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Effects of combining zinc and phosphate fertilizers using different methods
on the availability of zinc and phosphorus in soil
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Abstract: [ Objectives ] We explored Zn and P availability in the soil amended with phosphate fertilizers
resulting from Zn's physical and chemical combination. The aim was to choose a suitable Zn and phosphate
combination method for high-efficiency utilization of the nutrients. [ Methods ] Zn sulfate heptahydrate of 0.5
and 5 parts by weight were combined with 99.5 and 95 parts by weight of K,HPO, through the physical mixture
(P+Zn) and chemical reaction (PZn) methods, respectively. Further, four Zn-containing phosphate fertilizers were

WIS E#A: 2021-03-04  HEZFAMS:
HEEWB: “T—#H" HEEMABLIRIBE (2016YFD0200403) .
BERAN: BEIFS E-mail: zhaolif@163.com ; * BIE{EH Z5Mels E-mail: liyanting@caas.cn


https://doi.org/10.11674/zwyf.2021107

9 4 BN, A5 BESRRALIR G O PR . R R R 1615

prepared, P+Zn0.5, P+Zn5, PZn0.5, and PZn5. The composite structure of Zn and P were observed using X-ray
photoelectron spectroscopy (XPS) and nuclear magnetic resonance spectroscopy (NMR). The change in the soil
available Zn and P content was studied using a soil culture experiment. The alkaline phosphatase activity and pH
of the fluvo-aquic soil were measured simultaneously. [ Results ] 1) The combination of Zn and P increased the
available Zn content in the soil by 2.90%, 12.17%, 24.64% and 10.86% for P+Zn0.5, P+Zn5, PZn0.5, and PZnS5,
respectively. PZn0.5 and PZn5 increased soil available Zn content by 21.13% and 7.37% than P+Zn0.5 and
P+Zn5. In addition, PZn0.5 reduced Zn fixation rate by 10.49 percentage points than PZn5. 2) Compared with
K,HPO, control, the combination of Zn and P (P < 0.05) increased soil available P content. At 60 days of
cultivation, the soil available P content of PZn0.5 and PZn5 were (P < 0.05) higher than P+Zn0.5 and P+Zn5 by
5.76% and 5.70%, respectively. P+Zn0.5, PZn0.5, and PZn5 reduced soil P fixation rates by 1.45, 1.19, and 0.25
percentage points than K,HPO, control. 3) Compared with K,HPO, control, P+Zn0.5 and P+Zn5 increased the soil
alkaline phosphatase activity at the beginning of cultivation and the effect of PZn0.5 was better than PZn5. 4)
PZn0.5 and PZn5 reduced soil pH at the beginning of cultivation. The reduction was more prominent in PZn0.5
than PZn5. [ Conclusions ] The combination of Zn and phosphate fertilizer by the physical mixing and chemical
reaction processes could reduce Zn fixation in the soil, and the products obtained from the chemical reaction
method performed better. The chemical reaction between Zn and phosphate fertilizer can also reduce P fixation in
the soil, similar to soil pH reduction. Adding 0.5% zinc sulfate heptahydrate to phosphate fertilizer through a
chemical reaction is recommended.

Key words: combination of zinc and phosphorus; physical mixing; reaction mixing; zinc availability; phosphorus
availability
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(ZnS0,-7TH,0) 5+ 51$% 0.5% F1 5% H He ] (&) finA
WM A S AL PRI S (WETR - A AL E=4.67 :
533, Jis b)) T TIRE RN, WEE, S RVEE
WP, 0 (0.85 mm), TIASAHI A& BF R AL B i

K724, ic i PZn0.5 5 PZn5,
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Table 1 Addition rate of ZnSO,-7H,0 and properties in each tested fertilizer product

NEEMAS Fertilizer code FEAINE: Zn addition rate (ZnSO,-7H,0%, w/w) P,O; (%) Kt Zn Water-soluble Zn (%) pH
K.HPO, 0 3431 8.29
P+Zn0.5 0.5 3331 0.10 7.38
P+Zn5 5 33.61 0.98 6.59
PZn0.5 0.5 33.96 0.10 7.38
PZn5 5 33.79 0.96 6.56

£ (Note) : P+Zn0.5 #1 P+Zn5 REMFYIIR G Y, PZn0.5 Fl PZnS MFEWRLE SR, HAHIE 0.5% 1 5% B IR EE
Codes P+Zn0.5 and P+Zn5 represent the two physically mixed products and PZn0.5 and PZn5 represent the two chemical reacting products,
containing ZnSO,-7H,0 0.5% or 5% by weight.
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4511434, H Duncan B &R LT 2 EH L (P <
0.05 HZEF B E).

