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FEE ORI 28R 52 W ST IR AR T 2R 42 0 O () 1L JBE AL 3R A A R A Ry S R0, %) S AT B SR BF 5T
FORRVEAE A 38 3 /I (SR 3 46 9600 R [ 3R 2 A 3R R 2R K R O R HER B RO . SRR L 5 CK
AHLE, R S% 49 d B 450 2K W A SR B REAR T pH. FLO8UMR &L B 208k AU LB LR & EC 2
FEHETE, Hoh ZF180 Ab 341 £ TF I Sy B L A AL A AUEE L A LA PL & EC AR R T 29, 10% .
61.78%.22.94%.20. 31 %6 F1 25. 70% . FiA 60 d B, /N 3R o 2R W e Bk L BRI IR AR K R A T
e, Ho ZF180 b B/ S B AR KR R H R AP, 5 CK X IRALAH Hb . 4 B8 T 225, 17%.225. 39% .
61.50% .104. 78 %6l 90. 67 % . P, 180 “C /K A b B I J3E 2 5 28 I 7 47 /K A Ak B0 0% Y5 A6 R ) B o VR

KB SE AR FY KT 5 IR s R PR B AR

Pgeit . Bk E & & R AT A AR AR g
HEREETEIRET 3.8X10% t, XEEBFEKLEER
AR, 25 A R H R KAEAE 50 ~60% 2
[ AT B A A A Y — 0 i b 3y =
JEEHHE AR 5 KA KR R T
FEE TG Y IR E S SR Y 3 A
43 o A BEAUGE UR AL A S B ARl BT Rk
)G, PRI, il s R3S il o R &
BAMFHATCE o R Wk JEe)E TR aE
B BK VBEVHASE R — R A A AL R B R
T AF Sk [ N Ah 2 2 ) KA R b B 3% L (H 2
IS BRI B A . KR AR SR FE I R ) 7 5 1R
1R S UK A B A S5 ) FH K 76 o8 1 e R 1Y
FEOR M T, A AT BIL 1 2 35 ) K A — 2R 90 B il IR
JO7 3 FJAG AT R 72 W i kb B RO g A K
BRI K PGE AE — 8 0 B i) R R
K TR RO S o A R TR 7= v R AL
RS REAVIEE . NY/T 525—
2021 ARk ATl b o, A B i Ak AN AR, 1T L
A R A5 HLAE Sk i

INFASEAE S — s UL SR R SRR R
Oy AR WOCRE 55, ELAE 7R R 0 L it R A R 4
PR T L it R R /N SRR SR A N A
FLH G . A P A it AE TC EL RE B /D 3RS AR E
XF FE Ay B R

A F B FE R 28k K A B S A [
PR F= WV A o % - ek A7 ek KL R A
1N e N R Y A 1T BU R TN = B3 )

Y5 H#8 :2024-10-29
E ST M A FHEBOCT H (232102321049)

Az R MR DL DU T A 7K B A B A A P
BE Y PR R R AF 5 K A AR 7 W R A HLAE Y
S S DA S o 35 R 5 0 1) R U AR A R 42
HERE A A

1 MRSk

1.1 ##

RIS T 2022 4F 7 H £ 2023 4F 10 A fET /g
PR TR 22 B U5 PR B 2 e S I & N T e I 0+ 4
R U5 T2 A VY 1 S el M, FH AR 1 39885 5 1000 Ik
I e | 2 Ll e RS A O NS L i T T
1, I ECR R L B A AR Y B B Y
WA AT EoHE . o 10 HWG . & H.

M3 % 28R BT R A AR T RN RA N
TR IR N I R S A B A T B R o L
B A ok o B HE A A TR B L OB B A 2 10 T KR
759 R AR B LI F 5 FH 8 B % B R A AR UK AR
g FH . KRG G R FH B N 28 4R R 25 B IOV AS
CIRPSSS=IE7/R S0 1F - ik s SRS | DN (=B AL
MY EA2E RN . RVLAS A NS I 350 g WkHRI
200 mL £ & F/K, 5 A 100 remin ', 405+
% 120,150,180,210 1 240 ‘CA#¥E 30 min J5
ARARHEZ R, FRELHEE 3 HAEL. K
AL P IS 1 7 W FH A 8 AL AT A3 S AR
YIrERL A 105 CHL TR fEE

