR R 0. 01 g WL KF b, D e & 356
ST . RS TRIA RAIOT R & A
DUHT , R BEALO K R AL S AT R iR AL 2, 3 80 H
TG e ARERRAS el TSR I0T (130 DAT) , B4~
SEFRRAE 4 ~ 6 DIKFIRERE WA R S AR (2K A
T 4 FR 5, H P REE A Bt XUk A 7 KT KT
A 2R 42 d

(1)C.N &8 K& C N RERME LR,
8"N) : T4k 1 (78 DAT) FI#& ¥4 (122 DAT) , 4%
1k 80 H i A it 16 2 T i K 27K SCOK B8 5 7K )
TR FE R E RS %, TR O [R5 R

JE %A (MAT253 % Thermo Fisher Scientific, USA)
BERAY T BRI T R S AR R S A& 8 C
SUN, Hep C Rtk R ZA M (8" C) it
KXH

R.
§C = (=2l 1) x1000% (1)
( RSlandar(l ) v
A Repe——FRAE S PR C 52 C W FE H,
El]mc/]zc

Rypniuea— B BRFR HEFE i (V-PDB) H1°C &
PGy
N R R Z AR (8 N) T 2h

R!
8N = (7™ -1 x1000% (2)
( RS[andar(l ) v
KA R BT IR AN 5N B L,
EHISN/MN

R niwa— FEIBR PR MERE i (22U N, ) o
ISNEMN E@$§ [:[3[20]
Q)M KT BRI AT T F 25 F
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(3) Fe A b 5T« # B GB/'T 17891—1999 )t Joa Fe
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FIF SPSS 13.0 (SPSS, Chicago, IL, USA) X}
ANTRIE R AL FE T () 7K e 7™ ot Ll BT B RS o DA
3" C F18°N ZEHEFT 7 2253 M7 (Analysis of variance,
ANOVA) J¢ Duncan £ . FI ST SPSS
(SPSS 13.0, SPSS Inc. , USA) X} /KFEF=& . W& .
W VEE A 8 C 1 8N kT 2 g 0,
153 30 % A~ 48 b5 0 il R R Ge o 4 R, JF R A
Shapiro — Wilk (S — W) 5 56 1 i Bl & B A7 5 B A&
I3Aie A W GEit s /T 1 IES, Wz T 1
BAFE IR o A BURATT & IS0, W%
P AT X B At , 5 A 4 I %) RO 3 o B A 0 A A
By, AF A IR, WS AE B A5 5 X BOE S A0 A,
B2 Z W R 2855341 o 7K™ HE DL SRS AR i JBUAH 28
5 CN TR SN F1 8" C AyHH KR KA
Pearson AH G 28 Bl HoAH G RE B, HLbR i W3 /K
(= =3 | FR/RTE P <0.05,P <0.01 /K-
F) o RHAISPSS 13. 0 AT I Mo, i id 1
7K i A BT S A (R A ] 4% B KRS CON
Bt A S CON B [ 2 2 [mH D7 A2, 23 p T
THAFELOC R 5 55 25 7 A AR M 23 17, F
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Fig. 1

KR 2 FAH O it 5 5 AN [R] I AN [l B KA C
N &K C N FUE AR R & A AT DL
SEENHRR . AFANRE, WX [ AR B AL A 3T 3 4
43#7 ( Principle component analysis, PCA) 2 fE b2
T A VH B3 742 B [ 114 49 2 S, %o 8l kAT A v A Ad
L BAERE AL FR &R B 5 P 22
BRUAGZAS B Z dnifEfb )y 25, 07 6 2 B i 2728
G RN —FOrk. TENEE
AR PR O, AREZE 0 1, DT B i 49 1AL
HRW W, R A SCHE 1T CON &8 U K&
87 C M 8PN RS I, (R B RIEE K T 45 T
1 sl 4 T 5% KRR R
IO VA5 03 9 B UK 7 8 i
AR A B A R A2 R A7 3 25 [l 35 A (8115
TR RS R R P < 0. 05, AR AL [ )4
Zod A, T KR 7 O BT AR bR K R A
B OGN S RLIK S5C M8 N By [l TR, R e
758 s R R i A AR AR s v A [ A v )
PRIl 5 R BORFIE

2 HEREHH

2.1 FREERSEKE~=.RK.C.N HXIE
FREIR N

ML La 0] 1 (& rp 85 o S 35 = b o R

n=4 ~6, AFEVEBEAL B YA A 7 B 3 R B0 78

P <0.05 /K4 Duncan £ 8 22 7 B3% ) , K

PPN R S R it AL B R S R R

100 1

a a b

80rm ¢ ¢

H 43 /%
B D
(=] (=)

53
=

313C 8" N/%o

ARSI ik BB AE [ 3 5 ik
()

