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1791 g+ kg, &R 078¢g kg, &#i06lg- ke,
LB 1835g - ke, Bl A A 6996 mg - ke, A AL W
18.72 mg * kg™, HHALH 286.4 mg - kg,

1.2 KBt

AR E 6 NI (1) KM% A/E -
AT (C-CK) ;5 (2) KEHRIEAE - Bt fbit (C-
CF); (3) JBMHESE - (LIEECHEA ML (C-MCF ) ;
(4) B0 1 B ARFEAE - AL (R-CK) 5 (5) K540/
EKREAE - B IE (R-CF); (6) M/ £ X
AE - ALIREL AT HLAC (R-MCF ), {5645 T 2004
AR, TEIEMR /) FOREEAEALEL T 25 B R RS
S, REE BRI EOK; | 2016 A4S, A& ZEFp
TSR B, ANHAL, SRAE S MHFIETT 25 ~ 30 d B
HEALAEILAE,

Bk CK &k, 7E % fL JE (CF) 5 1k B i i
BLIE 42 (MCF) H, &, #. W FESTHE
A, HEE 558 B i EE 0 A ). CF ) 3% IR
G kB M & L AE (N2 P,0s : K,0=9: 9 : 25,
750 kg + hm™ ), ifif MCF (% 3% I8 43 51 i 5 00 % 1
SN (375 kg - hm™) FRE & A HLIE ( BLFR 5 5%,
1687.5 kg « hm™ ) 40, ASEAROHE. #1503 H S wE
TR (P05 12% ) FIGIRH! (K,0 50% ) #bi2; CF
FMCF BB FER ARG 55 10 d F1 30 d 247t
KL FHEAE (N : P,0,: K,0=15:0:30) 75 F1 150
kg - hm™, /NXTEFR 20 m®, A A0FEEE 3K, b
PLIXEHHES, s K T Rl K326, HH [R]85 B
M BRI AR P H AR T -

1.3 s 5 K5

LRI IR AR ) GB 2635 — 1992 43l
77, S RECY S AR RSO AR TR

R AE, &/ NGRS — i Y Hhe
HEHs, IO R AR TP AT, 65 CHET = H
&, k% d0.25 mm i, ] NIR256-2.5 i 21 4h
F i M AL (Ocean Optics H R F], KT
900 ~ 2500 nm ) ME AT, 0 JFHE, AL B AL
TR VE By s M RR AR A HLS0,-H,0, T
b, o B E AR e B A, AR ikl
FESEE, JEICRETHINE SR, IF A R A
(N, P, K) Wetica, DLRARRE (4506 Y 45
BEZ A, %N, P05, K031 ) REABUCRTZH 2%
MR
NERIZE 223803 = VEW ™ 5t /AR SR Rl i

JERRRFRCR = (IR RVEY) =& - IR 7ED
PR ) /AR

TE 9% B AR mir, A A BORE IR R &0 ~
20 em BHZEMHHE, E PG R A R
A ESEASE N RHENTE - 0.5 mol/L
K,S0, 25, BEM W e e e e . R
FH Folin Heta ik . BeEpik bk . Wy WG Lk
A B B ko I e - R . R . A
P A JE T IE R D

A TGAIE 5% 3 F 2017, 2019 12021 4F ( F %X
) A A BRI IR P SR, DAK
2021 B MRS AR T A LSBT
1.4 Gitortr

43 5 Excel 2016, SPSS 19.0 Fl Origin 8.1 % %k
PEVEAFIATIR . T REIR, AbER fA) 22 5 0
P AR XSS (Duncan ) 3 ( P<0.05 ),

2 ERESH

2.1 RSB LR A 7 e R T A P 5
211 KA

K1 H 3 54 (2017—2021 4F ) 3 Yk 4% A Fh
FEAESY (2017, 2019 F1 2021 4F ) 4% 4b FH iy 4 -
Pyp=ir, PO 2 R S R I i e, B AR
JIES ) R e d 2 v TR REAL, 4313 11.9%
(2017 4F ), 9.0% (2019 4F ) F131.4% (2021 4F ),
FEAR R AP AR S, A )it BE A A, S 555 i e
M=, TR IHZEAERT, C-MCF &b 3 i 48 it 7= 4
Bl T C-CF AL B, 75 40 /1 KA AR, 34F
H A 2 4 R-MCF 4b 3 % 4| i 7= & & F R-CF &b
M, A, MM R AEAE RS LA R R,
DL 2021 AE Y i e, HARPIETT R # 25, 18
CK 7 D2 i o AT A PR A S 4 T dd
TR
2.1.2 SN AR R S

