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A 27 SRS A oM JBCTE RE , B AE nT LAAE AN [R) R B ol 2 4 BRE s 1) K A= 15 DL o
R ok i B AR AT ES AL AT LA [R) AR B SR B R Y Ca B
FE A 55 Dol A i I 1) 465 BRE T 149 A 2R % [ I 1 i B8 8, ARG PG 3 1
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(+I) EFTREE

ERLHBMAE Zn KPR 2R Zn 5518 5 AR A s 25 R R Pl T
ety o ME JE AT 7SR R B A I BUIR T B 48 kB A R IR A R E H
it FES 3 14 2R Bl R 0 SR A AR R DL R G A R O CR A R R OL R
AR A, JEHSE R 1 2R i E S BUR R YLEOI ] A LUE IR 5 8k

AT RO T BT AT AN AR R A0 AT )2 (20 ~ 40 em) A7 ORI AR
TEH AR AR — AR A = U A AR e DA S T 3 AR AR AR 2R S — K Bl g e, O L
SR 2 B B AR A AR IR L SERAR AR Zn OB ) 0 AT R AR BN R A &
SR IR SCOR B 1 Zn AR RLAR B2 JZ P BB AR R B JE FR BB i) RAR i 2 R T
IEWW . EHROERE ARREPDA)Z Zn 55 00E 3 B4 19 B2 A,
SRS IR/ IN R B KPR BOAE T SRR Y Zn 1 J AR A2 5 2 BCRLEE AN Zn 35 SR I
- EEIAS KA R AR Zn RS UL LI b4 B A RGS B B AR
SPECE RN R S R

Wt 5, £ 20 38 e 0 B AN [R] 490 1 391 O T S92 SR AR A BILIRR 114 vk B2 S AR PN TR AL
W e JBE 55 B v B AR S, 48 /N AR AR AT ML P RE TR P T AR R BRI .
U, T4 R /I I AR R 1) BB SR 2 A A R R - M R B 3R 4 R AR S b
BEo ML ARBR IR Ry O AR, R RUAE 3R e A L (1 kg) VERAE (150 g) MK
K (240 g) 25 s MROMEMF AL G MR AN T 4 H AR TR T FP AL A BEHAR |, H 208 47 v it
R AR SN /N 95 917 3 2 DA I 4 TG 1) SO0

(+3) SKRETBHER

SR S HARAS AS [R) Tl A SR AR 2R T 0 22 S AT T IR DR . S
XM ZR AR A I AR A (AR B AR R B A T A . R R AT RUR
EIERVT TR R VB AR A AR R RIS R R LT E R @i
WinRHIZO TRON &R 73#7 T HAF X AR R AR R A28 s e VR BRI 3 28
AR AR R 08 25 6] 0 A HEAT 0 A, 5B AR < I bR BRSO R A T A AR
AU R A FARBE I SRR/ 208 L/ VRIBRR R AR, 48
/MO MRAR AT AT, 20F L /SHA0 MR AR A TR . MO 5 SHAO i A [1] il [ {1
AR AU AR R A T

LA, At s X AN [R] fifi B 2H 45 S0 SR AR AR K B Al T RS, I 1 R A A ARG 4
AREAR B /0N AR A7 i 5L 5 o T Tl ) 2 AR B AR 20 A R AR 75 i 02 R . T
G, LA X AR e AR 08 Y AR A L AT T RS, WA 1 AS [ A S R R AR AR A
A TR ) - o/ SHAO AR K A v B TE R 2 5 W /MO iR R R



ZiA 13

ey AR 2 s HLAL R REZH & AN AR A R e AR T o AN ) 23 R A A AR 75 i
AT BB S A B AR AT A B, & AR T LR B AR T i B

(+75) Bk REAR R

TR g Ol AR % 5 & N G N A R =W U A E S G A QR & o1 =08 N E
7 B AR AFAE LA BUIR - O 7 BBl + 3 K 3R 0 & 84K @ At i K & &
% GRS R Q) A AR AL AL SREHE , 77 B AR ELANER . Tl A A 423 iR
B, 15 75 A 7 DX 755 A bl - 49 5 A -9 O 63,3 mg/kg, A A el 5 K
RS Ll N G

[ Bsf, ok i B AT 5 O3 o 3 3 [ 5 R SR AR SO T PR N R A
1.56% ~1.92% ,K &8 1E0.87% ~1.26% . Wi 75 K 3 52 3% 43417 & L ) A [A]
Mo DA [R] Rl R R AT I 22 5% 0 R B L XA AR BR B N P K Cat Mg Z L 1:0. 18:
1.79:0.22:0. 12, Mg dE 74 A ) NP K. Ca Mg Z [t Ay 1:0.2:1.8:1.1:0.2, 4,
FIETE A LB 1.0 ~ 1.2 B, 08 750 BE T AR I B UNE He 491 o sy sl AR Y
AR TR R KT FEARR L 5 B XK B = i MR AR A o AR 7 L ad i i
S 98 42 35 A SR 2 ORI Lk ST BB T AR P T AT A o R AL A v R A
GEo ARSI IR it B0 2R

(++€) RiFImbt £

SIBCAS AR, R T Be L TS

(1) Z 22 Bhde—A 3[R (19 52 R T R . 78 H R R A IS £ 4
HETTB AL, B — AR R B s 29 A 7= i U TV, 25 2 19 e E AR &, 3
A 3 N 9 S A R DT, BRSO S LA A A AT R R i S F AR
FUHA) Z ek A 25 AN IS N 38 v NS T, 388 A L, R AR A, ik
PRI AR 5 A 58 o oA 2 R DA e T TR A A8 B ST A AR AR SR s 5 BR o

(2) MK REGE AT 2 i 58075 i, I B A0 P A JE Ak ( L 38 HE ) 2 o SR Tk R AR
PRGBS FR L) , DL RS FR 4G G O L TEEAR R AR TR M iR R
58 MR BIOE0CE 7 & BRI ke 5 50 A A 32 1, 3 7 78 7 12 W R 2t - i i JIES
PR HEAT 7K NE — P A 2 A0 ) B AR 3

(3) H R A R D0 22 se i H 2, DT A o TGRS , 5240 T 3 ML il 5€
o HAEDEN X &R IR SRR o s AR e R e
W, 2B F AR &R EOR 28 TR BB,

(4) e N A 5 I7 B ALRE A S Al ) 42 vy, X 2B 7 SE PR 9 R L 4R, A KB
ZINEPRA ARSI o BT E ZERGE TT 1A, B0 H b, 3 o 5 BB AR BUACIIN 25, +5
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Z LA 3 L 52 A S b B B A F
m, /N &

R R B R B SRR R A e YR SR RS S
A2 B 58 AT, W) T 00 T e 28R B A 7 RS i 2 4 5 B AT T EAY M (i A
B S BB IR IR AT Z W, BE SR T 45 UL 5 B 0 R ]+ 4 P
LB E SR r B R R IL SR T I AT B 5T R R R B, T S A A TR
el - S A8 B 2R S IR T 5 AR e M ke R R AR R A g Ml Bl e 7 R TR
B 7l n] Ry S A J Y BT RIR
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B2k W

FEL PRI ERRE., RETHLRFLL, A
ErPE IR RLER I A, LT FTAFERKA
B ER BAIRABEERKRFHRFT S8 242, PEK
FLALFRK FABRHMER 2L, FTEH
MERACEZF , F+—RLBANERE.

% J R A A R ARSI B AR AR
B, A KA FIAE, F LR ET RERS
FTEUFHFEHR, REBRAARXPHE R T LS
REARBEEFREL2 R, BB H#EF £ 16
R, ARFEAREAREFR, FXEFREAFHHREN, T KT LAR FHARK
IHE AERFHTF LERERT EHRFTHRLT 2BHKFHRLHAR T4
HF ERARFHTRFFL LR TREARFT ML AR TARE ARG FHR
RAEBRAG AT HF A AF R F RS
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FEIL FRIERKE, ZAEEETHE R, 1939
£ 4 1964 £ 8 AAXRKFELES P EHRLA
F I TAEE A, % G AR 3R 3 A0 A A1 1P &P K
Bt K 3 5t 2= 4592 (1987—2000 ) , I A4 % B #F % R 1
+AFF, FEFPEEREFAEFK FTEARE S
Ak BFRFLEERCFHINABEABER
REBEAELER2ER AT TAFHAD L
SlERF TR TFEEER A 22 (FTEHEZFR)
EH,ARXXFZ FPEARLERF AHRLEXFFSH
REBRHEZF, 1995 F L ATEIRREL, AERLFIHRE L, A1
B BT RABRBRMER,

HEZHAREIFAZL—RKBARAAL—F L1 :(1985), B RAH 3t F
=522 M(1991.1998) , 8 FFAMREKES T, LA EH 3 WA, kB RKA
FATH A H i % (1996) A B & — 5 3h %5 (1988,2001) .4 B 5 3 £ L
(2000) AFHFAEELAF —535(1999) F %5, XL 2 FRKREL80 24, =
GBS RGRES) (HERZBHEAR) FHLEA 10 23,
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RRE vE T REE L, 1929 £ 4 L& 4 EH
Ao 1950 FHL T LUARFREZ A FERMEK,
WA FR LA FI)F,2001 512 A B A FE T
Bkt AREFTERZEZFZFAFTHFEF, WAL
ARBARLEERZRE A A K, BEFR AR
R R F 5 245,

g 1950 #VX%,%'W%%U%——EM$%W%&
F A A LTI, RERKBRA TR RAEDYD
FhRERERRE I BRMFT FHARE, KB XA

AHRBAMBRTR-—FL2A ZFL4A, KRN R

KR PR A B AT SR TR LA 17 TR 470
hEATT ARSI SRRATAAL AL G087,

R T E R

S A
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i BT BLIE R 02 R ] - B0 A 0 A A 535 i

fRiE &
LRKLAS g BREE TRER

TE A LR 5 W 2 & 0 Sy & BT, e e il e e A A T A
YA HLIE o RIS LR HE 65 B 10 A4 % 39 51 el 47 10 8 A HILAE it JE 52 562 , 2008
SRRt IE , o IESASH 4 it S — 2, 20 S LA 7.5 ke/BR (1S ke/BR 2205 ke/tk =
Fofr AN ) A e AR Bl rP ORAFE R SR AL 10 H SR AR AR R e T AR WA L
JE XS SR Pl - SN A ) 2R o R A A B Bl PR R o 5O iy B SRR AR T 2
SR it T 5 A= A BILAE ) S 3 09 o - 8w ) R A T R T KR, 2
BRI 0 O o R Y 2. 81 ~ 9. 30 U2k T A O IR Y 1,95 ~ 18. 62
o it NS ) R UL R T L R R W SR R AT R R A W R
W NG 107 TR Y i A D X R R Y 1. 60 ~ 2. 64 Ao i I IS AN 5 JIE AT
Tt AR A Wy Fb SRS HRLRI N 7 R B e L o YR IE K 225 g/ AR L AL B
X - UL W R SR Y R WA R, WM 7.5 g/ BRAT 1S keg/ B iF E IE X AL ) Ao
TEAS R R M/ o A6 10 7 3 B SRAERAG I Hb Vi AE B v 5 AE X - SRR Y
S 2 9855 o

KBRS PLIE ;R b s 3R

A= A LI J2 W R R i AN ) S B R it 2 — , A ATLAE AR IO T T Al
A AR SE VR 1 A 5 A 1) IE 0N, i Ll i b 8 2 3 (9 A AL o 45 )
REIAE W e (1L 2 % i RE TR ) It , (X S8 S RE S AR W A - 3 b B T e JE MV 940, 58
O3 S AR ILAR HEAE Wy 37 20 WA RO 0 A 4 T R 28 b A TR A W S A
(#2% W1 25,2008 ) .

R B WFFEIESE , A6 7 IEREAY i 5 A 5 R T A7 L35 & A A, ek T
R R G, I, HORE SFE A A AR ) BT IR AR 15 BOK B B 22 (Liu et al.
2009) o A [ AR B AR A R O SR SR R R A AR IS, A FLIE A A
J T SRRV, SR N SRR 7 R e R B ,2003)
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M RAE Sy R EENE R A A 4 2 B A 122K, Y I 1Y Palladius A ¥ 34X
B il o L SEALRL, DU a8 v i (B 58, 325 ,1995) o IR B4 0 LR
ANEET LR+ 0 AR AR, 38 T DL R S A W G RS P (Haslam,
Hopkins,1996)

TR RS RGN E A 0y R H AR S ARG T W E AR ) 4
B WA W T 2 B AN T RE 22 A ] AR G b 1 3R 1 S o i (2R 4R 55 ,2008) o T AR R A
A AR RCR 1 B 5% 22 8 v 72 1 A AILIE X V9 A K i 8 2 Kt Joa 1) e 3 ) T
(IR ,2006 ), Jift ¥ A LA X R el Sl A 1 22 Rk ) s i o DL AR

AT A T L 2R 77 5 30 5 W R R R, 22 0 v R R T AR A T
HFE WA PUIE , LU G 830 2R b D 08 2R el , W52 T it FH 765 88 A AL AC X 2R el
TIE A YR RS AR RS S, B ERREREES RS
Hh it P AR ) A LIE X - 3 I8 g K A 8 o o A R e, i v B AE A ALIE I G
T e BB it ] 5 HE e K 4 o

—.MBEREE

(—) R

7R 48 JH 5 T A LU AR 2 B w3, 2 T AR 48 119°347 ~ 121°577, JL 4 36°16”
~38°23", Ja i Z= AU, 4R B [ K B0 6519 mm, 4R 2 AU 11.8°C 4
BRI O 68 % , 4R 43 H AR %50 2698. 4 h,

(=) wERVEAHE

LA UEA = T

ihE BEA MUAL A 7= LA D - ¥ 8 + A + it — T4k B — i I 4 A K
— T T — G 2 — A2 - IR A YA MUIE — A e A HLIE (f 45 ¥ A
HLIEAEE & A HUIE , T [8)) 1 il 1 DOk T Ll 2R 77 5 968 52 0 B T s Sk &5,
B YRR B T 6 R AT HE T 2, B S FT e B ST AN 20 ¢ X8 3 R AR B A
7C , A A JE IS IR T R B R SR U U B 40 d B TR

2. i EEAPUIE RS 5 o

Xt i A ALIE S & A HUIEHEAT MO I E Qi 3k 1 .
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F1 BEANEHERES

4R 4Bk P Ca Mg ZIn Fe Mn K Na

WP A PR 2.003% a 39.79%b 69.968c 25.342a 8.202b 0.122a 19.262b 0.414a 74.830a 32.120a

WEAPIE 1.143%b 37.39%c 76.209b 12.470b 12.440a 0.127a 24.092a 0.423a 33.450b 17.470b

2P~ Na S04 o/kee 59 BT 5 BFR R AE 5% kP 125K i %
(=) @izt

e P 5 TH AR L X 1O A7 i iy S92 2R el 47 IE 10, £ 38 Bt £ o 2008
AR 1L H AT HE AL AL B, DL Fof 965 58 A BILAE HE AT AS [ AE & AL B (36 2) , 28 R0
JE, B4 HE 6 AR ,6 IRELAZ . 2009 4F 5 A F1 10 H 43 iR 5 A R EERR ALY
WREBR NG, EHT 1 m gy BT IE X, B3R S ~ 20 em ZRHU A JC
2,1k 2 mm i, — RO 4°C URF BEATRUE DR AR B9 I 52, — 385> B AR KT
Jei i 5 BRALE PR o

R2 FAEAMERYUEERAVNELIE B 4L . ke/#k
Jit JES Ak Jiti P ¥ B HILAIE B 26 M B
T1 gl A HLIE 225
T2 A HUE 15
T3 M A AL 7.5
T4 W& A PLIE 22.5
T5 WrE AL 15
T6 WEAILIET.S
T7 JCA U Ak 2

(/M) MEFTZE

Lo B3 nl oy 9 I

8 pH {ER A 155 K HEA pH I E s A HLBUR B A TR ¥ A vk s 2 U
LI TH 2 — PR AR IRE 5 R T A 5 be €3k s JUSOR P R DG HE I (DB A
45 ,1996) .,

2. HIEBUEDIRER X R E

T IRUE YRS X AR I R AR IR i o AR L E TR 2 YR B B
IRk R S T i PL L0 TR 35 R 2 A R oR IR R IR 1 5 R 4k
(P R B2 B gt LRI ST BT I A= %, 1985) .
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3. SR D E

i S ST R P o TR B R S 5 ORI P L 50 (G AL 19, 1986) .

FDA [iff 35 4 0 %€ 2% ] Schniirer 1 Rosswall #4 J57 # ( Schniirer, Rosswall,
1982) . Rt FDA ¥ T N B, O i Sk B2y 2 mg/mL BRI, - 20°C i f7 . #F
0.5 g HHEIMA 20 mL BEARZE o i (0. 1 mol/L,pH 7.8, K& ) , INA FDA £} %
YK 10 pg/mL,30°C 200 o/ min 48 HR € 3 b, 1A FR U B2 0k
6000 r/min Z.0> 5 min, B R AE 490 nm & 5E T 56

4. TIEHCEY) FAME B E

NE 5 B2 1Y $2 B AN HY 5 AL &b 3R S% ] Simmons #1 Coleman [ J5 £ ( Simmons,
Coleman ,2008) . # 3 g Hifif LA A 30 mL B35 5.0, B A 15 mL 11y
0.2 mol/L KOH W EE W, N . 37°C /K 1 h, & 10 min i i€ 20 s (5 17 R B
B, It HLHEEAE) A 3 mL A9 1 mol/L i 2 ¥ ¥ H A pH (. A A 10 mL
ECEEIR AT (A€ 30 s) ,480 g B5.0 20 min, ¥ 7 mL iF O ke Al B 3 T 5 it 4
W AE N, R N R R R UK FAME 38 /# T 1.0 mL A9 1: 1(V/V) IEE
P AL T A, A 1.0 mL 19 10 pg/mL + Ju ke BR W BR8N R
( AccuStandard Inc. ) , #4171 GC - MS 43#7 .

FRUERE SR T 37 Bl FAME AYIE 59 (Supelco Inc. ) o 454 i 70 B #0108 B
I 18] e HEAT 1 107 R 1) 1, R R AR OO ARG TR 7ok 8 i . R TR Bl i A R
20 Ak 4 i 7 BR TR J5 22 43 A e A HE R, DAVE B ok B AR A0 3l 0 04 1 07 R 114 52 i)
(Zelles et al. ,1995)

JIR 17 TR R 5 R I 2R AR IE TR RGE i 44 12 : A BoCy A SRORBR T4, B 5%
AL B ECH 0 C 78 MG 97 5 5 — S & 46 26 — > A1 F1 B e 78 00 8 D 1 %0
6] 73 S A A J5 28 ¢ B0 R o s W BE SCBE O B R A28 1 A0 a SR IA, AR
55 Me K/~ (Simmons , Coleman ,2008 )

FAEF 2 RFAPEE YA al4:0.15:0.,i16:0 ,a16:0 ,i17:0 ; FRAE = 2= [REA PR E
A 14:0.15:0.16:107c . 16:1w9¢c 18 1w5c 18: 1w7c;10Mel7:0 i 458 7~ Al 2%
B 5165 TwSc BEH5 78 A TR M L B A5 78 5 22 QB PE T 5 182 Tw9e 4578 1 2% [ P
PE B FI LR 5 18:206¢ 878 FL# ( Zhang et al. ,2007) ;16:0 A48 75 1 2 W9 UAE W)
R HIE O i f w1 FAME, 5 802E W) & A AR & 19 A0 OC 7 ( Bradley et al. |
2006) .

(F) #iELE

BARALPRFN 73 BT>R AT SAS v9. 0 1o T 3ERRAME BT R MR DX AR B ol )
SE MPRUELAL BESR FATT 2270 Bt (ANOVA ) 5 [l 75 BR P Wi Bt R I 2080320 B (PCA) .
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Z.ERSOMW

(—) HEAEEEIEYRE £ 58215 RE M

B 5 A A 10 A6y R0 LR S )5 pEAT 2 38R R B (0 0 7€ , it FH g
AT HUIE B o A LIS T e =5 88 v 2R Bl A LS | 2 SR 3o 20 R A ) R (3R
3),T6 AbBHAY 443 pH {E 5 % B - 8T 3% 22 S, (EHL At AR 3L, oy 53] 2 1 A A AL
JIE Ak B AT LS 2 00 0 - S pHL(EL, X PR M b A AR A r S R AR . AR R
g A LIS A IESSCZA T & A HLIE

Rx3 ERAEEEVNERERETEBAERNZE

Jit JES Ak pH AHLE/ (g/kg) LR/ (g/kg) AR/ (mg/kg) W/ (mg/kg)
T1 6.69a 7.73a 0.796a 296. 33a 136. 66a
T2 6.32b 7.57a 0.703b 286.70a 136.27a
T3 5.18¢ 6.51b 0.620c¢ 245.90b 134.29a
T4 4.83d 6. 82b 0.633¢ 212.23be 122. 45b
T5 4.80d 6.56b 0.564d 224.20bc 111.59¢
T6 4.35e 5.57¢ 0.537e 195.40¢ 58.11d
T7 4.49e 5.09d 0.473f 106. 50d 49.91e

T BEPINAHR 5 8RR TE 5% KF EZER AR E .

(Z) EAEEEIENRELEATEFRHMEYHIRI

FE S 0y R AR 10 2R Bl - 3 v it FH Vg e A MILAE 9y £ 38 v T % R A0 TR R R
P8 250 25 DR T AR i 3B AT P A 0 TR R R (3R 4) 4 T B D X IR R Y
2.81 ~9. 30 i , e 4 K D X IR R 1. 95 ~ 18. 62 A%, ity A LA A BRI
T EAPUIE o AE AN 1R — b IS A 0175 B0, 38 o B Ak 4 i FH 2 A BE {6 20
R A0 T 11 800 G 491 8 4 ot 9 A AL IIES X w5 R T 0 1 R A
3 AT 2 R R A R Y
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R4 BABEANENRELETEFMEMHRZE

M A AL B 40 E/ (10° CFU/g dry soil) £k /(10° CFU/g dry soil) BB/ (10* CFU/g dry soil) 40 7#/ B #H

T1 10. 23a 72.44a 15. 14a 67.57
T2 5.89b 13.18b 7.08d 83.19
T3 4. 68bc 13. 80b 12.02b 38.94

2009 4E 5 H iy B

T4 5.01be 9.33¢ 8.91cd 56.23
TS 4.37c 8.51cd 8. 7led 50. 17
T6 3.09d 7.59d 4.27e 72.37
T7 1. 10e 3.8%e 9.55bc 11.52
T1 22.91a 38.02a 4.68cd 489.53
T2 15. 85b 28. 84b 2.82e 562. 06
T3 13. 18bc 20.42¢ 6.17b 213.61

2009 4F 10 Ay L4

T4 10. 72¢ 18.62¢ 10. 23a 104.79
TS 4.79d 15. 14d 2.51e 190. 84
T6 3.98d 11.75e 3.98d 100. 00
T7 2. 88e 12. 02e 5.50bc 52.36

AR I A R 5 B R R TE 5% KF B2 SRR R

FE 10 H 3 R 5 1 A o it FH ¥ 7 A LIS M 5 A HILIE 19 338 o 40 T A
e B s T R R HE R 2 R 2N T S Ay AR, 10 A0y B A
HR R T R A R R R R RO B AOR DR R T S A R, AR T IR TR A
[, AT 5 IR R I BCRAE S Ay kP .

(=) EAEEEIENRE L EEEENN

Jit FH Vi 3 HLAE AT i - S b FDA i K IR 5 P FDA S R D ok i
HERY 1,25 ~ 1. 88 A, IR BE IS MO X IR R ER 171 ~2.79 f5 (K 5) . HAE 10
H Ay A XA W © A S35 o il T A BILAE X o A A S0 O 1R D 2 2E

1S4
o DIE‘I o
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x5 ERBEEVENRE L EBEENZE

—_— FDA 157 A SUR =R N2 JOR it 0
/[ units/ (g soil - h)] /[ mL KMnO,/(g soil - 20 min) ] /[ mg NH, = N/ (g soil - 24 h) ]
T1 0. 30a 13. 46b 0.039a
T 0. 26ab 13. 51ab 0.032b
T3 0. 23bec 13.21b 0.030b
2009 4 5 J {5 L4
T4 0. 20bc 13.41b 0. 024c
TS 0. 23hc 13. 76a 0.027c
T6 0. 23bc 13.82a 0. 026¢
T7 0. 16d 13.81a 0.014d
T1 0.227a 10. 36a 0. 033bc
T 0.202bc 10. 46a 0. 028¢
T3 0.220a 10. 35a 0. 065a
2009 4F 10 7 fy -4
T4 0. 205hc 10. 22a 0. 044b
TS 0.197c 8.76b 0. 026¢
T6 0. 198c 9.87a 0. 033bc
T7 0.215ab 10.37a 0.023c

AR I A R B R R TE 5% KF EZ R AR E

(M) EREEAEIEXRELEREY FAME B

125 A KA LA, 2% Fiosis AL Ak BEAY + 3 P R ) FAME B4 12 35 5
TR I, X I Y 1,60 ~2. 64 f5 (R 6) o fE 10 A RER LHEH i
A HUIEAL B K 22. 5 kg & A HLACAL LAY 14 f FAME SEET) 3% i T 0 1R
THEL LS kg WFEAPUE L 7.5 kg W& AHLIEAL B -3 b FAME B8 C 5
MR E R
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R6 FERBEAVLERE LM E YIS BN

Jita HE FAME i & N N N s
o MAEBERE VIR SCEEARIER WER  BAANGERI AR IR R 2 AN 6 R g T R TR e
AEFER /(nmol/g dry soil)

Tl 51. 84a 24.34% d 5.51%b 47.45% a 22.71% b
T2 42.56b 31.88% bc 13.34% a 43.61a%b 11.16%d
T3 45. 04b 30. 14% ¢ 6.16% b 32.91%d 30.79% a
5 A4
T4 40. 65b 31.12% be 5.43% b 35.66% cd 27.78% a
T5 32.70¢ 35.93% b 13.41% a 39.72% be 10.94% d
T6 31.43¢ 32.65% be 6.54% b 43.08% ab 17.74% ¢
T7 19.61d 48.30% a 7.26% b 28.86% e 15.58% cd
T1 74.01a 38.56% c 22.01% a 33.75% a 4.60% a
T2 68.19a 38.89% ¢ 19.88% a 34.79% a 4.61% a
T3 53.27¢ 40.99% c 25.50% a 28.03% ab 4.97% a
10 H i 24
T4 62. 54b 38.77% ¢ 23.42% a 32.04% ab 3.96% a
TS 40.09d 50.89% b 27.72% a 20.52% b 0.88% b
T6 24. 66e 59.65% a 17.66% a 21.32% b 1.37% b
T7 33.80de 39.77% ¢ 26.39% a 28.99% ab 4.86% a

B 5 AR R B R RAE 5% K TP L ERARE,

X5 Fif i 15 1 Y I T 0 LSS R A e A R AE S H I R AR Y R it E Ak
IR - S AN AN U TR e R T B R Oy IR R 1. 14 ~ 1. 64
Fr , (E 7 I Ak ) - 8 PP A MR TR 5 R IR T R . AE 10 AR L
AR it I X O R A TR A B AN AR MR 1 R & R I B AN B MR
AILIE XS 2B g 5 R e 22 AN AN W R 1) 1 0 G 5 1 A 2 35 R T
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T1 A1 T2 Ab B0 R Yy Rl 45 1 5 A R AR ZZ BOR (B 1), TS5 \T6 AR B i1
A DR A o R 4 R S X TR A Y 2R R R R BT A . 3 AT RE R P it
15 kg W EH A HUIE L 7.5 kg #F &5 HEASBE . 35 Bl - S AUAE W o RRE 245 4 i ¥ 5 A7
HUIEAES T8 & A HUIE  Fe sl 0 22. 5 ke W A HLAE AN 15 kg 13785 A7 ALK Ab HLXS
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PCI UM 4b, o fib RS D7 2 19 45 PC1 8 % 1F A 56 (FE1 4) , R WIBR T 18:0 A
10Mel7:0, HA g i B2 ¥4 76 T1 T3 T4 + & &EFFE ,7E T2.T5.T6 | T7 4L By



32 FEIEMERER RETBEESRNESR

R
4
& T4
e
& T6
S + T5 0
SR e T |o /4
& T7 T3 L
% T1
—4

PC1(54.71%)

3 RETEREVMERBRRBEERSSHF(10 AH L)

0.8
< 18:1w9c
04 + < 16:1w7c
X .
lo:i o 180 © al4:0
S o 150
3]
~ 0 i18:0 )
— 4 < i17:0
0.3 0 03 i7 0.6
] < 18:2woce
al6:0 o 16:0
© 10Mel7:0 o
—0.4 16:1w9c
PC1(54.71%)

B4 10 A8 EmMR 57 5 S i ER B s A B &

B 10 AGy 245 5 A OB LRERUE YR RS H 2R AT B B, 2B R 1Y
Sy TUT2 T3 T4 4bBRAY L AE, T TS T6 K2 XJ B AL BE - A% i) G A= b B &4 A4 K %)
ARARA /IS | 3% AT RE 2 W 2 B R R AR X B0 Tl A ALIE AR B e 22,5 ke B
AHUIEAL PR R B BB T AR W iy Ab R 25 4, (HIRZ R 72 10 H 07 B ik
55 o

moE i

HBFFEFE AT LI AT DAL 35 4 A BLIR A ik, B0 30 ) (A3
2008 ) . fEAR S b B FEIE A BLA 2% LI T 254 5 L -
T HUTR A B R R (0 B S X A LR A i 0 R
116, M3k 609% 1 5 - AT BT A 2 1% DA, T8 B 00 3 L 1) 3 Lo
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HRLY AT 7 22 4 8 (RVR B , 2003 ) o 3l 2o it A AL AE 32 s A AL Do 5 o 3 = 2R
sty JO RV S R bR RT HF 2  JRE Y SC B o Shisanya S8 BT ST W R W], & P
ZRAC N HE A AT LA &5 8 rp C N Y & 5, 00 L5 A it FE A9 - 38 ) BRORH LG
Hoal DA —E R B F 4R L3 pH {H, 2 R R 1 1+ 3 (Shisanya et al. ,2010)

T SRR Yy i T DU D 45 7 BB 7 B9 F SR A, S b 3 AR W 48 B A JE AR K
i H (Peacock et al. ,2001) . 7 Haslam S5 (YA 58w, I8 0 Tk 5 A ALJIE ) £ 9 22
FE X R T A A W A e R (BB A W A e Y K L 9 SR ) TS R O S
FC i) (Haslam, Hopkins ,1996) o K (U IFFE R BA , it A HLAE XS £ S5 A= ) A= W)
OIS PEFRR AT BT 32 i, o T DL i A W0 % E JR o 19 M 2R (Peacock et al.
2001) o ASHIFFE o it Al A AILAE A0 35 A AILAE n] LA 35 3 g £ 8 v a8 R 2
PRI ST £ BT RSO , XoF AT 5 R I R RO TG S R, A it TR — IR Y A B0
L SRR PR i P AN BE G 20 MR TR ) R B R B

AT it R A HLIE AT B b FDA il K IR g S A ELAE 10 H £y
TR MR A S . ARSI, — B O AT 52 A Y i i
i, HA HUIE 4 82 0 K T JCHLIE A9 52 0 (5K A5 77 25, 2010) o i o A ATLAE X ik
AL E B P TC B R, X S IR A B — BB IR AR ,2008) o FERRIRAE Y
BEFE R, KA HLICHLAE BO e n] 2 5 35 iy 98 00 R i 335 28 {EL R o 4 1 S0 i 1k
Jo ke & R

JiE8 PR Tt 2 A 20 M SE TS A L0 B LIS IR P ik 8 TR R A 0 R 14 Tl TR
FeP, R FAME &5 38 2 905 A9 A 90 A 9 1 19 45 5 ( Peacock et al. ,2001) o
Jit P ¥ I AT 3 B L P R B R B FAME 5 i X al 68 3% W1t FH i i A
HUIE AT 2 A HUIE al LS 25 0 i S Rl W A i o i P T A HLIE T A = g
1 SR el - S Gl 2 0 PR AN SR AN DS PR Y 1 o B  BRAR AR R U R Y L], X
5K AT R SF T 9E — B R AT #7557 ,2010) o iy - SR RIS 17 R 228 5 45 22 IR A
PERIAR S, S U i L 3 8 A Al B IR A7 5€ (Peacock et al. ,2001) , 35X Af
AE 2 W] T A HLAE n] RIS 38 b A5 22 IR W i 3 2 R R P A LB
o it A Xt L R U TR R BN L S TR R D R TR £k I TR B, FE 10 H 2R
ESIVER LSS HTE S 210

Jit P 15 A HIUIE A B8 fuk 25 38 i 22 AN 1R RIS 5 R 181 2w6c 1Y 35 2 EL 1), i
T 18:2w6c & FH 1A 145 /8 5 Ui 12 ( Badth, Anderson, 2003 ) , [H] 1t 3 ] fig 2% W it
g A FLAEAS BE RS I 4 FL 3 R B, X 5 P AR SR B 45 2R — B Bossio 4§
S B A it A K S8 A HILIE AT 60 22 AN 1 R 1 R 1 4= ( Bossio, Scow,1998)
SR AEAS S50 F OR e BT 8 A7 AL AIE 3 0T A 4 i A P, 3 ] BB S iy 7 4% ol
A B B A 2 2 BAN [, DRI X ol A 40y ol R 45 4 10 532 W gl AN ] o AN [] 288 2
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[ BE R P REZEAT ML 5 41 0 AN TR (4 /N EL ) |, 3 23 52 6 26 30 1) 4 e il
JE SO B MY R SE R  EC N, By o0 Ak 0 AR ) I e i A B IR 3R B v P
A A P 0 B 3 5 T 0B IR IR BT B B W A o 0 B it R R e
O3 R T UE R BB W) B AR K (Marschner et al. ,2003) o HE B AR A58, H ATOC T
Tt S AR - A X - S G5l A W 2 AR P ) R WL HRGE A AR T 2 AL, AT RE S G IS Ty
XA P 1] | = 3 ST AN A 5 3045 IR 3 56 (R I 25 ,2010) .

Jit FH ¥ A HIUAE AT 50 A2 - SR A A ) R R A AL o TR A MLAIE AL BRI 22,5 ke
TR 5 A LA A BT 1 ST AR ) ol A 4 ) R R R, A X SR U, 15 kg i A HLAE
7.5 kg W& HEAL B0 4 A W RN RESS M A2 i &/ o A8 10 iy LR R i
WA HUAE X - WA 1 ol B 45 A 19 2 0 2 0l 355 , X AT A 2R WA Jeed 30 it A Xt Al A )
R MR 2 BT I PEAY o Stark 8578 5250 58 25 0F T 247 It P B 2 4R IE e IR B3R R
SRR W5 B IS, AL 10 K5, 6 BR b 88 rp A BBl AR W B v 5 IR R ORI e B
S JIE A B Y A v ) 22 S B K B IE Y 1 S 2k AR B, 91 KR Bl L5
(1 B 2B 0 b A 5 R AR AR B) i JIES 144 42 P 9 2% (Stark et al. ,2007) o 1fij Crecchio 2%
£ JE I 5 Hh B It 0 T sz 38 U A0 T R 9 2 R O AT R A BIUAE ( Crecchio et
al. ,2001) . Stark SEIA A < I [ Ao AR A XA AN ] XoF 398 Bl A ) o A 114 26 B 25
AL VR FZCR (Stark et al. ,2008 ) o < Wit 1 ¥ 8 A AILAE X £ S8 Sl 2R 0 A=
W i 1k B A v A5 R R R T i — T

225 Sk

BRI, TR, T4, 4. 2010, it AR A A RS BEXT - AR W A Y B
fk R FHEE V% 25 s . A 2822 41),30(1) 232 - 42,

KNP . 1986, 3 N HAF 5T 2. db st Rk bkt , 7 - 60.

ZE0E XSRS, 45 75 0, 4. 2008, K AN [ it AT B2 R LA L R AR A 2k
TEAZ AL A P R A2k ,32(4) <891 - 899.

ZAE, F 2251995, W EORARNE BT 5E. ERL =, (3) :4 - 6.

XGRS, B REEE ki oy, 45 1996, - B FAL 43 M 5 ) 5 38 . J6 5T . o B AR
e BRAL 123 - 125,166 - 167.

HOM K. 2003, F [ SR Az 7 BRI AR 58 A [al @t o B TR ,5(2)
45 - 48.

TN, IR, 2= D i, A5 2006, T i AR IE X B SR B R BT 1Y) R ).
T2 ,5(5) :16 — 18,

]
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2% AR A, BOR O, 2. 2008, AL (28) MERES Al AT $p 22 e Ji AR 2
ﬁ%;c;ﬂ. j:i%%%?liAS(S) :925 -932.
kA, EF T, IR, 5. 2010. AN [a] i AL A 26K 3 AN it HE DX L g
PR A S RS PR RS T A8 R SRR Al , 16 (1) 1118 - 123.

Hh R 2 e T T S ST BT AR W & 1985 IR AE MR g ik Jb L Rl
H WAt ,40 - 57.
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BRAE @l ki, s+ 4 $0F, 1994 £ 20 F 4 X
FHAEDZ,FEALARLERXFRESEF R H,
2001 447 4 32 02007 4 L2 T AR L K
F R E L FHEF4,2008—2012 F £+ B RLE K
FHRFRAFH LB A,

EEANFERAENF AT LA WGH R, AT AR K
AR RN TFA S AN A BAHY
AHET AAMAEMET MAEWER S HMY
M REHEREEFF, THERFZTABX R
AAEMEERE 2 A5 RVFAZABFLAFER BE+ 2" %
M BARHABREABEH T SAERF S ARM AARLE R, 954 BAH
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555 AR Az B SEORIIR Y2 P

REE
A g R B % £ AR

PE . Ca VAR LFEOLTH M REEFITR . LM B, RS W LRI
HE A A R A, TSP SR R (B AR G L ™ T 5 e SR S 1 B o B i g
AE TR XM RAEIE St 20 N K R WIch ¢, AR AN, BE R
SEA R R BLG , B ve AR S o, JE K R S ) A A A

KGR : Ca; RS0 AR FAG 3 5 G R 1E

Ca JE ALYV N —FhEE BEAY R & B IR0, 18 DR 5 RS2 I SR 52k o 7 T EL A
TRF VR o AT I 2 B, 805 A S B3O S A B AG S 2E in Hfn B AR 5
AR T IR SR e 5 38 24 b B R A RCHE 2 R S S, B AR S AP RE o
P, Ca 75 2R 52 O OH BVE I 2 AL, I SE4F R, 3t Ca Blr 35 R 52 it o A
JE A R S A R A i 7 T AT 5T AR T R A

“REABES SHEEK

(—) Cafeis

B S Ca LRI Ca® " RN CRAEDS) Ca™ " B TETE , X J2
PRI SR SR Ca® " I, Ca™ ™ 5 240 0 v 1 5k TR R R AR L R AR % 2R e iR 56 45
TE Bt IR £ WA TR ER, | TR ER R S W B TR A IR JE 5 i 85 20 0

R AR R Ca’ " B KA W AR Al . 35 7 A R S A
AT S I, AN AR s TS IR R rin TR 3R N I A
AN (Suwwan , Poovaiah , 1978 ) , PRt , 3 85 T 25 1 22 A AT RE 2 78 i 2R 52 L3
Z RT3 R (Rigney, Wills, 1981) o {ELS72 SR 52 4K Ak 1 1) /9 85 8 2522 6 A
Al b At B0 AL A SESR KRR T RO W], Al
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WEPERY S B IO AL, T RRARIE Al L R A A SRS IR S AR A T
WY R (G248, R RS ,2000) o [m]BF, ¥ 5 0T 1A] , S92 SR rp 7K 1k R 2R IR 45
TOT R TR A | R A A IR A 1 i L s R A AT A R AR i (R
DLAE | JE T3,2004b 5 & L4 ,2000)

SR SOIE AR ES 1) & S A R W R A A B U1 OC AR Qi e 1 1) AR
WIS R oK E Ca® R BRI ME Ca®' & B K T 1L % & (Lamiani et al. |
1983) , 4 NEEZ N, K Ca " & A 2 2 5 8058 5 35 90 % & A= 10 1 2 i
[ (Pavicic et al. ,2004) . BLAh, AT Ca® " & B IGH 3% 52 25 5) 28 % )i £ ( Saks
et al. ,1990) . J A48 75 fif 6 4 1], 15 2 2R 3 v AN W) 8 25 85 19 4 0 & 0 B2 A
K AERG B A AR BT A b B 5 IR 1 I 8% 5 B 1 I, K v MRS e AR (3R
AU 1992) o X SEEI FEAN K B Ca® " is B WL A0 ok A8 AR AT RE R S EUR
S A U RN R Y R

(Z) Casyf

TEHLUKF B RSEAFEBAL R Ca & AR, R 2R B Ay RS, R L
Ca &, RO IR 719 & B 5 b, SNE R W R & el 78 2R 529 ) o Al
OB RMREETT FIRAN Ca HFRBEFFM . e R Ca S EE R, N
FRAEFEAR LAY SR A Ca 5 AR X Bl Ca YA 5] 734 2 1 35 4% 1R 592 45 44 e
TE Mo AN SR B A0 /)N S5 AL 20 s 2R N AR WO A s TR i 2
] 22

g T AR PR ALY Ca®t BT LS, fESE R B, Ca’t f RO
X A% m) 7h |2 B A (Perring et al. , 1986a, 1986b, 1987a; Ferguson et al. , 1983;
Bramlage et al. ,1979) , & ] 32 2R .0 v 1 A CaCly, o] A3 2040 il 5 95 0% 1 & 2
(Perring et al. ,1987b) o PRI, A3 A HEIN 33X 55 P o TS5 S0AY R0 ol 0 2 3 B0y
Jei R i A TR S T TR LR T 0 BC AT RS ORTE RE o 5 R0 IC Y AT RE i R O SR S
J5 S AN [ A X 7K 43 RS 1) 75 R 2R AR Ak, S B AR R BT SR A Ca Tt I B RS
( Perring et al. ,1986) ,

ANFEZAET R SEAES Ca FR4FEE SLATE o O SR WU FIAE 2% 14« >R i
B SR S G T G L 3 3 s A G 1 S SR A i R o AR P A A Ca® o iR
RE /N AN 5 151 95 5 ( Perring et al. ,1987a) . @) 1 % : Lamiani 2§ (1983) JIFH ,
KSR GA, {5 it 6 B 3P SRR B R R L AR Ca RN 2. AN £ 0 AT N
Ca’ " [ F b5 IS B 0, 10 90 1) 245 A B A% NBD {8 4535 (57 1 Ca™ " 5 %6 BRAHGE . 31X
5 78 2 0 A i TR SE P Ca® T4 L. B W Rl RE M S B N T A
7 (1999 ) IR B, 70 28 S e 72 Vb, 55 160 2 P T S0 2R 0 R L, 7 A A T £ o
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PR SRR Ca® " Fim AL K o XU, R JF RSB Ca® " FRAr i
fiff JBCPE % VDA K

TEA LK b, A TR 40 XA B Ca & A ] SPE2RR 52 2R
40% ) Ca’ " AFAE T W, Fo A KB4 07 T A0 ML BE b B0 IR B Ca” " Mk B 24
0.6 mmol/L, ffi#h Ca’ " ¥k~ 0.02 ~ 1. 3 mmol/L( Harker et al. ,1991) . 7E1E#
FAFTT , Ca 4757 43 A 75 57 R SR S 20 M BE 40 0 JE L 9 70 B A T A AR S5, 78 Wi
PR HE R 5 B0 I R I ARORY) BT 2, LB B 0 A AN E A A i R 1 I
Z (PRILIE, J& TL,2004b ) , % 2 20 i) I 2R G 45 40 I D RE 2 # AU 45 2R . R A M55
(1990) A7 i J2 52 Rl b, K B0 A 30 4 I SR B2 0 A I IR 948 5 v f) Ca® ™
R R R, o VRO B L R AE R TR Ca® A T B RO Y 1/45
1/17,

il

EERSRIMAREEXHE

(—) % RLHIERISAE

MRS AT 25 g | ke SR S 1 2 B AR O], SUFR AR S 3, R B W B L IV 4 2L 0R
BE R AEREAR

B UL I SR S AR B T A S SR R K L A K (Perring, 1984,1985) | &Y
LR (2B MEE,1986) # BER (& 228 ,2008) , 5 A5 (2 [ 55,1999 ) (FE Bk
SR (Callan, 1986) , M4 4% B2 (RS 55 ,2002) , DL K S 305 0 28 ¢ 19 Bk TR
(A5, OB ES, 1994 5 25 35 45, 1993 ) | 48 5 2 Ak (bR 55, 1996 ) | LG
(Evert et al. ,1988) , M@ 52 K (2R 5E 55,1996 s R 75 41, 5K F 8, 1988 ) %5

[l — SRR E AL Ca i SAAKMM K EABEN R, AEER P,
S5 5 BRI B & AR KOG FES 2% (Perring, 1984, 1985 ) 5 1M A J AR A Y Ca
B AR, ) B A g5 (Perring, 1986a) o K Az i Je i 4 37 SR SR =58 3 9 A
AR SRR A Ca & HEAY LA, AR T 2R (R ook K ,1990)

k5 L S T R A PR R A A SRR, T I 4 SR LR = T

(1) AL EAKBRAR . X —TJ7 12 BT 40 5 R 0 3K, i M35 K, 40 e
W& s 55— 7 T, M R 004 Ll B0 B8 Ao 1) R 0 a0 SR S, A 4 i )
TR Bl R AL U R B AN [ KR AR o B, KR AR U SE . SRS 1
U BELE A IR, i PR3, P9 TR A e A 20 e B b 28 A R O S A A
[ 7K 0 9 o

(2) RAALIRIE, KK G 2wk, R R MG, st Ff i Bl s . 3R
FEA LUK 2 A8 K548 €6, 3 2 T P B 259 A L 76 2 W S AL B VE L R & A=
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Ak FETRN, Ca HBm RS WES WS 7M. B IR
A QRSP SR R 7 5 R AR FEBE

(3) 2R R, ZTEM G, th T AR Ik DT 2R B, (2R B¢
MR O AR AR 2R . T8, 40 M B IR, 40 M N & B L XA
ECTE NG BB AL T A ALY AR 2, R 92 S N 22 B I L L A R
TTJE % o IS A B0 R 9 A M Bk S 2R ) 4 A A R 2 R S Y 2R (R 3R, 2006
Simon,1978) .

