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YRR EARASEYB IR 2 FHEX LIE RS FEM
TR B0

. 1 1 R 2* A 2 1
HER, B oot REGT, LA, Fiu
(1 TEPRARM R PR SR B, BIE 3300455 2 VLTI MARARLERIZERT, & 330025)

OB AR, BCEEYRRB) S A G WAHALO)AFRMERHELIE: 0kg/hm® (B, Or). 750 kg/mhm® (B,. O,) 1 1 500 kg/hm’
(Bs. 03), MIEHIEEBIEIRNEE . MEYEYRAMBC. MBN)MIEFEM:, LIRS (bt i &, S5RE. 5
Bi#lkL, By, B ALFRIEMRATRIN L1 pH . AHURM A S R HIHEE 4.78%., 5.38%, 13.41%. 19.11% F14.38%. 5.11%; HIREY
55 ) R A . AT . MBC I MBN &3 B4 88 10.16%~35.39% ., 3.73%~19.66% . 3.73%~43.75% F1 19.23%~67.31%;
I it R TR S B B 9 P 0 B T 6.96%~22.62% FlT 38.80%~90.47% ; M MTHEIF & . 415 MB & 20 WL 6.20%~11.54% |
22.45%~35.19% F1 10.46%~80.54%, {EHEU/BIAR 5.71%~38.13%. 5 O L, Op. O AbTHEKH Y] 4 S8 i S0 R s sk &
SriEERT 11.86%. 13.11% F1 5.89% . 10.06%; FIRH] +1 MBC & it 40l 55 5.54% . 7.41%, {0 NaR 3545 I FA% 8.08% . 9.33%;
AT B, A0 a5 R BT 7.41% ., 2.53%, 9.24%. 25.77% F13.09%. 15.97%, {B_b3m- M & & A mt &0/ a5
FEAIK 4.93%. 10.34% F19.84%. 6.70%. H RDA ST A] 51, JENRZIARHA 13 pH FSCAN MBN & 252 0 vhint & B i 32 521
PR 1198 MBN FHAGEA -+ e A R 3mSR E SR T 50T, YRRt L YA HUIE nl BRIkt 2 W
X -1 S5 A

XA YRS KREEWANUAL; AR ; TIERE; MR

FEHES: S156.6; S572 MEktRERD: A

Co-applying Biochar and Trichoderma Enriched Bio-organic Fertilizer Enhance Tobacco Leaf
Quality by Improving Soil Health in Rainy Tobacco-growing Regions

XIE Zhijian', LU Ye', ZHANG Haiwei*", WANG Nianlei?, LU Zhihong'

(1 College of Land Resources and Environment, Jiangxi Agricultural University, Nanchang 330045, China; 2 Tobacco Science
Institute of Jiangxi Province, Nanchang 330025, China)

Abstract: A field experiment was conducted to evaluate the combined effects of biochar (B) and 7richoderma-enriched
bio-organic fertilizer (O) on soil quality and leaf chemical composition in flue-cured tobacco. Each amendment was applied at
three rates: 0 (B;, O;), 750 (B, O,), and 1 500 kg/hm2 (B3, 03). Soil nitrogen and potassium availability, microbial biomass
carbon (MBC) and nitrogen (MBN), enzyme activities, and leaf nicotine content were determined. Relative to By, B, and B;
raised rosette-stage soil pH by 4.78% and 5.38%, organic matter by 13.41% and 19.11%, total nitrogen by 4.38% and 5.11%,
respectively. Across both sampling stages, the two biochar rates increased alkali-hydrolyzable nitrogen by 10.16%-35.39%,
available potassium by 3.73%-19.66%, MBC by 3.73%-43.75%, and MBN by 19.23%—-67.31%; urease and nitrate reductase
activities were enhanced by 6.96%-22.62% and 38.80% —90.47%, respectively. These improvements translated into higher leaf
nitrogen (6.20%—11.54%), potassium (22.45%—35.19%), and nicotine (10.46%—80.54%), along with a lower nitrogen-to-nicotine
ratio (5.71%-38.13%). For the Trichoderma biofertilizer, O, and Os relative to O; increased maturity-stage alkali-hydrolyzable
nitrogen by 11.86% and 13.11%, available potassium by 5.89% and 10.06%, elevated rosette-stage MBC by 5.54% and 7.41%,

OEETH b EEE A RVLTTE A /BRI H (202201001)  E 5K H AR L4 10 H (32060727) VLV A H AR RS 400 H
(20252BAC240259)% Bl .

