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Related Factors of Methane Emission in Rice Plant and Fuzzy Cluster Analysis
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Abstract: Different biological characters of rice lead to differences in methane emission of rice cultivars from rice paddy field. The study is to
primarily probe the correlation between methane emissions of rice varieties and rice botanical characters, as well as provide the basis for
grade distinction of methane emission from cultivars and the environmental basis for breeding and promoting the high-yielding hybrid rice
and super hybrid rice. The cluster indexes are determined and the rice cultivars are clustered using fuzzy cluster analysis, based on the corre—
lations between methane emissions from different rice varieties and rice plant aerenchyma tissues. The results show that the significant corre—
lation factors on methane emission between early and late rice plant are different. For early rice varieties, the significant correlation factors
are the total area of stem wall vascular, the thickness of stem wall, the ratio of the transverse section area of leaf sheath to the transverse sec—
tion area of internode, the ratio of the gas chambers area of leaf sheath to the transverse section area of internode, in the second internode. For
late rice, plant height, stem length, the ratio of the vascular bundles area of inside culm to the area of stem wall, the ratio of the stem wall area
to the transverse section area of internode, the ratio of the cross section area of leaf sheath to the transverse section area of internode, the ratio
of vascular bundles area of leaf sheath to the transverse section area of leaf sheath, the ratio of total vascular bundles area to the stem wall
area, the ratio of the gas chambers area of leaf sheath to the stem wall area of third internode, all are very significantly related with methane e-
missions from rice paddy field. Early or late rice cultivars could be divided into three levels, i.e. high, medium and low amount of methane e—
mission by fuzzy cluster indices above mentioned. Compared the fuzzy cluster results with the test results, the consistent degrees for early and
late rice cultivars are 87.5% and 90%, separately. The clustering result is basically consistent with the actual methane emissions of all vari-—
eties from rice paddy field. However, the correlation between the root aerenchyma system and methane emission is worth researched in the fu-
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ture since the roots of rice are the main paths of methane emission from paddy field. Therefore, it is feasible to take the indicators as cluster—

ing index on methane emissions of rice cultivars.

Keywords: rice cultivar; methane; related factors; fuzzy cluster; analysis

BFFEUED] KRR A LR P BN 2
TR, KRR GRS T B £ S, 7
I 5 T 19 9092 /KR A b 4L SV 3
A B, RIS KRS R A B UR KA
R EEI, X P B AR E AR, AR KR
A B KRR X B HE RO T AR B , oMo
SR, 245 T80 RS 2 AR A K B
S PHERC R KR K F R SR A e
B Tk TR, B KRR ) A
AR B S PP 7 AR A, AR LR il
e HE R AT AE AR 2 029 BRI A= SR A
AP, R ] P B i 2 5 S 2 K
FRRMRIOAE MR F 10255 . BT TR ST T /R
HRZR B B HE R B9 T T KA
LSS TSRO AT MR B 2
KR RS R B BRI R S5 | 5 74ee
B BGLRG SR 5 E RO AT A B2
BFGE R 7 S O, SRR SIS | KR 5
KRR B L VI H S R T 4
RO RRFE R B AR, L, XA R b
BT R R ST S B ) AR
RS HERGIE LM

BB SRR A7 SR B B ) e
S R OLRE L SRR S LS LA
VR, 0 A5 A T B 8 ) — I
W BOWTRAMHTT 2 I T AR 4T, — 7 T
I 2 P e B b A A LR B e . ORI
53— T BRI ST W e 5 ORI B 4
(T SR TR, RIRLAR SR e HE e 2 b
IR AN 2 A R 2

RSO KA T e e it 5 K A
HOBRAI 5 T AT X R Hh 5 PR e R
RIS R RO B IS HT I ok | e
SRR 43 BN oh R4, 735
4 T R RS SR EL e PR 52 9 2
AR KRR BT (0 ST, AT
SEH B IE TR AT KRR R 5 1 e
FRO RS 1Ay K G i 500 X 44
AR, WS TSR AR R BRI T it

