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Abstract: In order to investigate the effects of long—term fertilization on the profile differentiation of soluble organic nitrogen (SON) and

free amino acid (FAA) in paddy soils, the leaching characteristics of SON and FAA in long—term fertilized paddy soils were determined.
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The SON contents, FAA amounts, and FAA types, in paddy field soil sampled at 0~20 c¢m, 20~40 c¢m, and 40~60 cm depth, with a 33—year

history of different fertilization, were analyzed. The fertilization regimes included control (CK), chemical fertilizer(NPK), cow manure com-

bined with chemical fertilizer(NPKM ), and rice straw combined with chemical fertilizer (NPKS). The results showed that the profile differ-
entiation of SON contents varied greatly in the sampled soil layers. The SON contents in the 0~20 c¢m layer showed the following order after
different treatments : NPKS>NPKM>NPK=CK. The soil SON in the 0~20 ¢m layer, under NPKM and NPKS treatments, included 20 types
of FAA, and showed increases in three types of basic amino acids (ornithine, lysine, and arginine ), compared with CK and NPK treatments.
The soil SON in the 20~40 cm layer, under NPK, NPKM, and NPKS treatments, contained 10 types of FAA, and increased levels of three
neutral amino acids (proline, cystine, and phenylalanine ), compared with CK treatment. The soil SON in the 40~60 c¢m layer, under NPK,
NPKM, and NPKS treatments, contained seven types of FAA, and increased levels of two types of neutral amino acids (isoleucine and cys-
tine ), compared with CK treatment. The FAA compositions in the paddy field under different treatments were dominated by neutral amino
acids. Overall, profile differentiations of SON and FAA in the paddy fields were closely related to fertilization and SON contents, and both
the amounts and types of FAA in the 0~20 c¢m layer of the paddy soil could be increased by long—term fertilizations with NPKS and NPKM.

Keywords : long—term fertilization; paddy soil; soluble organic nitrogen; free amino acids; profile difference
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MA I AE b B EL BORF , KRR X L e 3 4k
A A AL 5T 957 ) 32 2R BUAE 0~20 em 14, 0~20
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Table 1 Annual N, P and K application rate in NPK, NPKM, NPKS treatments(kg-hm’z)

JIE & il R , St R ST
. ERER A A I I i U i
Fertilizer . Total nitrogen Total phosphorus . Total potassium
Treatments .. Nltr()gen content . R Ph()sph()rus content . . Potassium content . .
varieties application application application
NPK e 103.5 103.5 27.0 27.0 135.0 135.0
NPKM fLAE 103.5 162.8 27.0 60.0 135.0 178.9
F4E 59.3 33 43.9
NPKS 1bie 103.5 153.0 27.0 44.1 135.0 226.8
T 49.5 17.1 91.8

T NPK Ry it R , NPKM b U9 +4- 28 NPKS S ZUBEHF +R SR B, R R it DA P.Os T, i B DL K0 1

Note: NPK, chemical fertilizer; NPKM, chemical fertilizer + cattle manure ; NPKS, chemical fertilizer + straw, the same as below. The application rates