PRI , 38 1 00 8 85 8 3% 2% IRAE 227 W LAGE 2ok S0 95 kb 78 85 (R Hif e 5 2ok J5
A5 ) W7 A B AR BRSO A O R R I A AR R E — R, At 1 A R
Sérm NK Mg B a] i) A= 326 8 A A I8 A R 2R R WO EE it 3T 2% 1 6
53 i R SR A RE 1) R AR

(Z) BERESREMR

LA i 5 2R IR B 5C R

R Ca & 5RO LR LR M A ARG, B ATE BA Ca 5200 2R 52K W0
J A LA UE G o WIAE R S (1986 ) GE B, AN [R] 32 2 dh A [E] SR S 1Y Ca &5 2 Z A7
TEW] R 255, Ca S S A A, Al E MR M 4EE R C B M. FEILE
(1995 ) LW, L J5E 39 2R i Al b i) Ca 553 e, Ca 25 00 /R 1) il Bl RSB G 155, LU
BOR R A B 20 B B SR AR, KU A B, DY JSCAE TR . Fallahi 25 (1996)
UERA, SO SERR S Ca & i 5 (P R YRR W) 5 & (SSC) B K.
Fallahi &5 (1985) 73 #r & B, B AR S SRR S i Ca 3540 55 21 58 SSC B A K,
K/Ca o AH 5 7T G BR 5 IR A OC .

2. Ca it 5 AR ILAH RO YOG AR

— O T RS Ca S BRI W AE L. PR, AR S8 Ca &5 32 000 2R 52
il P 2 AT AT

Ferguson 2 (1979) 45 Hi , [ R LAY Ca & H KT 3 mg/100 g i, Jo3Ja
TR AR R RS Ca B EU/NT 1.5 mg/100 g B 37 i & 2R R R 24 O
15% . Bramlage 25 (1985) A5 R W, m] A T IE 32 SRR Ay 1 J b 2R S8 /b B J= SR
(1 Ca 5 5K BNk A7 01 19 SR ST 2 R o B CRF A5 (1990) A © bR S 2R A%
fEJR 58 ~72 d(40 ~80 g/ ) BRI 5L LR E O 300 g i, 2 S AP i 45 7 i
AP 1.6 ~2.7 A AL, AR 4l R Ca 055 8 B AT I 0 9 K AR O
HHR Ca T EAL 3.5 mg I, w250 K B R B 6 X o Bl Zh By 2, Fallahi 2%
(1985) BF 52N, M 8 A 3 Hr & sl Ak | o S R0 o &8 (19 70 Hr 45
IR BEAR G iy A1) T Ca 5 2 A TN 2R 52 g 9 6 A, LD DR R S R Y Ca 5
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R T A E 5 mg/100 g FW o SUAE kg, 1) TSR S 89 25 0 R A i et A 14 93000
WAL B LT, WA 21 AR ZA

M, REW Ca @EFTHEAK

(—) #HREFBRREHETF

Lo b A A

ZEHRALEFE (1995) X 22 ASSER S A T 58 R B, AN ) 5 Fh Z (8] /Y Ca & 577
TEM 3 22 5, b S R R S A (20 &) [R5 i b Fb (& 1) Z () 22 10. 4
5, B 2 TE] Y 72 S5 R AR I8 74, 5% , Koban 45 (1984) it — B HiERH , 5 A 5y /B
P70 1S R O AR B, B S A ) o R, DA SRR S 3 A S B R
R, DA T i Jol 2SI T 08 4 e 9 WA A 2 9 3E ) T2 g o

il AR S22 5 W B Jo 50 2R WMAC L IE Y B B PR R L {HL H RREAG AR e 2R S Ca
AR WA R Z A A — 20 O, TEAR RS A B RSP R 8 e kA
R 2R 5 Ca WWCRE S A RIAT 5K o

2. MR T

55 R R R A A 5 SR AR L, RE R B B R AR K G I, A 5 2R 925 Ca Y
WS, B0l 2R 52 Ca 5 SR, Al 8IS R AR R RO L R 2, i A R D ((Link,
1993) ,

TEANTRIR IS b, SE SR A A R AR, Ca & AR, N & 5, B B AR B 3
(Bramlage,1993) . 5 & 61 B AH LL , R 670 B0 Hh 1 SR 58 Ca 5 BBUIGL, K & 28R
R, Mg 3 B 22 A B3, R SR S R (Ferguson, Watkins ,1992) .

3. RlFAR

(1) &3y, ZZFEAT, e IERRIE S, BARBESE MNP R AR Ca & & (H IR
T Ca JE, i Ca B ZJEH £ (Bramlage, 1993 ) , X i RCR B B HFLE 5] F — 4
(Plisek ,1995) ;4 iz , 1 24 /9 B BTl 4 5 3P 2R R 521 Ca JKF, B 52 KOFT Mg
B 7K S, U820 5 95 9 B9 & A5 ( Tomala, Dilley 1990 ; Saure, 1987 ; Preston, Perring,
1974) o SERBAE T T 203, b R 92 Ca &5 £ (Tomala, Dilley, 1990 ) , AR B R
FE T AI B R R A ) Ca & & (Schupp, Ferree, 1987 ) , A7 I N R £ 8 BT JF:
Ko FHFWAA LB R Ca & i (Ferree,Knee ,1997)

(2) E4E, BB IRAE RS IR S/ SM WL 5, G 8 3 56 WL, 2R s A2/,
BAETE 240 78 16 3t , 38 R 92 Ca WRSCRE T BRARG , S300 2R 52 ol 5 B e inf o kA
B TR Ca H R, BR TABRENRE. ERIEY B FEMER Cas
(Mg + K) LUAEL, 58 fn i 53 18] 2R 52 09 8 9600 & £E 28 ( Witney , Kushad ,1990)
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(3) Ko 2L HEK IS R REAS RGO, Ca & B4, RIS BT PR, (H
EYH HIET 2 R T BRI AR Ca & i (Cline, Hanson, 1992 ; Failla, 1992) , A
i, AN R Ca 54, /i R 1) e % A= 28 (Failla et al. ,1990) .

(4) WaNE o A FDE S BAEX R SE Ca & & WA [F, NH, - N AFF
RMXS Ca BRI Sz % . St NO; — N AH L, ] NH, - N {5 5 2R e
5 R AR BRI 2 T i R T P R AR T U Ca® ) B 1 4% 3 ( Fukumoto , Nagai
1983) , K& NO; — N i, 3E IR 5L Ca & &t 2B K ( Yoshioka,1989)

Rt KB R R 4t e S S SR e 1 SR ST B, AN e o A A R R
EobEE  H BRI Ca & 18 ( Yoshioka, 1989 ; Vang-Petersen, 1980) , 17 J5 Ji A 4 35
S B AV g B e O A AR R A Y K R LA W Y 22 ( Bramlage,1993)

5 K GBI, 2RI Mg 25X Ca P ARS8 HTAE HT, IR Bt Ca Az B2
JAAE & A2 ( Bramlage, 1993 ) H [A] W% MgCl, , 45 i) o2 X 55 42 30 RR Sk 1, 2R 52
Ca &R FEAK, ¥ 55 W] W1 £ (Witney et al. ,1991) . [, iE 4 Hopfinger
Poovaiah (1979) 45 i, 32 R v e i 19 & A= 5 Hod 2 ikt Ca {84 40 Ui & Mg Hh & fir
B, Aid, X Fh Mg rh B A REIR TR SEAME R A Mg & 5 B0, 0 H R R
I o 1) S R R S R PR AR A N BB AR R A R A 1 Mg/ Ca {E BT i T OB % 2R,
PLAI SR AR 1~ 10 22 551 R (VE R 38, 22 TL45,2001) . Mg/Cafiid m &t £
My %A AL 1 1) 75 7 (Hopfinger, Poovaiah , 1984 ) | Jg 41 417 A= 4 B ) ¥ 20 L

BRitZAh, B IoER Z 0] 8 H O 28 55 2 A AR AR BE R L 5 B A SR DA 4 B
MR RRME R A E R R R AEA BN LR, HiE a2, KR K/
Ca Mg/Ca N/Ca B FofH = T IE R SRS, XL W], Ca Mg K JTR Z [H] 1 H ] ¢
REREE P, o I - it 8 25 SCE R,

MEITR TR RELFAARZW ., MR ICRK B Zn, Cu 54 I 2352 Wi
R Ca ARG, (HIXEL R TT R S W52 Ca WU 5 INRERY , I8 T i3 0 ,
WFFE W it B NG JEER B R Ca WU 502 5, 32 /5 Ca & 4, 10 HL&( /D 2R 5K
Az B 3 R I [R] A TR s (R AR ,2002)

(5) ARV G ERFLA o Az I 9 50 A4 £ ok B2 R I ] 25 5 e Ca B IR
WO M BT o WA 28 SR (NAA) FIH R gl n] $2 3 R 1) Ca % & (Guzeski, 1993)
WA GA, T BEARBE SR 2y Ca & & (B 55, 1992) o Wi A % % &bk (BA +
GA,.,) BBEN R R RA HB DR E Ca i, BN #2 & 42 3 (Greene,
Murray ,1982) . Wi jfi=€ 3 AR (BR) T4 = 7 BUR 521 Ca 5 4, Jsi /0 RLR K
(Peng et al. ,2004) ,

W% A A K IE Z2 R PP, (22 R0 )R] HE 22 37 SRR A G, 32 g RS & 5 6,
il SRS AL (Luo et al. ,1989) , Iy 30 SR A 5 P A= BH K WIAE A9 % 2E ( Bramlage,
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1993 ; Hopfinger, Poovaiah , 1984 ) ; #H /2, B i A= K R A5 Pr A TIBA 2 FEAK 57 R R 5L
#) Ca & & ( Tomala, Dilley, 1990, Stably et al. ,1982)

G = R RE A i R OGS VR AT, th BE AR Ca Wl 50 5%, JF 2R 52 B R
[% ( Bramlage ,1993) .

4. BT

AEAEBFT REREROAE . 72 RA KA TR B IX, R
R BE AU 2 Ty R A AR R TE BV 1 Ml DX, A A R S S SO RS B o ™
( Bramlage et al. ,1980) ,

(Z) RETHMEHE AR

FURT 7558 A2 7 b 22 SR Y JR) 86 555 Ak 5 0 1 5 3, e A0 3o ) 4 SR B 2R AT
55 T IR T VR RIS A 55,2003 ), % AR S i SRAW AT IR SRS 16 B W), Ca
- EDTA YRR B4 ( Tanaka et al. ,1992) , 7] DI B2 5 L5 Ca &,

e T 5 7 3 S 0 R R S T I A A A B R RO . R TR T A
AL B W I, WS R B, L AR B PECR I S S AL S W, T LIRS B R X
R: Ca 15 8 R B0 /) 5 70 2R SRl I M T Sk A5 A6 & 0, vl LA B S 8 SR 52
Ca 5, 592 U SE R S Ak S A sl /D 2R 9 S80CR (B XL, 222 22 ,2000)

(=) RE#HHBEHRR

AR AR SR HI IS A 3G R S Ca & B — PR T 7 25 (BARAE BEES A 2 LABT 1k
RABABRERZE B, e R A Ca &5 )i 800 ~ 1000 pg/g DW,
MR A Ca {7 250 pg/g DW EREA Ml 2 i oSG AR 58 Ca &2 5
RIFBESN T EN BT RIGREITE, BHI, ERBCRFESB S 52, 1R
FIREME SR A Ca KPR T 1000 we/g, DA /D3 B2 475 35, 3 T Bt S — i v 200 4k 22
J7 1% (Fallahi et al. ,1997) .

BN Ca &l id LR FZ IR ZE BEERB A RLN , RIGE A2 )5 54
A HA A AR A 3R] B A 80k DR AR R S Y £ BE (Sams, Conway , 1993 ; Klein
et al. ,1990) , il /b 1% Bz 5 1) & LB (Klein , 1994 ), {H 2 Xf #44b B f5 51 50 1Y B 60,
B PR B2 1 R A TS B 2 i 4 1 R4CR: (Klein et al. ,1990) o Ff H., % Bt 267K SR 5
TR U, SR 5 B A e e B AR B5 A5 W0 A IR 23 7 AR 2R T4 B

AN FEB SRR A ] o 78 R J5 12 45 4 3 rb R IR B2 25 m] WY 5k 1% o 2R 5
Ca & i, & LLISUE B 45, B A5 80U A7 o A ad, 38 45 40 B AT LA B S e A0 3 SR i K
o A A AR BRI, B 5 R AR AU ) (Song, Bangerth, 1993 ), 4 f2 R
2 mm AL R AR EG M 200 wg/g DW HEHN 3] 800 weg/g DW B, AN 25 52 i S
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SR it o1, (HE I 800 we/g DW I, 5 25 5 1B AR K 4545 , n It B 1 R, DA T 52 Wi
S5 B S {8 (Sams , Conway ,1993)
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WA RLRL LU AR (40% Ao ) 5 BEAG GG AN 38 I LE KD TH AR D, A 1A AL
BRYEM R, X B R Z WAL M F 7 1) 5 Al Fisher(1970) 42 , %4k
Tl B S 11 T] 1 49 B R 6 38 SR 52, R AR AR R AR 1 5 A DL s TR I Akl AR T
&, ALY Bk BUOR S T AL T LT A5 2K . R S (1979) BF5E IR,
AN TR AR B 72 SRARS AR P 22 i 2 IR 5 o B HL AR AR AR RS A TR 5 78 4F A K 2= Y i
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FRE ARG S R R N 28 A B e & i m TR AE B .

3. R RS L

Ferree F Barden(1971) 2 0F 500y BB AL /A I oL G R m . skt
J6AF (2004) FUBIFSE & B, (6 18 40 B ML T 40 4 5 M26 B9 M7 /Y 9 R A &
MR AE 3 RN R Ry AL BRI BCR DG A ERE , M26 il A HE DL A
RE 52 W] 1Y 1E 800 KT BO s fili AR A% 1 1 22 5 B A% 52 W e o I 4 6 i e OB &
R, OB A 7 b PR E ERG AR A B A S,

4. MR GREL

SRR A B8R R /N 52 BRI 45 ] R AR RS AT BE A LR W TAA 1)k
AR T S 5 e TAA ) ko i v 9 AR BB AR 2 B0 B PR TAA K HAR )
JBT %) T R A % Ak s GA TN g 2 458 AR A /I 1 B B 28 &R (Faust et al.
1994) ,GA WIFEF LA TAA K240 AT H , GA 38 ] LISR & TAA fyTE M, AR %1k
RE 7 1 S SR ARAS 25 AR B VT MR B AR e 43 A ) v 1) 248 L 43 24 R T W 5 T A
], FOKZ 2B AR MMI06 A 5T &8 v W 40 i 73 ¢ < 2R W) o i £ 2008 =0,
FOR R H W R ARG AR M27 (MO A S5 3 11 5 41 73 34 3R 2R ) B iy 2 P
(Kamboj,1999) . ABA BYEFHINEE S GA M I, B RIEAG IR ABA & & X
TAC R I 20 1) ABA & i & ( Yabava, Dayton, 1972 ; Tubbs, 1973 ) ; ABA & H# 5
WA AR 52 0 3 TE A O, 5 AR & OB RS A B B 8 3 R OC (AR BR A%
1987) .

5. A4 S AL

55 I R VA 5C 1) 1 2 2ok 280 A W i, S R OAS (] 9 A AR B il R 22 1] POD
Fit 7% P 22 S AR, LT P R /N 5 0l A 10 J AR B85 285 DDA OG (S AR B 25,1991 5 1%
4k 1845 ,2002 ; Schertz,1971)

Xof SRR R AT BT AR B AT SR S SR AR B A R A R 5 AR R S
AR 10% ~25% MR TEM 5 25 /Y I X & & s B A E ((Palfltov,
2003) .

6. PR A B 1 4 T HL

FEHIE R A KA SR AR SRR 2, H T T 58 1 B0% S N 24
=285 — R ORIE T HLE 76 M BT IEREALIE R o I L% 2E R R e
PEREA: TR Dw F (5K IF B4 ,1999) o HRIBERTSE (2002) BBFIE 4845 T 5 Dw
BRI RAPD #Ric OPELS - 1001, H&E BB 85 0. 69 cm, %5 K p 5 & h
TEFE HIRHARAE B Co BEDH WA HE Y A2 4 ) M52 0 Pk SR IR Co 46, (] B 52
FHRAE MG IE D A5 0 . ERMLAF7E Hemmat 258 & 15 Co JEBIA) RAPD Yy AS
IR ELA 0 28 Co B X i) — 4> AFLP #Ric, JF 45 H 3 {6 o SCAR #Ric;
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Southern 232 25 5 & B, B0 AR 10 76 3 SR 5L B 41 b Oy S48 DL ( E R L, IR
2001 ; £R U155 ,2002) . Maliepaard 55 (1998 ) 1| ] SSR #ric , ¥ #1 B H A Co &
FLESER A L10 Jetafh b 55 = RBFoE DL 8836 x P BRI H F1L A4 8 BEIA,
WAL AT KB, BRI AL X — MR & 32 B B ) Md 5 4], 3@ 2 SSR ARid 4y
br, BBl T 5% AR Md #8119 CHO1f02 ,CHO1912 FI CH04904 5 £ M Fric ;
Md 3 KB o7 A6 SR L2 Jetafk b (25 45,2006 )

(=) B BWRAEG RN E 66 B L AL

PAESMEE BOSFE R IELRE AR MO Sy Z 1L, K IE A F 89 °SHA0” | gk 1 57
SERIRACRE A N BT, X RE AR BRGSO RS TS M9) A R LG (SHOR
M) BUE B 449 T 5 R BT, Tili AR 22 I LA Wi A R R/, 32 2 02 A 38 3R R AR K
FOR TR AL P IRl aG B AR Al i BOR AL G AE 22 v o IR AL BAR Al AR A
AN BER G MUBE ) 22, 1 O B B RS M A R B>, R EUE R R
R T T R R A T ) B A I A o (R] il B b R A 5 R A (]
il il B ) e 0 AR B s B B 0 A, SR PRAR 1 AR R s> T A i o 3
AR AR, T A AR IR AL R o SRR AL B AR 2 1k [l B30 1) R A5
STPEEREIE 1 s

ik [ e rwe

Hh Ik 90 B 3
B R R AL

GO 2 ST LRl

|

e
@
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HR R T
cﬁjj? T 2 R A

=
5

_ 3
e

M

T

VR o

e 5

IPT3 | — AR E AL

(b)

Bl FREUMBBZENHEESHERE
(a) WA (b) A ARG

2
i

= ZERESANHTR

(—) ERHKSVNEENH

AL R AR B Al AR By (ZH SRR I 2 S5 T T AR GO, A BB R A
SRS RUE R B 2 1% Fe’ " 3 J5URE ) 3 AR R K AN P AR R R A AR
AL P B BRI S ol R e AR T RO R R R R Y
PEWTE AL B SOR R 3R A R R 47 (18T 2) R AR s SR 3 IR RS R 3R Y e

S S

R B 2 2

0~4mm To—HER MM C—(A P S o) B & 341

X—5)  X—4 R F25 Sk S
AFS—HR I [ 1 28 ]

B2 BREREREKIENEDFLNHRREFAKEIHOMARSE
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A AL B ORI R R AR IR AR 4™ (18] 3) S5 SR IR OR] FH R 2R i LA

TR
+ A

C—iRo AT AFS—HRERM A Hiz il

B3 RAEREFVKZNEEYFLNHEREFAZKIHEDERSE

(Z) EREBSHS FHH

T X8 39 R e A% A FRMIL A AF 5 A Al b, xS R SCAD  Bk ER A 1 AL
PEAT TIRABETE . B4, B i b K E R 5% 0a R T BR R A G 2L 1A 13
ANCER L) AW 70X 28 5 N 1 ) 8 B HAE S92 2R Bk R Wl M T o g A T (3R
2) e T SRRSO R R 19 4 FHLE T (B 4) .

1 FRBUFAGKIEXEERR

HH 4K /bp GenBank % %5
MxHA2 2865 |
MxFRO2 2417 EF577061
MxFRO1 1500 £ F|
MxIRT1 1398 AY193886
MxMYB1 1134 AY196776
MxBHLHO1 1308 H()889726
MxHA7 2901 L H)
MxSAMS 1479 £ |
MxNAS1 1305 DQ403256
MxVHA - ¢ 498 %l
MxCS1 1882 & |
MxYSL1 2100 & |

MbNrampl 2090 AY724413
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x2 FERBUAAGKIEXEENTEREBLRTREIIAE

FERKAAL
5 Al RE Ak J5 i
Ui g Yt EAUY
MxHA2 * B H RT - PCR, qRT - PCR
MxFRO2 * * ik iR RT - PCR
MxFRO1 * i Northern blot
MxIRTI1 * 5 Northern blot
MxMYBI1 * S Northern blot, RT - PCR
MxBHLHO1 * P RT - PCR
MxHA7 * B H T RT - PCR
MxSAMS * * TR OB 2 R A Northern blot
MxNASI1 * * Je. i A P 3 Northern blot
MxVHA - ¢ * * * i 4RT - PCR
MxCS1 * 12 RT - PCR
MxYSL1 * iz Northern blot, RT - PCR
MxNrampl * W Northern blot
SR BRI 2Rz W 4 LB
- ATP
ADP+Pi

NADPH/NADH
@ chelate MxFROI @
Fe(I)-chelate NADH+/NAD+

Fer 47

NA
* MxNASI

SAM
* MxSAMs

bR R Metbionine

— NRAMP —=—

Fo2+ MxIRT1

F iR

I Fe2+

B4 FRRWFAKEHSFINE

M, ERZBUMARIEFTHE

(—) EShERZLBEAR

(1) SR (M) Bl AR 2R 5 - 3 [ A S AR ol I 1912 4F T 4y e 8 % [l 01 B M
A 6] 5 18 T A RS2 SRl AR B I Y BB A 9 SRl A B R, AR AR T 285 R A ) S R A
LA R Pl AR /N g H AR T AN Bl AR b BEAT 0 28 23 26 0 1917 4R 2%
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MTMARL~IS,JFNAMT 10 ~16 5, 20 {2 50 AR LUE , FFUG7E M &R il
RZIE AT AE L E H M26 Fl M27, M RSB AR L A & Ag 2] 17
ZWH, 1R T SRR B — 3 b R IR AT 0 R R AR R A M2 M4
M7 M8 M9 M26 M27 4,

(2) AR — BRG(MM) fifi R & 51 :20 fiE 20 20 AR, 7R S MG B0 ol 15 24 gy 0
Wbl ZAF ST AR MR R 4 0 3 2 5 R B Ml (Spy ) 4432, BRAF 15 N4
BFRAPER . T B Ik X e fifi R 5 AR R AR R AR EL, I8 E A4y 24 8 MM
(Malling-Merton) & , 45 101 ~ 115, % ZMRFIH L 5, E K H AL ZE L2 v
&8 A . H AT E N A R ZAH MM106 Fl MM111,

(3) AR - EHFWR(CC) AR RS L E A2 MFREARIRK2ESEH N AR
IR, T 1953 4F P\ M8 1) B SR 5283 55 A 1 rh ik 7 3R R BR ARG, ACART]
A& M1 ~ M16 JHANF #l, 2 158 A4 5 & X 86 i & 10,26 (47 .80 j{l M9,23 |
24 57 LAY M26,5 .55 .62 ¥E{pl M7,18 32 T {8l MM106, H: CG24 .CG8O fif [
Tl HEAT Ak R B T RORAR 4

(4) P22 (P) AR R F « ik 22 B gL /R V2 4 SR R A 58 BT F 1954 4F DL AR i
R x MO 75 , EF HHPLIELBBE R P R, H, 15 25 16 5 22 55
B E VBT MO M26 Z (0] ;2 5 22 SHiFEME R ;1 SEALERL MT;5 5
FIEAES . P RPERGURIREES | GO . RV IA P22 P60 5

(5) B (MAC) fii R R 51 :1956 4F, 3 (6 % P& N ar K2/ DL F. R/R T
TREF T ML~ M16 JB/R3E 2 5 PEA A5 5 5 S ERRER Al h
Tl o HGJE , R SEA B HEAT T B E] B A AR R PEIR 0 0 3, B0k 56 ARl AR
R SE & h MAC &, H o E I 47 (A MACL, MACY9 ., MAC24 . MAC39 FiI
MAC46,

(6) ik R FMFE (B) fifi AR FR 51 - {75 BEOK Fr bR 2% A 7k X 5% 307 56 042
M9 x Red Standard Z%5¢ & B A BT FE BB AL Al R | 38 N7 75 16 P 3 ™ S8 R M . RILEK
I 4 B9 \B118,

(7) B (IM) B AR R F 1972 4%, H AR MK 744 KRR 56 3 58 R 323 (5
& <32 ) AR i 5 x MO (AT 2458, I B R K 1 ~ 10 54 10 MER M R,
1985 AE R AT IR 4 S5 KM, 1 5 4 5 .75 85 9 5/ 10 58 Tk
i 2 45 3 5 H 6 )8 TR EEAM T EKR 1 5 35 45657
5859 510 SR FEILIUERIET 2 S S SR Fh R, 1996
8 H  RMOAKFEEKERN 1 5.7 5 8 Sk IML IMT [ JM8 ;1997 4£ 8 H,
KRR 2 45 .5 S 4 JM2 M5,

(8) BARME(O)HiAR RS 1967 4F, & KR KELL W IXE T L% N B
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PR EEH T —RIVCIERMA, M O & (01 ~014) . H 02 5 M9 H, HLJE |
Fr B LA B EE D (H SRR MO B A HE

(9) Hupdt (A) A FR B < B S BT /R 9 5 [ S bl ZWFFE BB |/ 1 A R IEAL Al
A BTN A2 IR AR IR AR BRI RG SR MR, S
FOH . AR RESL, AR B, B N BB PUIE T 5

(10) TEE (1) AR R 5 S E A e HF T BT A M9 5 98 #5201 19 52 28 5 A AP ik
To Hbh 9 5 S0, B4y, JrOEMEIL T MO (B 14 1AL K 5 K B
Rl o DR A G e WY, LR AR P A 7 P [R] MO AH T 8 T 2 R

(11) T337 :fif 22 A AAE D) v 181 462 0 e 55 .0 (NAKTUINBOUW ) JA M9 36 i
KRR MO REACRE AL A, PR NAKB T337, HAT T - 337 it 545 [ i ] %
B B )2 R AR A, JLAR AR A R R Gl R M), R BT R SR B I AE,
GERRNEI BT A2 R U S R AL R O L A R o R 1R G B TR T o

(Z) BRERZLEA

(1) SH AEAR 51« o 1L 7G4 4 Ml B2 e SORERIF 5 7 [R50 x 0 1168 55 2 5
HE 7 T, 1994 475813 45 2 6 5, 1997 4F 7R 1L V5 4 RHEE 4 = 489 . SH R A
FETR IR RO HUME R 1 T 9 [ 9 M7 MO M26 45 %5 1L Bl FLAT 5538 19 T 98 T 52 35
4 RO Bl 7 A T TR A6 433 L 3 2 DX R, T HO 42 4 b 7 b
T+ R X R A . BRI A S SHL SH6 SH38 SH40 %%,

(2) S AR Z B« 17645 4 M B2 5 SR A F 5 7 MK 2 00 3 522 o o i
(OSSR R A, 1 B AL R A S5.S10 818,819,820 $21 863 4, H b S19 (4%
16) S20 (R AEAL ) S63 (H AL ) 15 4 T2 2T 52 440 7L o R IR 4 3 PO O 25 0
IR 3 B BL U

(3) FLF AR F I L F 8 Bl B2 B M B9 BT A2 1977 4811 MO x /18
VSRS R VK R A AT B A R R OTE A S
#,1995 4RSI T T A RAED B A E T R AW . R R I A 7T -
3377 =34, WAh 315 4 A R 2 B S A T 57 R B B4 < MO 5 2 I
IR 2 52003 4L T E RIEY R E R R AW, LR 2 B N
A, LA B 1 e FE

(4) GM256:1973 4F 5 AR A Ml k25 e S At BF 9 97 ) FiT 641300 0 1 3 21
EEMIEEET M RHFTISIE TR . GM256 LA , FUAT 3R 1 1 55
F RS RS RTTIE ST, U R R R B9 IR B TR L
S B AR B X BT

(5) CX A R« Ml B2 e SORERIF 5 7 2 75 193 S A 2510, Jop
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CX3 ZH MO x IE F44CF M, 1989 4 & %, @ B AL il , br 28 (R & M0 T
M26; CX4 & 440 x I F A8 F , 1989 4F & 3R, N Abnl, b g€ Pk ik ; CX5
S HH AR 193 x MO SR F 1 B, IR ALEG , PrIEVE SR , AR T M26,

(6) MDOO1 : J& g 7148 A4k B} 2 Be 4t P AR L B 22 40 58 T FH R BKER x M8 42
LA . MDOO01 g 4& AL filki , HTFE T ot o

(7) KM g A r= st i 5 P AL I ol B 22 WF 58 Bt FHAE 21 x M9 2458 F L,
2000 4 1 Ha b BB R BiE X RIED MM e Z RS E . KM EilEL
fii , fE pH{E N 7.9 ~8.2 ) £ 3E FREIE W A K PrIethom .

(8) FLIERLE T NWZEH |G X IFEAS DR B AR B B DIz T it 46 #4 L ] 200
PR3 ~4 FAEMILE TR R —HREMILE T, PUIE IR, g5 0 L&
76,1995 422 il N5 BIE XK RIEYSMHE EZRS®E, #iash 4l
BILET o

(9) Ak 15 rip B b a0) Rk K2 B ZAE P BF 58 T 1987 45 PN 4 i 32
e L R G, 4 ik E) IS S IE , T 2009 4 58 A 36 5t i MOR i Fh i e 2
R A el 150 o ORRES — R E SR B RN, %
WA 22 0 [ R 4, 2 Al R RR B PR R A AR T S R RE 13 5 M7 HH R
CHRG 1S R P IS BILE T A, AT - 45°C BAIRIR W OR & R
VR G A R SR B S SR A R S B Ak S L B R 1 P R AR K
AN IR R A T 9

(10) U8 Al Bl 27 B A SR A B 5% r 1974 4R F M8 5 /\ % g 5 A4
R E MK, 1989 A kK, EAAL .

(11) JTomh & AR AR 3 SRR E I B B B ik R0
Ao Hrp “FE 1S DIFEFA x HEERBER CO L3 &Mk ; 6k 2
5T B AR NS A R AR AR R TR R

(12) SX F: PGt R MRBL B K 22 b 22 2% B SR W 0F 52 i & -8k 743 0l 5
M26 M9 M7 #E4Lhfi 24 28, & i SX &, UL /E HAH Y 8/ F M26, Hr SX13 |
SX126 .SX138 F SX140 24 HER AL B .

gr BTk REF RS RMART RN R, BT T —E ik, |
o B ORI 1) A, — 7 T, b R R R 2 BB B AR 1 R AR AR 7 R
H, i 15 4k 2B g Xk R 0 — O T, 3K BB G OR 28 K 22 BCAR 2 AL P ]
fili, HE 0 T G B OB BB BB, A TG IE B E ARG B AT DABE B o MY T AR
7B HET N HRCR KR B 85 A R A SRR PR 1S SH &
CM RTEFKEER X 5. BARNE R a1 5 24k AARAS, &
TAR IR VG2 B AT b N 5 5 3R B R 2 8008 1™ X5 % 4k )
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fiti SH 2R ] I FARAC (B GE L AF 3 21 7= X CM R E20E H Ti07° Ak
NS R IE T3 R T = X

%75 (i

FERA, R AR P 5 A . 2002, — AR E MR AR IR IN DW K Bl Y
RAPD Fric. [l 25244 ,29(1) .1 - 4.

O G SR AT, BRSO3, A5 1979 SEAR B RR B JCHL R S I R R v
2R, (3) .8 — 14

sete st BT R BRAT AR 1991, I R el S A W IS R A D A AR R Y i R
PSR AR IR R 244, (1) :56 - 60.

HRIFE 2R B, 5G4, 55 1987, SRR LR 5 ABA & HOC &R 1
gt 2R, 14(1) .7 - 11

ATE TR, FK, 55 2006, 1] FFARICE RO A AFLP 80AR # # 57
ete. iR Aok Bha, (2) :15 - 20.

TEARML, AR . 2001, F 23 5 FR e AF 5 S5 2R B - 5 DY 4 1) a0 e R AR o
#z,18(2) :104 - 109.

TR, A, 80t X, 55, 2002 SECRAE RSN Co Y — > AFLP 45 ic 19
SCAR Hf. [E 254 ,29(2) 100 - 104.

b R DT, SF . 1983 SERERN AR AL MEOIR 1 25 5 i ) e A A
bil 2244, (2) :20 - 24.

Erpe, i B DT, SE. 1988, 5P RLRE il g ) 25 4 BF 5. R RS
(1):8-10.

fRAk L, Mk, M, AR 2002, S ] Rl 5 E G R ] R AR Bk
POD 10D B PERIBEFE. AR, (4) 35 - 37,

SRIT A, S e, 22 o2 i, 2. 1999, SER R (Malus) VR %% 6 2 Dw (19
RAPD 3 FHric. Al AP HoR# 4, 7(2) 184 - 186.

SREE, X K57, it B 1. 2004, AN R fifi A b SE R dh Bl OG5 8RR EEECHT ST T
JeAMr R4, 27(5) 231 - 33.

SRBTAL, AR, B A P, AL 1995, BRl B A il 3 2R B B 11 ) i UL %
bl 254t , (2) 34 - 36.

Beakbane A B, Thompon E C. 1939. Anatomical studies of stems and roots of
hardy fruit trees. Pomol Hort Sci, (17) :141 - 149.
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Beak Bane A B, Rogers W S. 1956. The relative importance of strains and root in
determining rootstock influence in apples. Hort Sci, (31) :91 - 110.
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BERIE 1963 4 A FER L K LA
TR ARBEFAEF LRRAMFLSNZFL,

1984 S | $h 3R i H I — H KN F R AAY R 4195 .
AR y>TFTEMFFTRGHFL AN, ARRREEE
s EAREE AR R FE AR T TR
ERBLAREE—"FE 15 ;0 2ARET
“3E R BOKCR) A 4k E 89 A T AALH T A0 3E R RO A A
BEWSTIH" ;O B SHAARG LT AR
MR @, LR IBARZEEAR, TRt ITT
eIt ;@ Rl AL T HEREFERBRG G HHAAAL;Q LT R
KERN S ERMERE T ik,

SHR(PEFEEE - RS - P RMBRATRE) (FREMNE
HMEBE—E RS EZER)FEFI R, AARLI30 75 RA BHELALT" &
BREFRITFTANARR KRS FARHZR S L _FL2 10 2BKFH
BHMEL R HHRBHILHS R AT THEERREL—-F X1 7,
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i 7R AR Ak ok

— REERELEFRSIK

Fe [ S R el 4 e AL & 1S O DL 3R 1, PR S S R X B O
14.9 g/kg, & BEARFEALE 71% ;8 £ & I 2R 7 K& &R 13,6 g/kg, &
%ﬁﬁ¢ﬁ5M4%oﬁ@%ﬁﬁﬂﬁagﬂw5%ﬁ$ﬁﬁﬁﬁ§ﬁﬁ

fi e R Pl A ML A P R A

1 REEREFFRXREFENHRRR

ORI /%
e B/ A i/ (¢/kg)

i % i
e 1030 13.7 13.3 9.5 77.2
14 2320 16.0 10.0 12.0 78.0

R 1

b 480 15. 1 11.0 31.1 57.9

-1 3830 14.9 11.4 17.5 71
B v 1030 13.7 3.6 19.8 76. 6
R vy 3528 13.5 6.0 47.9 46. 1
- 4558 13.6 4.8 33.9 61.4

FR [ 5 (A R B 2, B R 7 K A T 4 0
0.86 g/kg, 7 I HEAS T 98. 5% 5 -4 8 JL 57 X 7 B 7540 0,86 /K,
RAGREARRBON 79.7% o IR , 2 R AR
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®2 REFERIFRRKRELERR

FHREE /%
[X d5 FEA/ A i/ (g/kg)
5 LRE 1%

biis| 1030 0.78 0.7 1.6 97.7

1TE:S 2320 0. 82 0 0 100
WEhis

b5 480 0.98 0 2.2 97.8

Sy 3830 0. 86 0.2 1.3 98.5

i 1030 0. 86 0 0 100
G ] 3528 0.85 7.3 33.3 59.4

S5 4558 0. 86 3.7 16.6 79.7

] S 2R el A 8 AW S N OO WL AR 3, BRI VS SRR T X RN
55. 4 g/kg,ﬁ%$§$¥j§§&£ 36% ;o i PR XS R 29.2 g/ke,
FRFEARY 47. 6% o RAKSRE , S0 I PR I R, T T
JE 7 XA

£33 REEREFFXRERHHRR

FHRE/ %
X 35 FEA/ A~ “H/(g/kg) —
F & LEE 1%
EEld 1030 58. 1 40.5 17.1 42.4
1% 2320 75. 1 37.6 27 35.4
b 480 33 46.5 18. 4 35.1
S 3830 55.4 41.5 20. 8 37.6
i 1030 40 36 32.4 31.6
4R 11 7Y 3528 18. 4 6.5 29.8 63.7
S 4558 29.2 21.3 31.1 47.6

?ﬁﬁ%ﬁiiﬁi_%l%ﬁﬂ B 00U 4, I SRR T X R
175.8 g/kg, T ARFEARL AT 46. 7% ;2 4 B R 7 X & 57 85 152, 5 g/kg,
ERRAEARY 23.3% o BAORE AL & RS K BRI £,
11152 e e XD



HEFXRETZERZSWKRESEALEIN 67

4 REFERIFFRXREEZHERR

. kA %
X 35 FEA /A R/ (g/kg) -
FH H 2 i

M| 1030 204.9 32.2 31.4 36.4

17 2320 188.3 19.2 18.6 62.2
R i ¥ 1

dbat 480 134.2 21.9 36.8 41.3

Ky 3830 175.8 24.4 28.9 46.7

(i) 1030 123.5 27 46.8 26.2
Ciga syt i) 3528 181. 4 23.2 56.3 20.5

F1y 4558 152.5 25.1 51.6 23.3

(Z) KESERENRE LT RERENZIT

XA AR T 2241 (1984—2012 4F ) 5 i I £ 4 35 97, 2012 4 N JIE jifi FH ot 34
T 21.58% ,P,0, BT 72.07% ,K,0 Ha T 486% (& 1.3 5) , B A7 JIE 44 i1
B,

600
106 I 1998 4 [ 20124
o0k 0 7426
F 4001
2
= L 220
= 300
g}
= 173
£ 2001
——90.03 100
100 74.05 73.87 1 83.68
42.93
75 33 0 45 1428 | o
0 0
N P,05 K,0
Bl HEEHERE 1998 £ 2012 FHERER
R5 WETEREEEER
N/ (kg/Hi) P,0,/(ke/H) K,0/ (kg/ B ) N:P,0,:K,0 Z It
1998 4F ( T30 7) 74. 05 42.93 14. 28 1:0.58:0. 19
2012 4F 90. 03 73.87 83.68 1:0.82:0.93

14 21.58% 72.07% 486 %
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250
00l O 1984 4F W 1998 4F O 2012 4 190.81
150 | 115,75 129.65
100 | 2052 80.38
sl 4389 44.4 45.77
8.11
PR AR A/ (mg/kg) R/ (mg/kg) HRCE /(mg/kg)

B2 {HEWERE1984—2012 FHFEHHFSTUER

HY P& 2 AT, B0 e o it S e S 2R Bl - 3G AU TR 40 3 0 2 TR R 1984
AR 43. 89 mg/kg, 3G N F] 2012 4FERY 115. 75 me/kg, 3 T 2. 64 45 ; 3 &% B
1984 4E 11 8. 11 mg/kg, 3 HNF] 2012 4E 11 129. 65 mg/kg, 341 T 15. 99 % ; WA #f
B 1984 4E 1Y 45. 77 mg/kg, 3N F] 2012 4E 1Y 190. 81 mg/kg, B 1 4. 17 4%,

16} 15.02

CI1984 4 W 19984 [ 201248

AP/ (mg/kg)
B3 WEMEREI84—2012FTERETNHHER

R N% pH C/N

Fh AT 3 T L S0 e e ES R AR S 2R el - A SR 0 I L R
T HEFCEAMME N . L pH {HH 1998 411 6. 03 T [FF] 2012 4114 5. 47,
FEET 20,5 AL X AE A AR A R 2 1000 4R T FATT AR AUE T 14 4F;C/N
Hi 1984 41 9. 45, &[] 2012 4= 7. 87, pH Fl C/N (9423 M2 2 L Pk
o A AR, R R e TR B AT A 7 DRI e 20T B S AN S B
1 JE J7 =X

. ¥RESBEREIL

(—) EREEAHEZTXEREY

1. EHN4HNN.P,05 K,0 =EZE i
YR AT K YORE, 2 N:P,0,K,0 2 4:4:3 BRI N:P,0,:K,0 Hy 1:1:1,
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A N:P, 0K, 0 S 20102 FREMERE O, S0 A 2:2:1 8 1:2: 1, 55 50 2:1:2,
Lty BACT R B b 1981 4F HfE 7 4 7= K AR R & (35 6) AT L, ¢ P,0,/
K,0=~1:2, & N f %5,

®6 HARMRKIHHEFERAS (1981 £) B i :kg/10a
X 3% N/P,0,/K,0 X 35, N/P,0,/K,0
HFHRGER) 15 5 10 BH(F 1) 8~12 4-~6 6 ~12
HTFCGEM) 15 5~7 10~12 g (& +) 10 4 8
AT (ERE L) 10 5 10 B (JE48E 10) 10 2 4

2. SIRL AR T

(1) EEBXA . HEERE XMW ARBEMATFHSREREG, SR
LMV TR RIS X XA, 3 B3R AE 7R o S B X R T X B
T DX VY R e D DR G R 2R X A X3k

(2) AFAEZXBE KT

TS IR XE IR TR ARSI SR 25 5 KRR R R

PR FEAMESR N 0. 25 ~0. 30 kg/100 kg, P,0; 4 0.03 ~0.05 kg/100 kg,
K,0 4 0.30 ~0.35 kg/100 kg,

B PR 56 < L4 SO BT VR, NP, 0, K, O 9 AT 43 3 10% -
20% 5% ~10% 11 30% ~40% .