2 AR5

2.1 $ESHBEEXT Zn RE RS

& 1} P+Zn. PZn ¥ Zn2p &40 3 XPS M)
G, W Zn2p maPFEGETATLIEH, PZn B
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Table 2 Effects of combining zinc and phosphate fertilizer on soil available zinc content and zinc fixation rate
Qb B B Available Zn content (mg/kg) ZnlFE R (%)
Treatment 1d 3d 5d 7d 14d 30d 60 d FHMean  Znfixed rate
CK 028 f 0.48¢ 0.46 de 0.44 ¢ 0.73 f 0.63 ¢ 0.64¢ 0.52
P 033 f 039e¢ 0.34¢e 0.44 ¢ 0.64¢g 0.61f 0.69 de 0.49
Zn0.5 0.56¢ 0.72d 0.59 cde 0.63d 0.83¢ 0.76 d 0.77 de 0.69 60.82
Zn5 3.04c 3.03¢ 352b 3.05b 3.12¢ 2.71b 2.80b 3.04 40.53
P+Zn0.5 0.55¢ 053¢ 0.71 cd 0.64d 0.86¢ 0.82 cd 0.85 cd 0.71 57.79
P+Zn5 3.58a 390a 3.89a 3.12b 3.18b 329a 290b 3.41 31.74
PZn0.5 0.75d 0.80d 0.83¢ 0.79 ¢ 1.02d 0.86 ¢ 0.99¢ 0.86 22.20
PZn5 3.19b 336b 3.62b 3.57a 328a 333a 323a 3.37 32.69

IE (Note) : P+Zn0.5 Fl P+Zn5 (RRFF PR A7), PZn0.5 F1 PZn5 [CERFRALE SN =H), HAM5E 0.5% Fl 5% BB AR
Codes P+Zn0.5 and P+Zn5 represent the two physically mixed products and PZn0.5 and PZn5 represent the two chemical reacting products,
containing ZnSO, 7H,0 0.5% or 5% by weight. [R5 5 A [F] TR A #H] 22 75K 5% W35 7KF Values followed by different small letters
indicate significantly different among treatments at 5% probability.

(P+Zn5), JNRE (PZn5) AbBE AR & B RS TR = A B BRS wRIL R N iR &

FEAEBATE (Zn5) 43 WA TS 12.17% F1 10.86%., MAEEAE

T YIS, SRAAA R, AR, U E R

B RERKE, SHMEEE (Zn) HHLIL, BES5BEZES &, 5 PZnS AAFEAMHLEL, PZn0.5 AbFR) 80 [ R
(P+Zn. PZn) W] FEAK - EXT R E . FEAAIRVERAS D PTRAAIR 10.49 A~ EH 4345

BAMT, BHSHILSS

Tr AR, XA R

o - W A 45 45 T ORIt B ) S 2K

A, FFLL 0.5% WS IeE SREIEZS G0, PZn0.5 R S5 M i BUIR R 7 22 7 B4 R (3R 3) W LLER

PR P+Zn0.5 Zb B 4 A RGBS R R W, gAML S
21.13%, PZn5 4bFHES P+Zn5 AbFR 354 R e 4 &0
I 7.37% . H PZn0.5 4b B[4 8F BE & 2 3K [ R R FE RN A e

75 20 x T B X 4
A S S Y HA A (P < 0.01), BEIASA
W Brai T AR

P+Zn0.5 A PRFEAR 35.59 N 7r e S34h, BUEEHIE  Rma. B BEES G 7S A SRS R DI
LA S IE IR S AT, A RRp 3 3¢, RIESHEY IR G e Wit m DA%

x3 HEMBEEAANSRFENIRAIES ENEM (LIRSS 60 X)

Table 3 Effects of phosphorus and zinc combination method and zinc application rate on

soil available zinc content on the 60th day

%5475 Combination method

i & Zn rate (mg/kg)

