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AEEXTER T ER S KA ES N
FEA, BHE, LEF, EEH, AWE, AHH

(1. Wi R AR R 2 BREE 5 IR A e, WiV AU 3113005 2. WiV 4 Bk b o i 5 8 R 45 B G , W7 Ao
310020)
WE: [ 86 ] RARA eSS LI R LR mA B A LM Yra, A RACRAE®E LR R R
o [ Fik] AAREYFRED RS K HEATE R, XEREETRE (k). FHMAEIE (CF). FELZEX 50% 1L
e (OF) B A He (BF) 4 ML, Z6RA BBENF TR, . 4750 KFS Oryza sativa 3K JG R E MM LA,
SAT R AENEST LR . M BREMBRAE T e Y., [4R] 5 CFA®EMIL, OFff BFARE XS T LA
LB (SOC). 7T 7 A ALak (DOC) Aok £ 4 F 8% (MBC) i 44 (P<0.05). RANE 4w XL mAREFF A 54
BREBEHvn, ExtmBBAEARASRTET 2EH0 (P<0.05), ¥inT 5 &l Bk R ie e tast
B, ABEMSM A 13 pH. SOC. DOC. H# Bk (AP) Fnik 247 (AK) /& % i 138 4m 0 A 35 20 % AL £ 42 ER3E )
T, K#EFFL5 L% Fey SOC, DOC A= MBC A o# ik, [4# ] RARE R KIEHN 50% LTI & L1
Foded R mA A EE, ARKTEEELE, AV AT LEREYTIE R E LR R AR YA,
B/ 5%&3 %53
KR mAe; aw; RS, @WEBER
FESES: S714.6 XEkPRERS: A XERES: 2095-0756(2025)06-1243-12

Effects of biochar based fertilizer on soil nutrients and
bacterial community structure

LI Baogang', NIE Xinjun®>, KONG Delei', JIANG Peikun', ZHENG Yuting', ZHU Gaodi'

(1. College of Environment and Resources, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. Zhejiang
Cultivated Land Quality and Fertilizer Management Station, Hangzhou 310020, Zhejiang, China)

Abstract: [Objective] The objective is to provide a scientific basis for improving rice paddy soil quality, by
investigating the effects of biochar based fertilizer on soil nutrients and bacterial community structure.
[Method] A field experiment was conducted in a typical rice paddy located in Hangjiahu Plain. 4 treatments,
including no fertilizer control (ck), conventional fertilizer (CF), biochar based fertilizer substitution of 50%
chemical fertilizer (OF) and biochar based fertilizer (BF), were laid out with the 3 fertilization treatments with
consistent inputs of N, P and K. Plant and soil samples were collected post-harvest to analyze soil
physicochemical properties, bacterial community structure, and rice yield under different fertilizer treatments.
[Result] Compared with CF, OF and BF treatments significantly increased the contents of organic carbon
(SOC), soil dissolvable organic carbon (DOC), and microbial biomass carbon (MBC), respectively (P<<0.05).

There was no significant difference in soil bacterial diversity index among the fertilization treatments. However,
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the application of biochar based fertilizer had a significant impact on the composition and function of soil
bacterial community (P<< 0.05), with increasing the relative abundance of eutrophic bacteria and carbon-,
nitrogen-related functional bacteria. Meanwhile, the correlation analysis results revealed that soil pH, SOC,
DOC, available phosphorus (AP) and available potassium (AK) were the key environmental factors affecting
the composition of soil bacterial communities. Correlation analysis indicated that soil SOC, DOC, and MBC
were important for rice yield. [Conclusion] The application of biochar based fertilizer (BF) and substitution of
50% chemical fertilizer (OF) could improve soil nutrient and the relative abundance of eutrophic bacteria
compared to conventional fertilizer. These results demonstrate the positive effects of biochar based fertilizer in
regulating the paddy soil microbial environment and improving soil quality. [Ch, 5 fig. 3 tab. 53 ref.]

