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& E: MEZFEFFE (Bacillus subtilis) Czkl & —#RE 3ER0 . MR AFIE S AUtk R RS E W, BT
A TH BEIRAL R AR I 579 Hh R DR 4 AR 3 X A8 ) A% A TR, AR DL Czkl A5x4, LIXSFEN K
N0, AR EORFE A . GAORE . IR A Bk, SR FRIR R W AR R E T2, DA R TR DA 9 0 I T D R BOR 2
g, Gt pHFERIEIRE %, B Czkl BALBYWERET . TEZSEMEERAF. B Czkl Bk %L B i
M2t . FAR IR I B RS FEMENE , Czk1 FERP TN 10%, 8 EMIRINE N 10%, &KEHR 40%, LREEE AN 37 C,
B0 1 /72 h, FEBEAUER, Czk1 BERRH 9 ZE A6 B0 SR T LA #) 8.63x10° CFU/g, ZEE%IN 8.37x10° CFU/g.
Hk, REESCRBAEN FR R G2 R, Czkl HEF RN 10%, WM S%IE S, 40% %K, EBERE R 37 C,
BAY0 1 /72 h, BEATETR, Czk1 SR B B v AY TG B R B T A 3 6.53%10° CFU/g, ZEMI%CN 5.97x10° CFU/g; H4k,
FEBLBEC T 25 F R FRER N 30% B8, Czk 1 TRk 4 3% T 550 i e 294004 51 T 14 31 8.70x10% CFU/g 1 6.90x10° CFU/g.
4 Bk A R RO B B R B, R AL S & IRE I AR R ES, Hd L h R pH, 24
PEEB R, BRAELERAL, Al B, WA ESE TR WA, BAAEN R SR GRS ERE;
MR R 2R S B, WA L m . ARG IS SR . A ZMBER A& 0 A A DU 7 & 2548
BITRT 80%. B, FRZEIFFIE Czkl BAT RAFMH ZFIFHMAE, H8G 38 1 R BEAE 7= 4 vl R A4l 5 57 il 45
T B A A HLE

EBIA : ANEIFIAT I WRERE; KEET. 20k WAL, FE

hESEE . TQ455; S476.1 ZEkFRIRAD: A

Optimization of Solid-state Fermentation Conditions of Antagonistic
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Abstract: Bacillus subtilis Czk1 is a rhizosphere antagonist with a very broad-spectrum antagonistic, growth promotion
and induction of plant resistance. In order to fully utilize organic nutrients in agricultural wastes and promote biological
control of soil-borne plant diseases, Czk1 was used as the research object in this study, chicken manure as the base fer-
tilizer, corn straw, mushroom bran and coconut bran compost were used as the raw materials, and the liquid-solid
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two-phase fermentation process was adopted. The total number of viable bacteria and the number of spores were deter-
mined by the dilution plate colony counting method. The formula, process parameters and culture conditions of Czkl
solid fermentation materials were determined by the single factor and orthogonal experiment method. The results
showed that the optimal conditions for solid fermentation of Czkl are raw material was mushroom bran and chicken
manure compost with the inoculated weight of Czkl1 at 10%, the added amount of soybean powder at 10%, the water
content at 40%, the fermentation temperature at 37 ‘C and the turning once every 72 h. Under the conditions, the total
number of viable bacteria in Czk1 strain could reach 8.63x10° CFU/g. The number of spores was 8.37x10® CFU/g. The
best fermentation material was corn straw and chicken manure compost, Czk1 inoculation amount of 10%, adding 5%
soybean powder, 40% water content, fermentation temperature of 37 “C, turning once every 72 h, the total number of vi-
able bacteria in Czk1 inoculation strain could reach 6.53x10® CFU/g. The number of spores was 5.97x10° CFU/g. The total
number of viable bacteria and the number of spores of Czk1 strain could reach 8.70x10* CFU/g and 6.90x10®* CFU/g, re-
spectively, when 30% mushroom bran was added. The physical and chemical properties of four fermentation biological
fertilizer raw materials were determined, and significant differences were observed in their organic matter content and
carbon to nitrogen ratio. Among them, chicken manure had the highest pH, total phosphorus, and total potassium content,
while the carbon to nitrogen ratio was the lowest. The total content of nitrogen, phosphorus, and potassium was higher
than that of corn straw, coconut bran, and mushroom bran; Corn straw has the highest electrical conductivity and or-
ganic matter content as the raw material; Coconut bran has the highest total nitrogen content, while mushroom bran has
the highest carbon to nitrogen ratio. The seed germination index of bio-organic fertilizer with different combinations of
chicken manure, mushroom bran, corn straw, and coconut bran is greater than 80%. Therefore, high quality bioorganic
fertilizer can be prepared from agricultural waste by selecting suitable fermentation production conditions. B. subtilis
Czk1 has good development and utilization value.