&1 SR AT T b SR ) AR A Tl
BAFsEm, (1) H EARIE LE): CK efik, #E1F -
HUEILIE R 2 5 eV 2 2 = TR AT,
BN 6.2%; FEHHEAE . ALAERACiEA HLAC & 2 5 T
TEALRE, S48 5 9.1%, (2) MAAK: CK fe fik; Jif
T Ab A AR R & B A T 1.25% ~ 151%., Hidr, LU
C-MCF A3 =, R-MCF A F A%, (3) b
JEOH + o A X R it A Xof AR P 38 R 5 v 4 G
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= 800f
ﬂ c [ € b

OC CKC-CFC- MCF RCKR CFR-MCF C-CK C-CF C-MCF

AbRE

A FhAE HE AL X 4 I = 2 RO 4N
AN [N P [ — e AR St Ak B 22 ) A 22 5 % (P < 0.05 ),

&1
e BN E RS B s A1 [ ARy Mo S = 2 (B 1 25 5% 3,
T,
ZR, (4) A& CK &K, M=z m

25, GRS T A LR ECEALIE ., (5) # &

CK 5, R-MCF Zb3#Rk 2z, FhEAR X 2 (o] At A
Bz mIEES, (6) WA CK fiwm, fefE. &
YEZ [ FEAE AL B 2 (B JE22 5. (7) #Ik L : CK
5, C-MCF Ab P AR, Fe/E. 3% 4E Z R F i AL 4b

R-CK R-CFR-MCF C-CKC-CFC-MCF R-CK R-CFR-MCF
b3

Mz E T2, (8) ABL: CK i@, C-MCF Ab
PRIRAG, FOVENA A AU L i TR, Hti AR AL 2
ZIAIJE S (9) A& : R-MCF 4bFf e, 51,
HEAEZ M AEIEAL B 2 M o225 . B2, TEREMEE
YEREAIEA HLAR ALt AL B, J 5 B A A
3

F 1 FEMEAEY P SR L GIFIEM A S U F RS R
Pt At ::lij i A H o “ B L Hk L Bl
(%) (%) (%) (%) (%) (%)
P MR CK 13.33¢ 0.97¢ 24.70a 1.28h 2.52a 0.53a 25.38a 1.31a 4.78h
CF 69.67h 1.38ab 24.88a 1.67a 2.15abe 0.40b 18.10b 1.21he 5.38ab
MCF 76.00a 151a 24.63a 1.66a 1.96¢ 0.42h 16.62b 1.10c 4.71h
P A 11 Tk CK 15.33¢ 0.97c 24.70a 1.28h 2.52a 0.53a 25.38a 1.31a 4.78h
et CF 76.33a 1.38ah 23.49a 1.76a 2.04be 0.42h 17.09h 1.27ab 4.89h
MCF 78.33a 1.25b 24.15a L61a 2.44ab 0.42h 19.30b 1.28ah 5.85a
AR 2 5 S FE VT
R LIEN o ns ns ns ns ns ns o ns
LA ok ns ns ns ns ns ns ns ns
FE x HEAL ns ns ns ns ns ns ns ns ns
T FPVEARIE AR/ NG PR RN 2 1] 2257 3 (P < 0.05), *, ** 205 2on PR BEEGAC B M 22 50 B3 . 3, ns 0
BF, T,
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H P 2 AT UL, AR /7 R AR AE B H 7 e
TR ANEEAE, 3TN 17.1% (2017 4F ) | 34.9%
(2019 4= ) F137.2% (2021 4% ), Jite JIES d5d 25552 v 40 -
P, JCHAEE AR, A PUIE AL Rt

PR 25 T RAMALABALFE, 2017, 2019 F1 2021 4E4)
HE 8 19.0% . 19.4% F1333%; 1E#EVEMM |, 3
SRR 2 4F (2017 12019 4F ) RIHAHUIEECEAL
NE AR P 5 T AL e A 2