Key words: biochar based fertilizer; paddy; soil nutrient; bacterial community

FEAEAR Y 2 [ GOMR 1 2 A AR W () Ei B S 0 e TR W AT BIL S o0 i RN 5 i 3R ) 20K B0 g
SV - T AL 7 (S bR o I AT el AR - R E MR IR S FVE SR T oK e YN
B R R N A S RGeS, RS A B REERDK SRR . (H R TR AR
WG, RS ES [E) PN A 7 43 B BTG R0 R AR WG %, AR SRR 30%, BEACFIH %
1 25%5, AW IKAE Oryza sativa W= ROR , AL BIEHOARE, 0451 & + R AL AR TS YL 55 )
TR S U A 4 R 2 o = WS T £ R D e S SR e =

RIENE AN BT B R Ry m), LUV EM RN ER, SR (N). 8 P). M K) FHo6
FRAEC L, RS (A fb ik RIRE R . ZWF R IESE . AR Re g st LI e . 4 hm
A PR & i TR R TR 45 7 B8 IR AR RO e B . i FH R BRI T W S R R /N Triticum
aestivum-F£ K Zea mays e VE LMW I3 Fr &, Hoh 2 FURA LK & 5 5 50 A0 N0 Ak 3143 01 2 4 v
8% F 11%. A FENE 1) 8y Lo 1 M de 2 st R s 0 AR PR AT 4l R A ML R 5%, B bs A7, 36 +
A ML & 2P SHI SR BESE T RAT R FERE X B Coix lacryma-jobi FiE 384 LR L8952, &
Mok FENE g 25 Pt = R B WL S A o B i, HARTRRCR B E R T E AL . IBRAHIM 451
TG A B s e AT ] J 2 8 i = M RO R MR AN R A B o 2 (B . R SR L SR, M
CESEI XK G Glycine max WIS F B R FEAE X 20 B (4 AR X = B8 0 i 2 e, (HAH g oA T 4
FLAREVR SR . AT, o ARt P AT S VR W e AT A CE AN e P o IR B Al o A5 B 5% R 1
BT IR E YRR A E R R, (RIS I AR - R WA s S A BT R e
NE it AR S R R, (AR i S NE AT 13U E M e AR e TS 20, BE T, AR a5 1 JR A
FE iR DX 15 8 FH Ry, R o ST it P X - S B 5 . 40 TR % 28 Ak B K A 7k 1) 5% i) B HGAH B OG
&, DI R A e A A 6 BRI FH A e R BRI R 22480

1 BFRHK 5857 %

1.1 AREER

WFSE XA THIT A M & T B A L (30°28'N, 120°17'E), %X & S Py 28 RS e, ARSI A
15.8 °C, FEHREKEN 1193.0 mm, 4 HBEBECH 1702.0 h, TFEM N 225.0d, AFFEIX 30T L08
KAEL, B AEERR L, BHEZ (020 cm +)2) HHEIEARME TN . pH 6.40, A HLER (TOC) 12.18
grkg!, A (TN) 1.06 g-kg™', # A% (NHI-N)3.61 mg-kg', AHAZ (NO;-N) 12.38 mg-kg ', A 5k
(AP)3.71 mg-kg ', B (AK) 106.00 mg-kg s
1.2 iRt

