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FEEE AT I [t T 15 it xek X2 A e ( CHL, ) HECRFAE 15 i K HLA A Wy 2 LB o B FH BT A Tl i N A =%k 7k e A
KAy sz B R S, DIt AE R 457 188 HH S 5, SR FH i 25 4 -0R 6% it FE A ( M mineral fertilizer alone) \F%
FFid HECH AL ( RF :rice residues plus mineral fertilizer) ,30% 4 HLAE AL/ 709% fLAE (LOM;30% organic matter plus 70% mineral
fertilizer) .60% 45 HLACEC I 40%FL A ( HOM :60% organic matter plus 40% mineral fertilizer) I JCAL ( CK : without fertilizer) 24 F XL
FAEH CH, HE B I Y F DB T T 4387, S5 SR W, RRE A A Ak O, A FE N AL FERE H CH, HEHGE =34 .35 5 T
CK, ®HH HOM>LOM>RF>MF>CK,, 403 [] CH, B HERCE 25 538 B 2 K0OF , R/ S HERGHE & B % —3%, L1 HOM 4b 3
R, B CK ARBIIE N 105.56% , YO LOM Hl RF ARBE, 73 BITE CK ZEBREG N 72.97% 1 54.17% . K SEDIRE LS Pyl s
SERIRM] OB FIE AR 25 A~ F2 A T A, 25 A SRR T B30 R gl TR Bl AR A R (3.18—81.07) x10° cfu/g, I e
P2 K A Ry (24.82—379.72) x10° cfu/g, AT 3487 FH e oty 78 1 R g S A 20 B 50 R/ NIBUT 9 HOM>LOM >REF >
MF>CK, % iU AL #4255 T CK; HOM \LOM | RF ZbPR{R 2 = T MF  CK Ab ¥, XUZEAE H CH, HE i 548 HH 480" B e i 1A |
H e S LA T A B R YT, R TTA HLICHLIE B2 2 1 XA AR S R G0 CH, I HEUCRI DG T RE IR M B
KR A WUERE RS H ; CH,  H3ERUA Y

Effects of long-term fertilizer treatments on CH, fluxes and key functional

microorganisms in ‘a double-cropping paddy field

TANG Haiming” , XTAO Xiaoping, TANG Wenguang, SUN Jimin, LIU Jie, WANG Ke, LI Chao, CHENG Kaikai,
LI Weiyan, SUN Geng

Hunan Soil and Fertilizer Institute, Changsha 410125, China

Abstract: Methane ( CH,) fluxes and their key functional microorganisms in a double-cropping paddy field are affected by
long-term fertilizer treatment ; thus, it was important to utilize and evaluate different fertilization regimes on rice growth. A
manual static chamber-gas chromatography (GC) technique was used to verify the effects of different fertilizer treatments,
which included mineral fertilizer alone ( MF) , rice residues plus mineral fertilizer (RF), 30% organic matter plus 70%
mineral fertilizer (LOM) , 60% organic matter plus 40% mineral fertilizer (HOM) , and a control without fertilizer ( CK) ,
on CH, emissions from double-cropping paddy fields in subtropical regions of China and on the microbial mechanisms

driving them. The results showed that the flux of CH, from the HOM, LOM, RF, and MF treatments was higher than that of
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the CK treatment, and it varied with different fertilizer treatments in the following order; HOM >LOM >RF >MF > CK.
Further, CH, emissions were significantly greater during the entire growth period for early and late rice in the HOM, LOM,
RF, and MF treatments than in the CK treatment (P < 0.05). CH, emissions from paddy fields in the HOM, LOM, and RF
treatments increased by 105.56% , 72.97% , and 54.17% , respectively, compared with the CK treatment. At the main
growth stages of early and late rice, the abundance of methanogens under the different fertilizer treatments ranged from
3.18x10° cfu/g to 81.07x10° cfu/g, while that of methanotrophs ranged from 24.82x10° cfu/g to 379.72 x10° cfu/g. The
results indicated that the abundance of the methanogens and methanotrophs were significantly greater in the HOM; LOM,
RF, and MF treatments at the main growth stages of early and late rice than they were in the CK treatment. Additionally,
the abundance of methanogens and methanotrophs varied under the different fertilizer treatments in the-following order:
HOM > LOM > RF > MF > CK. Moreover, the abundance of methanogens and methanotrophs was significantly greater in
the HOM, LOM, and RF treatments at the main growth stages than they were in the MF or/CK treatments. CH, emissions
were significantly correlated with the abundance of methanogens and methanotrophs during the whole growth period. Our
results clearly demonstrated that CH, emissions from paddy fields and the abundance of key functional microorganism were
promoted by the application of inorganic fertilizer combined with organic manure-practices in' a double paddy field

ecosystem.
Key Words: fertilizer; double-cropping; paddy field; CH,; soil microorganism