Keywords: Bacillus subtilis; solid-state fermentation; fermentation condition optimization; bio-organic fertilizer; spore
production
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- BIIR AR LT AR 22 B LA Ak A 24570 - = Ak
R, EA I A — il ] I 2R B A7 7 2 70 A
= R 2P BT B RO AR A AR
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B, i Czkl BRI AR EA R T BEREP,
{ELTRBOME AR RS OR A7 RIS B A, TS 1
PRBR AN RESR SEAH TR B TR &, 38 BAT SR AN
R R A A B DI REAF IS O T S B Czk 1 T R
(=l A AT A 552 AT T Czk 1 A9 [T A4
B AR REATIRAL , BRITA R AT T i s S 2F
TR RN O, e WA o A YRR
IS Z%

1 #R5FZE
1.1 #7#

ok RSN TR AR T, &
BT 05 ORI T3 = s DURAE DR A BRA A, B
B T rp B L B BER AR, FORFEFF
H A F B =R = b I T )

P R0, LB WA IR 3L | LA B3R 3L,

BB R . W R ZEAIAT I Czkl, M
FITAESEIR 2 43 B . % e AR
12 Ak
1.2.1 A RAMkBEMROHE KBHEEANE
Btk Czkl ¥ 8T LA B3R5V, RIFET
37 CHFeffih % 48~72 h; BRHU Czk1 B kRS
AW YET LB AR =360, + 37 'C . 180 r/min
M TSR 12~16 h, AL Czk]l WK, ZUKEY
10® CFU/mL.,,
122 BRZEERAGRLE  Srul B,
FERIERRE ]y R WA, SR 250 mL — fA i E 4
KR REY ) LIS FEON AL, KR . RS
FVRER R AN = 2 e A 0L 33% . 38%. 41%F1
100%. BEEHEB R 20 Hif, =M% 40 g
ANFIEC H B RS HERE , BT 121 °'C . 30 min £fF
FTRLECE KB 2 Yk, FRYFEMERE A 5% Czkl
P, HHIEEKBET SKER 40%, BT
30 CHiFEM P S A BE 7 d, 2E0% 24 h 8190 1 ¥,
BN 3R, ST Czkl 6 H AU ZE
123 BE/RABELARA RIE 1.2.2 i
R, DU AR R & B R o 3 mh, i — 2k
Czk1 TARR Y B AR & B 451

oAt Czk1 TEARFERD & T XG2E HE AL 43 300l 4%
AH 5%, 10%. 15% (mv/m) ) Czk1 H¥k & BFR
EOKEFTE 40%, £ 24 hBIIL 1R, F30°C
BREmPHE R 7d, BOMESE 3 K. G
Czk1 i A R HIER

oA EE RS IR . T RS 3 3 A o 4 1 s T

H 0. 5%, 10% (m/m) B K, P87 &KE N
40%, T 24 h BP0 1 K, T 30 CHRFRMPEE K
B 7d, BAAHEES 3K, Giil Czkl I H A%
PRk

R K B A5 PP IESC RS0 . XS HEAE Hh 22 A
10% Czk1 W bR4EF &, dShN 10%8 5ok, KA
R & KE (30%. 40%. 50% ). BigRiEE (20,
30, 37 °C ) FEHHLETE] (24, 48, 72h 4 1K)
XF Czkl PSR FZER N, HOMES 3
W, BTMNAM FH#E 7do S Czkl 15 H 5
FZETREL

e HRHEL Al 0k A dee A LU A9 G
FTXG 2 HEAE F 23 BIER AN 0. 10% ., 20% . 30% ., 40%
(nvm) BEBE, T 37 CEFRMTPHEKEE 7 d,
R 72 h BAG 1 U TR R AR LA TR XS
ZEHERE 2 BRI 0. 10% . 20% . 30% . 40%( m/m )
F&#F, T 37 CHFRAHFRE LB 7d, B 72h 8
i1k, AR 3 K. it Czk1 6 AR ZE
fIEL