KR R AL X AR5, S 4 AR B R AR XS BR (ck) . B RLGAE (CF). B3t i # AR
50% ALAE (OF). mHEAE (BF). RAAbRE 3 EE, 3612 Ml &AM 32 m? (4 mx
8 m)o MBIk RAMIB A ERUE, /X 3K Je G FEE (Y6 15 om, ¥R 60 cm). 5 HLEAE (CF) Zb ¥
FIALE N PR 2 . AR IR RGR FR A i, i b P A S A, RIAUIEN 270 kg hm 2 (DL, BEAE
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g 75 kg hm [ DL EAL 8 (P,05) 31, HPAE K 150 kg hm [ LAEALET (K,0) 31, 44k B AR F
R 1o RAEENEEA 50% LIEA BRI IR . B — A8 (NH,H,PO,) . BRERET (K,SO,). ZEW)
FR A DLIE R BB [ 29:16:38:15:2, & PSS RERALR G TS, HEREK/NN 2~4 mm, &F45r
Ji i oA N:P,Os:K,0=18:5:8, LW i /&m ‘Wit 18"  ‘Zheyoull” /KFEFEFF, &MtT . MiF)E,
WA FORAEHL, 7EE IR TCEIEE T2 | h A RIS M S —2%, BEE T SO AR, K
FEFPAE 7 O RS R FIAE , BIBFREE N 15~20 em, JCHEAKI, TR, HEADTNEHE, AR FEREY
Z YRS RS B, e SENEAE I — W 51 F 3R 2, BIPRISIERL R E R &35, M
FERE N AR AR . KAET 2023 4F 6 A 22 HIiti3EAE, 6 H 24 H&4L, 9 H 9 HIBAE, 11 A 3 Hilgk.

®1 AELLEEEEMERIFSHE

Table 1  Fertilizer application rates and nutrient allocation of fertilizers

HENE/ (kg hm ) BB/ (kg hm™)
AbEg
PRZ FREEREIL TR TR FENE PRE FREEREIC TR
ck 0 0 0 0 0 0 0
CF 2935 3125 144.23 0 2935 312.5 144.23
OF 0 0 28.80 750 293.5 312.5 144.23
BF 0 0 57.70 1500 0 0 0

Ui JRENFRATEUN46%), SEERALPOs I R/ EUN 12%), BRI (KO /3 4h 529%) . HIEALN:P,05: K,0=18:5:8)(Fitt th).

13 #HmRESLNE

KRG, AR ERREPLIEER 5 SR BPERIMEIE T R, AR G HEA T B O LB 24 it . Rl
HU 1000 K TRBEASFREE, 3 IREEIRZEFHITE 0.05 g AN, #EMHE TR, Ik 14% &R
Kpm i REOKHRE ST B 26 A S A RGN B AR A B 2 W1 EA TR K AT AR AR A 52, A 45 B BETE
¥y, &R . SRR AR

KFEWCIRSE , B 5 em B HEEFEAS/NX I BEHLREE 0~20 cm + 219 5 > AR TIR ST, SIBRA
B, R R KA PR E L IR TV & S S0 % . B BIEREAN G 2 mm TS, — (0 RAET 4 C
vKAT, HIFNH-N. NO;-N Ffinf A Hlak (DOC) M ; 75— BT -80 C vkAi A7, T e
YIRETE SR Z BN 5 HAYEE R F AR AT I T T S AR B AR S5 0 0 2
1.4 MEFE
141 BREARAMFGNE S5 (EEERAF T EN, Hr pH SRR AR, Kt
9 2.5:1.0 ((RRUTE H); HIHERACR A C/N JEE 31X (Europa EA-GSL) a2 ; 845 Lk (SOC) R H
HMIPATE B R4 AL - A A I A 5 NH-N FINO; -N R 1 mol- L S8 AL A2 I -1 511 (RBUR
TP B, U SR T B AR 4K 25 H R A s A RO R T Eh MR- AL R R K AR
WS, BB, AU R R BRI - UG T E . DOC #% IRt 1L 5: 1
(RFUS & L) AT, B0 0L 385 F TOC 43 #1{X (SHIMADZU) I 22 5 73 4= 9 = ik (MBC) 2k H
K,SO, @4 . S &L .
142 E3EMmAHN T BICREEYELREA RAR (b E L) ##17 PCR Y1 & 168 & &l
¥, o3Mr HIEGE Wi R e bR (B4 515F (5'-GTGYCAGCMGCCGCGGTAA-3') il 806R
(5'-GGACTACHVGGGTWTCTAAT-3") %f 16S rRNA (¥ V4~V5 X #4173 14 -4 g 3%, @ 1 [lumina
MiSeq V- &5 #EATINF 534
1.5 Sitath