* {5 /E# (haiweizhang1130@163.com)

EH RIS . IR (1982—), B, LW S A, WL, mlEd, RN LB ANEA . E-mail: hoblecat@]26.com
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while suppressing nitrate reductase activity by 8.08% and 9.33%. Consequently, upper-leaf nitrogen, potassium, and

nitrogen-to-nicotine ratio increased by 7.41% and 2.53%, 9.24% and 25.77%, 3.09% and 15.97%, respectively, whereas

upper-leaf nicotine declined by 4.93% and 10.34%, middle-leaf nitrogen-to-nicotine ratio decreased by 9.84% and 6.70%.

Redundancy analysis identified rosette-stage soil pH and maturity-stage MBN as the primary determinants of middle-leaf quality,

whereas rosette-stage MBN and maturity-stage total nitrogen governed upper-leaf quality. This pattern revealed a temporal shift in

regulatory drivers, from early pH and MBN control to late nitrogen-supply dominance. These findings demonstrated that biochar

and Trichoderma biofertilizer act in a complementary manner—biochar retaining nutrients and Trichoderma enhancing their

bioavailability—to synergistically improve both soil fertility and leaf chemical quality in rainy tobacco-growing regions.

Key words: Biochar; Trichoderma guizhouense; Interaction effects; Soil quality; Tobacco leaf quality

R 2 T ] o () R 2R A, L O K
o H Tl o] IS5 2 55 Ak as o MR H KR L U
PRAEAL S Lo & SR PPN L B A O FR bR . HRT,
T LR XK A 4 2 AR AR X R R A Bt AR e
A R b S AR A RURE 2 D e % Al S ) R,
HAR ZTNR DX (VT VE | 387 B R 5 ) 2 M e W R
T PREE 25 ) SRR S R AR R IR, B3 1l ¢
TRIR R, RERT= X AR S HEEY, I FBURM (b2
3 AT B Tl 3 P 2 A S8 T R, ™ 6 ) 24 A Jo 0 vt
T RREEAE = o DRI, Al 3 ek € it AR A ) A 51
IR A- Sl Fe s S A e BT P R R T R AT
SR LAY Sz J MR A A R P B S IR, A ) 5 e A
YA DUIEYE N R A0 2 D6e T30 R, PO MRS Y
PRAE 5 A Wy R 5 52 Q3 , T DI I Tt AR S fi
P AROP G HRAL TR AR A I e R i R
B . R LRSS R RO SR E R AT, @A Y 14
pH. AR R ORI 5RESSr, LR A
Wi TE 4 F S AR U I HRR L, TR AR PRt
HEEP) bR s A K . KB (Trichoderma spp.)
SEEAG R A PR o A LTS5 D) BE 1 ML 25
AW, R A 1 A= A HILAE AN AT 38 3 43 Wb 4
PR R R R TR AR, 3 ] 3 i 4 R R 22 4
B CTAZZARPR” AR, B R AR E
TRy 23 AR AE F1D), I T 43 A K R i
MR E 1 H G Y ACC i 2B (1- 2
I BE-1-FR T Mot 2 1) 1T 52 A e 1O B T30 MR R AR 3R
TR R IR R SO S ) e L PR e 4 19,
YK AT REIE L P 4R R — 18 AR ) 2 A5OF ]
IR

SR, A=W B R ) R 3R MR A5V AT REAE R Y
RRARH A AR, AR M FaRE Sy . T PR
SEVEZ 1 pH I HL & AR R H 40, A
B BT IE 3R T, A 0 o PO Bt A B 26 A AL
A A R HE 45 AR R T4 T R BURIAR 2R A K R A

RWCRI, SR R M S ED,
PRI BCHER Z AR X R IEAEY” R PR R
AR AR Bl 25 A 22 B0 5 S i AN A
I, TRAR A W o B AR 5 A 0 A AL X 22 W A XA
AR S R LA S MR A= i3 B S | AT S 2 R U
DX 458 T AR i 500U T G BRI A S5 R
S o B R E A b A R A B 5 R B
e B B BOR BB SR B RS e 2%

1 RS

1.1 4

R 56 E VL VS 48 B A i A e R R i
(25°55'39"N, 116°06'19"E)i#E17, %M X J& I #ii {
T2 KA IX KRS £, SRR - pH
5.03. HHLEK 12.5 g/kg. &%& 1.26 g/kg. HEA
1.49 mg/kg . AR 22.2 mg/kg . AW 16.5 mg/kg .,
BB 103.4 mg/kg., PG T =K 87, Fid
BACh “— MRS Fe1E.

