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Effects of Reduced Application of Carbon-based Fertilizer Combined with
Compound Microbial Inoculant Soybean Growth, Yield and Quality
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Abstract: To investigate the application effect of reducing the application of carbon based fertilizer combined with compound
microbial inoculant in soybean weight loss and efficiency improvement, this study conducted a 3-year field experiment with
Kenbao 1 as the tested soybean variety, using carbon based fertilizer as the control. A total of 5 treatments were set up: carbon
based fertilizer (CK), reducing 1/5 of carbon based fertilizer (1/5R), reducing 1/3 of carbon based fertilizer (1/3R),
reducing 1/5 of carbon based fertilizer and apply compound biolodgical agent (1/5RB), and reducing 1/3 of carbon based
fertilizer and apply compound biological agent (1/3RB), we measured the relevant indicators of soybean seedling stage,
initial flowering stage and harvest stage, and investigated the effect of reducing carbon based fertilizer and applying compound
biological agent on soybean growth and quality. The results showed that 1/5RB treatment could increase the emergence rate of
soybean seedlings compared with the control, 1/5RB treatment and 1/3RB treatment significantly reduced the incidence rate of
soybean root rot, increased the number of root nodules, and increased the activities of soil urease, invertase and alkaline
phosphatase ; the soluble protein content of soybeans significantly increase in the 1/5R, 1/5RB, and 1/3RB treatments, while
the fat content of soybeans significantly decreased in the 1/5RB and 1/3RB treatments. The theoretical yield of soybeans
treated with 1/5RB and 1/3RB increased by 12.5% and 7.26% respectively compared to CK in 2021;14.72% and 7.91%
respectively in 2022; 8. 86% and 6. 21% respectively in 2023, with an average three-year growth rate of 11. 76% and
7.04% . In summary, under the tested amount of carbon based fertilizer, reducing the application of 20% to 30% carbon
based fertilizer combined with compound microbial inoculant has a promoting effect on soybean growth and yield. The results of
this study can provide theoretical basis for soybean weight loss, efficiency improvement, and quality enhancement.

Keywords : soybean; reduced carbon-based fertilizer; compound microbial inoculant; yield; quality
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1.1 kst
1.1.1 XE#H#x EAEYETES DEERH
PUOIRE WA FE2EFAT TR ( B. subtilis) AR A D BE 1)

TEM ZEAAT 1 ( B. amyloliquefaciens) | fFBE DI HERY E
KEZFHIMF TR ( B. megaterium ) FAFET D) RE 1Y SR 25
FAFF I ( B. mucilaginosus ) X ARIEE # ( Rhizobium sp. )
ML, Bk 5 AR Z B TCHEPUE R, EAMEY 4K
A7 AT AR 2 (R R O R R ) R
VLN B IR G E W ¢ 85 R e s 4 3L
AR ] LB 5 IR 3B K 8% 24 h 5 Fi SRR RUR
&%,

1.1.2 Xa&mAa s KBRS H
BTN — 4R B IR AW B HOR 7 Bt K L4 4
it ST e R R VLA K BT Hb g 2R W B RHA FR
ONFEIRAE AR SR =45% ,N: P,0,: K, 0 HLfih
15:18:12,

1.2 RIEEt
1.2.1 RIEA RN AR T 2021—2023 4

TERITL\ — R B R 22k g k47, &3k
R0 AL T 124°537 ~ 125°55'E,46°01 ~47°01'N
Z 18] J& AR A KB PR T R 2 KR, AW
I, TEFR 142 d 24, AFRE TR 24 430 mm, 4F
HRFEL 2 872 C,