iz JH Excel 2010 FEATECHE AL FE, R JH SPSS 20 A [|] it JE AL 33 A9+ BE AT PE R . Aok ™
L AR MY o ZREMESE BT BRI O 22531 (one-way ANOVA) A1 Duncan £ # L5, HLEIAIHR
AL E] ) S R S (KN 0.05). A QIIME (Version.7.0) 4T HAE MBS o ZREM:, Hijik
B Chaol $5EUF /R A HETS 1945, Shannon F8 5K R 41 R BV 9 2618 . SR Bray-Curtis B 2517
AN ) Ak 28 ) 4400 A AR 05 AR 2B, il i S AR AR B AX M (PCoA) HEATRTARAL . 4 B BV 1) T R T30 >R
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] FAPROTAX 2, Ve ¢ K36 oA AS [R] it AE &b R %) 40 T8 v 2H 20 AT sh e i 2% 5 . i Chiplot X
ISP T 5 i W RO R P i AT Spearman AH SEEA R 43T, FIH Origin 2019 234,

2 HREHAAHM

21 FEIHEREAME + i RIS

M2 2 Al ASTRAE Ab B Y 358 pH N 6.24~6.66, i CF ARFHfY 3 pH £k, % ck 1K 3.3%
(P<<0.05), Tfii OF F11 BF AbFH ) pH %5 ck 540N 2.0% 1 3.3% (P<<0.05), {H OF F1 BF &b [H] G il 3% 2%
5o WA EENL B35 1R R SOC i 3% (P<<0.05), BF AbHRY SOC it /i &, 4 15.61 g-kg'c 5
ck tHH, OF I BF 4b ¥ & 14 Jil 7 DOC Jii 7t 43 8 (P<<0.05), 4¥5IH4 N T 36.5% Fil 49.4%; 5 CF #
kb, OF F1 BF 4bF ) DOC Jii 2 43 B0 B M N 16.6% F1 27.7% (P<<0.05), {H OF 1 BF kb |a] G i % 22
o MR ML R 15 MBC JF ik 5380 51 (P<<0.05), MILL ck 4b3E, OF Al BF 4 B4 51 i1 T
130.6% F1 175.0%, #H L CF AbFRA 33411 88.0% F1 124.2%; {H ck 5 CF 4b¥ijE] Tl Z %5, BHHEse
HAD, A5 H N0 A PR AL SR A T S B ok B NI RREE (B, FLSR AN s B AR AR, b 4%
BSR4 B0 e (LY H BRAE CF AbBE, ASIR] it I A 20 ) + 48 4 RS R / BOE B 25 57«

x2 AEIEIEALE T IREYULFSFIE

Table 2 Characteristics of changes in soil microbial and chemical properties under different fertilization
3 pH  SOC/g-kg') DOC/mg-kg') TN/A(g-kg') NH;-N/(mg-kg™') NO;-N/(mg-kg™") AP/(mg-kg ") AK/(mg-kg') MBC/(mg-kg )

ck 6.45+0.01b 12.41+0.01 d 354.96+17.45¢c 1.06+0.03 a 3.61£0.14 ¢ 12.38+1.13 ¢ 13.01+0.24 d 106.00+0.58 ¢ 94.7+14.12b
CF 6.24£0.01 ¢ 12.1840.02 ¢ 415.36+30.59 bc 1.10+0.04 a 8.83£0.33 a 34.18£2.51a 19.57£0.38 a 142.33+0.33 a 116.16+14.91 b
OF 6.5840.02 a 14.50+0.02 b 484.51426.23 ab 1.07+0.03 a 5.03+0.07 b 19.77£0.30 ¢ 14.63+0.27 ¢ 101.67+0.88 d 218.39+31.88 a
BF 6.66+0.01a 15.61+0.15a 530.4+30.13a 1.08+0.04 a 451021 b 14.53+0.33 b 18.31+0.20 b 108.67+0.88 b 260.4+42.35 a