K FHJC W 7K 2R 9 5 B AR A T8k g it
Czk1 {E R AR ZE5, =i imA 90 mL Joi
K, A 10 BWBEESER, B 10 ¢ WA PUEmE
ST, BT 180 r/min 5544 T 2 1% 5535 30 min,
RYVFRE, HL 100 pL B TP, &F
37 CHIFEAE G FIC AT VR T W B TR R
T 80 CHaJE T /KIS FE 20 min, FRAK FEFG BF
M V& TR 2 g ),
124 RAZAEMAIACEALE TR pH M
HLF 23 EC )M  FE Sy 5 R B ok 12 100mV)
REHA], BET/KPHIKEZED 2h, #% 30 min
Ja M pH it ( FE28-Standard, #it) FIHL5HRAL
(FE30K, #it) 205 pH & EC. i &k
Wi R -t AL ST &, RHBLIRE B (ERE
K9840, 7R ) Mlw 2R & &, RHXIELET
(M410, S ) e 28 &5, RAPHE LA
P S R SRHJTR AL (EA2400- 11,
JE ) A LTS
1.2.5  Aagsong  BURKHZR RS A PULH &
W7 Tl & 2R P8 4, DAZRIA YR 28 S L
MR o B BRAhF( FEOL T )R E 308F1)
BT 60 CHUKHZA 10 min, FH 2% SR ENH
B 3 min, FZEMKMUE 3~4 I, TEHFRILP 1Y)
WA 20 WiAhF, AR 2 SRR LR e
7€ pH 5 EC WA HLIEEE , 7ERCA B Y35 77 1L
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HOIMA S mL 38, BT 28 CHi A B R
48 h, FITRZEM T, MERK, R EZFR
FUEZEAREL, BAAHES 3 k. FAZEEKREFR
YEXT IR . R 2F F=Ck ZFFh 1 B/ A Fh 1 S 250 <
100%; & 23850 (GI) =(BE fh & 2F R < F ¥R
FK)/OF R & 25 3 R ) x 100%
1.3 HEAIE

FIFH Excel 2016 1 SPSS 25.0 #3474k ¥
i1 5550, % Duncan’s 37 5 #2246 56 4 B
(8] %) 22 7 . 25 7K 7 (P<0.05 ),

2 HBRE5HH

21 AMMERAELEE

4 Ff FORHG BRAL M BN 45 SRR (£ 1), 4
P JEURE A RS2 pH e, HRBEAY pH MK ;
HSR, 2ATEMERNK, SR MR
(18 JEURE A3 00 R R AT AR, 420 B = 1 e R B
B, HAh 3 FMER SRS EMAEAK; LY

WS E . SRR, AN 2B &
S EHEA; BFNAIE SRR, A6l
JoT Fr i e AR JEORE R XS 3 5 TR IR Bl 8L LE e ey
AR RHERG T, BHAGIEPR ., B, L EE
o Al 3 AR,
2.2 BHAEFHERE LT Czk1 k& B &2 0
BRI ANEE S Y N Y PR Nl
XF Czkl WARK B, S55%H, BN <
41%HF, BEERBE . RIS g, Czk1 iy
15 PR 2RI 2 s, AF SRR . RS A
I =41%H0F, KBS Czk1 AO3G . 2R %L
¥z (1AL B 1B), L, B FT
TN E A B34 38%, FEILER &R Czkl
TG P S RO d R TR )3 N i
H 33%, TEULIRINGE T Czkl 1% i M 2R Euk
KRME (B 1C), SHilk. FEFrHL, B
FEoAR I R TR TR AR ARG I, R, AR
& EL S IERRE AT Czk 1 kR A WA MLIE Y & %

