rRE SRR 2021 (3)

doi:

10.11838/sfsc.1673-6257.20118

£ B A MEL I S TR HERRIR S YR

oM, o N B BT, WERT, BREDT

(1. FEZEHEYAEYFHETESTRE, B R 4300705
2. FmEEHdL G TR /Erh Rl R c Rk ptss b, #ide 0 430070 )
& E: W rR G L PSR it B RO 3 XA SR S e L ST FRA RIS, A S A
Ul . BRI AR AR R . AEWIILE B RR I L TR S ) R HUAC G T A AR N A SR, R R, &%
B BUEAL (CK) . 52 B AL B 77 S5 BTG L HAE (DL) | 4% 2 BUAR s B i idi b 25% (1At
W& e (JL) RHEHFEMETF (JLL) 4 03, MAEER 4 ), BEEEFERK -B0W 3 ~ 4 4, RH
FHRT RN E 1 Mg R A SRS, RIS SRR 1) S WUEICHI L, 35545 R R
25% W& FHNE A (AR RS . TR MRS 5 TR i 25% & HIIE + BOAGME 3 TR B . RN S
FERAAREEE. 2) AT S AR IR RS BT IRR ORI 25% & AR AL R
R 25%+ BRI T35 $ 8 1 T SO AU B SR S i DB R e i, TR 25% & HIIE + il
PG T B AR = T NN SRR, 3) TR AR R 25% & LR 25% & FAE + ECR G2
THIEEIN TACHE RS . RN AT R ST R . Ve SR I RR e, W% 7 AT s e & i, SRS 5 I ek
W 4) P 25% R HNE + BOROEMEE T, SN TR AE E RS AL B AR, BRI TR S AG +
HEHUR . WA EDRN T 24 20 ~ 40 em 2 HAA. B, MO R MG L IR T MG IR ORI RS 5 5

T 259% & AL + FCROER 25 74 i TATRERI - i B, SRRk,
KGR MG LHIIL; DLt 15 (eMpires; ENEM; 7 M SRR

e 2 R — KA A A Y, 2018 A AT
e ik 4138.14 Tt (RS R ). ARG E
E R, MR R A R TR L R R
S5 A AU AS LS R A S S P B L B, -tk
KA. I TR T K S5 PR B 2 s SR v e
L

P s 2 P S L S, U it
5 SEm B8, TR, HIEAEYR
B s BRI R S B, AR e
EFF BB R, iR T L
At | RSt R W S 5| e M X A 2 g
FAPIR I BB LIS AR R R, TSRS
PRI (0 XSG s 50 e i T A P i 2
R O R P A R A P K A

YRS BHE: 2020-03-10; RABHI: 2020-06-08

E&TR: MG ICRZEEE AR LMD 52-7EWH (2017YFD
0202000 ),

EERIT: TS (1994-), B, INARHDTA, BHwrgEe, #oE
J7 ) ARG RS A TS5 9% . E-mail: 1137809598@qq.com,
BIFEE . /K%, E-mail: huex@mail.hzau.edu.cn,

— 178 —

i EZ A, REMER . B PSR
UG 9h 57.3% ., 76.6% . 69.1%, A. W, 7
JIE 4l 35 43 5 43 Wil it B 36.2. 425, 355 7 t, Wit
W 1153 90 M 28.3% . 48.2% F129.0%, Ak AL U8 0
TEJERE

VER) & FIAE SR AR 4 DX S - S NE R FVE ) =
NEReME, HAR. B AP MEITRFER TR
HEATREERCEE, S 22 X388 R 1P 6 A AR
VF 2 BF5 2 IVE W 4 TR AR A% W6 A0 e P 112
PSR A AN R R S
Jo T A ) A S A S — o S A A e A
M CHEFZER) Z N, S Fhd 2 e ]
DIdR e A LR A i 0 et LR,
R LR ARAE ) Y, BEERRIRSR T R
e SR LA REAE IR Y T IEROAEE , A BAT
PO R AR, 45 R W B S - T
P WAL R, SRR A R, (AR
A A A el it FH e A L P A ok f R AE
FHE, B S i o R IR R SR RS
%, WL, ARSCRAEREE, #5808 & FEL



rRE SRR 2021 (3)