HHGE (CH, ) R R P 2 I & UK 0 R A 35 R G W RE B MO R A BRI ZE LA 285m0, CH,
BN AT IR R RE A CO, Y 25 51 HAUAVR B 1E AR AR LY 1% M E R KD KAt 5 1 B
VW) Z — Rl AR R BRI AR 173 AR i R TP PERE CH, S5 2 U7 A4, R IR R A 4 3R
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SRR T CH, HER A N 3R B s FH AR R AR AR S | B D5 2 R AT 34 D75 2 Bt I 4 it Al
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SRS BTN A PUEL R E T 3 in -39 CH, A HEEC M N HLIE e 5925 1 R -3 Y H e S
PR AN G HEGE R, S A B R R I M A ML R EUIE 1S 0 T CH, A1 N, O i HE, #s
FEE N T CH HERC, 980> T N, O HERL, Zou %5 BFSTHR A WL R B 2 5 fin 4 SRR T 3, DA
FUHEIE P BEAA HUIE . BF 72 RS FF e A0 0 A Wi T LA CH HET, $2 i 7 d A0 e s R A
A LB AR B3N X L Bt AL AR 1 2 SR B R 3 s bt A DL , AR RS A BILAE
PIREAE E AT CH, I HERC ™ WA BTN, 5 S AL AE AR L , A HLICHLAE et A W 0820 N, O (94
TR AEATHUAC i 24 L4 CH ki

FIHT, AN [ e S e %o ) CH, HE R, e S AT P RV 450 5 T A AR 2ol (R
AHUICHLAEBCHE XS A5 T CH, AR AE B 5200 A A E YA HLBIE T i i i 80 . A DL B0t A B . 35 42 i vl 4
TR FTEE T AR CH, A7 A SRR TR AT HLIE B L L3RR W2 0 CH, HET Y DG 5 18
R R CH RS 7™ HYoe it 8 B HY e 816 T 22 1] 36 5 D01 O 3, 3 ) 498 v 7 B e ot T 0 P e A
R AR B2 WA T CH, BOHERC ., I (382 T S8 MR ) L S ol A= W i B e 7 ik 22— IR
ABIEFE LA 28 AR K] ALt AL A F A LA, T AT HLICHLAL B 2% 175 A8 I CH, HRBOE & 1 S D RERUZE )
FIFSE , LA ) AR 00 A i A X e T CHL, I e R DG S8 ) e A= 0 (5
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1.1 R RS

ANt BEARE 2 7 15 46 T 1986 4F  FEWIR A T 2 BARE PO N #FAT (112°187 E,28°07' N) % X ECH
HLTR ) LR 72 X MR 36.1 m, AR 16.8°C AR - RE RN & 1553.70 mm , AE2% & it 1353.9 mm, TCAG
274 d, S0 I R KRS b TV A Tl R I RE Dy KA - XA B g v A HERE SR R AT, 1986 4RSS
HI#HEZ 135 (0—20 em) FERIAC S A LT 29.39 g/kg AE 2.01 g/kg . 2 0.59 o/kg 44 20.6 g/ kg Bl fit
A 144.1 mg/kg A 540 12.87 mg/kg AN 33.0 mg/kg Al pH 6.85,
1.2 BRIt S M e 45 B