B A A 430k 40 2 &2 5 I (N-P,05-K,0=
10-8-20) . AR (N-P,05-K,0=13.5-0-44.5) . $5EERE
JE(P,0s 12%). BiFREI(K,0 50%). A m
TEAEFETEY) 400 CEpiR IR ARG, MmREA 4
Yk TRREORBE PR KRR A WA HUIE VL5
W2 SEAT AV B I B2 wI AR, J2 s IR i A
T A S8 TR 2 g Yl S M T e R i R ) A LA
PP KB T (Trichoderma guizhouense) il £ i BL(ZI e
KB 2.96x10° CFU/g). WA A YA L
JIESF S Atk P bR L 1
1.2 RIigt

Rk 2 HE 3 KPR it wE 2
FEASFESMEA ML A S B0 e (B)MAE ALY
HLUIE(O), FFRA HLELA G o5 B 3 FhAS [ it FH
f#: 0 kg/hm? (B;. O;). 750 kg/hm’® (K&, B,. 0,)
F1 1500 kg/hm® (F5 &, Bs. Os), 39 MbFE, A4k
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R 1 HAYBRRAAEEYENEMER R

AHLEEA S pH R (g/kg) A (g/ke) C/N 2 (g/ke) 24(g/kg) T (m’/g)
HE W) B 8.65 4653 8.32 56.1 4.10 6.93 16.7
AREEAYA PR 7.20 303.9 34.3 8.86 25.9 15.4 -

3 WREE, FEVLHES . B/NXIER 442 m®, $28
ATHE 120 cm. BREE 50 co FRAEEIH, BAAmHERE .

Ve KB — 2 H ety 7 1 oM T 3 A
WA TIE N A AR . 4 S M H b 22Ul 142.5 kg/hm?
R4 N i1y, B, #FRHE N P,0Os 1 K,0=1:1:3
Tt o A Rh R R it A B PR A, T A
JE AR TR o Hh T AR A A ) T 11 5 SR S
ERIBIAR, B AW BT R R IR)

JIT A A B BEAL AR T SR & A A ALY
YESERERE T ; EEHIEAL - JBAE=6 : 4 i ; FPALYE
FAE - JBAE=4 : 6 it . FEAETERIRAT 10~15 d FFA
HATARN, TSN RS S L R SRR S
TERAR G R . BARJE 10 d FIZ5E 1 L0 stk Bt T
FEESIRARIR R 10 em Ab(BRZY 10 em), HoA HH ()45 2
it 2 Y AR AR A 7=
1.3 HRX&ESNE

3 A K AR AT AR s R AR R 5B
YNSRI S )G , o PR oo — 3o T
4 °C VKFRMRAT, TG HHEASA . BAAR A
AW YRR R S R A s 0 A SR
T iR, T 1 pH RIFR A A AR b

A HUAK AN 4 A B i 43 50 R R AR i A
KzCI‘207—%E H,SO, BAb-A = M im ol G e Ak
A2 5 2R 2.0 mol/L KC1 iR 4 —E L2 sh 3 Hr i (AA3)
HIERSRAMESRA S, TR THE S =; R
NH,OAc 12— IR R - e & U0 4%
SR FH A B — VR R N b €2 0 0 Iy — e L £ 30 0
+ HENR B (URE) Al R 4 i (NaR) HEPEN . SR

i EZE-TOC {3 (Multi N/C 3100)J & + 354 9y
YRR A S MBC. MBN)!' A W 4y
5l Sk = S A W A W ik S A ALK B EE A (MBC/
SOC, gMBO)MIA YA Y i A5 2 AR U H(MBN/
TN, gMBN)!'