of phosphorus and potassium were calculated as P.OsFl1 K;0, respectively.
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Table 2 Soil physicochemical and biochemical properties in various depth layers of paddy field
in different long—term fertilization treatments
e mm AHUE AW HE  GEILBNE WCULNE  REW AARORm
Depth/em Treatments pH Soil org.amc_1 Total mtrﬁgen/ Bulk denjlty/ Capll}ary Ventll.atlon Prot(?.lase{l Gluta{rlnnf_zl/ mg kg
matter/g-kg g-kg g-cm porosity/%  porosity/%  pg-g'+h mg-g'-d
0~20 CK 5.30+0.54Ba  25.90+0.17Ac  1.24+0.10Ac  1.18+0.04Ba  44.0+1.7Aa 8.7+0.2Ac  11.38+1.24Ac 49.16+0.16Ac 49.81+1.24Ac
NPK 5.2840.08Ba  30.23+0.31Abe 1.52+0.11Ab  1.09£0.03Bb  45.8+2.9Aa 10.8£0.3Ab  13.41+0.80Abc 52.42+1.22Ab 57.61+1.82Ab
NPKM 5.22+0.11Ca  37.13+3.61Aa 1.90+0.04Aa  1.02+0.01Cc  46.9+1.5Aa 11.7¢0.5Aa  15.4320.03Ab 53.85+0.93Ab  57.57+1.34Ab
NPKS 5.40£0.22Ba  34.90+4.65Aab 1.88+0.08Aa  1.02+0.03Bc ~ 47.7+2.7Aa 10.9+0.4Ab  18.71x1.74Aa  60.97£1.29Aa 67.07+1.52Aa
20~40 CK 6.15+0.48ABa  14.00+0.82Ba  0.80+0.10Ba  1.46+0.02Aa  38.2+0.8Ba 5.8+0.3B¢ 7.32+0.24Bc  37.02+0.90Bb  11.15+0.40Ch
NPK 6.04+0.32Aa  12.93+2.45Ba  1.00£0.10Ba  1.48+0.04Aa  36.0+1.5Ba 6.6£0.5Bb  11.57+0.41Bb 38.20+0.56Bab 13.04+0.14Ba
NPKM 5.83+0.41Ba  14.70£0.98Ba  1.03£0.15Ba  1.47+0.02Ba  34.2+2.1Ba 9.1+0.1Ba 14.50+£0.09Ba  39.06+0.45Ba  12.62+0.54Ca
NPKS 5.93+0.22Ba  13.73+£1.19Ba  0.97+0.12Ba  1.47+0.03Aa  37.1+2.9Ba 5.2+0.4Bc 14.21+0.87Ba 38.26+1.00Bab 12.97+0.81Ca
40~60 CK 6.51+0.17Aa  11.03£0.40Ca  0.80+£0.10Ba  1.51+0.06Aa  36.8+4.1Ba 4.7+0.6Ca 6.97+1.77Bb  22.73+0.89Cc  15.32+0.54Bc
NPK 6.30+0.30Aa  10.47+0.74Bab  0.70+0.10Ca  1.52+0.06Aa  35.9+0.6Ba 5.5+0.1Ca 7.63+0.99Chb  25.38+0.81Ch  15.22+0.75B¢
NPKM 6.45+0.12Aa  9.2320.38Ch  0.80+0.00Ca  1.53+0.04Aa  37.5+3.5Ba 4.6+04Ca  10.05+0.34Ca 28.49+0.62Ca 18.74+0.80Bb
NPKS 6.62+0.49Aa  11.03+1.12Ba  0.83+0.06Ba  1.52+0.03Aa  36.8+2.4Ba 49+0.6Ba  10.72+0.97Ca 25.55+0.32Ch  21.68+0.45Ba

TE B RN N B AR 22 (n=3) , K5 TR — Ak BN [RIBR L 8] A 22 S 35 0, /NG TR AR SR IR — TR LA [ Ak B ) Y 22 S i 25

AR FHERIRTE 0.05 7K (Duncan #5568 ) A % 255 .

Note: The date in the table are Mean+SD (n=3). Capital letters represent the significance of the differences between different depths in the same

treatment , and the lowercase letters represent the differences between the different treatments at the same depth (P<0.05, Duncan test ).

2 (P<0.05) , [A]— 4 )2 A~ [a] it NE 4k B E] pH 16 45 fL
Bt BE Y 22 SR B 3 (P>0.05) . 5 CK AR L, it HE 4k
FEAT DL 42 0~20 em HIES A ESILBE A
G Y Bt 15 P A0 MBN, [] B S8 2B FAIG T3 8 d, FLLA
A HLICHLBC i b 3 A5CR 5k B 2 NPKS 40 2 0~20
em 3 A G E VR S T AN 3 AR 7E 20~
40 cm F140~60 cm -3 rf 7it AL b B BB H /=0 8 1 S
P 4% G Ik e g 5 M DL &% MBN, 3 HAb LA HLICHLAD
fitg b PSR B OR B 2E . AT L, K AR IR T e A 2 RS
FFAb B AT AS [) 2 42 1R 0~60 em 7K FH 384 & 2B A
Tl G 1 PN A B I M T S PR LA T MBN, {8 35 B IR+ 45
AL HLL0~20 em IR N B 2
22 KEAEMEETESONTmER