24753 Combination method

8 & Zinc rate

Ab B TIPS R (mg/kg, n =6)
Treatment Soil available zinc content
YR 4 Physical mixture 1.87b
iR A Chemical reaction 2.11a
Zn0.5% 092b
Zn5% 3.07a
F {8 F value
288.00™
23040.90™
43.56™

LA 5 xiti £ i Method x Zn rate

H (Note) : [Al—FEIE G A F 7R R R A BRIE] 22 5335 5% W35 7K Values followed by different small letters indicate significant different
between treatments at 5% probability level. **—P < 0.01.
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PEO IR, BEPEROVIR G AT LA o
H2.11 mg/kg, BYHIREG X LA &
(1.87 mg/kg) WEINN 12.83%. i AL REMSHR = 1
AR A, RS BRI LU TR EL B 25 At 5
H AR R FEE AR, BELL0.5% B
I SN AS G LRI it A AR S e T
0.15 mg/kg; FELL 5% MR- S8R, 4t
it A SRS RN T 0.27 mg/kg. BAR 5% HUEE
I A O A S VR LT 0.5% B9
B, AR T 10 /5, i SEE S A
FrARA R He Bl . BN 2 258k, BRIR R
Jite N0 B A it P s, 8 B A i e 1 ] R
%, HRMNIRAMME, 458k, FHEE,
PR i, ARG )E, KB
PESBEALLE A R EEIE FH R B IR, SRR TR
(A 3
24 SESMBEENIEBUMESERBEEE
ERA

&4 EH, SAMBEARE (CK. Zn0.5,
ZnS) KL, I it s Ak T 2 S TR R o R v 1
FRE S WEBEAT AL (P) M LA R 1 A
B CK BT 85.46 mg/kg., MRS &M,
P+Zn0.5 Al PZn0.5 Y 34 %08 V- 44 % & [X Zn0.5
Ay SBEINT 89.82 il 89.04 mg/kg; P+Zn5 Fl PZn5 1Y
B A A R Zns Ay BN T 84.72 I
86.21 mg/kg., o, BF 5 A KN IR A Ab B
(PZn0.5. PZn5) 438 finie B i 35 38w A it 5 +

WAHEMB RN AL, EHERFF 0 KREF,
PZn0.5 F1 PZn5 b3 A R0 5 f 308 A 43
BT 5.76% F1 5.70%., ELM & RWLERAKE,
P+Zn0.5. PZn0.5 I PZn5 AbFH it + HEwk [ 1 S
SRS SIFEAR T 3.33. 2.74 F10.57 DNHESM S, M
[EANEE Ty 20T, il AR it i by, T
FERM R . MEMBERE AT, BESBEIC R VIR A
FIP R A W [ o R AR A

i HERE RS 60 KBRS BEIR S & 2R
Jit A £ X - A Sl R ) ) XK R Ty 25 A M
REESTUFEL, 867 HIEARSES
WEMW (P <0.01), Wik fgsa I < ke
X B SO S R N W, ULIBRERSS S R
Xof A A AR A S TR, T A X L
AR BEEEEIRG FMET, HEA R & i
o 66.07 mg/kg, RNIRASFMT HA R4
BN 69.78 mg/kg, BWHHIREG A LA S E
R 5.62%. VUL, BREERNIRA 7 PR
G R = E A R
2.5 SESHABRLE A X LR AER BEIE BV S2 M

ol A R 0 v AP VAN e R A Ak
J7 AN R R A S M E AR AR, K 3 R, KR
B (1~7 K), EF58E RN IRA P (PZn0.5 .
PZn5) 114 - S 5 2 il 0% i 1 s L T A 3
(P)o HHr, PZn0.5 Zb3HAL P Ab P A S8 P ol 1R Il 1%
PRI T 2.01%~16.81%, HAEH 1, 3, 7 KREHRE
F; PZnS AbFEE P AL A SERE B RR B T YRR T

®4 HEBMIBEENIIRENHES ERBEERNFE

Table 4 Effects of combining zinc and phosphate on soil available P content and fixation rate of soil P

Lb AL 7 it Available P content (mg/kg) B 5% (%)
Treatment 1d 3d 5d 7d 14d 30d 60d  F¥Mean  Fixedrate

CK 8.38d 8.65d  11.68e 865d  11.54e  495c 3.24¢ 8.16

P 109.19b  103.28b  9296c  99.70a  99.29d  84.92b  66.00b 93.62 34.71
Zn0.5 8.79d 851d  11.26e 6.45¢ 9.80f  5.02¢ 292¢ 7.55