+ Rl I P Y JL AR F- 3 %0 (Geometric mean ,
GMea) K o 5 A g 1 14 45 %1 (Total enzyme activity
index, Et)75IH A (D)AQ)IHE RS,

GMea = /Urex NaR (1)

"oy,
Et=Y 2L )
2%

X X R SR PR PRI A X O R AR S
PR I4ME

SR AT LT A G5 0 e 8 I rh i it (C5F ) Fi
(B, F)R . R AEe S, 52U
1.4 HESKITSHH

BARGEH 0 HrRFH SAS 10.0 544, A BESEH%
£ ¥ H 8K il Duncan :(P<0.05); /i i CANOCO 5.0
BAF AT AR 5 - R BE 7 22 18] (1) TU AR 4 W
(Redundancy analysis, RDA), L5 52 0w AK 0 5 5
1) F 2 BRI 5 43R SigmaPlot 14.0 F
Excel B2 K3,

2 HRESH

21 HYRREERASEWEVETE pH &
BRERSEMLERNIMm
Jiti A= 400 5t e RN R B A WA WL 2 s T A
% pH LU AXAHURA LA &E (R2). 5B L, &~

Fz2 LTEpH. A= CONMRNEEZAFZESHS Duncan EELILE

AF it/ Gy 31| I

sl pH HHlE(gke) — 2DA(g/keg) C/N pH AP (g/ke) 2R (g/ke) C/N
B 126.4" 37.3" 18.8™ 144 2.28™ 441" 79.0" 1.28™
0 2.53" 6.05" 16.7" 0.39™ 2.20™ 2.82™ 159" 0.53"

BxO 3.69 0.17™ 0.68"™ 0.22™ 0.21™ 0.91™ 1.17™ 0.93™
B, 5.02+0.04b 24.6+1.00b 1.37+0.03b 10.4£0.24b  5.05+0.07a 22.3+0.79b 1.62£0.05b  7.96x0.14a
B, 5.26+0.11ab 27.9+1.07a 1.43+£0.05ab  11.3£0.05a  5.22+0.08a 22.9+0.41ab 1.75£0.02a  7.60£0.07a
B; 5.29+0.12a 29.3+0.88a 1.44£0.03a 11.8£0.12a  5.21£0.02a 23.3+0.37a 1.72£0.07a  7.89£0.32a
0, 5.09+0.10a 26.3+2.34b 1.37+0.04b 11.1£069a  5.09+0.11a 22.5+0.99a 1.65£0.08b  7.93%0.35a
0, 5.22+40.16a 27.3+2.57ab 1.4240.04ab  11.1£0.75a  5.20+0.11a 22.6+0.48a 1.70+£0.06ab  7.72+0.13a
0; 5.26+0.18a 28.242.26a 1.45+0.05a 11.3£0.58a  5.19£0.07a 23.340.21a 1.74£0.07a  7.80£0.25a

A FPER /NG FREARFFR [ — A WA FT R 225355 P<0.05 BEK-; *. ** RIFRIK P<0.05 F1 P<0.01 B3F/KF-,

ns FARMALE, TR
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A FH A W B (B, . Ba) b BB JH AR -4 pH
AHLR MRS L R ON 30l 4.78% .
5.38%, 13.41%. 19.11%, 4.38%. 5.11% /1 8.65%.
13.46%; [AIB, B 38 4 5 030 o S 3R T
8.02%. 6.17%. 5 O, tHLL, O Zb3H A LI ATHL
PR S m o R 7.22% F1 5.83%; ik
WA A BT 5.45%.
22 HYRREEASEVEVEN TEREE
PRI R
Jiti FH A= 300 5 e FIR B A A WL = T R
WA AM (% 3). 5 B #lk, B,. By4b#

AT 5 G - s S AR S R o il &
4.83%~49.84% F1 14.52%~40.51%, B TCALE FHH,
fit & Aoy W R TE 5.49%~48.65% A1 10.16%~
35.39%, i HIYLL B, AbBifR &5 [R]EE, ek an
FEERE 3.73%~19.66%. 5 O, ML, KA
O, Kb+ il A A MBS R & &0 5 B35 115
13.74% F1 7.30%, M1 JCAILZ G 5 Fm R A & 5o
SRR 12.72% F 7.37%, [AH), O b B 3985k
SR IR T 5.23%; KA, 0,. Os 4b
P A SRR AR R 5 0 R 11.86% .
13.11% F1 5.89%. 10.06%.

