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MU EYR BN EARELZRERKAS
S ESCE -l kA

sOkE RRE TkE KIS BEEE
(BRAL K R4, I SUBFIO0T, YL 110866)

WE. A9 R F % E NH,HCO, CuSO, - 5H,0 #= FeCl, - 6H,0 3 & 7 A& 4 & & Meloidogyne
incognita 2 ¥ %) RIEV A Hra £ BRI TS WA E)G 0 2 B4 R F A6, BT REES
AR R IREI N FILIL 2 B4 RO EFRAAIR R A E Wty Bk, F M2 T &tk & & £ IR AF
8T, R AW, 50mmol/L NH,HCO, .1.4mmol/L CuSO, + 5H,0 #= 1.4mmol/L FeCl, + 6H,0 4
B ARG R KRG, FERRF N 2B 3B R AR KRB EH L HF D TR REZ AR B TER
BA B RARGETHEZIRT R ARZRE N R EH%; 2 NHHCO, L2 )5 K EZAE@MIE
HRER,14d BRI ER ML T AL, 3HEHAENHFTRER R ERZ T GpHER
B A G & R F AR AR R R F5 AL A NH,HCO, 474 4F A & 5%, CuSO, - SH,0 K<,
FeCl, - 6H,0 & 55,

KB, AR E R, AKAF,; FHRE; E@

Effects of three compounds on the growth, development and
pathogenic ability of Meloidogyne incognita

Han Bingjie Zhu Xiaofeng Wang Yuanyuan Chen Lijie Duan Yuxi”

(College of Plant Protection, Shenyang Agricultural University; Nematological Institute of Northern China,

Shenyang 110866, Liaoning Province, China)

Abstract; In order to determine the effects of different concentrations of NH,HCO,, CuSO, - SH,0 and
FeCl, + 6H,0 on the activity of Meloidogyne incognita second stage juvenile (J2), potted tomatoes
infected with M. incognita J2 were treated with the compounds to measure the growth of J2, the formation
of giant cells of tomatoes and changes of physiology of roots by using root staining and tomato root-knot
frozen section methods. The results showed that, after M. incognita were treated with 50 mmol/L
NH,HCO,, 1.4 mmol/L CuSO, - 5H,0 and 1. 4 mmol/L FeCl, - 6H,0, the amounts of J2, J3 and J4 in
roots were significantly decreased, malondialdehyde, soluble sugars and free amino acids of the roots were
lower than that of the control, and root activity was also constantly enhanced. The treatment of NH,HCO,
delayed giant cell formation in tomato roots, and giant cells appeared empty after 14 d. The three
compounds could significantly inhibit the growth of J2, and decrease the pathogenic ability of the treated
J2, with NH,HCO, having the strongest effect, followed by CuSO, - SH,0 and FeCl, - 6H,0.

Key words: Meloidogyne incognita; growth and development; tomato root; giant cell
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F M Berkeley T 1855 4 7 % [ fiY Jg B I _I-
TR AR EE L RO LUK | 1200 T R 8 4 | B AN
IS A R (L B el AR N =B SR 1A =P W
(Barker et al. ,1976; Bt £45,2011) ., Zjili Solanum
lycopersicum M HiRHEAAE ) , A2 v B AR 35 1 3
BIERSRZ —  EAEFAE  ™ E EVERR AT AR
LR AR R TR AE 7 X R AR R R E L fE
FRBAE LTHER, FEFEMARTIE R HRR S,
WEIRAR L LU oAb TN A BTG By, 300 ) 350 0E 3 A=
e, P HE 5 M T A 0 7R R S R T (2R, 1988)
MR FRIEAEYIRMOK 73 F1E IR B2, YR
ik AL RIG a4 E IR R A & B G ) BB
MR A A K B SRR R (4R
HHAE,2014) , AL AR A G FIBR 2B L E
AN, IR AR L 25 4, ™ S AR R T ), S B0
BRr= A A A AR AR K ( Bird et al. ,2009) ,