LW SOC yEHEAHLEK; DOC KHTIHHEA NG TN HLE; NHi-N WESR; NO;-N NHEE; AP WA AK Wz,
MBC R Wik, $E A I EAREDR, [FFIARR/NG 5 BERIR AN R AL B 22 53 .25 (P<<0.05).

22 AEHRLGEAEEESHENE

ARG 5T R4S FEAS Coverage F6 B KT 99%, 156 WA RE & b Ay - 598 200 TR 6 AR 7T Joz e 4 398 119 LS 0
B 1R REACEEN AN o 2T E 225 iR ILE AL FE (OF 1 BF) 4 Chaol 54K
1 Shannon 5 8L ok A T4 i, (HAEL CF A NG FrBEAR, BEARIL 3N 1.18%~10.45%. H:T Bray-
Curtis 5 25 45 [ 1) PCoA /0 Mréh S (I 2) R 55 1. 55 2 AR dndh 20 ) i B 1 40 T % 78 S5 B8
71.35% F1 25.80%. BF il OF &b FEAE S A B HF 7% 5 CF. ck &b BV PCoAl WA W 73 FF . Ah, ok 5
CF AbFRFE iy 1) A0 R T4 T PCoA2 BB W43 FF o XF 20 TR BEVE 45 A TR AR AU S0 /s« A [l it A Ak R )
MR AN TR VR R B E 25 % (R =0.75, P<<0.01).

2800 71 . ,_T_
a
S ma
a a
< . 7.0 T .
o 2400 - . T ® a
= - T : = T
= =}
= 2200 - § 69
= T 5
© 2000 L 7 .
68 |
1800 | 1 L
1 600 1 1 1 1 67 1 1 1 1
ck CF OF BF ck CF OF BF
R U3

R[N BT R AL 2 .35 (P<00.05).
A1 FRREzGELEIEME o $HRIER

Figure 1  Alpha diversity indices of soil bacterial under different fertilization treatments
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2.3 AEIHERE AL IR 40 B B 5 45 44 e Th R Tl
TETTIKE, AN TR) it AT Ak B 200 o B 7% 2 22 P s 03 r o ck
I# ] Chloroflexi, “FJE# ] Proteobacteria. PR T B :8};
["] Acidobacteriota, JiZZETH [] Actinobacteriota, JEEE 02t ° ¢ BF
PA1] Firmicutes ., fi5fb82JE R[] Nitrospirota, 2fHLJfd R N
P[] Gemmatimonadota ., ¥ [ ] Bacteroidota F1/ii § 0.1 |
i FT 12 '] Desulfobacterota ZH i, (] 3)., Hop, &t § f
W, BRI BT TR L 1] B AR 52 B2 :5.) 0t ..
K 57.309%~75.12%. 4% i AU AL B REAR B kB T
T TR T TR AR E B T T B AR X B, R sk -0.1
LT AT TRASTE R TR X F B, 1 X & R=075
FE TR RN AT TRT 1D A X = B8 1% 2% £k T B S LA o2 bt . P=0.01% .
A LA B R ASTE ] . BRFFIRITT . R TR TR ~02 01 0 or 0z 03
3B B 1T AT %4 2 MK BV BF L CF e 01,
OF. ck. D b e
IR FAPROTAX A 165 IRNA AT 103 scon i o o s o et
RETIIN . AL 4 w00 . e SRRt FH 5 3 A Mk treatments
fiE

7% (chemoheterotrophy) . 75 AL HEFFE (aerobic

Bacteroidota

2/

/
Qﬁgﬁ
Og:

