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sl & oul K Ok, AR, B &, TRm, 2T, FRE R K,
N

(1 MR TALERRTHEA A, HARED 1330005 2 BIRA M A GAON A E, BIREACH 4250005 3 iARGAOl K2R 2ELE, Kb
410128; 4 HIrgA NS A RN T A, WIREHIH  423000)

8 E: UK AR A S R SRS AGEIEZ, KT 2 698 ANHEZE T IEREABRAR A B i, ST T S [E 4
ARRFAE B Rk, B T HS AR R . PH2IRREE | W 5 pH . AR BRI AR . IR A AR IR R 57.10 ~
447.40 mg/kg, FHHh 183.78 mg/kg, TfREIETL(110 ~ 180 mg/kg)HIREA 5 H A 46.55%; 22~ 8. BEFHEIHR B 10 HNEX)
IR AT R, Hofth 16 BL(X)ERFEIE B - Sml A e as (6] 43 A1 A AR TS [ P AL ) A A a3 MR- FoRAR VR 138
DR RIS s i A BB 2 IR . 3 pH. AU INTIRE N, SR 2L R (AR 150 ~ 250 m XIA]), B
RS 7 LI, R & LSS TR AR . T R AR KRS AR R S R A AN ), HZ RN, D M
43 DX 2 RUR i T SR s
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Distribution Characteristics and Influencing Factors of Alkaline Hydrolysis Nitrogen in

Tobacco-planting Paddy Soil in Hunan Rotation Area

JIN Jianghua', LI Xu!, QIN Ling®, QUAN Keying®, ZHI Lei*, YU Dapeng', WU Wenxin*, LI Sijun®, XIA Bing®, DENG Xiaohua®"
(1 Jilin Tobacco Industry Co., Ltd., Yanji, Jinlin 133000, China; 2 Yongzhou Tobacco Company of Hunan Province, Yongzhou,
Hunan 425000, China; 3 College of Agronomy, Hunan Agricultural University, Changsha 410128, China; 3 Chenzhou
Tobacco Company of Hunan Province, Chenzhou, Hunan 423000, China)

Abstract: To clarify the alkaline nitrogen (AN) content, spatial distribution, and influencing factors of tobacco-planting paddy
soil in Hunan, 2 698 topsoil samples were collected, and AN contents were tested. Meanwhile, the distribution characteristic of
AN content and the potential influencing factors including planting system, plough layer thickness, altitude, soil pH, organic
matter, and soil particle composition were explored. The results showed that AN content was abundant, with the range of 57.10 —
447.40 mg/kg (mean of 183.78 mg/kg). 46.55% of soil samples were in the suitable range of AN (110 — 180 mg/kg) for
tobacco-planting. Average AN content was higher in 10 counties (districts), including Anren, Guiyang and Linwu, while within
the suitable range in other 16 counties (districts). AN content was spatially decreased from southeast to northwest. AN content
was lower in tobacco-corn rotation, and increased with the increases of plough layer thickness, soil pH and organic matter content.
A parabolic relationship was found between AN content and altitude (highest AN content occurred within 150 — 250 m altitude).
AN content increased with the proportion of silts and decreased with the proportion of coarse sands. In conclusion, the spatial
distribution of AN content is heterogeneous in tobacco-planting paddy soil in Hunan, and significantly affected by planting
system, plough layer thickness, altitude, soil pH, organic matter, and soil particle composition. Therefore, rational regional
fertilization strategies should be formulated according to local conditions.

Key words: Tobacco-planting soil; Soil alkali hydrolysis nitrogen; Space distribution; Influencing factor
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ARRMEARKREGLHWEFR TR, 11
SRR A ORI 22 5 i 5 A0 7 5 R 2 B IR
TIEARRZ 2 FEARAER R KFAR . M
B A TR R R I, 2 R EUER AR K
WE ., CAGEIR | MR B2 | MRERE e, B
JRCE AT, AR UE A A BRI R R
BRI R A K B R 7 i e B, — Bk
HEFR WSS M EE AR AR Nk PR L 4
Geit oA M GE ATk W5 1 i R S B X BE)Z
HEIATR AU S IR S AR BB A 3 E e )
ET GIS 208 T B FEIRE 58 2 B0 Y - el
R A AR SR 2 A GRG0 R R
M) ol G 2R A AR i Y T o R oA A £ A e
dn s FRAEL AR A AT R B A S [ AR (1
G T T8 SCHR DAY L S mU i /U 25 84, B 1 DXCsRiC
Jr AL o AN X - el R e A e 25w, HE