20 20 60 AFARAR 224 3 T f DG 6 A M4
N TS5/ NP B Caenorhabditis elegans FIWFSE , #81+F
A % HAE H 89 % i ( Ward, 1973 5 Dusenbery ,
1974) , MiXHE ) 75 A 6 AU F ST HIARNT 480, Cas-
tro et al. (1990) W55 £ M NH** [Cs* \NO*~ il C1~ %F
R ARZEZ R 2 IR &y UL A AR SR A I RIAE T B
45 (2012) BF 5T % B NH,HCO, , CuSO, - 5H,0,
CsCl NH,NO, Xi7g 7 HR 4528 de o4 | 5P gk S H4h
BTG YA AN RE B 52 5 AR W 26 (2011) BF 5%
TR FIA G WA TR e B A BT R 5 AR A5 2 L iy 5%
M 2 5 b 2 FLBA A& vk B R 3 o, 2 &) U ge
1% |7}, Hirp NH,HCO, .CuSO, - 5H,0 Fl FeCl, -
6H,0 iX 3 Fifb & W 2 ARV B T vl {2 %)) 3
B, FET I, AR H Bk 3 R ik A W Ab B R 7
MREELk ik 2 {4t 12 h JF IR, i SE AR Y
ANTRY I I 2 Bk it DU A AR AR 2R 96 O T T
Ve PR AN B IR 1 s A AR AL I LR 1 AL A0 )
RERE, LIRS YA AR 4 4k Ak K R B RIS
95 B 7 BRI | R 3 7 MR 45 2 U 1 A S8 3 R At
BRI, NI Ry T 2 8 4 i 301 i B AR 25 48 L Bl
250 B e

1 ##¥5ETTE

1.1 ##

PR LR . T O R A 2k U 15 3R AE T PHA L K
A R T H GIRE P b T, BRBGE AR &R
G i 1Y) B N 28, FH 0. 5% NaClO M &
3 min, FRHICEZK WYL 3 UCE TR FR LY, F 28 C

TE A TP IREAL BB 24 h 3 1 YUK SR BCHT BEAT T )
(12 W4 R H

HEIR T 0« T Sl 1402 75 N TOCRRRE FE40 N
HHE O ERENMHEH,

R B ER B ( CuSO, - 5H,0) , Pk BTk # =
] EALER (FeCl, - 6H,0) , [E 25 5 B4k 251 A FR
O3] BRIR R % (NH,HCO, ), KT K% Ak 3 57)
J 5 AR o [ R A A Al

{4 : Olympus JM &40 & f(4% . UV-2450 Nano-
Drop1000 E4NA] WL 436G, Bt E PR 5 5 (I
1) A RN 7] 5 Satorius JD 200-3 Bl HL 7K, T2 £ H]
Wil AALER AL BT FRA 7] 5 Leica CM 1100 vKZ VI Hr
AL, LR P SOERRHE & A B 7] LRH-150 21k
A, Bilg— R R A,
1.2 Ak
1.2.1 A WR R L R

W 1000 2558 E 11 2 #8440 HUBA 4 mL JCH B
ODE T, BABOE T I A T KRS A
Y1 1 mL, CuSO, - 5H,0 BYHEESM 519 0.2 0.6,
1.0 A1 1.4 mmol/L, FeCl, - 6H,0 %% 0.2.0.6,
1.0 F1 1.4 mmol/L, NH,HCO, 43> %]} 5.20 .35 #
50 mmol/L, &40 P 3 R E A, LLTCHZKAE R XT IR 1
(CK1),H# T 28 CHFM P 12h, HEITIFE
DS FRER, B RS A B 2§ 4h o
715 250 mL BERATR S, 6 A 300 mL 1) 3k}
o RBP4 iSRS R R 2 W4l HU IE
W R AAELRRAE ] AT IE 2 (CK2) , AN T B s 55
FRESE  BEEBE 2 IR 1/2 Hoagland 5 3% .
1.2.2 FithZNaFTREX N ATL