CON B C N BRUE [R)7 2% 35 RS2 )
Effects of different irrigation regimes on rice yield, rice quality, C and N concentrations of rice leaves,

and 8" C and 8" N of rice leaves
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B, HARFE B . CK > J-LD > T-HD > T-LD >
J-HD . M 1h AJ 1, 7K fF 2% 40 38 1] (9 #L 2E 1E
ToRE2ZS (P >0.05) , i % B4 B LA R 451 1 52
Vi3S Wi A B (CK L J-LD A1 J-HD) [y hiti oK %34 &g
FERT o BE I 05 22 8 WA AL 3 (T-LD A1 T-HD)
(P <0.05) ;% A AL 3H DL Je 53 B 5257 238 5 Wy 6 4k
FRAYE R TR I R 05 S8 ke b 3, b CK
AbFEFN T-LD b3 i 255 F J-LD AbBEFI J-HD 4b 3
(P <0.05) ;5 T2 [ B Al ELAE TR & i, R A
T-HD 4b38H5 K, J-HD b e/, MEl 1e AT, 5
WAL C S RICREZE R (P >0.05);7E
#E, CK \ T-HD J-LD F1 J-HD 4bHify C &8I
FH2ESF(P>0.05), H¥¥ W KT T-LD 4bH (P <
0.05) ; 7E3K 171, T-LD H1 T-HD b BAYH R £ &
TP FE KT J-HD 4L (P <0.05) , T 7E B 245 ) &
WRARR S ] Ld Ry AN [R]98E E Ab 30T 7K e i
F 8P C R 8 N FRZ A, M R R] A 43 BE AR Y
R A28 e 4b 3 (T-LD | T-HD | J-LD #1 J-HD )
[ 8 C A1 8N A KT CK A H i #a s,

2.2 KBEFE.RRUEARREZES C.N

KIEtRRIZ B ST

PIOK R = (B BK R R AR o i ) | B
A FREESMIL L BT L S R R E S S R
PRI SR 55 A b B R R4, R 98 ik F A
TEAN[FIVEE 7 TR 28 S B L 2P R &
22 2 KA i DL R B DGR AR I 22 L Ge i o3 A
50 R 2 AT, SRR AR SIRR A, AR T A%
TR o R 43 10 S (B A 7 B, R SR
(HAESFEAR IR P D B, M IR AR B S
AR 5 REL(CV) R, FEK 1) 1 38 1 B AR S
FEEE IR, 20l 38 31 33% F1 42% 5 T i hE 56 1 AR 5
FEEE /N AR 3% 5 77 128 57 R BT LR 4815
ZIa], M 21%

IKFETEA [l 3 AN [l B P ) C N A G A
MG T 3R 2 s, YT C &4, 75K
WL RAEN CEEERRBEREK(18% ) 1M
FEAR o728 S 2 8/ (3% ) s TE K TR B, T )2
MR C & a8 R RAUR KR (22% ) 1 EZ Ry
S R E/N(4% ) o XFT N Fri, TEK AR 11,
WA N FEEEEA 1. 18% ~ 2.10% , 78 5
REE K (17% ) 5 100 v 358 53 19 A8 5 2R 300 /)
(4% ) s TEKFE e 2, IR N &5 4b T 0.88% ~
5.37% Z 18], 2% S R K (2% ) 510 B 2 i
AR R /IN(5% ) o AT 87 C AR KRR T I, AR
Z 8"C AL IE Il —29.97%0 ~ —28.38%0, H.
AR RBERKR (1. 31%) i A 87 C WA LE [ Ry

-30.71%0 ~ —=29.64%0,78 7 2% H/N(1.09% ) ;
TEKFE B, AR 2R 8" C s LI A - 30.21%0 ~
-28.56%0, HAZ 5 ZE K (1.45% ) 1 F )20 F
(78 S R B /N0, 63% ) o X T 8PN, K RE KT
WM S R K (37% ) , i 722 55 &
Bl /N(26% ) s KRR E RGN, B2 8N Ay A8
35 Bl 3.8%0 ~ 14.89%0, J 745 5 2 % 5 K
(45% ) , TR R A 5 R /N (30% ) o X F C/N
B, TEK R, IR R 5 R K (18% ) |, Thii it
F AR S R BRI (T% ) s TEK AR 32U, AR &R C/N
HR A fLIE R 5.79 ~ 46.73, 48 S5 R K
(58% ) , 1M FJZM SR Em/N14% ) .

C N HHXRIEPRTEA AR B I & a A ingk 2 oy
MRo G BEAEHR T SR B A ) - HE (i 45 2 B i
e R RGN FRAER TTHIRICIIR R & &
Al (1.52% ), 1 7 & it de e (3. 65% ) 5 76 ¥ 34
WA N SR (2.41% ), B2 R & A%
(0.68% ) ,1fi I 2 FIZEFF AR &R T
L8 (43R 1.18% F10.76% ), 8°C SfEdk 1y
SR A 2 R B R B (435SR - 30. 19%0
Hl = 30.26%0) , 12 R B & (40 5~ = 29. 11%0 FlI
~29.45%0) ;8" N & EW T W LB F i
(8.24%0) MR Z A% (7. 08%0) 58" N 7£ H; 2 F 3
R bR R AR (7. 87%0) , M ZR B A1k (4. 98%0) 5 %
T C/NAE, FEHR T BRI 25 e (23.27) it
e (12.06) , i AR 8 4k F ()3 B (20. 10) ; 76 #
BRI T A R B K (59.69) 1 A & e A%
(24.24)
2.3 KEFEMRSEARMNESKIZEHR C.NHX