SN A5 1] e AN U] o 380 e A VR A X v el e
T AR - 1 LAY 5 X A SR i S ) o A
FFIE AR 0 P 2R A ISR IE B0 o AW TSR A 1 g
YRR BB SRR A, SR ATHLGE T4 GIS HoR
AL I AT R m A L i MR IR R,
) e A AR X9 0 RO RE it P i A B AR

1 #REFEZE

1.1 HARXER

W5 X0 ) R 48 R A 40 X (110°81'E ~ 114°
14'E, 24°70'N ~ 28°49'N), FLIHHEM T, #rpHTT . AP
BHTT . T . R RIRRIN T Y 26 B X)),
TR ARt S Ay 2 KGR S A X, AR SR —
16 ~19 °C, Mk R 1339 ~1 726 mm, JGIRIEL
R 1529.3 hy H ARG ERME SR ZHE, =L Tmnt 2y
1277 t, J&TRIl4 b it a i A A X
1.2 HREE

FRIR RS AL, 2015 48, B3% F LA 40 H
[ 20 ~ 26.67 hm B 52 M e/ NRAEF X, A1 2 698
AR X FEMR RN G AR AR B T, 7R A
XN, & “S” JEREHLREE 10 ~ 15 A8 4, Hilk
0.5 kg A MIHLNRE LR SAMERA R X Hb
5, 8 GPS SRAEBURE 5 i BHAR bR (R0 45 28 B 46 1)
FNEER = B, I HLic S 2 5 B AR AR 1 B SRR
AR N TRA) L BN | 1 A AL B S
(-2 il
1.3 T EEERNE

- A ORI oS I e Y SRR

HEOB S T 2 I (<60 mg/kg) . ik (60 ~
110 mg/kg). IEH (110 ~ 180 mg/kg). = (180 ~ 240 mg/kg)
FIFR 1 (>240 mg/kg) 59, +3 pH R AL
SE L A HLITOR FH E B R AR i Tk Y, R A
SR P L B il 43 281 L B - el

1 HEEEKELRES=EME

Fig. 1 Sampling sites of tobacco-planting paddy soils in Hunan

1.4 HiEaE

K SPSS17.0 F A4 7 JF ae A5 b B 5 42 143
Mr, ZEHBRHABIERZEE . RH ArcGIS 9 #{4
MG 12 A v ) B s AR ER Yk 22 A R - S e
RAEM AR

2 HBREHSN

2.1 HEEKBLIRBRESES HIFE

2,11 MG R 1 AT W R A AR KR
B R S AR 57.10 ~ 447.40 mg/kg, “IEE KEA
Fefbil e, M 46.55%; HUUR “&7 HEAR(34.77%),
AR R AR FEARLUBIEIE T 5%, MAIRIHEZE T
F, SRR S = ELE 154.76 ~ 202.98 mg/kg,

AR 555(202.98 mg/kg), FBFHHTERAR(154.76 mgkg).
B A SR “EE” MR A 32.51% ~
70.77%, DIMBIM AR, BRI e s 78 “ 7 14
TR T 18.46% ~ 41.52%, LIRRM T RAK, HEHNTHT
e TE “ARME 7 M 0.85% ~ 23.03%, LA
Kb e, MR T e o P, W e R VR R DX AR
TR A S R, I EAEAS RIS T R 25 AR
2.1.2 HEUrigeit i3 2 AU W R A AR KA
TR S A EOFAS(EAE 145.11 ~ 247.85 mg/kg; H
W, IR RAILIX . FEAREAIMIX, 43508
245.14., 245.10 Fl1 247.85 mg/kg; “wE” HIEAT 10 1,

a1 = = o = S 777 = SN = 8 = S 2 = S 4
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T ARER . IR T R HAh A B 7EE
N & Sl S e AR BTy 0 ~
2.74%, TE “fR” BYIMHARR 0~ 17.89%, & “WEH”
BRI AR A 0 ~ 76.71%, 16 “F57 (A% A

14.29% ~ 58.33%, 7E “ARfE " Y5 MEN 0~ 57.78%,
SRR EEL . SR B AN AR R S R
AR WEBIZAITE 90% LA b AL, FEFEXHIX
-SRI i R B i, AR EL RIS AR

