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Response of the Soil N; O Emlsswn and Ammonia-oxidizing Microorganism

Communlty to the Maize Straw’ Return with Reducing Fertilizer in Purple Soil

HUANG Rong', GAO Ming' *, WANG Ying-yan', LI Jia-cheng', XU Guo-xin', LUO Mei', XU Chang’

(1. College of Resources and Environment, Southwest University, Chongqing 400715, China; 2. Chongqging Municipal Tobacco
Company, Chongging 400023, China)

Abstract; Crop straw is an important agricultural source, which can replace chemical fertilizers. A field experiment with six different
amounts of fertilization combined with maize straw residues was carried out in purple soil, including the control (CK), conventional
fertilizing (F), straw return with conventional fertilizing ( 100FS) , straw return with 70% conventional fertilizing (70FS), straw
return with 60% conventional fertilizing (60FS) , and straw return with 50% regular fertilizing (50FS), to determine the response of
the soil N, O emission and ammonia-oxidizing microorganism community distribution to straw return with reducing fertilizer. The
dynamic characteristics of the N, O emission in purple soil were observed using an in situ closed chamber and gas chromatography-based
system. The ammonia-oxidizing microorganism community distribution was analyzed with multiple molecular techniques ( DNA-based
clone library and qPCR) linked to physical-chemical soil properties. The results show that the combination of straw with fertilizer
increases the N,O emission and cumulative N,O emission. The highest N,O emission [ 57.59-6238.02 pg-(m’-h) "' ] and
cumulative N, O emission (60.76 kg-hm™>) were observed for the 100FS treatment. Compared with the F treatment, the soil
ammonium nitrogen and nitrate nitrogen contents are reduced and the soil organic matter increases after crop straw return with chemical
fertilizer. However, significant changes of the soil total nitrogen and pH were not observed. The bacterial ammonia oxidizer ( AOB)
amoA gene abundance is higher than that of the archaeal ammonia oxidizer ( AOA). The AOA amoA gene abundance during F
treatment (50.9 x 10°copies-g~") is significantly higher than that of others, while the AOB amoA abundance gene of the F treatment is
the lowest (1. 36 x 10’ copies+g™"). The 100FS reduces the community diversity and Pielou index of AOA and AOB amoA gene. Their
amoA gene abundance significantly declines during 100FS treatment. However, the increment of the AOA and AOB amoA gene
diversity and dominant increment of AOB amoA gene abundance are significant when applying straw with reducing fertilizer. The

specific AOA indicator OTUI may be most important with respect to the direct and indirect production of N, O in purple soil. The

e B A : 2018-05-15; f£1T HHA: 2018-06-20

EL£mE . ERELWEI H (2017YFD0800101 )

FEER AT : BAE(1989 ~ ), L, W-LATGYAE, ERNIFET5 18 e it SR8, E-mail :277840241@ qq. com
# M[EMEH , E-mail ; gaoming@ swu. edu. cn



402 2D 55

B 40 %

redundancy analysis (RDA) shows that the community structure of AOA is remarkably relevant to the soil ammonium nitrogen, organic

matter, and available phosphorus (P <0.05) and that the community structure of AOB is remarkably relevant to the soil dissolved

organic nitrogen, total nitrogen, available potassium, and available phosphorus (P <0.05). The tolerance to different environments

and ecological niches of AOB is weaker than that of AOA. Our results illustrate that the maize straw return with 60% -70% regular

fertilizing dramatically increases the community diversity and abundance of the AOA and AOB amoA genes and partly mitigates the soil

N, O emission without significantly decreasing the vegetable yields.