1.2.2 R4z ARREIES S0, 5440
M3 REL, 5 AN H R N (CK) 38
1/5% KA (1/5R) 6k 1/3 = FAL (1/3R) 8 1/5
REENE L 2 & AW R (1/5RB) ik 1/3 7k
SRRt 2 A A A (1/3RB) o B/ X i R
39 m? (47K 10 m, 4785 0. 65 m,5 171X) . #HE
FAHE R 225 kg« hm ™7, Be it &2 A A 90 1 0 H RN
1 500 mL-hm > i FA7 5 s SRR A5 J5 P14 H
T A 7 v R — O N TR, iE MR R B 8 em, AT
AN ARG S om PR 30 Ji Bk -hm 77 A A B it
IR R R, RIS Fl S e 2 1,

F1 HEEBRERE
Table 1 Fertilization configuration
AT I H- s X
, e CREER7) Bl N .
BRI Lk 5 g LB Hi% 3 EL TN
Kb Compound
Biochar based Biochar/ LB medium/ Distilled water/
Treatment microbial inoculant/
fertilizer/ (kg-hm ~2) (kg-hm~?) ) (L-hm~?) (L+hm~?)
(L+hm~%)

CK 225 0 0 0 1.5
1/5R 180 45 0 1.5 0
1/3R 150 75 0 1.5 0

1/5RB 180 45 1.5 0 0
1/3RB 150 75 1.5 0 0

T BN A 2B A2

Note : The reduced biochar based fertilizer was supplemented with biochar.
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== NISR 7 Ay O 7 R G A R e = i3
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RICHRBGE P A L 2™
1.4 HESH

RIS EE R T Excel 2016 #4750 40 3 SPSS
25.0 g 3 o N OriginLab Origin 2021 A
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2 HER55H

2.1 HEHEREESIT

% 2 AT el 6B it &2 A 2 W e R AT DA
TEAR[RIRR BT L AR F K S b th i I R ATOAR B 1
RIF, 2021 4F 5 Ab PR G H R 5% R CK
% ,1/5RB AL BRI = T CK, 1/3RB 4L FHBEAK T CK,
AR R, 2022 412023 4-,1/5RB Fl1/3RB
AbEREME T CK,HZE S AR E, N 3 Fil%
SEHIEE R FE | 1/3RB ALY R S 0 B AT L 2
SR, 1/5RB AL B Al ) 2 5 5 K T
[HE

*k2 KREHEHEKERS
Table 2 Soybean seedling growth statistics

Qb 1% Emergence rate/% HIJEE K7 Root rot incidence rate/%
Treatment 2021 4 2022 4 2003 4F Ty 2021 4 2022 4F 2023 4F iy
CK  84.68+0.87ab 88.08+0.54a 81.07+0.17a 84.61+0.18b 25.39+0.20a 26.30£0.30a 23.30+0.15a 25.00+0.11 a
I/5R  81.26+0.98 ¢  87.25+0.32ab 79.1920.53b 82.57+0.54c 18.89+0.07h 24.8020.17b 20.76+0.03 b  21.48 +0.41 b
1/3R  80.58+0.32c  85.70+0.51b 78.24+0.02b 81.51£0.27 ¢ 24.21£0.15a 23.24%0.05b 20.71+0.18 ab 22.7220.35 ab
1/5RB 85.92£0.39a  89.01£0.59a 82.80£0.52a 85.910.37a 11.3920.09¢ 15.0020.04 ¢ 11.05+0.06 ¢ 12.51 +0.14 ¢
1/3RB 83.81£0.97b  88.11£0.57a 81.97+0.42a 84.6320.57b 19.61£0.18 b 20.60+0.08 be 17.34+0.10 be 19.18 +0.23 be

T R PRFE NG TR R B (P <0.05)

Note : Different lowercase letters indicate significant difference( P <0.05).