Iy
¢
&
Q
&
I~

" '7(}.
- - 43,2 Q%,
9 = % o,
e % 2 3 @
3 T %
= % %
g
= =
=] =S
5} ')
2 3
= =
a E)
2

JEL B ] Actinobacteriota, £%75 1 | JChloroflexi, UM [ TBacteroidota, “FJEE [ ]Proteobacteria, FRITH | ]Acidobacteriota, AH{LIEiE

I Nitrospirota, JEEEE [ JFirmicutes, [ifiitT B Desulfobacterota, HHIH [ JGemmatimonadota, JAOthers. I 4 HE R AN
A TS E R AT (AR

B3 RFZEAAIE L5 B KPR LS A 2R

Figure 3 Composition of horizontal community structure of bacteria under different fertilization treatments
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chemoheterotrophy) . fiffbIIfE (nitrification), %44 100 0
‘A b P BE (aerobic_ammonia_oxidation) F1 [& % 2 fig 90 I 2 gl};
(nitrogen_fixation) 55 & /£ T b # 2 fk (P<<0.05). & o, @ OF
SRR T AT AT s - SRR . AU PR A OC T RE R A 70 =
XL ¥, 5ok Milk, CFFIBFABMMLAES 5 [ Sl
Fe DI RE S B 25 KN 22.97% F 21.81% (P<0.05), £ e
{H55 OF AbHfJE 2% 5 i CF. BF I OF AbHf(1) g OT .

A BALRE ST BB RS ok 5B M 242.70%~282.30% 0T =

(P<0.05), BLH1 BF il CF 4535 75 T MR o #E . e
SRR T B o XY T AR R X D B TR RE T NI T e
CF 1l OF Ab 34 ) + 3 20 T I il AL D R 4 okt 3% ’ CH ACH N AN NF

YT 359.41% I 544.44% (P<0.05), #7AE EALT BRI

fie 8¢ ok b F W 522.35% M1 519.15% (P<0.01),
{H BF 5 H At 4b B[] JC . % 25 5 . BF F1 OF 4b 3 1)
- 4 4 TR R VK [ A D) A B3 S T ok FI CF Ak 3
(P<0.01), {H BF 55 OF kbHija] ik & 25 .

24 MEEFEMEMEZLERBXES T

CH. fbfE 77 ThfE: ACH. FAALBE R TR IIAE:

Ni. LI

AN. G AAT)RE: N B EI)RE . =R (P<0.05);
#4 R TN AH AL R (P<0.01).

B 4 RE eAeL 32 m B K o fe T

Figure 4 Functional prediction of bacterial communities under different

fertilization treatments

M SH U . SR 5 £ 5 AP Ml DOC 2 # 3 i ¢ (P<<0.01), 5 MBC 2 I 3% i fH ¢
(P<<0.05); ZJETRE 15 £ pH F1 SOC 24k i F FAHOC (P<0.01); MRFFEET 15 158 pH. SOC 24k i 3
T (P<0.01), 5 AK 2HEFHEME (P<0.01); MR IMFTHEI 15 15 pH, SOC #1 DOC &
W 3 IEA O (P<<0.01), 5 AK M8 A (P<0.01).

2.5 AREMEELEREKMERTE
12 3 AT 0. AN Ak B a) R R i o 22 S K

H:rp OF 1 BF Ab B 18 48 5t i /0 B i KT ok Al

s 8
_E£2%s
£33533
$225¢
R, hEygzsEEEEE =
O = 25 9 [
ELZofE25275222a5222%
o [l DS EEaE - - M g
Ar & nm 0
Ak S E@oo
soc | e o L J R | e e i)
™ O
No;-N [HE Eeosss0o0
Ni;-N [l [ ssan
poc @E@roRE0O=
mec HE 00 EEE
vield & - (mB» B @
Chloroflexi [l o
Proteobacteria . ]
Acidobacteriota .