[ e
120174 11 20194 v E
80000, A
a a
~ B d
's 60000F A a
B a ]
I B b b
N A a
s 40000} B
ﬂt b 2 b )
i; a
= b ;
== ¥
20000}
c c c C b
o1 1 —
C-CK C-CF C-MCF R-CK R-CF R-MCF C-CK C-CFC-MCF R-CK R-CFR-MCF C—-CK C—-CF C-MCF R-CK R-CF R-MCF

ysEl

piE] 2]

B2 MiERERRE A = E R R

2.2 e it AT A O A i 43 SR R R AR 43 R
eI Al

32 NAE . EAEERHR 3Ry BRI A
BRI

REME: CK &K, R-CF AR, MKk
ft 4 R-CF > R-MCF > C-MCF > C-CF > C-CK =
R-CK; #AEMbE R & BN W3 T,
it AL AR5 P ARt A7 HLAR =2 [ G 2 25 57, (HLEAE
5 b IEAEAE B s HARH, Bl C-CF Ab3g
SRR T I U R AR

W 2R CK /e i ML 5100 T, Mk

BRI AE W2 TR IEA 2 A T2
S, P ARG AL A B2 B JEsE HAER

B A, CK A ik, R-MCF 2bHi &R, Rk
5 4k 4 R-MCF > R—-CF > C-MCF > C-CF > C-CK=
R-CK; FERBIESAAET, HAnt45 RS 4 1
Em T AR ARIEECAE FUIE S T iR e, P
F AT A A BE 22 18] JE A2 HAEH -

HERE A 27 2% R C-CF &b 3 A%, M/ £
KECVEM B 2 5 TR AR, AR 2 ROR B
35.9%; HENREVERLC Y, AR BC AT ALAE &2
THGEAIE, NERRR R TCE TAEH .

F®2 MERERRS AN IS RIRER =5 F A ER 00

pp—— . = o Lt PP
FENHZEAE CK 1.38d 1.65¢ 7.59d — —
CF 13.50¢ 5.45h 40.12¢ 4.05¢ 33.86a
MCF 16.30be 6.34ab 5221h 5.22b 33.35ab
FEAH 1 E oK CK 1.38d 1.75¢ 7.59d — —
etk CF 21.08a 8.04a 60.99b 6.26a 32.75ab
MCF 18.11ab 7.28a 71.02a 6.34a 30.88b
L] 26 S 25 M 43 Hr
A ns ns * * ns
PR x Jitihe * ns ns ns ns
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HEBE 22 1% 2 2 % . C—CF % 15, R-MCF £ 1I%;
P S AR 2 T /) Bk AR, B R
EJe2E 5, MR AR AL 3 2 (6] Je 28 BAEH .
2.3 IR il A T A 0 48 23 3R A T A K il
T B R
231 TIRAEFRS

3 NKIAAE L it AR A 1 LR R
ES|ZN AR

+ 38 4 A CK f ik, CFIKZ, MCF &b B 5
o HH, CFH CKH® T 7.63% ~ 10.85%, 1k
JE it A HLAE Fe Bt A ARG I 2.23% ~ 3.50%, P
PR 2 A e B 22 5

Bl R A AR R, Rt
JIE S 2 5 i) SR R B i, AR IE R A LAE Y
R A W TR AL, RS
6.69% ~ 25.67%, {H P L =X 6 /G B
A

WA A MCF b3 s, CF b3k >,

CK fefif o it AR AR X 5 325 ) 4= 38 34 2E i
S, ARRE B ALAE AY S b W e R A
Fm T HOEALIE, BN 10.49% ~ 13.9%. Fhil
2 H TR

B BIREASA S B AR A A A
B e 2R, Bt AR b S s e L, fRE
e it A FLAE (Y 4 1 S S R i W 3 e T it Ak
BB, B0 9.52% ~ 16.05%, {HFPAE LR 2 0] TG
Z5,

HAS A AbPEE] 225 53, MCF fl R—-CF Ab B
Py 2 m T HAD AN EE; B/ EOREAE Y 1 A
DA EEES TEME, HN725% ~ 20.23%;
TERE IR VR ) 3, AR IR Lt A LIS () 1 3 6
SEAGEDE & TR, FHRN 18.40%.