F &1 1 45 50T UL, 1 A [R] it A A% FH 38 SON 5
i 4 B B R R 1 0 5 38 s # L 0~20.20~40 em
40~60 cm € SON % 1t 43 |y 24.14~49.80 ., 11.30~
13.86 mg- kg f16.35~9.38 mg-kg'c H:H1 0~20 cm 5
20~40,40~60 cm 3 SON &5 22 6] i) 22 T 38 B K
- (P<0.05) , 1Ml 20~40 em 5 40~60 em 13 SON % &
Z I8 () 22 SR 2.2 (P>0.05) . £ 0~20 cm + 3,
A7 ML G HIL L it 7 HH L 58 SON % & 3% ¥ 4 NPKS>
NPKM, H K F 5t AL IE RO IE AR FE . 5 NPK Al
CK AbPHAR L , A AL IS AL L 7T 42 35 46 =5 138 SON %

H# (P<0.05) , NPKS 4b # # NPK Fll CK &b BH 75 51 $2 155
T 67.1% F1106.3% , NPKM &b BiL 4 NPK 1 CK 4b B 43
MR T 28.5% F158.7%; 5 CK AL AR L , NPK &b B
AT HE R SON & i, (H 22 I A 25 (P>0.05) . 7E 20~
40 cm F140~60 cm 13, A [a] it JE Ak 34 5] + 38 SON
GREFYAREE(P>0.05), KA [E] 6 AE b 2E RS
AN [A] 12 J22 SON/TSN Eb A5 4 40.09%~69.3% , H: H1 20~
40 cm 1 )22 SON/TSN L {8 (58.4% ) {7 T 0~20 cm
H140~60 em )2 (435128 50.1% F154.2%) . "] 0L, K
39S [+ i A 420 330 HE R NPKS Ab BE X {348 HH 0~20
em T3 SON & #5250 2 3%, H SON & fit i 1 1
TSN 1) FZL 57
23 KEIARMIETIEFAASESASIEER
2.3.1 KIIARTRIAE £ 38 FAA & 55 i 24 5

&l 2 25 S B R AN [] it AES 4b 2 0~20,20~40
cm 1 40~60 cm + 3 FAA & & 43 51 4 8.15~15.91
0.83~2.13 mg- kg F10.69~0.99 mg-kg ™", HH 0~20 cm
43 FAA 5 8 B 75 T 20~40 cm 1 40~60 cm + 3
(P<0.05) ; 1 20~40 cm 5 40~60 cm 13 FAA 55 5 [f]
B E 25 (P>0.05), 7E0~20 em 3 H , it B &b B
FAA &8 B 55T CKAFE, H LA HLICHLEL b A BR
) 22 5 B 8 B 2 (P<0.05) , T 7E 20~40 cm il 40~60
em - BE O [F] it JE A0 B ) 13 FAA TR ERA R
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SON %% SON content/mg kg™’

0 10 20 30 40 50 60
' ' ' ' " (SON/TSN)/%
= Aa 625
g 0-20 777 A Ab 60.0
= FAc 482
= FAc 46.2
£
= Ba 55.2
o Ba 53.4
i 20~40 Ba 693
IS Ba 55.7
w OcK
H %—1 Ba O NPK 2(7).?
40~60 Ba NPKM -
Ba = : 425
Ba NPKS 40.0

KRG PRI — A B [ R L ) ) 28 5 3, /NS b
AR [l R BEAN R b B 1 22 e Wl 25 1, AN TR) B 3R
1E0.05 K- (Duncan K256 A #5225 . T IA]