WRIEFRGEITEE R Lo A Ak B4y v 30 A AR S
o A I R A v AR B e T 2R AT
63 R 11T 1O B, 1l B2 SR OT R Bt IR (14 1
HikPAR) o 3 AFSITA RIS, 5 CK AL, 1/5RB

F1 1/3RB b FRZH K AR 1Y) s 6 34 1 25 AR
HH 1/5RB ZbHE 3 4E53 HIREAR T 55. 14% 42.63%
Ml 52. 57% , 1/3RB 4k 3 43 B FEAL T 22. 76% .
21. 67% F134.37% ,¥9iR3 T 1322 5K K-
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7E:A. CK;B. 1/5RB,
1 AEMEXERBHEEBER

Fig.1 Incidence of soybean root rot under

different treatments

2.2 AELSEXMVIEHAXEERKBIID

2.2.1 A RKMK WK 3 PR, AREE KL
R WIAEIA R SRR A S TR 3 AR
FEAE—E S, 2021 4 ,1/3R Ab B K T bk S 4 v

I/SRACEE R Z MR FEK, 5 CK LR ER 3%
1/5RB Fl1/3RB AL HHE AL T CK, 22 5 A 1. 35 52022
4E 1/5R FI1/5RB MRE 15, 1/3R BRESIEAL, 5 CK
Fe 22 5 25, 2023 4E 1/5R Fil 1/5RB AR = 34 &,
1/3RFI1/3RB #R i AR, 5 CK 22 5 A W #,
1/5RF11/5RB B3 48 F ¥ bk & K T CK, 1/3R Hl
1/3RB/NT CK, & ¥R B 35

AT S BB R 2021 4, 5B CK L, &
AEPRZE R /N T CK, H 22 7 32022 45, 1/5R,
1/73R Fil 1/3RB AbHZEHH /N T CK, H 25 7 1 %
2023 4F1/3R A RN T CK, 2 5 3,3 4E 4
LRI ZH N CK HZERABE

o b EESS R B 1/5RB AP |5
RHEY BT CK, 22 5 8.3 1/3RB AbBEAL B4 | T
FHAEAFEWET CK,HERARE,

L2355 3 B O e I T it 5 5 A 4 T R 1
S 3 BN K TR e 2R EE 15 i AT
it 52 A TR ) AT DA R R R T T
R,5 CK I, 3 4F 5550 = 38. 99% ,33. 95% Fil
11.81% , -394 75 28.39%

R3 KREMEHM ERAERMERK

Table 3 Aboveground biological traits in soybean early flowering period

biszH L7 =

Treatment Plant height/cm

2021 CK 17.7+0.31 b
1/5R 18.9£0.25 a

1/3R 16.4+0.33 ¢

1/5RB 17.1 £0.36 be

1/3RB 17.6 +0.29 b

2022 CK 18.7+0.31 b
1/5R 20.8£0.25 a

1/3R 16.9+0.33 ¢

1/5RB 20.120.36 a

1/3RB 18.7+0.29 b
2023 CK 16.7 +0.31 ab
1/5R 17.0 £0.25 a

1/3R 15.4+0.33 b

1/5RB 17.4 £0.25 a
I 1/3RB 16.6 £0.25 ab
Mean CK 17.7 £0.58 ab
1/5R 18.9+1.09 a

1/3R 16.2 £0.44 b
1/5RB 18.2 +0.95 ab
1/3RB 17.5 0. 61 ab

ZEM B o
Stem diameter/ mm Overground dry weight/g
2.39+0.04 a 1.59+0.24 ¢
2.18£0.04 b 1.63 £0.07 bhe
1.96 £0.04 ¢ 1.52£0.11 ¢
2.08 £0.04 be 2.21£0.91 a
2.12+£0.02 ¢ 1.71 £0.19 be
3.12£0.04 a 1.62+0.16 b
2.97£0.04 b 1.55+£0.10 ¢
2.75+0.04 ¢ 1.45£0.19 ¢
2.98 £0.03 ab 2.17+£0.54 a
2.87 £0.04 be 1.74+0.14 b
2.08 £0.03 ab 1.44 +£0.31 be
2.14+£0.04 a 1.49+0.03 b
1.76 £0.03 ¢ 1.30£0.21 ¢
2.03+£0.04 a 1.61 £0.44 a
1.95+0.04 b 1.56 £0.09 ab
2.53£0.31 a 1.55+0.05 b
2.43 £0.27 a 1.56 £0.04 b
2.16 £0.30 a 1.42+0.06 b
2.36 £0.31 a 1.99£0.19 a
2.31+0.28 a 1.67 £0.05 ab