TR, HEEA S, MAEY
HAM BB EIEM R (KRB 2
09257, 09427, n=18); TIEHEER GHERALE
BEFEASE (HERECH 0487, n=18),

F3 KEPMEREERXY T ERARESERNZIN

At AR
(g-kg") (mg - kg) (mg-kg') (mg -+ kg™’ (mg - kg")
S5 IR CK 1.31d 54.86d 5.46d 6.63d 6.29¢
CF 141c 105.83b 7.05¢ 14.55h 13.76b
MCF 1.44b 112.91ab 8.03ab 15.93a 16.30a
YA 11 F oK CK 1.29d 55.08d 5.67d 5.99d 5.70c
ek
CF 1.43be 94.99¢ 7.53be 13.61c 16.55a
MCF 1.48a 119.37a 8.32a 15.79a 17.48a
e R] 22 5 i SR A b
AR AR ns ns ns ns okl
i AR o ok * s s
e x gt ns ns ns ns ns

232 FIERGIETE

Fanl L, & A . CK &K, R-MCF &b H 5%
B, KGR EOR AR B TR, AR AL
A HUERR 3 T ALl . A S Bt LA e
WERZHAEN, Bl C-CF AbFE & E R HEE
fitg 05 M. DRI : CK f I, R-MCF Ab¥ i, %2
1B, BEAEZ BT 2 2 5, ARAE ROt A HLAE b 21
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W 2 T AL B AL BE ., AN BRA IR . CK A,
C-MCF &b ¥ fi fmi,  Jo5 JRE VR 3 & TR 0/ &
KAAE, ARIEECHEA HUAE AL PR 22 w5 T it i e
AR VARSI R A S RS T MCT
PRI, BRI 2, CKHefik; ARz
] JC & 2% 22 5, AR MR Gt A MLAE A 2 35 5 T Hife
FEAE.
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®4 KEMERERNX T EEEERN I

HEIE i ity Tt A 5 ity VA R A D5
P it AR
(pg-g'-dh) (pgeg'-h") (mg-g'-d") (mg-g'-d")
5 %R CK 143.76d 209.87de 3.0le 0.56¢
CF 189.84c 244.28¢d 5.32¢ 1.12b
MCF 197.19¢ 381.58b 6.84a 1.26a
JEIH 11 EREEAE CK 147.18d 194.78e 2.79e 0.61c
CF 215.27b 255.42¢ 4.58d 1.15b
MCF 239.36a 431.02a 6.35b 1.33a
PR ] 22 5 b S AT
P A L ns s ns
T NE A ok ok EES sk
AR x A o ns ns ns

2.3.3  FEMH AL B A S AR T Y e R

FERE g, SR 2 09 &S B
XX RWERS, HHEEAM. KA. #ERiL R
it 40 IV i o 340 Dt 1) 5 X 5 5 R U S R
FIEMHLKR, MRERBZRN0.732 ~ 0975,

Hrp, EAMEES2AMMHECREEK (r=
0.927 ); MREEE M S A BRI CRE K (r
= 0.831) 5 AR IA i BTG 11 5 B A 280 AH DG R 8l
K (r=0.953 ) ; MEAHFRIA il B A5 A B AH G R AL
K (r=0.975 ),

x5 EATEEARESSEXLEEEENEXIN

TR FZTEEIETR
e 1
EHEl 0.927" 0.867" 0.888" 0.874" 0.866"
Jirdis3 0.787" 0.783" 0.831" 0.760" 0.732"
TiH R SRl 0.920" 0.953™ 0.898™ 0.946™ 0.927"
VAR A i i 0.958™ 0.9617 0.939" 0.975" 0.954"

=18, #* FIR P < 001,

2.4 MR S AN R 25 RUR A S 1
IO EPS ey )

xonhl, HEARRES (2R WA,
AR, MERMMAEYRRASE) S a
o ESER R RS e, SO A
R IEAS, S e &R
Wl 3 ORI OG; BRI R A i DUAh, B A
AR SRR RS 25 7w
3 B B R O

e i

IR AR A AR R T
SR W - NG S S I = N A
B BRI R RS E EAC, STk SRl
B L S R 0 3 SRR O 5 A PR D I IV S PR3 D
T PR R S 0 2 A UG s SRR
P A AR S L A ARG,
MR35 U MRS B S IEATSG, S L
L BFERMRK,
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xo6 MHHFRESTERERSANEXEEENHEXES T