x3 ITRFHEBHMMVERAESHS Duncan ZFILRK

AR/ HIB (mg/kg) HEI (mg/kg)

B NoyN  NHN O EHE R L NOyN  NHIN  EAUR OB
B 132.9” 95.1" 149.0” 57.2" 16.2" 7.49" 15.17 9.48" 71.9" 74.3"
¢} 14.5" 3.87 14.9" 6.76" 13.6" 217" 0.06™ 2.25™ 13.77 20.0"
BxO 0.66™ 1.06"™ 0.61™ 4.05" 0.73™ 0.95™ 12.6" 1.07™ 2.87 1.73™
B, 28.8+2.15¢c 4.21£0.07c 33.0+2.22¢ 102.6+3.35c 295.247.61b 55.4+1.45b 4.03£0.58b 59.4+1.83b 82.3+8.06c 221.7+10.2¢
B, 43.242.72a 5.9240.37a 49.1+3.00a 126.2+7.87a 306.2+5.08ab 60.9+2.67a 4.67+0.19a 65.5+2.86a 111.4+10.4a 248.0+6.85b
B;  36.9£2.55b 5.69£0.15b 42.6+2.69b 113.0£5.99b 312.0£10.9a 58.1+1.73ab 4.61+0.47a 62.7+1.36a 93.9+1.34b 265.3+18.5a
O, 34.247.42b 5.07+0.81b 39.3+8.15b 109.9+6.88b 296.2+7.44b 57.0+3.71a 4.40+0.83a 61.5+4.20a 88.5+13.4b 232.6+17.7b
0, 38.9+7.89a 5.44+1.02a 44.3+8.87a 118.0£12.0a 305.7+10.0ab 59.8+3.40a 4.48+0.46a 64.3+x3.84a 99.0£17.6a 246.3+24.8a
O;  35.846.30b 5.31£0.97ab 41.1+7.24ab 113.8+17.0ab 311.749.09a 57.5+1.72a 4.43+0.25a 62.0£1.51a 100.1+14.4a 256.0+24.4a

T + RRAGNE, T,

23 EYBRREEARSEVMEVEI TEMED
EYERRSENMEMHS 0
2 4 7], 5 By AHEL, M AE W B b (B, |
B:) AR 5 1@ MBC . MBN Fll gMBN 43 J1) (i 3%
PEE 3.73%~43.75% . 19.23%~67.31% F1 13.17%~

60.73%; [AIA}, B,. BsAbRRAIARY] 3% gMBC 4341
WERE 26.87%. 12.17%. 5 O, Mk, 0,. O;4b
PRI AR AR 14 MBC & 5500 B 2T 5.54%
7.41%, 10 Oy b BRI 148 gMBN I 2 &K
8.96%.

F4 TEREDMEVENRENEHINEEZS ZE S K Duncan £ E LK

A5/ PR Y

b3 MBC (mg/kg) MBN (mg/kg) gMBC gMBN MBC (mg/kg) MBN (mg/kg) gMBC gMBN
B 139.0" 69.6™ 21.8" 49.7 6.23" 86.2" 1.97™ 54,77
0 5.76" 1.93™ 0.09™ 2.54™ 0.79™ 3.05™ 1.57™ 0.83™

BxO 3.72° 3.43 0.36™ 3.02° 1.90™ 1.95™ 0.64™ 1.79™
B, 142.4£9.41¢ 7.13£0.63¢  1.00£0.02¢c  0.52+0.04c 306.0£10.7b 19.1£1.45¢  2.37£0.02a  1.17+0.07b
B, 204.7+10.4a 11.941.23a  1.27£0.02a  0.84+0.10a 326.9+6.53a 25.7+0.63a  2.46+0.07a  1.47+0.04a
B; 189.6+3.68b 8.50+0.63b  1.12+0.03b  0.59+0.06b  317.5+9.16ab 24.1£0.63b  2.35£0.10a  1.43+0.02a
0, 171.5£31.0b 9.19+2.68ab  1.12+0.13a  0.67+0.19a 313.5+13.8a 22.2+4.05b  2.40+0.08a  1.33+0.20a
0, 181.0+38.3a 9.60+3.20a  1.14£0.16a  0.67+0.21a 320.8+17.0a 23.2+3.82ab  2.45+0.08a  1.37+0.19a
0; 184.2+28.6a 8.78+1.66b  1.12+0.12a  0.61=0.10b 316.1+6.85a 23.5+2.50a  2.34+0.07a  1.37+0.11a
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24 E£YRAKEEARSEYENIEX LIEREEY
R EHME KB
3R 5 AT, 5 B AHLE, i A B b (B, |
B )% M0 AT RRIY) 5 i 2 0] 1 39 Al R S il (N aR )T 1 |
PREE(URE)EME | EAREHE PEFE 50 (Be) ARG 4 JL AT