R AR RN 0 T AT R RS 7
14 21 d 53 JIBORE A TAR e €0 SR FH R R IR A — i &1
Yea s (X4, 1995) Bl 5. 25% NaClO ¥ M
PRk S 2T R AR i T, A 150 mL BEAR
W IAS0 mL 2848 7K .10 mL 5. 25% NaClO, BHYE T
BEFE ;4 min J5 BORFRAR , LK % 45 s, B ZE B K
PRI 15 min; 73 BC—BERR AT 30 ~ 50 mL ZE 18
JKRIT mL FRME S LI 5 T RO bl s AR R 4
LUK YT 30 s, Z G H) B0 MEA% 20 ~ 30 mL
(TR P H VR, BT I AR 2 R A s
TSR R I IC SRR AR R A 2 1% .3 1B 4
LA ENITEA G
1.2.3 FHxatk 2 AR IGARM 2

TR 7 14 21 d 43 IR R 47 A BER A
TN o MR 2R 3 i SR Tk = 2 5 D e ( -
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phenyltetrazolium chloride, TTC ) ¥ ( & 1K ik &,
2008) , MR ATEH (pg - ¢ - h™') =TTC i Ji &/
(AR x If[R]) 5 79 2 5 >R T AR L L %R
( thiobarbituric acid, TBA) ¥ (X THEAREE,1994) , 1 —
TR B (wmol/L) =6.45( A, — Agyy) —0.56A,,,, 1N
TSR (nmol/g) = (N EEURIE x AR A A IBORUE
RFR x BE SR BUR S TBA I WM RN RRR) /(5
TBA W it S OB AR A x A BT 6 ) 5 T 1
PRI 7 >R FH U L 6,72 ( Mazumder et al. 2002 ; /F
PIrEAF,2004) , FBEGL (pg/mg) = (brifEh 275
(B > R BT < PRS2 / (RE M EE 5 x
DU B BURE AR x 107 ) 5 T 25 22 R N 7 >R FH Efi =
S @ (1 WLAE, 2013 ), & 2k R
i (pg/mg) = (ARifEf 2 A 15 19 5L IR & i x FE i
FEIBOB AR/ (R i B 2 o i 7 I IO AR R
10°)
1.2.4 &3k R oL R

TR ZR 2 SO EER UK VR YT i (0 4%
2009) , BB SEAT R 0. 5 em 2247 B9/NBE , AR
IR Eh bR R — PG [ 5 W, 70 03 ¥R 1 5 T Uk I 1Y
MRBOR A H i FLRR R 18 P =R T & 3 h
VAL 76 19 FELQEB PG 2 ~ 3 min, WZEKIETE
J5,0. 5% [ 28K 1 min, SZEKIE VR A
WA HTR 8 ~10 s, BRIV AR BIALFE 2 - 25 CIR TR
EWN IR 1 h; B AR I ROK : 288K =1:1,

U/ B IR 6 b, T AR ) 4 20 A
TR 5 B A MR A AR A B S B | R A
Bt A B VI JRE B R 10 pum s 7E2RBE - Bk —
JEHMWB (CH: K =1:1) B RMHLU R R ik
[N AT R Ve 2= (E i
1.3 #HESH

K SPSS 17.0 F Excel 2010 %24 Xz 6 B3
HATSE3H 007, 8 ] Duncan B 5 M 22 B 4% b 33
AT B E VR