TSR R A B AR S R PR

IR

B B S A AR MEmRE EA ot THERIA R RS RRIL 5

s 0.928" 0.900" 0.932" 0.902" 0.924" 0.949™ 0.736" 0.828" 0.955"

th ESEH ] 0.9427 0.944” 0.977" 0.956" 0.912" 0.911" 0.698™ 0.886" 0.977"
Rt 0.750" 0.749" 0.798" 0.784" 0.703" 0.754" 0477 0.676" 0.798"
VLT 0.730" 0.777" 0.8317 0.815" 0.713" 0.665" 0.526" 0.765" 0.792"

S 0.683" 0.823" 0.825" 0.797" 0.746" 0.601" 0.567" 0.786" 0.767"

HE T 0.713" 0.733" 0.771" 0.748" 0.656" 0.706" 0.434 0.645" 0.738"
TER -0.904"  -0.780" -0.770" -0.780" -0.7417 -0.830" -0.635" -0.767" -0.825"

BEOg L -0.784"  -0.801" -0.850" -0.842" -0.758" -0.751" -0.542" -0.755" -0.8217
AW -0.438 -0.557 -0.593" -0.579" -0.492" -0.282 —0.409 -0.636" -0.501"

TE:n=18, * FI/R P < 0.05, ** F/R P <001,

3 itig

3.0 KHFAE AL AT it A L B v 4 AR =
FREF R

AEXS TG MR AR, I / E KRG AE
PR TN R A SRR, AR AL
RMZFFFRCR, FEAE B s TS R 5
il , BHEER R AW LY, A A
VERT, M0 AR B, 7R K R R 1
B R ZBEE], AR AT XRE, L
(EFAR BRREAR 1 BN RAR, SRR R4
KRB, WETWY 2R, HAHERA GE
BN, WA, WM E TR, F IR KX
FIEF TR BB AR—FE, AR5 AN,
BAEAMER . R /7 F KRR AT,
FE IR AE I, AN P i, T ISR A
W, NRRIRAIG ., 2R, EE W
FE, I RROROGR, MREERERR; FE B oK R
B RS T R, (s kb e g
APLBNFR S ZAEHT, KW, PR, SR
TEEERIARTT 20, AT 85 TR B /7 1K
ACAEAL R B AR e o

AU RE BT ATUAE b it A AL k22 4 /= 0o AR 7
AL SR AR AR, AR AR
s T, IR AT T 1
X, FACERRRA 3 ~ 4 AL, WE4 AT
Rk, 5 H MUk AFRTE R ZIERKE], i
FHENE (%) B 18] 5 KR AR IR WS 73 00 B 22 B P S A 22 2 2
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A ARSI LR AT AR e EA BE £
W, R 6 5 A 1 B 2 Ol L
BRI LB e (R ) SRi (LRTERE (B
ML), SRR ARBE s 2200 bR
Fe. BTN, AR, LIERIGADE, %2
AV, RO BEREHIIA, T RE AR A AR A
o, M ROHGAT HUIE 5 425 254 BRI
FRCR T N Z —,
32 KR ARG R R
ARG HLIE A3 51 L A P 5 1 -4
AR (R, WAL SR SRR
WIREE ). THERR 95% LA LA AE TA LR R
MRS U 48 2 S AR 24 A U Pt
BERS. AT LHOTE LRV AT
WEAR I, R AR RN H 225 R, 7R —
MR T RARHEY . A HEBLA R Fi 0
K 7, Meta SPBTOLR B, KIS IS BLIE AT
AR RR 4 A R i, ERERCHG AL
M S P 5 5L AR P R . i
Sorft, LA (PR, SSENRIAR, T
) #9550t o LS R o
A A, LRI I
HORFAGL, EPAITPR . SIR AL
IRE RO . AR 1 TR0 L MRS T AR
e BT RA R AR, AL B RO,
BORERSAS R MER IR KR T, SO AR 7 R
P, MR R AR, B0 TR AR T
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AR
3.3 K IES AR AR Xk - SRR A5