Zns 9.34d g51d  1L13e 6.17¢  104d4ef  424c 2.59¢ 7.49

P+Zn0.5 118132 108092  9681b  100.80a  10438b  87.40a  66.00b 97.37 31.38
P+Zn5 10630b  100.11c  8884d  96.13b  102.73c  8525b  66.14b 9221 35.27
PZn0.5 109.60b  107.27a  9874a  9654b  106.58a  87.60a  69.80a 96.59 31.97
PZn5 101.08c  101.08bc  99.15a  9159c  107.27a  8597ab  69.76a 93.70 34.14

IE (Note) : P+Zn0.5 Fil P+Zn5 REFFWELIR A=Y, PZn0.5 Al PZn5 IREFIFMELA 9, B34 0.5% H 5% i A GRReE
Codes P+Zn0.5 and P+Zn5 represent the two physically mixed products and PZn0.5 and PZn5 represent the two chemical reacting products,
containing ZnS0O,-7H,0 0.5% or 5% by weight. [R]FE 4 5 A 6] Tl F R AL FEE] 22 5735 5% .3 7K3F Values followed by different small letters

indicate significantly different among treatments at 5% probability.
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x5 HEMBEAAANSRFENIRAYHS ENEM (LIFEF 60 X)
Table 5 Effects of phosphorus and zinc combination method and zinc application rate on soil available
phosphorus content on the 60th day

b3

Treatment

A R & it (mg/kg, n=6)

Soil available phosphorus content

%5475 Combination method

JZWIRA Chemical reaction

Jifi#¥ i Zn rate (mg/kg) 7Zn0.5%

Zn5%

YyHEIR & Physical mixture

66.07 b

69.78 a

67.90 a
67.95a

F {4 F value

24753 Combination method
Jifi#¥ & Zinc rate

JifEAE 5 X xiti £ i Method < Zn rate

185.51™
0.03ns

0.12n

¥ (Note) : [Al—FEIE G AR 7R R R A BRIE] 22 5735 5% W35 /K Values followed by different small letters indicate significant different
between treatments at 5% probability level. **—P < 0.01; ns—No significance.

0.18%~5.13%. FH[FMEEFE 51T, FFLL 0.5%
I SHEAELE A, PZn0.5 2B P+Zn0.5 23+
SEnE kR B G PE R T 0.89%~13.55%, JLHE
FER TR 3~7 Fl 30~60 K, Z5iKEEHKF, &
PL 5% ds s S eIt g Ak, PZnS Kb FRAE R SR AT
W (3~5 K) AEH (30~60 K) - IEna i ik i it 1
BImF P+ZnS 0B, WL, BESBEIE R NIR AR
BRI A 0T DA R v B R Wl R 1 . AR RN
KT, RRRART, PZn0.5 2B AN5E 55 1] ] + b
P W 2 il 1 R Y20 2 T PZnS AR B

M4 LU Y, A 0 B e o ol
it 3 P ) T R T P v, U0 e R R Nl O PR v
T B HLEE I CHLBE et 2, A A A
SRR R 5 T - A U e e R il T

—aCK  —=—P+7n05
140 v . P7n0.5 ——7n0.5
— P —eP+7n5
130 | . —=— PZn5 7n5 .
'qJ A — ,%.
120 K > —

110

—_
[=
S

!

—

o
(=)

TR BRI % [nmol/(g-h)]
Soil alkaline phosphatase activity

x
S

0 5 10 15 20 25 30 35 40 45 50 55 60
K7 #: K HL Days of cultivation
3 TEBSEEE S AR T IR HRLEEE 4 RS20

Fig. 3 Effects of phosphorus and zinc-binding on soil
phosphatase activity

PR T 2 B TR I A e 2

M 6 AT LA Y, 255 J7 2O b 98 8 1 Wl i i
WEA R (P < 0.05), i i A2 & 07 2K x
Jit A X S B O R O R R AN . U
B 1 S 0 Pl R Al 0% 1 ) 2 W R 5 7 AR
It B X H AN K . BEBF IR G /T, +
SO W TR TR TG M XM 97.46 nmol/(g-h), &N
IR A SR AF T A S 1 98 2 1 05 1k - 2B 101,75
nmol/(g-h), YR A B ERF 4.40%. 7