Key words:straw return; reducing fertilizer; N, O; bacterial ammonia oxidizer (AOB) ; archaeal ammonia oxidizer ( AOA)
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P B (IHIF]:0.2% X-Gal, 0.1% Amp,
0.05% 1PTG) X ST AT 00 ik, P38 2 B
PCR ¥ (1R 5 25 pL) BIKFRE S, 3% H H RN
R B sk, RS BRERE 30 DR T EA T
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B 40 %

AW BRI HEAT R 500 2. R Muthur 207K
DU PP BB R 48 R AT 9 3 A, O e A% M R 7 510 A
U > 97% FF 41, # HA A 6] — AR 432K 5ot
(operational taxonomic units, OTU). KA I H ¥

5| $#& 2 NCBI ( National Center for Biotechnology
Information ) DIGREURE R B 5. AOA Fll AOB amoA
W B 5 4 5 . MH200776-MH200817,
MH200739-MH200775.

*2 SEUARMESEUHETESY
Table 2 Primers of ammonia oxidizing bacteria and ammonia-oxidizing bacteria

AR 514 JFE(5'-3") oK i
AL amoA-1F GGGGTITCTACTGGTGGT R (k5 50 pl., PR /% 94°C A5 1 min,

AOB amoA-1R CCCCTCKGSAAAGCCTTCTTC 53°C E 1 min, 72°C ZEf 1min, 3t 34 NFIF; ﬂ—):
A Arch-amoAF STAATGGTCTGGCTTAGACG  72°C FHAEAH 10 min. 737 W8 i BrARHHBERL AL VKA T

AOA Arch-amoAR GCGGCCATCCATCTGTATGT Rl
K IS 2% 6 5 B PCR JA T & AOA 1 AOB HE P el j:i;féﬁm o EEL % IR A9 T

amoA FERIFE VUKL, 43l 1 43 i 2 &5 1 qPCR 7~
Yy, FIH DNA %t e 4l 4k 35 F] & ( Universal DNA
Purification Kit, TIANGEN ) Xf 4" 34 i) F= 4y kA7 4lifk
IR BAb 5 R = e T vale . K I BT PR e
% ) FH o ks 72 G50 &5 ( TIAN prep Mini: Plasmid
Kit, TIANGEN ) $2£H 5 b 7 ) ks, 2 B DNA ¥k
BE, FREELL 10 4% A 8] R 28 37 6 R A 352 ) 28 o o
& PCR Eﬁwﬁnu P 5 nn*;@ﬂ‘ﬁ
Réal-Time PCR ke, ELFE fﬁXTHEfWQA#nu
3 /\EE AOA 1 AOB 31914500
Ra (¥ 51 5"-3" ATGGTCTGGCTAAGACGMTGTA/
‘. -GCGGCCATCCATCTGTATGT)%H aimdh_ 1F/amoA _IR
«Fﬁﬂ 51-3'[i % L) AOA Ik, ABI Prowes
Syerreen qPCR Master Mix( ABI,“USA) 12 = u,L %[
Y1451 wL, DNA 54 1 wL, Jil ddH,0 % 25 pL; X
B T HE 95°C 1 min, Z5ME 94°C 45 s, B K
55°C 45 s, ZEAHEE 72°C 45 s, g0 35 PMIEIE.
AOB JZ W 1K % : ABI Prower SybrGreen qPCR Master
Mix( ABI, USA)12.5 pL, 5194 0.5 pl, DNA £
M 2.5 wl, il ddH,0 % 25 wL. W . s
94°C 5 min, s 94°C 1 min, Bk 53°C 1 min, 4E
fREE 72°C 1 min, FE304T 35 DMEEF. BRI H
DENCMUAETE 83°C R kAT, LABK I T3 14 — Rk
FEAERT G AR 2. W RET N 65 ~98C, &
0.2°C i %, HiE {58 6 s. qPCR M &2 44 il 7 14
ABI7500 sequence detection system.
1.3.3  LagErfetEin

TR R H,S0,-H,0, TH & -78 18k 2 il
E, F AU EHEL AR 2 ) A2 7 1Y KDN-02C
ERAN; AR R A H,S0,-H,0, 19 & 414 2
P il e ; 3440, ok A H,S0,-H,0, TH#&-K
YT S (FP640 BUA AR ) 5 - SEml i 4 . ik
FED ORI 5 IR AT NH, Ac 2 48- BB
M RE ; 343095 :0. 5 mol - L.~ NaHCO, 37 #2-

amo F/ amo

E. HIEEAAMEASZCRH 2 mol-L~" KCI 21,
B0 Y 43 ) P e T ttézﬁu AN R T
JE. E\“Wmﬂféﬁ%ﬂw%%ﬂﬂiﬂzo, 21,.].--
1.4 HdEabs #1
R AALBE (Agilent 7890 A ﬂ‘H@ A I