2 ERESH

2.1 =L EMMEAREEZRLZTHENFMN

3 Fhfk A 4 b BT R O AR 25 2k i A KR &
BRI A R R AR, R 7 d R,
CuSO, - 5H,0 il NH,HCO, ZbHZH B kAR R N 2 i
A3 W4 HOBCE B E DT X IR, 50 mmol/L
NH,HCO, 4b 3 J5 MR & P9 2 % 4 B850 B vk AR
1.7 £0.6 5%, HARH I 3 W4 504k 455 14 d B,
XTRRZAR Y B i 3 W4 3oy oAk ol 4 14
A ERA RERRAR N 3 4l OB B R X R 2
HUEES 7 d B AR B BA s/ 1d B A B S A RS T
MREE 2k dAE Kk A2 B — 7 I HIE 21 d B
1.4 mmol/L CuSO, - 5H,0 F1 50 mmol/L. NH,HCO,
WRFRH AR RN R B B 4 WA 5IN 1.7 +
0.6 F11.3 0.6 2, MHIEHHAE(FEL),

#1 TR AMAEAFRELR 2 1% BUETEM A BR N &AL RME

Table 1 The numbers of nematodes at different ages after second-stage juveniles treated with different compounds

LEWHE WA (mmol/L)

FERRLR e Number of nematode ( £%)

. 7d 14d 21d
Compound Concentration n B i “ i @
CuSO, - 5H,0 0.2 51.7+1.2be  26.0x1.7d 41.0£1.0d 16.7+1.5¢ 9.0+1.0 ¢ 35.7+4.5d
0.6 33.3+3.24d 10.0 2.0 f 21.3 £3.5 ef 8.7+0.6d 5.0+£0.0 g 16.7+1.5f
1.0 17.0+1.0 f 2.0+x1.0¢g 13.0+1.0 g 2.7+0.6 ¢ 2.0+x2.0h 8.0x0.0 gh
1.4 3.3+0.6 hi 0.0+0.0 g 4.0+1.0 hi 0.3+0.6 ¢ 0.3+0.6 h 1.7+0.6 i
FeCl, - 6H,0 0.2 90.7£5.8 a 43.0+4.6b 84.7+8.1b 40.0+2.0b 20.0%2.0b 71.3+4.2 b
0.6 54.0+1.7b 32.7+2.5¢  56.3x4.2¢ 18.3x1.5¢ 9.0+2.6 ¢ 43.3+x4.2 ¢
1.0 32.3x1.24d 13.0+1.7 f 26.3+2.1e 8.3x1.5d 6.3+2.1def 22.0x5.3¢
1.4 8.7+0.6 g 2.0x1.0¢g 7.0+1.0 hi 2.0x1.0e 2.0+1.0h 6.7+1.5hi
NH,HCO, 5.0 46.7+4.7 ¢ 20.3+2.1e 36.3+3.84d 16.0£2.0 ¢ 8.3x1.2de 31.3x1.5d
20.0 23.0+2.0 e 8.7+0.6f 19.7 £0.6 f 6.3+0.6d 6.0+1.7 fg 12.7 2.1 fg
35.0 7.3+1.2 gh 0.3+0.6 g 7.7+1.2h 1.0£0.0 e 1.3+1.2 h 5.0+1.0 hi
50.0 1.7+0.6 1 0.0+£0.0 g 1.7+0.6 1 0.0+£0.0 e 0.0+£0.0 h 1.3+£0.61
CKl1 0.0 92.0+6.1 a 82.3+6.1a 113.0+x2.0a 50.3+4.2a 40.3+2.5a 112.3%5.5a

FEEIE R TR = bRl 2E . RISVER IS AR 7 B3R 28 Duncan FOHT R ZEEAINAE P <0.05 KPR BE, 2 ~J4: 248 3
1% 4 #2411 Data in the table are mean + SD. Different letters in the same column indicate significant difference at P <0.05 level by Dun-

can’s new multiple range test. J2 — J4. Second, third, and forth stage juveniles.
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2.2 BEFMRAEEIBRITH

3 Fifb A A BRI B T AR S5 4k R 2 W 4 iR e
Tt MR R S BRI R R RE B R e VR Bl
FACE WA E (3G I, A2 HE 4R FH 2R B0 22 T 1
(R 2) , BEE RS ]9 E AR 2R 16 1R B
T, 14 d BIAR R TE D) 0 R 21 d BRHAR RIS ik
WRINZE, 5 14 d BT 2R AEE . £ NH,HCO, b3
(1 2 1% &)y HUE: B s 7 AR R0 J i, CusSO, -
5H,0 IR ,FeCl, - 6H,0 55, N & mbE &AL
BREE AL A T B 1 i R 3R S KA Y AR A
# 7 d B} 0.2 mmol/L CuSO, - 5H,0 F10. 2 mmol/L