M Available-P (y, = 0.26x + 66.35%)
B Available-Zn (y, = —0.009x + 2.80**) 6

~

100

50

(]
T B | (mg/kg)
Content of soil available-Zn

- e % B (me/ke)
Content of soil available-P

(=)
L
(=]

80 90 100 110 120 130 140
B B A
Soil alkaline phosphatase activity [nmol/(g-h)]

4 TIRMESESE M S AR AR MR O
Fig. 4 The analysis of the linear correlation between soil
phosphatase activity and available phosphorus, and
available zinc
[ (Note) : y, Ny LIEARBES (mg/kg), v, LIRS
it (mg/kg); x oA SO IR B M [nmol/(g-h)].  is the soil
available phosphorus content (mg/kg), v, is the soil available zinc
content (mg/kg); x is the soil alkaline phosphatase activity

[nmol/(g-h)]; *—P < 0.05; **—P < 0.01.]
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o6 HEMIBESH N SisEEX TIREEBEREEE MR FIR (LIRE T 60 X)
Table 6 Effects of phosphorus and zinc combination method and zinc application rate on soil alkaline
phosphatase activity on the 60th day

AL B Treatment

TR R BT 1 [nmol/(g-h)]
Soil alkaline phosphatase activity

%5475 Combination method

SR A Chemical reaction

Jifi#¥ i Zn rate (mg/kg) 7Zn0.5%

Zn5%

YyHEIE & Physical mixture

97.46 b

101.75a

99.60 a
99.60 a

F {4 F value

24753 Combination method
Jifi#¥ & Zinc rate

JifEAE 5 X xiti £ i Method < Zn rate

9.07"
0.00

1.70

¥ (Note) : [FIFEHEGE AR F-REFRACBEE] 22 533K 5% 1.3 /K Values followed by different small letters indicate significant different

among treatments at 5% probability.

W, BERE IR A 7 BRSO X BE S
S A R T
2.6 $ESHMBLEXT I pH B9

S ATLLUAE Y, RS w0 R TR A Ak 3
(PZn0.5. PZn5) B @ BEAEALBEE (P) 135 pH 44 Fr
WAk, HIER:FREH (30~60 K) R 0E, i
60 Kif, jifi/H PZn0.5 Fl PZn5 AbFE 43 pH AYFEAR
i g 34y T A

M RER ZAFT, H3RE I (14~60 X)),
SR RN TR A B B A 4 pH A B B R
{&, PZn0.5 4L ¥ It P+Zn0.5 Kb ¥R . PZnS AL FR L
P+Zn5 b3 + 5% pH 430 FEAX 0.03~0.13 F10.05~
0.07 ML, JEHRTERE SN 30~60 X, 25443k

820 - —a— CK —a—P+7Zn0.5
. —=— PZn0.5 Zn0.5
—=—P P+ Zn5
8.15 | —=— PZn5 —=—7n5

+3 pH Soil pH
[ore]
(=]
(=]

0 5 10 15 20 25 30 35 40 45 50 55 60
1597 KH Days of cultivation
5 TE#SEES Mm% pH RIS

Fig. 5 Effects of phosphorus and zinc
combination on soil pH

BEAKE . MEIE T, KREB (30~60
xK), RMIRAW, PZn0.5 kbFE% PZn5 kb B 4 1
pH FEAIK T 0.01~0.03 547, ATUL, 5 5% @i
HIEE S B R RS AL, RN (0.5%) BEES
WA IIE BRIV A6 35 37 I W ] A1 48 pHL

3 pH 4355 A SR - A AR R 2t
MR WA 6, FTLAE, T M 3G 2
PEa R pH 9T T REA

SIHTREFR AR 60 R FESS G 7 SRt A i L =
HAR AR -8 pH W (% 7) R0, Z5A 07

W Available-Zn (y, = —5.56x + 46.29**)
W Available-P (y, = —219.21x + 1821.93*%*)
16