S,
1 HH5H%

1.1 &l

HERK AT SR 36 A4S, AT 43 4 FpEAL, DF HLE
FELHE 8 4. ) Rl 4 % RN 17 5 MERURG 15,
89-282, H1 i 4 55 LRI 12 5 AL LR 31
5 QA RAEALE 8 A HRWIE 99, /AR 96, &A1
706, &1L 402, 41 4021 It 974, 4: 1 160, 4: 1k
974; QF MMLFGLLA 7 4 WKL 12 5 IRl 13
5 AR 231-8 R 5 5, AL 6 5, FRE 2
1A 5 5, AR RE AL A 13 41~ Al 46, 411 647,
&4l 207, AR AE 99, WL EE 99, B AL 644, A1
80,T It 259, @it 77, T it 198, i 191, il 288,
&AL 191,
12 FHi&
1.2.1 T

2005 AR | A IR A AE I B AR K 2R A A B
IKRE IR IR [F]— B T, AN 667 m?, B RS
PRI A R BRI 4 HES ) F S5 T 16 4~ dnfl,
BIRLFE 4 4 LA PP 5okl 12 5-,89-282, il HL Al
315, ) k%% 4 54 DS A LR NI 96, 410
706, 1 1 974, 44 160; HEFE 4 4 HURE S Fh AL AR
231-8, MRl 12 5, 54 2 5 10K 5 5,4 N 24s8
e et PP AT 644, B &4 80, T 4 259, il fi Az 99, %
BT 3WEL  HARSFRENIHES , FARELLR/NX 32
ANIX, BRAFIR 36 /X, BE/DNXTRIAR 1.8 mx10
m, /NXZ A BT 50 cm FE It R AR AT HLAK
16.5 cmx16.5 cm, BifH 19.8 cmx16.5 cm, RAETF 4 H
27 HFEHL, 7 F 15 HSk; eks T 7 H 18 H %4k, 10
J 20 Hilegk, 56 H it (% 120 kg - hm,jifi P,0s 70
kg-hm=2, Jii K,0 90 kg-hm=2, FLA5 FH AR5 2 W KR
A BEFEH 9 28 HREIBGRH P IKZ, W MAEE
FERRIT, TEREAS /DN X B — A H e AR AR A5, B I
75 TR [E1 FRUHE SR (52 emx52 cm, 10 cm &) [#l5E T
B b
1.2.2 UL FE 4%

CH, HUFE 510 %€ . CH, SRR #R IEAR R H
JIETEIFR 51 cmx51 cm, 55 100 cm, MOKFFIR T AR,

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

52 RS SE KAFAEAR-5 CH, HECR IS 7 B IR M

20084 1/

B3R 5 d 7 [F]— b s I 5 45 b R e &, R e
SARIURE S K BRURE AR 8 A [P RUAE I | [l TR HE ZK A
PRI K AR TIE BRURE A A 304 P9 AR B 4 1) 7K
HEM, XHEE T 3 IER A 16 SR T T 4K
NI, DA _17F 8:00 FF4, B F/F 6:30 455, B 2 h,
NIBCREAR H L 10 min Sy s a] (] B R AT 3% 22 4 U
FE, HA N FR, F2F 8:00-10:00, 4 6:00-8:00 45 Ht
BE— R0, DL VR I 7 114 FR e il 3 1 ) S Y A
R F B HERGE & , BURE 7 W52 SCHk[19~22]

FR e SRR i 0 22 925 D0, SC iR [23], HE il -5y
2 WICHR[L9],

R LSV . F SR BUE K R AT 5
HUKFRG, NIRRT 25 550 BE 45 5 MY, 2 10 AR BE,
DRERR S ZEFFRE M 3058 1 255 5 9] (AT
[R5 11 iE)) EAR R4S o5 B 5 RN
ZEFF M EREIE ) ARG SRR A R ST R AR R
ZEFFR A HE 2R BE HR bR ZL B IR 3 L DU B TR
U122 SCHR[L6)