FeCl, - 6H,0 AbHE CK1 225 K&, ML &Pk
JERE N Ab BEA] 5 CK1 22 55 12 3 ; Bt 25 Ao [A] A9 ZE
1, 14d F121 d BPREEELE I 5 CK1 255 B3, R
VR BE AL S X 2 4 iU SRR RRAR T
RS ZE R 2 I 4 B T AR R IR YL BE T,
BN TREE IR 2) .

HREELR R YL 5 CK1 ) AT 1 0 5 £ BH
T CK2, Wb &AL B Y 2 % 4h H A= G () 3 i AR
FR AT PR e 4 I Ay o A R A 1 3 KT %
WA, 21 d B 50 mmol/L NH,HCO, 4b B iy 2k i {7
Ye A A AR R b LA TERE S i 68.3 £0. 4 pg/mg,

x2 FELEMLENEARELZRERENERAZSEEERHEL

Table 2 Change of root physiological indexes after tomatoes were infected with Meloidogyne incognita treated by different compounds

WA (pg-g™ -h ™)

WS (nmol/g)

fes s WREE (mmol/L) Root activity Malondialdehyde content
Compound Concentration
7d 14d 21d 7d 14d 21d

CuSO, - 5H,0 0.2 396.0+7.2 g 526.0+15.1h 561.0+9.51 14.9+£0.6 abc 18.7+0.1bc 19.2+0.6 b
0.6 433.3+3.5f 581.0+9.5g 600.0+11.0g 14.2+0.4cd 16.3x0.1e 16.2+0.9 cd

1.0 470.0+7.0d 642.0+2.0d 661.0+18.5e¢ 13.1+0.7ef 14.5+0.6gh 15.1+0.7 e

1.4 515.7 +8.5 bc 706.0+6.2bh 734.3+4.0c¢ 12.0+0.2 ¢ 13.0+0.414 13.2+0.1 fg

FeCl, - 6H,0 0.2 358.3+17.6 h 501.7+17.61 523.3+7.1] 15.3+0.3ab 19.3+0.3b 19.7+0.4b
0.6 395.0+4.6 g 529.7+8.5h 573.3+5.9hi 14.7+0.3 bed 18.5+0.3 ¢ 18.9+0.3 b

1.0 455.0+2.0e 591.7+9.6fg 633.7+6.7 f 13.8+0.2de 16.6+0.5de 17.1+0.7 ¢

1.4 481.3+6.1d 614.0+6.0e 694.3+9.6d 12.2+0.3fg 15.2+0.8fg 16.1+0.9d

NH,HCO, 5.0 400.0+10.0 g 533.3+6.5h 583.3+11.7gh 14.3+0.3cd 17.2x1.1d 17.1£0.6 ¢
20.0 437.7 8.6 f 607.0+4.6 ef 635.0+12.5f 13.0+£0.6ef 16.0+£0.4ef 16.0x+0.1 de

35.0 503.0+6.2 ¢ 665.7+10.0c 693.3+10.1d 12.2+0.9fg 13.8+0.3 hi 13.9+0.2f

50.0 526.0+5.7b 715.7+12.5b 752.0+9.5b 10.6 +0.8 h  12.6+0.1 12.5+0.3 ¢

CK1 0.0 326.3+9.61 498.0+11.11 427.7+8.6k 15.8+0.9a 20.6+0.5a 22.5+0.3 a
CK2 0.0 553.7+13.9a 767.3+6.7a 785.3+9.5a 9.4+0.41 9.9+0.2k 12.3+0.6¢g