I RBPARNEFR2ZREBE(P<0.05),

Note ; Different lowercase letters indicate significant difference( P <0.05).
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2.2.2 WTFIAKRMBK W4 PR, 2021 4F,
1/5R Fl 1/3R AbFE AR B 0 45 40, 5 CK AH LK 22
S 1/5RB F1 1/3RB 4L HAYAR K /N, {H 5
CK AH L 22 5 A 1 352022 4E I 2023 4F 45 S AR,
1/3RB b HM K /N T CK, 25 %, 1/5RB AL HH
KT CK, AR E, 3 FW LIRS,
RSt 7 5 A R AR Bl / N

TR G BALRRAR TR 50 e 45 R R S XTI CK e
#5,1/5RB 1 1/3RB AbBRAY K & BARRAR IR 5L 3 41y
EEHEIN 3 AR AR AN 19, 19% F1 8. 19% , i,

HH Yk e AL T it A2 A 0 R ) X R R AR R T i L
HRENRIER,
KGRI s NG FE 200 3 AR g0 I
S5 IR DB FE T B it 2 A A R R T DL e 3
TR EARSE RGN K, XF R CK AL B AY K AR R
3 AR R FE N 17.00% ,1/5RB %5 1/5R b 3%
T 61.09% , % CK F#K T 62. 12% ; 1/3RB
1/3R A FFEAR T 47.71% %5 CK F#AK T 40. 12%
3 AR A KR Y] B AW R AT DL K
HJRE T B, W R JE o R A o8, B v K i

R4 REMEBBTEHBERER

Table 4 Underground biological traits in soybean early flowering period

e K W THE FARRAR R AR RIS S % P T T KL
Treatment Root length/cm Underground Number of nodules Incidence of Disease

dry weight/g per plant root rot/ % index/ %

2021 CK 20.01 £0.53 a 0.46 £0.03 b 14.55+1.04 b 18.18 +0.29 b 12.12 ¢
1/5R 18.20 +0.50 be 0.49£0.01 b 14.00 +0.57 b 18.18 +0.24 b 13.64 b

1/3R 16.71 £0.51 ¢ 0.44+£0.02 b 14.07 +0.87 b 25.33+0.08 a 17.21 a

1/5RB 18.87 +0.34 ab 0.55+0.13 a 16.67 +0.52 a 6.06+0.10 d 6.06 d
1/3RB 18.79 £0.51 ab 0.49+£0.03 b 15.02 +£0.02 a 12.73 £0.31 be 12.88 be

2022 CK 20.38 +0.53 a 0.65 £0.11 be 13.96 +0.67 b 20.55+1.11 a 15.75 b
1/5R 19.05+0.49 b 0.65 £0.10 be 14.33 £0.15 ab 20.73+1.22 a 17.99 a
1/3R 18.47 £0.51 ab 0.50 £0.06 ¢ 13.35+0.08 b 22.83+1.58 a 16.78 ab

1/5RB 19.66 +0.34 ab 0.72£0.10 a 16.04 +0.52 a 8.22+0.68 b 7.98 d

1/3RB 19.06 £0.51 b 0.68 £0.11 b 15.50 +0.14 a 10.55+1.02 b 10.53 ¢

2023 CK 19.50 +0.82 a 0.37+£0.04 b 14.32 +0.77 be 12.28 +0.83 a 6.89 a
1/5R 18.00 £0.95 b 0.38+0.07 b 13.85 +0.66 ¢ 10.75+0.20 a 5.55b