1.2.3 BRI b

BRI 2 A0 Hr 2 FAR R RS St it 25 40 2 [
WSERRRRE , JF ACSE B 2, B Jetf e i 0 4
FEABEAREAL , (A — bR E I8 T R LR A4
PRFMETI IR 0 RSHE (2 &) I OC &R, T U]
PR BTE A R B0 A P R S 5 2
[0 DG 2, FEARIRIE 2 A 720 2%, RIVKE I 3 4030 1
HR—2 TR IR s A 0 SR R R B2 e T

b (25 1) [R] ) B 8 A AL R B8, T LA R 5
B2k AL ERE T TR 2R,

ANTRIZKFE SR R e 22 AR K, TRAR AT LUK

KAt A2 FR e HE O Ao s P AR 3 AR,

24

XK AR b FR e HE R RE T A T e b, L kg
T RISERIBEBORIR I L1012 F et oy
BT, ASSCRFH RS0 T2 Hp (A RR R 5 - 125 22575
P U 1) K45 SRS 9 5 CH, HERICE A
KR BRI B R BRI AR B A T
WEAL AR AR RS, 1) FF R EG I 25 3050 45 o ] %) B
B R B 22 RNk HGE 2 B R TR
1.2.4 B sy M S A3

B . b S5 AE LA R AR B 25 R Excel
1 DPS3.01 G it-#h (kA 7,

2 HBR5SH

21 KTERT CH, HiMERE SHEKTEALAEX
ST

WL BRI ZER H B e HE R 2 AR LR 1
2, FHIE 1 AT, LR (] H e HE G K R A E A
R LA S SR T s i 2 I s ka8 . 3 /KR
i AR~ AR A BB KA, R G FRAR T R TE
IKFE RGN A —A TR R . 3 KRR AL FIE K
FEA: B AT, B e R 22 AR AN K, BT 96
SdrIN, AR A 2ZEAR K, SRS BB
BLOWEURD 12 %5 R 4 45 DL\ 96 19 CH,
HECE & 48 4> 9k 17.2,13.61,12.73 mg-m2-h-,
P & 2 A NGRS IR] , RS A K A Y b HE G & R
IRBN A, A= K P s B e HERGE — 2 PR
B FERDR AN GEHEGE SY7E 2~4 mg-m2-ht
Fedr o 3K FE LA 4 A 0 R b HE GE R
B, A3 231-8(9.08 mg-m2-h)>YlfikE 99(7.39 mg -
m2- > &4 80(6.59 mg-m2-hY), FLAEH A] FF ke HE
SRR SRR K R T RIS VI, M

2oL —m- R 12 5
201 & JTHiE4S
o1l -O- AL 9
& 16t
Fur
3 12F
2 1}
=
= 8r
3 e
4
2 L
4-30 5-6 5-14 5-20 5-28 6-5 6-12 6-18 6-25 7-10
TkEms ) (3 -H)

1 2005 £ 255 CH, HEE T T4k

Figure 1 Seasonal variation pattern of methane emission from early rice paddy in 2005
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Figure 2 Seasonal variation pattern of methane emission from late rice paddy in 2005
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Table 1 Analysis of variance on methane emission from early rice

varieties
BRI PR A ¥ F i VS
il 0.0175 2 0.0087 0.38 0.6908
LbEENE] 279.5085 7 399426 1733.943 0
W 0.3225 14 0.023
MARSE 279.9385 23
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Table 2 Analysis of variance on methane emission from late rice

varieties
AR P BN ¥ )5 F{H F K
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Table 3 The amount of methane emission in different cultivars from rice paddy field during early-late rice seasons in 2005(g-m)