®1 AFEBRELER

Tab. 1 Physical and chemical properties of four raw materials
SRk oH AR 2R X0 e AHLEL AL
Raw material EC/(s'm™) Total N/% Total P/% Total K/% Organic matter/% C/N
pLES 7.01£0.29° 2.92+0.00° 1.55+0.05° 3.10£0.00° 2.70+0.20" 43.10+0.83¢ 16.13+0.32¢
F&FT 5.40+0.23" 3.80+0.01° 1.47£0.06" 0.37+0.06° 1.90:0.08" 95.88+0.19° 37.830.07°
[l 3 5.450.04° 3.03%0.00° 1.40+0.00° 1.43+0.06° 1.27+0.06° 93.70+0.17° 38.82+0.07"
b 4.42+0.05° 2.86+0.05¢ 1.99+0.05* 0.20+0.03¢ 1.51+0.03¢ 84.70+0.17° 24.69+0.05°¢
H: [FSIAE/ NG FhERR 25 3% (P<0.05),
Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
~ 1200 A DOFEEH OF6EK ~ 140-B DOFHEE DFHEK ~ 12 ¢ OWEEE O
2 100 | . 2 1201 a 210ty by @
& ¢ £ 100 | b a = a a
&) 80+ b O ¢ O 8t a
ﬂg S 60} =R 80 - ab b WD |
L c d ®X 60 E= % b
E 40 - d E 0L E 4+ cC
A EP . 11 i
Zz  olLm Z oL Z 0
0 33 38 41 100 0 33 38 41 100 0 33 38 41 100
Wk Addition/% B Addition/% i Addition/%

A: BB B: FEFT; Co AR, ARVNSFRRREREE (P<0.05),
A: Mushroom residue; B: Corn straw; C: Coconut resdue. Different lowercase letters indicate significant difference (P<0.05).

B 1 FHAEFERELLL R Czkl X BRI

Fig. 1

2.3 Czk1 A=A HAEXT#F & ZF R0

FI A [ E RE R 45 19 Czk1 A= HLAE
= R S A1 & 2R PR 5k, 2531, 48 h
J& , BRFSFRER N 100% A AbBEA) , A YA HLAE
2 WY & 2R R R K 80% L) (| 2), FEFTER

Effects of carrier types and ratios on Czk1 fermentation

INLLAA 100%40 BEAY & ZEH8 80 60% 447, AN
FITFFhF R % o

24 Czkl BMfE & B4R

241 HHBEMRIEZELBEAKGLE (1)
Czkl H:Ff MBS itb. 555 mE 3
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= 1201 S 4l b
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& oot | | E = E I
% o[ E = W[
& 20| | B = & 0 5 10 15
® 0 = = Bfh& Inoculum dose/%
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ZRInE Addition/% N 12rB O O 2%
M2 FREMEIBREE FHMTEEEY z 10 4
Fig. 2 Seed germination index under different = 8t b a
bio-organic fertilizer extracts z 6 b
T 6F ¢
14 C
i, BEhRE < 15%HT, B Czk1 0 ik i g 4t
N T e 3 T i S L N Z
R, Czk1 TR TR B R 2 s, {224 W 2
Czk1 BRI 15%HF, Czkl 3 SO RIS B oL L] L -
PR RE (I 3A), DRIt 76BN 28 A Y0 & 15 A fiikk Addition/%

i Czkl R E DL 10%3GEH . M E R
HIEIN, Czk1 1 R ECEF B 2 s in (A
3B ), 2% BH A TRORE A 28 HE N b B3l B R R IR
T~ 10%.

(2) KEgRiR B . & /K& AR st 1] A9 1E 58 41
At e 2, 3% 3 WZEMITE R LB, XF Czkl
S TR BIORI 2 760 5500 5 W e R R R O G SR I
W22 510 3.90 A1 4.32, & 7K F BRI s E] (1) 52
M A/ FERRIR U B 1 A BER VS I, IR
B ETE, KRB E AR RE R . A
[ & KB RS Czkl 19 = M2 s A
R, CHIREALE 20 ‘CH 30 CHE, k. HhEKE
M ZESRKTF . mEKERAZES . £
) [, &E 24 h B 1 KK Czk 1 BLEE B0 2 f 5L
PR T H AR b2,

AR/NG FRER IR 225 B (P<0.05),
Different lowercase letters indicate significant difference (P<0.05).
B3 Czki#EfME (A) MESTHRME
(B) X EHRG ML L B0
Fig. 3 Effects of inoculum dose of Czk1 (A) and supple-
mentation of soybean powder (B) on the fermentation of
chicken manure and mushroom residue compost