#1 HERKFELIFEBEASEHRSH

Table 1 Regional distribution of AN content in tobacco-planting paddy soil
WX FEAR IfEbREE AR AN 15 i i 280 2% ek DX ] (8 AR 4317 43138 (%)
(mg/kg) (mglkg) 60 mg/kg 60~ 110 mgkg 110~ 180 mg/kg 180 ~240 mg/kg =240 mg/kg
MEMT 1055  202.98+54.07a  64.70 ~ 447.40 0.00 2.94 32.51 41.52 23.03
e 321 167.43+36.81c  83.70 ~334.80 0.00 3.12 64.80 28.04 4.05
BRBATT 216 15476 £38.54d  58.60 ~ 296.00 0.93 8.80 68.98 19.44 1.85
AT 689  186.61+51.92b 64.70 ~ 389.60 0.00 4.06 44.85 36.14 14.95
Kb 352 158.24+38.85cd 57.10 ~ 369.00. 0.28 11.36 57.10 30.40 0.85
70T 65 157.60 £36.38d  82.90 ~292.20 0.00 7.69 70.77 18.46 3.08
FHME 183.78 £51.81  57.10 ~ 447.40 0.11 4.93 46.55 34.77 13.64
T FZVER /NG TR R F R AN R M X [F) 22 535 P<0.05 B3R, FHE.
F2 HEKBEIHBIS=EEEsH
Table 2 County distribution of AN content in tobacco-planting paddy soil
B A% WfEHHRMEE AR R AN [ B e 280 2 ik DX ] (8 R AR 43 A 338 (%)
(mg/kg) (mgkg) 60 mg/kg 60~ 110 mg/kg 110~ 180 mgkg 180 ~240 mg/kg =240 mg/kg

i 100 190.44 £41.12de  101.20 ~ 303.60 0 2.00 39.00 48.00 11.00
Jew X 17 245.14+48.13a 184.10 ~ 340.10 0 0 58.82 41.18 0
HEBHE 560  188.69+48.05de 64.70 ~ 372.10 0 3.57 41.43 40.89 14.11
#=ARE 110 245.10£53.73a 133.20 ~425.30 0 0 8.18 40.00 51.82
I L 12 233.99+35.98ab 181.90 ~286.90 0 0 0 58.33 41.67
Fiill X 45 247.85+51.53a 108.80 ~374.40 0 2.22 4.44 35.56 57.78
HEH 96  202.42+56.45cd 66.20 ~328.70 0 6.25 28.13 42.71 22.92
Tk 2% E 115  216.63+£56.11bc 105.00 ~ 447.40 0 1.74 29.57 37.39 31.30
] 101 180.14+41.61 ef 92.10~334.80 0 0.99 57.43 33.66 7.92
i rE 100 157.00 + 32.84 fghi 83.70 ~ 266.30 0 4.00 76.00 18.00 2.00
i BH B 32 150.00.27 £32.40i 101.20 ~215.30 0 12.50 65.63 21.88 0
AT 50  178.34+31.25efg 127.10 ~ 249.60 0 0 54.00 40.00 6.00
AR 38 161.20 £28.17 hi  108.80 ~ 218.40 0 2.63 68.42 28.95 0.00
A EIR=Y 73 157.00 £ 38.40 hi  58.60 ~ 296.00 2.74 2.74 76.71 15.07 2.74
AR & 70 146.72+33.791  71.50 ~227.10 0 12.86 72.86 14.29 0
TR 73 160.24 +42.05 ghi 89.00 ~ 274.30 0 10.96 57.53 28.77 2.74