LA AL + BERbOCH# 7 XMHER I 5 L s
LSRR B, DAt Pl AL AL st . $ o
PRPEAR M o

1 #REIZE

L1 gk ST

2017 ~ 2018 4F, I AEWHIL A HE R
Bz DX LA 7 9 3 R R I LS R VAR T R 4, 3R
Bz XA A7 7 31 3 S el 1= G AL Fr = 24.2 glke
Bl f# A 99.8 mg/kg. A7 AR B 32.1 mg/kg. B AL B
151.3 mg/kg, REM R R 28 4EA AR FE AT M 5
Fh U EL SR G IMVEURAT £ 0 el A LT & i 13.2
g/kg. A% A 40.2 melkg. A AHE 12.3 metkg, B
BUE 2475 mg/kg, I MR 7 AR A ALFE R AR R
JEHE o

RISV Y H T BEAT (CK ) . 5 2Bt A A B
BRFE SR MG & FHHE (DL . >0 18 AR 2 i
B SREE 25% AR £ IS (JL) R LR Aot
M3 (JLL) 4 NAb 3, A4 RER, 4
ANEE P E—B TR IRE, SRR 3
PRo M T A3 H A7 APt AE, S
J A AR 4 A9 HWUGNE, 55 1 ek
H7 60%. 16 AR 2T 450 A A 2 e S Y 18-9-18
SEANE, RN R 2T 5 AT A 24 A SE Y 15-15-
15 EA BV RIRE s MiEE e (15-7-13, &8
MERR . B0, BESE ) mARHIBAIE A& . WL R
BHEABRA T A, 4540 FH AU P 57 43t FH i L 3
Lo YEMEFF 2017 4F 2 H#&AP, &R 90 ke/
hm®, 6 H ASRASEE 1.

*1 REELERBEERAE (k)
FROPMEA

I N P05 K,O 588

CK GENEH) 053 0.30 0.30 1.13
CK (fBMfises ) 0.45 0.23 0.45 113
DL 0.48 0.23 0.42 1.13

JL 037 0.17 032 0.86

JLL 0.37 0.17 0.32 0.86

1.2 BEARESH&
1.2.1  HHERERCRE S HI &

SRAE: TEBEE AR LAARE T4 (5 255 ) &1 4 fif
UM 2010 2/3 bR EE, FERRXT AR 2 5, HETF

TR 7, SREEHEREE R 0 ~ 20 F120 ~ 40 em, FH4”
e i — R, BT TR . AR
FE R I TR SRR R R 5] — 8, L2
52 GIEEAR . ra e s SR NG
TR, REMN L RMIRAGER “Usark”
B1 kg 224 £

il 5. K B AP SR [ 1 - HERE S K A RE
b, MAGEE )2, BT @SRt A
SR, RS TR, JF R Ik ER IR S K 2R 15
oo T I B 2w B30 IR R M A LA DL fin
T BT S BRI AR L, TR R
SOREEDR R, RIS PRI A SR AT
RSG5 0.83 mm FLARTH, ALY 1ok
HOFRE, HEASMAMNELT 0.83 mm LR, 7
SRS G AR M AN, M IERSTE
D5E o
122 M FEACRE S

R TELEE WA A e rh ERSMI i 4 A4~
PR AR P AR R4 B A E SRR 0 T4 3
M (SERETTR L), BMROREE 30 R, 3 R
H—AFEfh . REERITES 8: 00 ~ 10: 00,

il £ SN PR R VR R BC B 0.19% 1 7K % W
PR BT H PR 30 s, BUH SR K vh
PR, ] 0.2% HCl (B TK ) IEIRTELD
30s, SRIGHEE TR R EUIFE 2 min
WSER, Dbk f B35 0 4 2k o e i it 5 A
LRI F KAy, ST 105 °C 8 K14 v 2 il
30 min, RIGARFFAE 75 ~ 80°C 4 MF FAE MM T
HETAURE S NBEAE U R HUS R PR, SRIGFEAS
SR A, 4%, &R
123 SRECHE R 5 &