Capital letters represent the significance of the differences between
different depths in the same treatment, and the lowercase letters represent
the differences between the different treatments at
the same depth(P<0.05, Duncan test). The same below

1 KEARE EAE AL EAE H &% £ R SONZE R SON
S TSNE S
Figure 1 Soil SON content and the ratio of SON/TSN in different

layers of paddy field in different long—term fertilization treatments

S IEIR 7 Free amino acid content/mg kg™
0 2 4 6 8 10 12 14 16 18
(FAA/SON)/%
- > I\H-||Ad 31.9
S 0~ LLLLL Y777 1Aa39.2
= 0-20 FAD 36.2
) H Ac 33.8
<
= Bél 13.1
920~ a 16.8
jiid 20~40 Ba 13.2
5y Ba 7.3
® 0 cK
+H Ba O NPK 10.6
40~60 1B NPKM 1L
a N S .
Ba NPKS 10.9

B2 RKPAERELEREELEFAAZERFAA
HSONE 4t
Figure 2 Soil FAA content and the ratio of FAA/SON in different

layers of paddy field in different long—term fertilization treatments

F . Al W, A HUICHLED i H NPK b B AE o B 5 4R
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FAA/SON WUl AH % &2 A%, A 43 51 - 7.39%~16.8% FiI
10.6%~11.6%. A [Aljiti At 2k B 0~20,20~40 cm 140~
60 cm 135 FAA/SON #3318 5351~ 35.3% . 12.6% Fil
11.2%, 1£0~20 cm F120~40 cm 13 Ff FAA/SON
LA NPKM &b #4555, 43 ) 2 812 NPKM>NPK>CK>
NPKS F NPKM>NPK>NPKS>CK , T 7E 40~60 cm 13

t FAA 75 SON Hr T 5 Ll 5 A B AH I . A I, K
1 LLJCHLAE BE it 2 28 ] #2 5 0~40 cm 13 FAA 7£
SON Hr iyt Bt TEHUAE R IR Z .
2.3.2 KRR AL 138 FAA 41435010 24 5

Bl 345 3 R B, K A [] il IE Ak 2 RS HH 4
SON 1 FAA B 288 K 5 1 347 il 4 398 % 8 184 it v 9
o 0~20 em -5 SON H4a % 2 PR 1 2 FE g L 15 F
rh PR S R AN 3 b 1k 2 FE IR (18] 3a) , 1T 20~40 cm
F140~60 em 13 SON Hf H 43 5143 5% 10 F Fi1 7 Ff
PR IERR (B 3b FE 3¢) o 7E 0~20 em -3, CK FI
NPK 43R4 7 22 24000 V2R 2R (N 2R %
QIR AR T AR AR AR RN AR
Mg 24 1R R 2 IR IR 22 2 IR R Il 2 R IH 28 K
AT A SRR %5 17 B FAA , NPKM F1 NPKS &b F )
£35 20 Fl FAA , %8 CK HI NPK b BRI I T 1 24 R | #i
AR TG 2R , 52 R 7 1 3R B A NPKS>NPKM, 4
AR ARG AR 7 39 2 P NPKM>NPKS, H % 3 #h
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F& IR ERE IR IR 2 AR KA My & iR &
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T i 3 = L R % &, NPK  NPKM Fl NPKS 4b F
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HCK AL FEAH HE , 7B HLICHLEC it B BB 3 /=5 22 2 IR A1 bk
AR, Y3 NPKS>SNPKM>CK>NPK , A #HL TG
HLEC Tt AL BT 45 22 Il 22 2 2 B RO T 2 R o
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FAA, B CK AL BRI T 45 22 | ok 28 R R TH 22 o
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mg-kg') . A[FALER 43 SON Hp il 22 & R H &R .
W 2R IR 550 2R A2 e FIOR TN 24
1% O F 193¢ 91 NPKM>NPKS>NPK>CK , T JJLZ2 R Fl
b S R 45 b B 55 i AHGET L 43971 0 0.51~0.53 mg - kg™ Al
0.04~0.04 mg- kg™ 7F 40~60 cm 3 CK 4b 3 +
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Figure 4 The percentage of neutral , acidic and basic amino acids
to total amino acids in 0~20 c¢m layers of paddy field under