1 2% JFOR: SILE 120,150,180,210 F1 240 °C
FRAE R (R K A AR 7= W 4 Ry AR W kL 43 S i 44
i ZF0.,ZF120,ZF150,ZF180,ZF210 il ZF240,

E—1EF AR 1980 —) , L Bl YOI, A [ B2 B IRAL 255 R HIBESE . E-mail: yangy@hpu. edu. cn,
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TEEL R ESTVE PR TY S ONCEE RS CE AT

& F e R 4% e A A

HIEARPALME TR WL 2.
Foft AL 3 8 B3 b SR R T AE O T 3 W '

Fr /N SRR T D bR A K Y Y 2 T
B/INE SR 2L i BN A AR I A T A T

1 FRBTEEFREBEHLMER
pH EC/(mS+cm™ 1) HHLER/(gekg™ D) WA/ (mgekg™ ") B/ (mgkg™ 1) A/ (mgekg 1)
7.97 0. 607 13.47 59. 86 7.74 116. 34
2 HEAMRERELER
Ab 3 pH  EC/(mS+ecm ') N/(grkg™')  P/(gekg D) K/(gekg 1) AP/ (gekg™ ) JEHI/ (gekg D
ZF0 6.61 9.41 39. 63 15.73 5.19 1498. 00 158. 00
ZF120 6.38 6.88 38.16 16. 04 4.83 381.03 166. 54
ZF150 6.15 6.21 32.93 16. 39 41,38 396. 90 183. 86
ZF180 5.25 5.99 29.98 17.47 3.85 599. 99 275.12
ZF210 5.52 4.38 23. 81 17.74 3.39 662. 48 226. 02
ZF240 5.67 3.16 18.32 20.70 2.78 785. 95 232. 89
1.2 A& CHb TAT 38 e e P R ot 1Y) BB 25 55 e o T R (i
L2.1 XE#&F  HHEFRIEKE. R 2R T AR =0. 75 XK X T8 5 AR IR /) 1158 B 00 - 8

5, ¥ 60 mm X 120 mm ( b 42 X B By ¥k}
B, B AR ARG 4 1 ke, F R 1% R
B4 HE ZF0o.ZF120.ZF150.ZF180.ZF210,
ZF240 XKL 10 g i A 188, i IR A 357,
PUB I 1 3 o 25 (U xt I CKL 3% B 7 44 A [A) ik
MR FR g 0 A 5L I & N R AT, i ) B
KEFIK & 60 20 Be s /K , W58 AN [F) 5 26 b 0T 4 3¢
F14) 5 A AL M T ) 52 )

I SRR < >R FH A AR IS . B 60 mm X
120 mm( F O X EO B E &, BN EEA
2 kg TR B F7 1 3 BB 19089 5 &= He 40 591 it
ZF0.ZF120.ZF150.ZF180.ZF210.ZF240 fiti£ ¥
BE 20 g IR B HEFEA) . R B SR 30 KA
SRt 2 om 22 Ay # H R K EEK & 60%
Beis K W HEAT Be KA B, 43 BT O [R) 4 26 Ak B X
UNEP RS VA AT
1.2.2 MERB ZFH %+ AR 9 B A
TR0 R - LA A HE N AR R 3 26K B B ik
WG 7,21,35 F 49 d. 4% M8 TS H e 4
A= 50 g, BUR KT BFES Ak 80 H i, & 4 °C
TR BRI RS KDL 50 10 L ]2 32
J& o pH it MM T AL AT pH LU EC I & 5 #K
P NY/T 525—2021 H 855 R 40 2% 0 16 R I 2 +
B WL & R HE LY/ T 1228 —2015 H o fi#
PHOE R W e A g A LR & R Kl NY /T
1121. 7—2014 b 2 5501k 82 2% ok I 1 38 A 3L
B A HE R HE NY /T 889 — 2004 2, 11 4 15 2
KO BE TR R I i A 4 RO