KRAEE Wl MRGRSEREE, ERESNE 4
MITALRAER /N EE IO UF RS, MR % 8
RS, 3 ARMAER R — A RS IR R
AR SR B e IR SRR 7 I 2
1.3 Tk

A RTR oy BAEI R 355 & e R T
PRI 0 S s e SR 0 SR e T RO
A D00 R e o i (B AR,
PAL-1), AJ o BRI o SR H U A AN ARG e 2
e K C R E R 2, 6- —EHE By B AL G
SEWT, R (%) = AT Y /AT E R
x 100, =i = JRIH x AR,
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1.4 BdlEabr
FIH Excel 2007 #1788 40 B, SPSS 20.0 #£47
4215381, Duncan T2 E L,

2 HBREHM

2.1 L FHRE O A A ' 3 AR A7 S 5 7 A
il T A5 R

XPAE MR, FRor i T AL, i 25% &
FHRE + BeFR G 25 T Ab B S P s S it e 24
R, W 25% T AL + BoAOGM 2 4
PRSP i U 25% & B A R A $ i 1 kB
(FR2), XTRMEM, ForEFmL L. i 25%
L FHAE K FLRERP G35 7 Ab PR S = 1 e 2T ARt AR
P e e, it 25% & IR + BCAhOG 2
T b S P R R B 25% & IR A BRA B A0 1Y
s, FRILULI, FR AT FHIEXHE MR RS . IR
M EEAA — o 1 AR i 3R 530 25% & 1
MO 5 RGP~ A0 e R, I ARG 2y
TSRS | HRIH B A AT B = AR A

DL vl R 5 40 M SR S0 ok TR
BOR, SRR T I, JE 25% T R KX
Tt o it 35 7 Ab AR B B A SR S % 43 ORI i
JES LT R i 25% L HIE + RO

29 A BRI SR A3 RIOCR B i 25% L N Ak 2
H G R FH N H LN B A SR SR R )
BUEAC L B T B, Hosiar 25% & HIAE
+ BCFR G AR B S UM 25 S i 2, B T
60.6%; i iE 25% & FHAE + B G 35 1 Ab PR 5
FEOY BRI IR IR 25% & FH AP Ak A 14 n A 4
B L, I8 55 AN 25% 1% AR YA 41
P R A L IR B A T AU R A ) R S
RS, LR 25%+ o FGH 2 A B
BT, RN E A TP SR SR ROR I B

XTAE IR IR, 3% 43 46 i L FH I 5 >0 450t AT A
e E R S R T 17.0%, BRI SR T
20.1%, Ve ST 9.3%, Al EIE Y& &
WA b IR i 25% & I B R RO 24
FALHR S S BUGAC L, Ve S EABIBEINT 10.2% .
11.5%, "IEWEIEY . B A LA, af
THERR T B S el &M, i
B DL K ik 15 25% ¢ FAE B L fe A e 25 7 2R 58 nf
WYEEIEY) . BER L. Ve 25 54 > 15 it A o s B
THEI S, RSN E R I T R, &4
ME2ZESAEE, UL, F05%EAEE 25% %
FERE 2 LG 25 1 1T AN [ R ol 2 4 W fe
LU SRS o