RIGTE S MEFE . (1) LA PE it B A ARNE , RHAT T A ALIE ( MF ;. mineral fertilizer alone) ; (2) F%
I8 H -+ B AL B . i FH i R RS AT 5 AL HE AL BE (RF ; rice residues plus mineral fertilizer) ; (3) 30% 4 MLAE AL .
AHUIER R i o Bl A B 30% , L4 70% 1) A R AL IE A& (LOM: 30% organic’ matter plus 70% mineral
fertilizer) 5 (4) 60% A HLALAL 3 . A AUAE MY 2 & &t 7 S0kt 2 5 1) 60% , L4 409% M9 A ALAE 2 (HOM : 60%
organic matter plus 40% mineral fertilizer) ; (5) JCAEXT B . ANHEAL ] ALK ( CKywithout fertilizer ) . FEAN/N XA
10.00 m, 5% 6.67 m, AL 66.7 m® , /NX [ /K JEIERRTF , R 100 cm i H AT 35 eme PRIES /N X8 8
Heo BT IZEKINAE IR T 20 245 LAAT, 32 0 55 A BRI A I B E A, 2014 4, FLURE AL 5 Al o i
K455 .4 A 1 HIEFE .5 H 2 BT Kb AL, 5 A 8 HEEAk,7 H 24 HUYGK; MeRa bl i Fh ok
Tt 308,6 H 25 HAEFE,7 H 25 H T K B AGSAE, 7 H .26 HEH,10 A 26 Hlsk, F A
FEBIR N TR H , B ARATARIE Al 25.0 emx25.0 em , B AR

LB R RS 4% i A Ak PSR N 0 K 142.5 kg/hot® P, O 54.0 kg/hm* (K, 0 63.0 kg/hm* il 157.5 kg/
hm* | P,0;43.2 kg/hm’ K,0 81.0 kg/hm® ; - Fef = e AF ARG AT A4 FH 4533712 2775.0 kg/hm? (F5FFH N P,O; |
K,0 5453l R 0.65% .0.13%F1 0.89% ) F1 3600.0 kg/hm*( FEFFH N P,0, K,0 &4 518 0.68% .,0.15% F
0.91%) ;30% A HLIE ,60% A HLIE Ak 35 A4 A HUBE 1o oA 5 A0 248 ) A 5 e 2 AR G et 2 19 it JH 2 43 501 o 2625.0
5250.0 kg/hm*F12670.0,5340.0 kg/hm”(AHUAEFE 53 50 N 1.77% . P,0, 0.80% 1 K,0 1.12%) , #-AL LA
G N EEE N R AL B B AR I AN 5 PR R G A A5 it A Ak BB P R AR ATLAE 34 A T A e e A
JE— PR A N K, O FEIEAEFIGE AL 2 Wit A, FEREFERE - it A B IEFERS AR 7 d it , 3% B R L 62y
Y 7:3 Jiti FH 3 P, O ZEF MBS SE A — R Ph A 45 it A Ak B4 4 — 4 T 7 FHD A0 AR Ao 268 i P 2 45 PR 1 — 3
FEL R RITBGR  FE [F0)75 BEOA FE RS R S DR R K S 1, 245 45 it FH 43 BE N EA T 4 R 7 ok, 40 BE S A 7 5 F 095 P/ &2
K JE AT T RS BRI, K ARG S S VE T SR, LA B il ) MR HE A 7
1.3 FFEECREE S0E 5k
1.3.1  SREE S CRE S I E

FH RS BRSO 0575 R 42 CH, SR, SREERI S mm J& PVC AT AL, BLA% A 80 emx80 emx 120 cm
(KxFExim ), MR M2 F T 4%, LA 1K BH RS S 80 A RS K, 78 2014 4F LR FIGE A5 72
F T o T A A HR/INX RS FH PN e %6 3 Uk B S AR IS, IR E A £ 5 om, IR N385 8 AR K KRR
TER RG4S 2 d TR B TR LU BRI 7 d SREE | WG BERCUARRE R AR, B A S 2R 4 3 Ikl
5. BUCREERTRIA 9:00—11:00 , BURE B4 SRAT A4S T8 120 70 R A2 (MRl P9 O K 28 3, PRIIEFE N SR 5 K
ST, FA55 DA 2 AR RAEFTEEAR N TS XUE T A8 NSRS, Sz e
f9°0,10,20,30 min KA, 50 mL V5 &F AR IO 38 5 e —5d AR 3 0.5 L AMACRMESE £,

CH, Y J3 I 72 SR FH 28 PACE (9 S RH (5335 ( Agilent 7890A , 25 [R)) F1 [ Sh b AL 85 04T, K600 2% 23 ) 2 K M s 1
R (FID ) Fl L FA AR A 5 ( ECD ) , #ERE R 433124 200°C F1 330°C . 43 S A 8E R PQ 784 A1 55
Co PRMESARH E SR B o4t
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FEH CH, [ mg m™ h™") JHERGHE &A= v,
F=ph [273.15/(273.15+T) | dC/dt
K, FRHEGE & 5 p S CHARHEIRZS TS BE (0.714 kg/m®) sh 25t 7K J2 i B 1 5% J5 SR R A6 To0 I /K 1o
HISZBRE B (m) 5dC/de g RREad PR SRAEAE Y CH, R AL T SRR I E IR EE (°C)