different long—term fertilization treatments
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Figure 3 The FAA compositions and contents of paddy field in different long—term fertilization treatments
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3.1 KEAA [ BE X4 5 H 115 SON ZIE 4 F R0
-39 SON =R E T4 WL 7 fift . H 8RB
FRIF MR R 4300 S RE RS A5, A 5T R B it
A HLAEBERG In 3 AL &, 48 o 3 P A
AHIC A HERG I PE . ASHIF 5T 2 B K 0 it A B A [
JE i 2 = A H 4%+ 2 SON & /L (H L4 0~20 em + 3%
SON 75 i oy B A o 30 3 SR DR A 3 A it AL (A
B AEY R R T2, T B RT H 0~20 em +
FEAT LT B R, A A A Y R A B 4
BT B FEAAE R, 145 MBN R [ 1 M A 2 e
it P 2 R T 20~40 em F140~60 em 3 (£ 2) , A
A2 0~20 em T3 & 28 A HLER 1L IE I SON;; itk
Ah KRR R E AT 0~20 em 13 MR
W] Rz 4 2 R SON R IR, M1 78X 0~20 em
14 SON & i 2 7 T 20~40 cm F140~60 cm 1%
1E 0~20 em -3, Bt fb 2 15 CK AL BRAH LR
fit i 232 = SON % £ (P<0.05) , 1fif NPKS 1l NPKM 4k
B SON 5 5 DU 45 2% /& F NPK Al CK AL B, 33X 2 Ky
HAf AR AR A B R AR BB AL B R R R IR Y B AR
AT TG 7 L (LX) 143 SON & & B AT 1B 35 52 i 1Y
B WL RN PGS M CK A3 H ) 22 5
AN TR TG it R FF AN A= 2855 WL kL, vl o
BFFEAR AN A ML, AU e T A LR
O, HE AR S T R A W R A
A5 G4 T e It 15 Pk, B0 NPKM Fl NPKS 40 3 + 38 rp 77
FEER R 22 1 R4y T WL AE 3R W 1 il
FEVEFAT [ SON B AL, e Ak, 4 30 it FH A LR AT
THEEAS Z AL A EREI (R ), S A YA
WAL, A T SON B B Bt Ak AT Ak B A 2R
B W] B AK T NPKS HINPKM AE B (£ 1), Hf
A A IE & 5 K R IR R I 28 2o 45 Fh g A2 401 2R 3
e A5t Ak HE Ak B B¢ - 398 SON 55 458 CK 4b 4L A BT
Hehn {8 22 5 8 2 B 25K F- | B B £R BB 5 R g
B 5 2 5 3 SON & it o AN WIF 5% 34 2% B RS T B e
(NPKS) X 13 SON 75 2 i 52 Wil 5y W8 3%, e A0 FE L
Jiti (NPKM ) 48 155 30.0% , iX F 25 2 i Ty A A LY
HRLZE L 53 K L il T AN R BT 35, AR 2 vh 2% 0
% JRWilR 2 W55 5 0 b /Ny TG ™, #E - 3E
G T A R TELA s K R RS A A FE 2
FIMES R EFHE 2R AR ER AR TR S, B 120 d
Jei KRB AT 1) 65 A ARy 54.589%~26.76%", 45 F 24