TETARN, o%w“ Ny O A6 5 ECD( E&%ﬁcz’*h
Mz, H ﬁmf“,soé"c e 50°C mﬁiﬁl—tﬁiﬁi
H 44*’%*3&%“ (CEe ff%lﬁl)ﬂ%*ﬁﬁ%tﬂﬁﬁiﬂ’ﬁ

Pk o k22 _%ﬁﬁiﬁkﬁﬂt i (f) E’Jfr;%? N
;T:E::ﬂ ﬂil‘, | J‘ r __.,.-'
C ) e V) A 2737
A SR VY VR TrR

e, AFRN, OHEBUEAL [ pg- (m®+h) ~' 15 p %7
PREIRE TN, O-N 5 B Vo REEFE AR (m?) ;
A SRR R (m®) 5 Ac/Ar RS
AIHEE S, B AN R UCR R 4 SRR
SRR B S (B A T — R AR [T, [l 5 FR 1Y)
FHOIIE Ac/ Aty T HRAEFENIRIZ (C).

OTU X335 5 b SO R R [R] R R 25 A
I EREEAR RS

FAFE L (Shannon-Weiver, H) .

- > P,(InP,)
5] (Pielou, E)
E = H/H,,
P (Simpson, D) ;

D-1->P’
K, P, MRl —Fl OTU A9 v B KR 5 B ve BE SR L
#, S MASIE OTU #2%%, H, . =InS.

SKJH SPSS 20. 0, Origin 8. 5 il Excel 2010 %44
PEATRRAL B | 2R . AN R Ah 3R] 25 S P LA
KA LSD fie /N b 25 22 805 FE 240 Kruskal-Wallis
KB (P < 0.05). 1 Mothur %5 {4 %5 1l /5 i 5 471
BEAT OTU 4347, #RJ5 FIF Heml 1.0 445t ShESE
HEATHJE 0 M. B CANOCO B F X + 32 R 855

A
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Z 8O Z R PR AR B S P AT OO0 R e

(redundancy analysis, RDA).
2 GHRESR

2.1 FEFF5 A0 RE IR B it XN, OHER A5 M

TEREA RS Y, 4% 40 R Y 3N, OHETX
EAPE B ZE AR A, RN FERI, B
g, WE s, RS A0 I EC R IR CK
Ppfivd 17 N, OflF ik &, £ 23T 3N, O HEiK

WA 43 591 s B 2017 4Ff 5 H 12 HAT6 A 23 H.
Hrb 100FS 40 AN, O HE ik &= fe i, 4 57.59 ~
6238.02 pug+(m’-h) =", HK Ky 70FS b3, 1 F 4b
RN, OHE AR, 7T WLAS #1510 I e it A 3R 458
U A AL PR R T SN, O . g AR
ESIPIN, O SBBHEICGHE &, R AR5 10 I B it Ak 21
(AN, O 2 FHHE i & B B 1 CK i kAR FE (P <
0.05), 1 100FS 4P ik 60. 76 kg-hm 2, ik
A T0FS AbFE,

7000 80
6000 | 70 | .
. I
— 5000 g “r |
':é, 4000 F -% T
A =
= = 40
§ 3000 = .
® % 30t 1 ¢
S, 2000 F 2 : ¢
Z z 1
2 d
1000
10 +
0r e
1 1 L 1 1 0
2016-11-20 2017-01-20 2017-03-20 2017-05-20 2017-07-20 2017-09-20 CK F 100FS  70FS 60FS  50FS
i Uf@l(fi -A-H) o kA )
ry ) 1@( XIﬂ&l‘iETNzoﬂkﬁSliiu?iRﬂEﬁﬁE | ) f—
Al i Fig. 1 Emlsswn ﬂuxes and @umulallve emission of N2 O gﬂder dlfferem[lredlmenls F
/| -
F
Rl '%bﬂlﬁ/}j@@aﬁﬁﬁii%«’éﬁmﬁﬁﬁﬁ GRS 5 B0 1311 mgekg A1 1232
ﬂgom [ 4 |~ # mg-kg™", T 60FS AbBIAY KA SRR, H 5. 00