1/3R 17.55+0.65 b 0.31£0.12 ¢ 13.58 +0.13 ¢ 10.25 +0.57 a 5.32b

1/5RB 18.45 +0.77 ab 0.42+£0.07 a 18.34+0.52 a 5.03+1.12 ¢ 2.75 ¢

S 1/3RB 17.55+0.24 b 0.37+0.21 b 15.83+0.32 b 7.27+0.38 b 3.01 ¢
Mean CK 19.73 £0.47 a 0.49 £0.08 a 14.28 £0.17 be 17.00 £2.46 a 11.58 a
1/5R 18.42 +0.32 ab 0.51£0.08 a 14.06 +0.14 ¢ 16.55 +2.99 a 12.39 a

1/3R 17.58 £0.51 b 0.42£0.06 a 13.67 £0.21 ¢ 19.47 +4.66 a 13.10 a

1/5RB 18.99 +0.35 ab 0.56 £0.09 a 17.02 +£0.69 a 6.44 +0.94 b 5.59b

1/3RB 18.47 £0.46 ab 0.51+0.09 a 15.45+0.24 b 10.18 £1.59 b 8.81b

W RPARRNG 2R B (P <0.05),

Note : Different lowercase letters indicate significant difference (P <0.05).

2.3 AREERKE T EEE RN

W= 5 iR 2021 471 2023 4, 1/5RB F11/3
RB AhFE R & - SR EEE P T CK, 225 .35 ;2022
4 ,1/5RB F1 1/3RB AbBE K 5 A S8 IR il 1% 1 6 5 1
CK, %5 R E3;1/5RB fil 1/3RB 4bH K & + K
fiti 3 AFFHEEE CK 2051380 44. 98% F113.97% ,
1M 1/5R Fl 1/3R 43 3 AR {E A CK 43 5138 hn
5.68% F /b 11.35% .

2021 F1 2023 47K A e ms M 0l R i 110 A5 Ak
PARY 5 CK ML ,1/5RB F11/3RB 4b B K &7 44
Bl O R O M 2 RS R Gk B 25 7 0 R OKOF,

2022 AN 1/5RB A FR K 5 A Ems P il i il 15 1 8
AT, 1/5RB F1 1/3RB ALK 5 - 38 i e 1 3
P 3 A IERE CK 43534 0 19. 82% F19. 64% |, 1iii
1/5R 1 1/3R W4l A% 2. 50% #15.00%

TR S B T O 0 4 AR B . 2021 A
2022 4%, 1/5RB il 1/3RB Ab K 5 A 3 o s 1
W= T CK, H IR TR B K-, 2023 4F 1/5RB &b
PR MR R MG, 5 CK L, 2R B,
1/5RB H1 1/3RB Ab 3 K 5+ 58 00 B 16 4 3 4FF
YA CK 2359130 14. 56% F1 4. 20% 1 1/5R Fi
1/3R M4 CK 435K 0. 45% F1 8. 11%
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3 AF b S I R 2 SR R i 2 R AE AN ]
TR I AR R 8 I Tl el 1 A At R0 R I T

P ER 8 e FE AR L it &2 6 A W TR R HDAS [ 2 44
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Table 5 Effect of different fertilizers on the enzyme activity in soybean soil