— B R 2 LR S B T D K A 4%
T NPKS AL 39 SN A HLA Z) 76 - rh LR AT
75 A YA T 58 SON B9 IE i

3% AN [) i A Ak P A - 358 %) 9 I 40 e RSO
22 5 LA S SON AE 4 58 v bk v R 1 i 5 g, AS () it JES
b FXEAS [F] 1 )22 SON A 52 M 72 2 11,45 5, 0~20 em 1Y
AN [) it B A B A 398 SON 75 8 22 S+ 45 K (2.3, 1 20~40
cm F140~60 cm 13 SON & & 2 5 WA B 3, X &
FHHK R KB e H BT 2 Ao EE A +
BN E K WA AR B RN R R R
# , {H 20~40 cm il 40~60 cm + 2 9 25 F A &K
(1.46~1.53 g-cm™) , 3838 A B 8 FL B 3K (4
51 K 4.6%~9.1% 1 34.29%~38.2%) , + JZ 4 Jy B 52,
SON 1k 1 FI# 55 , /s NPKS .NPKM F1 NPK &b 34
20~40 cm F1 40~60 cm 1 & SON 7 & HARBE & T
CK,(HZE 5 AR B K-

118 SON 2 A& FE 8 M 1E BRI 41 40 Z — , SON
5 TSN 19 Fe il %o} + 3 0 3R 1 e Ak GBS Rt Ay E 2
SEM, A5 K A [R] i JE 4k 3 0~20,20~40 cm
F140~60 cm 1 J2 SON/TSN [ B K T 50% , B K- 1
AS T it A Ab 3T 3RS FH 4 32 SON 55 TIN 5 &8 AR
A4, H 20~40 em + )2 SON i & & & T TIN, £
SON Al BB L AT M CHL A 5 F i) F i B m Al R T
20~40 em £ 2. HIE, & HAS R 5 & K DL SON
TE 25 PRV 78 2 it S 114 T 0505 4 I A5 38 o8 B S T
32 KEAREEMEHLTIEFAARES I ED R
RpA

T HEAEE T FAA 507 A —#F, ¥ e o
TR BRSO, LA 3 R i ] DL e+
R R AR AE DL A5 A I AS [R] it IS Ak 2 ok
0~20 cm 13 FAA % 2 5% W & 2 (P<0.05) , R K
NPKS=NPKM>NPK>CK, iX J& (5 A5 UL Kbt A £ 4
Jei BB S BOE ML SR W AR S Bl A 7
3 L SR AE FH A R /N 43 ) SONPYL SON il — 2
I3 AE FAA, 0 0# NPKS FI NPKM 4b B A FAA 5 2
8 25 5 F NPK FI CK Zb 3 5 1 NPK AR #E iy 45 N &
P A A, N AT DL i A W A 1 i — 2 Bk
FAAP", 3 fd NPK 40 A FAA &5 L5 T CK Ab B,
MR L )2 FAA &t 22 55 R F  FAA Bt bl -2
WG, HF 0~20 em TIEFAA S EHEBES T
20~40 cm F1 40~60 em 1 3% (P<0.05) ; 1M 20~40 ¢cm 5
40~60 cm 3 FAA 7% 5 [W] JC i % 22 7 (P<0.05) , X
55+ 4 SON [ 43 A iR — 2 (EL 1) . BEE 2/ m
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UL FAA P 7 SON 1 191 the 52 336 il e 3, 26 B i S
X HEFAA B 52 32 2R IMAE 0~20 em L3 WF5E
FEU - HErh FAA R 94 AR 4 FN A AR A I RN
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P KIE R . 5 CKALHEAH Eb , NPK &b B Bk 22 54
iR F0 e 2 R o RS A D A oAy FAA 00 1 5
PR 7E 20~40 cm 1 40~60 em 13, 5
CK AbFHAH H , it JE A 28 4350385 i T 3 e FAA (4
FARR ez R AR TN 2R ) A2 Bl vk FAA (e 20 iR
SRR ), A& FAA & & 50A B0, S 30t
JIE AR FH A FAA B KT CK AR B H A [A] 4b 3 fa] 22
VIR 2 X TR R B T A LR it A B
JZ £ T 20~60 em BIEREK(F2), FHCE
ML R LA A% )2, TS 300 1% )2 AR AT
M EACRA B2