FRE SRRV BT S E] Y 5C R 2108 CH, HERGE &, S8 5 THRUK RS A KW CH, HEB S & (71
5 KR A A KRN B e B

KA R SRR TR (GWPs) I SRR i 53 T R F e fR 5 38 B0h 57 ot i iz <
A5 | 1 L 2 S8 % 17 AR TR SONE 1) CO, M BT i, 7 100 AR [a) R I CH, I3 IR R BCH 2517,

1.3.2 R SCREE HilE

T 2014 4553 53 76 LA PR A 0 B A0 A BERY R R SRR I 10 B AT T A TR R
R BA DX H A 5 SR 0—20 em T 3ERE S BRRIBORERS , TR~/ INKHL 3 IRE & 1 58 i
Syt G )2 - UE Y 2 A SR, 5Bk 0—5 om 13, BEH 5—15 cm Ab 38, S BRA BR KR ) 7R AR 55 2= )
Ji R ARSI Tk & 18 BIE R, 4C UK RAE , FHT 3587 B e v TRRT FHOBE S0Pk B 50 I 5
7 F b vy TR R P o S P 200 PR A5 18055 77 35 A 2 4 T A B R B A > L B YRR R E T > B ik R
FHRAE RN 2 4 b B o AL AN A A AR, 20 1B 0.5 mL 107401077 1071 1078 - AEFR B, 220 T 3
WHA 4.5 mL TR 45—50°C H B AL B EMA IR SR Jk b 57 BV 885 B PO 5 mL FRGE AR,
18 30°CTEIREE TR 7 d, TR0 N TRV AR (1 7 807E 20—100 LNV VR T HE0RAE ) 5 SR HT MPN 25
FE 7 B et B AR G B 1077 110701071 (107 (107 F1 10778 BEERR RS 0.5 mL, /3 HERN T 3 304647 4.5
ml F=HBERE IR I SR TN 0.1% Na,S Fl 5% NaHCO, IR AW 0.1 mL 8 & (50 mg/ml) , 7E 30°C {H R £
F 10 d,

T 11 H MR BRI SR A 45 A H 0—20 em - 3EREERE S, XU 0, B 00 2 -4 pH H ( 2k =
1:2.5) AV (EHRRAAEDL) SR (EFRA-mMmREALE) R (AY 805 ) A2 (NaHCO, 7
FE-HHBRPT Lk ) ARG R 5 i (NH A 48 - JIpe k) 12
1.4 HdEab

AR A OE BT R Excel 2003 BEFHEAT, 7 220 AT fZ 8 LLBCR H DPS 3.11 #Fib 4T, 2 8 A
K LSD #:(P<0.05)

2 HR545%H

2.1 KIHEAC XS AE L CH, HEGE & A% 52

FUREAEE W, AL (MF) 309% % HLIE+70% 16 A (LOM) .60% 5 HLAE +40% fLHE ( HOM ) A1 JEHE ( CK ) 4b 3
Fe HFEARBIYE 55 24 R 90 CH, HER = W AR, SRS T B ORFF AR A AT s RS AR 8 T+ AL ( RF) Ab BRTEARALUS
55 33 Rl CH AFRGR W, fE R R A KW, S0 BERE H CH, HEGE & /NIy 22 888 . HOM>LOM >
RF>ME>CKCA 1),

BRFEAE T, A A PRSI CH, HERGE & 2 e 43 BE I, ARG 56 24 R I HERBOE(E , SR )G T R%
TREF AR A 7K 22 KR S AR, 7 IR e 3 S A K I, 25 A0 BRA T CH, HEBGE 7 K /NIF R 3 h  HOM >
LOM>RF>MF>CK(E 1),

2.2 KIARENEXSFE H CH,HERCE 1 320

KR E RN CH, S HEA o BAR R Fs 2 HE e 2 o/, RS MBERS 4L B 30, HOM . LOM | RF 1 MF
AbFRAG B CH, SHERCR 4 Bh 5.074 4.521 4.418 3.470 ¢/m> 1 6.099 4.881 3.961 3.212 ¢/m”; HoH MF RF .
LOM F1 HOM AbBRFE [ CH, S HERGE 4 3 = T CK ALEE 25 AbBRIEIAE H CH, B HE R 22 Rk B E LR (P <
0.05), FREAEERE LI, AL HRT H CH, B HEBCGE R/NIUF #4888 . HOM>LOM>RF>MF>CK (£ 1) , 7K
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Fig.1 Effects of different long-term fertilizer treatments on CH, fluxes from paddy field during early and late rice whole growth periods