BN TS X

7= K . 3000 ke/Hi; N g 26.0 ke/Fi. P,0,  14.3 ke/Fi. K,0 N
26.6 kg/Fi;N:P,0,:K,0 Jy 1:0.55:1. 02,

B X

=K OF 12000 ke/Fi N 9 15.3 ke/Bi . P,0, 4 9.5 ke/Fi .K,0 H 16 kg/
FsN:P,0,:K,0 Jy 1:0. 62:1. 05,

WA X2 N:P,04:K,0 g 1:0.59:1.04(17:10:18) (£ 7) .

(=) RAES 2R Z W

RIEEG R EREZL | R R X5 B K FE . B RER ™
P B AR R R A 5 35 5 A B 7 T L AFE W 5T 28 B, S SR el 3 U N, O HE il i
40.02% ~3.04% FIFE KWK 2.29% ~9.19% | Hb 3= 42 7 5t 2 20.38% ~
44.29% BIEIE 2.50% ~6.15%  HAhHi % 6.0% ~10% , F| F Z AL 10% ~
25% . RIRFH (K 4) , — R EEAE L H 15 ~20 d fEHIK 60% LU I,
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e, X T RUE , 5 B A TRE 404 B

xR7T BEFRBEAREEEY

X 3% fie e Jite JIES B4 fic &/ (ke/H)
=il 17:10:18 60
i1y B — UGB e 17:10:18 60
b G EN 17:10:18 30
2 N
=il 15:15:15 70
e SERIPI 5 — UGB 20:5:20 50
B GE AR 20:0:20 30
e 17:10:18 35
i i 7 B — UGB B 17:10:18 35
e SN 17:10:18 20
B+ R
e 15:15:15 40
B SED S 3 — UGB e 17:10:18 35
£t G EN 20:0:20 15
300
250
3 200 —— YR
en . Y
D 150 - J"gﬂ%
= TR
zg 100 A e
50 '—‘.\-’.\M—-——"V —i
OL | | I
411 511 611 7.1 8.11 9.11
wml(H.H)

B4 FAREBEREHTNXLEN,, TLFER

Lo DURE R, SR il

HES o] 0L, R T B 72. 2% |, R b e A0 it b DA R S8
i FEARPR R o i T A il RN G B R S RS e i B i ™
A o

2. BRI

HE 6 ol WL AF WP N 2 WE e RES T AT, — 2 N B
R EW] TEX I 60% ~90% 19 N Ok 5 T fith 6K, 10 Bk 2% i 80 3R it ek oG St 1)
B, — o AL . A AR S S 60% ~T70% (K 8)
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HAB10.5%
R5272.2%

et Ji17.3%

5 BRETURSZELH

S

a 70»___%;%

o0 V_IL'A\A

S0

8 30, ———"

® 20k /—’7_'__7_77*7///’/
10F e

. 6 o © 6 o Lo  © S o o o
S o AP S ol oY of A
N
FEHBA.H)

E6 FRAMMEREST NARE

3. BERE®

HT &L 7 AT DL, 747 J ) i) (3R Sl R ) = 7= i 5 A2 7= it e N A2
P H LLAR P sy e H CREERE KM ) 327 5 22 P it e N2 4 3
DA PR A2 3 e, DR O 1 PR UE 2 7 5™ a8 IENEE 55 A o (R i TR AR 5K
R J5 A% 1) UL 6 20T 1 e FH 2, 5 DU e o AR AN R e, P, TR A R
Hla e, HEEE B (K 8) .

5

4.5r
E —— FFR
Eﬂ 3.5¢ —=— %"
® 3}
ﬁ 2.5+
= ol

151

S I m v \ vIovI
B Ry

7T FEMETEFEKIE N FRAREAES
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80
—
70 b ——— Bk
e
60 - B

A8/ (kg/hm?)
w B W
(=) (e}

RHEHIA.H)
8 FRMERMBEMALETER

EILK 1964 F & WL L ARE K FHE HL
AR, BRARFRZ LHEAKRZAR[EAAFE,
HEERFLAEZEALRERLE R KA, L H
RAMERLGEIRWAER {7 A, 4 B0 L E 5 e
FFRARE,FRARFERBRBZFSAN, FEARZF
TFERyAFHFEF,

EENFRMF BELF T LGHFEHRAL
1, HATAARRT RERERRRL”, THE
FIARF R LB AR R F R R LN 5 AT
B R AR LR R LS RILHR48” E XA A bR A RLE XA
A5 R F R,

J Acta Horticulturae . International Journal of Systematic and Evolutionary
Microbiology Agricultural Science in China { B ¥ F4R) F X £ #£ XL 120 & %, %
G (ot RAEIEHBAR) (T B ARW A>T RESTEARE FR)FFH
o RARFF RMEHERER” “—HRMBR”F ZREA £ A, 2009
2011 R A BAH BT R _F R
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e VR 3 R I 0 P IO ) 23 1~ HLBR

ZEE %
LARRYASE LRSS TRER

BMEORIWOFZRWEZRR IR, £F X EIE R LI AR T
OR, MHAEICHET T AREHEIT AV G . MYB B RN T RE%2S 5T R
B FESE R R MAMY B 256175 G 19 AE 75 3R AR W) ORI S5 34 (8 1) i 22 9 42 1A
To ARWFFA B, MAMYBL & HAEE T R, MR T 268 & H B & 12
fifp s B G RS SR R e AR B TORAE 5 IR AR Y B SE N MdCOPL — 1 FI MdCOPI -
2 B HI AR IT copl -4 TRAZRF L BUE 0] LU H AN AtCOPI [ D) RE ; 3 i 19 £F
KU AE Ky 9 T AN B S TUHE £ AR UESE T MAMYBI fE#% 5 MdCOP1 2
P AH B AR 5 3 2o 5 A R A S 56 &k B, MACOPLs X+ B 5 T MdMYB1 & [ 1)
Z R AR AR R T2, B MACOPLs 25 TG # MAMYBIL 3 1 192
TE M 5 B I B A S 1 i AL SR A ORI SE T MACOPLs f7 i #2392 SRR B
(PR TE B 2 7 97 MAMY B 8 5 (9 A P& 1 F Y, BT 8 7 17 3228 B
2 HAWEY B AEE R R R QRSO R 2 1L

K2Rt ;MACOPTs; MAMYBI 5 32 58 5 (3¢

SRR B AR EEWNIIR ST, ERMEENFEMERZ — ER
o HAT A W e e SR SR 1) 2 A R, R O R B & AR S B (Mol et al.
1998 ; Allan et al. ,2008) , 3 2RIRLAF R VMAENIHE S T ARG N, FLEEE
RN FHME AT REY G RER MR REERN ., g HEfAY ERE
BIRZ IR, GBI RRAAT RN AEY G A& H & 6 (Mol et al. ,1996; Allan et
al. ,2008) .

FE R SEAE ) ) T A i il B o A AR RS A O BRI S S R R R .
AR R B 35 2 0 08 A = o A2 AR BT Y, X = RO A2 AR 43 i R e IR 1ok
(600 ~700 nm) /3ELL 3¢ (700 ~750 nm) {6 M A2 IR #E S (320 ~ 500 nm) [
PR R Mm e, DR — il R B v, UV - B 5 (290 ~ 320 nm) {452



74 PEIEMERE RELBREESRWNESR

{& UVRS,

TEOES R BRI, COP1 BB MY A K K B0 71 K. COPL 41 i
FENE ST, BT E AR AN ML AZ N, 5 A R R W O S R B R T 2
. W HYS5 (LAF1 HFR1 BIT1 Al CO % { fli 3% A 26S 8 H A 5 193z Ak
[%fi# ( Osterlund et al. ,2000 ;Seo et al. ,2003 ; Yang et al. ,2005 ; Hong et al. ,2008 ;
Jang et al. ,2008) . St 4% N B9 COPL sk - 1 3 WA , {55 75 40 JHa 4% DY 1 s 5%
P B RS T i 008 2 i i Ak A A9 % 5% (Henriques et al. ,2009) .

MYB K5 5N T 2P F N TR R REZ —. 1 HRZH MYB
FEH A S 5T R AR, W AtPAPT R AtPAP2 45 30U 37 Fi sz v i 76
AR e, L I DR AR AR R AE AT A2 5 8 (Borevitz et al. ,2000) o SRR,
% (Vitis vinifera) SRR L FH 7T HELT RS RN R ZED,
VVMYBAL I VvMYBA2 /4> 5% K 1~ 0] Ui 3 9855 VoUFGT 1) 335 52 Wi 2R S5
{4, ( Walker et al. ,2004 ; Deluc et al. ,2008) ; MYB %% 5% [N T & = 5 W 5 #i 4%
LR RR B R A IEE R R MEEIE A, A ARk Bk 2 W AR R A
A; % ( Aharoni et al. ,2001 ; Lin-Wang et al. ,2010 ; Butelli et al. ,2012; Zifkin et
al. ,2012), SR P, HATC L wEMW 5 G @ MHKE MYB RERH FH
MdMYB1 MdMYBI10 il MAMYBA ( Takos et al. ,2006) , X $6%% 5% [H 75 6 ik 5
03P SRR S 0 v A T R AR

JGYEF I — BE U 2 R O 1Y B S R 1 1 3R R N AR B SRR A
¥e % Ja K P A 520 (Hong et al. ,2008) o {H S SR A AR AR 9y H AL H R AHK K
MY B % 53 Rl J2& 75 47 75 5% 5f 5 PR, LA SCECan e 1 428 i AL 1) i AN 48 . A BiF 5%
1A T R FDE IR AN MAMYBL 3 H R AR E M, sk TOUE SRR E
BN MdCOPI, & L REAE 7E I Tl i 26S 4 B (A ik 420K MAMYBI1 2 %
AR gk, DT 81 4 37 SR RS2 8 PR B J80, T PR T MACOPT X 39 5% 5 52 0 5 st %
2R TR AR . AT S B W 7O A S i SRR 52 0 B8 A 20 5 ML
ORI S AR I IR AR AR O RS RO S R AL T TR R

=, B 5 %

(—) E+

SER AR g LR RS @, Gala® 4R LR OT MR
Columbia( Arabidopsis thaliana) , VL _F A B R SR 0 7 A2 W) 24 5256 S ARLE -
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(Z) MdCOPI #01 MdMYBI EFE 7= &

4 NCBI A& 2| A9 COPI — 1 F1 COP1 -2 EST #1159, RACE
By e KT, MRPE GenBank H & S SE SR MdMYBI (DQ886414) J¥ 51| % it
Fr St 51 %) MAMYBIF Fl MAMYBIR , DL ) %5 5% 72 W) B AR 3247 PCR ¥ 44 iy 31) 4=
K,

(=) giEmtzE

1. MAMYBI1 — GFP Filt {5 25 11 3R 3K 2R 1 1y

¥ MAMYBI1 K H /) C I 54 A 2O0E H (GFP) A, R R FF I GV3101,

2. B EAR R

¥ MACOP1 -2 il MAMYBI 3% 23k pGEX, ¥ b KXW #T 1 BL21,

3. W T2 6 B AN R A ) e 7

i pSPYNE .pSPYCE #; {4 , {ff MdCOP1 — 1 .MdCOP1 -2 I MAMYBI 4341
5 YFP B N sl C sl &, 5 A FF 3 GV3101,

4. TE B SR HE B AR A

% 18 Peretz 25 (2007 ) B9 5 3, % MACOP1 — 1 1 MdCOP1 -2 45 A IL - 60 —
BS JE i 8 e 3k B, SR BB R 45 H o TRV — MACOPL Sz SC 15 B 170 38R 25 44 1)
4 200 bp 1R ST 4 DL ) #5514 A B TRV, JE i TRV - MACOP1 B i
DUBR A B AL R AT 1/ GV3101 251 .

(M) EMENLTE

U RE I+ Ak 7 FHREAE 1, 32 R A 405 1) 6 A N AR AT PR AR e 1k, SE SR SRS i %
AR VIGS #4413 i 19 T i o

(E) E8FS 4. UERnEH &

0.2 mmol/L IPTG,37°C ,6 h 55 MdMYBI il MdCOP1 & [ ik, 43 5 W
Pierce GST Spin Purification Kit ( Thermo, USA ) #lI Pierce Classic IP Klt(Thermo
USA) A Ak ML e & 1, AR ERAE S B0 & i BT 45 . Hrik sl &t m ot 4 30 3

w3 Bl 58 o
(7%) BEREXNZ

i
S 2L

7
P £ AL 4% 52 W B Matchmaker'™ Gold Yeast Two-Hybrid System ( Clontech,
Japan) , B AR AE 2 U0 & Ui W] 45 .
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(£) WaFRAXE4

X7 - AN SE 5 DA 24 3% K2 R ilobs , B 800 I8 36 12 U0 /N B iCE MS
B FERE 28 C G EE 5% 12 ~24 h, {24 30 min, 5% A MS [& {4 % 35 3L 28°C g 5%
=1 d, N HBEOEH R £ BB WE B E A M6 AL EM .

(\) BEFEZEW

W R & Hin A rabbit E1 ( Boston Biochem ) , human E2 UbcHS5b ( Boston
Biochem) \His6-ubiquitin( Sigma) \E3 (MdCOP1 - GST) 1 MdMYB1 - GST,30C |z
f 4 h, A anti-Ubiquitin $i{ {4 1T Western-blot ¥l

(1) EEZAENE

N T - R R PR B PR 1 g 224 B A DUAE &, BT A, in 10 mL 48 BUH
(95% £, FE:1.5 mol/L HCl =85:15) , Mo 1% 4°C #2 HL 24 h;12 000 r/min &.0» 5
min, B F3E LG, 230 66 R T 2 530 nm (620 nm 650 nm M EAE .

VBRSS9

(—) AREBRHAFREEFZTNRRAMRALER

JERE SRR AL T R R MG FIE iy B R 5 1, B AR Y S 2R A BE R
R[ATF R, LBRRARIG  BEE G A3 R EZH R L[ 1 (a) ], MR
AFRMHABZH TR [ 1(b) 1 MYB Fg 7 7e A 8w R AL
A EERVE X ARG IS [E] N MAMYBL 39 5 5% K f 0 & BB ] R ik
SRR S B R AR R R A IEA 5, AR 0 h U RARAY 35, 3] 48 h
I8 Bl f ey, B S 2 IR SR AE U E KL L (e) Jo

(Z) REMARTERRE S MAMYB1 EERIZEMEL

Western-blot #5 | 4% * 21 2 PR LBRRARF M EIET 0 h 1 h.3 h.6 h,
12 h 24 h 1 48 h J§ MAMYBI1 & [ 35 K F, 45 5 nl W, B & ot BB [a] 3% K
MdMYBI1 & H &R 2IE ETHREHRIE 2(a) ],

N YRR ORI SR N MAMYB1 # 3 R B Ry 224k, LA © Gala” 4 55 1 1K
M L s RS A 3 d JFREESE T AEK 1 h 6 h .24 h, Pl PR A1
AR d.2 d, 3B E 1T western-blot, £ l] MAMYB1 & [ 3Rk 1924k, &
MAERE 4 MAMYBI (1) 33K KRG, B 2R T MAMYBL LR R #iM £ E#RE
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0 3 6 12 24 48 72 96 120 144 168 192(h)

160

_.
o
S

}

Content of anthocyanin
/(nmol/g)
o0
S

nanil

12 24 48 72 96 120 144 168 192
Irradiating time of blue light/h

(b)

[ ——————— — —

0 1 3 6 9 12 24 48 72 96 120 144 168 192(h)
(©

Bl ARARHNETERRLER LEFERRR MAMYBI ERMREKTFHEN

(=}

FI I Ak J5 S ARG, KT 2 d i MAMYBL CH AR R [ 2(b) ], 13
WS R i MAMYBI 8 7206 T AR BRI T R

0 1 3 6 12 24 48 (h)
> ﬂ" S ovive!
. — - — e B Be. onassic

(@)
Dark Light Dark

Oh 1h

= MdMYBI

o o— — o M coomassie
(b)

B2 MdIMYB1 EBXRIEKTE
(a) AEDEMESET MAMYBL 8 HR 5K (b) MREDEM - REFAL T MAMYBL i B & % KkF

(=) RET MdMYB1 p@2iEid 26S ERBEERLXERN
WpEA K 6 d 1Y Gala” ZLIG T, R T A K 24 h 543 % H 50 pm MG132
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(ER IR & 55 ) A1 DMSO (Xf I ) B FALHEE 1 d.2 d.3 d, western-blot £ jill
MAMYBI1 % [ 357K F, & B MG132 43 J5 MAMYBI 9 [% f# 5 DMSO 4b 2 4H
bo i AR 2%, B AR 2 d B A B R B KO (K 3) , ix R BB K T MdMYBI
(1) 5 i S 8 2ok 26S R BRI AR A A 1Y o

DMSO
Oh 24h 1d 2d 3d
-
| — T ——
MG132
Oh 24h 1d 2d 3d
- —

—— N ——

E 3 DMSO #1 MG132 432§ MAMYB1 E QR ikKF

(M) MdAMYB1 -GFP ZERFERA{HHh MAMYBl EH A& T ZEWLE
7

T 35S: : MAMYBI — GFP Rk BAR , 0 R FFH A RIERYFER 400 M
155, 2 % 7 RT — PCR il western-blot 43 51| £ JU| 85 A= U Fi1 35S . : MdMYBI1 — GFP %%
FEA A i MAMYBL (1% 5L RUFI B 1 3R 580K F-, 45 SR R BRI 3R 15 1 &% B R 5 2R
Bl 4Ca) ). LIBFA R A5 35S : MAMYBI — GFP %% 5: D i 43 J 14, 43
SIAE IR AN B 25 1R H anti - GFP HTAATTIE MAMYB1 - GFP 25 (1, T7TE T 1Y
FEH 9 anti — GFP  anti — MAMYB1 1 anti-Ubiquitin = F §T /& ¥£ 4T western-
blot, #il] MAMYB1 — GFP 2 [ 1722 A0 15 &0 , 45 2Rl WL, 5B A= Y A 405 Jo 18 e 6 IR Ek
% B L anti — GFP JUARESASGEULIE F MAMYBI - GFP 2 [, 1fi 35S: : MdMYBI
- GFP 3G 5L @t h 7E SR 5 55 0F R D0UE Tk 1y MAMYBI - GFP #5149, D) anti -
GFP .anti - MAMYB1 J% anti-Ubiquitin = Hi K #E 1T western-blot ) 0] DA I 5] gk
ZFZ ALK MAMYBI - GFP 45, 6 R U3 T ok 59 MAMYBI1 - GFP 25 1K
i 507z 2 A B ff 1 1% 47, anti — GFP 1 anti - MAMYB1 P Fh it (4 25 B 46 0 321 BY
B MAMYBI - GFP (3547 [ 8 4 (b) |, X R UIETG A 4L 40, MdMYB1 25
FUE SR I A5 1F T B A 20 i 12 R 10 26S I H BB AR R A 1Y o
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MdMYBI-GFP OE WT WT MdMYB-GFP OE
= MdMYBI vatz li-tht ok ligl-:-t dark
MdMYBI-GFP OE WT
e aana MdJMYB1-GFP ] Ub(n)-MdMYB1-GFP
& ‘ coomassie

o [P:anti-GFP MdMYBI1-GFP
IB:anti-GFP

» ] Ub(n)-MdMYB1-GFP
IP:anti-GFP
MdMYBI1-GFP
IB:anti-MdMYB
‘] Ub(n)-MdMYB1-GFP

[P:anti-GFP

IB:anti-Ubiquitin

(b)
B4 ZEEET MdMYBI %% 26S E R BB RZMEME

() MACOP1 EF P FLEXRILXFThEEEAMNAR

PUF I AtCOP1 2 —A™ E3 2 B, B WG T et MR 25 K+
2B AR, AT - R P WA TE — 25 BL T AtCOPL 1y E3 32 3% 42, R
B TR T MAMYBIL 3z RALBE M. 8 T Imikix — AR, DL 2n B 3R ik
B, 3EkE T MdCOPIT JER 45 3] 17 M 4% [8) I 1 AR &5 19 FF 510, 40 il iy 45 9 MdCOPI
—1 1 MdCOPI1 -2 ;MdCOPI -1 ¢DNA 4K 2087 bp, 4ifi— 45 7 665 P2 5%
BRAEME N, i F 2N 74.7 kDa, T 58 Hg 55 (pI) K 6.4, MdCOPI -2
cDNA 44 2213 bp, it — 45 1% 659 MR LR IREME L, o & K/
74.2 kDa, Wi S5 L &8 (pl) R 6.2, FHI bt K &5 & A 5 A Y
COP1 {57/ RING FINGER DOMAIN 1 WD40 J£J¥ [ [ 5(a) ], 1 Mega 4. 1
¥ MdCOP1 -1 MdCOP1 -2 5 H At 11 FAEY) #4725 5 ¢ R LA, 12 FAED 1Y
FARMRIT 5 A& B NCBIL Ho s %, @ 5 41 F : At #L B I+ (AEC08766. 1), Bn jH 3¢
(ADL59932.1) ,Br J 3% ( AAN86553. 1) ,In 22 4= 48 ( AAG31173.1) , Le % #fi
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( AAC98912. 1), Md 3 # ( MDP0000245133, MDP0000259614 ), Os 7K %
(AAK49415.1,BAA94422. 1), Ps %i & ( CAB94800. 1) , Pt # 1 ( PT14G15550) ,
Re H BF ( XP _ 002534127.1), Rosa Z¢ %¢ #l' ( AAK81856.1), Zm | X
(ACG47820. 1), 4EH % B, MdCOPI -1 5 MdCOPI -2 [k 5 3% 92. 05% ; i
AS3ERLHY COPLZE 145 ROSA hybrid cultivar 345 BT, B0 — % 4 B b if
A DL, ] A B AR 0 ) EOKR FK AE RS COPL 2R 11 3R — 2, i HeAth i) XL+
MAEY 7 RIS EI5(b) ],

RING DOMAIN WD40

TSR - I ——
1 100 200 300 400 500 600 665
RING DOMAIN WD40

mdcop1-2 | [ | |
1 100 200 300 400 500 600 659

100 ﬁBnCOPl
L AtCOP1

RcCOP1
58 91 PtCOP1
PsCOP1

67

Rosa
100 {Mdcom-l

97 MdCOP1-2

99 [OSCOPI Japinica
100 OsCOPI Indica

ZmCOP1

SICOP1

100 = InCOP1

0.05
B 5 MdACOP1 -1 F1 MdCOP1 -2 5SS HFIELS X REL X

N T AIE S B MdCOPI — 1 Fl MdCOPI -2 {3y fig, LT A5 Y 400 JF An
copl — 4 58 25 AR L Fd 5% ( Columbia ) & ik #4, ¥ 35S.: MdCOPI - 1 FI 35S.:
MdCOPI -2 HIEEAE 53 5% A4 EE I BF A BU D copl — 4 2872 K, RT — PCR 45l
GERRW, WINPT RS H AR oT Ak R LB 6 (a) [ o FF B A Y 5 A2 (R F Y
A [ B 2 B D AR R OCE BRI AE K 6 d IS S8 R IR A I B2, 45 R n] WL copl - 4
SRAFRE) T RSl B 5,358 : MdACOPI — 1 11 35S: :MdCOPI -2 7558 4= B v ok 36
IS A F BRI AR R Ml i 1, 35S : : MACOPI - 1 F1 35S: : MdCOPI -2 % 5
AR E R R T IR BEAE copl —4 FNBFAE BRI Z 0], 78— @ BT BWRAE T RAB{E
RIRBLE 6(b) ((c) ]o XRBIPIAR COPL AL — R B b n] DL AU IF
AtCOP1 I EE
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MdCOP1-1 MdCOP1-2  WT MdCOP1-1 MdCOP1-2  copl-4
/WT /WT /copl-4 /copl-4

MdCOPI-1

MdCOP1-2

Length of hypocotyl

<t
1 1
I
[=9
o
Q

5.1
Ao
Q 15
=] S
S
IS

e

B 6 MdACOP1 -1 71 MdCOP1 -2 g5k E U EFF copl -4 RET{ERI R T

() MdCOP1 EH5 MAMYBI1 E5 EH{E

¥4 MACOP1 -1 MdCOP1 -2 1 MAMYB1 BD #1 AD % £} X0 24 28 244, 7 4k,
P B TR MR AHL09 , 3 R B B W 2% 28 $ R & il MdCOP1 - 1 fil MdCOPL -2 5
MAMYBL1 8 BAE R, DA385 A AT — 5% DRI %) 8 0 o s 1 2 004, DA B A 23 2R TR
AVE R X BE 25 520 WL x-gal B9 DY ELAR - MACOP1 — 1 MdCOP1 -2 5 MdMYBI
(1) B B AR W, 1T = ok B R A bR B AR [ B 7 (a) ], FE PO AR b AR K
BV RPN SE R 1 COPL #E (1345 MAMYBI1 HAE,

h TSI R R COPL 5 MYBL B B R, W F W53+ 26 ot B A B AR K
MdCOP1 — 1 .MdCOP1 -2 il MAMYBI 4} %% $ pSPYNE . pSPYCE #; /&, #k 5 %
PR VE 2838 Bz 20 M, P50 6 3R £ 1 U IR ZR 45 1 WT UL, MdACOPT — 1 MdCOPL -2 5
MAMYBI1 7E ¥ 20 40 A% 3 &8 AT T BB €8 14 2 S 5 B, 17— A 0l Jet 0 Ak ) AN 28] ¢
s [ 7 (b) ], i 3R WA 76 ¥ 24 3 F2 40 il v, MdCOP1 — 1 MdCOPL -2 FiI
MAMYBI1 & Z B AT AEH .
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MdCOP1-1 AD  MdCOPI-1 AD
MdMYB1 MdMYB1 BD

[ bl T
s P e SD/-Leu-Trp

MdCOP1-1(AD)
/MdMYB1(BD) SD/-Leu-Trp-Ade-His
(x-gal)

MdCOP1-2 AD MdCOPI-1 AD

MdMYBI MdMYBI BD BD
MdCOP1-2(AD)/
MdMYBI(BD) I B SD/-Leu-Trp-Ade-His

SD/-Leu-Trp-Ade-His
(x-gal)

MdMYBI1+C/
MdCOPI1-1+N

MdMYBI1+C/
MdCOP1-2+N

YFP-C/
MdCOPI1-1+N

YFP-C/
5. MdCOP1-2+N

YFP-N/
. MdMYBI1+C

-mAb anti-GST anti-GFP anti-MdCOP1

— -*MdCOPl
P
& -+ —MdMYBI-GFP
M —— —— — MdCOP]
Input =
— W e —MdAMYBI-GFP

7 MdCOP1 -1 ,MdCOP1 -2 5 MdMYB1 EE#HEEH
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S e ALY IE R AR, UL MdMYBI — GFP % 3L R A 5 ik A, B B M UL
I & LL anti — GFP il anti — MACOPL 457 {4 43 51| T 3 % 55 X A 495+ 9 MdMYB1
H A M MACOPL & F, PR UCUE T A9 MAMYBI £ [ Fil MACOPL & [ 43 1] LA anti
-~ MdCOP1 #1 anti — GFP Hi{& il western-blot, %5 5 0] I, Vi€ F i MAMYBI & [
HrRE R DU 2] MACOP1 2 H (W A£ 7, DLIE T 19 MACOPL & 1 v [A] A% o 6 A6 I 3]
MAMYBI 2 H BAETE, A BT ( — mAb) FUI anti - GST HLARTTHE T B & H
H MdCOP1 F1 MAMYBI 2 # A 0 R 2] [ B 7 () ], 32 0176 352 5 A 45 41 4
MdCOP1 5 MdAMYBI1 % (941 HA/EH .

(£) MdCOP1s i) E3 iz K& # B EF1 Xt MAMYB1 £ B% 7 (E A

1 Bz Z A

TR B A S5 T MACOPT, mf ¥ MAMYBI 2 &R 1k [ fif , #4 1 GST -
MdMYBI1 F1 GST — MdCOP1 -2 Fili 5 8 1, I o5 3 H R GE ¥ K58 00 8 5 0 ik
MG aifl & 0 Bl n A ELE2 | Ubiquitin 5 3 26 {L #Y GST - MdCOP1 -2 FiI
GST — MdMYBI1 Jz Ubiquitin, & F 30°C iz i 4 h, #£ 47 western-blot ¥ , 2% & &
M, 7EG = E1 E2 MdCOP1 - GST % Jz i ' anti — MdMYB1 I anti-Ubiquitin ${
PAER AL I A 2132 ZR AL 3517, 10 BT A8 41 43 R I A1 5 Hh 3 e A AT R A )
ZZ G ACRE R I B MAMYB1 2 Az R s [ B 8 (a) |,

T B R RS Bz E AL K R BEAE RS E MdMYBI — GFP %% 5t [H #1 47
H1 anti - GFP HL{R B UTIE T MAMYBI - GFP & (Ui S 2l 4k th 1) MdMYB1
PRI Z ZAR N, 03 A UL B H A4, & F 30°C i 4 h, 347
western-blot | , 25 % & ¥, Toig i E1  E2 8% MdCOP1 5 75, anti — MAMYB1 #
anti-Ubiquitin 5 Fp 4T R 24 5845 U 21 B 2 1932 R AL IS, A BT B 4l 4y 5z Rk
(3 i 2 G e [ & 8 (b) |, X R BA ST MACOP1 fefgts MAMYBI1 iz &
TEREAR o SR R DLTE ) MAMYBI 25 4R S 21 43 i A A R A6 0 31092 2% 4635
WL ME AL DR A E A AR IAR [ B 8(a) |, XAIEEEH T
MdCOP1 Xf MAMYBI1 (%72 Z AL AOR TJE — R 5k 09 16 1R 49 4, 5% MAMYBI #9%Z
L& i COP1 & &R [F] 58 i1 o

2. IRz R AR

T RIS AR L ) MAMYBL 8 7z R AL, 8 35S : MdCOPI - 1,
358::MdCOPI -2 F1 35S : :asMdCOP1 Fik AR B A1 w5 A £4K° @ dn,
RT — PCR A &5 5L 2R B, LD 445 T = 2 35 DR i 49 2 1Y | ) B Az ) 1 = 2%
FEA @ MAMYBL (5% 58 K R A BB B2 K 9(a) ]
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El - + + + El - + + +
E2 + - + + E2 + - + +
MdCOPI  + + - + MdCOP1  + + - +
Ubiquitin ~ + + + + Ubiquitin  + + + +
MdMYBI
T— — —

anti-MdMYBI1 anti-ubiqutin
El = + + + El — + + +
E2 + - + + E2 + - + +
MdCoP1 + + - + MdCOP1 + + - +
Ubiquitin + + + + Ubiquitin + + + +

. Ub(n)-

MdMYB1-GFP .

— MdMYBI-GFP “

anti-MdMYBI1 anti-ubiqutin

E 8 MdCOP1 7% MdMYBI1 Hi&izEHE WK

LA 358::MdCOPI - 1.,35S::MdCOPI -2 35S :asMdCOPI %% 3k [X 1 Bf 1 1
AR R anti - MAMYBU 3 1 53 51 65 06 L e 15 242 280 ol = o g S [ 24 7
A i) MAMYBI & [, 15 LA anti-Ubiquitin T {K #17 western-blot £ ] , %% 5 %
B 35S: :MdCOPI — 1 I 35S MdCOPI -2 % Rl iy f v i & F ok i) MAMYBI1
BARAZ R Bem, M 35S asMdCOPI % 35 [ fix 45 vh UL UE K oK 1
MAMYBI 8 R IS 2072 AL [ 9 (b) 1, 3% R W1 (R @ i 41 41 h MdCOP1
Al MAMYBL 37 34k i o

AT BRI RN MAMY B 2 11 B0 B A, 2R I 0 01 JE Ak 24 = o 4 B [
FTEY A= B G 455, L anti-MdMYB1 ${ /& western-blot £ i) MAMYB1 & [ 1) 3% ik 7K
L B R R B MACOPIs 32 32 15 1) W3 i e ik (9 i s v MAMYBL R GAARAR, I H
R, T 35S : :asMdCOPI 5 3£ R fir 475 Hh MAMYB1 Z5 14 ik K F 55 85, 6 B R o
TGP A 9(c) ], X FH MACOP1s Xf MAMYBI1 4 [ fi# 19 7, 3 b /8
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FERRRE SR E I I AR (TR MG132 5, REEFOE IS MAMYBI &
HEXZESBEZEWB/NE9(c)],XFW] MACOPT X MAMYB1 £ [ f# V2 i
HZ R AT 268 B BTN, — SRS T @4 4 41 MdCOPL \f
¥ MAMYBI 77 R LR

MdCOPI1-10E  WT MdCOP1-2OE WT asMdCOP1 WT
MdCOP1-1

MdCOP1-2

MdMYBI1

MdAACTIN

MdCOP1-2 OE MdCOP1-1 OE WT asMdCOP1

Ub(n)-MdMYBI1

MdCOPI1-1 OE MdCOP1-2 OE  asMdCOP1 WT

light dark light dark light dark light dark

GO T T

: | — —
coomassie — —
- | —

MdMYBI - -
(+MG132) [

COOMASSIE e

B9 m{nHLRAH MACOPL fIf MAMYB1 ;25 L

(/\) MdCOPIs ¥ & RE X3 R R LE & =200 (775 Bk E5)

g IL - 60 A1 TRV A&, FI ] VIGS IE T BN R E G0 LB R R L
(Peretz et al. ,2007 ) ,RT - PCR %5 5 K B i3 3815 MdCOPIs 1) 15 2% 3K F i =
KR 10 (e) ', WS I 0 Jo] AR B 26 i A2 Ak, K B MdCOPIL — 1 FiI
MdCOPI -2 V5 i Ji Bl 5 %0 BERH Lo 45 (0 B (728 22, T AsMdCOPT T 5 505 [l 2.
FHARLL[ K 10(a) ((b) ], XKW MdCOPIs Xf 2R je (0 1% 8 B AT #0445 o
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B ik RT = PCR T western-blot 43 5K W T 53 40 58 i MAMYBI 45
KRR 14 % 25K F , & B0 MACOPLs FI AsMACOPI {53543 19 MAMYBI 3£ IR 5%
WA L 6 B 5275 1L, T MACOPT — 1 F1 MACOPT — 2 5:f 5t 42 i 9 5 52 1 5 96 49
MAMYBI 75 19 % 35 1 3 WEAIG , J2 S 323k 10 5 5 HE S 84> MAMYB1 76 11 %3k i 3%
R [P 10(d) ], i W) MACOPI A 4% 401 5 52 %5 6, J25 1o 3 45 MdMYBI g
BV KT ARG

a

E

AsMdCOP1 MdCOPI1-1 OE MdCOP1-2 OE

c MdCOP1-1 OE MdCOP1-20E  IL-60 asMdCOPI TRV
MdCOP1-1
MdCOP1-2
18S
d pIR-MdCOP1-1 pIR-MdCOP1-2 pIR e pIR pIR-MdCOPI-1 pIR-MdCOP1-2
TRV-MdCOP1 TRV TRV—MdCOPl TRV
" XX

E 10 3 Rrh MdCOP1 AR BFERRK

(L) MdCOPIs ¥ E E X3l /i ST B & B &

N T 2B UESE MACOPLs X I TE LB R0 , DL copl — 4 JJRE T AN S 50
P8 2 R DR UL R o g s, WL 45 PR 28 0 B A TR U g e B G B 22 A, I E 1B R
5, A5 R K B copl - 4 7R AR B B 1, AR N 9 AR i fos, T
MdCOPI —1 Fl MACOPI -2 i3 F KB 55 FE N PR R B0 e, 6 R 19 & B R
(E11) o X3N] MACOPL X £ 2 AH 3 A9 40 i £ F A 572 28 R0 R o7 v o R
i
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MdCOP1-2 MdCOP1-2

/copl-4
MdCOP1-1 MdCOP1-1

WT  copl-4 " )op1-4 /WT

/WT

120
100
80
60

N H . .

