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Effects of different soil pH and ammonium nitrate nitrogen ratio on C, N and P stoichiometry
in leaves of Cunninghamia lanceolata and Schima superba seedlings

Abstract: [ Objective] The effects of different soil pH and ammonium nitrate nitrogen ratio on the C, N and P stoichiometric
characteristics of leaves of Cunninghamia lanceolata and Schima superba seedlings were studied, and the optimal pH and ammonium
nitrate nitrogen ratio environment suitable for the growth of C. lanceolata and S. superba seedlings was discussed, providing a
theoretical basis for improving the forest productivity of C. lanceolata and S. superba mixed forest. [ Method] In this study, annual
C. lanceolata and S. superba seedlings were selected as the research objects, and pH levels of three cultivation substrates were set:
pH=4.5, pH= 5.5, pH= 6.5. Under the condition of equal total N content, five ammonium and nitrate ratios (NH;"-N : NO3;™-N) were
set for treatment: 10: 0,7 : 3,3 . 7,0 : 10, 5 . 5 (control group: uniform distribution group), a total of 15 treatments, so as to simulate
the nutrient stress of different pH conditions and ammonium nitrate ratio. [Results] (1) The contents of C, N and P in leaves of C.
lanceolata and S. superba were significantly affected by different ammonium and nitrate ratios and soil pH conditions.(2) As a whole,
the C/N of C. lanceolata decreased with the increase of pH, and the C/P of S. superba was lower at the pH=6.5 level. The N/P of S.
superba at pH=5.5 was significantly higher than that at pH=4.5 and pH=6.5. (3) At pH=4.5, the C/N of C. lanceolata and S. superba
first increased and then decreased with the increase of nitrate nitrogen concentration. At pH=5.5, there was no significant difference in
the C/N of C. lanceolata under different ratio treatments, while the C/N of S. superba under 10:0 and 3:7 ratio treatments was
significantly higher than other ratios. At pH=6.5, the C/N of the two tree species was not significantly affected by different ratio
treatments, but the C/N of C. lanceolata was the highest at 3:7 ratio, while that of S. superba was the highest at 10:0ratio. [ Conclusion]
C.lanceolata grows better under relatively high ammonium nitrogen concentration, while S .superba grows better under relatively high
nitrate nitrogen concentration. In the soil pH value of 4.5 ~ 5.5, the increased application of ammonium nitrogen for C. lanceolata and
ammonium nitrogen for S. superba ultimately improves the forest productivity.

Key words: Cunninghamia lanceolata;Schima superba;ammonium and nitrate ratio; stoichiometric characteristics.
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i, B (NH -ND A (NOs-ND 28 WA N 2R, SRR YA P IR SRR J7 =X
ANFE Gk EPAE, 2014) o B —MESHR ZHEY A KR G WA R, Hn &0 R R ek
Refig (e HERE 4 R AR AL PE (Weston Anna K 2%, 2023; Dong Libing 2%, 2023; #3544, 2023) . K,
A BB A FE pH AV S R L IR BRI FUAZARFIAR Aif (146 2 T H B RFAE A B0 %k H 38 B A AR RN A S
AR AE pH AR A REL LA 5 .

A A B A H Elser 55— Vg (Elser J J 4%, 1996) , WAL E R4S
P RN EES Y, EEMAEYSE LR SRR BT SR 7. E& RAEEZ A
KE (HHZE, 2021) o Hodoig (C) .« & (N« B (P) AT ERKON - EHIRMES (k&L
&, 2022; FFF#Me%E, 2022; Rahman Mujibur 25, 2022) . Hrf, C:N. C:P AEls it A K fEFfL C
fIRE ST (X%, 2010) « A KR (B4, 2022) At N PRI 2R (HEE, 2021) , NP #f
REZS RGFE o REPRSL . T R AT Y S E I R e A I R B8 B, HAL = AR A b
FRANZENS L IR (A T AR . IRk, BRFEE AN ANE 3% pH SRR E i IE L A o
IRSRET T T2 IR (IR sess, 2023; PR NBESE, 2023; skERfEs, 2020 . HAT, REZHEHEX
AN TR 1) 358 DL R AR P4k 2125 TR T A DG RIF 78 (T 22 45, 2022; 1B %, 2022; X1 & 55, 2022),
(I TFALAR RIS (A0 22 T E B RFAE R AH ST T o