i 5 80  176.34 +48.75 efgh 74.60 ~277.00 0 7.50 48.75 28.75 15.00
R H 30 226.27+55.06b 13620 ~ 389.60 0 0 20.00 43.33 36.67
AR 136 176.73 £ 43.05 efgh 105.00 ~ 301.30 0 2.21 56.62 33.82 7.35
AR &zt 55 176.68 + 58.46 efgh 76.10 ~ 332.50 0 12.73 40.00 34.55 12.73
AR 80 224.17+58.96b  105.80 ~ 365.20 0 1.25 23.75 40.00 35.00
TR 193 18528 +50.12de  64.70 ~ 365.20 0 3.11 45.60 37.82 13.47
B 115 175.95+40.45 efgh 94.40 ~ 293.70 0 435 50.43 37.39 7.83
W BT 190 145.11+3491i  57.10 ~242.70 0.53 17.89 64.74 16.32 0.53
TS 162 173.63 +37.65 efgh 86.70 ~ 369.00 0 3.70 48.15 46.91 1.23
AR 65 157.60 £36.38 hi  82.90 ~292.20 0 7.69 70.77 18.46 3.08
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2.1.3 S ARHIE & 2w, e e A A
IR ) PG E S I U A A, 2R B N o 7
e DX AN TIT RS ARG S . A T AR AR AL S
5 BT R ¥ - S AL B e P IR B 240 mg/kg DA
L S AR TR BH T SRR 2 X e A A7 e A A
FHEEEANT 110 mg/kg, S “IR7; HAti X A+
S A A I AE 110 ~ 180 mg/kg, N “if
B, TR R S RAE<60, 60 ~ 110, 110 ~ 180,
180 ~ 240 F1>240 mg/kg FYIRIFR BT & A1 43 ) K
0.01%. 0.17%. 68.97%. 25.51% £ 5.34%, “HAK”
AR A AT 0.18%, 2 BH 1) g AE AR 7K R 1 B it

R AR R

T A AR (mg/ke) N
<60 A
[ 60~110

[1110~180

[ 180~240
240

2 ERKFELHBEATES%
Fig. 2 Space distribution of AN content in tobacco-planting paddy
soil

22 HEEKBIERBRSEXZMESE

221 MOAEBIE IR AR K RS - E AT 3B R
B SRAR-F  —  -RK IR (R 2RI, B
P HABAED) R T K 4 2, A+ SRR 2 i3
{E5350 184.08 . 184.19, 164.81 Fl 154.96 mg/kg,
F/NHEF o« RS> KRG > A K R > oK . M-
e A 0 - SR mm i L S 5l T MK PR A -
FORMH “TEE”; HH-RE AR -2 -+ e A o
B TR, XA g 55 K R R K e (R
FH SRR 3 (-8 A

222 HHZEE M 4 A, <15, 15~20,
20~30 Fl =30 cm FHFZIEE /3R 4 9, AT
A9 232,61 179.00, 180.35 Fil 185.70 mg/kg,
KAMEFARI N <15, =30, 20 ~30 Fl 15 ~20 cm,
PHZIEEE <15 cm, TIEGFRIET “m7; M S
HIRARM 15 ~20 om H AR A S RUAE “EH”
WA, <15 om (Y - SE0ff A S it 3% m T HAbHE

JRIRSE, XA RES R AL TRIZEEA K.

500 -

400 -

e @ @ % %

300

ab
200

AR (me/ke)
&

100 |-

| | | |
T T TR T e

Fofie ] 2
AR b R R A 53 L P B e (B A e/ IMEL
Pl oI B oz N o L B s & B vk L R LTS G
BB+ FORHEARBER IR E, © R R R T R ;
Pl /NG SRR ) R 22 535 P<0.01 BFKT-; TR
B3 TREMESFEMOERTIEEEASE

Fig. 3 AN contents in tobacco-planting paddy soils under different
rotation systems
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LLLU IR I
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i (mg/ke)
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100 - -
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<15 15~20 20~30 =30

2R (cm)

4 TEHBEEEMEREKFELIHBERSE
Fig.4 AN contents in tobacco-planting paddy soils with different
plough layer thicknesses

2.2.3 Ik il 5 AT, SRR 3 <150, 150 ~
250, 250 ~ 350, 350 ~ 450 LK =450 m 5 %%, H+
SEn A AL S T AME S I 172,40, 190.72, 188.08
188.89 F1 169.67 mg/kg, i & RN 150 ~ 250,
350 ~ 450, 250 ~ 350, <150 Al =450 m, HFIKLE 150 ~
450 m 1Y IR A SN 75 <150 m Al =450 m
() - R A S o “TEE; 150 ~ 250, 250 ~ 350
F1350 ~ 450 m [y - SFEmR 2L 3 1 b 3 55 T <150 m ol
=450 m, FEIGR TR, HIERR A S RS AR
I #a e (y = —9.076In(x) + 246.42, R* = 0.030 3,
P<0.05),
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TR (m)