R 2. £ 3 WTLAEH, FEBAIEHE i
FERBESMALE D BE3RIREE 37 °C, kS K
B 40%, £ 72h B 1 Ok, RBEE I REECN
8.63x10° CFU/g, %l 8.37x10° CFU/g.
2,42 FAFMEREFAERBELAKFLE (1)
Czk 1 P 5 A8 G s i . I 4 1] &
MR < 15%0, BEE Czk1 4270t (1) 8
K, W R A R R, A Ry
15%IM}, Czkl % A ZFREISA I T % (K

R2 EHEBEMEDS CKLIABEHELSRUREER
Tab. 2 Orthogonal experimental statistical results for Czk1 strain fermentation condition in compost of
chicken manure and mushroom residue

Time of turning over/h

RN R
Total bacterial count
/(x10° CFU-g™")

Number of spore
/(x10° CFU-g ")

75 i okt B

No. Temperature/‘C Water content/%
1 20 30 24
2 20 40 48
3 20 50 72
4 30 30 72
5 30 40 24
6 30 50 48
7 37 30 48
8 37 40 72
9 37 50 24

0.97+0.15 0.80+0.10
4.60+0.10 3.60+0.36
4.37+0.15 3.13+0.25
6.10+0.00 5.33+0.86
7.00+0.70 5.83+0.23
5.77+0.55 5.57+£0.67
7.00+0.20 6.77+£0.23
8.63+0.32 8.37+£0.32
6.00+0.46 5.37+0.15
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®3 BEHGHEMERD Czkl KEEFZFMHMALH
EXERTH
Tab. 3 Evaluate of orthogonal experimental for Czk1
strain culture conditions in compost of chicken
manure and mushroom residue

JEL Lo e EL J i
Tempera-  Water Time of
Index Item .
ture content  turning over
M B, 3.31 4.69 4.66
8 Lol
[10°CFUg ) 6.29 6.74 5.79
B; 7.21 5.38 6.37
W2 R 3.90 2.05 1.71
ZEAIEL B, 2.51 4.30 4.00
8 Lol
[10°CFUg ) 5.58 5.93 531
B; 6.83 4.69 5.61
W2 R 432 1.63 1.61

TE: Bi. By By 0 BIAARAEFEIRIRAEL . S /K S F R0 i 1)
KBEIG Czk1 1 B T 291H

Note: By, B, and Bjsrepresent the average of bacterial number
of Czk1 after fermentation under culture temperature, water content
and time of turning over, respectively.

35TA O & O 2
a
= 2. .,
2 ast o, B
O
e 20
=
S st
Na)
E 10f
Z
05
0
5 10 15
P& Inoculum dose/%
9T B OEwEs O ZFfsk
8 a
= b 4 a
27 =t EHH
5 ol
e 5l
B
E 3 b
Z 9L
1 -
0
0 5 10
Ui Addition/%

AF/NG FRFRRERF B (P<0.05),
Different lowercase letters indicate significant difference (P<0.05).
B4 CzklfEfME (A) MEEMHME
(B) XMFEFIGIEHIE L BRI
Fig. 4 Effects of dose of Czkl (A) and supplementation
of soybean powder (B) on the fermentation of
chicken manure and corn straw compost

4A), HIL, FERSFEXSE AN KRBT Czk1 B bR
(R DL 10%5E0GE B, B B A S N (1 3
hn, Czk1 % R BB HHE N, 5%5 10%
WingEzMERAEE (K 4B), M ANAE,
TR X0 288 e T v 3 96 e P HE A N = Ry
5%.

(2) HEFRIRNE | K& AE s R] 9 1E 22 21
Hife. mE 4. £ 5 BIMESTEEREB, ¥
M) Czk 1 b BB 2R 800 T2 B2 2 5 3R IR
W22 00510 2.81 F1 3.57, & 7K & A1 BHIG s 18] ) 5%
M4/ o FEIR U0 5 B IR BE Y LN, B 25 TR 1Y)
FhiEr, Czk1 i W AU 2 BB s K o AN [A] 25 K
WXT Czkl BVRECRZEEOS A —E s, B
37 °C, WRELE 20 ‘CHI30 CTHE, K. &K
MZESRKFH . SEKEENZES . T
HZE I, A 72 h #i0 1 KREBS R Czk1 B
WO T HAUCER, 4348, 72h $I0 1 R ABE Y
Czk1 ZF A5 T4F 24 h f0 1 Ab 3,