WT  copl-4 MdJCOP1- MdCOP1- MdCOP1- MdCOPI-
l/copl-4 2/copl-4  2/WT 2/WT

(=]

Anthocyanin content /(nmol/g)

11 #E7tH MdCOP1 fiRERFEMMR

PR IF o, COPL R (5 S it S b i b0 JF CRE 88 5 L liF b 2 7k |
Pi, [R5 e A S 2 A AR (Ma et al. ,2002) o BFZER ] W b 247
TE =M 2 4 i S AT UVA E’\Jﬁ%ﬂi@?%ﬂﬁﬁ'ﬁ%ﬁ Wﬂﬁélﬁ'ﬁ*ﬂﬁélﬁ‘ﬁﬁ’ﬂ
DR M I R BRI I UV - B OGHY5Z2 /& UVRS, X 265 3Z (K #R g i ik COP1
%EN%%WW@EE%%%ﬁﬁEWﬁ@mmMZMLMgmd2m0Wu
et al. ,2012; Christie et al. ,2012) . [ N ¥ fg WD40 L7 46, COP1 LA & —
INTETZ 20 O B RSP AEAE B RING-finger domain , 3X — RING-finger domain

RE A% 16 HL B B AR AR 2 5 s IR 702 R AL A, DT IR 5 A 0 AR K kB I 0 AR
( Osterlund et al. ,2000; Holm et al. ,2002 ;Seo et al. ,2003 ; Hong et al. ,2008 ; Yu

et al. ,2008 ;Jang et al. ,2008 ; Kang et al. ,2009) ,

ABFIC, SR TR COPL, #8045 7 B8 A0 36 MACOPT — 1
MdCOPI -2(92.05% ) , EAI TS & A HAL Y Fh COP1 H EH {57 Y C %y RING-
finger domain 1 N ¥ ) WD40 T E JF 5| [ K 5(a) |, XK BN fE B A E3
ZREEMmNIENE, HRE% 5 Bt M EAER . SR E 35S: : MdCOPI -
1 #135S: :MdCOPI -2 REfE HAMUR T copl —4 FE7E R 6T 25 2 Uk 2k 1Y %
R X RBIE R P MdCOPLs 2w I AtCOPI W [R]IR LA . ALt ?ﬂl‘]ﬁﬁ!@lﬂﬂ
HEMAESE SR sh MACOPL Jl i 5 2056  #OE UV - B OB AR B AR OG5 =
(IR ECH IOk = E 37

JGAE S REAE A COP1 25 1 Bz 2R & Bl v PR 2 0 i iU B 5O 2 (M |
Vi, DT 52 Wi 2HC DA 40 i Jo 380 400 i A% A8 8 AL A T Y . RIS R X RY COPL 5
TR 2 5 S W0E N 7 A BAE ], A 45 bHLH % 5% ¥ HFRI ( Yang et al.
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2005) b — ZIP %% 5% A -1 HYS F1 HYH ( Osterlund et al. ,2000 ; Holm et al. ,2002) ,
LA} B-box-type zinc finger #5 5% #7% F CO \LZF/STH FI1 STO/BBX24 ( Jang et al. ,
2008 ; Datta et al. ,2008; Yan et al. ,2011) {2 {1 X EE A IENFHZ EL
REf , A HDCIE S @A X e S F i HYS B9 20K P B2 2L P 8
K E UV = B HUE AL R 14 ¥ 5 18 ( Streacke et al. ,2010) . AH 5z, 24610
PRy COPL 2 1 MAZ R 5, 75 3 20 5 5% D 7~ R R, DA 0 1 i 2k D Yy 3%
ik

MYB # H 25 —2K% COPL R HE R 5. MYB % 5[]+ BIT1 1
2 WG B R B o A E ] . R COPL nf 5 BIT1 AH H.AE M, 4 4%
BTG T CRY1 REfE A BIT1 YRR, [ BIT1 ARy 4 5 i 17 5 6
0 IE R4 N - E A A (Hong et al. ,2008) . &4y — B MYB % 5% 75 I +——
LAF1 25 PHYA {5 5% 5, BEAE N COPL FEMR A — A0 AE, 8 45K ¥l 59 56 i iz
(Seo et al. ,2003) ,

TE— e CAE ) AR B 5T & B0, MY B 5% 5 I FREB R 5 46 R W AEY)
4 1 ( Aharoni et al. ,2001 ; Allan et al. ,2008 ; Lin-Wang et al. ,2010) , 7EfLFE T .
Bad Bk R IR p  MYB % 5% K 5~ Al bHLH % 5 5 L) ). WD40 2§
HIE B &K (MYB - bHLH - WD40) , ¥ /6 R WY & 6, B2 307 20
R R AEFIR S SE 88 B A PR 8 (Mol et al. 19985 Allan et al. ,2008) . i@
WORNHEFIET 24 U MYB S K (1) 238, NI A Rl T F ey 4 5 W
B FL 2 (Mol et al. ,1998 ; Allan et al. ,2008 ; Gonzalez,2009 ; Rowan et al. ,2009) ,
RIWCH R IR LA R R, 2R E nl R % 6, X — i #E
MdMYBI FI'E 055 55 B 3] 2 56 3 22 19 /F ] ( Takos et al. ,2006; Ban et al. ,
2007 ; Allan et al. ,2008)

TESE RN HABAEY b, 516 R B CH MYB 5% 5P 7 2 W] 52 1) 5% 5%
Je A 45 B BIL A i R B . A BESE B SR B TR MACOPLs 5 MAMYB1 A H.
ER 3 & BT MACOPL Al ¥ MAMYBI1 3z RALFEE (K 8 (&1 9) . FERKIZ R
S g AL anti — GFP HLAATTHE T ok 19 MAMYBI1 - GFP 2 H B 91z R 1L,
M35 S 24 i) MAMYB1 - GST ANRE iz K AL (I8 8A) , iX n] figJ& i T4l GST #x
R EAE R RBCA IRERY, B R B 5 e, 808 2z RAE
EAEE RN Z 5, Imamura 55 75 B0 M 19 20 3 0 &k 3, 246 520 1
CmMYBI #& [ it EMSA B {3 75 £1 35 (0% R 40 £ HUW) vh A BB 45 4 3 &[] 16 56 BT 1Y
Ja ¥ _E (Imamura et al. ,2009) . FEATIHTFELE R LI, BEF T MACOPL 71 #3%¢
Ja KX MAMYBL (932 2 A6 45 2 3l i 26S 8 B R & A2 7 R . 455 HiAt
MYB % 5K LAF1 #1 BIT1 [ 8F 5845 R v] DLk B, COPL X564 S i) MYB §% 5%
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PR A8 A P ) 9 4 B o A v S AR v ] BE AR R IR T RY o

Hi T MAMYBI1 5 F & A6 R AW 6 BUM R 925 @b iE 38 4 B 5 ( Takos et
al. .2006) .7ii MACOPIs R85 1 I8 MAMYBI % [ 19 FLE  MACOPI s {56 3+ /K F-
B 2R S (o R B A G iy B AL B 10 () ((b) ], 3X KRB MdCOPIs &3 R SK
R IEE R T BRI, copl -4 KRB A BB Z AL R, GO L
Az B 21, 75 578 1A VT A BUADL 1 97 v S U 3R 58 MdCOPLs RESINHIAET RV &
WAL PR T 5@ (& 11) ,32 8 COPI & W fig & A 52 1) Fh 5L BE PR i 1 .
PR, FRATTHEN COPI 28 1 4 48 7 28 B3R 164 5 I8 B i) 410 i) AL 7] 78 A AR A A
) v 2 AR ST Y

A FE h FATTR S 45 1 S SR AE T R 1A W05 ORI R 928 A AL S i T
B W SR MdCOPLs J24U B 5+ AtCOPI ) [a] P50 55 A, ER] G A7 B4 ol 4 000
MdCOPIs ) iz 556 I+ B9 AtCOP1 —Ff , 8 i 5 )6 52 & (MdPHYs . MdCRYs I
MAUVRS8) #H H.AE H i b 65 5 . SBrE T, MdCOPL f 1 5 MAMYB1 M HAEH,
W HZ KA, I kA 268 AR AR AR FEM OGT 2N EY MACOPL HE i, A
MR IE 7 MAMYB1 & H iz R AR, LR MAMYBI 35 HEEHS k455 3T
SRR W J3 3 7 B, UFGT \DFR 4%, B0T5 A6 7 3= & BOR OC 56 ) 1Y 3% 3k
( Takos et al. ,2006 ;Han et al. ,2010) ,fE{fifE HF ZWHENM S TR RELEH
w(E12),

e
¥t

MdPHYs MdCRY's MdJUVR8

| s
| s/
N L //
¥ MdCOP1s X
Ubiquitination
l and degradation

MdMYBI

l Binds to the promoters

Structural genes

¢

Anthocyanins

AN
N
AN

Apple fruit coloration

B12 AFSERRLEBEEMER

REWBORRMEEZNRZERZ —, BREERRMEMHir, 5%
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STRANFIIE AR — A IR 52/ S0 W dh ot B 4% B € H il 3 {H (King, Cliff,
2002) o £ B A B EA 23 B A4 T (Butelli et al. ,2008) , £ %
B IR 5 A O B 2t 2 BB SR K O . AHETE R R B T OO
MdCOP1s Xf MAMYB1 3 [ R i 9 98 e BIL A, LA B 392 50 2R 5 4 36 T B B A 410
YRR, X DRk 10 & At R SR 406 108T i AR B BOR Somss A B TR | B E B R
G B S SRR A R AT S SRR B B R

%25 3k
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X HARFAA R T Z N H . FRE 20 22 80 4EACH) 51 kA= FLifil , If R S AE AR
TR AR A R el v o (EL DR R SR T DX | S AR R 25 R AE
Pl £ 5 R H LS Z AN AEAE B R N Z Z A 5 KR HBHMEBRE SR . “ 5
A K S5 AR R R ), SR Pl A= B — B S BUARGF e N, B A S5
A S el 1o AR 7 R T AR 80% LA b o AR SCEE A BB B AR B R L R &
J TR B TR A1 2 A SR Bl A R T R R Y A DRl /N A BR AT L A 4 P AL
FARRAE K R T T2k T 5 el A o ) A A O, 3 T SR A A
TR W, Dby 3 A SR A R Rk 5 4 LB R 2 AR

KB R AR IR AT

TR el A R o 4 Pl B AT R A R AN R R A X R R AN X ) —
T A Y 1k X TRy LRI Oy g R AR AR R AR HE B SRl AT
Rk e HA RS o AR GIFERR S H A SEM R A2z . FRE
20 fit2g 80 AFACHI 5| i A= B, ISR AE R T AR L AR A b SR [ o L H
25 7 XA S M 2% 1 25 0 B R, FE B AR R B S R b e = R N A RN AR
AR,INZ Z A G R BPAEBRE 5587 5 R G EK” & BB, — B R 15 2
ARG g4 1 A o E RT3 St T R %) R el v RS o BT Y 80% LA L

7 BT AT RS A R R AR P AR B B bR, #EA 21 A LUk, SRR
BB (H R B A A A LR B D N LA AR B ks, K2
IR Dl S it T A DA U0 BT A AL BT A R TR W R VR 2 R - S
PEN B, L HE SR A, RIS D R, 8 R e 2200 Ak (Korte,
Porembski, 2010 ; Wang et al. ,2009) , i1t 175 & B9 530995 905 | ik 22 0F 25 A4 B R
TN B A o Ry A N I A R el A R G SR B ] g ki, AR S S A TR
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[ SRR 7 M AR e Joe BUIR B 2 3 A R el AR R 07 T A IE 58 A, MO Bl /N <k L
S AL o B AR AR A A M A T O I 2 1 SR el AR A A AR RO, B TR
el A 1 A BRI

ZVAEEREMRENSEREY S HFIER R

(—) *RENSER R0

SRPel A= FOE T ARGEIE R g - OB - R R GUK AR i A
T e - R+ B - R ARG, SR TR PR 5 K AR R A A Al
(EFe5,2002) o fy 500 A0 A8CRC, a0 i 2 w0 0O IR EE e v it R I A X
WA S T i, JEHR 3 R IO M IR R, WA A 5 A TR I IR T 3t 3 g XU, DA
Mg A 1 7 o T34, T B SRR 2R 1% I IR A0 08 9 0 1) o A AT, R
Mo CO, W BT MG 1R A6 & 1T (2597 4R ,2008 ) o [R it , A 0 m] fif 2R
bl e B PRI A XS AR, AR TR R AR MR E , A M TR T AR SR H
e , I R A 7 AR R A AR X T R 2R S A UL i A E A AN [ R
Z A A 22 5 (2R R ,2009) o

(Z) XREEWSHFERR T

ARREE T REEWEZAE, R W TR Y 2, A XA
2% 4% ( phytoseiid mites) — B H A 19 22 R, L% B Bl 2= 1 20 A 52 B 0 i 2 5 b
L TCHE SR & ( Neonotonia wightii ) W UL AE b A8 22 W 1) J%8 , 4 457 2 4F F | Z AR BE
1 + 4 B (Achyranthes aspera ) . £1. Wi, ( Amaranthus dubius ) F1 B 24§ 4 FE i
( Eleutheranthera ruderalis ) 5 — %8 F 4K B M o] DLAE S Al 2% W 19 2F 3 A0 )
(Mailloux et al. ,2010) , F4 [l [a]/f 55 & A8 9 Je 5 BB Dl 2b , R ECRCaE 5 Jn 1]
VX 25 3 22 (BUOR EL L B QM Iy W o G AN AL i ) B R (B
Hu B IR RS AR R AT AR ) 00 AR AN BE T, HOR Ry AR A A B R B B OR T
AR A B R [ I A S R Wan B | e R AR A T S AR AL
S I O B % B 00 A A AR T (Wardle et al. ,2001) o 53 4h, A B S
B pk bl A ALY A g T a2 IR B Y 2 AR, R S AL B
0~5cm LJZZHEEFEECH 2. 80, B i 1 0. 48 CR 45 #1455 ,2010)  nJ Il
P A B R BCEAT MR AR TSR B, B T R R B, AT A W B
V6,0 BER) & A (Wardle et al. ,2001 5 R 45 #14%,2010 ; Monteiro et al. ,2002 ;
A7 R 45,2007) , AT /0 TR 25 HE M A TR
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(—) ¥tESKENRW

WFFEIN A, AR B R el e 5 SRR A AR K 23 55 2 (R 3277 45,2003 5 X B R, 25 2
Bl,2006 ; B AT HEEE ,2004 5 & 5K %45 2010 5 Monteiro , Lopes , 2007 ; % i & ,2009 ) ,
AR K 5E G B R AETE 0 ~40 em +J2 78K [\ B9 R K 4E LK 4y o0 4 22 57
AR, i A e A IR A 350, 7K g 5 4 SE A B A0 0R )2 B A2 2 BHF SR R
TCie 2 F KA I S ROK AR, ¥ 5 i 5 P SR Bl AR BE X 40 ~ 80 em 2 B A
P AME ORCBLEH , 25 25 R1,2006) o Az 4 JHEAST 3 AR Ak 34 ey 1 398 1 0 i 7K
R K R S B A K R (R B R ,2010) o AT A SE AT ST R B, A A B AT
E] AR RIS T R3S K Bl 1 = XS 0 ~ 60 em 4 J2 5 /K B R W K, T 45
PR A6 R W 35 /0N s TERE R A8 22 1) 2897, AR B ] DU Hl s - 3 rh AR 2 1Kk 45
R 3 1 7 AL AR 18 A R 0 SR 43 9 IR S ( A Hg 55,2004 ) , {H Hernandez 55 B 5% &
B, TR AR 0y (AR FE R 30 440 mm) AR ARy (FEFT 2 615 mm) = I BT 5
IR JL-F- 1A 55 4, 3X A RE 5 749 BIE 2 b [X 8 b o Vi 0 32 <000, B i S LA 1Y
%W K5 A * (Hernandez et al. ,2005)

(Z) WrEREMNZN

bt A= FERRAR T R A OG IR IR T AR R R A, e T L
(PR OO, B B 1P ARt I VR T o 4 Bl AT T A e e T e e I AR
5.7 ~7.3C ik B AL ZE AR 6.7 ~ 7. 6°C, A [l L J= il B 29 A Jr e i ( S AT
M358 ,2004) o Az e AT 3 NN, 2R 5 AT ot e SR I AR A R G G L i 1Y
TR A, B B 2 Bl AN A 2= 0 i i XU AR T (Ferrero et al. 2004 ; £ #E 55,
2005 ; d AR A5 ,2009) o fHZ%T5 7R (2008 ) BF 52 3R B, & 30 UMl DX 4l % 59 R el AR
AT B i R TR A LRI OR AW o W] A xS R B R IR BR T
o 288 TR R 55 52 BE AT O, 3k AT RE 5 AN (] s DX A PR il 78 J3E AR T < 2 1 i) | - 438
LSS AE St IS E PSS

(Z) WEEREMILEER T

LA B SR AE A G A AL IR SRR IE i R 7 A B il (] A AL BR B
F RN T DL G b Sz W+ K o B AR DL o AR RS S 1 30 A T IR L AL B RE 3
IR A RS T o E R AE 0 ~40 em -2, HFEH E W AF R
S, ey PR B B 3, R B PR RE RIS K RE T A5 BB )
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m (ZF B ,2008) o WA BFSEIN, BT X FIALA A L, A e 2R el - 9 25
B, £L B B ua 2 ( Oliveira,, Merwin , 2001 )

(M) xf 85w 50 1R R #20E

Az R SR e LA L i AT AN [ R R R . X SRS R L TE L R
Y3 R el B AE /N E ( Coronilla varia) B3N T LA HL S &, 265 3 4F I 42
XHARSE N S. 6% , 55 6 AFWF Bk MM 41. 4% (X F 7= 55,2003 ) . B 55
(2010) B 5¢ = BT, 1 300 Ao 5 3 AN (] 4 )= A BIL AL 20 52 i AN [, AR B AR B O ~
15 em + S A A PLAK & & HL i BR324 @ 2. 23 g/kg, 15 ~ 30 em H A A PLIK
RIS TRZ . MR B (2009) §F58A N, £ REFEAR T 20 ~80 em )2
THEA LR S AR TORE NP K SERECE SR K, Shui 25 (2008 ) iF 5%
P A Pl A= A AFIX NP K BB T 14.4% o FREESE (2005) HF5E R W,
GERW O i ut 2 AR (o N RO N RR T OB ot R G T - B I S G R
T s Bl AT RS HE A X1 B S 1) 2 ROR 00 1 A AR 0 o A SR S R A
0 ~40 cm LJRAFAEFR P 585, LIS P IHAE R TR 7250 5 AR 2R i 2
SIS AVERE A 325 T 0 ~40 em 1 JZ KA G HURO0E b s S 5 o, A R
HA WA LEAAILE NP K B IEE, 1l T RMX NP K & F7 50 R 19 R
(2 RE5E,2007) o R UL A 36 SR SR 0 19 B2 R 52 88 TR AR DL W i 5
PR R RS R 2 S 20 IR 2, ST 4 R B Z R . THL, W22 5 Z M A
PP AR F SR 1 SRR AE o

(f) MLEREVHRIE

T A VI REE UOE T IR RIS A B 0 A FRE B IR B, 6 1 AR AN T RE
MR 220G 22, i 4 o £ I 45 3R W BUB 45 AR (Sofo et al. ,2008) 4 %
Az R R R AR R W B BT B A B T AT A R O R R T s
W 5, R T B T v B /D (AT S ,2010) o I 28 5 5F (2009) 4
EEH =R EE SRS T RIEME YRR AEYRA SR, S
Matéova 55 (2001 ) HFFE 45 R — B, W F M LW MG AT, L i
VLM %, 15 90% DA b, U OJR URH , A A Do Al UL e A B R |
P 1R B AR W B S T O ELBCAE W R R 0 AR A S R 0 B 2 AR KO B
F R %) (Yao et al. ,2005 ;3% 2 %45 2010) .

(7%) xf L iEEeiE A&
S R A5 Ao A A RO BR 52 AR A B I S R R A, S PR LR AE A A
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WIEE I 25 T 58 B, BTG PR 5 1 3 b 3l R W) R A R AR ) A Y X I DT AR
O, S PR 1 e I B R R AL B LB DA S — S ML B O BR R AL . AR B
B 1 Al - S w0 TR I OB I A A AR SR R T, 0 B B R R T
22.94% A.75% F1 21. 1% (R €45 ,2010) 5 H Bl A= 50 AR FR A 38 i - 42 g 5
PR 5 T v B, T R A M 2 5 e A B RO 1, 2 4R AR B AE BT ((Lolium
perenne ) AL B 0 ~40 em 4 J2 38 Ak UG IR Bl B 80 Wl 1R 6 55 1k A0 TE AR 03 il 4
BT 3.0% .45. 1% 1 9.4% , 4 = M ( Trifolium repens) 4y 5l $& & T 16.4% .
T1.5% F116. 1% (2223 FF45,2007) o WA, Az ROA #1085 o 38 b LT BTl L 2F
2 2R A 2 W Tl R 2 L e W I Y TR I il 3R R T 16. 0% (21.0% (4. 0%
M 12.0% (Yao et al. ,2009)

M. £EERBENHEERNEZ TR M

(—) REEMERMN

SRl A O SRR AR R AR R T RS E MU B R ZE R SR O A/ T 0 ~
20 em HJERA M IATIEE L0 ~ 40 em +JZHR AR LY RSP 62.4% , “ AR
AWy RARAE YR RN T 10, 1% (2537 4K,2008 ) o fEAREBE AR 1F A0 R B, AR
AL PEAE A EROK LRSS R T RES IR T E R A R AR A AR T R
JZ2 R & 19 4 £ ( Monteiro, Lopes, 2007 ), iX 5 Morlat fl Jacquet B9 #F 5% — 3¢
( Morlat, Jacqueta,2003) ,

(=) o EERFERERMLZERIRMN

R A BERE B R O G (O R B & B (PR AESE 2005 5 7 2255 ,2010) |, ¢
BEMERER b &SR, &S RADCE ORKAR TR E BT AT =
T A A FDCIRAYEE Ty (i 7 %55 ,2010) o W98 (Dactylis glomerata) \Jo7v2 4 %
( Bromus inermis) F1£1. =M ( Trifolium Pratense ) #b ¥ 5F B B )06 & 3 R Y 5 F
HHF, B2 B3 (R 8 E,2000) o HAEE TR e 5 X, 47 ) A 5
ARG 7 el A 3 5 K SRR 4 I AR S OK R R A RO A R LS
L7 6 AR AR, I 6 AL 3 BE Db G 3 A fi i I AT P £ /i ( AT 55, 2005) o
FIAE AR H A SN #E R 0155 2 W], I\ B 4 35 ( Bromus hordeaceus ssp.
molliformis cv. Blando) [ i & M 5 BN I 2 Z 5 T B 75 ( Medicago
polymorpha cv. Santiago) ; 7] fE J& M1 T B H 15 ( Medicago polymorpha cv. Santiago )
WAECN S RBME, T BE MR R EE TREMNTN, 8 & b MR R R E 5 R
A ) 22 55 5] B ( Cheng , Bau mgartner,2004 )
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SR el A AT LB R AR B S SR AR XTEVE 2 S T 2 A5 BIIE S (2205
%< ,2008 ; X8 F 7= 45,2003 5 X B FH , 222 R, 2006 ; Monteiro, Lopes , 2007 ; 75 I 5% |
2005 ; TerAvest et al. ,2010; Hoagland et al. ,2008) , 41 & 72 4= K A9 0 20 3= 22
2 i T R K Oy B 3E A, S BORR R A K 0 B ia, i 17 E R AR
( Monteiro, Lopes ,2007 ) . A HLE5 6 4, 4 = M fl 15 £ 5 ( Festuca arundinacea ) At
F SR T 5 A5 50 R T B 92. 6% T 83. 5% , 4 14 = i Ab BT AY Lk X B K Ah
LA HE (Medicago sativa) | & 35 | 2 4F A4 B 3% 81 ( Lolium perenne ) F1 /)N i 4E
( Coronilla varia) 4b FRTAH 4 F WG B J 5 AR B 3R el vp S ASC L 491 ) 8 v 19 0F, )
TAFEAAS AR RS 3 AR RA FE ] F- 24 18 i 33. 4% L5 6 A R F- 1
BN 34.9% (XF= =% ,2003) , Linares S5 ff 55 6 W], Az O AR B 14 A2 4 5 i
ANHIIR o A BN A A K B 1 R 5 M DX R R K A O, T R ML IX UK 43 3E
BHIR AR /D 5 8 T DR A 3t IX, 7K 3 55 A A B, 0 A K B A 2 e A B
2o

(=) *F5RSEF0 B8y =2 i

WFFEIA A, A T A g2 SR S 3 A e AR B 2R S Jo, DT R e HL o I
(95 i (89 B, 2004 5 2% [E 45, fJHAE bR, 2005 5 AT G 25,2004 ) o B 3 Bl 5 i [A] 4E
R RS Ah R B O W A AR 6 AR ARG N 10. 2% AERERE N 9. 2% , n]
AR ISIE ) & 380 35. 5% (R 7= 45%,2003) o 88 W45 (2004) 73 ik o, 1 &
. (Paspalum notatum ) fE 7t T 1 BB AR R A 1, 35 e 1 AT AR AR AR A
BRI AR AR e R K S B AR B 18 5 28, A RO AR T AR AR R AR AR I T L
B T AE R Gy 305 T R AR b HE K 23 A 2R A WO, R T R 7RSS B R
4 T 2 R R B AN AT AR S AT R R A R OB R T e R
SRR AT R R JBOM AT R E R o it R [ (Monteiro, Lopes, 2007 ; H AT g 4%
2004 ; B ATHE,2010)

I AEERENNASERE

(—) EMHEFRSEELTK

LR 19 R =2 1 X6 AN ] A0 DX 38k L A ] e o £ 3 el 2 85 v D B 1) TR AP AR fF
G o PRI B o 18 e 45 Oy SR ] A e ) TR [ L L 2 O A el A S ) G B
(GE R AF,2010) o BRVGACSE T 54 X Ah, e 5 R0 o3 2R bl i B A B s, 4 o)
TE TR 7K T8 A2 14 1L DXV E 25 A (i B 4, 28 i % ,2008 ) o A= T S0A el A
(BEEEBRAN) ANAT 18] A e — i A JE 7 A6 0 A 5 2 1 i e Y 2R Bl R T 4 el A
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s JE K HE R 2% 22 AT I R I, SR AT 18] AR 2, DL JRE R B R IR oK o AR Y
TR FEAAAREFEMANT AR, — BRI 4 S L S REEIE WA SR V% I il
FHBRAFL, H R AR B SEAY) I I B 2R el ) PR A o TR A B AR & B
( Echinochloa crusgalli ) . & B ( Digitaria sanguinalis ) . £& F #] ( Ageratum
conyzoides) \J§i 7~ B¢ ( Herba taraxaci ) | ¥ J& ¥ ( Setaira viridis ) ., 45 2% ¥ ( Zoysia
japonica) Jii FE Y5 ( Phieum pratense) Yo K Mg ( Melilotus suaveolen) 5t H 16 % B
PEZRH . HR AR BAT B R W ARV TR K o0 AT R 7 A S T T
BAMT A, BHAA L A D), 2 i i 19 3% £ ( Monteiro, Lopes 2007 ) . 2§ 5
BRI AN BAE VA I, T2 R R R B R, o n] I BRI % S A A 4
BN A B N T 2 7 e 43— 26 By N MR (38 o7 P o | R 1 R R AT VTR
PE A T R B0 A B ) A, W0 B 22 L (Lolium perenne) (£ =W =
M %5 35 (Astragalus sinicus) (WE 3¢ B ( Oxalis corniculata) 55, 7] FpAf B — B Fp
WAl PR 2 R B R A, SR SARAFHER, X R A R A9/
MO, REANTARZERECRNA =S5 RAR MR ARTREMN, 3=
- HAT R Y [ 0RE ) R B L L, B AT 52 K L I 5 YRR R R
2RV

(Z) £EEFHEE

A B S S X1 SR RT 4 ) e B [ R R R Y 43 BE N A, JOF HoE i 2k
DIF A RTINS (1871 D7 NNy Ry S 2 O 9= | - T
PR e AL B A (AN S5 RS ) Bl AR AE P Z R0, U8 IR R A [ 4022 ( Chenopodium
album) 3% (Amaranthus mangostanus) | 5] Bk ( Abutilon theophrasti) %5 | ;= 4= Fh 7
I o FAAON) F e I ] R e R g B S A K Bk E o X B A R R AR
B SR A SR B B E , BRI M A O —MRORA B RS R A AR R (O R
)L SRR ZE R 1 ~2 T DURR il I b X R e Oy 5], 2 R
TR, B A KR B, — LK B 40 cm BPAT R E], AR R E] 4 ~6 W, X E
BFE R 15 ~20 em 'H . XIE Ok Ry al BAEAT N ZE b, W nl st s . K
T AR AT RED, B AR AR K A T AR AR A8 B T L P b SR el B A
Keam D RN ED  FE R XE T8, 0 R el AT N A Rs i S 3B AR
05 25 1l DX P 38 155 S EERE K Bl A it 2 IR, Bt L PR 2 RE A A I 25 5 R R
H R 2, g5 b T BT 2, B VA e B o AR AR B RO U R, — )
AN 1 ISR AR G 5 FRE 5 R B B — Y Rl B AR R B B U AR
o BT R I G S A R I R A
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Ny B <

SR E] A= R PR AP RS SIS ) A A B it — , A B R PR AL
PEANA W) ~2 etk AR RF S5 001 CRIF- ) AR 2006 36 380 A= ) 2 A4 LR
R H S AR A i B A R AR . FAI, BN OGRS i
i 1R B DU Bh AR OC 1 BIF S R 22 J2 5 DR R Ak B HL AR w4 BR A, 224
BT A R X B O R S it S B W R R I 7 A g A BRATL A A 9 4
FEREATI AR MORABETE o PRI, L HE— 25 B R 4 SR 7 XM Sl 2% T i 0 L &
o I i £ S5 2 N R S 1 B2 R I S P o 7 D B R VAL R S
BE G oA R el S ER T R AR R AR KOR AR BEENE S . RIE R Z R
AP AR N TR EEATLE & ORI A= P RE AR . AR SR AE K
it A HUAC 19 77 SN css 0y , B e R AR 7 g (R 22 SR X TR e i A 2R
TE s S JES 5 A ML 05 AS A2 1) T A 1 7R it A7 MILIE 52 0 A% 55 DR 3R B2 i — B [ Y
X LR BRAE ) T o PRI 3 P 3 DR g 2R ] A R B 0 1 3
BB B R W AR A B R A AR P I B BN R Z —

225 S0k

M7=, % SEBH BRI, 45 2003, JB b 5295 3 5 [ 16 A By . SRR 2R 4R
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College of Horticulture Science and Technology,
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Abstract: The apple( Malus domestica ) is one of the most economically important
fruit crops in the world,due its importance to human nutrition and health. To analyze
the function and evolution of different apple genes,we developed AppleGFDB (‘apple
gene function and gene family database ) for collecting, storing, arranging, and
integrating functional genomics information of the apple. The AppleGFDB provides
several layers of information about the apple genes,including nucleotide and protein
sequences, chromosomal locations, gene structures, and any publications related to
these annotations. To further analyze the functional genomics data of apple genes,the
AppleGFDB was designed to enable users to easily retrieve information through a suite
of interfaces,including gene ontology ( GO) , protein domain and InterPro. In addition,
the database provides tools for analyzing the expression profiles and microRNAs of the
apple. Moreover, all of the analyzed and collected data can be downloaded from the
database. The database can also be accessed using a convenient web server that
supports a full-text search, a BLAST ( basic local alignment search tool) sequence
search, and database browsing. Furthermore, to facilitate cooperation among apple
researchers, AppleGFDB is presented in a user-interactive platform, which provides
users with the opportunity to modify apple gene annotations and submit publication
information for related genes. AppleGFDB is available at http://www. applegene. org
or http ;//¢gfdb. sdau. edu. cn/.

Key words: Malus domestica genome ; AppleGFDB ; database
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1 Introduction

The apple( Malus domestica ) is one of the major cultivated woody plant species
and is cultivated by people around the world for its fruit and ornamental value. This
species is also a model plant in the Rosacae family, which contains many important
fruit tree crops,such as the pear( Pyrus communis) ,the peach ( Prunus persica) and
the cherry ( Prunus avium and Prunus cerasus ). Because of its high value in the
agricultural and food industry,the apple has received lots of research attention, both
for improving fruit yields and as a fruit tree model for basic biological studies. With
the recent completion of the domesticated apple ( Malus x domestica Borkh) genome
sequence ( Velasco et al. ,2010), the need for an integrated and comprehensive
database of apple genomic information has become critical.

Databases for tree research has been built in recent years( Wegrzyn et al. ,2012;
Lippert et al., 2009 ). Several databases for apple genome analysis have been
established and made publicly available, such as the Genome Database for Rosaceae
(GDR) and Plaza( Jung et al. ,2008 ; Proost et al. ,2009 ). These databases contain a
variety of information, including nucleotide or protein sequences and expressed
sequence tags ( ESTs) , and certain tools, such as basic local alignment search tool
( BLAST) searching and genome browsers. However, while these databases provide a
small amount of annotation information for the apple genes, they lack the
comprehensive knowledge of the gene family, gene expression data, and information
about small RNAs for the apple genome. For example, none of these databases
organized the small RNA genes into a single gene family or indicated the putative
function of these genes. Furthermore , these databases lack user-friendly interfaces that
can provide the user with the ability to improve and correct their own information.
Most importantly, none of the databases was designed specifically for functional
genomics of the apple, and therefore they did not further analyze the collected
information for the apple genes and provide users with data processed by
bioinformatics tools.

To fill the database gap, we developed AppleGFDB, which not only provides
sequence information but also gives access to other important apple genetic and
functional information by classifying and annotating the apple genes. In addition, we
used homology-based gene prediction and annotation tools and gene information from

well-annotated species to annotate the putative apple genes, and based on these
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annotations,, we were able to classify and annotate the apple genes and use many
bioinformatics tools to analyze them. The annotations in AppleGFDB contain the basic
information ,such as nucleotide and protein sequences and the chromosome location of
each gene; furthermore, the database also includes gene structure information,
orthologous genes from Arabidopsis, protein domains, the expression profile of each
gene, and provides information on the small RNAs found in the apple. By comparing
the apple homologous genes to those of other species, the AppleGFDB database also
contains data processed by many tools,such as the conserved domain database( CDD)
( Marchler-Bauer et al. ,2011) , InterPro ( Jones et al. ;2011 ; McDowall and Hunter,
2011 ) and gene ontology ( GO) ( Barrell et al. ,2009 ). Moreover, our database provides
a user-friendly platform that includes search tools based on BLAST and key words, as
well as a batch sequence download tool. Because the research being reported for apple
genes is rapidly accumulating more information ( Botton et al. ,2011 ; Foster et al. ,
2006 ; Janssen et al. ,2008 ; Kanehira et al. ,2010;Lee et al. ,2007 ;Newcomb et al. ,
2006 ; Schaffer et al. ,2007 ) , we developed a user interactive platform to allow the
user to modify the apple gene information in our database. This fully open approach
can be used to create a comprehensive and integrated functional genomics database of

apple genes.

2 Construction and content

2.1 Data source

The apple genome sequences and peptides sequences were downloaded from the
GDR Apple Genome V. 1.0 (http://www. rosaceae. org/ projects/apple_genome ). To
acquire the apple genomic information comprehensively,the apple assembly data was
obtained from TASMA ( Istituto agrario di san michele all’ adige, http://genomics.
research. iasma. it). Apple microarray and microRNA data were generated from the
National Center for Biotechnology Information ( NCBI) Gene Expression Omnibus
(GEO) ( Barrett et al. ,2011) and via European Bioinformatics Institute ( EBI)
ArrayExpress ( Parkinson et al. ,2009 ). Furthermore, we employed various databases
to analyze the protein domains of apple genes,including simple modular architecture
research tool( SMART) ( Letunic et al. ,2009) , PFAM ( Finn et al. ,2010) and CDD
( Marchler-Bauer et al. ,2011).

Due to the shortage of experimental evidence pertaining to the function of apple
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genes , the functions of genes from extensively studied plants were used as a reference
for annotating putative apple genes. Therefore, we compared the apple genes with
those of Arabidopsis, and we also occasionally consulted the gene annotation
information from populus because this plant is also a woody plant species. Our
classification of apple genes was conducted based on homologous comparisons to
Arabidopsis and populus genes. GO terms and InterPro results were acquired from the
best orthologous Arabidopsis genes and given equal weight. The information from
Arabidopsis ,such as sequence information, GO terms, and gene family classification,
were derived from the Arabidopsis Information Resource( TAIR) ( Rhee et al. ,2003)
10 and the Plant Transcription Factor database ( PInTFDB) ( Perez-Rodriguez et al. ,
2010) . The sequences of populus genes acquired from the Protein Data Bank ( PDB)

were also attached to their apple homologs in our database.
2.2 Database overview

Data mining of the genome-wide sequence of the apple indicated that a total of
15326 genes were identified from the apple genome, and these genes were classified
into 159 gene families. Among these genes, 3039 transcription factor genes were
identified and were classified into 57 families. Family predictions were based on
homology analysis with the genes of two plants, namely, Arabidopsis and populus. To
enable the user to access the information for these genes in a more convenient and
comprehensive manner, the database was designed to provide several interfaces to
analyze these data, including protein domain, gene structure, expression, microRNA ,
InterPro,and GO. The user can access these main components by BLAST , browser or
by following links to these interfaces. The architecture of the AppleGFDB is illustrated
in Fig. 1.

The screen displays the menu and toolbar which provide access to all functions of
AppleGFDB. The user interface is divided into three main parts: the DataBase
Content,the Home Page and the Utility. The main part is further divided into different
tracks, which allows users to quickly browse through AppleGFDB. The Utility part
contains Browser,Search, Submit, Bownload and Blast, allowing users quickly browse

the gene families and change information with AppleGFDB.
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Fig.1 The architecture of the AppleGFDB

2.3 The description of apple genes and proteins

The apple genes that have been the subject of many research studies have
already been well-annotated. For the majority of apple genes that have not been
studied yet, the annotation of the most similar Arabidopsis genes in TAIR ( Rhee et
al. ,2003) ,and populus genes in PDB were used as references for annotation.

1) Gene family

A gene family is a group of genes that share important characteristics. Classifying
individual genes intofamilies helps researchers describe how genes are related to each
other. Researchers can use gene families to predict the function of newly identified
genes based on their similarity to known genes. Similarities among genes in a family
can also be used to predict where and when a specific gene is active ( expressed ). This
part collected the gene families based on alignment to Arabidopsis genome. The
Arabidopsis classification collection criteron was considered. Most genes in the same
gene family have the similar protein structure and same functional domains. For these
genes ,we used MUSCLE ( Edgar,2004 ) to generate a multiple sequence alignment for
each Arabidopsis gene family. The multiple sequence alignment was then input into
SAM 3.5 to build a hidden Markov model ( HMM ) for each family. Every gene
sequence was aligned with each of these HMMs, and output an e-value. The lower the

e-value is,the better fitness between the gene family sequence and a hidden Markov



120 PEIEMERRE RETBEEESRENESR

model. Thus,the gene was assigned into the family whose HMM produces the lowest e-
value.
2) Apple protein domain

The protein domain structures with functional motifs are greatly helpful for the
users to rapidly determine the function of a protein. As CDD is a collection of many
important protein databases, including PFAM, SMART, COG, TIGRFAM, and the
NCBI Protein Clusters, the information on protein domains from CDD would be
comprehensive. Therefore ,we selected the NCBI CDD ( Marchler-Bauer et al. ,2011)
tool and its batch-CD search tool to analyze the domains of each protein encoded by
an apple gene and subsequently examined the validity of the output data by PFAM
and SMART. In the end,the analyzed data were organized to generate an apple protein
domain database. By entering the given protein domain name into the search
interface ,the user can gain access to all of the apple genes with that domain. As a
convenience for the user, the protein structure with its domains is visualized as a
concise and illustrative map showing the information page for each apple gene.
Furthermore ,apple CDD can be further used to examine gene family classification. We
checked whether the genes classified into each family had the typical domain of the
gene family. Consequently, an apple gene had the domains that are typical of the
family it was classified in. The results also demonstrated that our gene family
classification was reasonable.
3) Gene ontology

Because of the lack of studies on the functions of apple genes, it was necessary to
consult known genes based on sequence similarities. Thus,we drew support from a tool
that could provide detailed annotation information about these genes in a model plant.
Gene Ontology has been used to provide structured, functional annotation and
classifications of several plants, and we selected this tool to predict the unknown
function of the apple genes. Each apple gene was matched to its best homologous gene
in Arabidopsis ,and the GO terms from the Arabidopsis gene was subsequently used for
the annotation of the apple gene. The apple GO terms were attached in the information
page of each apple gene. Moreover, by entering the GO name or code into the gene
ontology interface,the user can obtain all of the genes with the same ontology.
4) InterPro

Information on the well-studied plants, such as Arabidopsis, provided us with an

opportunity to investigate apple proteins using many databases. Among these
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databases, InterPro is useful database of protein families,domains and functional sites
in which identifiable features found in a known protein can be applied to novel protein
sequences in order to functionally characterize them. For the apple proteins, most were
uncharacterized at the functional level,and InterPro was useful for predicting the role
of these apple proteins. The InterPro classification system also provided another
criterion for the analysis of gene function and annotation. The InterPro annotation,
downloaded from Computational Biology Web Resources ( http ://genomics. research.
iasma. it/) ,was also included in the AppleGFDB. The InterPro data for each is shown
in the annotation of each gene, and the user can reach each gene from the InterPro
interface.
5) Expression profiles

Recently ,molecular biological experiments on the apple that use high-throughput
hybridization arrays and sequencing-based techniques have become popular. In order
to provide the user with a convenient way for examining information about the
expression of apple genes,we collected all of the available microarray information from
public repositories , including NCBI GEO ( Barrett et al. ,2011)and EBI ArrayExpress
( Parkinson et al. ,2009) . The user can examine the expression profiles of the genes
in each experiment,which guarantees that the user can gain access to data generated
from experiments they are interested in without interruption of other experiments. To
ensure a clear presentation of the data,the expression of each gene in this process is
visualized as a bar graph for each experiment. To date, we have updated 24
microarrays conducted during apple ripening and another for raw apples. In addition,
the analyzed array data will be updated in the future to include a variety of
experimental conditions, including determining expression during fruit abcission,
determining the expression of ethelyne-related genes in apples by querying the
expression profile of apple genes in apples subjected to treatment with ABA (‘abscisic
acid) and determining the expression differences in ACC ( 1-aminocyclopropane-1-
carboxylic acid ) oxidase antisense fruit. In addition, the expression profile of apple
flower infection by fungi,and the scion response to various rootstocks will provide the
user with an opportunity to investigate the immune system of the apple tree.

In addition to the query interfaces and tools directly related to the access of
expression data,the user could also determine the expression profile of each gene in
the annotation for each gene. To ensure uniformity of the analyzed results for cross-

experimental comparisons and comprehensive analysis, we determined the unique
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expression pattern of each gene in all processes. Most biological processes mentioned
above were investigated by one independent experiment and one type of microarray.
However,of the processes researched by these microarrays archived in our database,
the maturation of apple fruit was investigated repeatedly by several independent
experiments using various arrays, including oligonucleotide arrays and c¢DNA
microarrays. To provide the user with a more convenient way to view apple maturation
data comprehensively, we compared these experiments and chose one experiment as
the standard gene expression profile for each apple gene.

Our databases will offer a flexible and open design that facilitates submission,
storage and retrieval of data sets from genomic hybridization and expression
experiments. User can submit their raw data in the form of an apple expression profile
in our database, and we would subsequently process these data in the standardized

format.
2.4 The description of apple microRNAs

MicroRNAs ( miRNA ) are important regulators of post-transcriptional and
translational gene expression. A total of 165 apple miRNAs were collected from the
publication and the miRNA database and divided into 56 families in AppleGADB.
This database provides information on genomic location,target gene,sequence of pre-
miRNA and mature miRNA ,the structure of the Pre-miRNA and so on.

The prediction of conserved miRNAs was conducted by miRPI software ( Vignesh
et al. ,2011). It identifies the highly conserved mature miRNA sequences without any
mismatches against the apple genomic sequences and, in addition, the pre-miRNA
sequences was extracted for calculating of GC contents, MFE and MFEI, in order to
evaluate the hairpin sequences. Sequence alignment was performed by clustalw
software ( http : //www. ebi. ac. uk/Tools/msa/clustalw2/) , and the second structural
alignment was conducted by R-coffee software ( Moretti et al. ,2008 ). miRNAs were
clustered using Blastclust software with-S setting as 0. 95. Targets were predicted by
psRNATarget web server using predicted consensus gene set CDS sequences of apple
genome vl.0 as target datasets ( http://plantgrn. noble. org/psRNATarget/).
Sequences of targets were retrieved from apple CDS database,then send to mapping in
GO,KOG and KEGG databases using blast2go software( Conesa et al. ,2005). KEGG
pathway enrichment analysis was conducted by KAAS server ( http://www. genome.

jp/tools/kaas/ ) . miRNA-target network constructed by Cytoscape 2. 7. 0 ( Shannon et
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al. ,2003).
2.5 Utility and discussion

As shown in Fig. 2, the flowchart shows that the user can reach the interfaces
(such as Gene Families, CD, GO, Interpro, Blast, MiRNA , and Publication ) from the
homepage ( Fig. 1) . These interfaces provide access to browser and search and the user
can find the desired results or genes. All of these interfaces can easily alternate.
Furthermore , the user can modify apple gene annotations and submit publication

information for related genes.

Fig.2 Relational framework of interfaces of AppleGFDB

The user can reach the interfaces ( such as Gene Families, CD, GO, Interpro,
Blast, MiRNA , and Publication ) from the homepage. These interfaces provide access to
browser and search and users can find the desired results or genes. All of these
interfaces can easily alternate. Furthermore, the user can modify apple gene

annotations and submit publication information for related genes.
2.6 Nucleotide and protein information

This component contains the complete annotations for each gene,including their
gene locus, gene name, protein ID, protein name, family name and description,

nucleotide sequence, amino-acid sequence, homology-domain prediction, and
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homologous templates from Arabidopsis and populus. This component can be reached
by inputting a sequence ID in the locus search field. We noticed the trend of unifying
annotations of apple genes. Therefore, the sequence name is the standard gene name
used by NCBI, and the annotation of different ESTs, indicating the same genes were
put together. In addition, we also displayed the gene annotations analyzed from many
databases , including InterPro, Gene Ontology,and CCD. The expression profile of the
gene in the fruit maturing process, and the gene structures are visualized in the
annotation. Fig.3  shows the web page about the gene information
(MDP0000144307 ) . This component is directly available by entering the locus of the
apple gene.