150
=1
— o N
<2 . Lo
2= 100 14 £2
E= Ez
I & lljﬂlﬂ =
1 2 T =
2 1282
% S 50} ¥
N3 g
2z i)
O 1

ol et e e 10 0F

7.8 79 8.0 8.1 8.2

3% pH Soil pH

6 1IF pH SEBBA R BB MEE X S
Fig. 6 The analysis of the linear correlation between soil
pH and available phosphorus, and available zinc
[VE (Note) : y, o HHEHEEEA it (me/ke), vl 3T RUEE
H (mg/kg); x A+ pH. y, is the soil available phosphorus content
(mg/kg), y, is the soil available zinc content (mg/kg); x is the soil pH;
kP <0.01.]
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xR7 BE5BMIEES AR EEHEXTIE pH 9% (LIEEF 60 X)

Table 7 Effect of phosphorus and zinc combination mode and zinc application rate on soil pH on the 60th day

AbFH Treatment 3% pH Soil pH (n=6)
#5477 Combination method YyHIRA Physical mixture 8.12b
SR A Chemical reaction 8.03a
JifiEERE Zn rate (mg/kg) 7Zn0.5% 8.09a
Zn5% 8.07a
F{H F value
2454777 Combination method 137.50"
JifiBE & Zin rate 5.50"
JitA 5 2> it & Method x Zn rate 24.05"

TE (Note ) = [AIZIEHE G AN R T~ BE=R 7R Ab PR 22 53¢ 3K 5%

among treatments at 5% probability.

K kEaE LSS I < a0 -2 pH 494 1
FHR (P <0.001, P<0.05. P<0.01), ULHIBEEELS
A7 Rt R i R 3 pH, HLAZE & 2
44 pH RZM K . BEERZE A 20 13 pH %)
FHOG, OVIRA BB A e RN 135 pH, BhEE
PR G AL B 1 pH S XE Y 8.12, RWIRA N 1
¥ pH SFH{E N 8.03, HBIRA 50 B E ML
0.09 4~ pH A3 o JififE B 5 R i 1 pH. 24
BELL 0.5% I 5w IELS &0, +3 pH F3ME N
8.09, ¥l 5% Wt SwENLLS A af, 158 pH ¥
{E ] 8.07, %2 0.5% N i FAIK 0.02 4~ pH 54,

3 i

3.1 SR ENTIEBYHEAIENEI

AR FIERE SR AT, SRR A SEC R
FAHLL, PESBEILZS G T HIEAREES & (R 2),
LRGSR = T RE A R, X5 T AR Kk
FFECIBFITAE ARl IR S0 A S £
MRFGE B, 24 e R SR AL PR A, R
FETE 0~50 mg/kg ., £ FHETE 0~12 mg/kg JLH N
TERAETC, HamE Y BEAL E 1 i i i DA T 42 735 +
AR AR, BRRER U PRI . H A 5 A
— LB SIS AR, Q4R B S AR R Rk
FA - FRFRR R, MEREREAR T AR A
BEEEAE RO S PUER- . vT UL, ORI A 1
JTAR 25 AR AR R, T AR R D R A
s HA R R ASIE], r s il 4 8 58 ELAE AR AS
[y S34h, e R s SCEAS R S WSt FH i 1Y)
FEBIAR R 23 7= A R —FE IR, AR b, #
NI AU T TR B, B TR AL

237K Values followed by different small letters indicate significant different

o — MRS BENE RN S, Bl s w3 RE i AL v
A KIBBFLOKIESIERAEAE (R 1), XA S
HAEEh A RS R EENEER; I
Al e AR RN 5, BES BEAE H  BE R AR K AR
THAEER, BT —FERr S EY (8 1.
El2), BERT HHEXT Zo> B BHVE AT, M 17
T BE PR A R o X R A Y A [ B =
T, PESBENERH RS I L e R Ay AT
LR A )T 3 AP o o) A 1 i v 2 o5 39 AU
TRNEEFNA,
32 H5BMIREEFTHIRBUHS EMEI
A O e R A RN E T A0 B
bro HEARMRPEIR, MG B EYmE+
e A (R 5), HIEuEICAHLL, BRERITR
BRI T HER A I R E, fReE T
WS (R 4). HE 5% s, 0.5% i
) B 5 W0 TS e 7 Y 5 o ATl 190 [ o AR O BB I
XI5 G - PSR B, B RUIRES I (/)N
T 10 mg/kg), Jits FHEENE v] DL = 1 48 v A el &
1w, BREERMCON PRI o A e S BRI s
RG4S THERARE, b5 T ae e K o B S
BERRERZS SIE L T 45 (B 1. 8 2), WA Rt
8 ) VS P B (R A, DT A S 2 ) 1, 4
U R RS . LA, BERRERTE MR L
e A RO e R R . A ML 2
ZRE 2y, JUHIE R 1) 2 5 ] oA PLeE
P R T R, SRR, B R Tl A W R Wl 1Y
— MK fEERE, Iz AAET R, KRR
VEHT 48 3R A Wyt Ak 7 1) R IR 2 T i B LA
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FRils i A 3 Y PO, S - SR R
PR, ARG, SESEBEICAR L, B S BEIC R NS
BIEREFE R & T R R R A T (B 3),
JE DRI AT BB R F T B B ol T il R O e T
PR LAY, BEE SR i A I, (AR
FrEge, BeAh, B A, BRI R S
WERR A IE LY, XA AT BTN N 0.5% M4 S BT
o7 YR B E B AN 15 7 30 P - P e R S A v T
5% FEA IR A A
33 SESHREAXILIE pH BI520T