®2 TRIBEMEMEFXHERI~EM MR

BE b JoEE T % NPK 3743 A AT E R 2 L Ve
(kg/#k) st (ke) EIEH (% ) (%) (%) (mg/100 g)
1 CK 40.63 £7.02a 35.95+6.21a 10.33 £0.19a 0.47 +0.03a 22.64 + 0.40b 45.77 + 0.40b
B pr 4350 +3.44a 38.50 + 3.04a 10.80 £0.21a 0.390.01b 27.19 + 0.46a 50.01 +0.23a
JL 37.13+4.72a 43.17 +5.48a 10.49 + 0.20a 0.42 0.03ab 25.34 +2.03ab 50.44 +0.90a
JLL 44.62 +0.59 51.89 + 0.68a 10.63 +0.18a 0.42 +0.01ab 25.67 = 0.41ab 51.04 £ 0.63a
wM O CK 49.29 +4.22a 43.61 £3.73b 8.17+0.19a 0.42 +0.02a 19.55 = 1.14a 21.56 +0.60a
M pp 53.71 £9.40a 47.53 +8.32ab 8.29 +0.33a 0.38 +0.02a 21.97 £0.34a 23.95 + 1.84a
JL 58.79 + 9.44a 68.36 + 10.97ab 8.20 +0.25a 0.41 +0.02a 21.67 £ 1.60a 23.17 £ 1.76a
JLL 60.24 +5.27a 70.04 + 6.13a 8.90 + 0.26a 0.41 +0.02a 21.76 + 1.69 25.16 £0.51a

I SRR NG FRERR 2257 035 (P<0.05), T,

2.2 L FHREECA AR G 2 6 R A e 3 o
F R R )
221 LIRSS RO F X A A el 118,
R

TERREAE . TN BE AR I R B 2 1 At A
AEER AR AL EORAH TR (36 3). e M fE i i &l
W7 A, Hweoh o Ay, 5 ABER, X
— 180 —

55 DR S MR T A B 4 S — 3K 5 b BRI R
TS TAMBHEEREER, OHBERAR
ORISR R 25% 1YL FIIR R Ao
A 3 > it A A B A e RS SRR 5 ] i
RS BRI R 92%. 152%. 19.0%, 7 H #
WA —E BT, Hra 25% &R + it
RO T E T 93%, BEWERSSE. WE



rRE SRR 2021 (3)

25% (1) FEHR— e B BBt i TR R A i e %
L, AT TR E T A S . RN
EM A ASEMNS AR 9 AZL T, o A&
WAL AFEEM R A SRS, 7T A g 2
5, O M ERRE, HIASE., W 25% M
FHRE 5 2 Bt e B R A S i 2 5, Wl
25% & AL + FC RG340 BB 25% 1)
LB I 5 A S i S T 103%, HiFRs
SR YR 25% B AR VAT IR ARG T N 2 AT
A, MECHEHT 3 FRE B8t mH o At A
Rod, L bk, %L B KOs E 25%
(1) % AR I AT BEARAS BRI | RN BRI 28
i, FCAOEI IR TR MRS 5. 7 A et
R A O T i AU o T R AR el v
RSN A 22 5 T RE SR A A ] . -SRI AR
WA O, U R BR A A e B e R A7 ] - S i e 2 7
U AT B R N A ] -

Tl VA 46 e f A% el 4 S el A R0 A s LS H 31 9
ABL TR, OAMSERIN SAhER B
(#3), FMoa., i 25% 19 % HIES S 15U
ACFEAH L3RR A R C R 22, (R 25%
1) % FAE + BCFP OG5 73 ) WUt IE . I 25%

1% FHNE AL 20 - Semai i 205 f I S R, Aabs
7. 9 A HEWMA T EERADE, BRERD
i . UlOE 25% ()L IR A FRARAR I I A el 1 4
BRAA UL N, BCAR OG- F REAS 1 25 R AR AE I BT A
fel 5 7 + gk i A AL A HIF B A REAL 7. 9 ) 15
Bl R P i IR R el - S R B i A S H #
9 HZ% EFt, 9 A s AbFIA] 4 SR A 5
w5, 9 AMMEREEN 7 AhER AR, FN%
LI 25% BE FHRE B RO R B2 1) 350
R 5 A i 2T B AR AL BRAR YR8 0 T 13.2% .
38%. —192%, 9 HAnIsE: 25% % AL + BFErt
P A0 PR ) A S mR A B I B . el 25%
B L A &b B3 0 42 5 21.8% . 23.8%, BN R34
LU 25% 1L AR AT R IR 2 A e 1 S h
AT hE, RCRP G2 W 2RI 5 T 4 13580
fRAE SR, WERMm Ao i A S E, &0
BTk, i A5 & AR LA K8 25% B9 & FHREAN 2
FEACAS MDA . M A SR el - S R o i, T
BCAR G2 7 IREAR TR . IR M 5 H 5y
IR AR A SR, WO T RN EE A 9 H 0y 3R
Aot PMONTARE T e 2 i SO ) 22 5 AT g
SRR R AR A G