MF : fLJIE Mineral fertilizer alone; RF ;%% #F i M Rice residues plus mineral fertilizer; LOM ; 30% 74 HLAE +70% fLAE 30% Organic matter plus 70%
mineral fertilizer; HOM ; 60% 4 HLAE+40% 1L 60% Organic matter plus 40% mineral fertilizer ; CK : JCAE Without fertilizer

R A K IARE H CH, S HER & DL HOM AR B A, ik 11472 g/m*, Hb CK AL HEH4 i 105.56% , H: Yk J& LOM Al
RF AbF 435008 9.401 ¢/m*F 8.379 g/m”, 535 b CK A HEBA T 72.97% F11 54.17% , CK Ab BN fik, My 5.435
g/m” £ AL FRIAAG H CH, BHER 22 53k i 225% (P< 0.05) ,

R1 AEKEERLENFEBNGEESHER CH,ABENRNE/ (g/m?)

Table 1 Effects of long-term fertilizer treatments on CH, emission from paddy field during whole growth period of early and late rice

AL Treatment JLE Barly rice WA Late rice S Total
MF 3.4700.147¢ 3.212+0.176d 6.682+0.323d
RF 4.418+0.131b 3.961+0.141c 8.379+0.271¢
LOM 4.521+0.128b 4.881+0.114b 9.401+0.242h
HOM 5.074+0.100a 6.0990.093a 11.17220.193a
CK 2.886+0.083d 2.548+0.074¢ 5.435+0.157¢

MF ; fLAE Mineral fertilizer alone; RF; f5#F 14 [ Rice residues plus mineral fertilizer; LOM ; :30% A HLAE +70% 1L AR 30% Organic matter plus 70%
mineral fertilizer; HOM :60% A HLAL +40%4LAL 60% Organic matter plus 40% mineral fertilizer; CK ; JTGAE Without fertilizer; [RIZEHE 5 A [F /NG FHf
FnZ A 5% 35K T

2.3 & AR AE X R R e 25 T S AKUNE 1 R

RIS (GWPs) g S A [m] i 28 SO T 3 8500 38 5 B AR TR SR 800, FEAR IR SE b B A KR AR
M (LR FIIEAS ) 45 A PRI RS B CH, SR A GWPs 22 5334 i 3 /K, R/ Hﬁfﬁ%ﬂﬁ HOM>LOM>RF>
MF>CK; Hodr, DL HOM AZRBEAE I CH, IR ZE RNk, 2797.01 kg CO,-eq/hm’ ,LOM il RF AbFEVR 2, 43514
2353.63 kg CO,-eq/hm* £ 2097.71 kg COz—eq/hmz ,CK A FRERAIG , A 1360.55 kg CO,-eq/hm*

2 R RF AbBE X KRG 7= i e i, CK AL B fIG, O X B4 08 28 80y 7= i i B e R e
HOM &b B 1% AL it 2 000 7 5 Ry de 1 ,,\u“\% CK 4bFE , LOM AZbHYR 2, RF A1 MF Ab P A I 28 R000 7= 1
A
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x2 AEEELEEFMEEESTHER CH A RNSESBERN
Table 2 Double rice grain yield, global warming potentials ( GWPs) of CH, and per yield GWPs from paddy field under long-term

fertilizer treatments

b3 CH, i/ (¢/m?) CH, AU/ (kg CO,/hm*) I ZE KRG/ (kg/hm?) P IR FE RN 7/ (ke/kg)
Treatment CH, emission GWPs of CH, Early and late rice grain yield Per yield GWPs CO,
MF 6.682+0.323d 1672.79+80.74d 10479.5 0.16+0.01¢
RF 8.379+0.271c 2097.71£67.94c¢ 12098.0 0.17+0.01¢
LOM 9.401+0.242b 2353.6360.56b 10935.5 0.22+0.01b
HOM 11.172£0.193a 2797.01£48.29a 11038.5 0.25+0.01a
CK 5.435+0.157¢ 1360.55+39.28e 5722.5 0.2420.01a