x5 TIEEEMRELATFHEMEAEEE

F ¥ %1 (GMea) 43 5l W 25 #2 = 38.80%~90.47% .
6.96%~22.62% . 23.14%~42.10% #1 23.15%~43.10%.
5 O MLk, O,. O3 Ab3 AR 1 45 NaR Ji5 1473 51 i
FIEAL 8.08% . 9.33%, il O; Kb AL + 1% GMea
{H 5 E 4 5 3.91%.

BHMEARAZE524 S Duncan L E LI

A/ Zike s T A

Ab T URE(mg/(g-24h)) NaR (mg/(g-24h)) Et GMea URE (mg/(g-24h)) NaR(mg/(g-24h)) Et GMea
B 3.82" 151.6" 83.5" 93.5" 242.4" 79.4" 235.4" 246.4"
0o 117" 4.68 0.22" 0.10™ 0.94"™ 1.82™ 3.447 441
BxO 1.90™ 3.97 217" 2.04™ 142.9" 532" 8.63" 9.90™
B, 5.12+0.42¢ 44.7+4.17¢ 1.67+0.08c  15.0+0.71b 6.17+0.52¢ 37.6+5.14c 1.7120.04c  15.240.39¢
B, 5.85+0.32a 73.243.95b  2.25+0.08b  20.7+0.73a 6.7120.55b 52.3+4.25b  2.10£0.09b  18.7+0.76b
B; 5.47+0.49b 85.1+8.65a  2.37+0.10a  21.5+0.79a 7.56+1.09a 58.1+2.80a  2.36+0.14a  20.9+1.32a
0, 5.25+0.24a 71.8+2.30a  2.12+0.35a  19.243.13a 6.76=0.45a 47.8+1.35a  2.02+0.31a  17.9+2.75b
0, 5.57+0.26a 66.0£2.20b  2.09£0.36a  19.0+3.48a 6.85+0.43a 492+1.21a  2.06x0.31a  18.3+2.73ab
0; 5.62+0.82a 65.1£1.86b  2.08+0.44a 19.1x4.11a 6.83+1.69a 51.0£7.03a  2.10£0.39a  18.6+3.49a

2.5 EWBRREEAREEMEVIEX R FER
SHIR I
Jiti P 2B ) S A S 2 B v 0o A v i BRI
B R A T R R A HTLAC I S i v
R R B PR S (R 6). 5 B AL,

B,. By AbBEA S A ESAER A AR
Iy IR 6.20%~11.54% . 22.45%~35.19% I
10.46%~80.54%. 5 O, Mk, O,. O AbFE &R
SRR B IR 7.41% . 2.53% F19.24%.
25.77%, RJCARBE S 553 RS 4.93% . 10.34%.