FZ A T AR i X 1) =BG R, EXT AR S RA R R e A DR AT B . AR fuf 765 K
HE T SAZARATIRASIE MR, M@ AR o BRI ARFIA ST B & 42 BRI AN ], A2t &
WL RS ER AR N RS BRI N A BE 2R 1 H i TAZARRAGEAE pH FE 6
Bt B R G ik P Ak 25 B AE O SR A HROE . DR, I S0 S AT 32 B R R R AR, A AR
KA, KR [A 38 pH FAZRSEC EL 26 RO 40 A Co N P AL b T 7, ABHAREAI/E N B
WA T T ZE 7, NS AR IR 4 v ()35 B SR (S 3 pH AT N RECEEIAES, A2 R IR AT IR A i
FRIGATAT 1 DA S FE VR A i bR 5 385 P A RIS 16 NIESR LR 4
1 R RS

TG0 A B A AR A MO R i e B e B L, A BV E 119 ° 30, N26 °
15 ', R 50 m, WRERWIE, PHOLARE, WEAT, TR 326d, BT MAME R ERA R P
YIH BB O 1700~1980 h, P /K E N 900~2100 mm, PN 20~25 C.

2 MHRFE
2.1 e

PA—4F A 2R 22 it A AL B RS AR RO A7 8l i AR ik B bt (a4l i ) 1 A R 48 VP o — B Wk
2021 4 4 H, PRiEAEKRI R 4F HEEAR =S ARRST S, KRS 20, AR BeARE 5
digkepi, FHEBETRPFUELEYIGAEEE, PRfdE., oA —Sghm B RE I pH HEEa+
BTN . SN 2 ~ 3 d e—IR4lK, HFK 50 ~80 mL, MEAMNARIEIAWAEE, 4hHiZE 1 10 d JFEEATIR
L5 GBS
2.2 ERpoH REMIFTGE

AHIFE AR SR I RO R 2y v i 5 B 5. KT F B SRKIB VR 3 8 fE 4K TSI 2 . Kk
T TR ER T 2 40% 88 /e A5 Ja 2% 7, ASRI0 it A48 28 00A% 9 20 cmx20 em (NAExED , BAME
AHPRENL 5650 cm? B A IITRD CRAFE AR AT A 2em &) o AWPFIRE 3 NET pH K, 4
AJ9: pH=4.5. pH=5.5. pH= 6.5, KH] HoSO4 &K1 NaOH V75T pH, FHVENT 3 TR 5 1
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PA(NH4)>SO4 A1 NaNO3 /E 9 N i, & ALBUE TR BR NHa™-N Al NOs~-N HIIREZRC AR Ah,  Hidthok
®IGH (Hoagland 7)) A CE (Amon FiL ) WREEMREE—5. MR 2 E OB 7oK S F#08 N K
FEBEE N 2 mmol/L, F HC1 A1 NaOH %5 pH £ 5.5 &4, M 7 umol/L f] CoH4N4 B 1E NH4 /L. H
TARIG LA NaNOs 1E A R, 23 M AN [ AL R 8 F290h Na ik fE,  [H EAE 2 25 1 NaCl 1T
T DR AL E FE D Na IR AR . 4104 5 d W8 1 OB IR, MR 50 mL, & 2~3d 3% 1 0K, &
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Tab. 1 Experiment design