BRI ERES T

32 3 K FE AN BT SR R B g8 B A €N
FriE B8P C 8N L K C/N M E R, K3
HRT AL AN R P AL SRR AR S R R IE C N AE G
FRARAA G AR 5o KR i SO IIR & |
ZERFLA R EESI E 2R AR R R R H 8P C
AR R (P <0.05) , FE8 F% 5 5y i, Al
FEEFEACG R R L ZEF R 85 C 17 7E
WEE ARG, I8 5 BT W25 FF R DL R B U AR
A EF L EEM AR 3P N M7 1E B A&
(P <0.05) s 76 PSS T, BAEVER & =Pk T 5k
TS BRI SR A A U N A 3
AN B FH IR 2K R DL S s B R R
F B 88 C AR B T OG , [FII EAETE A S R
TP R A ZEFF R C/N (7R B E MR R
(P<0.05), HREZ 5377 W DL s U AR 2R
FE R 8N A8V C FFLE AR K R . AP
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Tab.2 Descriptive statistical characteristics values for C and N related parameters, rice yield and quality
and normal distribution test
SR Ie/ME IRME LREDA ' FHE b2 A2 5 Z R P i AL
Cpy/ % 15. 11 39. 09 30. 01 30. 30 5.51 18 -0.83
8% Cpy/ %o -29.97 -28.38 -29.10 -29.11 0.38 1 -0.17
Npy/% 1.18 2.10 1.41 1.52 0.26 17 0.78
3 Ny /%o 3.65 11.12 6.55 7.08 2.30 32 0. 45
C/Ny, 12.77 30. 39 20. 44 20.10 3.53 18 0. 81
Coy/% 36.97 41.07 38.82 38.87 1.12 3 0.12
8" Cgy/ %o -30.13 -28.91 -29.39 -29.42 0.35 1 -0.42
Ng,/% 1.38 2.44 1.62 1.71 0.27 16 1.39
3"*Ngy/ %o 5.02 14. 41 7.31 9.30 3.42 37 0.39
C/Ng, 15.91 28.91 24.41 23.27 3.46 15 -0.64
Cyy/ % 37.50 45.86 44.09 43.86 1.92 4 -0.20
3" Cyy/ %o -30.71 -29. 64 -30.20 -30.19 0.33 1 0.14
N /% 3.42 3.96 3.62 3.65 0.16 4 0.38
8N,/ %o 5.81 11.84 6.97 8.24 2.17 26 0. 49
C/Ny, 10. 19 13.42 12.24 12. 06 0.79 7 -0.59
Crr/% 27.02 44.34 36. 61 36.24 4.15 11 -0.24
3 Cpp/ %o -30.21 -28.56 -29.41 -29.45 0.43 1 0.18
N/ % 0. 88 5.37 1.23 2.41 1.74 72 0. 64
8Ny p/ %o 2.95 7.86 4.97 4.98 1.55 30 0.01
C/Npg 5.79 46.73 29.20 24.24 14. 09 58 -0.16
Con/% 32.42 39. 58 37.08 36. 82 1.99 5 -0.54
83 Cy /%0 -30.49 -28.87 -29.76 -29.82 0.38 1 0.38
Nyp/% 0.51 1.82 0.71 0.76 0.29 38 2.87
8"5Ng /%0 2.07 8. 82 4.33 5.17 2.01 39 0.37
C/Ngy 17.77 75.07 51.78 52.96 13. 60 26 -0.65
Cppp/% 35.95 77.20 37.96 40.26 8.83 22 4.24
33 Cy ) n/ %o -30. 66 -29.95 -30.25 -30.26 0.19 1 -0.28
Nir/ % 0.59 0.73 0. 68 0. 68 0.03 5 -0.65
3N p/ %o 2.31 6.77 4.17 4.50 1.53 34 0.19
C/Nipgr 52.67 115.77 56.33 59. 69 13. 62 23 4.04
CuyLp/ % 36.17 42.34 39. 85 39. 66 1. 64 4 -0.58
38 Cypp/ %o -29.74 -28.53 -29.39 -29.31 0.39 2 0. 84
Nuwr/% 1. 00 1.61 1.11 1.18 0.20 17 1.41
35Ny p/ %o 3.80 14. 89 5.98 7.87 3.54 45 0.83
C/Nyir 24.88 39. 89 36. 09 34.21 4.88 14 -0.93
SR GY/ (g4 h) 27.34 56. 86 38.78 39.71 8.41 21 0.48
HRE R/ % 75. 89 82.22 80. 33 79. 42 2.19 3 -0.23
ARV 5.00 20. 00 15. 50 14. 20 4.71 33 -0.66
T % 1.08 5.50 3.25 3.41 1.44 42 -0.03
MBS R % 9.22 11.13 9.70 9.82 0.48 5 1.18
HEEVER &R/ % 10.9 14.27 12.63 12.67 0.97 8 -0.28

75 :Cy sy Cry \Crp «Cop  Copp Fl Cup g S8 BN IR R 228 0 H DL S IR 22 25 FF TR0 H A0 1200 i C ks Ny
Ney WNiy Nig Nog Ny BNy 28 S50 WA 28 Z5FF A LU 3 BT AR 28 Z58T R E A B2 M N 35 81 Gy 185 Gy
8315 8" Crp 18" Cg (8" Cyy g il 8" Cyp g 20 3 g B 5 IR 28 L 25T 0k 1 DA B SUIAR 2R 25 FF L F 2 M A 1B J2 I A0 8 €585 Ny
Ny BNy 8" Ny 18" Ny (BN 1 8" Ny 28 B4R 15 IR 2R ZEAT i H DL R IR 3R 254 F 2 0E A ALE 2 0t A A9 81 N
C/NpyC/Ngy .C/Np; .C/Nyg C/Ng g (C/Nyy g 1 C/Nyp g 0B AT IR R ZEFF 0 H DA IR R 2507 T2 R A BJZE i C FIN
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Tab.3 Pearson’s correlation coefficients among rice yield and rice quality parameters with C and N related parameters