¢ g 2 FJ?/T F Liﬂéﬁiﬁ%%ﬂﬁ P 1
jysz 19 mg-kg ™", HKN 100FS(55.72 mg-kg™')
348 CK B3 An T 79.17 mg-kg™' Fl 52.71
mg-kg ™' (P <0.05). FiFF5 ALY R FOiE AL BRER F
H1 100FS AbF i 25 R e A5 A & 2, (HAL B ]
ZRARE. X HIEMARAM S, FA100FS 42

110
100 - :
90 | ‘
2 50t
80
;?U- ‘ a
4
E 60 |
3
gsu-
+ T
b
10 I
b b b
o I ]

CK F 100FS  T0FS 60FS S0FS

AbERE

mg-kg_1
2.3 TS50 AE ek & BO e 6T R AR PR T R
52 )

M3 TTLIA Y, i AR Ab B Y 5 B (TN)
B CK AR T70.1 ~0.2 g-kg ™', {HAL B E] A A
TE W 22 5. 100FS b BEAE 1 3% $2 m 1 HE g

20
15 | a
I ab
Tw 1 T
I I
& 10F e
b be I
B T |
- 1 cd
st ¢ :
0
CK F 100FS TOFS 60FS 50FS

AbBREL

TR/ FE IR F] — 8 R LA 7] A 38 ] 14 22 5 35 (P <0.05) , T[]
E2 ARELETHESEMHESASE

Fig. 2 Soil ammonium-and nitrate-nitrogen contents under different treatments
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(AN) &, 8 FALFRR S T 15.2 mg-kg ™", TifG
FF5 PO B Ut i il Ak PR F AL ERA BT TR, Hop
70FS Hl 60FS 4b P & 2 F¥ K T 31.3 mg-kg ™' Al

39.7 mg-kg ', XFHIERTAEMEA HLA (DON) M H
BT A R A 50FS > 100FS > F > 60FS >

70FS > CK ZbFR. 5 F ALFRAR F, 5 A7 5 40 I8 B e
A PR B N A AL (SOM) F &, H b Ak AR s

B % 40 %
AP E R T 4.2 ~6.6 g-kg ™', [N F
AbFEAY SOM %8 CK FFE T 3.8 g-kg™'. FEFTF 51k

JIE 9 it T it b BE A9 pH {E R F FT 100FS Ab PR =
T0.7~0.9 AL, (HANHH 225 A8 8%, W&
3EATLLE W, RS o] DL R S SR e, R
FF5 A0 A ok £ b B ) 7= d A F AL BERS AT T R, (H
BEFADE.

®3 AEAETHEBEUERHTL"

Table 3 Changes of the physico-chemical soil parameters under different treatments

THABALF (P <0.05) , FEAT5 AL Bl i PO i Ak 21
) AOA K& F 48 DU BN A7 7 1 35 25 7. 45 A B X
AOB JER#5 DLE 2 AR [6]F AOA, Wni&l 3 Fizs,
60FS At ¥ ) AOB it K 45 Ul % e K (1.03 x
10° copies-g "), B FHABALBE, HYK A 50FS
FI70FS(P <0.05), ifi F ZbFfAY AOB JE X 5 Il %
A% (1.36 x 107 copies+g~"), H5 CK F1 100FS Ak
PRI ) 2 25 5
2.4.2 ZEMERREL

S [) A4 B X+ 33 AOA FI AOB amoA %5 [H £ £

3 + e P 78 /t-hm ~2
TN/g-kg ™! AN/mg-kg ™! DON/mg-kg™!  SOM/g-kg™! pH Lxa E e FHH