x3 TRAEEMAMHEFNHEELERE. HRESEM2m

A s 7A 9 A
R AE e IR CK 1.84 +0.01c 2.36 +0.05h 2.20 % 0.07a
i (%) DL 2.01+0.02b 2.43 £ 0.05ab 2.18 £0.04a
JL 2.12 +0.10ab 2.45 +0.05ab 2.10£0.11a
JLL 2.19£0.03a 2.58 +0.02a 2.15£0.07a
¥fH 2.46 2.16
LN AT CK 2.75 +0.08a 2.61 +0.04a 2.45 +0.03ab
DL 2.68 +0.04a 2.57 +0.07a 2.42 +0.02ab
JL 2.66 +0.09 2.50 £0.01a 2.33+0.08b
JLL 2.72+0.02a 2.64 +0.04a 2.57£0.03a
¥iE 2.70 2.58 244
AT 1M TR CK 80.06 + 4.76ab 80.42 + 6.85a 61.80 + 6.48a
Rt DL 87.50 + 5.67a 7859 +3.11a 61.48 +3.12a
(mg/kg) I 83.56 + 2.30ab 75.08 £ 6.25a 5273+ 1.33a
JLL 71.17 £5.09b 67.52 £2.76a 60.14 +2.57a
¥ilE 80.57 75.40 59.04
TN T CK 102.38 +2.72h 120.00 +9.77a 131.87 = 8.62b
DL 115.94 + 3.06a 115.20 £ 4.09a 143.15 £ 9.50ab
JL 10631 + 0.84ab 113.81 £ 1.08a 129.69 + 4.39b
JLL 82.69 + 6.72¢ 134.63 +3.01a 160.60 + 10.01a
HyfE 101.83 120.91 141.33
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222 L HAEECA PG T M AR e -4 i
O

TR ERE | b B I il e B 2 1 AR (A
W, BPAN5 HEl9 AHZEA T, 9H M &=L,
AEFREME BT R B S 5. 7 A e i 2=
S, MOAMERARZE (£K4), FH5EE. W
H25% 115 FH IR A > 157t A Ak BB 0 SR B i e ol
5 AA MR, W 25% 1R R + B
S TR AL T 9.5%, 7 A 25%
1% FAE + BCRR G M3 T30k 2 25% & AR Ak
PR R I W A P RER R, DR 25% 1Y
LR + B En 2 A T B AL TR T 12.6%,
R FR 004500 . I 25% A9 & FH AR — /e P2 R 2
T 5 AU ERR B Rt 5t EROLrtE T
E— D4R 5 A Oy Bl S s iR 7 3 it o
T, AbHERE 5. 7. 9 HOYIRMEN T i R
TR FEER, MR 25% KL HE + Bdfpoen2
TR AL . W 25% R RN EE 5. 7 A
MR BES EA RSB, R AR O 25%
L FNE B AT BRI 28 A it e 5 i, BOAPOG I
HFARE S, 7T A B R EE. 25 LA,