SR S RS AN S & EQEES AR HHEE R &
Cpy -0.14 -0.18 0.25 -0.31 -0.47* -0.02
3" Cpy -0.50* -0.50* -0.64™ 0.18 0.17 0.57*
Np -0.70 -0.24 -0.31 -0.41 -0.66"" -0.04
3" Ny, -0.10 -0.69 " -0.40 0.58** 0.33 0.56 ™
C/Ng, 0.41 0. 04 0.41 0. 14 0.10 -0.01
Cs -0.13 0.15 0.08 -0.06 0.09 0.19
3" Cy, -0.83 " -0.56 " -0.65" -0.23 -0.39 0.48~
Ng, -0.12 -0.39 -0.30 0.11 -0.18 0. 42
3" Ng, -0.22 -0.80* -0.44* 0.58** 0. 30 0.71*
C/Ng, 0.11 0.51* 0.30 -0.11 0.19 -0.37
Cry 0.32 0.24 0.32 0.24 0. 30 0.12
3" Cy, -0.22 -0.81* -0.25 0.41 0.11 0.70*
Ny -0.12 -0.36 -0.26 0.31 0. 04 0.59*
3" N, -0.13 -0.81" -0.45" 0.56 ** 0.22 0.65*
C/Ny, 0.30 0. 66 ** 0.38 -0.04 0.17 -0.31
Cror -0.08 0.12 -0.17 -0.25 -0.37 -0.17
3" Cprp -0.41 -0.33 0.10 -0.40 -0.23 0.17
[\ - -0.36 -0.77 -0.36 0.38 0.29 0.63 ™
3" N -0.41 -0.81" -0. 64 ™ 0.23 0.11 0.49*
C/Ng 0.32 0.78* 0.28 -0.33 -0.20 -0.64%*
Csr -0.41 -0.37 0.03 -0.43 -0.58 " 0.33
3" Cy -0.12 -0.27 0.41 -0.25 -0.24 0.25
Ngg 0.15 0. 41 0.21 -0.37 -0.22 -0.67**
3" Ny g -0.24 -0.68 " -0.45" 0.45* 0.18 0.42
C/Ngg -0.24 -0.77* -0.35 0.45* 0.23 0.79 **
Ciir -0.12 0.23 -0.21 -0.05 0.01 0.15
3B Cn -0.54 " -0.77" -0.36 0.08 -0.03 0.57"
Niik -0.37 -0.12 0.17 —0.48* -0.46" 0.18
8Ny x -0.19 -0.73* -0.38 0.49* 0.20 0.54*
C/Nypr -0.04 0.25 -0.24 0. 05 0.11 0.11
Cur 0.08 0.30 0.15 -0.04 0.26 -0.17
3 Cyr -0.76** -0.19 -0.28 -0.63* -0.75* 0.06
Nyig -0.43 0.19 0.14 -0.88 ™ -0.74* -0.27
3" Ny -0.29 -0.77" -0.50" 0.38 -0.01 0.74*
C/Nyr 0.39 -0.13 -0.14 0.88 ** 0.83** 0.24
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Tab.4 Factor loading and communality estimate ( CE) for principal component analysis with eigen value higher than 1. 0