ES L ELS B~ B AR RsOE . RRARR BRI RO R W R
R OMIERL 12 5 5.4bB 11.67aA 11.07aA 28.14aA J\ Wit 96 4.72dB 8.27cC 6.32dD 19.31gE
89-282 6.91aA 9.72bB 10.97aA 27.6bA 44k 706 5.31bcB 8.3cC 7.28¢C 20.88eD
Wk 31 5 7.42aA 10.95aA 6.95cC 25.33cB I it 974 4.73cdB 8.05cC 7.35¢C 20.14fDE
JUBERE 45 5.16bcdB 7.97cC 9.18bB 22.31dC 4{k 160  5.15bcdB 7.90cC 6.28dD 19.32gE
MRELRE 15 411 8.79 6.93 19.83 HEWiE 99 5.1 8.3 7.25 20.65
HIFRD 17 5 4.8 9.94 7.39 22,12 JE AR 402 5.25 6.77 5.9 17.92
45 5.15 9.43 7.62 2221 &A1 402 5.07 8.36 7.26 20.7
B 6.96 7.59 6.71 21.26 &A1 974 5.58 9.46 554 20.58
B 5.74 9.51 8.35 23.60 ¥IME 5.11 8.18 6.65 19.94
Wz 3.31 4.08 4.36 8.31 Wz 0.86 2.69 181 2.96
WikE Rk 2318 6.06bB 9.84aA 2.62dDE 18.53aA alipAE 99 5.97bB 5.05eD 4.06aA 15.09cC
Wk 12 55 5.27cdC 5.89cBC 2.52dE 13.68¢E Ak 644 5.41cC 5.73cdBC 3.2bBC 14.34dD
FHi 25 6.100B 5.71cdBCD  2.76cdCDE 14.57dD Hr Ak 80 4.99dC 5.32deCD  3.14bcCD 13.45¢E
LR 55 7.36aA 5.65cdCD 3.76aAB 16.76bB T 11t 259 7.15aA 6.37bB 3.04bcCDE 16.56bB
IRl 5 7.34 5.46 291 15.72 AR 191 6.16 6.34 3.03 1553
Wk 13 5 6.58 5.65 2.06 14.28 SfE 99 56 6.69 3.26 1555
IRl 6 4.62 7.69 3.27 15.59 AR 46 5.67 6.96 331 15.93
T {198 6.57 573 3.23 15.53
Al 207 4,58 6.74 207 13.38
Wik 77 5.19 6.61 264 14.44
Ak 288 6.23 6.67 2.01 14.92
%Al 191 5.32 6.63 25 14.45
&1k 647 5.02 6.24 344 14.7
B 6.19 6.56 2.84 15.59 ¥IMH 5.68 6.24 2.99 14.91
= 2.74 4.38 17 4.85 Wz 2557 1.91 2.05 318

TE: A BSOS 3 W B AP, RPARVNG FREFOR 2575 0.05 BE K AR KRS FREFOR RS 0.01 BEKF,

x4 DRBCH HBEEAIMKZTE(Y WEIRRHERFESHT
Table 4 The regression coefficient for CH, emission from early paddy field and variance analysis