MM R B, B3 MRAE . E
MRS 7 A0 #E S A — e,

0 W B A el 4 A 0wl A DL 7 A g,
5 HMIRZ, 9 AhEdk; FE 5. 7 A 2E5 0%,
Mo AMERANEE (F4), Fo%ERE. R 25%
1) % AT Ak 380 A A5l B i 5 >0 IR AT O B 35 2
S, IR 25% R FIE + FCROG 3 T I
THE . FR53 AL FHICALBE 5 H (7 3 3ous &
PR 44.0% . 41.2%, 7 B4 BIFEAR 39.9% .
25.6%, BRFRA55 . W 25% B9 & F AR AT A%
TR A el - 49 A 1 i, (R RCRP et 1 B
FEART 5. 7 7 BHeA R & it TR B M e -3
s NS A9 AEY BT, 9 A, 5
TR f s el B ST ARBEIE] S, 7, 9 A 3
MmO R 2R, IR E 25% L H
JIE + FEAREIE T 5 A 0y 18 w5k o e ) it
B 3R AL P AR AL B T R, B
FIOEm 35 F—EREERAR T 5 A0 e 5kl & 2
ZE TR, FRoraEa . Bl 25% 1R RSB BRI
PRGBS . TR AT T 39 kel S i, HECRROE
3 F WIREAIG TR BRIl 5. 7 R AT 1] S

S Ul 25% 9L FHIEAS S FEARAE R AT A L il

HAHEREw e, 09 A s AR,

®4 TRIBEMEMEFHHEEE LR, HABSENZMm

v il 5H 7H 9 H
MR ABE RIS CK 0.210 = 0.006b 0.199 = 0.008a 0.136 + 0.005a
ot (%) DL 0.223 = 0.005ab 0.179 + 0.006ab 0.144 + 0.005a
JL 0.215 + 0.010ab 0.185 + 0.005ab 0.134 + 0.004a
JLL 0.230 + 0.004a 0.174 +0.002b 0.138 + 0.006a
Biof(i] 0.219 0.184 0.138
TR A CK 0.241 = 0.009a 0.157 £ 0.010a 0.152 +0.002a
DL 0.252 +0.001a 0.161 + 0.006a 0.145 £ 0.005a
JL 0.246 + 0.006a 0.150 + 0.008a 0.137 £0.001a
JLL 0.248 +0.002a 0.161 +0.002a 0.153 £0.001a
¥E 0.247 0.157 0.147
THERRL R CK 52.58 +2.27a 59.27 +4.79a 26.69 +4.23a
Wit DL 52.58 +4.95a 61.39+591a 22.24 +3.69a
(mg/kg) JL 50.06 = 5.26a 47.93 + 4.79ab 15.95 +2.58a
JLL 29.44 +2.19h 35.65 + 4.76b 2175+ 1.74a
Baof(i] 46.17 51.06 4215
TRLH AT CK 27.86 +5.24a 43.44 + 15.59a 56.69  11.50a
DL 46.28 +13.76a 41.87 +5.98a 56.71 + 13.37a
JL 36.13 + 7.96a 4298 +5.12a 46.84 +3.04a
JLL 2330+ 1.67a 47.70 +7.08a 56.25 +9.74a
B 33.39 44.00 54.12
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223 L HAEECA FALGI T X A e -4 i
AR

TRRRIBTHE . RSN AT 5 H S b A A
JRANE (R5), femgietErt Faf s 5 27 A
TR, 7 A3 9 Ap e ; M A
M5 AEI7T AT, 7 A9 A EF bR H
TRRRBTHE . IRINEER I R A e 2 R, R
FRorAF R WL 25% IR FHIE SO FE RO ik

AR EHRBEAE | P AT R4 A R
XA RES A AR e - s i A R

TEMEIBERES | RN AT S B B 2 1 1Y
AR (22 5), H A frfa] s o & 4 fr
Frfas, USRI AR IR 25% 1YL HIAE b O
FCROETH S T[RRI RS RS | i A bl
SEHC R B A R, 5 ~ 9 Ay Rk
AR AR,