- B3y S
P(Il P(,? P(B PC4 PCS P(I6 PC’/ PCS

Cry -0.018  0.189 0.424 -0.526  -0.222  0.368 -0.040  0.372 0.818
81 Cpy 0.076 0.543 -0.136  0.649 0.112 -0.399  -0.021 0.020 0.912
P 0.743 -0.071  -0.077  0.437 0.305 -0.082  -0.255  0.207 0.962
35Ny 0.816 0.099 0.356 0.302 -0.036  -0.003 -0.19 -0.021 0.932
C/Nyy -0.774  -0.029  0.174 -0.366  -0.390  0.103 0.113 -0. 144 0. 960
Csy 0.199 0.639 -0.008  0.166 -0.260  0.239 0.522 -0.098 0.883
31 Cyy 0.122 0.525 -0.496  0.451 0.016 -0.116  0.221 -0.022 0.804
Ngj -0.803  0.400 -0.003  -0.104  0.152 0. 191 -0.029  -0.032 0.877
3Ny, 0. 821 -0.097  0.178 -0.121  -0.077  0.386 -0.223  -0.015 0.935
C/Ng, 0. 869 -0.219  -0.020  0.202 -0.151 -0.06 0.129 ~0.001 0. 888
Cry -0.344  -0.327  0.650 0.085 0.277 -0.019  0.443 0. 104 0. 940
shCy, 0.739 0.246 0. 051 0. 444 -0.047  0.129 0.014 ~0.096 0.835
Ny -0.116  0.355 -0.047  0.287 -0.246  0.346 0.199 0.542 0.737
3N, 0.928 -0.032  -0.060  -0.025  0.003 0. 240 -0.040  -0.196 0.965
C/N -0.312 -0.392  0.642 0.029 0.323 -0.09  0.390 -0.014 0.930
Cron -0.450  -0.208  0.198 0.528 -0.432  -0.187  -0.115  -0.174 0.829
8" Crp -0.022  0.753 0.525 -0.020  0.088 0.234 0.044 -0.253 0.971
Nig -0.452  0.822 0.212 0.125 0. 090 -0.080  -0.061  -0.085 0. 966
81 Ny 0.919 0.038 0.126 -0.213  -0.036  0.110 0.214 ~0.024 0.967
C/Nig 0.344 -0.887  -0.123  0.082 -0.211 0.053 -0.025  0.001 0.975
Csn 0.239 0.713 -0.530  -0.132  0.026 0. 160 -0.006  -0.008 0. 890
8" Cyp 0.307 -0.273  0.706 0.356 0.139 0.134 -0.031  -0.193 0.870
L\ 0.084 0.795 0.218 -0.026  0.248 0.138 -0.404  0.122 0.946
3 Ngp 0. 869 -0.255  -0.133  0.003 0.002 0.269 -0.103  0.177 0.953
C/Ngg 0.163 0.094 -0.840  -0.085  -0.244  0.012 0.323 ~0.080 0.918
Cin -0.281  -0.216  -0.018  0.542 0. 064 0.054 0.206 0.443 0. 665
8 Cyypp 0.427 0.358 0. 663 0.262 -0.118  0.121 0.122 -0.035 0. 864
Nurr 0. 655 0.240 0.019 -0.437  0.341 -0.328  0.219 0.116 0.964
8" Nypr 0. 946 -0.178  -0.054  0.06l 0.061 0. 060 0.067 -0.002 0.945
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PCl P(Z PCS PC4 PCS PC6 PL7 PCS
C/Nipg -0.643 -0.290 -0.038 0. 505 -0.309 0. 309 -0.136 -0.005 0.963
CuLr -0.085 -0.289 -0.443 0. 100 0. 624 0.411 0. 121 -0.118 0. 884
3 Cyir 0. 872 0. 067 0. 052 0. 004 ~0.244 0.012 0. 164 -0.209 0. 898
Nyigr 0. 784 0. 092 0. 092 -0.241 0. 009 -0.323 0. 046 0.152 0.819
8" Nypr 0. 968 ~0. 100 -0.076 -0.099 0. 055 0. 021 0. 069 -0.058 0.975
C/Nypg -0.548 -0.249 -0.362 0.211 0. 422 0. 481 0. 063 -0.175 0.983
FHOE(E 12.5 5.6 4.2 3.1 1.9 1.8 1.4 1.1
5 TR % 35.8 15.9 12.1 9.0 5.5 5.0 4.1 3.1
By 2 5EE % 35.8 51.7 63.8 72.8 78.3 83.3 87. 4 90.5

T Py ~ P 0B 1 ~8 5, Tl
VAo #573 9 B A i, RIKARE 7™ 48 A It K
AR R R EAL(E D NS &, SR T SPSS #iff ik
Ay 1) 3 B, A [ DS R TR 4 3= B 0 7 e 5
P <0.05 . /K-P-A 56, 7o 2 A e 2 (o] A Y %
SRHOLES. RS K2 al LIA KR &

At M G B B0 Dk i R RPHE 0. 42 ~0.89 2 ],
RMSE (G A 0. 37 ~0. 78, 4t A 34345 760 31k 51 4%
H G FEIKF-(P <0.001) , FLHIR ] F B34 53 2517
7 S AR DGR R R BB AR g 14 ] SE A
GHE

RS RELNKBEFENREERSRENERS BRNZRSEIFHE

Tab.5 Stepwise regression equations among standardized rice yield and rice quality parameters with retained

principal components ( PCs)

PRAEAL I 24 [m] 4 5 i e BB PTRIRE
Z(GY) =9.99 x 107 -0.276P, 0.42 0.78
Z(GY) =1.39 x10 7% —0.276P, —0.212P, 0.58 0. 69
o Z(GY) =1.576 x10 ¢ —=0.276P, —0.212P¢, +0. 193P, 0.72 0.58
S Z(GY) =1.268 x 10 ¢ = 0.276P, —0.212P, +0. 193P, 0. 0873 P, 0. 81 0.49
Z(GY) =1.035 x10 7% =0.276P, —0.212P; +0. 193P 0. 0873 P, —0. 180P 0. 86 0.43
Z(GY) =1.035 x10 7% =0.276P, —0.212P, +0. 193P —0.0873P;; —0. 180P5 +0. 181P 0. 89 0.38
\ o Z(GPC) =1.824x10 "6 4+0.334P, 0.42 0.78
HERRAR Z(GPC) =1.378 x 10 7° +0.334P, - 0. 126P, 0.62 0.65
HkE % Z(BRR) = -8.963 x10 ™7 —0.254P,;, 0. 80 0.46
Z(ChD) = —=5.000 x 10 =7 ~0.354P, 0.70 0.56
Z(ChD) = =7.735x10 "7 -0.354P, +0. 149P, 0.77 0.50
ERE Z(ChD) = —1.043 x 10 =® ~0.354P, +0. 149P, —0.220P, 0. 84 0.43
Z(ChD) = =9.462 x 10 "7 =0.354P, +0. 149P, —0.220P, +0. 100P; 0. 86 0.39
) Z(ChGR) = —1.767 x10 "1 —0.353P, 0. 69 0.57
LR Z(ChGR) =4.286 x 10 =7 —0.353P, +0. 121 P, 0. 86 0.37
Z(AC) =2.419 x 1077 +0.210P, 0.55 0. 69
EREVER & it Z(AC) = =1.175 x 1077 +0.210P, +0. 196P, 0.68 0. 60
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Fig.2 Comparisons of standardized measured values and standardized predicted values using multivariate statistical methods