Qb FEAHTCEL SN KRR EIR N RE (mg/L)
Treatments PH (NHg*-N > NOz-N) (mmol/L) (NH4),S04 NaNO;
T1 10:0 2 132.140 0.000
T2 7.3 2 92.498 50.997
T3 4.5 5.5 2 66.070 84.995
T4 3.7 2 39.642 118.993
T5 0:10 2 0.000 169.990
T6 10:0 2 132.140 0.000
T7 7.3 2 92.498 50.997
T8 5.5 5.5 2 66.070 84.995
T9 3.7 2 39.642 118.993
T10 0:10 2 0.000 169.990
T11 10:0 2 132.140 0.000
T12 7:3 2 92.498 50.997
T13 6.5 5:5 2 66.070 84.995
T14 3.7 2 39.642 118.993
T15 0:10 2 0.000 169.990

2. 4 $BHRIE

KT PR 2l e ek P o it B R LB RSO AR, R T AR 0, 407 FLA20 0.149 mm, RIS 5
RSN BEERA, ATH (CO & (ND L B (P) . # (K FEFRLREGEMINE. CAIN
fI e R BT R I (BEBRED #ATIE, P K SFHAE FRTE R BB &5 TR 50
T OGHEAT I E -
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2.5 #IBALIE

FIFH Microsoft Excel 2019 B FEE 4 fth| 2%, FIFH SPSS 24.0 BAF AT AR 4041, K FH A =40 ke
AN pH 25 FNEL RS TE BL A A2 ELAE F X 24T B IE 5, SR B 28 ANOVA K56 23 73 %6 2 AN B Fb
TEAS R AL B () 25 57 34T 2081, P P<0.05 /E A 55 38 1 A Wbtk o SR A 3@ pR O 2 AN AR FEAN ] pH 2%
R A KA BRER FREEAT VR o SR B IR ARAH AR 04T 5 B AL FR R 2 ANBE R 0 A K A AR F A 25 8 b l)
FIAE S TEHEATASES, DL P<0.05 1F 2 E M HIW brvlE, DL P<0.01 7F N 5 2 i W bnif . R ORIGIN
2019 #HATLH.
3ERS50H
3.1 AN[E] pH EZHFERAEEC EE X F2 KRR T E X FIT 2R
F 2w, 13 pH AR CEE. M NESEAWEE (/X0.01) 20, XARMRM C &,
NEE. P EEHAENEELW; SHMIEHEXZARIT CSEREE (P<0.05) 52, XFAAM M C
TR P EEAREEM, T3 pH AEMAC LSRN C S8, HNSE, P SELLEHIEH
B, SARMEH CEE. MNEE. P EEHEEL TR,

% 2+ pH AERRE LA AT B T 2 S BRI WEE S E5H

Tab. 2 Two-Way ANOVA of the effects of soil pH and ammonium to nitrate ratios on element content in leaves of C. lanceolata and S.

=t

ASSY

superba
M C gk N PR
W Ff S
Leaf C content Leaf N content Leaf P content
Tree species Factor
F P F P F P
pH 48.064 <0.001#%* 6.924 0.002x* 0.391 0.678
IZZN
g B AH T P 3.380 0.013+ 1.131 0.349 1.387 0.247
C. lanceolata
pH>L FE L L 1.104 0.370 0.890 0.530 1.101 0.372
- pH 59.468 <0.001#x* 5.044 0.009%x* 8.262 0.001
An]
FERHIC L 7.397 <0.001#x* 0.844 0.502 4.684 0.002+*
S. superba
pH>Z FE L LL 5.976 <0.001*x 2.732 0.011# 4.319 <0.001x*

E: *, P<0.05; #x, P<0.01.

Note: *, P<0.05; **, P<0.01.

RAEE 1 M RER, 165 MEMACL N, AR C & &81E pi=4. 5 %4 T4 pH=5. 5 1 pH=6. 5
AT B PR T 3. 8% 6. 6%, I AATH I C & B Rk BAE pH=6. 5 54 N2 KT pH=4.5 M
pH=5. 5 %4 HAh, HARM RN SREEAE LRE%E I3 ol THEmisgin, AR H 10 N 5 RBE EAE
pH=5. 5 %1 N T pH=4. 5 Fl pH=6. 5 Z&fF. £ 0: 10 Ltk &, A8 P & &E7E pl=6. 5 &4 F &
T pH=4.5 M pH=5. 5 5 AF, TWHABPYANMBCEL NAZ AR )T P S BAEAR pH 64 FEAREER. TR
it f, fE5:5 BCEE R, P & & AE pH=6. 5 2 N &3 = T pH=4. 5 Fl pH=5. 5 2%fF; TIfE 0:10 itk
T, KRB FI P A AR pH=5. 5 4/F F KT pH=4. 5 Fl pH=6. 5 Z&1F. Xt FHA=AELL, AHFHH
(¥ P & RAEAIE pH % FRE BEER .