s + R B ARG R
Treatment Urease activity/ Alkaline phosphatase Sucrase activity
(mg-g™") activity/ (mg-g ") /(mg-g™'-d)
2021 CK 0.244 £0.06 ¢ 5.24 +0.07 ¢ 6.01 £0.24 a
1/5R 0.241 £0.04 ¢ 5.19+0.11 ¢ 5.89 +0.57 ab
1/3R 0.227 £0.02 ¢ 5.01 £0.10 ¢ 5.58+0.88 b
1/5RB 0.384 £0.01 a 6.25+0.16 a 6.80+0.52 a
1/3RB 0.295+0.05 b 5.83+0.08 b 6.22+0.02 a
2022 CK 0.187 £0.02 ab 5.54 £0.45 be 6.95 +0.24 ab
1/5R 0.198 £0.03 a 5.38 +£0.47 be 6.31 £0.51 ab
1/3R 0.144 £0.02 b 5.16 £0.39 ¢ 5.70 +0.88 b
1/5RB 0.216 £0.05 a 6.78 £0.42 a 7.82+0.52 a
1/3RB 0.187 £0.02 a 6.00+0.67 b 6.78 +0.02 ab
2023 CK 0.258 £0.05 be 6.02 +0.35 be 7.01 +0.24 b
1/5R 0.286 +£0.04 be 5.79 £0.33 ¢ 7.69 +0.57 ab
1/3R 0.238 £0.04 ¢ 5.78 £0.56 ¢ 7.08 +0.88 b
1/5RB 0.396 £0.03 a 7.10 £0.18 a 8.26 +0.52 a
Ty 1/3RB 0.300+0.02 b 6.59+0.24 a 7.82 +0.02 ab
Mean CK 0.229 +0.16 ab 5.60 +0.23 be 6.66 +0.33 ab
1/5R 0.242 £0.03 ab 5.46 £0.18 bc 6.63 £0.54 ab
1/3R 0.203 £0.03 b 5.32+0.24 ¢ 6.12+£0.48 b
1/5RB 0.332+£0.05 a 6.71 £0.25 a 7.63£0.43 a
1/3RB 0.261 £0.04 ab 6.14 £0.23 ab 6.94 £0.47 ab
VRN ING 22 BB (P <0.05)
Note : Different lowercase letters indicate significant difference( P <0.05).
2.4 AEMEHIALIEI X & RS0 1K 1SR 3R
w2 Frs, 3 FIRE LS R — B R 1/5R, E1/SRB  E@1/3RB
1/5RBFI 1/3RB Ab BRI K G ] i HEE A &2 ¥
F CK, P T 17.62% ,17.95% F123.49% , H. o 301
RS, 1/3R MIY K G R R T CK, T sl
AL FG (0 5 S RO S I B 67 e
WYB AR o AT TR 1 B e e SR =
Wi 3 FisR,2021 4, 5% ## CK Ee, 1/5R Al *‘*zég 5t
L/3RAMSRAOREIT 7 RS, 1/SRB M 1/3RB Kl <& 10}
Ui o7 EERRAG, FLY 3R 3 22 5 K 752022 4R, 5 ERN|
CK [, 1/3R &b B T8 17 & 2 34 @5, 1/5RB Al g .
1/3RBﬁEHE%ﬁ§ﬁ%f&,%EE%;2023 33,5 2021 2022 2023
CK ., 1/5RB il 1/3RB AbEE ) K A W 2 AR, oy
ear

ZRE, 3FREE KKV 1/5R F1 1/3R 231
N &, F IR 2. 85% il 5. 08% .
1/5RBHl 1/3RB Jiig i % 1t FEAIK, 7 35 B AR iR B2
5.12% F16.74% , 3 4FiR 9045 R 7R 8 i FENE 1Y it
B =T LA s AR 1 o, Tk S AE AC it &2 5 4= 9
TR0 At Ay ol s 2 P 4 v i M 7 e AT

L AR/NG T RN ER B (P <0.05)

Note: Different lowercase indicate significant difference (P <0.05).
B2 AEERGENAEKEEEASESHNIIT
Fig.2 Effects of different fertilizer treatments on

soybean water-soluble protein content
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2.5 FEBRAGIEN XS 20T
2021 4F B LAV 4ERE K 550 608. 5 mm,

[JCK 1/5R 1/3R
FEHAEZ 1% , MBI E 57K, 2023 475 2= W £91/5RB W 1/3RB
M TR 6 HR,7T ATt RSN, 25 25t ¢y oa b b a saa
B, 2021 4F A1 2023 4F A HHR S ) HE S 0 TR [Tk b2
BRI TR L — 4R/ X S5 20}
2 S A R B R, B . 5 CK Fe#,1/5RB w4l %
AbR B RR TR | B RRR B R RS e R A i ;
RN, B e 5 A E B E KT, 1ARE B S
bR SE R SRR B TR B R0 5 Y "
A BRI, o BARR SRR BSR4 K B 2K st
o 3 ARRIREE S5 SR s SE IR Bl A R 3 S
SRR AR S TR QST YA | Wl == 7 N SR LD O 0 2021 2022 2023
e, 1/5RB A FRAPRBL AL CK £ 6. 78% , A AL 4 Year
N 5. 24% | P73 11.77% ;1/3RB 4b BBk
B CK B4 4.24% | TR 15 2. 64% | 77 ik 4 EARNG FRRRE R BE (P <0.05),