Ro6 MHLFMSHREES ESH K Duncan ZE IR

Ap gt/ R ety
b 2R (g/ke) 48 (g/kg) KB (2/kg) R/ 2 H(g/kg) 48 (g/kg) KB (2/kg) =W
B 5.09" 451" 61.8" 151.0” 215.5" 113.0” 36.57 9.69"
o 1.55™ 28.1" 1.32™ 7.62" 9.63" 383" 14.17 10.5"
BxO 0.07"™ 3.83" 19.5" 16.4" 2.25™ 11.8" 530 6.34"
B, 12.5+0.39b 11.4+1.85b 15.342.44b  0.83+0.10a 15.2+0.28b 18.8+5.13¢ 30.3+5.24c  0.51+0.09a
B, 13.6+0.28a 15.5£0.66a 22.6+4.24a  0.61£0.07b 16.1£0.65a 24.242.86a 33.4+1.31b  0.48+0.00a
B; 13.9+1.06a 15.242.37a 27.6+5.28a  0.51+0.07c¢ 16.8+0.21a 23.0+5.49b 38.3+1.74a  0.44+0.03b
0, 13.3+1.14a 14.9+3.68a 22.6+9.18a  0.66=0.23a 15.7+0.83b 19.7+5.63¢ 35.843.32a  0.44+0.04b
0, 14.3+0.61a 15.0£0.97a 21.5+7.54a  0.59£0.13b 16.8+0.02a 21.5+4.38b 34.1£6.10a  0.45+0.04b
0; 13.0+0.33a 13.9+0.73b 21.543.42a  0.61+0.09b 16.1£0.90ab 24.8+4.22a 32.1+4.83b  0.51+0.05a
M 6 ILFIH, 5 By AL, By, By bR Egnt R0 75.7% F1 78.6%(l 1A 1B), 1) pH
A BB B AR ) R 26.46% . 38.13% FlI SRR R A 5 A 32 R, RO RS S
571%. 13.49%. 5 O, MLk, O,. O; AbFRrhFEAt() R 14 MBN & s Ak 2 5 BT )

R ) B E AL 9.84% . 6.70%, 1H b E/
BRI 23 R 3.09% . 15.97%.

2.6 TEFRBEERTFIEMHEZEBRHITRSH
LA PSR 3SR Pl i B A o 17 AR DA A 4

W TR R AE /Y RDA Jr T4 Rk, #54m
P RRSUY e S ot 0 L 3 ot i B 1 P il L g 3R

FFEF, HRKh 13 pH.

[Fy, XTI (K 1C, 1D), A
AR RS HE T A SRR R R 40
72.7% H180.2%, +IE MBN &t J2 50 R {k 27
MR R, HK Ok - A A S A
(e se: =00~ )b Ah 2 i B R

NN 24 b

i e
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TR o R O FNEL (T S R B AR e 1o A i AR R d, 21 (A2 B T AR AR TR AL 1 0 ) 7 A% e 15 T AR )
B1 TEARER TR FERRB RS

HR R+ A A MBN & it
3 iFig
3.0 EYBRREEARSEYEVIEX LIE pH. FF

S REWFF N
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A2 i B R DT R EOR (T 1) B 4h, AW
FEIHI AR IE RN B #4553 EUE eI hn £ L g (2 45,
fEHE Ca™ 5 Mg™ SFEhILE T (M BRI 2 1 8 B 25
FAcHu, (HRER ISR LR AP BRI,
KB TR 4 DA T | e £ T A5 U 2R 2 0 o T R R A
o, B LR S AR s 431 40 B 3R A SR AR 5 1t e
HAEe s, eI veE 25, Rk E
B -5 A 20 TR A e s L 1, DI A LA
W4k, 2B NH; 1 HCO; Zemmtk =4l Mt e

+ 3% pH.

- R R0 i A A SO S i 0 A
AR R E R = i 5 i T i A AR R
Z— o AW T R R A AT HLAE O it v 42 s 49
BIFRAy e R REGR 3). AR T AR
1o HR G Wi A s A, it FH i S 25 B T4 A
BHETH - CO/NGE 2), XTREA R iz i R 4R
HhitE LT B0 Y RV B, dET R
AR HER R AR, B R A
Pt AMBN) & (R 4), M) BERF AR 201
PETHHBRAE R TR (RDA)EE R KW, IR+
1 MBN 5 i 25 R LR A i ) ST
(B 1o 34, AW n] ok + 3 R RIFLBR O
FORBEILBR) YL, A AR ok
MEFIE” R A A SRS R mT e 2 R BT
S AR RIS, SRR R E Y E R A S R
ARG ORI R R I T S5 4 MRS 1 S L LR
B EMAREE RS (3% 4 FIEE ), vEmi AT e vt il 4
P A DU RFR R R i R = & A
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R S =23t
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R, DT A R 06 KR U I 5 S I 5200 A
VI el T IR BRIREE , AR R AP A1 T R
S0, T 0 AR 2R TR - S o0 A BRI AR
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A R E AR R M A 5 T 36 R 45 57 0 B W SR
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55 R A - 3 P RS A A R A
Xof TS Ik L S v v KR B 4 1 DT R X A
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R A B IR AR E LR R, HogE S HEY
e K E G 5% SRS 2% H AR IR R )2 40
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