RAEE 1(a) I ELSE SR, AT LAE HAE pH=4. 5 F1 pH=6. 5 /K, FAM i) C & EAE 5 MRt
THERARE. SEL, MEMSEKRENT &G, AR CSEEN %S BTG TRIER. £
pH=4. 5 /KFN, M) C E8AE 7:3 BLt FiABIfk i {H, 7£ pH=6.5 /KF T, 5:5 FLtb T C & &EHE.
IMTE pH=5. 5 /K-FF, AR 1) C &ELE 10:0 FLbL Fem, Jv43.06mg/g, FUCH 5:5 Fkk. S53LAhIY
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ANECEEHIEE, 10:0 FCEE FRIM A C S REEZE R 0. 6% 4. 1% ME 1(b) /T LAEH, 7E pl=4. 5 f pl=6. 5
KPR, ARG C A AR LB AR B T 20 BT S MRS . TEX A pHAKE T,
M) C & RAE 7:3 MCH ik Bl e, 0 EE AR DA FEbE s 2. 2% % 3. 8% 0. 5% % 4. 1%. 7E
pH=5.5 /KFF, ARAEFH ) C & EAE 10:0 BCb s, H5 3:7 H10:10 Aotbz (A 2 A 23

WRHEE 1 (c) M EREE R, FTLLE A pH=4. 5 KPR, AZARM A1 N &8RN R R R 2R A
3. TMTE pH=b. 5 F1 pH=6. 5 /KF~, AZAH I N & & 8K ERINBEE #e A R B (T s o LS
FRERES . SEREARIREER) 3:7 A1 0:10 FLLLAIEL, SRR 10:0 1 7:3 B3t T2 A
AN &, B 1(d) SR, 76 pH=4.5 20 F, BRT 10:0 BLthah, RN G REEHSE S ZN
Fhemmi EFt . 8 pH=5.5 &MF T, 5 MRILZ RN ZERARE, KREhF i) N &8 5:5 Lk Rk 3| &
1o TMTE pH=6. 5 25, Afi - F 16 N & Bl S EUR B TS e ETHE FRE, iR & b e 2
TH—IEE N RLH,

AR 1 (e) (VI ZELE 5, T LB HIAE pH=4. 5 A pH=5. 5 260K, FARM i P &84 5 MERE L
THZESAEE, ML pH=6.5 &MF T, HAHK P &ELE 0:10 BLtL N EEm T HAbL 4 NMith, %57
TWEN 40. 3%% 53. 2%, Bk b, AN H 1P & EMEMSEIRE TN, B 100 8R, 1E
pH=5. 5 F1 pH=6. 5 254, AN [F) (¥ B A TG bL S 25 SRR ff 1) P& 5. 7 pH=5. 5 264 N, AHEL T JLAh
3AMECEE, A RIREERT 3:7 A1 0:10 BCELAEAZARM B P& B AR T 15. 2%% 26. 4% 19. 3%%
30. 0%, 7E pH=6.5 AT, HAM 1P & &8k LA MARKBE NSk B S T, Kb 5:5 i
PR P s, ARECT AR 4 MCH R 710 3%5 96. 1%,
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Fig.1 C, N and P contents in C. lanceolata and S. superba under different pH conditions and ammonium to nitrate ratios

i RRAKEFHATER—

0.05) o

B BLIL AL T ARl pH KB 0] £ 7 23,

B F T Fl— pH KPR R4

AL Z 0 £ f 8% (p<

Note: Different uppercase letters indicate significant differences between different pH levels under the same ammonium to nitrate ratio treatment, while

lowercase letters indicate significant differences between treatments under different ammonium to nitrate ratios at the same pH level (p<0.05).