Hb, REVETER) AR iz f i b, B H S IR B i
BN BT, 2 ot A W DA 4 v 28 288 1 ke
Ho 34k N C R AR E ™ TR
PR R B T C R R B9 BERIVE T, B 51 4
FIHY 81 C A, At B AR Riahe >

HIPI 85N 5 R M 8° N fH . B HRAE A LA K
RARTEM [ A Az i o A v [ 6 22 A9 B A
A ARBFT R KRR, R R B )2
(CZEFFRIE ) M 8 N AR Rk (£ 2) . Lk
R AT SRR i R - ORE ) 58 A R T IRl A
N [FAE R, EAR B PR B R4 1 NO; 2 #5717 45
LR N 1 R R0 5N
TR . Q2 MR E AT RAEH T, A
SN SR, PN SRR NH, 55
MAAL R s N R R P R A T
JEHRT S ONEE 2 SR AL A IR A R R A
BER TR R, B0 C/N B2 E/NT
BRI C/N AE, X AT BB 5 BB I R A ZUR P
EEER AL 2P

MFE 3 AT KRR R S R 8 C B R
M (P <0.01) o 5 5 RT A B 5L R B 7 ik
ik Al R 87 C WE M — 3., X C3
TEY), 8" C ZAEY IR CO, ¥ (C,) 57 €O,
He & (Air CO, concentration,C,) Z H.(C./C,) fTE—>
BN SR IR A fE Y A T 38 3R 58 R i
BB SALIT AN, € B MERIRERSFI T CO, il i
AN AR, W BEE C A8/ AR R 7E
il AR UEAT 6 A A P AR T X2 C Y43 B A

T3 T R4 i 8 C (i, B3 W Bl 25 40 S it
FIXE TN AED R AL T B R AR B AR K, B R
C3 VEY Iy 7 £ F0 T 40 Jo o 1 ) R A, T I vp iy
8°C HTHE , RIVES = R AEYI M H 85 C 77AE G
KK R SR, ARAUS 252 BF 5% 22 W 1 4y 7= ik
8" C RAEAE B3 BAR 1, X AT RE B A 8™ T A T
LIP30 REAS B AR 00 TR R S A W TR R, B
BERAR A 100, B R LS B A0 R ] B O R
IS A P47 R A A 8 C i Rt s s
HHYRE 5y K R TR O B P 5, ARG AT 4
H R R 5 4 R S E I AR R A A 8 C
FAAERZ A (3R 3) , X R Rl & S 0 72
(Y38 RSN, AR 87 C A BB R i #a 4, R R &
FAZ R, FEAR e AR 8 C 5 Hh ke
FRIOAHLK R, WK 3 BRI, kR 5k
R P AR R A A 8PN A AE B
FM . R 8N AL R ZE AR R4k Fn
A e 37 2 1 B AR R A S ) N .52 2R U
SUNEBI " L B ABIR F I, 1E TR 448
T, AR T R A PR M5 L% NOy
AR s R e R 8O N, T 7E T
BB RIS &N EHLREY, K
K03 0 R A B KRS 1 B A
SUNPY L G bR A — B, AT P, KRS A 4
BEW R as B It Ab B AY 8N g 3 T CK Ab g
(B 1) JERE G0 T, MK LT 2235
N, M T B B 3R T A & N I 3 R 1y 344
KA, RIFEY) 87N 57K F8 th bk R AFAE b o6 %



170 KAk MO ¥ R

2016 4

A(F3),

RLER 15 1 7KORS 2005 57 b 5, ARSI
HORT AT R S AT A B AR ) AR AR
HJZERFAY OO N AFAE L UG (3R 3) , th L iR
AT, 7S5 AR HER KR 8N B K, O
SEMAVED) A KA T LA S AR R W R 43 i
HETTRE M R AR 3 A LSR5 i . KRR A
AR B A 3R R R O R A IR
FOCEAE Y I A8 R A A0 LAtk 2
T ES) () 9 R IR o ™ KU/,
Bt/ N TR R, IR A T, B R
CRETINIRTOR PRA R R TR A R S R
PR 38 R AR S R 2 T AR T T AN
B PR AN NPT RS OL T, KA Y 2
PR R SRR KRR RE R Y
R FEAR ZR RN 1 8N FEFEIEAR G OC & L i Al B
W RIS 07 SR 8 2 KRR < 2™ A2/, SR
SR8 S KR R RO, 2 HE ORI B UET AR
XA AR TR A R ARG
Y-8 Wi R AS R IEASE SISV I WAl
AT AR UG, TS C/N (A7 A6 2 3 IEAH G
(£ 3), 5 i d it — 2