/NS A RS R I . 20 B RO A A

RIZBTT K b 550 50 A R 7K 78 18 7K 305 U
BT JE B M /N S s R sE T e, T L
A8 105 °C A% 30 min, RJ5 1 60 CHt T 21
s BRI A /N SR A e RS AN
AR R 15 DL T R AR B 78 18 7K 05 Uk SR 5
Wz 7K AR T, D B A /DN 1 52 1) B AR T o, P
FH 200 B RO /08 1 32 A AR A 5 00 5 R AR O i 05 5 o
Jo K AR AR T AR b oRE T 2 e BT D D R
T AW i s AR B BAR AT .
" o EERAE Y
L’W*Eﬁ:um:%ﬁct%@igifﬁwwﬁ)
1.2.3 #¥#H4 [ Excel 2019 Al Origin 2021
XoF BOE IEAT B BT A2
2 HR550
2.1 BEKBEEFYOHEZTEERERY
=40
2.1.1 X3 pH W 1R, 5 CK Xf 414
P FEREAS 49 d By IE SR b B b, S JE 20K ™ W)
Qb PRAHR BE REAL T 4 pH(P<0. 05) , % 1 15
pH FE Ik 2 B M AR B & 4K K 2 ZF0. ZF120,
ZF240.ZF150.ZF210,ZF180 Ab B4, A [] kb 3
Az A7 2 5 (P <<0. 05), ZFO,
ZF120,ZF150, ZF180, ZF210, ZF240 Ab ¥ 40 1%
pH MBI kS FF 46 FEAR, 78 21 d B3k 2 & ik
{8,551k 7.48,7.21,7.13,6.72,6.88 1 7. 06,
ZF180 AbFRL MY + 3 pH &k, 7R3 21 d )5
+ 3R pH FFER T, FE R R 49 d S5 A ZFo,
ZF120.ZF150.ZF180.ZF210.ZF240 &3 2H Y +
77




& Wy R A8 R 42 A B 2 A

ok 2 H

o

2 149

B pH B HAZE 7.73,7.62,7. 44,7. 23,7. 32 I
7.53,5 CK X} MR4H a9 + 4% pH AH L AR 2R ' AIG

EBAFIR R b el LUE Y, A pH 5
Yty pH DL B 3R I ) 4 DI AR 5%

8.5
[k 2220 zro I ZzF120 M ZF150 | ] ZF180 | 125210 [ ] ZF240
8.0 - %
b a
a a — b
c f {% c d
b ER
75 + ? b e
d c f
de c =
) € ° ] ¢
f d —SIE
7.0 | e E3
f e
6.5 |
6.0 | | |
7 21 35 49
R 3R A /d
1 RMBEAKREE=YIT L8 pH M E

T AF/NG FRERR AR 7E P<<0.05 K F2EFBE, T,

2.1.2 X3E EC Wk 3 Fixw,5 CK XM
WL AEEEAS 49 d MR R B, & 2K = )
b PRS2 F = T A EC {E (P<<0.05) . %) +
B EC 2 7 800 BRIk & ZF0 . ZF120,
ZF150.ZF180.ZF210,ZF240 4t FR4 , 454 A JA)
() Ak R 2H 2 ] A7 A 3 M 25 5 (P<<0. 05) . fF
A 49 d R IR R, CK X R4 19 + 38 EC
4246 AN K, ZF0, ZF120, ZF150, ZF180, ZF210,

ZF240 fb A B + 3 EC [ —H & FIH B $ L 7
5549 R 51AF] T 0. 957,0. 850,0. 792,0. 768,
0.699 F10.678 mSecm ™', M % T Jf 4 + e EC
{83 B R T 56.63%.39. 12%.29. 62% .25. 70% .
14, 40%F1 10, 97% . FEHEA KSR M0 o F2 p AT LA
F i, BN EC H 5 3 W 5 25 K 31857 ) 1 97
I EC H DL M 35 35 m) 1814 5,

F3 AMBEAKREGTYITLE ECHFM
EC/(mS+cm 1)
b33
7d 21 d 35d 49 d

CK 0.61240.003 g 0.6094+0.002 g 0.603%0.002 g 0.61140.002 g
ZF0 0.93440.001 a 0.94240.002 a 0.94340.003 a 0.95740.004 a
ZF120 0.83440.002 b 0.84140.002 b 0.843%0.001 b 0.85040.003 b
ZF150 0.78240.004 ¢ 0.78340.001 ¢ 0.790=£0.002 ¢ 0.79240. 005 ¢
ZF180 0.75640.003 d 0.76140.0003 d 0.766=40.001 d 0.76840.002 d
ZF210 0.68340.002 e 0.68940.002 e 0.69240.002 e 0.69940.002 e
ZF240 0.66540.001 f 0.67040. 002 f 0.67320.004 f 0.67840.002 f