Actinobacteriota . o &

Bacteroidota . =

ci j@ooe
act @@

Ni [

AN @

~NF R

0.5

o
NES

-1.0

AP H R AK. AU : SOC. LHEFHIRK: TN. B NO-N. AR NH)-N. 2% DOC. nlVETEEHLEK: MBC.GAY)E bk
Yield. 7“5 Chloroflexi. £¢Z5 | J; Proteobacteria. Z8TZF [ 1; Acidobacteriota. FRAT [ 1; Actinobacteriota. i{ZE 1 1; Bacteroidota.

AT CH. ALRER TRIIAE: ACH. fiffbRER TR IIRE:

Ni. LT RE

AN. IF A AL T RE 5

NF. [ R IRE. *Fpmk

(P<0.05); **FRHIHLR H(P<0.01). JrHE EHA/NFTRAE REANE, CLHUBR, FRAE P R
A5 LRIREAT 5 A A T E 0 648 K ST

Figure 5 Correlation analysis between soil environmental factors and soil microbial characteristics and yield
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CF b3 (P<<0.05), BF Kb 3 i) 4l Jot it 70 450t 35 (I8 T oAb ] (P<<0.05) 45 it I Ak 38! 14 2 11 Jo Joie ot 4
B T ok AbEE (P<<0.05), {H A4S b HH A TG 25 25 55 o 45 A B LA T R IO A 0 B0 R X AR
LA, JLrf OF &b BEE Y 1 4 U8 0t i 70 B de =, %8¢ ok, CF Il BF &b B 43 ) 1B 35 32 &5 13.22%.
8.09% Fl1 4.23%(P<<0.05). X Freg&imis, 5 ck #itl, £hEAb P46 i 242 m Rk ™= & B84
i Hrf, 5 CFbBEAHLL, OF Fi BF A BEMART K™ i 4 e = 9.00% F1 7.90%, Hi b4 Py 43 4
1= 0.43% F1 2.34%, {HARIRB) N ZEKV-o AT (B 5) AT Rk~ & 5 14 SOC &2 i 2 IEAH ¢
(P<<0.05), 5 DOC Hil MBC £ H  # IF A (P<<0.01),

®3 AEERLEFEKRESHMTE
Table 3 Rice quality parameters and yield under different fertilization treatments
BEY 2t/ U HEHY HEEER FEA T 5/ b ERA Y
(g'keh) (g'keh) (g-keh) (g'ke) (g'kg) (kg-hm?) (kg-hm™)
ck 13.94+0.49 ab 2.51+0.01 a 6.10+0.26 a 8.16+0.07 b 6.96+0.06 d 7 864.58+341.53 b 11 145.83+579.98 b
CF 14.34+0.36 ab 2.53+0.03 a 6.12+0.33 a 8.67+0.04 a 7.2940.03 ¢ 10 037.50+179.45 a 19 500.00+£565.10 a
OF 14.514£0.72 a 2.61+0.05 a 5.61+£0.27 b 8.81+0.11 a 7.88+0.04 a 10 937.50+251.58 a 19 583.33+583.51 a
BF 14.48+0.80 ab 2.12+0.03 b 6.04+0.56 b 8.75+0.05 a 7.56+0.02 b 10 833.33+321.89 a 19 955.42+686.81 a

VLR ASR/ING SR 3R AN [ A #41 ) 25 5 B 25(P<<0.05)

posiil

3 3t
31 FEIHEARAN IR B LR M R R P R AR

SRR A J7 B S R LT KRR A P MR R 3 AR TR i L B, B0 2 A
R EBRIIRSHORLI SCHE 20, CATRRSIES : M SN T 5235 4 AT DL & R SR 4
B, s, SRR KGR TR R ARBR R MR,
pH B AcFe4h (NHY-N. NOT-N. APl AK) Jf REAM R ok W35, 3K E SR T DAEHFsR B
SEEE, A KRS T A TR, BRSBTS T () AR T (AT, )
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