Note: Different lowercase indicate significant difference (P <0.05).
B3 AREERLENXEEHSENHMm

Fig.3 Effects of different fertilizer treatments

Jn7.04% . WEAFEACALEE (1/5R F11/3R) 5i %
FENE Lt 2 A A Y b P (1/5RB Fl 1/3RB)
7= L4, 1/5RB AR BEE T 1/5R LB 7.86%
1/3RB AbBEE T 1/3R 4b 3 7.88% (£ 6)

*6 WHPAEFBR&=EBMRETF

Table 6 Soybean yield and yield components during harvest period

on soybean fat content

e Bk I H B R i i .
N Number of pods Number of seeds 100-seed Theoretical yield/
per plant per plant weight/g (kg-hm2)

2021 4 CK 51.0£2.22 ¢ 122.74£1.93 a 20.55+1.11 a 2837.60 +221.37 cd 0
1/5R 59.6+2.59 a 127.00 £7.00 a 20.56 +1.09 a 2937.51 £197.36 c 3.52
1/3R 55.1+3.01 b 119.75+2.50 b 20.95+1.16 a 2822.36 +121.70 d -0.53
1/5RB 51.9+2.23 ¢ 132.21 £2.69 a 21.47+3.35 a 3193.37 £127.02 a 12.55
1/3RB 54.0 £4.31 b 127.60 +7.77 a 21.20+3.18 a 3043.26 +148.26 b 7.26

2022 4 CK 58.5+1.58 c 110.51 £0.99 a 19.02 40.74 a 2364.64 +136.95 c 0
1/5R 65.5+1.95 a 115.55£2.02 a 19.28 £1.10 a 2506.28 +134.64 b 6.01
1/3R 58.3£2.05 c 108.55 +2.88 b 18.42 £0.65 a 2301.55 +97.73 ¢ -2.66
1/5RB 58.5+1.33 c 118.71 £3.44 a 20.31+1.00 a 2712.38 +169.28 a 14.72
1/3RB 60.7 £3.55 b 116.78 £9.21 a 19.00£1.63 a 2551.55£212.94 b 7.91

2023 4 CK 49.73.65 c 122.95+2.02 a 22.83+1.21 a 3157.82 £239.09 b 0
1/5R 52.8+1.70 a 121.42+1.88 a 23.78 £0.75 a 3218.89 +218.49 b 1.93
1/3R 51.8+1.88 b 117.33£1.99 a 23.80+1.22 a 3170.86 +140. 41 b 0.41
1/5RB 50.7 £1.58 he 128.01 £8.52 a 23.87+2.11 a 3437.55 +121.36 a 8.86
1/3RB 51.4+2.78 b 125.02£6.22 a 23.84+1.11a 3353.04 £233.51 a 6.21

R/ NG FhE2 5 B3 (P <0.05)
Note ; Different lowercase letters indicate significant difference( P <0.05)
Ga U LS RARE R L. R E R w6, YR 173 SR, KRG ERAL T
T RIS RS HDIF AN R ER MR G CKARZERARE, AT R 2 & A4 Y i)
a0 1/5 s AR A = S AT AR IR Gy AL IR G
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3 itit
3.1 BREREESESEVEFANKEERER
Al