2.4 R AE XT A 5 B ey TR Y 5

TR E AR B, 25t AC A P A% e P ™ R e ol DR S SR A 6 A s Ak, v I 21 03 BE AN I
B, Ty BRI B S, 25 B R RS (i HOM &b 3 449 7 F ety T R b i o, 35 v T H b ik
PR LOM I RF AR BE | 2 5385 T MF H1 CK &b 3, 4% 4b 35 - 438 7= B sy T 5508 R /NI e 26 30k HOM >
LOM>RF>MF>CK (& 2)

WA A5 > T2 A 7 B, 5t A Ak 3RS P 3 7= R e oy BB 8 S R A T AE AL, R B HOM >
LOM>RF>MF>CK, Ll HOM &b 3 4 558 F oty B 85 it Sy e ey, HLAS AL B ALS 22525 7 (81 2)
2.5 KSR X A 3 e S A TR R 1 R

FLRAT IR 7 BE I D) B W AR 45 2 A I, 45 it A AR ot 9 P o SRk B 50 AN T B o , 43 BE
Wk E I, 25 2 NN b (B 3) . PR S BA TR, HOM Ab PR 4398 B o S0 TL o 45t
ot R T RF OMF A1 CK LB HROE LOM ALRF ZbBE 48 38 1 CK AbH, 4540 2 + 35 F ke Sk
BB R/ 238 HOM>LOM>RF>MF>CK (18 3)
2.6 W eHEGE R ™ F e ol R R B L R AR YOG R

XU e et FHFR e HlE i 15t 5 7 FH B g LG o AT ) B A7 A 0 3 0 TE AR OGO R e PP B ik
L5 H A B A AL TR B AT AR IE A SC 0GR (EUR A DG AN 35 5 398 R e oy TR 50 5 PR o S b e
FEAER B IEAC R R (K 3)

R EHRRAMBES TEFRRETENRREAEYENEXES R

Table 3. Correlation between CH, emission and the number of methanogens and methanotrophs

N 3 | ST TN el S T R
b CHH:—“:/JJZ s RS ;&i Eﬁbﬁﬂﬂﬁ[ﬂﬁ(i
) L. The number of The number of
Parameters CH, emission
methanogens methanotrophs
CH,#E CH, emission 1 0.967 ** 0.014
72 H e # 80 The number of methanogens 1 0.993 **
52 S8 AL %R The number of methanotrophs 1

w Flla o Z IR 5% H 1% KT BEA

2.7 RAHEAC XS -3 A P T 5 )

5 CK AFAR L, A MU EC S it HIALNE AT LA 24 i T3 LT A B 28 AT A R A8 e & 1 (3R
4) . Hrh HOM &b B FH -3 AL A A B A A RO FE SRR 5 1 24 R ds i, 2030l B CK AR B 28,0
g/kg 1.77 g/kg . 157.0 mg/kg 234.21 mg/kg Fl 14.0 mg/kg; LOM 4bFHAEZ MF RF I CK AbFEE s T LI AT S
i, BHE ST HOM 403, RF F1 MF AR3E -+ A PLBT A Bl A AR & 514 8 3 & T CK &b
B MARBWES CK A TE % 25 5, A AL B[R] -3 pH H2E A K,
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Fig.2 Effects of different long-term fertilizer treatments on the number of methanogens in paddy field at early and late rice main

growth stages

FIAE_EAN RN T RER IR 26 57 I8 5% 1Y 235 KK

Table 4 Effects of different long-term fertilizer managements on soil chemical properties (0—20 cm)

®4 KHEEEE T ELFEERYHZIE(0—20 cm)

e o) it A A AL
Treatment pH Total N/ Available N/ Available P/ Available K/ Organic matter/
reatmen
(g/kg) (mg/kg) (mg/kg) (mg/kg) (g/'kg)
MF 6.33+0.19a 1.77+0.09¢ 128+4.30d 10.20+0.29¢ 29+0.98¢ 27.6+1.06d
RF 6.65+0.18a 2.11+0.06b 166+3.37¢ 12.30+0.36¢ 31+0.89¢ 34.3+1.10¢
LOM 6.37+0.19a 2.21+0.06b 186+4.79b 129.30£2.73b 34+0.84b 38.0+0.99b
HOM 6.73+0.18a 3.18+0.05a 253+3.69a 243.80+3.04a 40+1.15a 50.5+0.79a
CK 6.67+0.19a 1.41+0.04d 96+2.77e 9.59+0.28¢ 26+0.75d 22.5+0.65¢
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