AppleGFDB supports gene view about chromosomal location, gene structure,
description about gene family, best ontology in Arabidopsis, conserved domains,
sequence and expressional information. For example, user can view the gene
(MDP0000144307 ) and find its best ontology in Arabidopsis ( AT3G18010. 1). Then
user can get the information about the gene family, gene function and its expressional
information in apple tree. For improving AppleGFDB ,user can submit publications to

edit the database.
2.7 Family information

This component contains the complete annotations for each gene family,including
family name and description, the sequence in the family, consensus sequence from
Arabidopsis, conserved domains, the signature profile, and a multiple sequence
alignment of the protein sequences in the family. This component can be directly
reached from the browsing web page of the “Family”. A user can browse AppleGFDB
from this perspective. The 159 gene families are listed in the database. After entering
in each family,users can view all apple genes in a given family. By clicking the gene
name ,users can view the complete annotations for a gene, including nucleotide or
protein sequence, gene structure, orthologues in Arabidopsis, gene ontology, InterPro,

expression profile ,and related publications.
2.8 The tools search for apple information

This component is applied in these tools, including CCD, InterPro, GO, and
expression. The search link allows users to search the entire apple database by a

specific ID or key words. For analyzing CCD, the user can search by entering a
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specific key word or the conserved domain ID of different domain databases,such as

PFAM ,SMART, COG, PRK, and TIGRFAM. The information in apple InterPro and

GO can be reached by database IDs and key words. The expression profiles of apple
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genes can be queried by their ID from the GDR apple genome database. Users can
also search AppleGFDB by the gene IDs used in the GDR apple genome database to

get all of the information analyzed by these tools.
2.9 BLAST sequence search

This tool provides users with a sequence search tool to research a query
nucleotide or protein sequence against all sequences stored in AppleGFDB. The user
can submit a query sequence and change the BLAST parameters. After performing the
BLAST search,the significant matches are ranked based on the e-value generated from
each gene. In this tool, the user can also provide a text query ( FASTA format) to
search information in the database. After submitting the query text, the hit genes

would appear ranked by sequence alignment.
2.10 Download

All of the information in the AppleGFDB is available for users to download. Users
can download all of the nucleotide or protein sequences in the FASTA format. This
availability makes it possible for users to get the sequences of target genes or proteins

when they get information from the database.
2.11 The interactive platform in AppleGFDB

With the rapid increase in apple research,it is difficult for one group to collect
all of the apple data. In order to make our data more user-friendly, we developed a
user interactive platform to enable everyone to edit the database ,which will lead to its
improvement. Our publication submission tool was designed for a user to submit their
publication information to this database. We will check the submitted publications,
and only if these are related to apple research, will the paper be attached to the
corresponding section of the database. For gene annotation, our gene family submission
tool can help the user to submit their gene information to this database. The
reasonable annotation will become a part of this database. The tools will facilitate the

annotation of apple genes and strengthen the relationship among apple research labs.
2.12 Conclusions and perspectives

To our knowledge ,no other work similar to the work described in this paper has

been carried out on the construction of an apple gene analysis database offering a
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broad annotation of the apple genome, as well as a user-friendly and interactive
platform. The comprehensive annotation of the apple gene and genome provides
powerful prediction information for functional genomics, and the classification of the
apple gene families could help in studying the evolution of the apple and plant gene
families. More importantly, this database provides user interactive utilities that can
optimize the usefulness of this database and strengthen the ability to update the
database and provide accurate information. In later versions, we will try to integrate
more publications and microarray data to the gene annotations and will make it more
user-friendly. We advise the apple research community to submit their annotation or
publication information to our database to accelerate the functional annotation of the
apple genome.

Availability and requirements:The AppleGFDB database is freely available for
academic use and is available at the following URL; http://gfdb. sdau. edu. cn/.
Based on our initially testing of the database, AppleGFDB is completely functional
with three web browsers; Internet Explorer,Mozilla Firefox,and Safari.
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BN KAER > Fa= M > N, = RE5 IR ZE R ZEh N P K & B 7K
WA R R, 2 A 2 I 0 & B YRR AR, ELAS [ 2 U 45 SR A AH W] o0 R & & 1Y B
BRAEA — 3, Hodr, 2R gy N JEZF iy PO K T BERCHT 8, % 0 4 ) A
39.1% ~40.4% 34.6% ~36.4% Fl 26.2% ~28.2% ; {2 f 2 f 1AA (ZR .
GA ABA & EAERIRIIEC fRE , F AW ZF W5 B ABA SR e, H 34 LA
MZFh & R SR MR, g 3.0% ~T7.6% 4.3% ~22.3% .
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KR PR AR 0 B IR NI R
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gl 25 Ty (AR S5 2 55, DTN B 1L A A A AR AERR S A B, 4 R E T AR IR B
RETH g o 224k, B N AE 38 IR S B A8 7= 45 1 07 A 7 KSR ik oT (R KMk
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SRR WEFE T AL 7 45 A PR IR R0 A R 2R 28 v B SR AN IR 1 B 3
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BT 2011 4F 8 A 2 2012 45 7 H A8 2R 48T 2% T Jg 3B 48 A TR 39 2R el ik
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62. 8% o BHAIEANGOLILEE 1o BoF 1< SRIAR 7™ i B LA — B K /IMFE S5 R
PARRG=A (Xf B8 25 5 BRAE DI REA , BbR /N IX 5 IREL A o 4/ X AR e 1 AN
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(=) MEMBE &

L & FOCR M E
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2. WEIME

1 1/1000 K- HERHFREL 2. 00 g SR ZEAE 5, i 80% ¥ FH I 40 mL, kit i
BE 5T AC I, R, DB e A FE 75 R 4% ( <40°C ) 8 K W BE, F pH 8.0 2%
R A 1L (V/V) L 3 W, AN . KA A R pH 2.5 )5,
FHEGEER 3 W, A, B EREE T KMHBHCROERAER 3 K, &
IR R R 2 T W& B A pH 8.0 B IR 2% vl vk i, 2R & M ik
M E B PR 7 0.5 h il UR VR BRI pH 3.0, 3 C o TiAE ,80% HH BRI, Wi 4R
VR ,40°C e i 2= T, 1 mL A0 BT HY B 5 o >R e RACUBORH €6 3% 325, 0 8 15| Wk &
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5 R 123
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2. P

PRIRI], RAFE B AE 28 i P i 4.60 g/kg, D9 /NVAFE RS 152 53" 44 119
122 (& 4) o WiZF ), KRR T P & il 2.95 g/keg, N/NERAY 1. 45
5 R 121 ff .

PRERIV], RAFREIE 28 of P 0 3,15 g/kg, S/ NAER By 1. 49 175 ™ B Y
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4. ABA
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Impact of Fertilization on Some Apple Fruit
Quality Characteristics

Atanas Blagov et al.

Fruit Tree Institute of Yantai Agricultural Academy, Yantai

Institute of Agriculture, Kyustendil, Bulgaria

Abstract: The apple fruits are characterized with size, colour, shape, but their
texture with firmness, taste, aroma. The factors determining apple fruits quality are
numerous—genetic factors, environmental conditions ( air temperature and
humidity) , light intensity, growing system, used rootstocks, irrigation, fertilization,
pruning etc. The nutritional regime of apple orchard is one of the major factors for the
fruit production. Apply of nitrogen, phosphorus, potassium and calcium containing
fertilizers on certain qualitative characteristics of apple fruits. The nitrogen fertilization
is main factor to growth of the apple trees and at the same time it has great impact on
fruit size, increase fruit skin colour . Mineral fertilization levels with phosphorus,
calcium, potassium show the ratio between the separate aromatic compounds in the
apple fruits. The application of complex fertilization of the soil and foliar fertilization
improves apple fruit quality, changed the total acidity, pH and the colour of the
fruits. The fruits content more glucose, sorbitol, dry matter ,fruit acids

Key words: apple fruits; quality; mineral nutrition; soil fertilization; foliar

fertilization ; dry matter

1 Introduction

The term “quality” describes the dignity, the degree of excellence of a product
or its suitability for a concrete specific use and reflects the human idea, encompassing
combinations of a number of sensory characteristics. With a commodity such as fruits
these properties are appearance-size, colour, shape, brightness, absence of defects,

texture-firmness, juiciness, taste, aroma, nutritional value, and chemical
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composition among many others ( Abbott, 1999; Kader, 1990, 2001 ). There are
also different types of quality-market quality, consumer and nutritional quality etc.
Broadly speaking, however, there exist two main views for quality-product-oriented
and market-oriented quality ( Shewfelt, 1999).

The factors determining apple fruits quality are numerous—genetic factors,
environmental conditions—air temperature and humidity, the duration of the hay,
light intensity, precipitation, and others; characteristics of the growing system—
species and rootstock used, irrigation, fertilization, plant protection treatments,
pruning , floor management etc. The nutritional regime of the apple trees is one of the
major management factors, influencing the quality parameters of fruit production. In
the scientific literature there are data mainly about the effect of fertilization with
nitrogen, phosphorous, potassium and calcium-containing fertilizers on certain
qualitative characteristics of apple fruits (Sams, 1999).

The studies of the independent effect of organic fertilizers on apple fruit quality
reported in the available literature are insufficient, but there are data revealing
differences in fruit quality due to impact of the whole growing technology, one of the
essential of which is fertilization ( Radomirska et al. , 2004 ; Radomirska et al. ,
2005).

Comparing various quality attributes of apple fruits, produced under the
conditions of different technologies, it was found that the fruits obtained in the organic
technology, where only organic fertilizers had been applied, were with better quality
indices (firmness; sugars/acids ratios; higher vitamin C, phosphorous, magnesium

and iron content) in comparison with the same parameters of fruits obtained from the

other technologies ( Reganold et al. , 2001 ; Worthington, 2001).
2 Impact of nitrogen fertilization on apple fruits quality

In the scientific literature there is evidence of the effect of nitrogen fertilization
on the biological and gustatory characteristics of apple fruits. As a whole it has been
confirmed that regardless of the nitrogen form in the fertilizers, it influences the
content of ascorbic acid (vitamin C), as well as the quantity and quality of the
produced by the plant proteins. With increasing the nitrogen supply of the plant, the
protein synthesis rate is also increased, whereas the carbohydrates production is

decreased. Vitamin C content is also reduced due to the fact that it is synthesized by

carbohydrates ( Worthington, 2001 ).
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In a field trial with increasing levels of nitrogen fertilizers (60, 120, 240, 480
kg N/hm”) it was found that during the first four years from the beginning of full fruit
bearing the value of nitrogen fertilizer norm did not have a significant effect on fruit
weight, the diameter, firmness and dry matter content of fruits, although a slight
trend for a reduction in dry matter content with the increase of nitrogen fertilizer norm
was observed.

Nitrogen fertilization imposed a greater impact on the external appearance of
fruits-with nitrogen fertilizer rate increase (up to 480 kg N/hm’) a considerable
change in fruit colour occurred and the fruits of the cultivar Golden Delicious
remained green at consumer maturity, which worsened significantly fruit quality. The
negative effect of the unbalanced nitrogen fertilization in norms higher than tree
requirements was even more pronounced, especially with the use of dwarf rootstocks.

At higher nitrogen fertilization rates apple fruits become larger, with a reduced
firmness, and higher content of dry matter, nitrogen, magnesium, malic acid,
whereas the calcium and phenols concentration, as well as the seed number, are
lower ( Bloksma et al. , 2004 ).

At a nitrogen rate of 480 kg N/hm’ other changes in appearance were also
observed-fruit rust and cracking were greatly increased. After the chemical analysis of
fruit, leaf, and soil samples, a drastic drop of pH and high manganese concentration
were registered.

In a field experiment with the application of different irrigation regimes and
nitrogen fertilizer rates it was found that during the period of initial and rapidly
increasing fruit bearing the use of nitrogen fertilization at a rate of 120 u 180 kg N/
hm’ had a milder influence on fruit colour than that of the various irrigation regimes
variants. Nitrogen fertilization contributed to fruit size increase, but with fertilizer
rate rise the fruit skin colour intensity and firmness were diminished, which

influenced negatively fruit storage capability ( Racské et al. , 2005).
3 Impact of the combined (N, P, K) fertilization

When apple trees were grown under the conditions of mollic fluvisoils, fruits with
the highest quality, as well as high and regular yields were obtained after the
application of manure at a rate of 2 t/hm’ ( every second year), and mineral
fertilization with N120 P90 K90 kg/hm’. In the same ecological region a significant

effect is reported of the preplanting phosphorous fertilization. After the yearly
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application of 90 kg P,0,/hm’ the fraction of fruits “Extra” quality (Bulgarian State
Standard) was 27. 8% , in comparison with 34. 1% obtained after the fertilization
with 270 kg P,0,/hm*, performed every third year, and 41.9% after the use of 540
kg P,0,/hm” every sixth year.

Apart from its effect on fruit colour, mineral fertilization affects other apple fruits
characteristics, related to their biological value and their storage capability. Due to
the fertilization with N, NP, NPK, the quantity of protopectine at harvesting maturity
is increased, but after six-month cold storage pectin content is reduced significantly
in the fruits from the trees, fertilized with higher mineral fertilizers rates.

There is evidence in the literature that the content of aromatic compounds at
harvesting maturity and during the storage of fruits depends also on the provision of
the trees with nutrients. It is ascertained that the application of moderate mineral
fertilizers rates (N180 P90 K90 kg/hm®) the quantity of aromatic substances can be
increased to 1.7 times compared to the unfertilized trees. With the extreme rise of
fertilizers rates to N540 P270 K270 kg/hm”’ their total content is reduced by 10% in
comparison with the moderately fertilized trees.

Mineral fertilization level affects also the ratios between the separate aromatic
compounds in the fruit. In the fruits of the unfertilized trees methanol is predominated
(25.5% ), followed by hexyl acetate (23.8% ), ethanol and (16.7% altogether).
At the moderate rate ( N180 P90 K90 kg/hm®) the ethyl acetate is present in highest
quantity, followed by the ethanol, whereas at the higher fertilizers rates the
concentrations of ethyl acetate, ethanol, and isobutyl acetate is reduced, but those of
butanol and hexyl acetate are higher.

The changes in the composition of aromatic compounds of fruits during their cold
storage is also related to the quantities of the applied mineral fertilizers. At the
beginning of apple fruit storage the content of aromatic substances in the fruits of the
unfertilized and the moderately fertilized trees increases intensively, after which their
total content decreases to 38% —53% of the initial values. In the fruits of apple trees
fertilized with high rates ( N540 P270 K270 kg/hm®) such a trend is not observed
and at the end of the storage period the concentration of those compounds drops to
18% of their initial content.

The unbalanced single nitrogen fertilization increases fruit weight and wax
content per unit skin surface, whereas the application of high rates NP and NK

reduces the quantity of the latter. The high level potassium fertilization increases fruit
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acidity, which contributes to the improvement of their gustatory characteristics, but at

the same time the risk of bitter pit during the storage period, is increased.
4 Influence of foliar supplementation

Foliar applications of fertilizers also affect the quality properties of apple fruits.
The supplementations with nutrients through the leaves provides apple plants with
mineral and organic compounds much faster than their soil application, but the effect
is with short duration. Spraying apple trees, grown on soils with low boron content,
with 0.3 - 0.5 borax solutions leads to an increase in fruit size and a reduction of
50% of the number of cracked fruits.

When the concentration of soil nitrogen is insufficient, its foliar application is of
crucial importance for overcoming of the temporary deficiency. Foliarly applied urea
reduces the untimely drop of leaves, colour intensity, and the sugars/acids ratio of
apple fruits, but increases fruit size and intensifies vigour ( Bertschinger et al. ,
1997).

Fruit concentrations of calcium, potassium and nitrogen, as well as the ratios K/
Ca and N/Ca, are an important factor affecting fruit quality. Calcium is one of the
essential nutrient elements influencing apple fruit quality and the supply of the fruit
with sufficient amounts of calcium is a key element for the provision of its optimal
content at fruit harvesting and storage ( Casero et al. , 2002 ; Ciavatta et al. , 2002
Porro et al. , 2002) .

The apple fruits sprayed with calcium-containing compounds are characterized by
higher quality, better storage capability and less physiological disorders ( Mayr et
al. , 2002; Weinbaum et al. , 2002; Tojnko et al., 2002 ), as well as reduced
pesticide residues in the fruits ( Malakouti et al. , 2001). The ratios N/Ca and (K +
Mg)/Ca in the treated fruits are more balanced than those in the untreated ones
( Casero et al. , 2002).

After several sprays with calcium compounds yield increase and better control of

b

bitter pits is reported in the literature ( Wojcik et al. , 2002 ; Ernani et al. , 2002 ;
Schmitz-Eiberger et al. , 2002).

Porro et al. (2002 ) examined three fertilization treatments in an apple
orchard—without fertilization; soil fertilization. The authors found out that in the
treatment soil + foliar fertilization the incidence of bitter pit and rot was reduced and

the leaf concentration of Ca, Fe, Mn and Zn was the highest. The content of these
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nutrients was also higher in the fruits of this treatment, whereas that of B was lower
than that of the unfertilized standard.

The application of complex foliar fertilizers improves apple fruit quality, changes
the total acidity, pH and the colour of the fruits ( Platon et al. , 2002 ; Stampar et
al. , 2002 ). After treatments with such fertilizers the fruit content of glucose,
sorbitol, dry matter, malic and citric acid, and potassium, is increased ( Hudina et

al. , 2002).
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Effect of Foliar Fertilization on Yield,
Fruit Quality and Macroelements Content in
the Leaves of Granny Smith Apple Cultivar

Dimitar Sotirov

Institute of Agriculture, Kyustendil, Bulgaria

Abstract: The impact of two mineral and two organic foliar fertilizers applied in the
following variants; VO ++ control; V1 ++ Kristalon white ++0,3% ; V2 ++ Kristalon
special ++0,3% ; V3 ++ Humustim ++0,1% and V4 ++ Biohumax ++0,1% , on
the yield, average fruit weight, chemical composition of the fruits ( dry matter, total
sugars and titratable acids) and macroelements content in the leaves of Granny Smith
apple cultivar, grafted on MM 106 and planted in the spring of 1986, on leached
cinnamonic forest soil, was studied. The research was carried out during the 2004 —
2006. It was found that the treatment by Kristalon white, Biohumax and Humustim
led to yields increase by 9.67% , 4.52% and 2.12% , respectively, compared to the
control. Kristalon special has no positive effect on the volume of production. There
was no significant difference between the variants of foliar fertilizers in the average
fruit mass. The greatest percentage of extra quality fruits was obtained in the
treatment with Humustim, followed by Biohumax and Kristalon special. The content
of dry matter, total sugars and titratable acids was not influenced significantly by
foliar fertilizer. A tendency for slightly higher content of dry matter and sugars was
observed when Biohumax was used. The concentration of nitrogen, phosphorus,
calcium and magnesium in the leaves was within, and for phosphorus and above the
optimal levels, established for apple cultivars. Minor differences in the values of
nutrients in the leaves between different variants of fertilization indicate that the type
of foliar fertilizer did not have significant effect on their accumulation in the leaves.

Key words:apple; yield; foliar fertilizers; biochemical composition; quality
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1 Introduction

In Bulgaria, apple (Malus domestica L. ) ranks first in production among fruit
40 413 t and fourth in area 4890 hm’(2011). Golden Delicious and

its mutations, Granny Smith, Red Delicious, Idared, Jonagold, Florina and Mutsu

crops

cultivars take the biggest share in the production. Annually from the soil are exported
significant quantities of mineral nutrients with high yields and isolated in pruning
wood. The main way of their recovery is fertilization, which directly affects the
quantity and quality of fruits. In optimizing this factor is possible to obtain high
production and economic results ( Krinkov et al. , 1990). Soil conditions, farming
practices and climatic conditions during the growth of fruits can have a major impact
on the preservation of their quality after harvest ( Bramlage, 1993 ). Most studies
have focused on the terms and rates of soil applied fertilizers. The application of foliar
fertilizers as a promising direction for managing growth, development and yield in
fruit plants has recently become very topical. Reported in the scientific literature data
on the influence of foliar nutrition and its effects on fruit quality, however, are
insufficient ( Ciavatta, Benedetti, 2002, Nachtigall, Dechen, 2006 ). Developing
efficient combinations of foliar fertilizers with advanced additives and establish
specific requirements for nutrients in different stages of development of fruit trees will
increase the efficiency of leaf fertilization ( Porro et al. , 2002). Foliar fertilization is
irreplaceable in unfavorable weather conditions, soil nutrient fixation, as well as for
recovery after different mechanical injuries and other stress factors, but it has a more
short-term effect than soil-applied fertilizers ( Andrews, 2002; Mengel, 2002). An
important condition for the foliar fertilizers effect is their application in the optimal
term for specific fruit species, cultivar and region ( Swietlik, 2002; Naseri et al. ,
2002), as well as the achievement of optimal concentration of the solution ( Tomala,
1997 ; Toselli et al. , 2002).

Scientific researches in some cases find positive effect of the foliar fertilizers
application on the vegetative and productive activities of the apple trees, as well as the
quality and storage capability of their fruits ( Casero et al. , 2002 ; Ciavatta, Benedetti,
2002; Mayr, Schroder, 2002 ), changes in total acidity and color of the fruit
( Policarpo et al. , 2002; Stampar et al. , 2002 ) , increasing the content of glucose,
sorbitol, solids, malic and citric acid and potassium in fruits ( Hudina, Stampar,

2002). In other cases, opinions are of no or negative effect on some biometric
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indicators ( Perya, 2002 ). The objective of the study was to evaluate the effect of
mineral and organic foliar fertilizers application on the reproductive manifestations, fruit

quality and macro elements content in the leaves of Granny Smith apple cultivar.

2 Material and methods

This research was carried out during the 2004 — 2006 at Institute of Agriculture-
Kyustendil ( Bulgaria) in Granny Smith apple cultivar orchard, grafted on MM 106
rootstock. The orchard was established in 1986 on leached cinnamonic forest soil
( Chromic Luvisols ) with a slightly acid reaction, poorly stocked with alkali-
hydrolyzable nitrogen and well stocked with assimilable phosphorus. The planting
distances were 4.5 m x 2.5 m ( planting density ++ 890 trees per hectare). The soil
surface in the orchard was maintained under clean cultivation in alleyways and herbicides
along tree rows. Irrigation was done by drip system. Crop management practices for pest
control (fungicide and insecticide applications) and tree formation were the usual ones for
apples, plus soil and foliar fertilization monitored by means of leaf analysis.

The effect of two mineral and two organic foliar fertilizers applied in the following
variants was tested: VO ++ the control ( without application of leaf fertilizers) ; VI +
+ Kristalon white ++0,3% ; V2 ++ Kristalon special ++0,3% ; V3 ++ Humustim +
+0,1% and V4 ++ Biohumax ++0,1% , on a background 180 kg/hm’ nitrogen ( a.
i. ) introduced into the soil 2 times ++2/3 in the spring and 1/3 in the autumn.

Leaf fertilization was applied three times over 10—12 days in these doses
annually during May—June. The experiment was set up in randomized design, in 4
replications with 3 trees per plot.

In generally accepted methods for the country were reported and analyzed the
following indicators: yield ( kg/tree and kg/hm’), average fruit weight (g),
chemical composition of the fruits-content of dry matter (% , refractrometrically ) ,
total sugars (% , by Shoorl) and titratable acids (as malic acid — % , titrimetrically
with 0.1 N NaOH). Qualification of fruit-extra, first and second quality, was made
according to Ordinance No 108/12.09.2006 of MAF.

To determine the content of macroelements in the leaves were compiled medium-
sized samples, which have been analyzed by the methods described by Stanchev et
al. (1988). From each tree were taken 10 — 12 healthy, normally developed leaves
from the middle part of the yearly shoots between 10 and 15 August in repetitions.

The following elements were determined: nitrogen (N) ++ after Keldhal’ s method,
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phosphorus ( P,0,) ++ by colorimetric method with reductor hydrazine sulphate,
calcium (Ca) and magnesium (Mg) ++ complex metrically. For interpretation of the
data were used limit values for the concentration of chemical elements in the leaves of
apple trees, established by Bergmann (1988).

The results were statistically evaluated by analysis of variance ( ANOVA) and

LSD test was used for the identification of the significance of differences.
3 Results and discussion

The tested types and doses of foliar fertilizers had no unidirectional effect on
yield in different years. The highest yields of the trees in all variants were obtained
during the first year of the study and the lowest in the second year (Table 1). In the
first and third year of treatment by foliar fertilization variants were obtained higher
yields, compared with the control, but statistically proven (at P =5% ) is the only
difference between V1 (Kristalon white) and VO (control) in the third year. Relatively
low yields in 2005 were as a result of damages caused on the reproductive organs of the
trees by late spring frosts and possibly atypical weather conditions during summer months
(prolonged drought, combined with high temperatures in the range of 38 —40°C and low
relative humidity) that may have violated the normal absorption of nutrients by plants. In
this year the results were contradictory ++ leaf fertilization has not given positive results

and yields from fertilization options were lower than the control trees.

Table 1 The influence of foliar fertilizers on yield and average fruit mass of

Granny Smith apple trees (2004 —2006)

Year .
Total Average fruit
Variants 2004 2005 2006 % of the control
/ (kg/tree) mass/ g
/(kg/tree)  /(kg/tree)  /(kg/tree)

VO (control) 88.24a 33.63a 70.68a 192.55 100 139a
V1 93.71a 30.05a 87.40 b 211.16 109.67 140a
V2 92.62a 20.97a 76.68a 190.27 98.82 139a
V3 88.88a 30.43a 77.33a 196. 64 102.12 142a
V4 101.83a 19.37a 80.05a 201.25 104.52 142

LSD 0. 05 33.51 17.54 13.51 18.03
0.01 46.99 24.60 18.94 24.73
0.001 66.41 34.76 26.77 33.66

Note: Means in the columns followed by the same letter are not significantly different at P< 0.05% (Duncan’s test).

Totally for the period the highest fertility had the trees treated with Kristalon
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white ( V1), where the yield was increased by 9. 67% , compared to the control
(VO). In other variants the cumulative yields were increased by 4. 52% for V4
( Biohumax) and 2. 12% for V3 ( Humustim ) , respectively and only in the use of
Kristalon special ( V2) the yield was reduced by 1. 18% , compared to VO. The
differences between the different variants and the control, however, were small and
not statistically proven.

From an economic point of view the yield per unit area of the plantation is of
greater importance. The data showed that the yield calculated per hectare ranged from
17 239.3 kg/hm’ ( V4, 2005) to 90 628.7 kg/hm’ ( V4, 2004 ). Average for the
period the highest yield was achieved by the trees treated with Kristalon white
++62 644.13 kg/hm’, followed by Biohumax ++ 59 704.17 kg/hm’ and Humustim
++58 336.53 kg/hm’. For the variant V2 (Kristalon special) the yield was lower
by 676.4 kg/hm®, compared to the control (Table 2).

Table 2 Yield per unit of the plantation kg/hm’
Variants 2004 2005 2006 Average
VO ( control) 78 533.6 29 930.7 62 905.2 57 123.17
V1 83 401.9 26 744.5 77 786.0 62 644.13
V2 82 431.8 18 663.3 68 245.2 56 446.77
V3 79 103.2 27 082.7 68 823.7 58 336.53
V4 90 628.7 17 239.3 71 244.5 59 704.17

The results of the biometric measurements of the fruit showed that the examined
doses of foliar fertilizers applied during the period May—June do not have a
significant influence on the average fruit mass. Most of the nutrients from the foliar
fertilizer applied during this period probably be spent on actively growing shoots and
increasing the leaf mass and to a lesser degree for the increase of young fruit set.

The production qualification, according to Bulgarian State Standard, average for
the period of investigation, showed that the fruits of extra quality represented the
highest percentage in all variants, followed by the first quality fruits and the least by
the second quality fruits (Table 2). The greatest quantity of extra quality fruits were
produced by the treatment with Humustim (V3) -86.75% , followed by Biohumax
(V4) —84.79% and Kristalon special (V2) —84.57% . This percentage was lower
in Kristalon white (V1) —81.18% , compared to the control VO —82.83% , but its
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quantity of first quality fruits increased by 2.27% .

The dry matter in fresh fruits of Granny Smith apple cultivar has the highest
values in variant V4 (12.73% ), followed by V3 (12.37% ) and V1 (12.33% ),
and the lowest in V2 (12.0% ), compared to the conrol (12.03% ), average for the
period (Table 3). The total sugars, in % to the fresh fruit mass, varied slightly
between the different variants. The concentration of total sugars was also the highest
in V4 (8.47% ), and the lowest in V2 (8.30% ). The other variants occupied an
intermediate position. The content of titratable acidity in the fruits was the lowest in

the control trees (0.50% ) and the highest in V2 ++ treated with Kristalon special
(0.59% ).

Table 3 Chemical composition of Granny Smith apple fruits by different variants of foliar fertilization,

average for the 3-year testing period

Variants Dry matter/ % Total sugars/% Titratable acids/% Sugar-acid coefficient

VO (control) 12.03a 8.42a 0.50a 17.07a

V1 12.33a 8.34a 0.52a 17.27a

V2 12.00a 8.30a 0.59%a 14.24a

V3 12.37a 8.33a 0.54a 16.07a

V4 12.73a 8.47a 0.53a 16.68a
LSD 0.05 1.01 0.48 0.09 3.08
0.01 1.46 0.71 0.13 4.49
0.001 2.19 1.06 0.19 6.73

Note: Means in the columns followed by the same letter are not significantly different at P< 0.05% (Duncan’s test).

Based on the results obtained from chemical analysis of the fruits was calculated
their sugar-acid ratio, which is an indicator for determining their taste. This ratio has
higher values in V1 and the control ( VO) ++ 17. 27 and 17. 07 respectively,
suggesting good organoleptic qualities of the fruits. In V2 this value was the lowest
(14. 24), which gives the fruit a little sour taste. The established differences
between the tested variants of fertilization, both in this and in other chemical
parameters ( dry matter, sugars and acids) varied in a very narrow range and were
statistically unproven. This indicates that foliar fertilizer doses applied practically did
not affect significantly the biochemical composition of the apple fruits.

The leaf nitrogen content in the examined variants varied slightly of dry matter

content depending on applied foliar fertilization ( Table 4). Average for the period it
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was from 2.07% in treatment with Humustim (V3) to 2.37% with Kristalon white
(V1). The differences between the variants in the most cases were statistically
unproven. An exception occurs only for variant V1, as compared to control (p =0.
001) and for other variants. The nitrogen concentration of V1 was in the optimal
level, and in the other treatments around the lower optimal limit for this element
established for the apple( Bergmann, 1988).

The phosphorous concentration in the leaves of the trees was not seriously
influenced by the fertilizer. The differences between the variants were within 0. 08% ,
without statistically significant difference in comparison with control and between each
other. The lowest concentration was at the V2 ( treatment Kristalon special) ++ 0.
30% , which was the upper optimal limit of the phosphorus ( Bergmann, 1988). In

other variants the values were slightly above the optimum, probably due to the good

phosphorus stuff reserves in the soil.

Table 4 Nutrient content in the leaves of Granny Smith apple cultivar,

% of absolute dry weight (2004 —2006)

Variants N P Ca

Mg

VO ( control) 2.12a 0.36a 1.83 b 0.41a
Vi 2.37 b 0.33a 1.95b 0.35a

V2 2.16a 0.30a 1.86 b 0.42a

V3 2.07a 0.36a 1.78 b 0.39a

V4 2. 11a 0.38a 1.46a 0.30a
LSD 0. 05 0.11 0.37 0.21 0.42
0.01 0.15 0.52 0.30 0.59
0.001 0.22 0.74 0.43 0.82

The variation in the leaf calcium content was from 1.46% to 1.95% . In the
treatment with Biohumax ( V4 ) the calcium concentration was the lowest and the
differences with other variants were well defined. In all variants the amount of
calcium in the leaves was in the optimal range.

The differences in the magnesium content were insignificant among treatment
variants. The highest leaf magnesium concentration was found in V2 ( Kristalon
special) ++ 0. 42% , almost the same quantity was recorded in the control ++ 0.

41% . The lowest concentration had the leaves from the trees sprayed with Biohumax
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(V4) ++0.30% . Magnesium was within and slightly above the optimal limit of this

element, independently of foliar fertilizer used.

4 Conlusion

The treatment of the apple trees by foliar fertilizers Kristalon white, Biohumax
and Humustim led to yields increase by 9.67% , 4.52% and 2.12% , respectively,
compared to untreated trees. Kristalon special has no positive effect on the volume of
production. We found no significant differences between the applied kind and doses
of foliar fertilizers in the average fruit weight. The greatest percentage of extra quality
fruits was obtained in the treatment with Humustim, followed by Biohumax and
Kristalon special. The content of dry matter, total sugars and titratable acids was not
influenced significantly by foliar fertilizer. A tendency for slightly higher content of
dry matter and sugars was observed when BIOHUMAX was used, but the differences
with the other options are statistically unproven. The concentration of nitrogen,
phosphorus, calcium and magnesium in the leaves was within, and for phosphorus
and above the optimal levels, established for apple cultivars. Minor differences in the
values of nutrients in the leaves between different variants of fertilization indicate that
the type of foliar fertilizer did not have significant effect on their accumulation in the

leaves.
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T3 pH /N T 5.5 A AR Pl S G A0S 38 Rk W | AR B sk = ) 30.4%
32. 1% F128. 6% , - A 4G A RUEE A R i = 7 50 RO A RO
i, U AR I A AR i A Ca Mg Zn B #8™H B = o Horp B AL
fa bl L3 v, 228 L pH (E R TR 58, 3 OO B = A SOSES A REE A
RO B = (A BROEAF 2005 5 RELEC S ,2007 ) o PRI, M AR e S IR AL, A1 K
AH R ICR (Ga Mg Zn B) ik = J& 2 5 (9 5 H 7]

(Z) mMIIHBELEREREADRR

VU VA A AR 5 D s A A, S AR 1 I X 22— o MR de 1 D IX B4R A
AR B PP 0 Fe B ] Ll st ] DY R A S T A AR el R T
R E 2R 55 MR VORI B P 8, ST UMR S R OR8N £, ) 2 0 A T2
AR DX, P i 58 0 A die ), iR BR R T BUAY 68.7% o Lt —
JEe LIy BENAG O T KRR A B, 8 KL Ca, 3B T3 0K F i T 3 (B A B
i A 5 0 R RO A RO I

(Z) ERHEBEELERERBRAORLR

ERGE AT S RE I RS ER R E e R ED/ =i b £ il oE S T e o 3
M AR ) £ BOHE 2088 BRI O £ s S R b
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UK, 5 RE R 33% o 52 B BB 52 ), = 0k 2R XM ARG ] 4 AN [R) 28 0 +
My B E BRI KRR L > RS AL > Bt > kg et HRE
X A5 M 392,60 % (945 B R ARG ,72% B85k RUBL =, 41 % [ s s b =, B
ZA RO A RBCRE A SR SR L ] 43 i Sk 86.3% . 37.9% . 27.0% |
20. 3% , R Z2 B0RT A Irel - 38 R H T R A A& R 2 M 55 0 A Ak A AL
BES RN (K 5 55,2009 ) o £ 7590 (2011) X3 P 10 A A A M i Al g
DX 351 A A 7] s 24 10 Wil AL R A 0 B 22 B < bl R I ) VY e 338 pHL {422 3 37 BRI
¥4 ,83. 5% (VA A% Il + 48 pH (B 3E B ;53 % AR A HLIR & 2 m Ik, L 3E s
38k Z LA E e BRIl B(98.6% ) (N (89.7% ) \K(55.6% ) .P(51.6% ) .
S(46.4% ) Zn(42.7% ) Fe(36.2% ) Mn(24.8% ) Mg(9.1% ) .Ca(8.6% ) .
Cu(5.7% ) . RBL, H#E &+ HEA A5 A8 it 0 AL, 2 AS 25 Z0 90 B 385 7 338 i 1 it
(JA #xak55,2010)

(/M) #itHEEELERERAORR

0910 T A A A r T R ), 2R e A AR SR P R SR P AL A SR AR R 3
Fro SR P A AU A 20 7 B B o, G SRR BB A CEDER Y% Il A UG
EUA S M, FErb %t B U B AR % TR 26 B v Ay ol = e i A A I X, R
THAE SR P X, B O 200 s AR R s VR U T s SO AU
IR S 0 R Lt B R T SRR A | ST R B R
Al BIRIE S — s A LA R AR, 1 6 5 POK S H A EE
BT o B DI AR el 398 57 70 A8 S K, AT ML el e 20 i 11, 4
KPR R A SR B S R = S PR b T A A PR R DA AR A
7 D R A B B A BT i TN S A 0 R XM GE X, SRR
JEE PR AR KL AT, — R R RE AR AR s AR R
RGO R 5k B S 77 100 A, PR B R B 5 SR L PR F s T R A HLR U X
- SR SR RO A AR A, A RO A SO — e R B = o SR A
TR XA/ 0N, LABRGEE a7 5% o 3, 32 2R JR R N AT i B BT 2 R D
EEN AT SR RS/ S T I I AN I oy | B AR RUE R D2 7/ e - o
RENTEHE O AT G R 0+, H )2 BORIE iR B0 A LR
R FOMERE EAMMR = . £ E5F(2001) il d X 118 AR MR
T AT A5 R  SRVUAC BN TR RE pH AR b B 22 P Pk B R R A, SR B
VR B CECARAR A R N s A AL AR AR AR LA A OB A R
AR AR, NSRRI SRR TP AR (BRECE SN ), B R g B i
D 0% s A A5G AR S R LA R R SR SR AR R o LA 143 SRR B
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AT 4 R R (B Q1B ,2002) ,89. 5% MY M A ] + 38 pH {3 T, 59. 4%
A AL B e I, 35 207 o A8 o R = L ) A e 2RO N 78.3%
K 77.6% B 77.4% .Zn 63.6% P 44.1% ,Ca 39.1% Mg 37.1% ,Mo 35.5% ,
Fe 34.3% , F v S p A A7k el - SEOm R, A7 28085 A AR BE B =, A AUk A U AN
RO R MR DS A

(H) HEHEELERERAORR

WG L1 MR A7 1] 32 B A0 A A T PR 400 m AR BULTHE FI 4T Sy . A &
B, LTI G Ca HB Sk 49. 3% , BEHEBUAS L9 81. 2% 5 21 3 B 38 i L o]
AR 51% 68% o 478 MG R AR 4 6 AN DX — 2 M PE A R X, LS S AR
X, M X e b GBOH A 7 BT LA B4 B TEER, 2O L H R R A A
P DX, B A A T b X, 2R e b DX AR 22 A 3 B R M M Mt DX S B B A 4 S AR B Al
PHZ M 2 R0 L oh, 2 20 A AR 22, K R R P, b 1 T = )2
T P AR DX, L B AN P M GE B VAR VR AF 9 B R B A Al
DA 3 B X, 42 B0 22 O 213, b g v 55 5 O A Fi AR DX, A PR b X S A
B OB %, 2 4 B R AR e s R KRN B M X, s K
U BRI KW LT 2 M MRS S B R G, 2 AL
SR IR 7S 2 2 AR LM B A DX, A5 28 I T AN B BH H DX, A 25 0 1L
KA i O A S b Ak, DT R

(77) IAMBELEREREAORR

TEPUA AR [l - S T DLZL S O 32, 70 A A6 b 3t AR B, 203 R] 0 2036 210
S NARESHAR: IR EAR: I A EaEAR X IFED/ FeEAR: Il PAEAR SuS ROl E -]
SR MRRE A K RIAE b e 2188 O R PR A v B B AR E g B, 200
A ML B e 2L P b o T r AR A 7 DX, R AR b R X T B A SR T O ZL
B, ROL pHEAT ~8.5, AL 1% iy, BRI EN T 208 0 0
RV £ A b LI YE - v e A, B O A B ), AL 1% A AT, AL
Wil AP Al Ik 3% Ay . AR, B 8 B 54. 8% mAH A7 el A B i
1% ,87. 1% B AR bl i S Bk =, fHL P K i i 5k =2 (42% \39% ) I A7 (XIEEAR
55,2010) o AR B AR AL X, LARE T MR kL O T R, RS B AT ZL R
LR L PRt YR o 2R AL E SR (2005) HiGE , B SR A T A SRR
JEXAG, 302 20 ~ 40 em 3 pH {HI/NT 5 A HLBCE BR300 4 b2l S A8/
T 1% M FER N R0 PK SR R e = , 20858 5 A 3808 & 28 45
K, b A 00 o ol I, A A R A T BV i 4, A 1982—1984 4F
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2 W R A el A RO P40 0. 13 mg/kg, HART 0.5 mg/kg 195 99%
() #IMEE L ERERAORR

WA M AR = 2 XA M M T K RS, R R £ A
17 el 38 3% 4 B il B P4k v PLpH N K B Mo Mg; 7 pH 4% MERH 1+,
— M LAER Fe O 3 M R Z AL, 434 F iR 100 ~ 400 m (1) IS Fr Bz 41
BOR MG EEEAE X, 2R Atk 2 R IE ) 55, P R 2wk AR
B BEAPUR B SRR Z AP A 1.0% LU, + 806 80 A%
3 M A A el - 3R S AR R o g R DL R e B, R R B, e AL
JOT B e AN L T W R b, A 5T R et A B R R RO AE P B 4 ,2007 ) o T
KRR SR, RN T S Ui A+ (S a5+ R
ORI - ER)R B h A R S A LR
22% Fidy, BIEAPURAE 3% A s mth H DL o+ o8 &, + )29, AHLE & B
G, AR T AR, Ry 2 (FE 305856 ,2003) o £ M0 T 2 Wi V45 N 26 A i i
PRI TR AR HESE (2011) F 2009 A5 & M 30 % A A% ] 1 18 HURE 43 A7 0 < 5 R
PE5 A s R M SRR B &7 52% Bk S SR AR Mk R & 34% , - R 1k Ak AL
324 % WA Bl 3 LT 2 ,30% A A A Bl K i S0 AS I 3 A5 i | 3 4 ik
358 B K AR IKOF 1 L1435 g 88% F1 T8% AR b, W VLA G Bl 1 HE R Ak
AW A 40.0% + 3 A LT f A% 3 ] 5 A 4 3 50 L ORCE B = A S
30. 0% 1 45. 0% ;— Lo NI A7 [l 77 76 B 2 B BLAR 5 8 S08% A S008E Bl = 1) At A el 41
K H] 60. 0% 5 + A7 A0 A AR A A BEAA L B ELE; A 70.0%
40. 0% F AH 475 el Bl = A7 2000 AT 385 ( 98 % ,2009) .