TEANFENG FR SRR A B 7E P<<0. 05 KV EFRE., TR,

2.1.3 EX¥EAMKEASE WHE 2 iR 5 CK X

HEZH AH FL L 556 28 K 407 W) Ak 3178 35 57 1Y 8 4> 2o

B s T R AYLE S R (P<

0. 05) , X 4 38 i A7 BB 5 Jk 4 T 20CR DA s B AR

W ZF240., ZF210, ZF180., ZF0 ., ZF150, ZF120

bR, FERFFERY49 dHb, CK X4 i 1A
78

WL & 4R Th 7 49 d BFK 3] T 16,99 gekg ',
R R T 26.13% . ZF0, ZF120.ZF150,
ZF180.ZF210.ZF240 kb B2 ) + 34 HL R & &
TE55 49 R4 53k 3] 18. 76, 16. 70, 18. 45, 20, 44,
21.03 F1 21. 75 g+kg "% CK 23 9 E T 10.42% .
—1.71%.8.59%.20. 31%.23. 78 % A1 28. 02%,



14 M REF R ERALE YRR GEEKRGYH

& W AR 4R A A A

TERANB R SRR AN+ IEEH RS ETE
R 3B dbFRETERMBEE.SB dZEBT

TaiE . MWEEANI SRS RAE LI A PLTS &
SIS SR Py A L R IR O .

0T [_1CK (2773 zF0 R ZF120 [ ZF150 [ ]ZF180 []ZF210 [ ZF240
25 a
Y-
b,tE
20 —
& g5 f
=
E %
T
10 —
5 =
0
-
B3R Al /d
B2 FmmBEEAMEEFDN TIETINRSENZ T
2.1.4 XEBMALE WK 3 PR, 5 CK X FEEIKIRT Y 5 B IR TE 21 d B R B Fe ik

WELAAR L AR I A 49 d B9 8% 38 1 1 v, T AT 0 3%
TR By b 38y SRR B B T A I P e R
o, 48 RCR O B AR RO ZF0 . ZF120,
ZF150.ZF180.ZF210, ZF240 AbFH4H, 7E¥535 7 #
21 d A AL PR Z M Ar e W e 22 R A
49 d By ¥EFE AR, CK 6T BB 20 Y+ 398 0 i AL
HIC K KA, BIF A b B2 Y + S0 A & 5N

fH, N 21 d BI85 57 45 08, 4 598 rp il i /0 &% 1 E
KA AL TR IR . 1S 97 45 o if X B 4 £ 08
B & ol 61, 96 mgekg . ZF0.ZF120,ZF150,
ZF180.ZF210.ZF240 1% 4 S il fift A & =t 53 9l
85. 22,84, 32,80. 67,79. 99,78. 49 1 76. 12 mg-kg ',
AR TR BB 43538 fin T 37. 54%4.36. 09%6.,30. 20%4
29.10% .26. 68 % M1 22.85% .,

100 [ lck 2222 zro I 7F120 M 7F150 [ zr180 [C1ZF210 [ ZF240
f
90 |- 2
f a
: . b .
c a
~ b d
B g0 | %_; 7 2 "’dgE A ¢
: B 0 I
g
= 70
g g f e
60 |-
| | |
50 7 21 35 49
KL FRAFal/d
B3 FmEEAAEERTYN T ERERSENEE
2.1.5 EXERZHLE WK 4 a5 CK X TR Wy b PR G 2 A T T S b A R

TRZHARLE FERE A 49 d Y G IR B b, B A7 4 2

=, [, EEANEFRIEF R T ZF120,ZF150
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& Wy R A8 R 42 A B 2 A

b= s SR A & S 141

AP 2 R T 25 S 2 AN HE A I AN T Ak
PP Z A B EW 2R, E8A 49 d B
FRRLFE b X A v g RO A R R T ROCR
FIIK R Wk & ZF240. ZF210, ZF180. ZF150, ZF120.
ZFO0 AhBRA . CK X B8 21 A9 4 398 4 350wl & o 6 K
RARA, 45 Kb $H A A - HE A A0 5 1 DU in 4 st