3.2 AN[E] pH FH-FIsRFHECEE X2 ARFIAR IS EERT A Co Ny P LT E RIS

Fow L, 1%

=
HZHA

M B EE S AR fur ) N/P A R

=%
MM

AFF C/N. C/Py N/P ¥ 5 Em,

% 2 L3 pH A%

pH XTAZ AR C/N H B# (%<0.05) F20, XFARMH C/Py N/P G EEH (/<0.01)
s 3 pH AN RS C B XS AZ R 25 1 He e 32 BAE A

=
2 HR

”ﬁ, Xj‘

AN BLEL 3T A4S R e RETALS: T 2 (bR R & 7 £ 947

Tab. 2 Two-Way ANOVA of the effects of soil pH and ammonium to nitrate ratios on stoichiometric ratio in C. lanceolata and
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S. superba
B Filr GES CIN (of/3 N/P
Tree species Factor F P F P F p
+1% pH 4,519 0.014% 0.894 0.413 1.472 0.236
AR
AT L 0.588 0.673 1.496 0.212 1.838 0.13
C. lanceolata
+ 38 pH>dL M D Lk 0.898 0.523 0.527 0.833 0.868 0.547
43 pH 2.496 0.089 7.33 0.001xx 13.439 <0.001%%
p i
B RE T 1.04 0.393 2.451 0.053 2.925 0.026+
S. superba
3 pH><EZAEALLL 3.12 0.004x 2.584 0.015+ 2.814 0.009s

TE: *, P<0.05; #x, P<0.01,

Note: *, P<0.05; **, P<0.01.

R 3 WS R EIR, AR C/N Bk ERESE pH BT TR, ££ pH=6.5 /K-FF, 10:0 A1 0:10 fc
LER, A C/N &2 & T pH=4. 5 Al pH=5. 5 /K-F. MfE pH=4. 5 /KF'F, 7:3 f15:5 BLLLR, Aff i)
C/N &3 =T pH=5. 5 Al pH=6.5 /KF. 7E 3:7 BLLF, AfGH C/NFE 3 A pH AP B A BEER . 12
ARHC/PAE 34 pH K2 %A B 2 5, Bk FIE pl=4. 5 K Nl A C/P %4k 1-7F pl=6. 5
A ME T HABPIAS pH Ko 2RI N/P AE 3 A pH KV Z IR A B Z R, £ pH=6. 5 /K1 i T Atk
PN pH Ko AT ) N/P #& 4k AE pH=5. 5 /K N 23 & T pl=4. 5 F1 pH=6. 5 /K.

£ pH=4. 5 /KFF, FZAFARSE 1 C/N BEE A RIREE M T sk LA A TR, HAE 7:3 R T,
£E 0:10 kb F&efk. BRI C/P A1 N/P FEAS AL AN L L 2 IR 35 22 5%, BRANRERI C/P #E 7:3
BCL N s, 2RI N/PLE 0:10 FCLL R s, AT N/P 7E 3:7 FLLb F e

£ pH=5. 5 KN, AZAKM C/NFE 5 NMCHLALEE T A & Z 5 AR C/N£E 10:0 A1 3:7 BLEL R
BEETHME . AN C/PAIN/PFE 10:0 AL N s, (ARSI MR E BEER: A
C/P HIN/P £ 0:10 FCEL T 22 & T Hodth 4 AMACEE