VAR A5 53 D B A8 4, LUK 7= 2 M0 i it B

FCAH AR R A FREAAE D PR AR 5, R ] SPSS Bk
T2 LA 4 B, 1A TE] A ASE R (1 32 43 o 3 ok
P <0.05 I E KR 50, 15 21 19 f 28 [l 9 485 70 I
SR T 5 R 1, N R s T % K R ]
DI EIHY C N 2 DL Al R A 5 (1
T, 10 KRR PR 1 e R T T A R AR S o
ERFE AR IEATHER TN o KRG B4 R RS2 5
MR R e 2, AR5 Hp 5 88 5 S AS BE AR 17 14 fie
FIRERBIBR T C N MHCHE AR, HoA P 2, an K™ f1 p
LILE TR R IT R U LA R AL 3 2 R
IKAER RS M LR AT

4 HRIF

PRI 8" C I BIAR 27 A7 3 W 48 o 11 A 34
M7 8" N DT 7408 43 50 b 13408 73 L A 7 3 18 i 94
KI5 4 R4 10 87 CAF7E 35 A 6. UK
TR RS AR LSO 1138 5 S AR R L S ZEFF 80N
FEAE 35 GURDE T 5 R IR 87 C FAfE, K
2 15 R P R AT A BB AR R RS AT
¥ 8N fEAE 35 IEAHDG . LAERUME5 ok A28 b,
DAZKARE 7 M i o0 S AR S A S (R B HE A (E D R A
i, SR AR 15 3B TR, 2K B FER 20t Bt
PREEBE U T

£ % x o

1 Bk, FRERDK AR T]. P ERE R, 1993, 26(4) <8 - 14.

MO Huidong. Quality improvement of rice grain in China[ J]. Scientia Agricultura Sinica, 1993, 26(4) :8 —14. (in Chinese)
BORRS, INRE, SR, BEAROKG R AR B S R [T ], P EVKRERE, 1988,12(3) 172 - 176.

HUANG Fasong, SUN Zongxiu, HU Peisong. Present situations and prospects for the research on rice quality forming[ J]. Chinese
Journal of Rice Science, 1988, 12(3): 172 —176. (in Chinese)

RS, MR, XUPR, 45, KRR & - U BUS R JeAr [) ). JEEHEK , 2000, 19(3) :3 -7.

PENG Shizhang, HAO Shurong, LIU Qing, et al. Study on the mechanisms of yield raising and quality improving for paddy rice
under water saving irrigation[ J]. Journal of Irrigation and Drainage, 2000, 19(3): 3 -7. (in Chinese)

KA, M, HEE, & AR XA BAE XK R E MR R )], fEY R, 2013, 39(1) .
84 -92.

ZHANG Zichang, LI Hongwei, CAO Zhuanqgin, et al. Effect of interaction between nitrogen rate and irrigation regime on grain
yield and quality of rice[ J]. Acta Agronomica Sinica, 2013, 39(1): 84 -92. (in Chinese)

BERIZL, Mphas, 0/E. T e AU A K R 0 it SR HOGIE A [ ). FE#) 274k, 2006, 32(3) : 430 —435.

XUE Lihong, YANG Linzhang, FAN Xiaohui. Estimation of nitrogen content and C/N in rice leaves and plant with canopy
reflectance spectral J]. Acta Agronomica Sinica, 2006, 32(3) : 430 —435. (in Chinese)

FHE, BPWESC, 2R, . KA Ui J]. fEprsR, 2011, 25(4) : 383 - 387.

YANG Jian, SHI Yawen, LI Zhouwei, et al. The recent progress of research on carbon and nitrogen metabolism in rice[ J]. Crop
Research, 2011, 25(4) : 383 —387. (in Chinese)

I, T FORBAIMR A SRR E [ T]. hEREHR, 2009, 25(24) :155 - 157.

SHEN Lixia, WANG Pu. Determination of C — N metabolism indices in ear-leaf of maize( Zea mays L. )[J]. Chinese Agricultural
Science Bulletin, 2009, 25(24) . 155 —157. (in Chinese)

SRR, XUSR, KL, KRERIEAECR Kk AR s e[ T]. EUKAERS:, 1998, 12 (34 T]) :63 -69.

RONG Xiangmin, LIU Qiang,ZHU Hongmei. Advances in research on source-sink relationship and carbon and nitrogen metabolism
of rice plants[ J]. Chinese Journal of Rice Science, 1998, 12(Supp. ) : 63 —69. (in Chinese)

YOUSFI S, SERRET M D, MARQUEZ A J, et al. Combined use of 8" C, 80 and 8" N tracks nitrogen metabolism and genotypic