Jo R RS TE 21 d i R R BARME, 2 5 T IR
W TF, 55 77 45 o 45 Ak R 20 Y 1 A S0 B i A
B 16, 29,14, 11,12, 87,12.56,11. 97
F110. 34 mgekg ', FHE T X5 BT 4 0 3 T
104.65%.77.26% .61. 78 % .57. 79 % .50. 38 %
29.90%.,

20 [CIcKk 7470 I Zr120 MM ZF150 [ |ZF180 [_]ZF210 [ ZF240
18
16 - ] e =
b b b b
14 - ¢ [T . = c l
~ 4 ¢ R c ¢ c d c
&hn 12 — . d d -
E 10 e
& f : f f
§ o8 . = &
6 =
4 -
2 =
0 7 21 35 49
3Rt /d
4 BARMBEAAREEFYN I EEYAHRSENZ T
2.1.6 X¥E@asre =2 WE S iR, 5 CK X WEEES . £ 49 d FEFREHR)F,ZF0.ZF120,

TRALAIHE  ZE 2L AN 49 d BB FR L F2 TP, BT A5 4L T
R T O Y S e X g Ak
B T A AR TR RCR N BRI & ZF0 L, ZF120,
ZF150, ZF180,ZF210,ZF240 4 ¥4, [A] i, 76
A 49 d MR R R R, T A B A 2 () A7 A

250

[ 1K 2724 7r0 I Zr120 [ ZF150 |

ZF150.ZF180.ZF210.ZF240 4k 3 21 i + 158 3% 5k
BSR4y 224, 98,199, 04,188, 32,180. 45,
172.48 F1163.56 mgekg ', 5 CK % B4 A1 Lk 4y
AN T 53, 28%.35. 64% ., 28. 30%.22. 94% .
17.51% A1 11.43%,

JZF180 | ] ZF240

1ZF210 [
a

200
d
< ¢

— =
o150 | L
%
E
g
& 100 [
b

50 -

0

35 49

Fi R /d

B S5 SAmBEBHAABEGFYNTEERNRLIENE M
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14 B EEF R F Y LR R A R ARG R

& Wy Ak R 4R B A R

2.2 BEAKKREEKFYNIMAFERKRKIEIN
A
2.2.1 sARRBEBMIEGEINGFHA HE 6
ATLVE 1,5 CK X BRALAH B, AR A 10 d B, 5%
FOKAT YA B BN SN B K BEA
KRR 2 5 d B it o 40 % i 399 1 /0 1 3 A Kk
ARK#m, fE 70 LLFE M, ZF150, ZF180,
ZF210.ZF240 Ab #4197 1 3 AP | K 3
PEF CK X IR ZH L U B i 90 kL I 7 A 30 d i
S/NAFEERERC S TREEMN. RS

i \’#’r

B 7 %30 RNMNAEKBER

LA L FERNRE 60 d B, BEAS AR EZE 1 /0 3R
AN b 7K AR T CK X BR 21, 3 W 78 Fob it
60 d J& , ARG KM= W Ab FRAH 5 CK X 20
FRLEXT N SRR BRI AR R . B 9 mT L
B LTEFRE 60 d B, BT A b B I R AR
FZMINI_EFHBEAL T CK X B4 4% 3] S ZF150,
ZF180.ZF210 AbFHA /N ASEIME R 5 CK X
HECZE AR G B S R L i DA AT AR I O 2 R Hok
xRNSR (S we L SR A TS e e S AP O N =
KR AERAERE.
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& Wy e R 42 A A A

14

By ‘lt ) oo
{ ;

f

2.2.2 *AHE 60 REF DGR AEARKBIKRG T A

4T UFEN .5 CK X IRAM L, 25 60 d
(AR, T A AL FRZE (Y /N 13 hE L AR R
N AR bR L EORR T AR R | PR BT AR
BN, & R 28K B ) b 8 (ZF0 L ZF120,
ZF150.ZF180,ZF210,ZF240) 5 CK X} & £ 4 kb
/NS 7 A O T 25, 00% . 66. 302,
122.80%.225.17% .84. 12% .39. 36 % ; 2% AL F £
NS B A AR BB N T 25, 112666, 43% .