M 4. 2% 5 AT, FEFFGEHE L o fe i &

BE o BERIRE N 37 C, Wk &KE N
40% , & 72 h @G 1, RIS RO B ECH 6.53 %
10° CFU/g, #78%0h 5.97x10° CFU/g.
243 SEResA B mA (1) IINFE AT
BEXGHENE Czk 1 A5 ] o 7 TR RS 3 2 IR
o, 10%, 20%. 30%. 40%F5FF, F 37 CHi#
FEhErE R 7d, B 720 B0 1 WL S5EREMN,
B 25 ol TS IS (0 B4 0, & R S 1Y) Czk 1 3 PR
ERIBI B, R A IS R AN E
WINFEFE (& 5A ),

(2) WO FEFFXG I Czkl KR EEM 5E
M, TAEFGZEHEN 2B 0. 10%. 20%.
30%. 40%RHE, T 37 CIEFRfAh e Ll 7d,
B 720 B 1 K. SRR, BEE BRGNS
BN, KRR Czkl 3% B b 25 7 K il =
i, (HY BRI AR L 30%0), L BEE Y Czk]
TG RO R RECA T (B SB). Bk, @
BE LGN 30%I), 16 A RIS ik ok
25 Czkl ZBEMBVEMIELER

WIEME Czkl KB YA HLIE i B AL
(£ 6), 25K, 3 FhA:YA HUIE -2 g B
NER 4. . &8 BULR SR Rm,
AGAFEF 2R, 2. 280 AVEEEY
AR XGEEFEFFIC P A A L A =, RS S RV 1Y
WA RAR . BARWE, 3 MAYAIUIER L
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Tab. 4 Orthogonal experimental statistical results for Czk1 strain fermentation condition in compost of
chicken manure and corn straw
B W kR R K S
No. Temperature/'C Water content/% Time of turning over/h Total basctenal cgunt Numbse r of sp?lre
/(x10°CFU-g™) /(x10° CFU-g™)
1 20 30 24 2.70+0.26 0.40+0.20
2 20 40 48 2.93+0.21 2.13+0.25
3 20 50 72 2.50+0.30 2.03+0.15
4 30 30 72 4.80+0.10 3.374+0.35
5 30 40 24 5.80+0.61 4.97+0.80
6 30 50 48 4.23+0.25 4.20+0.26
7 37 30 48 5.43+0.71 4.97+0.15
8 37 40 72 6.53+0.45 5.97+0.38
9 37 50 24 4.60+0.52 4.33+0.47

®5 TEFGHEMERP Czkl KBEFGHMULETREER TN

Tab. 5 Evaluate of orthogonal experimental for Czk1 strain culture conditions in compost of chicken manure and corn straw

eIt i H i TKE T Fsf )
Index Item Temperature Water content Times of turning over
BMEBU(x10°CFU-g ) B, 2.71 4.31 437
B, 4.94 5.09 4.20
B; 5.52 3.78 4.61
W2 R 2.81 1.31 0.41
SEABU(x108 CFU-g ") B, 1.52 2.91 3.23
B, 4.18 436 3.77
B; 5.09 3.52 3.79
W2 R 3.57 1.45 0.56

e By, Ba. Bs A BMRERTERFRIRIE

F KA AP [B) R RS Czk 1 3 TR 4 0

Note: B, B, and B;represent the average of bacterial number of Czk1 after fermentation under culture temperature, water content and

time of turning over, respectively.
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Different lowercase letters indicate significant difference (P<0.05).
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Effects of supplementation of corn straw (A) and mushroom residue (B) on the fermentation of
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chicken manure compost
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Tab. 6 Physical and chemical properties of three bio-organic fertilizers

A L o e gl HHLT AL
Bio-organic fertilizer Total N/% Total P/% Total K/% Organic matter/% C/N
XY ZERE FFAE 1.60+0.03¢ 2.41£0.10° 2.12+0.07° 54.12+0.11° 19.62°
X053 AR 2.12+0.11* 2.83+0.00° 2.60+0.01° 60.31£0.79* 16.50°
X SR AT R A E 1.7620.01° 2.51+0.00" 2.43+0.03° 56.27+0.86" 18.54°

E: FAIAR/NG FRFRRZR B (P<0.05),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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