CK 0.8 +0. 1a 68.3 +3.6d 4.49 +0. 64b 19.6 +2. 7ab 5.4+0.7a 16.4 +3.0b 57.6+7.0b 0.57 +0. 04b
F 0.9 £0.0a 120. 0 = 16. 8ab 9.33 +2. lab 15.9 +0.0b 4.7 £0.4a 20.6 +2.2ab 113.8 +8.8a 1.25+0.27a
100FS 1.0 +0.0a 135.2 +12.3a 10.03 +3.0lab 19.4 +1. 8ab 4.7 £0.3a 21.6 £1.5a 122.0+4.3a 1.22 +0.20a
70FS 1.0 +0. 1a 88.7 £3. 3¢ 5.34 +0. 4ab 21.7 £0. 8a 5.4+0.2a 20.7+2.9ab 112.3 +3.2a 1 16 +0. 16a
60FS 0.9 +£0.1a 80.3 £1.9cd 8.98 £4.83ab 20.1 +0.0a 5.6 +0.3a 18.0 +1.6ab 119. 6+7 Ta 0 94-40. 36a
50FS 1.0 +£0.0a 110.1 £5.2b 20.03 £7.76a 22.5+1.2a 5.6 £0. 1a 17.1 +0.3ab  108. 8 +1. 6a-" i 04 +0. 68a

1) RN 5 25— 5 A ) AL SR 6.5 5 % (P <0.05) ; .

'. y

24 WA R AR 0
amoA %.EEJ#&g# AP " g 60 I 13 e 3 b 4 1000 g
274 iigﬁ’f%fﬂi% amoA K /; 2 ol ‘ 3
- ﬁﬁx;‘ﬁ it PCR AR K AHE 1 AOAALAOB %l l 1™ =
amoA %Iﬂ%){;ﬁ( & 3). ﬁiﬁti%*ﬁﬁ AOB At é b b 600 §
TR G AOA, T z;swmm;tfia Ao E 7 Lo L {ao #
Jéb%ﬁc%‘h. W AOA i, F L}iaﬁ;i&%qﬂ A0 I 5 b S
%%‘m%ﬁll—l;ﬂ) 9 x10° copies-g ' Eﬁﬁﬁ?/ﬁ\: é 0f* . c 1 =

ﬂllﬁ}i’ ﬁﬁ 100FS AL'\}E E/\J AOA %*%m éﬁ%ﬁ{fﬁ 0 CIK II: JULF;H;ET;FS 6UIFS 5[1IFS 0

3 TEAET LI AOA 1 AOB amoA EE ¥ N
Fig. 3 AOA amoA and AOB amoA gene copies

in the soil under different treatments

PEREMAFAEZE S, R4 TTLUE H, 70FS Zb Y
+HE AOA ) OTUs, FARIGE(H) . WA (E) Fl
PEAJE (D) Bt , Hk ol CK AT F ARBE, 1 100FS
AbERAG ZREPE AR PR K. X4 AOB 1T, 60FS
AEFREY OTUs, H., E A1 D 8503 fc, 10 100FS &b
BRI H A D F8BURAR, T0FS AbFEfY E 550 K.

F4 FTRLETIEE AOA 1 AOB amoA EFE L HEMIEIR

Table 4  Biodiversity indices of AOA amoA and AOB amoA in soil under different treatments

AOA AOB
IS
OTUs FARIEE(H)  YHSE(E) TEHEE (D) OTUs TRIEE(H)  WHE(E) (D)

CK 13 2.36 0.921 0. 889 10 2. 14 0. 929 0. 864

T 13 2.28 0. 889 0. 874 10 2.20 0.954 0. 877
100FS 9 1. 66 0.757 0.718 8 2.01 0. 965 0. 857
70FS 14 2.50 0. 947 0. 906 15 2.43 0. 896 0. 888
60FS 11 2.09 0. 870 0. 842 19 2.85 0.967 0.936
50FS 9 1.98 0. 902 0. 837 10 2.19 0. 950 0. 875
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2.4.3 IR EACHE Y INE BT 1; Hrb 100FS AbFEEY OTUL FERE S A LA, F