B9 60 RNEXMMBKBEBFR

122.96% .225.39% .84.12%.39. 36 % ; 5 Ab FRZH 1y
INESERR R A BN T 17, 32%.23. 14%,42. 61% .
61.50% .45. 69 % Fl 37. 06 % ; 4% kb #H 41 /Y /)N 4
SHL R W TR 4 0 B T 14, 37 %18, 09% .
40.39%.104. 78 % .67. 62 % Fl 48. 12% ; £ AL FH
MY/ E RS T 18.22% .46, 22% .
65.11%.90. 67 % .45. 11 % #l 41. 78 % ; (& T ZF0
AbBRLH 2 A T A Ak B 4 A IS FR i ROER B R T
CK(P<C0.05),

F4 AELEXFMESE 60 X/MBEFHNERERNZI

=
b3 i/ g i B/ em BRI T em? R/ em R g &35 14
bR R

CK 11.84+0.94 g 0.697£0.02 g  0.029£0.01e  15.30£0.75 63.24x1.07 f 4.50£0.003 ¢ 0.14720.003 f  0.96=0.003 a
ZF0 14.8040.45f  0.87240.04 f  0.040£0.03 e  17.95+0.21 d 72.33+2.03 ¢ 5.3240.012d  0.174£0.001 e 0.96+0.001 a
ZF120 19.69£1.01d  1.160£0.01d  0.11840.02d  18.84%0.90 d 74.68t1.24 e 6.5840.031 ¢ 0.751£0.005 b  0.91%0.007 b
ZF150 26.38£0.63 b 1.554£0.03b  0.176£0.01 b 21.82+0.12 ¢ 88.781.09 d 7.4320.032 b 0.792£0.002 b 0.902£0.003 b
ZF180 38.50t1.45a  2.268£0.06 a  0.559E0.0da  24.7140.78 a 129.50%3.21 a 8.5840.054 a  2.020£0.001 a  0.800.006 d
ZF210 21.80£0.98 ¢ 1.28440.03 ¢ 0.187£0.02b  22.29£0.45b  106.00£1.97 b 6.530.013 ¢ 0.60720.004 ¢ 0.872£0.002 ¢
ZF240 16.504+0.33 e 0.97240.01e  0.153+£0.01 ¢ 20.97£0.22 ¢ 93.67+2.31 ¢ 6.3840.026 ¢ 0.550£0.006 d  0.86+0.003 ¢
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14 M REF R ERALE YRR GEEKRGYH

A Y R AL R 4% e A A

X 4 AR RAR B R /N F SRR A K
PERAT B IEAT 40 M7 5 K BN N3 36K A B 4R 7= )
X/ANAZE R VM A R AR R L
PRI TE AR AR A BRI B . R
e, BT AT 5 CK A B4 L #B % /N 1 38
4 £ KA I BEFE T Horh ZEF180 Ak BHL2H it /N 1 3
(14 JiE A P R A B T e B AR AT
3 Wi
3.1 EEKMEGEYIT LT RN
3.1.1 L3 pH # EC WIS R BoR. NIEFH
TFEEE) 21 d iF, HHERY pH 5 55 3% i ] 5 30 67 A
KK IR T4 3% R HOK R R = AR B B
B A 335 bR T A R R B L T LA fiE
e J B ) 9 R £ S0 pHLL i L 244 380K
P R e Jn ) - b SRR 8 4R i 3 Py
R A A A=A AR e S L/ )W e o e
O (14 33 B2 HP AT 4 2 B — 26 R PR W) S5 L W) N A
¢mm¢%mﬁwﬁmt Az — S R T 5 AT

IR PR A — B A 43 OR B B M i DL
FRH EHEN pH BRI . BB FOKI= Y b
MAHTE 21~49 d B, IR pH A BT 18 F, X Fl
MRV RE S T 2 R HOK k=Y h & A
K.Ca S KGR XK o L R g 5 T 1
Hp, AT DL A 398 v R S Af RN R R AT Rk T DA 1 4
M pH A e 7. X —IE 50 A E " s
SR, AR RV SRR L5 pH [l
FH Y 575 — 4 JE DR AT B VS o 2 K B A g 4>
it - 398 P A W B A R N EL AT AR R 1 2
I 9 0 3 T