AR AR (ug/me) AR AR (pg/mg)
fesr WREE (mmol/L) Soluble sugar Amino acid content
Compound Concentration
7d 14d 21d 7d 14d 21d

CuSO, - 5H,0 0.2 82.8+1.0c¢ 121.3+0.9c¢ 134.7x1.8¢ 10.8+0.9 ¢ 13.2+0.1c¢  14.9+0.1 ¢
0.6 71.4+0.3 e 100.7+0.7d 112.5+1.0e 7.3+0.5e¢ 9.9+0.1f 11.3+0.1f

1.0 64.6 +2.3 80.7+0.1h 89.5+0.8 h 4.4+0.5¢ 6.5+0.31i 7.8+0.1]

1.4 55.5+1.4h 63.5+0.7 71.6 £1.3 2.1+0.3 h 4.9+0.1k 5.2+0.11

FeCl, + 6H,0 0.2 90.5+2.8b 130.6+0.9b 141.5+1.1b 12.3+0.4b 15.9+0.1b 17.820.1b
0.6 79.5+1.3d 121.5+1.3¢ 130.0+3.0d 9.2+0.2d 10.9+0.1e 12.4+0.1¢

1.0 70.6 £1.2 ¢ 97.5+0.3e¢ 108.6x0.3 f 6.7+0.1¢ 9.8+0.0f 10.1x0.1h

1.4 63.8+2.6f 86.6x1.7¢g 88.5x1.3 h 5.5+0.3f 7.9+0.0 h 8.7+0.01

NH,HCO, 5.0 80.8+0.3 cd 120.7+1.0c 130.8+1.6d 9.6+0.2d 12.5+0.1d 13.7+0.1d
20.0 65.7+0.2 f 95.2+0.2f 101.9+1.0¢g 7.1+0.1e 9.4+0.0g 10.3+0.0¢g

35.0 60.5+1.8 ¢ 70.9 1.0 i 80.7x1.91i 4.0+£0.1¢g 5.8+0.1] 6.6+0.1k
50.0 51.4 1.7 59.2+0.9 k 68.3 0.4 k 2.0+0.0 h 3.4+0.11 4.0+0.0 m

CK1 0.0 98.2+0.2a 135.7+2.1a 182.7+2.6a 13.7+0.2a 21.1+0.1a 29.0+0.1a
CK2 0.0 45.6+0.3 j 56.8+1.01 66.7+1.1k 1.9+0.1 h 3.0£0.0m  3.8+0.2n

FRBE N T EL = A2, [RIFVEUR G AR 7R /R 4 Duncan FOHTE M 225K 50 7E P <0. 05 /K P25 7 8%, Data in the table

are mean = SD. Different letters in the same column indicate significant difference at P <0.05 level by Duncan’s new multiple range test.
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521d i CKI 25 2,5 21 d i CK2 ol B 2%
5o CK2 PYMR R rhiife 28 2 R 7 i A1, Bl 750k
MR 21 d WY 3.8 0.2 pg/mg. 24523
MREEL AR YT AR FR NI B AR & i i T
21 d B CK1 AU B 2 IR & /e L CK2 350 T 763% .
3 FE G WAL B 2 4 HUR LR S AR R N
B R O RN LG W B 3 fin T B A B Ak
LS ) Fr) 2 K T AS T , R Bk NH,HCO, #4
WOR B FeCl, » 6H,0 HMHIRCREH (£ 2)
2.3 MEMRZEMAME TN

HR&GELE H 2% 7 d 15}, CuSO, - SH,0 F FeCl, -
6H,0 AbH A TE i 41 B A 3R 5 JC KOG BB 1 B 2

W4 RS, CuSO, « 5H,0 Fl FeCl, - 6H,0 Zb3f
2y /b B A0 NH, HCO, AbFRZH R I3 2 i
R REME A EAE R (K 1-A ~D) , H#FE
14 d B, #5104 Py A FRA A AR R AR 45 20 20 b 15 A 440
M5 JE K BRAH A K 22 5, EE R
NH,HCO, F1CuSO, - 5H,0 Ab i [ 20 g i Y2 (0 5%
%, I REE BB 0 B 20 2 TR0 52 5 X e 20 40 fif o
PO A T MM A 2, 40 A6 (TR 1-E ~ H)
BeRbJE 21 d i, W% B 3 H A& A BRAH 2 H PR
25 IR I 5 70 A4 L B AR | 40 O A A R 5 X R I 2
JRUATH SR At | A T 30 4 T ST A e N 2 T Y 4
(F11~L),