x5 TRERMEMEFXHGEE LR, HAESENRm

fn A Ab P 5H 7H 97
A eI ERE CK 1.63 £0.03a 130 £ 0.07a 1.28 + 0.04ab
i (%) DL 1.65 + 0.06a 129 +0.03a 142 £0.05a
JL 1.50 £ 0.07a 1.20 +0.03a 1.11 £ 0.01b
JLL 1.66 + 0.03a 1.29 +0.03a 1.33 + 0.06a
¥l 1.61 1.27 1.28
AT CK 1.10 £ 0.05a 0.82 + 0.04a 0.93 + 0.19a
DL 1.07 + 0.04a 0.83 +0.04a 1.1020.11a
JL 1.12 £ 0.04a 0.80 + 0.02a 1.0220.17a
JLL 1.06 + 0.00a 0.77 + 0.04a 1.01 £0.12a
ol (i) 1.09 0.80 1.01
TR MR CK 310.75 + 28.36a 340.39 + 24.46a 362.28 + 24.84a
L DL 353.59 +32.52a 341.98 + 14.19 352.69 +33.51a
(mg/kg)
JL 381.95+19.49% 348.40 + 14.46a 384.58 + 45.60a
JLL 349.88 + 13.80a 371.83 +54.69 397.31 + 10.64a
B 349.04 350.65 374.21
TR A CK 143.64 + 13.83a 157.67  19.76a 136.14 + 16.95a
DL 146.13 = 11.80a 131.64 £ 9.93a 158.89 £23.97a
JL 163.79 £ 10.33a 136.48 = 10.95a 172.49 £ 2.68a
JLL 137.83 £ 3.56a 127.75 £2.71a 159.92 + 10.54a
¥l 147.85 138.38 156.86

224 L HREEA RG2S X AE R 11 A 5
ANTR] 2 RS R B B Y R ]

FERG A W I 5 el , 3R 0 45 o . BER 25% 1Y
L AR K HES APt 3 FAEFR 0 ~ 20 em + HEHK
il R RN AR A N B, 45 AR 22
RNEFE (F6); M 25% 194 FAE KL FHE
25 A PR 20 ~ 40 em T IETR A . A AW
SRR S i A L TR, iR A S i R R
E, BB NN T 16.1% . 37.2%. itk
VEH, TSR R 25% B AR R
R 2 A B o i, I A A

FIRHEIN, 8 25% Jits PR A & FH AR R 2 1
RO BEER o 5 T R, RRRIZ W 25% & A +
BCFP 2 0 922 - A A A A s, IR

J2 R T TR
FERN R (£7), R0 ~ 20em
AR AR A S R B T TR
P P 25% MR HIERGE 0 ~ 20 em 13860 #
R B, R AR, R 25% 1Y
L HINE + BRI 25 FAEBE 0 ~ 20 em 1307
R HWERINT 26.3%, A 300 AN &
WL T A e 25% & IR K R RO
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M2 T IR S5 L IR AR EE 20 ~ 40 em 436
R ARBE TR, AR i o R R
T 28.1%. 32.8%. I, Fr4r% 50 € HIEA
P2 SR B B B R, R 25%
()% FAE A i 32 2 3OS U A0 B B TR, 4D
R 2 - O AU B A T A B, TR 25% 1Y)
L AL + FOAR G2 N T 262 el A A ik
B, TR R 2 A R AT T
*6 EHAREMALHEFHCHEEE 11 BH
AT EEYERESBOEN (mgke)

if; G OBARSR RAEAR  HREAR
0~20 CK 4279 +3.92a 13.87 +2.38a 189.79 + 14.01a
DL 47.67 + 8.88a 15.99 + 3.40a 225.93 +29.98a
JL 45.18 +5.31a 12.18 + 0.79a 224 .44 + 22 .06a
JLL 44.17 + 4.60a 17.13 +3.27a 232.97 +23.92a
20 ~ 40 CK 35.12 +2.81a 11.37 +2.20a 140.80 + 19.23a
DL 39.19 + 7.42a 12.30+2.77a 156.36 + 17.74a
JL 29.45 + 2.24abh 9.70 + 1.43a 123.90 + 6.49a
JLL 22.05+1.19b 7.73 +0.58a 133.41 +17.41a
£7 SRAEEMEHETHEMER 1 AH
T+ B AR S BB (mgke)
e - |
SR M wEAN AR R
0~ 20 CK 96.83 +5.01b 53.60 + 6.63a 149.77 +9.78a
DL 105.94 + 5.19ab 57.77 £ 6.54a 200.60 + 10.87a
JL 96.74 + 6.63b 47.60 =7.14a 159.15 +22.12a
JLL 122.31 £5.37a 57.28 £ 9.59a 191.32 + 13.10a
20 ~ 40 CK — — _
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Special formula fertilizer combined with planting smooth vetch improved fruit quality, and nutrient efficiency of
citrus