W % 15 7% e ) A B4 KL R EC (S 2218
TR DR R RE R A 2 K AR R 7 R Bk
LA AR e B PR 28 Y 1 Ry S T it B - 3 v
JE A T B A oI AT R Y A IR R
T T LA S 0 T SR 8 A B S A 5 1) Y A5 5
KIEHTH. Qin B LB, BRIy b & A
BRI IR A e E E A e RE S X+ 3
SR TR, L S KB A R
A KBTS ML e AR Y VR AT

O3 A B [ I 2 77 A — 2o g 5 R ) JX Se B R
oyt T B A LS RN
3.1.2 ERAMREE ARSI HIRERY,

T AR [ A ™ Wy O v B AR L A L 5 R

B R gAY T B AT
KA AR A BILT, i DL 3 AL R A
T I [B) P AT A5 B R R B AR T, AR ST L g 2
TR Wy b 32 ) S P T X B ]
TR X S A Z AR B g A AL, B Ak
Lﬁﬁ%i%ﬁﬂﬁﬁiﬁﬁ%ﬁ&*%?%F
[E R e A S T 4 DL RS 2K B A
F%$aﬁ&zm7ﬁ S L N SRR
R R R h S R AT RN T E L K
FRCE A 7= W 1) 3R T F R O A R A5 R AR, B
R 5 A AR T SRR A R B R Y
A RS E XS ER AR A F 5 45 B AL
3.1.3  EIEBMEALSFT  Melo 25 iR T K
I AL 15 8 A P At A 2355 3 56 v v - 3
RS IR S T 4 28 R LK I R F= ) A 5 5 A
KA AT E o 2] b 5 Y T H N+
S Pt N TR A TR K A A Rl
AR TR B 0 A 2R RT3 g b, BT DLES 557
73 - B8 v i A R B R KX RE AT A L 2
P& (P<<0. 05), B HT 0T, Ak B0 20 0 -+ HE 5
Ao T, Subedi ™) 5 Bargmann % 1
TA R 2 B P %) T RV 3 B8 B W i 0 o
R BEREAL ., A WF5E & B, 0 28 S H K 34 [ 4
FEY Rl R AT A AL E R A, 0L E AR A AT LA B
TP RS TR AR BT DL 2 T B RO R A
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Effects of Hydrothermal Treatment Products from Pig Manure on

Soil Properties and Growth of Chinese Cabbage

YANG Ying, BAO Xingxing, ZHAO Yanqi, ZHAI Zimeng

(School of Resources and Environment, Henan Polytechnic University. Jiaozuo 454003, China)

Abstract: In order to explore the ways of pig manure waste recycling, the hydroheat treatment products of pig
manure under different temperatures were used as additives, the soil characteristics were studied, and the
improvement effect of hydroheat products on soil was verified through the cabbage planting experiment. The
results showed that compared with CK, at 49 days of planting, each hydroheat treatment products of pig
manure treatment group significantly reduced the pH, and the alkali nitrogen, effective phosphorus, quick
potassium, organic matter and EC were significantly improved in all treatment groups, among which the
alkaline hydrdyzed nitrogen, available phosphorus, available potassium, organic matter and EC increased by
29.10%, 61.78%, 22.94 %, 20.31% and 25.70% , respectively. At 60 days of planting, the fresh weight,
biomass, single plant height, leaf area of single plant, root length, root weight and harvest index of Chinese
cabbage all improved, among which the growth traits of ZF180 treated group were the best. Compared with
the CK control group, the Chinese cabbage yield, aboveground biomass, single plant height, single plant leaf
area, and root length increased by 225. 17%, 225.39%, 61.50%, 104. 78%, and 90. 67% , respectively.
Therefore, 180 ‘C hydrothermal treatment temperature is the optimal temperature for pig manure waste recycling.

Keywords: pig manure waste; hydrothermal products; temperature; soil properties; Chinese cabbage
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