5 TRESRSEMERKELIRBERSE
Fig. 5 AN contents in tobacco-planting paddy soils at different
altitudes

224 +HEpH H & 6 nTAl, 3 pH $ <5.0.
50~55.55~70. 7.0~75F =754k 5%, H
- R RS O BIE SR B 168.87 . 163.15,
170.41, 194.37 F1203.36 mg/kg, pH=7.5. 7.0 ~7.5
DX [i] 1) - 3R RS i R, pH<5.0. 5.0 ~5.5.
5.5 ~7.0 By T IFEmRAR A O Gl . BE 1% pH T
B, IR AR MBS = 96.552In(x) +
1.888 6, R2=10.091 4, P<0.05); pH=7.0 AHs 1% + 310
R 2R i S TR AN AR A - g

500

400 -

*
*
@ oo @

o0 aco

300 -

eawee

®
weco «o

200 - ¢ ¢

AR A B (mg/ke)
o
{ [}

100 -

0 1 1 L 1 L
<50 50~55 55~7070~75 =75

pH

6 [ pHHEMEKELIHBEARE
Fig. 6 AN contents in tobacco-planting paddy soils with different
pH

225 HHEAMNUE 7 ATE RS R RS ML X
B PR S e <15, 15~25, 25~35, 35~45
=45 g/kg 53 S A, HAEHURE A S = FHE S
W 79.60. 117.45, 147.47, 174.95 Fil 227.26 mg/kg.
AW =45 g/kg 1Y FIERIAF A S RN 7, <15
g/kg W HEMR A S AR, oA XRG4 0

RS RN “IEE” . AFEAE LT X ] A 4 e A
TEESRE AL, FHEAVUTE N I A S
b A AU SR, IR R AR A =
125.42In(x)-279.63, R* = 0.633 9, P<0.05).

500 -
E
400 | :
) . .
= * <
= 300 * ¥
iy * : a
& ® N E.
= H
;é 200} s T b
= T ¢
B . d
100+ e v
E 0
0 1 1 1 1 1
<15 15~25 25~35 35~45 =45

AU (g/kg)
7 ARBENREENEBEKELIHEIESE

Fig. 7 AN contents in tobacco-planting paddy soils with different
organic matter contents

22,6 HIERURIZLR ARAEEPR S RGN
Bk (<0.002 mm)., ¥#(0.002 ~ 0.02 mm), 40>
(0.02 ~ 0.2 mm)FKLAP©0.2 ~ 2 mm) 4 K07, %3
AN, 7E<0.002 mm., 0.02 ~0.2 mm +3EFkip, AN
[) ik i 20 1 5 HE 22 5 R B35 7E 0.002 ~ 0.02 mm
+ ek, LIRS A S >240 mg/kg B9 5 s
FE 0.2 ~ 2 mm HIEPOR T, DIGSAR & & & <60 mg/kg
() o5 HE AR R o T L, AR KRS el R A R R
Kb o5 LU ISRy, B AR o g i RRA, i
FORLFIANAD 7 Ho T T 30 A i IR S

3 ihie

T R AASE TALS RS A . SRS
IKIFEANEREIRLIR . B Z KRR AR, &
it R IR R R B bR . R AR
2% I 4 [ R - R AL X O 93.5 mg/kg,
By A 1E<65 mg/kg Y [l 5 A A 5T 2% B e /K A £
TR A S R T2k 183.8 me/kg, Hi B ARAE 110 ~
240 mg/kg G, ¥ T2 E K, e Y
9 4 U Ry B4 A R K R B A RS RS R (110 ~
180 mg/kg) . AT ULib e HE AR 7K A AL R0 2 b A
(), R M A = 3 A b RO il P 2 T G — B, 3 Y
WA U L 7 L A0 19 P AR ) it i
7 SR I 95 25 DRI | L BRI AR 7 it vy, S
FR Ry
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x3 TREERKELEBRD 20 TIRBNENR
Table 3  Particle compositions with different AN contents in tobacco-planting paddy soils
R A - HE R LR L 91(%)
(mg/kg) <0.002 mm 0.002 ~ 0.02 mm 0.02 ~ 0.2 mm 0.2~2mm
<60 2485+ 15.02a 2945+232¢ 28.32+10.13 a 17.38+11.37 a
60~ 110 25.94+8.09 a 34.82+9.11b 27.79+9.67 a 11.45+£925b
110~ 180 2831+7.39a 37.24 +7.80 ab 2541+941a 9.04 £7.02b
180 ~ 240 28.10+7.21a 40.32 + 6.64 ab 23.68+7.29a 7.90£536b
>240 2548 +7.44a 4228 +534a 25.58+6.27a 6.66+3.02b