HA EEpy FIAREAS B WA F rfl T BFEKF
55 2 71 [ ZEAT 4R R A T AR Y=63.604 7X-1.403 10 8 51.816 4 75127 07456 27410 *
55 2 4T ZEATRE R Y=46.148 6X+3.158 0 8 60.105 1 10.9019 0.8033 3.3035 *
55 2 74 1a] P A ) TR DA D) TETRR Y=123.848 7X-7.123 0 8 63.6318 12.9124 0.8263 3.5934 i
55 2 AT TR AR TR/ S AT D) IR f Y=186.068 6X-11.330 0 8 71.804 3 20.1506 0.8778 5.1802 L
1 1 t05=2.365 ; 1 1=3.499 ; t0n=5.408; * . ** *** SRl F IR A MEAF] 0.05.0.01,0.001 B E K-, FEER,
F 5 BEFE CH, HEMEIEARTE(Y)MEHRHERFENH
Table 5 The regression coefficient for CH, emission from late rice field and variance analysis
HA EIEpy [FIIREAS BT 5 F ol T BFEKF
73 Y=0.386 8X-20.204 7 8 18.663 2 374213 09283 61172
ENIRN3 Y=0.349 4X-9.477 6 8 13.6490 10.2284 07939 3.1982 *
55 3 v 1) 2B D) TR ) A D) TR Y=28.977 7X+1.7215 8 12.728 6 8.555 2 07667 29250 *
55 3 74 1) 22 B T AR TR D) TETRA Y=-28.977 7X+30.699 2 8 12.728 6 8.555 2 -0.7667 29250 *
55 3 74 1] P A U TR DA D) TETRR Y=28.879 5X+9.595 3 8 15.588 2 154150 0.8484 3.9261 i
55 3 74 ] A A SR TR TR A B TR AR Y=378.884 8X+8.698 4 8 11.309 3 6.558 5 07227 25610 *
55 3 74 ] AR TR 2R B A D) TETRA Y=20.538 9X+11.025 2 8 12.386 9 8.018 6 07563 2.8318 *
55 3 4TI ZEAT YL R A ZEFT R DI T AR Y=66.968 6X+8.378 1 8 13.8113 105642 07986 3.2503 *

1 1 05=2.365;t,=3.499,,
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Table 6 Cluster analysis on varieties of early-late rice

Bl Z5] il 4 B WO g - i
FAE 1K 89-282, MEHLKE 15,7 R 4 5 Wi FUR 31 5 WUk 12 5, 1 41 974 23.88

#2% TREER 45 IR 17 5, B E B I 99 21.76

H3K 4l 706, EAL 402, J\Pifl 96, 4l 402, 4:{k 160, 44l 974 19.78
W fe BIK T 259, %M 25,448 647,k 99,T 1 198 WIMEHl 13 5, 47k 231-8, MKl 55,10k 55, 15.77

WHREAL 6 5 s f 191
EES AR 46,140 288, a1 H: 99,1841 644 15.07
EIES Wik 80, 4k 191, Btk 77, WLk 12 5,44k 207 13.48
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Table 7 Grades judgment of methane emission in early rice varieties

o W g I bEHE O S 2
FIWTHRFR " T
55 2 77 i) ZE AT 4 R A mm? 0.404+0.085 0.453+0.063 0.361+0.021
55 2 71 [ ZE AT BEJE /mm 0.454+0.047 0.459+0.056 0.368+0.031
575 2 74 TR] ISR A D7) TR AR 4 TR R D) TETRR 0.341+0.054 0.33240.029 0.318+0.051
55 2 T a] S TR A ZEAT AR D) AR A 0.214+0.039 0.197+0.066 0.447+0.145
Hke /g « m? 23.88+3.66 21.58+0.77 19.78+1.15
T DL RS R 10 BRI T bR R 22 . R R,
% 8 MFEmMREHREERX S
Table 8 Grades judgment of methane emission in late rice varieties
T I bEHE O E 2
FIWTHRFR - o 1%
FEfi/em 97.1+36 88.7+27 88.1+28
ZFFKEIem 75.1+3.04 65.9+3.8 65.6+0.02
55 3 7Y 1] ZEBE A D) T AR 4 TR R D) TR 0.572+0.027 0.569+0.024 0.507+0.023
55 3 74 1)1 I i s TR AR 4 TR A D7) TR 0.422+0.025 0.431+0.024 0.493+0.026
55 3 74 1] I8 A 4 SR T AR R D) TR AR 0.385+0.030 0.370+0.044 0.308+0.002
575 3 74 TA] IS A D7) TR AR 4 TR R D) TETRR 0.014+0.003 0.014+0.002 0.010+0.045
55 3 4T 1) ZEAT 4 SR T AR ZEFTRE D T AR 0.320+0.064 0.287+0.059 0.274+0.014
555 3 74 TR] I A T AR 22 B R D) TRTRR 0.113+0.016 0.113+0.013 0.087+0.527
Hke /g » m? 15.77+£1.19 15.07+0.66 13.48+0.53
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