(\) EEHBEELERERAORR

A A A A R A 32 7 M 2 — R T s A K e R R R B T AR R
PRI R R o MR R X 2 AR LM 2L, R L1 FE S AT AE T AR 400 m DUR Y
Tl 63, A B 32 ZERP AR X 5 £ 88 3 A £ 400 ~ 1000 m (4 . B& | 1l 3 (R #89
BEAE,1991) o 4 A A PSR O B, d Xk AR A 10 B AR R
702 el 3 5 7%, 84.% 1 718 35 el M A 3 R A, - SO R sg He ik Ca Mg K
A SO A O R B R L O ek IR R Zn Bz (R ESE,1998) 0 %
(2005 ,2007 ) i 38 , 18 G 47 i 3 X 1 4 Mo \Se S £ &, 1 Ca Mg ,Cu B Fe,0,
Mn S JCER W Gt =, H pH B AR 5 7 A R el £ 3% pH WL Ca S0 R L=
WO AU SN I X A PR A O A SO R R
fifp g ACE 5 P A, Ca Mg B & AR = (K2R ,2008) o
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() ITEMHBELTREREEDRR

J7 AR R AT AR B0 B Ll M - RS R B LT BRSO b A R
LR RO AT T R R N B R B ROR K A S K e K
B A5 S B ) 1 0 0l R 5 A ML D R R A R AR AR
PR R N TIRE: 6 e ) ot O R A e R S L = e e o o057 N S 21
AR RO R R IR M A RIS R EE & Ca i
Z , Gy W ATRLAS K, L g A I IR , 358 S B8k, P Mn \Zn \Fe S50 R A 5 I % o
VEECw- T st R NN SR S L N N S S € € N Y 62
B O ER R B K A R P R R R T R B B = o A A [
4 T SRR P O AIR Mg Bk B K K (Ca Mg 70 A1 (ki % 55,2006 ) .

(+) REBLFXHEBELFR ORI EEBRD

2009 4F, FR AT A BACHT AR 7 b B AR M FR 255 1 00 0l 4 20T e 32 A AR
DX R A el = 39 A g 5 s A, BRI B0 3k 5 a5 5 ~ 15 S HEARG Il , F AR AR SR SR i
J&i o ¥ R SR SOCRH A7 el - S FAH A I SR SR S BT R i I AR R A R R
W R 2T B T o 3R 1 Gt oA T 7 4l 10 AU 56 il 7 AN A7
+HE 13 N Ty RS AR B

AR T BRI R B, 1 e 2= 2% [ 9 A A B ST ) PE AN 48 bR AE
T BV A R BRI ARUE (R 1) o UK, X448 Ar il 2 (8 047 A AL AL B, B34
s HE AR A A 25 3230 it A AR el - 18 I8 07 8 A 0 2 - 29 {8 55 A ME A 00 LU 1B, A HE AL
{ELA B B0, AR o PRI, N F L8R, 8 SRR HEEL AN SR 4 B N 25 5 T Ml
{EL, B 7 I 48 45 3 RE ) 38 Ar bm o AU (B Z R, 3278 3% A I8 g 46 A 1) 2 1A s
FE S M S B AR 1R R R R 2 R, T O R
A BT A ™ T 2 (R A R — A AR el B DX A A el - g A I g A A A
FRAE I 25 1 5 M 4a X 2 A, 26w B8R g A 6 RS- bR O (8K, 6 7R ke
BT

H1 2% 1 BT AR 2] 7 T 10 A58 3k s B A el 48 13 AN IE ) $E A
A M B B AR B] SR U R 0. 70 il 0. 77 A #LIT 0. 82 i AL EE 0. 84
pH 0. 89 FHALAE 1. 0; A A4 30 1.7 F1 1.9, Ab7E 2.0 DL SR 0 4k 4T
SR 2.7 4.4 F1 4.4 RbTE 2 ~ 5 22 Ja] 5 T R BE Ay s 6.4 8. 4, 574
JIFRPR A E R AL 2 EEF S SRR R AN o PR, S A Hb U 9 A A A
17 el - 4 e e = SRS AL, AR S R A L RN AR 5 A U A AR A K
BROA R TR A A TON (AR G TE
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F1 2009 FHREIDF~XMHEELIER DRI ER
AL o TR SR S AR (AL V) Rar A/ %

X BE 5 pH
/(¢/kg) N P K Ca Mg Fe Mn Cu Zn B Mo
PR/ (mg/kg) 6.0 15 100 15 100 1000 150 10 5 0.5 1.0 0.5 0.1
T 74 F 1 8.9 8.2 7.0 27 17 10 8.4 44 44 64 84 1.7 19
<0.5 0 88 100 25 0 0 12 12 12 0 38 0 0
PR 8 =1.5 0 12 0 50 62 12 38 38 75 62 0 0 100
AV 1.0 0.4 0.4 2.0 1.6 1.3 1.2 1.6 2.4 1.8 0.7 0.9 2.7
<0.5 0 6 19 12 0 25 25 12 12 6 0 62 0
w6  =1.5 0 0 0 62 19 31 6 8 69 62 75 0 56
AV 0.9 0.9 0.7 2.3 1.2 1.4 1.0 54 3.1 11 6.0 0.4 1.8
<0.5 0 12 2 0 12 0 0 75 5 0 0 0 0
FHIT 8 =1.5 0 0 0 25 75 75 62 12 25 50 12 38 100
AV 1.1 0.7 0.7 1.2 1.6 1.7 2.0 0.6 0.9 1.7 1.2 1.4 2.4
<0.5 0 0 0 20 0 0 O 0 O 0 0 20 20
FhIH 5 =1.5 0 0 0 40 100 100 20 80 100 60 100 O 40
AV 1.2 0.8 0.9 2.1 2.3 3.0 1.7 7.3 12 3.4 2.7 0.8 1.6
<0.5 0 14 14 14 0 43 8 0 28 28 0 43 0
W7 =1.5 0 0 0 8 57 0 0 71 43 43 100 0 57
A.V.47 0.8 0.7 0.6 3.8 1.7 0.6 0.3 2.5 2.9 2.0 37 0.6 1.9
<0.5 0 57 100 71 57 71 8 28 0 57 0 71 28
e =1.5 0 0 0 0 0 0 0 43 8 43 57 0 43
AV 0.7 0.5 0.2 0.3 0.7 0.3 0.3 42 6.0 1.7 7.2 0.3 L5
<0.5 0 0 11 11 0 44 67 0 0 33 0 56 0
WPE 9 =1.5 0 0 0 8 11 11 0 100 8 11 78 11 33
AV 0.8 0.8 0.8 3.2 1.0 0.7 0.5 7.6 9.2 0.9 6.6 0.7 1.5
<0.5 0 0 12 0 12 8 50 0 38 12 12 38 0
Wi 8 =1.5 0 12 0 62 38 0 0 38 38 50 50 0 62
A.V. 0.8 1.0 0.7 3.6 1.6 0.3 0.5 1.3 1.4 3.9 83 0.7 2.7
<0.5 0 0 0O 0 0 100 100 0 40 0 0 O 0
K5 =1.5 0 20 0 100 100 0 0O 100 O 100 100 O 20
AV 0.7 1.2 1.LO 45 1.9 0.2 0.2 6.2 0.6 22 2.7 0.8 1.5
<0.5 0 0 0 0 0 20 40 0 0O 0 0 40 20
HEJH 5 =1.5 0 40 20 100 80 20 0 100 40 100 100 40 40
AV 0.9 1.2 1.0 43 35 1.1 0.7 7.6 51 16 12 1.8 1.7
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7 AT 10 A kA A el 3 13 AN BE 455 0 25 A e, AR B A
N AP AR A 2 25 5 1R 0 6 [0 WG 308 T A AR 2 45 1K i 8 T80 g 44 H 3K
A 2R i R ol 18 VLY R R B R LR A g ol 20 L H IR = ke R DX AR 25 i
6 il R T I P A A 25 e vl 2 D 25 T A A R = ek e DX R 4
28 i KR P LR A R 36 )T AR VD AR £ 5 iR w45 VT P4 R O R
Ciar IR w47 b b s P b 1) R R R A AR el I ) £5 T A (R EOK

345 SCHR 73 A A0 A E AL R A AR e S ) AR AR Y S A O, i b R
P IE 1) i AR R, SR AR g £ 1 0 R K B S R 0 16 N B A AN S
i, 3773 bk Z 5 F5 43 o (R I SO AR O IR B AS, 0 Cu Zn AT RSN TS R0 R
A7AE B4 TR 2 B , S S50 o A5 S8 A Lo e =2 2 266 DR 22 JSOR A el = S8 HE g v
5 H TR, B A o b s PG AL 1) B R AR, R IR AL, 3 Mg Ca k=1 P K
& HERE AN W SR 0 B9 AN I B = SEE g i 1] A

=, REHEE T REEENERE

(—) HEELHEANRSETRS LMBEEAVN R RERZNTFE

H R AR Bl A B 57 3t A% 1 22 o B A S ERE P A AL A Y i A
A A el - A BB AR A T Il ) R ), TSR (2010) K
HPRHHT i 19 50 A A ARk iy BB A Bl b, A PR S R = s
54.41% A LB & & F & ALY 4. 41% 5 J5 #5025 (2010) X = bk 5 K X
459 A A5 el 4 A e T A AR el - S8 BLJTE R AR AY 7 60. 3% 5 AR S (2007)
XPHTLA G N 20 A A B MRS AR [l 147 A, 3 HLIB B = 1 o5
35% . HEEAHLREEZ AU I L HEOROK DRIETERE , [A] it 2 fin sl £ 3 iR AL,
AN T R AR Bl ] e A

SR T e 1 A A el DR 22 Oy P Lt , B SR BILAE 5 A2, B 7 L3t 2R el i i
RS A B, R 2 e B, — 7 1l 9 [ 0 Ok 2 5 i 2 el e L 5 A
0% 5 55— 75 W BR T A MUK IR A A 97 3 J3 RIAE 7= AR 51 22 (9 TR) A, H R A
77 DR 22 it A HILAE K 5 A dod S AR AL 2 75 1 A D o

(Z) HEE LI ELATEFATENRZEFETERIENTFEAEMEE

R IEH A KA ZOR R N PK JCR, W] i b 5 2 H Al R oo R,
Ca Mg .Fe Zn B Mo &, TiifE# ALAYMHARE AL b, & FR LR PR HU A i — 3
AIMAF RO TR, 2% S22 PF B A U [R) , DT 32 Al 1 S8 00 7 B FR LR Bk =2
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SRR IR AT G 5| M AE SRR . KRB R A KRR
P b A IR U R W B = 5 5 T RS s AN R AP 2R A R, il TR R
— WAL > 15, — 26 £ b i) — R LA E FR TR (W1 P Zn Cu) 1 T R (R A=
KT B B, BN A DU 0 o 3k SEAR D0 B W 1 R AR G 7 28 R 5 o
BV SE (2010) Y A 38 S B, 92. 59 % F4 A A el A7 A5 Bl 25 i 7 R s =, HG P A o
(1 31, 85% , 1 it X A BE R AR AR JEL PR gt A P T EE R OC R A AR
A B TR U R B R . B R 6 A5 (2006 ) £ ) P Y I A R T A A T - A
ROES AR A O B2 B TR AR AR S A TR AR E AR
Jir it Y [, 20 M FE B DR < B — , R A S S R R A AR B T B Y
A RAEAT B R B3R R, 38 A RO 5 B T R M AR By el (H R A
BEA it AR RS , 2 6 W it 55 ) A% P 79 3 S5O ARG ) L SR B 5 ™ E B = AR

(=) HRE L EEFENEEFRFEERENF -

MR O Z 4R A W R, 5 R ARY L, o) L3 7 00 B R ik 1k

—Je B S TR I A RRAUR RS IR K o MR O 2 4 A2 0 2R AR
AT E A AFSL T — 3, 0l IS o 2 00 A0 i ME DT 20 o N A AR R 22 A
Tl 52 e A PR R P 2 B SR R M Al IR AR 25 . HOR A i
RO Mr A5 RGO I 22 5, PG R AR ) S A it S o 22 2
FrE R W 32 LA 312 W O A B 9 LB i E

TR ARG AR I B AT R OR A o AR O i B, K o SR O
o T 73 5 Tl AR R WA, T A T Ao 288 ) il AR 0F R B L L TR AR e R A
RIBLIE | LA B AN [R) 5% 0 B9 WSCRE 0 22 5 5K, o i 52 e A A AR AR T ) A0 i JIES g
o

IR A TR B0 28 |t b B AR i J B0 AT S S R W AR AR - SR 0 B
W FNA T o — T T, AEARS S5 A A K Al e T AR SR AN TR BN TR — B I SR
VEZ2 10 il ol AHEARS A [ 14 b 218 00 fd o o 3 00 e SR P 22 S R o g N S A I A
5 A R AR AE R 22 5 WA B U R B R IR 22 5 AN IR HOAS B U 5 AL A ORI
FeE BB | SRR AE AR W S, T[] — £ SR A AR OB A A B A e AR R B, R AR
75 T, AR A A R B, AR R VB R B R R S R T T S AN [ AT 0 B
A FURR IR 1 A B R RS SR 5 5K, AN TR 3R 20 76 A [ 45 B HR 18 20 A LU i A 1
ZE 5 WA RIS i A i 25 PR OB SR TR T RESE e AN ) o 0, A¥ A7 i A&
W JT 5 8 0 X0 25 AR R AR 19 A B 4 R B O T B A X AF il B I L 2 DT
A6 2R AT Bl B A IR ORER ok BT B A v R A AR 40% DAL R ik



188 MEIEMIRE RETBEEESRENESR

TR R B B N, HEE IR K AR R R B B AUER TR B K
(M) #HEE T EFRSEEMERIAR SR REESZREEXEER

I3 e 2R el 1 L M e B DX DL A b A 07 2 — B TR T R A
i, AR IR 7, R IR P JUR AR 2R AF T Bl R AR R VeV M T AR
PEABEIA T, SR TR B T B A R R R, S TR AR
T AR XD & NP A E SRR G R KR E B IR B e . FIE
FEAE X 25 K R A E, WAL ARG 7 X, B PG 7 X
ot T 1 R K AL ] R 2 T RE Y DUK K Z i8N 7= DX A T OK 3 R U AT AR ™ X1 3
TLAE QR B = A 208 BE i it 0 RIS sl E FMEAE , — T T2 B R B2k
T 2R ] FIAR 1438 S5 7K 8 B I7 23 - IR B 1 3 B0 AL 8% £ B R 5 53— 07 i 51 Kk
KA SR P, BUMR Bl Jo 1 K30 NP s 4 KR B SR AT AR S fE L.

M. x%EMEETEEETR

PG AR 2 I 5 00 A 52 SR RS AR RS | 2R H R KA B AR A i
g, Jorp + 2 U R i oK . MR AR 2R o T ELAR KR, e A KA |
LMK FR o MG E G 3 ~5 45 36 B AR B 56 & 8 KM i K- AR 1 A=
K80 ERAE K IR AR S5 R, R, 00 20076 R AR 401 AT 101 A 455 b o) ) o
AR A (K E AR G JE T 8, LRI i B 1 A= 4 A T B R 25 2R . AR
M AR 3R AR 0T 1 SRR 25K, JRATTHR s 85 0 (85 + 5 A A A Tl e A
PR

(—) B, HEERIE, BAMENRFSERSEF T EHEEA

R IR R, P SR i, S AE NP KA
it 5, B 25 e 5 7K S 9 458 25, Bl NOPOKO  N2POK2  N2P1K2  N2P2K2 . N2P3K2
S F, A A 7K el A 3 K Ul 26 mg/kg 34 mg/kg 56 mg/kg 68 mg/kg 68
mg/ kg, 21 A% 8 Il AR YK R 34 mg/kg 47 mg/kg .79 mg/kg .90 mg/keg 103 mg/
ke, B AR R, BEE i K /K982 &, B NOPOKO \N2P2KO \N2P2K1 N2P2K2 |
N2P2K3 b3, 2 iy /R bl 1 58 S S KK R 84 mg/kg 98 mg/kg 151 mg/kg 181
mg/kg 218 mg/kg, Z1 [N 545 B2 4K 7Ky 87 me/kg ., 183 mg/kg 205 mg/kg 241
mg/kg 329 mg/kg, BB I E HEm . JUH R 5 45 X)X B NOPOKO b, Bt jiti N K
R N2POK2 5 N P Rl N2P2KO ¥ fig ik & # /= 1 498 W 0wl sl 8 % 12, R RE 8 1 b
eSSy BE 2 AR, FRATRE T DU A DR AR R R R A A AR
B IEMENE B AR AR Z < DL I BRIV 95 A A SR S 7 L S R S R R i ok
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EAEF RS HAR N P K A AL D A IS RIVAR 35 B A7 el - 9 57 20 T
(LA SR 0 5 0 O bR 4 TR SR AT A AN A7 B BN B T A T Y 3R
G VRN FE A 5 R R JIE ™ B AR Bl A ARG I R R 20 0 RE A A AR R R O A R
BT LA B A5 i b R e RS A R g R R A P R 9 T IR SR L

FER Mt A AU, $2 i - A PL & i o 39t A PLAE B 4R v R el - M 2
P ) R A, O DR A AR DI T ) 2T B BRI SRR AL E 5 4%
FAHLAL , AN RS 3E % 26 28 A FE SRR A, A HLAC G T A, S 4 i 2R 47 J 24, sl
O ELHEE 5 ) o 9 it AR R I8 2 ~ 3 o TR Ik R R R 25 G A BF IR
VAR L PRAR Y e R o it S 9 B A AR e (6 A T A5 5 Rk ) el
{EL2J WY 7 JHE 67 22 el UG

(Z) BELE, UELENE, BRAHBRAEREF 9 R E =R

B, Tl R ERA T R AR it IE B AR

ol A A ] - R 4 A R S A AR I A S R TR, A K R 5
HEAE Ty, WA AR AT A AR e NS R AR, HARZESR . D A LIS 5 TG AL AL A &5
o @ REITTRGMEITTRMES & WS B 00 R oo 5 ALR AT R P P i
BRI AR A B R ST I ) L, O RT LR R NP LK IR AR . B JEAE
SRS o AL RS (1998) #F 52 3% WA, 19k P4 A 45 (2] Bk 2 i ) 2 IE F 249 38 7=
16.8% . e BN, ol LORIIE 3857 20 (O 60, e B ASR OISR OVE T . AR
Y& S Bl OO, DR o B, ok o) S RS2 it A AR it IS BB B R A RE PR R E
KRR IE LS RE T7 , LB 37 23 Fe B (R 2237 0 R

5 Biia R R P T g

75 (2000 ) 7F 5% 2 W, 76 TR 1 - 38 it AT el AR, 38 1 4 8 b A 0
TR T A AR TR A A TR R pH E, BB R B A it R
AR AR el - S8 A8 BEAS T i 1) H SRR AL B SR o 53 O, i AT — SR B )
LN T R AL A R o e A KON T R (2 B K S )
S VOB UL e S I RGR] e P M R i, B PR - R R £ R 1 pH
{H, b ATk Ca Mg Fe S5 JR 00K o I3 /b, 16 %h it L 48 wP i 1 PR i ik vl LAl B
UM, AN SRR R A A TR B AR A . S5 b R AL RE 5
o b S R U R AR W A A, T R pH (R RE S AR R B R T R
P A A58 T 4 o HE 9 2

= R R A E RN SR E B IR

SR el A= R A A R Bl AT 8] SRR A — A A 5 2 AR AR SR EOR AR A A
Wy, 2 it SR el 2 i K DL B R A R W T HE I 2 — o BB OR A (2004) BF 5T
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Ny, 16 T FH A0 2007 A B A R L R 235 4 Tl A ] D) B A B 1 UK PR A
IR o TR 5 (2006) %2 B, 21 18 5 b S el Rl 0 i 8 8 /N e A2 00 R 8, L
Wi 5 i [ 170 4 L 0 7 T R B 2 R, M R AR U R AR R Dl B A e P
T B A AN TR FE BE 4 o T OB B8 AE (2006 ) fF 58 R B, R Bl K 4= i 2k 32 22
IRAE B I , 15 Tt 25 A SR B AE 3 4F A T B B0 B2 /K 4 9 2R IR s B T AR
FRIVAE Oy 4 it o) 33 B R el i v RN AR B AR A S 2 0 R AR T, AR A G ) IR A
HH U R o A0 45 (2003 ) TASh , S bl A B AR 15 I A AL I, T4 45
FAS 2 3t , B A ML & BB X BRI 0. 19% ~0.57% | + 158 45 5 & AIK
4.2% ~10.0% .+ IEFLBLIEWN 2.5% ~5.5% .

SO HE TS el B 2 N e B s s - R R

Hb 57 55 2 R FHE B2 0..002 ~ 0. 02 mm [ 5 20 98 F) 1 JEE 5 55 7 M 3% 1Y
— R PRI R . B PORAN L 2R (2004) T 1L b A S5 DX S AT b B T R B
PERREAL PR L K B, RR KRR R 31. 7%

il A 2 2 02 R RS ARS8 VE W 1 I 7 15 3SR i i — Fh S IR AR B it . B
Bz Lt A5 el 3% 282 5 AR RS AT 7 5 B0 B Bl o7 38 B RS 77 2025 kg, B ek o AR AR
B9 em F130 em (XNHZE, WI/NLL,2004)  EFREFFE ST % B E S EANE
5 B 1) S 7 55 T AR 5 | ke o R B R I 2 T A i B s i 2
I ARERE: SUREIE B URLTAN I K7 o N N | I R =i eI A S 1 NG = g S B i 7S
B (T =14H%,20006) .

Ak R R RN BN N VI ) W N DB O T e o =Sy Y (2 € 2 2 B Y )
I AR A A7 Bl e, 38 e oA BSR4 S BE AR B B B AR g, N ) AR T K
KIE, WL, e dtik R T 12 WE BB 4300 ) & H R 7 il
DA A A el , v] DL AE 35 T3 B SR A5 4, ff T 30 A B 1 UK 318 3 R R R K P
HE o

FATR A AR W /N X B0, 3 B AN AL 7 5 it A ( BF) | 3% 6 it 2 (125%
BF) #5535 (125% BF + PG) (DU ifa A (125% BF + FT) 4 + 48 5 37 4345 L
it Lk 2 ~ 3 AESE SR UL, SR F 125% BF + PG + FT 1] L3 B 28 3% 25007 A1 B4 455 %4
IV

(=) BERE,BEKkLRE, BRAHBEZ RS XEESHEE R

S REUK R R R I . AR B G0k SR R R B RAR B BRI
Fo

O R FE AR MR EOK R R R I . — R BEAR R, 1R AR A T Y
HMEE b AR B B A, AT LA R R A 5 BE Bl 1k oK bl o EL AT L
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B8 0 F G R 0P JE AN WO R A R A A PN SR SRR AR B SR SRR
FEATAE A PR S 10 A — SOV AR AR Fel - S 57 208 BT 92 ) A ol v 95 e PR B A 7S
A ORH B B XK SR IR AR S A AR AR R A RS IR BT A 2K, 1R
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FA ARG SR 23 MR MAC A [ A B AR B B 7K I Ok A R AR Bl s g DX e A
SIETEBA
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M. R E AR SO AR ,13 (1) 1139 — 142,

WL, HIEAR, B4, 5. 2007, 475 6 PR 55 B8 RUR i DX A A Tl 438 p &
Rt R & w5, 28 (4) 1504 - 506.
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HEMEBETBEEDR LS T EEENR 193

5% A E SR S E R E R ,16(4) 817 - 823.
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HHEAF LFT X 7520060 5 B RSIBFEZEFEEHRFALB T LIS
IAEE AN A2007 SFA2 AR T A MARAAE = LB KRR P SCMBGERL B S
e AL F K,
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3

1t Jge

e

5
=

Joe JL )

EiTR %
LWAREAFAGRZFER/ENENFERELALRE

REEE T

WE 2o ZEHEY DTN BIOCE . R Zn St = GUSK ., ALLEAR T Zn
TEAE YR N 0 F7 7 T Iz B 8 20 AR R RS R0 08 % 23 LR AR, IR 1T T Zn B 57
Jop3E R SR AR R A LR XA R N Zn R M A e 12 ATL AR SR AR R OT R KA
1) A o 3] 48 3 A2

KR SR Zn im0 0 s A HLIR

Zn E A Y LT I TR Z — , 2 ME— [A) I AA7E T 78 K SE (S id
VT e R Tl K Sk Tl RS T | S A T R O BT ) 10 42 )R T R (Auld,2001) ,2 5
P AR T I R Y RS R PR B Al i A A S AR S A #2 ( Broadley et al. 2007
Widodo et al. ,2010) , SR 50U KK R (MG & A2 SR A 4) 2 —, B
Xf ik Zn U (Alloway et al. ,2008 ) , 372 R A Gk Zn £ 25| /N iHig , 2 30 R
BRI /N AR 5 T) 4 W 2 R R AR AR AR s — R b R A A e
R ACEE R DR, B e o 4 [ S R e R AR Y 46. 2% AR AR /N
b+ Zn R B Z 2 FEFEW RN RETR S ERA L E—ERE Rt
— LR TR TR BRSO o B SRR R RSN, X RO DO R B SRl
PE— 2B R8I, TR 8 37 08 3 19 A0 R BT 3 v, T HL & 8 0K 45 3 21 7 X i
an AR Y B SRR R 2 — o W, i & Zn BT RE 230 X0 A W) 7 AR
(Simon et al. ,2010) ,fHPR B L FiB 4 (2= 0, JF Al gl BB R R & ZEEF R
ZEPM 4 (Davis , Parker,1993)

ARSOHAPEIR Zn BIAFTEIE S B Zn Z50F R Zn WL B %% 0 B AT R AR R
Zn FRE AR A TR R AT 250
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= In HEMEFHFENZHEEZN

(—) Zn EXEMEYHHFERS

LI Zn F OB AT D IS REMA IS, LR E2A.O K
VR BIAFAE T b i B s @ SSHE R IS R A S I EE G Ik
FEFE L ORI B R A AE B BRI s @ SRS W14 G 1 (Tessler,
1979 ; Yasrebi, 1990 ; 8 25 % 55, 1994 i IE 17, 1996) o A HLAFE L 24 - W &
w28 G, RIS A HLRC AR S 5 1) Zno MBS R) Zn Z AV AT DAAHEL 1L

In EMPHAFAEREAE VEHESE T Ry TE2AIYREGESEGY .
it 47 e 26 1 DA B 5 A M B R 5 A i v T X, A i S B T (20 K
JE — AR, BA BOR A A BSOS B Zn SR 58% ~91% , R AW TR A
BRI 28 Zn B (TEHERE ,2009) o I3 oh, i & 2 A9 K 3 PR B AR 0 116 &
PYFP e Zn WS EZE S MY PEEMN Zn HEHH Zn 52 Zn G
I, TR PR R S B PIIR N Zn Z2 R AR AR

Zn TERPIR A LA A28 AL, FE L) Zn® " (AR S R BT Rl 32
TR A S L B 5 A LRSS A T U HLAS BEE L Zn” " [ T8 AE7E (White et
al. ,1981; Mullins et al. ,1986) ; 3] Bz ¥ b 22 DL Zn (A HL/N T 1 547
TE,AEM ) Zn RZ DR THEY @R EC M A B e X7 E, wf
ARy AN AR BE LS ST SO W ) 25 5 A6 W00 B T S A LR (SRR R (T
MR HR) AHYE H s KL E G W R IE S 7E (Wang et al. ,1991,1992) . 1
oA PR S LB N B R (LB L N BRIR ) B A A TP UOHE I Y B
F 45 F (9 BOIR i 44 (Pearson et al. ,1995) o ¢4k, Zn 38 ] DL HoAl 0 54085 1 i
MR S5 IE 145 & W) (Kochian, 1991) .

(Z) Zn TEEEMERHESH T X

Zn FERA ) Bz 3 B O 3 1 BB, 0 R AR I 5 ) B2 B (Hacisalihoglu,
2001) o M Zn Bzt g Zn FEREY) Tz R R A8 o R IR Zn )5,
i 3k ) B 1 T s, L BB 1) dz B IR R Zn el 0 2R ORBRER ) 1 B
iz, S8 )5 g3 B 2 A (Haslett,2001) o

=. RHMREIT Zn BIRY
(—) WUz =
Zn FEZ UL M FHE T R S RO Y Rl , 6 pH B o L — 40 19 B S 1
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(ZnOH ™) BAE Yo AR B o 98 rb 95 A 0 T 5 J mT 30 i o A I s 3G o 1R k42
PEAMRER o Rl < )@ B 1l % — ol 0l YA B 7 2008 i 18 3R F AR 20
J 2 O — A MO RE B 1Y, B R R AR 1Y 0 AR (Marschner, 1995) o A I,
A )AL 28 KT R ST 1 B ) 20y g 27 S I AR AR, BRIV i Sy R ) R M R
Ja R AL G 18 AR AN, S — A A T AE S R A0 BE IR B Zn A G, W LB
b = B B S e, o AR B S AN U R Al R AT RE S Zn B AR A
i1z S A O, AT AR A Michaelis-Menten J5 & o3 Afr B IR A e 5l g~ ad e

(Z) mPhFAAEARRZ M Zn B IR K0 5 A

A TE] A R Zn A9 D0 R 28 5, QSR A R AL R OB 2L E SR Bk Zn SER
HLOEW CHEEEETD,MES BEFUAG B Zn, EA7TZEUTA N, B2
Fofr L v L 2t ol B By T AR /NI () — o AR A R ASC TR L R R RO . BiG
ARASTR) L 52 i S 2R S5 B AR 2 Zn WM, B B AE (1992) BF 58 R W, RE Al
(M9 M7 fifi ) 32 R AR M R IR Zn B RE ) 809, AR I Zn 1GR90 Ak (L g
Th) B B Gy KA N o AT AR ) B, LA M26 Sy Hh TR 8 T 41 R AL
g SRR N I 4 A it S Al A [R) — R

AN ARG AR XS B Zn Sy Zn 30 BT PEAS [A] o PG AR S R RE AR 43 301 78
Bt Zn(0 pwmol/L) A Zn(1 pmol/L j&E &L Zn(4 pmol/L) i & Zn(10 pwmol/L)
FE Zn (100 pmol/L) S5 AN[] Zn W 8 SR Y& s k& L T B i AR R Y
B R AR S AR AR P RCR e AR R B, 5L ) &R ANl E 7)) 3
RS A BUAR R /1N OB 2B Wb /s ELgE ARV (8] 40 R 55 B Zn SR, T /DS 4 TR O
Zo SERAHIR o & Zo BrET 4 ORGSR R M M AR R Al AR K
SR E NG Zn TFEFEAR . /DRI Zo P8 B8 ) B0, I E R B Zn
FAR Zon oy 38 SRR s /AR T X R Zn 30 Y TP B0 5 LLE AR Zn AT 32
205 d R L Zn BBy B 2E (K17 ,2012)

VFZ IR W], Zn 5 BRI O AR AR IROSC S TG AR K, W WA E ) 5, BE A% 1 i -
B Zn AR, SAEYAN Zn W EESCRA K o A [F] Y 3 R B AR ) AR 40 L XS Zin
FR) 26 R0 ) ] LAAH 22 2 A%, T R Wil Zn B RE ) A BE DR BY 25 57 o Zin i Rk
PR — X Zon A 4 1 WA WS AR RS AR ) 36 0 g o Zom g 2000t T gk 4R - it %
1R T Zon ARt o 2k 28 A 0 W 38T, AR 80 PR B i b i) P Ca Mg \Min  Fe FlI Cu
B AR LR VR B R SR O W B R AR AR AN AR DR B A ) o R P R
A T R A D B R ) B IR A R E L I L Zn R RO R RLIR O Y
Zn B HARKCEE I BRI AR . VR AE B Zn BRETh Zn YR JE Z W AEAE Zn 585 1)
fiKo #hmtrh Zn W95 R AR TG 2 iR IR R AR SS B LU R R 28 Bl b Zn 19 88 3 1
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4f . Hacisalihoglu 2P 5T R W], Zn m AL A1EY AN Cu/Zn — SOD 5 PE#REL &
TEBR Zn WA R /NG AR R ECOP & B R K0k e AR R P Zn 6] My bR B
iz, 3R Zn I FIRCR B Zn i 30 A 5 A SAE A 2 B8 7 5 0P B2 S 2 R Bk
Zn Jifp 36 e i A5 R G0 S LR R IR ORI, R 3 g B R B R WU RE ), X R Zn
BB (RIS P B B R Bk Zn AR RN 2o S AL KR, X Bk Zn 38 B ABURK
7/ 48 ¥ SEAE B Zn 38 T HUAALRE T 38, TAA (GA, ZR S5 RAEHER R & &
1o, Rk Zn P38 A B 0 HRAE AN 52 B8 ) (£ 85 ,2012)

M. Zn R E AR IEHESTE

(—) RZn ETERMEX Zn EEFEH TR

Santa-Maria (1998 ) A AR R R A Zn 59— 9635 %, 4% B B U R & & 1 22
St S H e im R B T IZOCR AR IR N R SEIE BETT o MR AR A IR W RE T Bk E
[f b= S (A R AT JBUE FR RO RE T, 0 B ER Ml T ECR AR R A KA R, il ok X
SO T AR AR X0 R 1 B W TR 5 i

SRR R Zn /NI 1) 2 AR RO T RS Zin 14 A 3 e g B AL R - R
HERFR(E D) o IEFHMIRAR Zn WIRE J1 58 2 A A Zn & B 48 € H AR
RS E AR A — BN BN Zn B FRKCT 5 10/ S SR AR AR R B O AR AR G
ARANE TR KRB OR ST o Zn #e BEARZS , TAS A 56 3t 38 4 B oAk B2 A O I, 17
FRAR Zn WUCRE S 55, AR KA 5 W01, 9 BRI PN B RS Zn 32 22 SRARAE ARTRR,
Zn bizZ B s B SHR AR Zn B2 5 RCRAR 5 1R R R EC, R AR B B2
JZ SRR Zn W JE 43 BE HE B 22 57 85008 B JZ U B A R R A R AR
20 B BE v i AR A AR, Zn JUER (A M b R0 a2 e 1) RE D AR W AR,
Ry b A AR E D T IR (Wojeik et al. ,2010) , SR R o Zn K
LR NI B T A R AR R ALRE IR E R KT A W] Zn 7ER AR R AR 6
ol iz DRIYE , R (A B 0 A K o B S I 8 ) 39 IR A s B A B R, IX R
WGk Zn /N AR 2300 B0 23R R AR FR ) 1 AR A R N B A RS B A

Lasat 55 (1996 ) i 5 % B , RV AR AR AL Bt A R B AR R Zn , WA BESE 2 1] Zn
G5 T 1A R s o SR AR R AR R B B Y Zn WL T M
R E Zn R WLAR T O TR A, 230 A H v R0 3t b A i E R R
WRI TR A L, X ] G5 /N R AU Y 22 e A K. 2 05T
UEDT, B Zn REREARSER M A A E AR . Bt Zn FEUNTR IR BN D65
W ARG B A s A A RS R TR s s . Ik
AR RHERMRAS B RS AH IR, F ERR A LS R



198 MEIEMRIRE RETBEEESRNESR

Blossom Blossom Sarcocarp

Leaf

Burgeon Burgeon

Shoot @

Shoot

g

Shoot

o Notmal Tree 5.0~38.0

B Hidden Rosette Orgati

n
o
l
®
o

B Rosette Tree

S 1.5~3.0

Root diameter/mm
(98]
o
l
W
2 ¢
| | AV 2
’ v B dlr
NAR A,
Root diameter/mm
W
(=]
l
W
=)

Root diameter/mm
W
=}
l
W
o

(=]
[
l
g
=]

03~15

0 20 40 60 80 0 20 40

60 0 20 40 60 80 100
12 Zn/(mg/kg) 12 Zn/(mg/kg) 2 Zn/(mg/kg)
BT Tl 1)) ARSI R 01 i A3 1z ) RS I CE TR iR AT
100 - 70 120
[ Rosette Tree
80 - 7 O Normal Tree 60 ] 100 F 7-
£ % o7 R
E‘D 60 \\% 40 g 60
g af :i ot | 7 i ol
& T 20t &
20 %_‘ 1ok 20+
0 L 0 T B 77 oL I

Roots cortex Roots xylem Roots cortex Roots xylem Roots cortex Roots

B1 SRENMHBEERMETRNED(LE)SREREM
ABRER (TE) #40 mEHIE( £67R,2007)

A B A 2 RE B 3 32 By 21 30 T 800657 W0 A AR R R 2 3 TR AR
A B AR AR A R A A R 2 8, URE 1 R o Jeschke 25 (1982) 1A, BE
(RT3, BG4 10 K90 1) T 32 i B HE 0 LA B R KR 1 78 Ak
TARARE TR B o DL, A R AR 2R A8 A 3 A B Zn WU RE
T3 MR A9 Zn 80N 32 B2 A R 20, (H X I A BB T A2 3 B30 Y Zn 50K,
BRSPS I I /N o B AR 2R P O A A S B R A T AE SR R B I . Bk R B B AT
WIS 19 Zn WA 068, 25 SRR 1Y Zin e B2 O RKAR A R W B8 1 3 ~ 5 48, A4 110
BIRRDL A A T AR KRS, B A5 1k A I, SR ESE IR AR E T, i L B0 i 5 8 97 W) It
I Py ek b 5 T A B I R OIG B BE T JROR T B, 7R AR RS SR BUB TER &
BER T WCRE ST o IR A AR R IE AR AE Zn YUHRAR S, 2RI Zn, £ A7 EAR
AR T — A X RIRAER] T Zn (5% B/E R

BB Zn NSRS B R B Zn ss BE LA R M B AR E AR K
HGE XS Zn (SR ER, AR R A Zn BEIR, EAHIREAFEMR R Y Zn; 4K
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200 M B v TR, T W A v A L AR o 40 BE A T R Zn Y T A AT AR
7o PP AR EE AR A 0 M BE AL R Zn B8 R TR AR N R Bl AS R FEA R B AR E o
A AR P Zn PO BEARAR

A, Zn PpBEHTERREZBIERX Zn B9 RTZER IR A

(—) REMMFRERRENBHNZELRES ZIn SENX AR

A LR A S B A A4 Fh 8] 7 4, 7 B B 1Y WU o O T AT AR
(Hofflan et al. ,2006; Sarret et al. ,2009), #F5E AWM, KHAE 3 £ R R
Ro 15 Ris 5 Ry o8 Ry s RS A AR HIR CERIR AT R IRSF 4 R A7
PLIR , IEH A FI B Zn /N SRR AT HLIR R 2R A 22 57 H S AR (181 3) L 33t
B /N I st A [] 400 e ST AR wh oA LR 9K 38 & A 1 7% AR TP Zn YR A LR Y
FP2ETE I o BT 27 A R FH 3P SRR AN [RREL BE AR 4 A LR 14 vk 2 2 B 0 i B 77 1
WAL B 3(a) |, BEAE A AL ER Mk B ) 52 B IE B TR B [ & 3(b) 154
P RIEF R AR (R, MR, ) W 4 FAT HLER 19 o B 35 W 25 v T, 2
TR 1,22 ~2. 58 48, TR (R, oM Ry ) AR B B T IR R, & I
HRE)L.0L ~ 179 A5 [ 18 3(c) Jo Ud BAS [R) P foe 101 /8 - 0 AR 28 A7 ML IR 1 X358
WHRLA T,

R SERBIAFPRLEEAR A Zn A HLER & fE R AH PR B R WD (R 1) L g 27 38
ZINPH i R AR R B I R 5 AR R S R IR AT A IR I B B 3 TEAH R IE W AR v Zn 9
JIE 5 R IR 5 0 A OG5 AR IR A R G B S A AR o Bk R
PR R M BE AR A OG o AR B SR AR TP Zn MR B R TR TR MK
VIR BEEAE, 5 R BRI E B A W IE ARG . TR H R Zn R B 530 1R
R W B 52 0 5 A OC . A [l 8 FR BRI RHA SR/ R Zn K- 53R
B2 ELR BT IR KA O A MR W RES SR TR RAR T ) Zn WRBE

R1 AHERRNBEVNBRRESHERERXEST

R FR Zn ¥/ (mg/kg) DW T 1R R FR FEIETR
28 0] 1E 5 B 0.523 0. 699" 0.281 -0.723""
B 2309955 0.252 0.600" 0.523 0.623°
B AE I IE H B -0.40 0.42 0. 40 -0.80
TR AE S -0.76 -0.91"" 0.20 0. 60
A 3T SN T 0.39 -0.90" -0.18 -0.88"
A 3T L 0. 69 0.97" 0.78" 0.81°"

# RAMRKRIE 5% WFKF 5w FRMRKRIE 1% REKFE Tl
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(Z) MAEPHHERMZER Zn BERE

Shy ] B SRR AR R Bk Zn F R Zn JB 38 A TR BIL AR 58 IO R A R P B R
4y i A BEAT Bk Zn (0 pmol/L) XA (4 wmol/L) HliH Zn (100 pmol/L) =4
WAL B WE A ALBR XA FR Zn 1 YRR A mE N (X6 55 ,2012) o 25 R R,
MR ARG, Zn FE Zo A T AL 1 d, 5 2R R R vk B R AR R A
HREZR Y Zn 1k BE AR 220 08 B e vy, R A AE — PP R R AL, BH IR Zn 202 31 %5
0% 1% R 240 R et e A i 1 e B0 1) 6 Zn R Zn 3E o R Zn R Zn JB3E AR
F P R N S SRR 1)k B AN AR B S BRAH EE S i T 20% ~60% ;MR AR A Zin
WP 5 R A S SRR UK B 2 B B R 35 R OC, M Zn B R B R IEAHG, X
A RE 5 A AR A AH OC (% LA il 09 35 M 1 228 A K (Sagardoy et al. ,2011)
Santa-Marfa il Cogliatti (1998 ) 5 H1 AR 2 523 S th 45 Zn (R —ABEFE . 10
H&t Zn F1 Zn W38 51 AR FR A0 As B8 F — 20 52 i B B ) Zn a8 R AR
Z Zn (N EEYE . S UL, FE B Zn FE Zn P8R, Zn " B KR A MR 5
HERH FE 20 531 36 i 30% H120% A [a] R Zn F1iy Zn 38 40 BRI 0T 8 2R
HRZR A HLER 9 BE A BIL IR T8 o - 15 B A N AR MR AIRBT Zn W

FARBEE R, B Zn THPLIR S SRR Zn WU A ¥ A %01 (Hoffland et
al. ,2006) . DISFIRAEG A& 5 2% (48 o b 20 i HoAE Bk Zn JB 38 25 40 T R )
[F) o 1372 Ak, G5 2R R B R ISP R R AU B S IR (0 o r= —0.660 " i r =
=0.877 " ) FMAR (g r=-0.772"" Fl r= -0.951"" ) WP () Zn ¥ B Z [A] 12
B E ORI OC, R Zn T RR AN R IR A BRI - B AR AR R Zn (IR,
it o A 3L ] ) S A, AR R R RR 2 T AR B I, R T A TR RS R R Y R R
AH R S8, A S A P i R Y — P ) 5T, A AL R RE G R AR AR AR ORI AR E
Z 1) Zn, T HEHT K IS ] f) B Zn 338 ( Genc et al. ,2007)

HR B Zn a1 d iR R WA R IR AP R BRI B . — Oy i R A
PLIR BE % T8 ik B AR B £ 47 v 2k (Jones , 1998 ; Raghothama , 2000 ) , #iBr pH 1 [
A A T35 Zn R M (Cieslinski et al. ,1998) 5 55 —J7 I, A4 HLIR Al REEE &
Zn KGN Zn WYY BPE (Hoffland et al. ,2006) 2 A1 57 2R R ik 3 A9 185 A
ALRETET T AR AR AR PR A A N AR, DT B 0k & R R Zn

B Zn WA 1 d & FER 40 AR R B I S ORI RV X IR 1.3 4
FHIB Zn T4 AR A0 MBI A S B Y Zn BB AR, Bk Zn TN - AALRE &
Yy R0 — BE R RL I AR REAE 1 0 0 1Y Zn e 1B R DAE ) 1 — > XU 7% 31 g — X3
(Ramesh et al. ,2003 ; Haydon, Cobbett,2007) . FH 4, AEIA VLIRS Zn £ B A [F]
FHXS 0¥ B B S5 W) (Zhang et al. ,2009) , 3X FhARE 9 A0 0 T i 4 - A
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HLIR A £ W) RE A [ 22 76 47 7€ 41+ (Ernst, 1975 ; Mathys, 1977 ) ok Zn Jifpi 1 d
S A SR Y Zn YR FE AR AN AE 3R W] Zn” " SRR - A HLIR B A W) AT RESE 2 R 1Y
Zn Fesm AR a B A i T L Zn 55 HLRR AT RETE SRR A2 1A 8 AR X 20 5
S A W8 E AR IRV B R XA M TR I AR TR R B Zn R F B
MR Zn WA RN SR, SERMR R A HLER \Zn WU A Zn §e iz 1A 2Z 18] 1 5%
F LA LS 5 Z it — BT

(=) REPEHEMZS Zn BEHZRE

i Zn J3E S ~ 13 d, SRR ART B TR I AR R KR IR 2 v AR 2,
TR FI SRR B Wk B 5 B TR (4351 r=0.708" Fl r=0.695" ) FIAR (435K r =
0.930" 1 r=0.970"" ) v Zn (U FE Z A1 2AT IEAHCHE , R Bl —J7r Ml & Zn T 5L
PR AN R BN A ik B 2R ) — R e R R A K P B FE T R R R
R Zn RARPLE Zn W8, 50— 5L Zn B Zn® T fEAR R OCRBUR AR R gl
PREFE A PVLR IR IS Zo ] BRIE BUBY - AVLIRE &9, LUORF5 B8 7 F
KVl B Zn Jp38 (Kamh et al. ,2001 ; Dong et al. ,2008) ,

M Zn AR RELRE B M 1A, A ALRR 2% & W42 i Zn 19K B B2 Hi (White et
al. ,1981) , BF - FPE IR FNPE - P RREW N G WS 5 AR B IE i F Zn 75 1)
EER A5 AF (Salt et al. ;1999 ; Monsant et al. ,2011), = Zn 8 1 d,Zn %512
RBEAK, AR R Zn i EESAFLIZEE ST o @ Zn 138 40 ~ 100 pwmol/L T AR
RS Zn i RAZ [0 BA B A RME (r= —0.943 ™) |1 S92 R R
TR FEM M, XRYE Zn B8 A HLR AT BE M F B A S 4 Zn 19§
B R R A 2 Zo’ B R m AR TR R - A AW, XA
BN Zn AR Z 1) L BB e s

& Zn B (20 ~ 100 pmol/L) 1 d #4717V & Ft 7R 4 1 Zn MW R B2 3 )
RS, GERERW I () VX B 12 A X SR Zn R 4 AR 40 Y 5
W E BAR BN Zn $im i H o [R50 BOM EE, @& Zn BTG i A= Jo 4
B Zn WO o a4l , Arabidopsis thaliana H1 A —F < J& fiif £ 2 5 MTP3
TE Zn BTN PER Zn B XA A EEMAIEM . & Zo A T MTP3 GEF AR
Zn iz 3 3 K (Arrivault et al. ,2006) o & AF i 18 45 5, 75 KB 4 it 4H
AuDT P T — DNA S8 (A SRR & IG5 B AR R L, 3 2 58 78 (AR B IR
MR 5 W 5% 3z, IR AE 43 B 1 00 58 B WO AR R D 19 3 R IR ( Emmerlich
et al. ,2003 ; Hurth et al. ,2005) . Al REAHLRRIE WL 1 #F - A HLIREE &9, il i 47
E Zn PGB XS S WIRERE S Zn — R 1 iz 3 AR B 1 D0k R o
& 2o R R E TSR R T Zo BNTR T, ST SE SRR X R e A
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it AL ) 5 — 25 A 5
Ny RBHETRE SRR ANRIERIEE

HR ZR X4 51 o6 2= B WROSCR) FH & > S FERE A0 L #2554 &R ) A A I 7
B G AR AR R AR ML Zn 32 3% 45 I 0 IC A R 1, T AR R AR KO A2
R R B 55 R0 P EB 8 7 25 4 19 52 ) ( Sagardoy et al. ,2011) AL Z Zn
W EEZWHAN 22— APLR TS A 2L RS R 8, Hph L5
JEREFR X Zn A B 0R E G AE F (AR 3% 55,2001 ) , Zn (A7 350PE Bl - 38 A HL T &
A XEINTmE N . BeAh , A HLBAE Zn 35 e ) I A EEWMEM (T e 5%E,
2001) . f52&E81(2000) & B L3 o A CEE & 2 5 A LIk 58 & H AL A LIk &% &
EWFIEMAX, HAVLRS Zo A[E LSS 456 &M E 5 Y (Minkina et al. ,2006) ,
H X R 5 W8 R R AL T 30 5V, 78 Zn Sk = K id 5 B DR IE Zn 19 W7 UK
15 REWS IE W T .