WL Heatmap 43T &Z 8L (&l 4), S0FS 4Py AbEE OTU3 BE#E S E#E. X AOB 15, CK MIHEYE
AOA BEVE 45 AR A T HoAb AL BE, it 4h 100FS A1 2549 B g K JR] F oAb kb B, SOFS 1 60FS Ab H iy
60FS KbFR | F 1 70FS AbFRfY AOA BEISZEMIECAZE  AOB RBEVE 45 # & M AR, 70 FS b B 3 2 2L OTUS

s = 8 s o s 5 s g
ks =) = ~ = & i =] ~ 5 = ]

0TU1 L I

i — i

OTU3 = ) P

OTU4 == L

o1Us = =] 3 o1Us —

OTU7 = oTU7

grus - OTUS —

OTU10 onNg

OTUIT oTUI

I — QT2

OTU14 OTUI4

OTU1S !

OTUI16 oru13

OTU17 - Tl

OTUI8 — OTUIS

o120 () AOA grule (b) AOB

OTU21 OTU3I

OTU22 ; 1238 91U 6.40

ot 075 OTU23 580

OTU25 9.12  OTU25 o

0TU26 ' 0TU26 .50

OTU27 750 grU27 4.00

OTU28 5 :

OTU29 588 G i

OTU30 425 OTU30 2.80

OTUI31 OTU31

0Tu32 2.62 0OTU32 2.20

OTU33 tog O 1.60

o134 | | | : OTU34 1.00
. _ -
> | ‘-’:.-;.: / ,;i };ﬂ&‘rﬁ;kﬁif*?itﬁﬁiw%zi%mm n AbB)mlé =

5 . Ei_g 4 E—Ieatmap analysis of afnmqnlawoiqdlzmg mﬁi&;rgamsm commumtles {Aq‘ and AOB_) qn 5011 under different tréments® A
| i ii “_.a’l |!| :;‘ i

%ﬂ OTUI BT 225 J 27.0% AOA RS M 1L, 40.7% AN zfl 4% 1

‘ uz' 5 REFF 'ﬁ%ﬂfﬂ{}&%@ﬂﬁﬁ?i%’ﬁ%ﬁ:ﬁ //5 AOB BELE 7S IE. 1A A ﬁmmnﬁxw
ﬂﬁiﬁ%ﬁ% RDA J37 AT AON B BB (P <0.05,

@@eﬁwmﬁ OTU MI4L Ak, - H FERBE) ; FHTIAEANLA . BA i_xﬁl%ﬁﬁu
FEBUE) AOA . AOB SFRHIA 040 éﬂﬁ(RDA) BATRRE & RS AOB BEVE 45K ] B AT 35 A A G
WK 5 fros, B4R IR T 42.9% 1 SRR (P<0.05, R RS ED).

1.0 o A 1.0
(a) ADA F BER ° (b) AOB
CK
A%
= £
g CK / g 60FS
% L00FS, S | sors o 70FS ©
-
[o]
< 70FS < | 100rs
(o] [s] o
50FS SOFS
I F
FbLE
%
g
-1.0 ﬁ-ﬁuﬁ. =1.0 B
-0.8 0.8 -0.6 1.0
Axis (42.9%) Axis (40.7%)

5 AERETIHESENEEY(AOA 1 AOB) SIEE FIL 1 RDA HEF

Fig. 5 RDA ordination analysis of ammonia-oxidizing microorganism communities (AOA and AOB) in soil under different treatments
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i