£ pH=6. 5 /K~ , AN[FEEAHEEC L 8], BARIFP) C/N A REZE R, FARI C/NTE3:7 T &
B, AR C/N7E 10:0 FCH R B A2 KM C/P M N/P B AL PR rh R A KR FE BT s S R R, A
Febb 2 A2 K I C/P ZR AR, N/PTE 10:0 Fbb ~ B3 m T 3HAh 4 ANECH: AArf C/P FIN/P £ 5:5
BOEE ™ B AK T HoAh 4 ANECEE, AR 4 NG EG 2 TA) B 22 S AN S5 25

i LATR, MRIER 3 MLHR, TEAF pH /KFTR, HhEi L A2 R RIS (1 7% 7 & & bl (C/N. C/P
FIN/PY FEAE T —E M. 55—, AAKM C/N Bk LB pH (7R R R, A (¥ C/N 7EAS[H pH 7K
FRRIE —E AR ES. B, ARN C/P AE 34 pH KPR A REZ R, MARMK C/P ik L
7E pH=6. 5 /KF N 5 =, AN N/P 7E 3 A pH /KPR A & 2 5, WA N/P 4k F7E pH=5. 5
KT 2% w5 T pH=4. 5 1 pH=6. 5 /K.

BEAl, AR BB RS LG X AZ AR A7 R 92 43 S s L BB =246 T — 2 s, 55—, 1F pHi=4. 5 K°FF,
ARFIARSGTH) C/N BEE S ERER T e BT E TR, HAEARKH P FEREZER. ¥, fEpH=5.5
KPR, AZARE C/NAEAFBCELAL B R iA R 25, TARRH) C/N 7E 10:0 A1 3:7 BCEL 22 & T Hofh

fictk. Z5=, 7 pH=6.5 /K°F'F, AS[AIMCELALEEXT PN BR D C/N B B3 5m, (EAZAKRK C/N 1 3:7 Iid
bt e, AR C/N7E 10:0 Bk N & .
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4 7112
4.1 I[E] pH FHMELIHEC LE X2 AR AR 4 E L F T 28520

1 850878, ANFERIEHEC B AT 3 pH S0 AZ RNURS iE i) C. NI P S84 7 B35
i o X672 7 T] RE -5 RIS AN [ B 28 1) R0 WA i 7 AN 2358 pHL X 97 70 BBERE O RE Wi 5% . #E =S pH 7K1
T, AZARMIART I AR bR I B B A O BEIC R 8 0 i3 s, el i) C S E. X
RV THASR BB AR S H C RN EA K. S, AR N SBEEESZ
PG LRI, AR A N SEEARBESERRKL T e ER. 55—, MNTEARm
5 WA ARG BT S P RSO R o SR, ARAFAEASF 3% pH 2540 N, B L A2 1k
XF PRSI R B W3 M o X SERIE T A ST BT SR N b B AR ) 6 AN R T A U3 R 3% pHL (1)
AL o

—fOoku, PR R EAM A S KR e, S AR R, o
IR, LT D EEUE TS S ERER A2 BRE (RESE, 2023) ENKIL,
bR IR R R R S BAAMIAZ R N TARGEMR N PIREE, X C B m, 40 N, P IkJEHE IR T
BRI ECT P, SO (I SCRESE,2023) S8 NRIL, BRIAEDIE. C. N, P S EKHAITEEA
R PR A o 22 S 3 . [ AMBAA ST (Chen T 55, 20160 KEL, MGiEX LIRGA M ADER. 2.
BRI  RAE K R . FEARBEF T, FRATWEZIAR pH K55 A2 AR FIAR A - P Ak 27 1 B AR AR 1)
HROW . BAK S, pH=4.5 KPR ZFEC T AARM GRS 8, 1 pH=6.5 /K12 2 FEAK 1 AATH A 1

TR, AN RE S EREA LR pH BT s g in, wEEE pH Som 7 IR E A A R, FERRTE

T3 (K pH) H, BHIARMER RS, BUNR TR S SHAL TR ST S &Y, IR0
TR T2 t3% pH THmiy, b I EUL A AT RE A S ORI, i 1 e B
5. David L. Jones (David L. Jones 55, 1994) % NFFUR I, Bom pHE T, RARS WAL
I, AT 3E T 358 R S AR B AR R R . 1T pH=5.5 ARECT pH=4.5 Fl pH=6.5 /KF, &/ A
it R RS &, R TR AR R . ATRER Y pH=5.5 I, ARIERUEM IR AL RO IE AR
KIREE, (il 7R AL RO RE, g 7 LI A BGR S &, RS TR A AR A
T,
4.2 AN[E] pH A FISRARED EE X A2 R FARTT SN &R A € Ny PALFEIHEEEAIRI