st RM, +HE pH 5 EHEA RSB RN B
A SCOC R, BREE T B ek B AOEVA 25 1) v 3%
AEALRY, B) 48 pH FEAIT, SRR, AR
AR, BESHIE R NIR A REAR T 14 pH, WIRE
NS B R NS , BT SRR pH 321K
(F 1), MALHEE HESEMW T 3 pH, XAJRERET:
4 pH PRI ELIE M R o Curtin S5 9E &
P, pH I —ANBARL, b IR TR A B TR R
4~10 1%, pH B R, FELE 39 EAH i I B o A
W RMRE IR, SRR RRAL, AR, I pH B
R A BE T LR 200G LB E T, B R BE R A 8K
o ARG, 1 pH 8.87, MRS BENE I
IREHEA TS pH KK 8.03, TIfEE S8+ g4y
AR S R 22— XU S SR A v 1
(pH 8.0) LIAFFE th I, 15 RUE & i b 5 it
P G s IR A K MRS 1 (pH
8.12) HIWFRAE R Mt FFRTE 0~12 mg/kg. Jifi
W AE 0~50 mg/kg LRI, R EEuS ek +
BERR MR, RS RIEA RS . L,
pH 7£ 8.0~82 JulEN, Bir A A TS s
Rt

{H 35 pH b G AR, BREFRCHE A AT RE SRR
BRSO . 7E pH B i 4 1, 2R AR SY
R, TEAKEY L (pH 8.9) Wik B A H bk
i 2RI X R 2R BT SRS A
W, fET R (pH 8.4) Tl sl i 1 A5 A
IR T RIS RE A AR, BRI T B
it fF pH AR HHE L, R/ANEESRFTR R
Wy, 7EEH - (pH 6.32) Hhit B IE W& AR 1 14
TR AR s RIS SR A S R B, FEOKRE £
(pH 5.5) Ak + (pH 5.5) 1, BEPEECA i AT AE<:
7 3 S A R R R UTTE , I ARG T RE R A
WARBE . XSRS G Ree 5 & 1 5eer
ARSI A —3 R, TRgEA R+

HE pH 2Xt BRI A5 L W 22 X EER A T 7
B, T ARBEIOERCE; 535h, AR
PEAR L 20 MR — RIS, PR, DR R —
S5 TR AIF] pH 5 A R 3 i £
B PRV RCE RO 5 AT B8 2 48RRI 5
HLEE

pH MR T+ AT 5 LA T T s
OSEIE AP ¢ pH AR 5 S 0 e
ERERE O WIS rh e 47 Bt .
I, M A TR L RS G 5 pH L M
AL 496 428 SR Ry £,
AR5 A B 15— B E T
-4 pH (1 5), AT BEIAR B 00T 0
[, SHETTTHEES T BARCE

AR R AE T, B SRS O RS b
B BEIUH R, SRTITBE S RELE 4 2R K 4
AR AP BB AIRCR R H S 2
SEHCE T | BERELE LT B SR A
FEF A . VRN BE B I 4  O
HLEE
4 ZhiE

B BN BRI A R B 4 44 T W
BRI , AR AR A R, LU IR £ 04
ST, DR IR A 0 B I RS
e pH. 70 S BN 1 B LE
RO, AR SR AR, L) 0.5% IRILAg
SRR LR A AR
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