A I e A2 & LR W 0 & A B bt 2 Ak
(A A B 200 FT TR A2 A= ) BB 19 i JE B 2 FLFT T | A
WEDIRERY B EF AT B A0 A7 9 ) BE 10 T R AR 2F 96
PR SRR B, SO 250 X B A T ) ) BT PR
FERIIZE A WA 22 R VR 24 B R A 72 B Y 2
AR BRI A 5% 45 SR A S5 2 A T R0 R
SARKMR A EE R, BB R AR
At AR YRR A BE BRI 15018 12,
SARTE 0 ~ 150 kg+hm “2B, K57 A K BERE 2 it L
RGN BT, ai AR 150 kg-hm R, KA
FEEREREIRIREE , ok 5L R AR 3 AR ST
TR A 5 M 225 kg-hm 2 (46 N 150 kg-hm ),
RIR R 0G5 s A 7 M BB IE &, 45 2R s R
FENC Tt 5 A A 0 TR A9 Ak B A R G ) MR
B v T R s i e R R K i e U IR
SRON IR S 2k Gt /) i LE YNV s
PR SO (26 N 120 kg-hm ™) RESEANHR AR
AL, BT RR /N G [ AR T, X 5 A ek R
NEBC it 2 G A= 4 B R LB S 358 in R AR R 0
HEJERG A 25 R — 3, U Wi 560 )5 15
FRICHR JOHE K S FH A e A K 7oK (H D) RE
AR R A W AR PR R
At H AR SIS, NITR# TEFERAZ
[, HCALIE AT B2 A A A W o Rl o el K
HRBR PR L Y BRAL S5 A MR 2R 53 WA ) 1) 2 RN 5 £ LA
Je IR S5 A A W ) A B AR TR 52 el A P A i 1Y)
AR MR SR K P N S S SR R
MK R E SR E M A F A B 7%, it e - A
S Lo
3.2 BxRERREESEVEFANKE RBEF~

=N

KGR 5T AR D5 & e AR A AR S PR R 5L
P EESH iR bR, K i 5 R SR AR
RN Y A 38 SRS IR A G, A
WA ] — it Ao 28 A8 O A 0 o AR 3 2% 4 1 1y it A
T, BB R G S B is Rz —, AR
B, v/ D et AR FE AR Y 209 JF AR K EE M
Jo i, T s e B S I it A= 4 1 ) A it Sy =X T
Dgs RO A &, 8227 A RE, B0
I e S5 IS ik T it A2 5 A 0 T ) AT A R K T
MR ZE SR, DB & sl 4 37 K G IE 5 8 KT,
TR 5T 2% 0 A RUIE VR i AL A: 9 e AT LA

RTHREHE S AR5 i, SR EEA
BAARG, GABE TS5 R —2

7 R I T it 52 2 0 R 790 1 it E 7 AN AX
AP RLER i A R, b KR B i Ok R
i PR A ORI T 2 & A W R S A e A
iR Sk AR R T 2 S BE TR ), it S e R A T
FEHCAHUIR , 16 AR 22 L IEXEA BEANE > B AR
TR R A H DR R B IR U R 18 L RHE Y Rl i
HoA e LRSI R BB . AN BT 5 BT A A [
U P [ i 2R DR 2 2R T R, A v R L I AL RE
PARSIRTE =)Ly S SO R VS T S G S A 1B i
P AT TS A R O i S A ) R K P O 4 3
AR

4 Z5ig

AT AN A B B 4150 18 12, i ] 5
J 225 kg+hm 2 (4l N 150 kg-hm ~2) % B 7RI
Fhb 2z B 15 AR 1/3 % IR i 5 A R Y
AT R R K R R T R &
AR 9 A R R B TR 8, /D MR 9 114 &
IR AR - TR DR T | RN I R 1 R A
B ER A KGR A S &, YA 1/5
Beitisd & A W e, K E 3 AR g = s ol
3 114 kg-hm ™2, P2 08 R 11. 76% 5 24 5 5 A0 93
1/3 B2 & A R e, KRG 3 AR 3 3e - &
92 984 kg-hm 2 FAEIEIE N 7. 04% , HEFEHATAR
PEEEA F = HE 2 0 e SE R A 2 20% ~
30% BLiti 52 A A Py R, ik B B = g H 1Y
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