ML —FP FAA KE , ARt AL AL 35 0~20 em 115
225 =R AR R AR MR R
HAR MR AR SR R AR A 24 &
E PRI A PLCHLAC S NPK I CK AN #E &, HA
BLICALHC it 1 398 b 8 B0 3 Pl 1k 22 3 R (2 &R L #6
RAIRAKG IR ) . IR ERI, 1P FAA 28D L
FRAEN 5 0 FAA Fr#E61™, ZEAR W58, NPK #l
CK 42b 38 A4 A X 2 85 1 FAA RS LA AL, 9l 22,
iR AR =R AR e AR R 2R
T R R IR A Tk e (B NPK b i 2 17 35t
1% ) ,{fH NPK Zb 3 (9.16 mg-kg™) H AT 32 55 19 FAA &5
BRI T CK AL BH (6.5 mg-kg™) . NPKM HI NPKS
A AR FE I FAA RS AR, 2ok 22 2R L
AR HER NAR SEER T A R AR
RIR BEIR 22 H TR IR AR KA s 22, (H
NPKS 4bHH (14.84 mg-kg ™) AT 3= 5 M 2 3L 1R 7 it
M FI 2 T NPKM 40 7 (14.04 mg-kg™') . 76 A SR 4%
WP, — B UAN AR AAR HEAR 5
SRR SRR RN E R 22 R 0 2 RN 45 R
B, B WIE FEPFRAF ARG FAA 41K

& B A R H 2R KT 142 N AR AR
K2R A A TR R R RN S R A o E AR .
TEAWFFEH, CK HINPK A BE 438 vh R FAA 524
WF T 25 B AR AL, 1 NPKM Fl NPKS 4b # rp 85 220 B2 | %
i 22 G IR R I A TR oA FZ FAA, 44 b H e )L
IR R A FIIE 20~60 em 3 L4
iR TR AR ARG 5 v o Ak — B 5 4 IR i A P
WF9E 2 BRI 7E 13 FAA JE A P e = S8 Y i
FRMA LR AT LIk 8RR IR 22 2R A I R 1Y
AR EUR . 1 T FAA B4 7 A R A
— AN IR B S AR AR, W B — G LR A ARk
HCHLIIAA Ry i — 5K .

H3 4 Campbell ZEPVf 4328 A 5T H AN [Rl AL BEAS
IR B A 38 FAA 21 B33 DA vk U 6 1R o AL 3, o8 O
JE KT RS A ST b - rp M R (3R 2) , g
HH 1 P 2 R AR 2 A A b A, R
SRR AER R G 124 LR IF T 2 B P
FEWR 5 S IR S oK . 7E 0~20 em T BEH A
TrRE AR 2R R | (H b 2R AR M AR A
PEEILIR (S E R AR K E R ) (U7 T NPKM
HINPKS 4 P 4558, $i 000 m B2 AILIE (4 B fte 154 n 1
T AP B, NI A PR 2 R 1) & AR L T
RIS, R Ab 2P AN RS (AL R S i i K, 7R sl
AL B 2 SRR AT RE A AE T

4 ZEig

(1) KA ] e A Ab 56 7K e 4= SON 25 2 1 351)
T 53 57 HA — 5, AT 0~20 em +-3% SON 1 FAA
B 5 Wi 45 20~40 em i1 40~60 em + 3 B O i 2% (P<
0.05) ; [f]— 1 )2 178 HLIC AL AL AL B SON 75 1
5 AR RN B AL HE

(2) K WA Tl it HE A2k 3 %6 /K R A 0 FAA il 2 B
S e 1 T 3 S R T ¢ B S AN [ e ES Ak R34 1L
0~20 em - 3EH FAA/SON H 148K (31.9%~39.2%) .

(3) A HLICHL it AE AL PR AT DAIE A [ R B 4= 38 1)
FAA RS ARl its AR A AN [RI TR B2 1398 FA A R34 LA
PRSI 7 P (R AR B P i 4 2% RS FF 0] f 0~20
em HIEFAEAE 3F0 5 i BB E R (S 2R
PR 2R ) o PR, AS[RTEAE T K S + SON AT FAA ¥
A — g, (B4 HLICAT LB 4 520 B Ok SB35
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