® 3 GREIR, A pH AKFAELAECEE T, ZARFARSGIH - C/NL C/P A N/P BIRAE T 2. 12
KIF) C/N #4R EREE pH T &R, AT 1) C/N 18 pH=5.5 /KF F|fk, XRAME—EHHEN, $#2
i 3% pH A W] DM IEAZ AT it B AR 2R, T35 pH B 5.5 B ARST B 1) B R A
Hlo 3% pH BRI AL AR C/P WA .3 520, SR 38 pH T = 20 B 7 R ) C/Po B4,
pH=6.5 Fl pH=5.5 73 $&1m TAZARRIARAGH o N/P, AR 3E T IX R Fm o AR R . 28 LRTIAR,
XEegE AR 1 R pH AR A2 ARFIAR ST - A6 o AR 2 . AN[E) pH 7K, 3 pH E
PP R BABE S LB A B e B B . KR IIERET, 3 pH R R
YR R R AR R B BB R .

AN BRSO i AN RAR ], AR50 T N LR B R UG, AR RN 1) 57 B %
TRE BN B TR ISR S AR DL . Ml (8955, 2022) S5 NORIVEEAHLEL 5 0 5 A0 P it xoh (il AE A - Ay
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(R ZEU(LN) A & S (LP) 2 M O A 5 o WERTIS (HERTIR4AE, 2016) 55 AW FT IR 4% LU 2. 3 52 e 35 3
PInE B AI0AR Cy N P BT BASAE, & B AR ER A Lh Gl T et SR A5 C I e A NS P i, o
DARSSRZEE N 110 1 2 BOE BN A K EHRSRE ., BHEEDF (Fu Youqiang 25, 2023) KILAE 75:
25 B EUK T R KRB RIRE - AR KDL ot B AR YRk B B o AERATIIE TS, R EMEAS pH KSF R,
BAKEAI L W AT RS L & T AR a. BESE, BKT ON, 2% 7 NP, X
A REAE A S B S RIR A B T A AR S0 AR IR . e, 4RI ESRIRERER, A
R AT DL EE 7640 MR SRR A A R R BRI, 2018 28925, 2016) , MG 7 A A& &
HWR, BWFFEERE, &SRR T DR B R iis, WS m A e AR (s,
2014) . ffa, EARMFIF RS EYIK B, [EREA KSR 2 AT &R a A S
) (Britto DT %, 2002; Bloom AJ %5, 1992) , MK 7 C/N. [FIEF, S0 2 ANk 2= MR SORIRI H 2 [ 47
TEFEAE (JonathanP. Lynch 5%, 2005) . 7E & EIRE M4 T, AR MEENAIRRTE, ATRefeidifss
AN CRRI Y, SECEBE LT R T A R P A G L R TR AL BRI R, PR
&7 CO/N, 3257 N/P. IR 28 45 B3 B AS A Bl e L T A2 AR A far R Y &0 6 3R 1 R 2R 1A (e gk

Rk, AT LA S50, AP IO 4k 24 T H SRR AE BB 0% S WA 47 5% 13438 o 0 R R i 15 o DA B+
B R R RPRES . A FERE A R TEAS B R R B RO T e R ECEA IR S T R B
Fo BE—BWEF AT DIRAIRTE A FIRE A0 B RS I A B, A 7% 40 HEAN - e ) S it
FFEARHE o

5 &8

4.5 R pH PR 2 2 PR AR FURAT I i N & &, 5.5 i3 pH BER S AN A N &5,
A BRI LR = TR NS P & &, PR TAZKRE) ON, $&m T A ARR N/P, T iH AR
VRS S R TE AR T ORAF I N P A, BRAIE TORTEII O/N, 427 T RFT I NP, 4> BIEHE T 2 A D
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