AR HLEAE Ak R 8 R R AR 5 Zn 170 R4 IE AC il . 1l
SERER,CZn A, UGEE THERYMRABAWET I T ERMKE &M
B, — SRR B K B B 3R AT AR AE S bR S O, AR AR A R TR ICE 2 1
FEor s AN R BE R T AHARIR N Zn B9 CRN 2 B BE ) AR IR T E SR AE
A5 2 B TB) B P, 6 T R A A AR O R I AR B A R E A (TRt A,
2006) .

T AR R AR PR AR I AE AR AR AR PRk [ 1Y Zn ST R V4R SR A
HAMCERME LR, BRI 205 L/ B R /o & A SR

e VS IE FE b A R e S, TR e EIEA R S R SRS R,
RWAEARRE W ESHRYEEHEM BRI ANRSTES ZIn TR ST ENR
WIS b, 40 805 A S R B B Zn SE AR, SRIIBHAK Zn AR 5 AR &R 08 5
IKEH K, i E AR E 5 AR R B T RE R R TR B 5B 3R K

£, B 2]

AT 4 [ 3T 50% 4 A M A0 i 2R el i AR 2 A ] 8 J3E Ml & A= ik Zn /NI, S
R Zn © RO TR 230 R DX R M B o A B R A N T 2 — R )R
FRALE XS S 2R Bk Zn 19 2090 B A BRI, 57 2 2 4 2 R R Al AR SR, B AR
AR SR AR RS Zn 38 B TP 05 208 085 R AN [R) Zn [ 38 3R 85 R B9 RE AR T A Zn
o ROM) P A i R 2L A, R A DS SRR Zn 35 SR b0 e R B I A AR A @ A

R Zn AN RO T SER RN Zn (19 5 A as B o BC LA R B IR IR - S
SRR AE IR AR Zn 2R FE FI LS T A BES RS R R /D
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- A A B S SR PR 3R, (HUE: Zn AEARA A P B BB 28 ILER AR PR i AN TR AE , B
S BB P A2 PP o AN DA, B TS SR AR R Zn BRI 1L 19 A W) = ML il
WFFE, RIT R Zn /NG SE R AR AR B B 1 Zn 8 FR TG AR BOR 0 AR iR
S 2R /N A ) A it

%25 ik

THRAE R, #75R. 2001, LM EE AR VEEE SRR AR W AR S
RS, 14(2) 147 - 49.

ek PRttt (3% E . 2001, HHEIEAERR 5™ Cd " Zn IR G AEAE
KA YRETEV . P E AR B ,34(2) 187 - 191,

20 BRAS AR, KL, AL 2011, Zn 35 SR AE SR A A2 AR b i VR A 5
JE. R ,28(4) 1668 —673.

X 21 2012, ¢ 38 T 37 R BF 0 0 T SRR R SR PILIER X BE 43 TE 1 SE . 28
B IR AN R 2 A -8 3.

X X Z 2, 44k, 55, 2010, BB A A HLER 5 B WAy e Y 6 &R
Hh [ b B 2% 43 (16) 13381 —3391.

X6, EAAE, oK, 4. 2012, O Fh 3 L RK R 40 B 6T A W aE 1 ik 25
Hh [ b B 2% 45 (18) ;3801 —3811.

55, e B 28, VR, 55, 2000, 3% [ 3R IR AR 0L L 5 - B8 HLEK 1Y)
KR WL R 2E 22 (ol 5 E AR 2E ) ,26(6) :640 - 642.

B2 A S04 TR G 7. 1994, 1 B[ AH AN [W] 41 43 %) 8 B WHF 19 IF 58 36
Bifke#,13(4) :340 - 345.

FOMEG. 1999, R 2% Jbat . op E AR AL

U, 4 4kis. 2009, Y  FE T GE i AR B AE B S A L. H A E
Fr G MER A, 15 (1) 2225 - 235.

F AT, X AR, SR 2012, HREE 0 0 [F] SRR R 4B S S 8%
HEER B2 m. bd 2 2% 4k ,39(4) :613 - 620.

FA A, A5 W, X0 AL 2012, s B a0 XT3 SR ARG R &) i 4R AL R ) R
R ORI [, 39(8) 1429 - 1436

T E BN, KOG, %2010, A [R) B K - S 39 S A 1 41 S 1
AL 2. TP E AL B2 ,43(10) 2098 — 2104,

TG KT, Ay, 5. 2000, 3P /N I A A R A R LD AR ARl
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B, (5) .20 -26.

FATZE. 2002, SR A BEE IR 5 /N R IE B ST SR A R, (5) 111
-14

EATZ. 2007, SPERB Bz B 70 e b i B xof HL AR BB PRS2 I B BF 5. 2R
L ZR A MY R A 1 2 (338 3

Erge R, IR TT, 55, 1992, AN [ il AR S SRR A P BE R A Al i
I VMR, (3) 29 - 12.

WHIE R 1996, L3RG P 58 h B fl s P ,4.(5) <13 - 30.

TR, b 0, £ % 1999, BEAEAR W) b 09 T8 25 K AR BRAE F BL BRAJE 5% F
JE. T ARBE TR B ,6(11) 11 -6.

FIEW, 5Kt sk B 4L, 5. 2010, AN [A] B 78 8 39 2R 4l -y Joi A AR
R Lo BRI AEY)E IR S IR R E AR, 16 (6) 11402 - 1409.
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EHTR AMFELEL MY ERAD T T L L
Jo, 8 #aR, M AT, B RAARFERZ LB ARK
FRALAFREA RN .

TEARTOGARMEFAEAS, TR
FRERM In Fe ¥ REH A F 6 35 24 A
FEIRERAR, kB EHFA S mE F 8637 it X M
BB ZAR LETRNERAB R AT LA E
RABEHAFRMI0 AR, RETFRFZTHR
Ik Ao A R T ARG AN B 8 B bR b v R B
K BRARETFR PR EAFZ SR AL T QB R A, W F R4t
ATy B AP ENRRATT RAEAR ., ZEAFRAFRALLA 24, £
HHRAERRR B EMEMET A,
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A HUNESC R KPR R 1 HESE o Hl
P A2 e 77 B 55 M

BUT %
AL AN 2 B R 55 B

FEE R iR 208, 78 2007—2011 4F 28 5 FHF90 1R 174 A
[FAHLE L R AKF(10% 20% 30% ) % 372 SR A S 4 39807 o 5% 43 % 1 AR 2B K
A R A PR ) B2, WF SR 25 SRR BT Lt ] 10% \20% F1 30% A HLIE 2 % $2
TR LR S, s T R A R it 30% A5 LR AL PR -
LB AR K . 10% A HLIE AL BESE R B B A=K AR RAE K & /N, 1 Aot
G 72 B HE 11K ;30% A AL Ab BB AH FAR 2R AR K K 520% A HILIE Ak 3845 Bk A
ARKIIHLE . LG0T, —IRPETEE R 174 AU 20% A HLIE , AN AR IE T
AR IE 8 A K I8 mT 5 296 HLIE A &

K R AU AR A R

Hh R A A — SR A R dE FAO SEit, 2010 AR 5 i BUR = 0 S
5 205.6 J7 hm® F13326.5 75 t, % (i 50 43. 8% 1 47.9% , TTEL BRI
P b BT g bR SR 0 3 A X R LR, T SRR AR R ST
LT 9 AN R AR 4 F B0 JEE DU S92 R A 22 DL B 3 BILJ & iR PR K AR L RE
ZEMIROYE 8 T o SERAE T i TR A X SR R A HLIE R B, SR B
it I A = MR S =, A LA Tt P 475 DA A% 8 3% v it 254 46 9 i 14 07 95 45, 52X
TR AR A AR R R AL IRAE PROK BE ) 22 B K R TR AR | s R it
WA RS SR Z R N RR A TR B S R TR A LAL R
P8 e P R A B Tk, o A g A R R e RERE R TR A DR S SR R A
JiE A A I o E AN B AR 56 T A MUIE RS T ) 3
SRR AR R T RIR S i S 5 T AT R R AR (XIS, 2008 5 B e
[ 55,2003 ), SOPREi (1999) TA 3 5 25 % 1R 2l mT DA JE A4 19 1 2B
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T B 2R I 55 (2005 ) 76 1 4 b A AT T IA O , 40 7 7 AR AR Ja TS Bl L T AT AR 2t A
3 bR AR 2R B 2R W DR SF (1996) 5T I, A AL AE Al B gt 3
PESERFR RO AR RS i 7 A A R R RO A R D A R T AR O, R
WL — A RAF R B R A o (HJE, 58 T 0 0 0 AR 5 3 01 7 o0 1k 4 338 =) 7
it FH A [ 2 18 A7 LS Xk 32 R (A ) AR A8 2B 10 52 iy i ke = PR AN A B . A&
B9 00 AR O R T ik, B 5 174 AR 2 [ it FH AN (] EE ] % A HILTIE kb £ 38
AR AT BT K 3l 25 AR R AR K A 52 e, PR 3 R 2 R B e AR AR T
A MU f5e A2 4 R K P, O 8 e S8 R S SR IE 7R T R B 1t PR S 4 R4
UES

=, RS

5T 2007 - 2011 4F 7€ 46 5t i olk R 0F 58 B (b4 39°567, A 48 116°
56" ) AT, ERMFN CEBER LR MR R, 2007 FE R K TE .
#5354 40 cm 40 em (40 cm (WA HLEE IS FE F A MLBEHE - 25 2 B BL 4 A4l Sz )
INFR S BEAS/NR IR JBE LR 40 20 em (20 em 40 em;3 N/ N AR £
A 1A/ N A B HLIE 5 8 - RR ol 10% . 20% F1 30% TR &+,
AR ECBIER A £ 55 40 & A A T L3R 1 ARG, B R/ R — S
PIAEAE AR \—4F T 1 3 S AR R AR B R, B AR 7 4 i 4 3B FRA 4 /N
WLIFH T mx 1.5 m B RRATBERE A MLBE S A A L, BN AR B 6 bR 5 2 4F ANl
FHAT AT RE AL, & BEE K A Al 45 B . 2008 4R35 A ML A M B3P iz b,
R AL B BE B R /N K TR B R e K B AR — S SR 6
RIS AR, A HLBE A AP B 10 em VR M 5, B 1k A A IR B A
X AR 28 AR K B RS O SRR PN, R RN R R 5 24 A AR X K Rk F
60% ~80% IfHE /K , B4/ UK 750 mL, HoAh 4% 1E 7 45

®1 BELFRREURMNTEBAERITERKEHZ M

ML 2R By % PHES Fac it THELLE
T R AR R R i NER SN L
/(g/kg) /(g/kg) /(mg/kg) /(mg/kg) /(mmol/kg) /(kg/m”)

0% 25.70 1.43 138 286 234 2.35 49. 1%
10% 45.50 2.53 422 998 241 2.39 50.6%
20% 63. 90 3.05 612 1480 250 2.40 51.9%
30% 88.10 4. 44 926 3040 272 2.52 53.2%

2008—2011 4, J8 2k 5 4R 5 L AE i, o ISR D A DL AL . BRAF
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TEA AL AR AR B EEE S SRR, B 10 R AT RO BB i 1K % ;10 R A Seit
R RS B B BRI, AR A B PR ARERE RY 10 S8 A, - T BUY
I AN TR) 45 A2 T AR L 105 °C R J5 B0 CHE T RAE 5 5 HeE ., 43I 7E 4
A .6 A .8 A.10 Hi T H]H Canon Power-shot G2 AHHLME KA (F/2,1/13 s) |
Photoshop 8. 0 #{i#R .Sigma-Scan pro 5.0 Z/F i ER R K E ., A 8045 H Excell
PRI 2: 18] ,SAS10. 0 #E4T Duncan’s SSR ¥ J7 2243 #r o

= BRSO MW

(—) AEEHMEERAKEN TEBAERMENRSENF T

ANFEA PR 25 58 & 7 58 F2 K o 7 LY R (R 1),
B 1AL, ANt A ALIE I, 238G ML & & o 25.7 g/kg, T 10% ,20% #i
30% AHLUIE S R G, AL & fe =3 45,5 ¢/kg 63.9 g/kg F188. 1 g/kg, Hiib
[ R, 3 N P K & &8, P& e a3 b, -3 FLBREE 3 K. X SR W4
Tt A HUIE B RS, SR AR 0 5T 57 2 G 0, et 1 gl AR . BEE A AL
NETC R K- 3G 00, 0 5t 5 40 2 B 4 e, OF HOAR Rl A0 G0 31 2 3 006, A
A R FAR 2 A RO 3 57 43 A WAL

AFIZKEAEVIE R B 5,5 ) LA PR & w2 ks B LR K 1
2 Jis o a5 ], A 6] HLIE K P-4k B 56 BILBT 2 & 2 W e IG, 1) 2011
,10% 20% 30% A HLIEH R -3 A B & 5 5050 26. 3 ¢/kg 28.7 g/kg #
30.5 g/kg, AEH AL E AR 13.3% 16, 3% Fl 24. 6% , Hoip 45 A A BLEE — 4F
bR A, 4y 5K 28. 6% 29, 6% F1 41. 0% , [ 45 —4F £ UG W 4k 3% Wi A%, 3
SRS I LR R AR E . X R, ER AR A P BT S kR
PR, I8 R il S A AR e e R, BRI — YRt I AN R Ao 4 B A 1 20%

2
S
e
&
=S
=
s
=
.H
01 2 3 4 5
it A S B i) /4

1 BXARENRKENERBZTUIHS
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60

—-——=0 ——10

TIAHLRY L3/%

it A J B i /4
2 BIAVRRASEST HERHXREL

(Z) REFHIEE R 7K T3 & < 59 5 i

- ASTEA HLIE B R KPR 2R A2 K Y 52 e

KIEJ%HLHEEAI RSP RMR R AR 45 R WA 3, 6 -10 4, &R
ARKER—EMHENE, RN 6 -7 ARRAERKRA,7 -8 AMhAEK%EE,8-9
A 2R A K, AR PLIE KM 5,6 H 4 ,20% A HLIE &b # AR
RAEKEEERT 10% 1 30% A HLAEAEE,HAE 7 A4, RN 10% G HUIE L
P EART 20% F130% A HLIE AL BE . B )5 2 10 H 0 ,30% A HLAE b PEAR R A=
Kam K, HY 10% 20% A LA AR 22 5 0% ,20% A ALE A AR R A K
R E R T 20% AHUEAL A, X UK o AR B R AT BEE A LIS it
ASESE AR R AR R R

350.0

—x—10% —o8—20% —=— 30%

280.0 |

WERKE/cm
— o
5 3
) 1=

70.0

0.0

B3 AEBHEBKFERRRERIE

- AR LA B8 R AP X i A A 18 T
%Iﬂﬁﬂﬂﬂ7k¥ﬁ$%%ﬂﬁ%ﬁﬂﬁj‘B’JE’ M A E 4 fras o 10% A HUAE AL B
FRAE 6 A 23 HAEK,20% 30% 4L BAE 7 A 1 H A4 FIRE K. R, 30%
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A LA AL B A AR B R, 20% A BRI Z, 10% Ak 31U 2 2% ik T 20% F1 30%
AL BH . HEARKA A ARG , 10% A7 HLAE AL BEAK A B A 45 1<, 20% A7 HLAE Ak 34 —
TEHER 1M 30% A ALIE A FRAK A A= K5 K.

45.0

TTTTTT

z
—F—%—%—x—X—X—x—X

1
/5%

B B /em

—x—10% —8—20% —2—30%

1 1 1 1 1 1 1
5-16 65 625 7-15 84 824 913 103
EHEICA-H)

B4 AEENERKEERFHEERNS

(=) AEAVEK R K FXF M A 4 32 H R 2200

M H A H AR L S B MR < X" f 2 [ & S (a) 1, M LA
R EWI ., ARt G R BT AR E K 5(a) ], BN EKFESH, RFH
A HUIE AL B R e A 3 2 B Rl A AR bR # . 30% A HLAE Ak B0 R e
R T 10% A HLUIE A, 20% A HLEALEAE 8 H 3 HAjth B E MK F 30%
AHHUIE AL,

H &5 H S (Ll 26 T W[ 1 5 () |, Bl 25 6 R G 3 380, 28 1 320 184 i, 5 5
g R TE T 13 L BEJG R BB R W M. WA A AL A3 I, ok R 22 1
ARG K, H 30% A HLIE AL 525 T 10% F1 20% A AL AL 3, 17 20% A
HUIEARAE N 13 5F 15 S B E & T 10% AV, S8R A
e [ 5(a) ],30% 5 HILAE b B2 75 2 A A 4 2 i | 2% 1 30K I K, 10% 1
20% 75 HLAE &b B 1a) W) 38 A 22 5

SER TR HUIE B R A4 T, v AL H AR 5 AL R R AR L
FKPILE 5 (e) ] BEAHUAEAKESE 0, i 5 <AL S B 83 K, H 30% A HLIE &b
PR T 10% A PUIEAL B, W EF, bR B4 11 SR T4 13 SAh e & T 20%
ALFE T 20% A HUIE AL BE B E B T 10% A LB, stE A | S
(¢)1,30% A PUAE b 3 AE 3 A A K ZE ot i AL B K, 10% F120% A5 HLAE
A FE ] B A 25 5 o
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20.00 24.00
7 —x=10% —8—20% —+—30% 20.00 I -x=10% —5-20% -2 30%
E 1500
= 16.00 |
g
= 10.00 12.00 |
g 8.00 |
& 5.00F
L 4.00
&
0.00 0.00
7:00  9:00 11:00 13:00 15:00 17:00 527 6-16 7-6 726 8-15 9-4 9-24 10-14
(@) (b)
6.00 5.00
B I —x=10% —o—20% —4—30%
% 450f 4.00
g 3.00
£ 300r
gg 200 B
@ 150r 1.00 F
000 1 1 1 1 1 000 1 Il Il Il 1 1 1
7:00  9:00 11:00 13:00 15:00 17:00 527 616 7-6 726 815 9-4 924 10-14
(©) (d)
100.0 180.0
?8%— 15001
g
= 120.0 |
g 60.0F
e 90.0 |
m 4007 s00 -
i
&= 200 00k
i 30.
0.0 ‘ ‘ ‘ ‘ ‘ 0.0 ‘ ‘ ‘ ‘ ‘ ‘
7:00  9:00 11:00 13:00 15:00 17:00 527 6-16 7-6 726 8-15 9-4 9-24 10-14
It ] (A -H)
(e) (®

BS ARANEKFERMHFEEFEZTLHE

M. S i

A PUIERE IR 73 2, AERSCK: , 2R Bel it FH AT A i R 8 A 38 <L P 7K A0 4 iR e
T3, B0 5 v ol A R S R R R R JIERE AR R, DT 3K B B R
AN it Jo B S 200 A B AT B 263 ( Martin, 2002 5 5k ) 92 ,2008) o fHJ2& {25819
SR BILAE it FH 7 3k LA 2 T 4Ot PR AR sl SR i 8 22 (A R A, B RUE 2008 )
AN TR B - S TR 7 Sl 55 A HUAE B9 e A BE 4910 1 P i ok 2 TR AR B 5 o A
G 174 R3O FH AT HUIE SR 5 Bl - 398 i B X A AR 8 2 I B2 i, 3R A 1 3¢
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R 174 MRBCR B0 RE B OR A R TR A= S, O R el A HILAE & BG4 1 1 B
KR

AN TR UL B0 R 7KSP- O AT 58 405 2R 3 A it T A7 BILAE AT — Ui 72 v 350 0 AR ek
AP EA HURE T B8R, B A 308y A AL FE bR . [R]I, S92 2R Y
A AR 2R A K B A T 2 MR A AL it P o ) 3 R R, X S XK
45 (2008) ZE 1 2 (2005 ) 757 2R, 22 BE 4R (2000 ) £E T K, Dave (2005) 75 55 _F (1Y
R R EEA — . A KK, 10% A HLIE AL B R B B AE K IR A AR KR
AN MR AR RE AR, I AN B TR AR TR g R A A S A A AR 2
(VR ,1993) , 1M 30% A HLAE Ak BH S AR AR 28 AR B R (HAK R AR R BOR, )™
HEARIUAR . 20% A HLIE AL BEAE BKAH A42 I HL &, it B S fr Pl o o &5
A T E SRR 37 XA HUAE V5 R 1 52 B A D0, FRATTIA O 1 4 38 Jy 3R e R A O
U, — RS AR 174 ARSI T 20% A HLAE , A PR IE TR IE 3 A <, 38 Ty
ZYHHLIE I o

%25 ik

XU T, 5 B £, 5K 57087 2008, 47 B i AL XHE L R4 E R A K T E
Kot A RZ ). 52 s X AL A 5T ,26 (1) 262 - 66.

0 L AR A AR K . 2003, A5 HILAE X A 58 B AL P R ORI 20 E L S AR R A
i BTS2 I A ] K222 i ( B SR BRE R L (3) 2205 - 208

AP SR SRR 2% 1999, Jbat . i E AR S iRAE 378 - 380,483 ,485.

ZH A, 25 B, 552005, MRIXOR TR B B AR T A AR R AE KR
). oo A 22 4,21 (7) 1270 = 272.

B, R . 1996, 32 BLRK A S A I HL S AR B R R DL B O R L SRR
2 13(2) .75 -78.

K R OE, FAER, F/ME, 4. 2008, B e X Ak Fel - 1 3 A PR R Bk AR A Ak
I PR R . PG AU AR PRRE R K 2E i A AR BRI ,36(3) 1145 — 149,

JE R AR B PG . 2008, A HILAE XF 20 & 4 3 S A K R R R R . A
SREkl,2(14) .56 —59.

Z . 2005, F AR K DR IE 45 P 5 A A AR XA [a] it AR =X 2800 19 BE 5T B
% PG AL RARBL L K7

ZEIRAE. 2000. 5 FH KA AU s A A R 9. AR A F 5,8 (3) 144
- 46.
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FOMR T 1993, SRARHR B A= B JE a0 v [ AOl H RA L 155 - 157.

Dave S.2005. Excess organic matter is no laughing matter at the straits. USGA
Green Section Record ,43(1) .14 —17.

Martin R C. 2002. Soil quality for sustainable land management organic matter

and aggregation interactions that maintain soil functions. Agronomy Journal,94 .38 —

47.

BIERT W4, 1 R, 4 R MAL 3 Ak Ak R A AT
RATS K EBMNF R & AR 2 M 5
# REFTRFERAFREREENSZEARIZERNY
ForfeZ K] T4, KB AL T FRAAA
b hEmBRERRRZFRE LEHIA
BB B AT B E L b e ) A i T BB R
LR ARRREEAKREZ, FAELRIE) BN 450 7w,
EEARNFAEITHERLRERSHEXNG RE[
HRIZBAEANFTEE.

AERARFRZFLRAREEFR, LG EHATRT B XA L4E R LR
ATRAHER RLH8” T EXHMAAA LT T ARLLE 20 27,
KARBAB RS R, R RS (RNEFRAFEAL ) F 4 RFAF; wx
BRAAFERAHFAEHNE A, LLZARBEFL2LH BFEEZFRFAHAS
— A B AR F K R 120 B

PHERABALT TS+ —BERALCER AW ERZESH L ANBERAER;
FE(FEARLAZ) (BELFR)%BE, TEAFR A5 2FFEF, KT H
AT ZER , AEXRMFAFHEFF, AEHFAL BRI A =
TS RAAAA KRR EFARE TR AL LT,
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LR 12 2R ] - B NE AR Bl
AE 7 D1 HTEL G &

KR %
ARV AFHFRESHAREFREEFEFXAAEX IR LR E

E A SCAE A A I 2R 3 2R ] S A AR E T ST TR el b R R
AR PR | SR LB W 2 B A AR SR I R e LR A HE T A
T Z I8 A S L FE B R T ok R S R R A o BIESE A R R LA R B ) A
W BRI DIAR S W o8 = W R A e R A . RSB O B U+
ok ab st o b R pHEKRZ N 4.5 ~7.5 Bl LML B L4 7.5 2
o A BLTCE R AR AR, B B I R 2 AE 10 g/kg L L BT
AP B Z7E 10 g/kg LLR o RSERRRE W LKL 88 3, S H R Z &8 A
L4 nm i JEG Y, DR ASERBA  IREEECR RS R Z mIe A, LR
TEE S o 00 AR TR AR, L R A LR — B Rk
(1) 30% ~50% , W15 IR 5 & LR 19 B (ELAE AN [R) 28 2 1l A R 22 5, I +
SERUIG, RV = e LR . R RO R RR Y S pH R DDA G, T i
S U R RS R RO A R A G o a8 32 R B ok B S AE ) AR
ST, WA, B 19 AR R AR D S A I, S B TRk ARGk B
89.9% o Iy M &R, IR B AL g I 1 2Z 18] 1 56 2 R AT 2 i 4 S IE )
(LA 200 R s A F R i3, 32 2R e ML AR 240 T LK AR P 45 1 1A
T R e A RO A S A I BE R A B . AR ) R AE AN TR A 1 P B R PR
HAFERIAE

KR : L IEAC 7 LT 7 0 ) s LSRR T A

i

—. 5|8

TN ) RIS EMEYARK AT e A, 1 a8 0% {1t B A0 B 8 A 9 P 75
TR R R GAEAEHOTY R MEBE RGeS . R F R R FE RO
T A e AR N A W A BRI S W R B I AR IS SRR X B A LA A, ISR
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IR R DU AL A L AT AL R 7 00 R DA b T B TR T8 3R A5 5 T PR AR A 3Ly
oy B AL SE M A IR S A A o L ) BER B A 4 RO R )R B IRR L
AR Y | SR AL B A T A 5 s R A A IR R L BH R T S R | R 4 bk
S5 5 AR WY R A AR WUE ) BB AR LA K SRR P 45 (Huang et al. ,2011) o 7
THERE S AT AR R R SR A R IR AR O | A e R el
L PAL R 5 A5 A N 18 0, AN [R) A1 B2 R S e o S I 7 8y 56 — 00 ok ( v iple &5
1995) o AR O SRR A A 2 S, RV S SR At A g B AR 25 45 R 1 iR B 2
(1] 14 A 5 2% T BIp JRDDR D02 70 38 10 SRR 1) 2R I, A 28 S A AR R — LAl A e
ATRENE 3 A (EL SR SR BT AN — 2 BE 7t e , DR ik - S E g 4 g i s 2 LA
AR B 1)t SR i (0 55,2001 5 R, £ 48,2008 ) o J8 s X R i e AE T /Y
B R BATER G I3 AW 5 2R Bl - 338 g FIE oIR8, DA T el 13 % AE g 1A 5 22 1] A
FHEICFR 4R R SR IE g iy 2 B A T, % T 2R b R 2 S L 1R
DX ISP 87 A , B2 v 2 SEAE 3 KK 3 SRR 7 e A e R S i R E B

—.MBEREE

(—) ftil 1%

AR SCRT I 5 1 3 ) TR A4 1L AR A SR B A A X A A - A
LR A AN FE SRR PR AR KR B SR BHIOC  SOE MR R
BT SR el b XS P R SR =l VB R R R SR, RO BR A
(B A R Ge o0 v B 1R & W2 ¥ 12, Hapli-Udic Argosols ) ; 28 2 21 i (28 &
R Y - 2T Oy 4 (fR] 5 T R £, Hapli-Ustic Argosols ) ; 5 {1 9] B
] FEGAU AR BRI B DR A SR el A 28 A O i - (IR 8 3R 4R JE £, Ochri-Aquic
Cambosols ) 5 45 P K 5 AT e 3ok R bl 1) 398 26 A0 S b 22 T 4 (40 BRI A8 7 -
Calci-Aquic Vertosols)

P11 A o SR R O TR E A R 3 IR R O R S o 2 B0 TR 4R O ~
20 ¢cm,20 ~40 cm 140 ~60 cm, + ZEEM K ZE 80 ¢cm 5 100 cm,

(=) WESHAE

A 5 P Ak S5 4 B SR ML Ak A AR v 43 A O B (B B, 1999 5 Zhang et
al. ,2005) ; + 332 UKE 2H B 1800 45 2 0 2 (Miller W P, Miller D M,1987) ; 4 4
pH {ERH 11 7K L L, M7 500 5 38 HL 5T P JE 35 B 40 — o 1R I+ S Ak 7
- 4 O PIL IR 28 1 s s b SRR U T O IR s R I A T 0.5 mol/L
Na, HCO, =42, BB FHEh HU b A1 ; TIE A A 1 mol/L LR ER IR $2 , KMt
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JE R 5 BB T3 # i (CEC) ] EDTA — e b Moyl g I 5 o 8 78 o 20 i % &
A A TR A A T, T TR A SRR RE I E (S AR AR 55,2009 5 BB 45, 1981 25 45
80,2011 ) o 88 FP B0 MR O 1 P R A TN 30k 0 7 5 2 3 S A P LG (k0 7E
i A AL S Johnson 35 (1964 ) I , Wi R B 115 1 A Hoffman (1967 ) 3l %€ (5%
FABT, 19865 i fL1d ,1986) o

5 R RRL Y $ U R AR 2 v B e A Oy A AR R AE R OK R DR
MU K <0.002 mm [ RERLE I 7> B UCEE SR o RRLIY 2 AN B 91T X Sk 2 At
S OG0 M I A2, 4 o P B 6 AR A T e K 9 ol SR 1 TR, A X S R AT X
P CuKo 55 5545 21 X5 20 A7 8 1813, [R) Ik K46 0 ) B 1 8, O A6 i
25°C FINE , gk 2 300°C )5 - %2 , 4N &5 B 2 MY, 7 2 550°C )5,
FE— R BEAT X PP RATHHIE , LUAGSE BIr & % 9 i 28 B (MR %245 ,2007) .

= .ER5SMW

(—) ey B K Bt 5]

RARC IR el - 38 0y R 2 80P R A 3 O, R 1 2 AR JB b e e IR SE [
AN FRARAES T2 1 o, al U LR R 22 BOR bl 1Y 38 5 st o 00 Jo 3 + Ry
b s -, AR AE B 1 SR P D AR R Bl SR 0 s, DR D IR O
L, HRRIE . AAE Fb o b A SR ORI, 2 O D U A R
Fwh L B0 &R AR, LRBOH, BOKRE R ZE . N RDRE R BT E
TR Y — R R e AR O AL )2 BB R A S
RE A6 5 1y M 325 07 SR AR A A 25K

®1 LWHFEZERELIEBRAEK R Rt K5
REEM A R RBRE/em W/ % WAL/ % FRL/% BRI BIZL B8] (USDA)

0~20 47.0 38.0 15.0 3.13 2.53 #+
Wi & i b 20 ~40 50.5 38.5 11.0 4.59 3.50 %+

60 ~ 80 26.0 45.7 28.3 0.92 1.61 FARE:

0~20 41.0 39.5 19.5 2.10 2.03 %+
3 FH % [Z3E S N

20 ~ 40 42.0 40.0 18.0 2.33 2.22 b

40 ~ 60 50.5 30.3 19.2 2.63 1.58 #+
SCBMRR s 0~20 50.0 39.0 11.0 4.55 3.55 %+
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RAEM A LR R /em WKL/ % KPR/ % ikl % BRI MR B2 (USDA)
80 ~ 100 28.0  52.6  19.4  1.44  27.1 b+
SV AL f e 0 ~20 1220 68.5 19.5  0.57  3.51 Ky mb a1
40 ~ 60 7.0 72.7 20,3 0.34  3.58 Ky mb i +
 s0-100 190 5.8 292 065 177 B@BHEL
5% B 1 FE b 0~20 52.5  41.3 6.2 8.47  6.66 b T 5+
20 ~40 53.5  41.5 50  10.70  8.30 W R 8
"""""""""""""""""" 40-60 515 449 36 1431 1247 BREL
e SN %+ 0 ~20 37.5  50.3 122 3.07 412 Kb+
20 ~ 40 39.5  49.5 110 3.59  4.50 B e +
""""""""""""""""""""""" 60-80 125 723 152 0.82 476 BBHEL
FrELE Wt 0 ~20 1.5 82.8 157  0.10  5.27 R g
40 ~ 60 4.0 89. 8 6.2 0.65  14.5 iR
T s0~100 1o w47 43 023 2.0 BBLE
el 23 0 ~20 61.0 28.0 11.0  5.55  2.55 b+
20 ~ 40 61.5  33.5 50 1230 6.70 e+
"""""""""""""""""" 40-60 690 208 102 676 204  BRHLE
0 ~20 37.0 51,4 11.6  3.19  4.43 Frab i +
EMERE R
20 ~ 40 39.0 Sl 1 9.9 .94 5.16 e
40 ~ 60 40.0  47.7 123 3.25  3.88 B e +

(Z) T —BUFEREFIRA

MORBE 3800 pH (ER A (3 2) , BR 57081 5 o 2R el 90 ity 30 v Ao i e
pH 8, 5 Gl P S W Ah , Hosr ¢ pH A 4.5 ~ 7.5, BEGAIRIE = P S i o
HOWE R B R SCE R T R AR R pH (E /N T S S, BRI O, AR
IRTE A T i, A7 055 4 B A R A T [ et 5 0 oo 22 1) A BRI R A 5. &
AN R AR IR BE AR, IR Z AR T K2 AE 10 g/kg LI B, H
3 AT A o O D B 5E BA T = 1 SCOB AR B F T, A PLE B e 10 g/kg
PATR o A% 380 1 J2 U R0 A LR 5 0 H 3R 2 ) 3 e, (H 3 v A2 9] ) i+ A
HLIR & AE 100 em JREAIX 10 g/kg LA E 33X 5 A 35850 i BT Ak ) AR I A % o
TR S E AR S B A RO R IEM G R, RS L E R A
F/NT 10, i FA LSS 2 BUR, A L AR 0 ZR AR B SRR R R
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SO T RUIE B Bt ii%%E@ﬁiﬁ%%ﬁ%%ﬁﬂ)ﬁﬁ%%i%ﬁﬁ?é%,3‘5
S5 R Rt FH A ALY 20 Al R OG0 R RO — 3R )2 A R, R
J%'W\iﬁ?{f&,EE?gﬁ%ﬁﬁﬂﬁﬁﬁﬁ@éﬂﬂ,%Eiﬁiﬁ@i@%ﬁ%%&%ﬁiﬁﬁ 10 mg/kg,

®2 LFEFEREIEHUEZEREEARSR

T RAETR o LR 2R N A 2R R CEC
/em /(g/kg) /(g/kg) /(mg/kg) /(mg/kg) /(cemol/kg)
0~20 4.94 113 0.96 6.8 156. 2 31.6 15. 06
WEw & Z3e1 20 ~40  4.86 5.1 0.54 5.5 79.9 5.7 10.92
"""""""""""""""""" 60-80 6.55 6.9  0.57 7.0 8.4 0.6 2295
0~20 7.03 12.7 0.97 7.6 85.5 5.3 30. 08
B EIES FE e 20~40 7.80  10.9 0.59 10.7 87.0 3.1 29. 55
""""""""""""""""""" 40-60 7.43 7.4 0.43 10,0 665 0.6 3.4
0~20 5.27 8.3 0.65 7.4 70.0 24.2 10. 66
M i 40 ~60  5.81 8.3 0.42 11.5  21.2 4.8 11.99
T 80100 6.45 61 0.47 7.5 482 109 .88
0~20 7.14 117 0.77 8.8 77.1 18.0 20. 89
JE T B o 40 ~60 6.58  10.7 0.75 8.2 91.2 3.7 24.93
 80-100 7.39  10.4  0.65 9.3 629 0.7 2%4.59
0~20 6.65 8.6 0.52 9.6 41.7 72.5 18.70
22 [ H 3o 20~40  6.93 6.3 0.34 10.7  27.9 11.9 20. 55
""""""""""""""""""" 40-60 7.08 3.6 028 7.5 127 56 20,16
0~20 6.05 15.3 0.91 9.8 84.8 70. 4 13.38
e SAW] 5t 20~40 7.16 7.4 0.66 6.5 48.0 21.9 10. 46
"""""""""""""""""" 60-80 7.55 46  0.41 65 389 28 1755
0~20 808 13.7 1.21 6.6 3.82 13.1 15.17
FMHEE Wt 40 ~60  8.18 6.7 0.42 9.3 41.7 2.6 7.26
7 80-100 828 3.0 028 62 410 Ls 538
0~20 6.03 8.6 1.16 4.3 147. 1 6.8 14. 00
=10 e 20 ~40 4.91 7.6 0.46 9.6 94.0 22.8 13.50
""""""""""""""""""" 40-60 5.04 4.9 0.5 48 8.6 174 1301
0~20 6.59 22.5 1.10 11.9  106.1 17.2 11. 65
B ERE b 20 ~40  6.22 5.1 0.43 6.9 43.8 8.4 8. 88
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PR Fel 3 A9 BH 25 738 i it 28 46T 10 ~ 30 emol/kg, o 52 [] 308 55
Pl T ) SO EREL | PH S TS i B, R 2 AL R AE 10 emol/kg DLR, HoflJZ K
RS 7 ac i im0 0 Ll R R el b 8 DO A4S 4 28 24> 1 T 1Y 52 1 45 2R KB, CEC
SRR S R Z A E R R FE W IEMHKKR (r=0.5340" ,n =27) s &M ol 9 J7 72
CEC(cmol/kg) =8.593 +0. 610 Clay% ., 1fif CEC 5 ML N JTCAH &M, B F 1l
AR B A LTS R IR, R T sc it i RO A TR W B 5Tk, CEC
22 AL G RS A O, 1 H ik A ] - 2 09 26+ W 2R B [ T A 88R 1Y
Z 5o

(Z) TENH LT WER RS

AR SRR X AT 4RI 1(a) ~ (d) ;K 2(e) ~ (h) ],
AT e AN 25 o A, A5 TR el R T W T A S e A 4 B AT RS
TR TR B

S\j\\\\
/\\1;(& KHF1300°C

KHiAn25°C

KHAIF1300°C
KH#ifn25°C

Kl Mg glycerol Kl Mg glycerol
Qz 25°C Qz 25C
5‘H‘l‘o‘u‘1‘5““2‘0““2‘5““30 5‘H‘1‘()““1‘5““2‘0““2‘5‘“‘30
260 /(°) 201(%)
(a) (b)
K#iF11550°C
b
KH#1300°C

KHafn25C

Mg glycerol
Qz 25C

25C

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

20 /(%) 20 /(%)
(©) (d)

B1 TEFEAES( <2 pm) By X S &4T5 B
(a) FREECHIEIRI ) 5 (b) b (FELE) 5 (o) Wk GRBIE ) 5 (d) BB E(RTAFE)
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I N S T T T Y TS S S S TS S S ST S S S

Kifi#1300°C
Kififn25C

.mlw&ﬁ-/\‘
14A KHAI25C
Hm

Kl Mg glycerol
Qz  25C

Mg glycerol
25°C

5

I N T Y Y S S Y Y Y Y T T T T T S SO S

10 15 20 25 30 5 10 15 20 25 30
20 /(%) 20 /(%)
() (b)
\JL\K e
% KHaFI1300°C \/kw\‘ o
14A KHIfI25°C
Hm KIR2SCyy oo ul
Kl g glycero. Mg glycerol
Qz 25C 25 c
10 15 20 25 30 5 10 15 20 25 30
20 /(°) 20 /(%)
© (d)

B2 IS (<2 pm) B9 X S &4TH EIE
(a) FREECHREWIE) 5 (b) Mt (B EIE) s (¢) WL (FedbtR) 5 (d) B2 M CREIESL)

ML B2 F13R 3 AT RUE AR bl 0 2 0 M) 2 oA DA R 4

*3 HRAITENFITVABRREEANEE BT %

P it AL S LHERA A JdETY Kibal mBA S AR
% 1> Wi e Fi e 0 15 30 55 0

2 LA B+ 4 28 42 24 2

3 FEMEE i 2 11 51 30 6

4 KRR E [E2 15 29 36 20 0

5 AT 535 4 20 54 20 2

6 RRFIE -+ 0 31 28 33 8

7 #6AL A W+ 10 17 44 26 3

8 L U2 (UE-F 6 20 52 22 0

(1) AR B R FRL 0™ 9, LKA =808 B, & A B2 0 m I A A

1.4 nm L JET W), /DA IFSE A
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(2) AFERLEPEMB LT YT EABRRES FELPREA LA
SiA BRI RS A = A AR B LA EZM L4 nam L ET W, 10 AR
PRFER RS 2B AR A L S 10% ~15% W52 0 A

(3) AHIF I e rh & 5 0 Wi & i R 3 pH (AR R Bk
255, 14 pH HEBARMWIE E & LA S A G4 L, & ik 55% Mz %
T FE A T e 0 1 A 20% |, 6 28 /0 T o = A S A v A A R i

(/) LEEEBAR KT

PR el 9 1) B T A RIS 51 T 4 b W LA IR 2 R ] 4
SR T BRI A R AR, LW AR P R LR — R o ARk B 30% ~50% , W
MR i 5 R LR HE (H/F) fEAN R 2R 2 A R 22 5+, 3 pH (H K
R SCEMAT W R & 8 g T S S AR A 1A, U9 (et IR, oAt pH
(ELB R 9 3 PSS DY 24T 28 22 200 J 5 ) iy o 4 e ] T, S 3R )2 1 W
R R, RIZU N SRR ISR A R el 3 425 W) B 3R )= 1 0
P T LSS 2L, A 2R el 3 )2 A L B, B pH (AR B AR, W
R 5 W TR R S A A T K AR A RAR BT

x4 LEFERETEHBERAN N

RAFRIE 4 C WM C W B C WIHCR C IGTRIE AR C WM AE T C .