WANG Peng" >, CUI Heng" >, CHEN Min" >, TAN Qi-ling’, HU Cheng-xiao" > (1. Key Laboratory of Horticultural
Plant Biology, Ministry of Education, Wuhan Hubei 430070; 2. Engineering Laboratory for New-Type Fertilizer of Hubei
Provincial/Microelement Research Center of Huazhong Agricultural University, Wuhan Hubei 430070 )

Abstract: The effects of special formula fertilizer decrement application combined with planting smooth vetch on citrus fruit
yield and quality, nutrient concentration and utilization were analyzed, aiming to decrease application of chemical fertilizer,
and improve fruit quality and yield, nutrient efficiency for sustainable citrus production. Field experiments were conducted
with 7-year-old Lane late navel orange orchard in Zigui and 28-year-old Satsuma orange orchard in Yiling, Yichang, Hubei,
China. Four treatments, local conventional fertilizer ( CK ), citrus special formula fertilizer with the same total NPK
amount as conventional ( DL ), citrus special formula fertilizer with 25% decrement of the conventional (JL), and citrus
special formula fertilizer with 25% decrement and planting smooth vetch ( JLL ), were designed with four replicates per
treatment and 3 ~ 4 consistent growing trees in each plot. The concentrations of N, P, K in plant and soil, fruit yield and
quality were measured by conventional methods. The results showed that: 1) Applying citrus special formula fertilizers as
same or even 25% decrement of total NPK amount as local conventional fertilizers did not reduce fruit yield of Lane late navel
orange and Satsuma mandarin orange; while citrus fruit yield was raised by combined 25% decrement application of citrus
special formula fertilizer with planting smooth vetch. 2) The N, P, K fertilizer efficiency was evaluated by citrus fruit yield
(kg ) per kilogram NPK nutrient amount, and it was raised by the citrus special formula fertilizer application with the same
or even 25% decrement of total NPK amount as local conventional fertilization, especially by combined citrus special formula
fertilizer application as 25% reduction total NPK as conventional with planting smooth vetch of Satsuma mandarin orange.
3) The fruit quality indexes of Lane late navel orange and Satsuma orange were improved by citrus special formula fertilizer
application with the same or even 25% decrement of total NPK amount as conventional fertilization, and particularly by
combined citrus special formula fertilizer application as 25% decrement of the conventional with planting smooth vetch,
such as the fruit soluble solids, Vitamin C content and solid-acid ratio, but the titratable acid content was declined.
4 ) Planting smooth vetch with 25% reduction application of citrus special formula fertilizer raised the nitrogen and phosphorus
concentrations of spring shoot leaves of Lane late navel orange, but decreased the topsoil available nitrogen and phosphorus
contents in May and available nutrients concentrations of 20 ~ 40 cm soil for two tested orchards, with no significant effects
on topsoil available N, P, K in later seasons. The fruit quality and fertilizer N, P, K efficiency were improved by citrus
special formula fertilizer application, while combined planting smooth vetch with 25% decrement application of citrus special
formula fertilizer improved fruit yield and quality, fertilizer efficiency of Lane late navel orange and Satsuma mandarin orange.
Key words: citrus special formula fertilizer; smooth vetch; lane late navel orange; satsuma orange; yield; quality; nutrient

efficiency
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