MR BRREKENFRE

Fig. 1 Photos of tomato root knot frozen section, inoculated by Meloidogyne incognita treated by

different compounds (7, 14, and 21d)

A ~D: 50 mmol/L NH,HCO, ,1.4 mmol/L CuSO, * 5H,0.1.4mmol/L FeCl, - 6H,0 FICH /K 4 MEBIAYLE hifzfh 7 d F; E~H, k
R4 ALY AR 14 d 5 T~ Lo B4 DACBAYZ R 21 d IF; VE: ZE AN GC: FEAIML; Full GC. 25 Y 15 2L ;
CN: s, J2.J3 J4. 2 % 3 & 4 #84H . A = D: Inoculation 7 d by M. incognita treated with 50 mmol/L NH,HCO,, 1.4 mmol/L CuSO,

- 5H,0, 1.4 mmol/L FeCl; - 6H,0 and sterile water; E — H: inoculation 14 d by M. incognita; I - L: inoculation 21 d by M. incognita; VE:
vascular elements; GC. giant cell; Full GC; full giant cell; CN: cell nucleus; J2, J3, J4: second-, third-, and forth-stage juveniles.
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3 it

Vovlas et al. (2004 ) % 3L E 40 ifd 25 7 P4 1)
AT EAEY ) —FP AL RS L R &
BB B Aoy AR AL T 5 R A E A
JE ISR E AR AE T AR 25 4k HORE e 3R R R R T A
T-o ABRFFEA L A FW B 3 Fh ik G WAk 2
B RAE L 2 W4l ) X AR Zh 2k AR A K R
AR BEIEIVEH , BRI A P A 3k B 3
K, IWHIVE IG5 2 AR 2R N0 A% 2 B804 T ek
Do UL 3 MG MR B A I A AR G S e 2
BRI E B ITER,

HRZR G I ACER T AR 8 MRS S R 55 ,
SOV AR R R E W YR 0 — 2R G HR b (1 S
T,2003) o P R A AR5 AN 1R AN B T R
AR RA T2 —, e RN 2 D —
FEFRRE T ARTE T 4 RS 4 40 P B AR 0 1 5 I
o7 Y5 5 (2 B 45 2003 ; B A5, 2004) , At
LRI 3 P Ak AW %t re AR A 4k i 2 W 4 R
AL P | BEATR T R ii AR 2R N 7 o, By Bifi A 38
W BEHE K MR TG S35, Horh NH,HCO, Ab FRALCR
B AT B R R B R Y
Y5, TEAR B o B v o] AR DR AR TR S IR
(B2 V-1, Davies et al. (1994 ) B 55 R WITE IE &
ST I ERR S B AR, Y 2 2 e e S s T
=, RS A8 15 % Owens & Specht (1966 ) 43 AT
TR ARG I AR A A ) A R AR AR 4G
AR AT A R 5 R S L E AR = T
36% F1304% , A58 of A A A6 G 0t il 4G
L2 WA R AL B A 0 T T BRI AR R Y
=gy, NI T AR GETE i it S /N BEAIR T AR
RTINS 2 B o i . AR RN
PRER PRI AR AL R B Ak A W A RS 1) e 7 AR 25 4%
HORE e it O IS, TR R e TR PR AR AR
R s 4% 48 BR 34 8 7% NH,HCO, Ab PR 5 A% 50 R B
%, L, A NH,HCO, 1R R4 F Ak 24 0 9 s
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