/cm /% /% /% /% /% 4 C/%

0~20 0.66 0.10 0.16 0. 40 0. 26 39.4 0.61

WiEEr & 45
60 ~80 0.40 0.05 0.08 0.27 0.13 32.5 0.63
N 0~20 0.74 0.15 0.09 0.50 0.24 32.4 1.67

S PH 30k & PR
40 ~60 0.43 0.07 0.13 0.23 0.20 46.5 0.52
0~20 0.48 0.07 0.18 0.23 0.25 52.1 0.39

SCEMAS Fr s
80 ~100 0.35 0.04 0.10 0.31 0. 04 11. 4 0. 40
0~20 0.68 0.13 0.12 0.43 0.25 36.8 1.11

3 7H & kit
80 ~100 0. 60 0.03 0.16 0. 41 0.19 31.7 0.20
0~20 0.50 0.07 0.07 0. 36 0. 14 28.0 1.00

5 B H Frri g
40 ~60 0.06 0.01 0.02 0. 04 0.03 50.0 0.50
0~20 0.89 0.19 0.18 0.52 0.37 41.6 1.06

RN il
60 ~80 0.27 0. 04 0. 06 0.17 0.10 37.0 0.07
0~20 0.79 0.16 0.13 0.50 0.29 36.7 1. 26

FMHELE Wt
80 ~100 0.17  0.02 0.03 0.12 0. 05 52.9 0. 67
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gk

KEERE 2 C W 2 C HHERC HEE CIE i i C T i i C
T — REEVR B i R HR C WIE C IHHER R C 16 R R .

Jem /% /% /% /% /% L4 C/%
0~20 0.50 0.07 0.12 0.31 0.19 38.0 0.56
ZH =10 e
40~60 0.28 0.06 0.07 0.15 0.13 46. 4 0.86
0~20 1.30 0.25 0.51 0.54 0.76 58.5 0. 49
B ERE R
40~60 0.19 0.03 0. 06 0.10 0. 09 47.4 0. 50

(f) TEEEBEERED BT

R IR SR Z — TR B R TR, R I fE e 1
TP ERA Y IR T B S N KR R R i N R EE S
REfC UL 155 N A LA &P 900 Ak, anal B ok i IR - EE R - . WEIR Il
RE A E 25 0 Wi AL & W0 19 00 ik, S AL B B34 8wl X (I P fE 55,2011 ) ¢

AR SO B A LA I PRI 25 RS TR S b R IR EA S
JUR Tt 1749 005 P 2 D 3R 22 B R, 7E O ~ 60 e (1 51 D IR 88 H B A B 4 g 3k U, AE
40 em PREE LU, PR Al 64 35 5 906 T R80E o B A0 IR e A 5 S A L R
Fe N R He 773 gl Je S B S A R R W A O

x5 LWHFREERETERILMEETME

RRYEFERREE CPPEERRREE BRMEREMEE  RER/

& H FUE
. Lo /mg B /[mg B /lmg® [NHH+ -N
A TR /[ mg H M e
Hb pH /(100 g /(100 g /(100 g  mg/(100 g
/cm /(24 h-g (0.1 mol/L
+ 24 h + 24 h + -24h +-24h
4 - 30%C) ] o il R B )
- 37C) ] - 37C) ] - 37°C) ] +30°C) ]
KL 0~20 7.03 0.131 155. 80 123.21 113.18 27.57 4.13
20 ~40 7.80 0. 089 12.22 2.55
40 ~60 7.43 0.018 10. 53 4.26
e AN 0~20 6.05 0.127 170. 84 145.76 78. 08 19. 02 1.92
20 ~40 7.16 0. 065 8. 15 1.87
40 ~60 7.20 0. 041 5.43 1. 66
60 ~80 7.55 0. 041 5.43 1.58
SFEHET 0~20 8.08 0.207 70.57 40. 48 103. 15 28.29 5.18

20 ~40 8.07 0.112 16. 50 4.85
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gk
. RV RRR PR bR TR o
} SR
- Jimg®  /[mgB  /[mgB [NHH+ - N
YR /[ mg TR LEL
i 2 pH /(100 ¢ /(100 ¢ /(100 g mg/ (100 g
/cm /(24 h-g (0.1 mol/L
+ <24 h + <24 h + 24 h + 24
4 -30C) ] ) = B PR B )
.37¢)] -37C)] -37C)]  -30C) ]
40 ~60 8.18 0. 065 11.40 3.72
60 ~80 8.14 0.018 5.43 2.70
80 ~100 8.28 0.018 9.85 2.04
T B 5§ 0~20 6.23 0. 098 175. 85 193. 4 133.23 14.94 4.49

F 5 4201, DR 0 0 4 15 8 R BHIE AT 5 1B RO 56 3R 22 T T DA G
S P R o B RO DR R 0314 R ), BRI b L
S9E pH {2 47 % 0 5 B0 AR S 5k PP 15 pHL {8 58 56 KEAF % 17 o A
FRPERR RN 5 pH {11 50 00 B 6 .

e S T AR - 2 (R 3 SR R WA IR
06 L SV RO 0 262 o 0 o A B A — M LR 42, 4
SE1) pH (AL A7 BLIR 27 B4 53 0 TE AT 96 6 38, 15 0B 7 i 5 3 0 E A
T 15 B R 520 0 ORI 0 R s B, A L T - 4 e 45
AL DB R (O RAT ,1984) .

m.oi i

TESENE T T IE f B A7 RIS K 2, i T R IEIE 1 Z 2R IR 4%
], 5 L8 BN D E AEAT 28 3 PRA o DRI , A SO BT i 5 19 2R el £ 338 351 i )
19 A E B 7t AT MG o e A £ 700 A o B0 i i O ik s D AT AR
FNER T, LAE Dy - S IE Ty ) P ) IR MR PR AN SR I 2 AE L

MR R B A 523 A 05 0k 00 DB, b 163 - S A 19 AN IE 0 IR 1 R AT A O 00
e, THAA A S RO M (3% 6) , 15 VHE RT LU OA A 5 R Ak 1) &, 75 10 R R
TR R AT S A T, R BT 22 STk Rk 89. 86% (% 7) , NIk, W]
LA B 24 BT 88 70 1 15 B2

M T /3 P e A T DA S BT FL O LUA LSO AR R
E T3 I 5 FLU R i S A U L DRI A 2 R i pH (E VIR S R LR
i A S L] e T AR W A SO S R Y R DR O L AR T R e O A A
Pl X, Bt B5ORL, A AL R Rt 5 i A9 8, 0 38 v % i g 4 2 A R i
2 A1 T LR AR A G E A
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SRR F2 R 3 SR AT IE 1 o RO RS L CEC 2% 2 R IR
s R SEAS R A KRR S AL A R R el 8 P RS AT L ME AL
AL, A B 25 A S0 355 1 T 6 4 o, (LA b o S A ALY R O3 i
PR, FIT IR ) A T B o A I K AR U RL S A o B BN T R
RH RS BRI LR 19 5 o, 971 A R, TR 5 — E N P R W A
PR % HL R A 5 A, 07 1) A e K, BEA ML R A I B, R, 5 R
TEIER S S — N e R EAE ) FEE AR, 725 — F W75, R
TRER A, 16 280 d5 R HR) s TR TG 4, 0 B - SR R P e, P LA g IO I ) 95 1
(L F A0 BA R B ) 2oy o 3 T M A R IR R R LA ML e
1 73 % 380 3 1) [EAER, T AT ) B o T AR K AR A5 M I . AR B IR - op
R o HLRR A 5 R X O B A, Dl B TR AR e 3 R A TR B A
FCHIAVE T o

R7T THEERNEFHREHGAHIGE

F1 F2 F3 F4 F5
pH 0. 7689 0.3011 -0.3192 0. 4362 0. 0420
ML 0. 8328 -0.4305 0. 0261 -0.1151 0. 0532
R 0.5872 -0.7105 0. 1473 0.3343 0. 0982
R 0. 6845 -0.6384 -0.0020 -0.1947 -0.0215
H/F -0.4199 0. 1680 0. 1649 0. 7050 0.2519
B E 0. 3508 0.8148 0.2041 -0.2659 0. 0916
it E AL A i 0.9150 0.3572 0. 0356 0. 0958 0.0384
T 0.5303 -0.7143 0. 1704 -0.0796 0. 2200
I Tt 0. 6212 0. 5488 -0.3570 0.2174 -0.2677
1% 1 s 1% T -0.5735 -0.4978 0.2448 0.3336 -0.3993
rh P i 1 i -0.6816 -0.2371 0. 6019 0. 2306 -0.0704
A T 1 0.5313 -0.3910 -0. 1309 0. 6469 -0. 1501
LR/ 0. 6009 0.0716 0. 7053 -0.1364 0. 0930
TR A L -0.0873 0. 0007 0. 8924 -0.2410 -0.2573
ARk -0.5654 -0. 0664 -0.1416 0. 3487 0.4213
CEC 0. 2300 0.5343 0.3781 0. 4904 -0.3552
fib i -0.8595 -0.0738 -0.1414 -0.0592 -0.3809

ZhRi 0.7219 0. 1024 0. 5836 0.0778 -0.1952
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gk
F1 F2 F3 F4 F5
C/N 0. 3261 -0.3164 -0.6371 -0.1625 -0.5328
ERXNIEN 7.0852 3. 6875 3.0181 2.0418 1. 2406
G R E /% 37.29 19. 41 15.88 10.75 6.53
ST oTkE/ % 37.29 56.70 72.58 83.33 89. 86

B = R IR DA 2 D AU 1, R X T 0 Ut I e R e Bt A
AR, TIEPRY C/N L BA SRR 7 2, ] RS LT C/N L,
LA I 2 4 P )RR F e SN

S0 b DU/ MR fe R IE 18] 28y B9 AQ 3%, L2 CEC A pH 1,
W A B A2 4 0 e e e B ) B 58 R A A T AR 1 T 8 T A
BIRAESA B v, W HLIR Y 5 A B , AE pH (A Y R BT v B R
PR R RO 5 A A T vt B R I 1 28T

S5 T T, DA D AR SR AE 1y R 5, FLA B KR IE 18] 304, DA 4% )
T2 U RO 23 T 45 SRR T, R R 2 R 5 e X 5 R el 2 AR
Jith FH B ME A 5K, TN A e DR o B A e KB 1) 48047 1) 2 R ST LSRG C/N L,
PR I T AL A SR LA - 1, RV Ay B AT 5, AR % B T
FRAb & . BURIEA RS, FS WERR 2o TR R L HEA LR AR S 2.
THIMARA PR C/N HB R, i £ A PR C/N TR, & JIE
1] A S8 r S RICRE RS AR B B, DR O A SR e - S A ALk RS AT
A BILHERE 25 14 [R] i, ROz b 78 3 R0 2 BB FIAL 2 B HE

R 25— T2 DR e S PN, B T R A o sk R 1 R LR A A
SRPE] A 3 22 AN B g TR 1 18] (4 AR O R S A SN g kS AR (18T 3) o AL
B O R LR AR R AR AR R A T T, W EOR DR R L 2o S
R W REAB MM A 07 78 F1 B RA BRI IE(E , 5 I E A bl
S e Y A AT S X SE R AR AR AR . B BERL S i B pH (E
AT EAM T AP S 4R e A0, BRSO i, R R 1 R R 1Y
F R AR AR B 2 5 A FL B BT BRI DUE, B AR HL A R
AP C/N HE B I, 52 0 1) o 28l A 8% R A I B o W AR CEC 23 A 1
A7 BJ5 AR F2 B BCR BRI TE AR, i B AR 2R e S A A TR B L R i R A
SRR AT, TR e LR A LB A F2 b A R S, Ul R
A PSS AR, B AR A IRES A 8 B A B A LR 6 2 A% A BB BE S A
RETE RS RE A0 ARk 205 ), 205 ) P o =P e o ORI 1 1P 0 i, T 6 A LA



WARFERETENENRARENAFHEEXRR 231

BEMA R Z I, 8 B P
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B 5 — T R 28y AN AR = 5 IR 2 A BT (BT 4) T DLFE R IR 5
MBI T Z [8] (Y 5 2R B R AN R A FE IR B 78 13 B B BORAYIE 1] 2K
iy, AR T AR Bl Y R I 0L e A P 8 B RN oM C/N EL A e A B AE F3
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B o — LW 78 S5 0 E W R mEE (B S) , TR R A LR
AN A5 AL S I 7 Z B 56 R o WIROR /B B IR U (B0 A A 22 B J7, S5k
FEOXE O B W AR AN SR, A e A R T AE FS B A BOR U, W H/F L
2R 2 LR AT AR o

F4
] —
TN
[\H/F ) 0.8 -
Py ‘ W AR
N 0.6 — ¢ pH
P 9 R g CECe e N
//;;/ 04 " // * \\
/’/ Y o 1B {\0‘ \
7 0.2 Wﬁgﬁﬁ\ RIS Y
\ | PR I 0 I [ A _/_\/\J
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5 RETERNAEBFEENRTHLIRENXR

B 5 — 7 e S5 L B 2 A AR (B 6) , T LR H - 38 5 R ol 41t
IO 55 HABAE A3 R Z T8I SR 28 o O o0 A AE 22 B 07, 5 BUARRS 92 C/N B
M CEC, sy Aifeds FJr 78 FS ERABRGE, B B AP C/N Had R
I 222 52 Wi 321) 39 2 Wl ) AL Y

PA_ B8 n] DL th A SR8 g i) 3= R 520 B S W Al 3t 45 78 17 52 0 23 el £ S A
T LA ZE AR, O LA LR R 56 kit 2, @ +
K FRNVESS M A R I SO R, B RO R AL i A BT

T &

(1) AR R bl 38 73 A ) b 2R R LA E O 32, LU + A8 1 ATRb 22 7%
o o3 A AE Fr e i b 0 SR Bl S T M O 00 B e O B L, o0 A A R X
1 5% bl LURy 0 S R O

(2) Rp R A IR LA TR & RERK, - BURETEER, 1T
BT REAR , TR HOR I A VLR & B, IR 7S ROk A
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N
—0.8
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6 RETHEENEFEHIHENIENXR

T YR TTRR, B S R S AR R R R AL,

(3) INARRRE LR R LT LK R8T, SHBEZ &I 4R
L4 nm oG Y), D EAEMER A . REBERWRE SR &0, 0% %
TEBZEMA

(4) SR I A 8 10 B8 7 ot e e AR, T T B o — e o e R Y 30% ~50%
WO S R LR Y U R 22 S BOK, 1 pH (BRI H/F Ho e, 9 I E A
Or AT VAR Z B ) R R o 9 o i 0 T R TR 3 R A L R A O A
PRI, R A B A S5 A pH (YA SC i SR S P
O W R A K

(5) FARIHT B F T 0 2B, SR el 4 545 A I [H - 2Z 8] By 56 & Al LU
SR - SERE g By JLAS E B0 A sl R o LA A, R A P R AR
SEAR S A A e 5 K RS 45 R AT o A 5 R A 0 SR S R i R i
Fo 2R P AE A R A PR sl A POl 35 AN TR A9 AR o

%75 SCik
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7 R SOV B PR R Ik

oK 1 $
FER Y AZERFEER

—. BRI RIPNEEEX

20, i IO, FR I AOE AR 77 L S B A R A 9% B b IR s T A 22%
M N T, B O 1 R AR (A1 ( Zhang et al. , 2011) o SR, 7 i 20 DAk, 30 E A&
b A 7 T i — 2R 5 IR Pk R . T SR B A AR 7 RS RE S W AR A A 2 1
I H T ZOR A B R 218, A R A B i T ) OR BB AR B 8 a0 R AR R
EF R RS R BT R, 518 T — RV AE S EL )@, SR, 3 E 4k 2 2 5%
RS AT il B8 A 5 SR SR R ok LA A b A0 22 4 v Al AR KR . BRI,
Y e DN AN DR DR = W N I S i (K RIS RS 2 % A
M Az 772 K- 5 57 43 2 ROP ] S PR S5 R A Z ) i o8 i 7 3% © o 2 04 AR
NATEES (27 DI N 1P P e N A B ol (S NG S e i 1

[l Jost Tk 5 A JE 1) B A, 60 AR AT A 1 40 ey R 4 sy 1 R R
VERI R B 7K O A B 22l 7 LR DTk o 2 (5w LIOR A JL - 4R 1]
AR B A T 1A%, R ,20 HEZ2 90 AR IR, 5 TR ER AR 7 ) R
L, AR A 7 TR I [ R, MR o2 4 T Il i R PR, BRI B AE . D
BRI KBS, I I BIE)R E ( Cassman et al. , 2010) o H 40,90 4EAC LI L
125 5] 0 7 ] Sy R ) DR 0 DU [ 5 A i X /N 22 7 B LT ¥ 1S K (Brisson et
al., 2010) . 90 4F X LAk 0 Pl X 1) K A 5 7 JL-F- 3A 15 K (Ladha et al.
2003) . AR, A T 536 H 25 8K A9 A 1T,2050 4E PR 7= B 5 76 B A Al B
B 1A% (Tilman et al. , 2002) . MELLBHH 5K, Q@ B I FE w5
WAL o HRED AR I i R B A2 B W RN R B 1 i 2, 5B — Uk a0 R ok 1Y 2
“EAA R v TR R A 0 T B, AR R 0 U AR Y T RS e AR
W Z2 BT B TR SR HE TS n 4 A 25 0 B T X 4 2 A Al B2 iy T T i Bk
fi% ( Matson et al. , 1997 ; Tilman, 1999; Foley et al. , 2011)

[Fi) IR S B W 1) e 7 5 0 ) o AR T el R A e R I BRI TS B
J Ay R B b ) 2 BRI 0 3 Bl 1w, o AR Bl 2 AT, 2 R ok RO KRR
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(Foley et al. , 2011 ; Grassini , Cassman, 2011 ; Tilman et al. , 2002, 2011), —
BHUR, E PR F i — 28R 5 T — RN el A= 7 i 2l . 56 R A
BeBE 1+ Pamela Matson 25 (1997 ) ¥E Science |45 SCHE H “ 4 2y fb vl 224l ” #E
& ;David Tilman 45 (1999, 2001, 2002 ) 45 Hi 2525 8 A7 &4 3t A F 4 FH 5% 23 LA FEAIR
A XS PRI Y 71 RN ; Kenneth Cassman W4 Hy 1 Ol A9 “ A= 254467, F2 5K 08
o R R G KIS IR R DL R S G A BRI AR ORAZ IR D Y e iR ) W
i 3 B R 0 4 25 FR B 9 H AR ( Cassman et al. , 1999, 2003) , Drinkwater I Snapp
(2007) 4 Hi a1 AR 250 (255 R IR AR Z 8 VR W0 0, 3 v L3N TE 3R 20 O R A
FHUAS AR Py 6 SR ACNEARASE o SR T, 3 B8 AF 53 F A O 1 B0 IR 158 R0 2 AR WL AR
An e 75 52 B AR 77 o [ B SE B0 AR 4 7 i AR IR AR I R 2P K, B bR B — E k=
3530k S W ES 1N

TEMLE AR 77 R R b, 55 R 5 55 R ik B 8 AR A R P 0% 105 B 85 00 5 A B AN T
FEAZ D N AW B B, R 5 s R B, W] s 8OR] A RR
MIBE IR, A AT 2L Kk e th Z i o Dl SEI X 88 H bR, A 07 DOk, FRE
SR VAR R AR BRI A T I AR S RAE R =
PR A WREr o SR, A AE B 3 B ) — 2/ AR b AR A Y 20 e LA
T, SEOMETE AR 7 R AL I, R KB A i 3 K, WA S E A
AR E R AAR RS E R H FEAKHAERSRERARIT N HRAN &
HH B SE AT A B 9487 Tl H “ 743 W IR 45 5 4 BREOR A 5 JE R S
TEAR SR 0048 B R 5 52 B 07 1 O 7 i) B R R L AR T AU R R R S
SRR AR S G 0 TR IS 5 TR AR A4 A 7 b ] B i A IE IR B R R O
MR T A 07 A AT 2 [ KR ECER 49737 i H
FOAN EBAT b TUFE 43 Jnnas 1 A< FH 37 2087 P55 g 7™ AR B R PR 58 DR 4P 1 25 45, B
7 REVERE . FATIA g, 308 5 X o 7 A G 4 5 ) B AR 7 o3 R L KIE
E ORI B — T BEAEPLH s s A0 R B e ) A AE e S U7
AR SR, 2 S BRAE 0 v 7 5 0 D v O] I AH D 90 1 S B o 3 AN A A0l B2
G 40 358 1) BT T, 02 2 AR U A 5 0 i AR i D 1 R R it R 2 )

LV HETE - RAESEERARE R, BNIIMIEYT
5REBH

X RO AR 7= G R 2 BF 5T A AR R B R R SOME T T A A BAR  AE
FE53 0 A 3 [ A 7 R A A A B R 9 36 S AT ST ST BRI A
S B A b SRR B AR (201 0) SR T R - AR R G L5 BRI 4R S AR
5 IR AR A B AR (Chen et al., 2011) o Gl i A8 s HEE 27 2 7 B
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G54 WE— AR B T, DAL HE MR ZR I o i R 47 A f R AR A [
I S B e 5 SR R 20 o — 2P B R AR R O TR B R R KIS
GEIRR AR o (Rl 4 H A 24 Al A 7 v ] Ak 52 BRAE ) fmp 7= 45 9 UL v R0 R
A H AR 55— 20, A 7 R A IR ACR A LR b, S R 15% ~
20% , G EA AR AR 5 20% DL b5 25 0 pe BN 30% ~ 50% , B IR R AL
RGN 30% LA Lo B — 2 By H A 3 2l B A B K IR B o O SR R
A 50, BRI R BRI T 8 ROTR 20 7K o0 MR R AR DL I Y e A R 23 K
Or PR ICIE SR BEEOR o 5 P AR VAR S i e AR A bR R B SR
R 7 e S8R G R A R C L A A S B R, ROV W o 7 AR A 5 Th e
4 3 25 R A K o R AR — R B E AR AR Ak AR
F 5 B B TR R iRy 77 s RO S Ak BB AT 5, S 0 — 20 R 8 42 g 7™ kA
BRI 8 42 4E BV A 3 o

(—) BAESEF, HEEBRE HEAREYRESSHER, XRIEDS

L. ARy 3EASRE A 1 4y 1

Xof [ A A0 4k e K 7 R A AT 2R S BT, R M AR B ) E RS
Tt AT A4y R K2 O $ i ORI i 775 @ 4 BOKR R I SE I EE T .
E A R, AR A S8 Bk B /W 1 90% A2, 38 i A PR i
P& R P R T Ty AR /N BG4S 43 I XE ( Cassman et al. , 1999, 2003 )
I, 32 VR ) 77 50 00 SE BVE D i 7 i OB . 4R e R H B T AR P A
RARTE T 780 A Yt A= 38 5% 1, 8 A S BEAR S5 4, R A4 55 A L A TR
SEEZMEM 7 G, RO & W AR 7 k¥ e RARE . MR 4% (2011) 3 i
Hybrid — Maize A4 " fR 73 Afr db6 0t 1 248 AR B 451, K IO B/ K FE I %
FEL AP A TR AR AT A S 1A S USRS, B8 98 KR B 1Y 38 & £ oK™
IS Han, X R X R KRR 2 B 2= B O A AR [ SRR ORD 2 B SR 1
T AR EOK A, AT S A R ORI 34 % Q) FE AR [R] SRR R AR
T8 K R R BE N B2 B 60 000 B 4 = #1100 000 B, AT 42 5 oK 7 R
16% ;3 7EAH [F] % B ARG 2500 R 3 A I AL Rl AT 4 i oK 7 8 121%

A PSR AL R RFE EOKRMIE N — My 4 H 20 H, % &N
60 000 #£/hm” , 5 F & #5 B4 958 (GDD, 1612) , F B AL L P2 9% S/ 8.9 t/hm”,
kAR R PRI RO AL R FE I 4 A 28 H %k 100 000 #k/hm®, & FlOk #8131
5 (GDD,1952) , FERIRE A 77 Bl 14.0 v/hm® A8 B I BN 57 %
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2. WhRAE IS YA 5 A T

TEAEDI AR KR B B, w7 B AR YRR I W i i) 80% ~90% K A
RS ROEA B, &8 B SRS 0 T Y B A 7 B R W 2 A G
W, ARG A F AR VE RO R AR R, SE K i i AR A 22 I J] BG4 52 B ) OG5 AR
PR EDGE R MY Bz B 5 o BRI AR M AR P A R iR 1% (Thomas,
Howarth, 2000; Lee, Tollenaar, 2007 ) . YE¥) 245/ BA/EW MK AR S
Frit i ZE e B o VR BRARE 2 A0 A B RR AIE 2 F A - T AR B b Rk B B
S R CRER BOREE) Ko B BRoK R 58 B (TRRT) 7 1990—2000 4E Y BF 5% 4%
W HP gt A e PR A A R R e e R B AR A T X gk — 2P R
P RARSE L, RELE20 a5 — 8 Fra i s Ew A ™ g
7 A Ay T R I 9 AR A R R L R IR B IR AR RIS AR
7 O O T R A TR R R R 3k 278 v/hm (R4l
& (P BT ,2003)

(Z) ASREKEEEEF~ENER, XAFESHHHA

AAE RO A 72 2 DK B ) R s 3 A 88 8y 388K 43 & | FL 3R o0 Wk B 1Y
J7 AR AR 7 o A5 30 A 38 B %) B0 B Il e F [ — 2w 7 L m R A AR
AMCE R R H a0, VIR & 5 PR AR 09 8 JE S R A i e ) B
SR E I, AR AT ST LA CIE R A = (FEYD) 7 " B Ry %
WA, 200 T 58 - VEY — PR B AR RS B R A 3K 0 DR IR S AR R A AR
() AHE BT 2 HTAR K5 5 0 R R R B, 3 0 1 7K 43 IR 3% 57 40 400 2R 1 118 6
PR, PR XE DL BRIE 5 BOR i 42 AR AS g e W v 7 5 IR 5 DR AP AH Db ] A ) R
FEMFR AT R, 3 20 ZAFRAE 24k A H A HEAR B2 10 % 43 R0 BF 5% oK U 19 57 79 5
OB . LT R AR ARk B KRR TRV R Z C LML 80 kg/hm? B4y
ALK [ VE K 19 R R SR 4 100 kg/hm® 452307 % 22 IR R 19 1/3 (He
et al. , 2007) ; 5 UG [AII), B 3% 4F o 5 it A , 1= 498 5% 0 2R R A0 MOR B oK, fnde
JEFH 0 ~ 100 em +IERHLE/DNE - TR R I /TR L 221 ~275 kg/hm’,
bk 613 kg/hm®, KM SE T 535 1173 kg/hm® (Ju et al. , 2006) . 4 3 F1 ¥R
bR 1 S (I @ i N DS U R = i o AN 1B 070 S R (I N
AR i LA AN 3 0% U TR 2%, & X R BE P AR e E R M . BRI, AR 3R
I AR A R IR 2 (A0 F ok B IR PR BE Y 5% 43 B R

FEAS TR NE AR A0 87 BRI b, LA B9 it I 452 A X6 S50 e 80 0 v o 2 DG 2R R FH W)
— PP Oy 5K BIAER E BR b AORE HE AR M A R R HE X — R LK, X - g g
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HEAT SN S HORE B I E AN, FRATRK IR G L3, B R RARIERT 5%
b CBF A S R R IR AR 22 VIR B WA R 3 S R AL, A0 T AT R A0 B 2 I R
o MBEF U ARXERE S ERZ L b R £ W R AN BRI LI
[ 7 23 2k £ MRS AHFRATT S [ N A1 18 RS 0 58 20 3R B, i IS B AT I BT Y e e
H AT LA P 9 R AR R (40% ~50% ) , B an it , i 2 PO AR AR 2 AT LA
30 Ao A TR SR B a8 A 2 T 1k e L B P X U P O B A S A 4 R A
WA §8) A= 0 SO Wl DT Il 1) i A% I 4R i R IE 1Y 3R AR T 38 (Shen
et al. , 2011) ,

3 LA b oAl 0 A R 2B AR Z K BB R 5 s AR M oR b 3R RS
PORBE RN ZFE P TELLT 4 £ (Zhang et al., 2011) (D K LAFE X B 24K £
IRy (4 B B S X VE W) AR 2 R 20 AR N Y E 1 AR @ &R IR e B T HRA A
[F) B A A A5 AR 25 A8 S R AR, 7 SR BBOAS ) ) 4 B SR s B R 2 557 4 3 Rt
G ) 8 A, BB IR m AR R R AR R B R AN R B 3R il R
FIHVRRAE , 38 22 58 70 3248 A AR 0 0 W2 57 0 09 3% A A 55 S W W Be 92 v 37
Sy PR I B SR A e e (b FaE B i B rh B R 1 @ SR AR Z ok A +
SRR 0 77 38N, BB iR 7 R ) O S U 3 R A AR IR 404k Y L R
[F) - S A A S R IR0 0 T EE R R R AR 1 ISR IR 23 B AR B0 IR Ay
%o

TER I B 5T F vh, FRATT IR 3 - S A2 35 0 3t o7 o 3 B IR B v 7 A
W5 o3 R B S , SO 5 R 37 0 (0] PR A% i D S TR 3R, TR e 2 R A s
SRR B il BLOR AR e MBS AR O H bR, AT ST A
“HRZ TR AL I 3R 4 B URAS BRI B . RIDER AR 2 37 4 S R 4 AE
WERE 7C 70 A AEAE Y A 1720 0 il 2 R R SR oK, XA B T SR o i
i R[] 58 I B8 1 9 B Y 5 ok B 3 IERRI R BE A AR 2 3R 40 1R 5
PRI 4 R AR B VSIS (AR R (] B[R] 25 FE2S A EREA .

TEMRJZE K 23 845 J7 T, 9 TG 4 B2 2 28 D\ 56 70 T8 1) 739 K B E 5 A2, K 3
TE RS A ) B A g K A T R AL E RO 2 T B AR R PR B
FHIK A PR 45 5 AE 78 0 T8 B0 B 98 A W TR A, T AR W A= 3R e TS0 A ) 0K
RGO S I B E A, T4k, B AN TV 28 A S T i
PR 7K E % ( limited irrigation ) | JF 78 73 # % ( no-full irrigation) 5 & = JE it
(regulated deficit irrigation ) 4§ ( Kang, Zhang, 2004 ; Li et al. , 2007 ) , %f H1 £ 48 1)
KR 7 AL HE A 1 T KA R HE R, R m K R T RCR R B T RIRE M . 1R
TEWE T =2 b, DA ST 0 e e 30 94 1 A W AR AL BE L B i K o ) T S8R Y JR S
TE o R O] S R S A MR AR DX T BB AR R DX i DA T AL AR R
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HOT R, 35 ) LU S HE 7 P06 6 7 B B3R i 4 s AR 90K 20 R 08 59 H B
(Yang, Zhang, 2010)

VEMI A= 7 v, oK IE W TR 3R B 52 e 6 A W 0 7 L o R A () IS 7 ) 3R
Z (B W A7 A B ) AR B QIR A B 29 06 R, BOGEAE W 8 3% R RR 27 it IE 2 42 5
REKGF AR EZRIEZ — BENIMREI 5 R I Y LA
W AEYI R PROKBE s I EME AR ROE S E I SE A0S A o e R A B R
FRo TEKIFMET R W VBRAC , 1m0 B VB R B IR BE S AME K 2 B
IAET R B A A A GG i T A0S I R A 2 48 R R R SR SRR,
RPN R Rmm A AL HE TP A o AR R AT 3 i A A BT, AT 8
BRI AR AR R0, R BB IR AR RS ), DL R g e B0 A BB ), B R AR
L MRS TEY KR RCR ., a8 PUIE oK BV ™ & 08
A LB AIEOR S 30 G B I 55 I8t DAIE IR 7K L LAOK AR L , 7870 & 44 7K IE
I3 I 250 AR AL, B2 v A P 470 5 RE ) FH K o3 A FH SR o

(=) RELTEEMAES N, BERERENTMER T, REXREYVSTS
&

T IERAE W A B R VR R W O AR AR 4 A R R SRR R HE K
T R A, B Dy — A R D B LR IARRE . © B R
ZZPRE NI TR GRS E M5 @ A R T AR AR K 43 5% 43 K i Ak i A e 28R
(K AR B5F ,2006) o BFFE 45 R R W], B AL /N X AEY) 7 5 (B alish )y ) 5
it 8 25 R B A VIR O &R, BV BE A AN i A /N XA 0 0 77 i Y 4 e, T IE S
AH AL BE AR AT ST R 1 7 i o SR, TR b Y SRk ) T AR AR, 23 1 AR
T PR B R ) il b Oy ot S B A M s 7 R R A R
Mo WHIHFHEERE AR 2R FEARB LAY LG 8 I EEHRRZ
— ¥ E i (Cassman, 1999 Tilman et al. , 2002 ; Richter et al. , 2007) .

3k o A LA A S B 7 R O R B A E AT T — R R
M 52 B (Tiessen et al., 1994; Lal, 2004; Lehmann, 2007 ) , Drinkwater £l
Snapp (2007 ) 4 i , 7E 2 BRIE BN, /EY R GEX N F1 P A ISR A m i R 22—
ET 13 C 5 NP WERLBRRA ARG SA DL 80T LUE 5 1k
S IRAR BGPTSR 20, W AR WD XA 25 37 23 BOMORE 5 (] A 15 0 2% e A 7 M
Wy Fa I, 3 R AR 2 B R 83 (Cassman et al. , 2003) o 7E4E 29 Rl A5 0
B LREARIE E A HLTCHLEC A e AE DR BV A AR W 22 4 1 S A i © BIE
] S AR 4 2 v 7 g s AR AR 38 R Ge e e TR A SR .

5 P B0 A 7 DI I 1 - S8 2 78 v /K T O A5 F043E 102 BB ) A BE Tl



242 HEIEMEREZ . RETBEESRNESR

AR A R B DL e b ST G B A [R] A, A AR T R T — R LA A
PRG3RI R 5B R AT TAE . B 5 R Al B TS T H A i i
T L e T AT S 2 A 3 A ok e 8 o i R LR ST, WD L T R R
LS VRO R AR AL RL O B T 4 S T U A R R AR kR sh i
=2 ey S s A EE P RE SO N W E S U RS R L ESPO B R = R PURS)
e [ 3 2 AR 25 AR G 10 B AR AT R I TR) A0 0 AT T ) B A
ARG ARSI, 4578 R GEAS R IR Y S B AR A A A S A ELAE AL,
Z A b A AR A S R G R

= BB RLHEESRIE

1 7 e AR 4 BEE T H AR A R T 2 RN A A R M B B AT R SE R E, AR
PRIE A 77 F1, B HE Rk~ BORAE 3G 77 384 2407 T A B 2 AR o FRAT X Lo - 1R
ARG A AR AR AT ORI IR i . A 4 [ Ok 7R X 66
A BRI 2 R R W, R - VR R SR AR AN B T RBE A 9 TR, Ok
SR N IAE AT A (1 4% R 2T 157 6k (6.8 t/hm” 0 = 4548) B #] 13.0 v/hm”, 1
72 91% AL A BRI AR 7= OR MBE T 58 UL 2E 7 26 kg ORI E] 57 kg oK,
Al SE 8 T AR R 5 AR RO H AR (Chen et al., 2011) o X —#F 58 A
=4 SR 0 BT 5 A A DR 2 8 v A 9 77 i T ol Bk — 2 o R R S
AV RE T 52 BUAE Wy R 22 )™ 9 R BRI I U B (1 T — A, B3 - R R
GELRE A B BORAZ O T 38 i T i Bl R 3D R A BOR R B P R S A
TR |, Foe R BIRBE M P DG IR B IR LA RAT o 7, 3 o X i 7 A W R 0 i SR 9 R AR
KRBT Z SR LA 2, DUAR JZ 57 23 45 08 SR T Be b B o 7= VR W0 1 37 0 5
SRR AN f5 A PR JE 3t 08 20 % o BRIABLSR , DACTT AR ) 5 B e 7= A e 28 H A

SR, A [ BUA YA T BB /N o BRZSE B A AE R Al 3 - AR
RGLEAE LB AL IR A R A 3R [ P 52 B 3 7= -5 1 004 e 10 7% 4% v i
PRI PRI o SRS A2 BN B S AR IS RIE BE I S AR 1 o AR BE R 2
e A BB AL FT A B e Jm — 2 BT S s . AR,
0 R Ml K 2 B YR A B 5 MR 22 A IR S v ol B e e S ST R B N B T SR 5K
BN 3R LA - W) R G LR A B O RO 18 7 R B AR ) B A R A
S B ARG B B R FT AT AN USSR BE T R R A b i EL AR B e AR R
POKF FRARN2ETT XTI E S RSO RSETr 0 % T EEAEH

L Bk, B B2 AR T Rl L 7 R R IO A A5 A 5 U
TR, O E OB A = 1 A R AU T B ST Rk, AR, H T T I Y
SRR () AU, 3 [ A R i R O DR i SO T R B 5 LR A Y I A L
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T, A R IS BRAE Wy i 7 R R A B B A AL A P R A BRAE 5 AR BIE S AR X
590 T AL I K R ESR Z A BB A L AUDUR S — 1T EE LT 22 B R
P ZME LU AL 5 7 e AR b A R I % 1 2R o BT 2 24 B IR il A, 5
B e 7 v A Y. K R T B R o S BB B A A B R M) AR B P ] 4R
L LR M R VB R R U RS AR R AT E 2 ERE A
(R AL, G TR) 2 v 7 v A AR A 7= R R I ST A o 6 25T DA
EAEAR EARS S B LLE JEm D R BE$2 o S A 7 g RO T35 @ AR
THEY & Bl 3, SEORAZ 0 A )™ 0 8 0 A0 B UEA I 05 B Y BE AIRFE AR |
BT IR T AR - AR R SRR A
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