124 EIRE 5 KFERRTE R AR AR A ™ i S dh BN 6 & 171

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26
27

28

29

30

31

32

adaptation of durum wheat to salinity and water deficit[ J]. New Phytologist, 2012, 194(1) : 230 —244.
PEUKE A D, GELER A, RENNENBERG H. The effect of drought on C and N stable isotopes in different fractions of leaves,
stems and roots of sensitive and tolerant beech ecotypes[ J]. Plant Cell and Environment, 2006, 29(5) ; 823 —835.
FARQUHAR G D, EHLERINGER J R, HUBICK K T. Carbon isotope discrimination and photosynthesis[ J]. Annual Review of
Plant Physiology and Plant Molecular Biology, 1989, 40. 503 —537.
BB FERZE 5K, 55 FIHIB R 2 2R 0 B RAE T E R /K A RURRCE T ] A0l TR, 2013, 29(7) : 58 - 65.
WEI Zhenhua, DU Taisheng, ZHANG Juan, et al. Stable carbon isotope discrimination on water use efficiency of field tomato
under furrow irrigation[ J |. Transactions of the CSAE, 2013, 29(7) : 58 = 65. (in Chinese)
MONNEVEUX P, REYNOLDS M P, TRETHOWAN R, et al. Relationship between grain yield and carbon isotope discrimination
in bread wheat under four water regimes[ J]. European Journal of Agronomy, 2005, 22(2) :231 —242.
ROBINSON D, HANDLEY L L, SCRIMGEOUR C M. A theory for” N/"N fractionation in nitrate-grown vascular plants[ J].
Planta, 1998, 205(3) : 397 -406.
ROBINSON D, HANDLEY L L, SCRIMGEOUR C M, et al. Using stable isotope natural abundances (8" N and 3" C) to
integrate the stress responses of wild barley ( Hordeum spontaneum C. Koch. ) genotypes[J]. Journal of Experimental Botany,
2000, 51(342) . 41 -50.
EVANS R D. Physiological mechanisms influencing plant nitrogen isotope composition[ J]. Trends in Plant Science, 2001, 6(3) :
121 - 126.
HANDLEY L L, AUSTIN A T, ROBINSON D, et al. The "N natural abundance (8"°N) of ecosystem samples reflects measures
of water availability[ J]. Australian Journal of Plant Physiology, 1999, 26(2) . 185 —199.
VITOUSEK P M, SHEARER G, KOHL D H. Foliar "N natural abundance in Hawaiian rainforest: patterns and possible
mechanism[ J]. Oecologia, 1989, 78(3) ; 383 —388.
HANDLEY L L, ROBINSON D, FORSTER B P, et al. Shoot "N correlates with genotype and salt stress in barley[ J]. Planta,
1997, 201(1) :100 —102.
DAWSON T E, MAMBELI S, PLAMBOECK A H, et al. Stable isotopes in plant ecology[ J]. Annual Review of Ecology and
Systematics, 2002, 33.507 - 559.
GB/T 17891—1999 {fJEFEA[S]. 1999.
SREEEE, H/NE. RORE IR 238 s B A [ ] A AUEA4R , 2008, 39(7) : 90 - 94.
ZHANG Hongxia,MA Xiaoyu. Principal component analysis on taste quality of brown rice based on mechanical indexes of cooked
rice grain[ J|. Transactions of the Chinese Society for Agricultural Machinery, 2008, 39(7): 90 -94. (in Chinese)
GHASHGHAIE J, DURANCEAU M, BADECK F W, et al. ®C of CO,respired in the dark in relation to " C of leaf metabolites
comparison between Nicotiana sylvestris and Helianthus annuus under drought[ J]. Plant, Cell and Environment, 2001, 24(5) .
505 -515.
HOBBIE E A, WERNER R A. Intramolecular, compound specific, and bulk carbon isotope patterns in C3 and C4 plants; a
review and synthesis[ J]. New Phytologist, 2004, 161(2); 371 —385.
DAMESIN C, LELARGE C. Carbon isotope composition of current-year shoots from Fagus sylvatica in relation to growth,
respiration and use of reserves[ J]. Plant, Cell and Environment, 2003, 26(2) ; 207 -219.
VAN Bel A J E. The phloem, a miracle of ingenuity[ J]. Plant, Cell and Environment, 2003, 26(1) ;125 —149.
WERNER R A, SCHMIDT H L. The in vivo nitrogen isotope discrimination among organic plant compounds[ J]. Phytochemistry,
2002, 61(5): 465 —484.
MONNEVEUX P, REYNOLDS M P, TRETHOWAN R, et al. Carbon isotope discrimination, leaf ash content and grain yield in
bread and durum wheat grown under full-irrigated conditions[ J]. Journal of Agronomy and Crop Science, 2004, 190(6) ; 389 —
394.
ARAUS J L, VILLEGAS D, APARICIO N, et al. Environmental factors determining carbon isotope discrimination and yield in
durum wheat under Mediterranean conditions[ J]. Crop Science, 2003, 43(1) ;: 170 - 180.
WANG Zhenchang, LIU Fulai, KANG Shaozhong, et al. Alternate partial root-zone drying irrigation improves nitrogen nutrition in
maize (Zea mays L. ) leaves[ J]. Environmental and Experimental Botany, 2012, 75(1) ; 36 —40.
LIM S S,KWAK J H, LEE K S, et al. Soil and plant nitrogen pools in paddy and upland ecosystems have contrasting 8 N[ J7.
Biology and Fertility of Soils, 2014, 51(2) :231 —-239.
TETHE, IRV, LR, A% FURIRROK S FO RS RAR IR R G R MBI SEL T ] AR 2A4T, 2003, 17(6) « 462 - 465.
LIN Wanhuang, XIAO Langtao, HUANG Jianliang, et al. Relation between kernel chalkiness formation and source-sink
characteristics in early indica rice[ J]. Acta Agriculturae Nucleatae Sinica, 2003, 17(6) ;: 462 —465. (in Chinese)