B 40 %

3 itig

AN, O AL R AL A 7=, e eh
AE 2 i N, OHE R I B 12 7). G
Wy (R AL ) VIR HE RIS 20 8 R e B B A 1Y
IR, b VE - 54 20 (AOA 1 AOB)
JRRFEHIN, ORI T B 225 RS FFAE A LAY
B, A 3G S0 R AL TR L K4
A TR T A AT AR O 59 38 i 2 3
{E, 6 TREFFIR B X L3N, OHER ) B 5 45 SR 47
FEGL, HARFRIEMRFF C/N AR X + 458
R4 5. AR, NERFY
HEFHTE RS S0V 0 7 0 4 P R, T LA A - 4
N, OHEL ™ ; Wi Shan 42" (RFSFM, i T FF
35 FEV AT LAy T P 2 T A B R A L 0 1 9240
15, WIS | K RS s FHL b B8R 5 N, Ok il 5 1
INT 42%. Liu % B RY, 728 Bk F
HEAT /N RATSE AT DA 58 N, OFERE. ABFSE
5 IR (CK) A HUERE (F) AR L, (B KA TS
MBS A1 0 T 8% £ N, O A b
BB LR FE 5 i (B RO T00FS ) 4
) - 4G O HE L A R oy BB 1
EW%EMH&,i%MOHM%%ﬁ@ﬁ%.E
IR TORFERF A IR, 0 T LR B
SURIL (R 2R 5 5N, 007 /g 3~ 108
AARFTIE IR, 28 L 5 o it (%97, b
A5 BN, OHE R i A0 R i 5 42
FEI B FIEE | P I MU A AL B L
FAFF5 (OB it b PR 25 T N, OFlE i B, (HL2
TR A PRI [ 28 30 C/N L, AT AR ik 2
WX R R R, RPN, O 72 A T a5 T Y S8 I
AN LN, OHER Y, BT LU TR FE5 4 it
MR B AL BRI 5, TR AR 55 1 A6k Pt Ak
(MUK A, 78 AR S35 5 W 10 0 7 i (A L
(F3), FAF55 AN, B G A 3 7 — 2 PR 1 ]
DR 4N, Ok

FIER AT (AOA) FIZ E AL 40 1% (AOB)
HEFT I R A R R AL PSR — 2, P bl Y
TR BE T | R 2 S TN, OHE i ) 78 22 [
. AT, MM CEALIERITEHUAE ) 25
HE NH, i9&H, {2 T AOB 194K, fHXF AOA 1
ML/ TS AOA F1 AOB X i At 2 31 A
Rl R 2 FEABEST T, L5 AOB amod %
PRI DL 55 L AOA amoA JEHE I 1 ~2 4
Bl g, A LAGK B P A A T AOB A K
AR AL A AOA amoA FEIRIFE DL T 3H