89 R AR 7K S i 2 B e 2 ) e A AN 2, DA
IR AR R A R, S DUE-FE B AR
95 R R AR i S 4 8 v A O 5 H: - S i 280 5 B AN [
X By o3 A AR AN R], FEZE50 A0 7E 110 ~ 180 mg/kg
(5 68.97%)F1 180 ~ 240 mg/kg(i 25.51%)Fi X Bt ;
A — T3 DX - SRR AL S i <60 mg/kg(i
0.01%). Ik, FEhlE it Emt, ZRMEHE, 72
DX T it IS R W, e 1) A R IS v e P S i
PRI T AN [R], ASBE A T I — S0k .

T8 Fe AR A DX - el R e A2 PP R B B2
JEERE . MR . 38 pH . A HLER IR ZH
Wi o B LK AR IS e I R 20 cm LAE AT LAR
B R i, 2R/ AR ST Al 2R I - A
RO i R Z IR EE RS I n , A4 R 51—
o W REVEIE X2 EEETE 16 cm DAL, T IERLf#
Ao R Z IR EE B i, B I e AR X A K
Fef B ARURZAREREIRN , PR B AEINRBHZ ik, 4%
BEEZ A KRG LR E 20 em L L

X B 25 POV 5 2 I DO 1| b DX A AR - S e
R WA AR TS T, TERRIEES , bEE
TR TR TR, AR 45 R 5 AR (], (H
BAT — 2 B 22 5 o 51 B A AR A X - S98 el A AU (1 7
150 ~ 250 m X [f], WEXFTAEPEEALE 1150 ~ 1350 m
oo |1 I 2 5 7S B 97 N i A <9 e 1 N R o A
I X FEAPAETE 150 ~ 300 m (AR HBIX, ] LLKE
IS A3 R X AR A ey HLRLTR 3 E  AT A e R A
R HABAEY)

XS /N APV G TA A AR - S e A R 7 AT B
pH FHE MREARAT S, TIAST 57 45 53R U] 1 S i
Rt pH Fhm iy, i aax fh 22 5 0 =2
JEWF ST X I - R[], XB /NSRRI T A J2: 1 v 5
o3, HUARRPE B3 &, A GRS H 14,
H Uk A 3

- ERH A R S A LT A R I e G
220 AT ML R RS T8 e R 1A

DX F: E RIS MR , AR KA IR R FIRS FFAR ED
HI, DA IR SR A SR U s e AR R, 7K A
FEFNZ B i A A BILR 5 e 5 (H oA 3 23 1
AU A, X FR I3 5 AT A LI AR = B
P
EHAREPIRF TR, LR A kL
ZIA) R R IEARSS , M 2 ] G 2 Y A
K, AWFREER G B bR & & sy LR
AERE T3 , 02206 KA FIK A R AR A R AE AP, He
SRR AR UL 7 o ) R R A AR DX A AR e AR
B, BAWRZ . HIREAR, HHEIRRIE | R
Z, MR RE S8, SN AR, R
MR PN RS 2 A 7 R Al i R R A 1
e, IR R X IR, R UK

4 #ie

T e A A DR - SR R S A T 57.10 ~
447.40 mg/kg, ¥k 183.78 mg/kg, “EE” FEA LM
N 46.44%; TIEGRA SRR, AR
PGB R ke, A2 AN HEEm, £
RIFCAE - HERGAFR I S AR AR, - Hmduf 2 7 it bt
VEZREE . 3 pH. AHUTL ARG, S5
BRI FR, BRI R, REALED b Ha
TITATREEAR o b7 A1 i) 53 XA A SR s

S 30k

(1] E&t BB mA 1Y LIRSS M. B st VLIRF
2EH AR AL, 1991.

(21 X8/, WEnEn, 4R9L, S5, MIRRRS VR AU B I A
TR B B ROV AT (D). REE IR SRR,
2017, 23(4): 991-997.

[3] BREE, PR, AHaEmE, 5. SRR 9 1 I A BRI
AEWI S EHFRIEE[T]. BHEER, 2022, 59(3): 864—
872.

[4] Collins W K, Hawks S N J. Principles of flue-cured
tobacco production[M]. Raleigh: North Carolina State
University, 1994.
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