e 03P IO T i A7 AL A Sk 2 5 1 38 2
KT . TR 34 S e AT S R A i () 05 1, AR /7
oK AE B S 3 G AR RN A R A Y R
P HEEERIE T AMUTRA . YEY R Y5y
W, HE PR W R S A e - TR ) T R U
Z— P YRS, A PR O M
FERRUR, AR SE R WA A, B R T
PPV ARG, FEE AR . IR, SRR A
AR RGP 5 A LS A R B 3% A
(0.732 ~ 0961 ), 7E 4, & A A PLAMW
80% V) I, eSS KO FiokeS i mas s,
FIS 1A NH;, G ER 0K i S A i
SRR NH, P, Ho, S AR A
JE K fVE 9 RN R IR 2B, SR R
IR NH, (0 BR824t 38 v 1) 2 11 il
TEPES AR BN IEAE, RS & S
BsR A A S BN IR S T 2 — o Kt
PAAUIEIE T ShAt Y, - SEIREEE SR A 5 T
IR Z AL NH,, BEA IR AR B3R, H 1t
SRS N A RA R R MG , RS A S
RIS T fiff o hy i s I it T 2 AL L0 oy S A T
i, ARSI R AL RS R Eh L 1L iR s 12,

4 Hig

FEXT 45 MR AR R Bt AR AR, 500 1 F KRG AE
L RE ECiE A HLAE S 4 S A = . ™ (E . Rt
PEFFORFG T FROR, SR Lol it i, X
SIS SACARIRIE R H BEAE T, A HLICHLEC G
BRI RA S B, e A (O
fitg . MREE . AEER A RS RRIA A ) TEbE, Ak 44
REA, UG HHREMN, DISIEM /oK
YEFEREBCtAA AU SR o A A B VTG,
PRI, FE ST SCIR X, S4B 54 7 TR FAEF1E
RE LA AU 5 1 B 2 R ) MR A
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Effects of long-term cultivation and fertilization on yield and quality of flue-cured tobacco and soil nitrogen forms
XIAO Qing-liang', LIU Jing’, LI Zhi-mo>, YUAN Ling" ( 1. School of Resources and Environment, Southwest University,
Chongqing 400715; 2. Guizhou Tobacco Company Zunyi City Company, Zunyi Guizhou 563000 )

Abstract: A long-term field experiment on soil fertility and fertilizer efficiency in flue-cured tobacco cultivation was
established in 2004 at Zunyi, Guizhou. Relying on this long-term field experiment, the changes in tobacco leaf yield and
quality, fertilizer agronomic efficiency, and nitrogen ( N ) and enzyme activity in the soil under the different tobacco planting
( continuous tobacco cultivation, tobacco-maize rotation ) and different fertilization ( chemical fertilizer alone, combined
application of manure plus chemical fertilizers ) were investigated in 2017, 2019, and 2021. The objectives were to realize
the relationships between tobacco agronomic performances and cultivation models or fertilization practices and to provide a
scientific basis for N application in flue-curried tobacco cultivation. Compared with continuous tobacco cultivation, tobacco-
maize rotation was increased the leaf yield by 31.4%, the proportion of middle and top grade leaves by 6.2%, leaf economic
output by 37.2%, fertilizer agronomic efficiency by 35.9%, and fertilizer economic utilization efficiency by 31.4%. These
results indicated that tobacco-maize rotation was beneficial to the improvement of the tobacco leaf yield, quality. In the
continuous cropping mode, combined application of manure plus chemical fertilizer application ( MCF ) increased the
abovementioned parameters by 24.7%, 9.1%, 28.9%, and 24.8%, respectively, compared with chemical fertilizer alone.
In the tobacco-maize rotation soil, MCF also increased the leaf yield and economic output in two of the three seasons and
generally improved the leaf quality. These phenomena are closely related to autotoxicity alleviation, increase in total and
alkaline hydrolyzed N, ammonium N, nitrate N, enzyme stimulation ( protease, urease, nitrate and nitrite reductase ), N
transformation promotion, nitrogen supply improvement, and nitrate N enhancement by MCF in the tobacco-maize rotation
soil. Taken together, it is worth advocating tobacco-corn rotation and chemical fertilizer combined with organic fertilizer in the
northern Guizhou tobacco region.

Key words: nitrogen form; flue-cured tobacco; cultivation; fertilization

— 108 —