AL, T AOB amoA JEN# DL HURAK. Di 57 1)
950 AOA Fl AOB A= K iy + 1 & " A A,
AOA fill [ T FRFE MR N 2R45 , 1 AOB X5 N
IREEHAIE N 5 A H H it I Ak ) e 25 R
ARG EES T HAMAAR, 25 N HHREAFT
AOA BHEVEIPY . A Nicol %1 il i /37 AOA
I AOB FhEESE pH 4.5 ~ 7.5 W MA, KM
AOA amoA FEH ¥ V1515 pH M ALK FR, AOB
WS IEAHSESC AR ; WSRO R0, ARtk
AT AOB TEZ A bt B b A AE . R
TEAS IR 56 H it IE A 23 A TR 1 48 (6 1 b (pHL =
4.7), RMEE N AP F T AOB 7 6H fbid 2
HORYEMER, X T g2 & ALt L AL BEAYS AOB amoA
S A48 DIEIR T Ho A A PR A dE 2 AL B AR R 1 2R
B rpole B S 0 R AL E YR AOA™ Hi
N H9FREE A FITF AOA RHEME Y, I E F 4b 3
AOA amoA i H VURCBE R, LA AT A 5 80 ML
MENE b FI R PR A 19N, O HE B Sl 5 77 5
PR RT3 TR 5 4 A IR A, +
HE AOK ZREVEFSBOR armoA HEIH 1 DURUPAEAR. 3
AT RE RN TOOFSY A AOA %5 B 0T 5
HOBR 5 PRSI0, 0TUL RER R K S 2
A AR S B T RO 2 I, AT BT AOAT o
P BT B 35 2 Rk A i B4 | TR AR
T AOA amoA FE[FFEZ UK. 100FS &b ) + HE R 1
HEE(pH =4.7) AR FECT AOB amoA K5 N1
B AR T RS 5 1 A Ve T Ak B (pHL 5. 4 ~
5.6), (Hl THREFFAYIGH, SHMAEYREF oo
2, Ik 100FS AL B AOB amoA R H% U1 =5
FFALER, HRIAF) I E K, 7] W4 pH XA
R 135 AOB amoA FE PR F D1 KI5 M i 31) 5 B 4
VER]. CABISERM, amod JEHFE N EOF R 5 E A
WA TR A BRI R, PRI To 2k m 5 R
W AL A M R R AR TS 3 . BUSR 100FS 4k
PRI AOA 1 AOB amoA & [RI ¥4 U1Ky i KT 5
FE5 PR AE D T it A B, ELN, OHE il 1 3 v T
b, — TR O FERS PR B T, RS AT
S0y e AL FEAY C/N HeE s, RIERUE Y
SRR M, (A BRAMN &I T, BE
C/N HIHAFFRHEED I FEFF R B A R, B
BEAS AT b I i Ab PR D8 /D TN, O HE il B 803
(FE2), Miiife—E#2 B Eadl 7N, 0Hki; 55—
Jrii, AOA AT LLE KSR LN IAS R, AR
TSP o 4 A5G 4 ok ] £z 5% ) + 4N, O HE
Ji, [F 3 5 Heatmap 43 A1 & B8, 100FS &b B i
AOA MIEHBERE OTUL o Fediermr, L3 B RE T AE
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SERSIRVE I EE RS, AR T A AR AR
N, O =, W FILEHE AL FR Y AOA ¥V #E OTUI
R TFREFT 5 1k I0 B it Acb 3, 3t — 5 156 B T 7
AOA amoA R NI E N T, FALHEN, OHE
AR R ik R B SR SR T i B R
ARSI VE I 2K B 2
Tl 34 HH 25 52 0+ S A AR AR DG AR 2E g
. B AR AWFSE R AOA IEEE OTUI
FE 6 AN b B BIAELE , 10 B L 28 PR A O R B R
B, BTN TE, XA R I K A i Az
58, Hirb 100FS 438 OTUL 522, AT il HoAth
AOA WHEMAEK, BeZAH15T 100FS LI A
%, DA EAES), ABAERSFF A H B LR L, Wi
30% ~40% WIALAE, T LAA Z0HE & AOA TR RE) £
*ﬂtt%lﬁMﬂEﬁNm%ﬁ¢m%
KU E SR A AR B AR AT AOA B BERY A
K. X BE—B U T, BAREE RS A R
T AOA RO ZREVE , (LR IL TR OPUL 42/,
lmeMEE%%W%MMﬁ%@i$ HH X
SR LIRSS oW S 4&HE/HE;LEE¥&1EET
N OFIERE. A AOB #4245 4T 74,/ G b3l AOB
SO T T H A Ak E @4) TJJT:HLHE
RS FF MR 2 W 50 s AOB BEJRZE H, Rt
~#lﬁ&ﬁmm@ﬁomf6%m@¥wﬁ
BV AOB 14 T MOA By 180N | 3R ﬁmrﬁ
I%%mxﬁﬁﬁ TEREFTAE O AL 1 e 30%
~ 40% ALIEHE T, (AT LIRS AOB BRI ZHE 1 |
ATRE S ZANFE T R A VLR B A L,
PR A A LT B X R I M 2
FEMEH S AHUR SR, TR b e
YIREVR SO E 2, ZREMERGE . il T T
R, PGP BRI SO0 3 520 AOA
BETE S50, 520 AOB RIS Z5 MM N it £,
XA — LU T AOA FHEET AOB X A [H] FR5E [A]
T Z . AR SO WiR T, e ek
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