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Abstract: [ Objectives ] The purpose of the research on the response of different density-tolerant flue-cured
tobacco to close planting is to provide a theoretical reference on variety identification and rational close
planting. [ Methods ] A two-factor split zone design was used to study the response of agronomic characteristics,
canopy structure, dry matter accumulation, yield and its composition of different plant types of flue-cured tobacco
to close planting. Three flue-cured tobacco varieties (low density-tolerance Yunyan 97, medium density-tolerance
NC71, high density-tolerance K326) were main plots; four levels of density (13890, 15150, 16660 and 18510
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plant/hm?) were subplots. [ Results ] Higher plant density significantly increased the plant height, and decreased
the position of the maximum leaf, and the plant morphology gradually became tall and thin. Variety factor had
significant effect on plant height and the position of the maximum leaf, and there was no significant difference in
stem girth between different varieties. With the increase of planting density, leaf area index (LAI) showed a trend
of increase, especially for NC71 and K326, which increased significantly. Close planting ensured structural
production increase by improving population dry matter productivity to offset the decrease of dry matter
accumulation per plant. The dry matter accumulation per plant of Yunyan 97 showed continued decline when the
density was above 15150 plant/hm’®, declined by 8.41% to 21.08%. Under the plant density of 16660 plant/hm’, the
yield for Yunyan 97 was the highest, increased significantly by 15.51% compared with the control. The yield of
NC71 showed no significant differences between the densities of 16660 plant/hm’® and 18510 plant/hm’, but
resulted in 17.61% and 19.37% more yield over the control. Close planting effect for K326 was the largest, which
showed the highest yield in 18510 plant/hm?, and enhanced by 24.51% compared to the control. [ Conclusions ] The
structural productivity for flue-cured tobacco was fully developed in the rational close planting. The variation of
density-resistance in different varieties was due to their different dull reaction of the dense planting. In order to
balance the population structure and individual function, K326, NC71 and Yunyan 97 can be planted at the density
of 18510 plant/hm’, 16660 plant/hm’, 15150 to 16660 plant/hm’, respectively.
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Table 1 Agronomic traits and canopy structure of flue-cured tobacco under different varieties and planting density
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. . R Position of the maximum .
Experimental factor Plant height Stem girth leaf Maximum LAI
ea
S 4 97 Yunyan 97 117.74+£5.69 a 8.99+0.25a 7.66 +0.50 ¢ 3.50+0.12 a
Variety NCT71 109.31+2.87 b 8.11+0.46b 950+034a 341+0.14a
K326 87.64£3.03 ¢ 8.49 +0.30 ab 8.91+021b 3.08+0.09b
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factors. D1, D2, D3, and D4 indicate the planting density of 13890, 15150, 16660, and 18510 plant/hm?, respectively. *—P<0.05; **—pP<0.01.
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Table 2 Spatial distribution of LAI under different varieties and planting density

R AL BEAL B TR (%) It (%) AR (%)
Variety Planting density treatment Lower leaves Middle leaves Upper leaves

Ml 97 Yunyan 97 D1 385+1.81¢ 33.7+0.63 a 27.8+0.69a
D2 423+0.93b 334+1.02a 243+0.86b

D3 454+141a 32.0+0.79 ab 22.6+031c

D4 46.2+227a 31.3+0.62b 225+044c

NC71 DI 344+1.56¢ 33.8+1.06a 31.8+0.71a
D2 36.1+£2.51 be 33.6£1.72a 30.3 +£0.86 ab

D3 38.6+1.70b 32.7+093a 282+1.13b

D4 437+2.14a 329+1.10a 23.4+0.80c

K326 D1 37.5+0.83 ¢ 33.7+092a 28.8+0.92a
D2 38.7+£0.52 be 33.5+0.71a 27.8+1.10 ab
D3 39.4+0.70 ab 34.0+£0.68 a 26.6 +0.53 be

D4 40.7+1.17a 34.1+1.04a 252+0.76 ¢

TE (Note) : D1, D2, D3 i D4 S 5ICEFHE AN 13890, 15150, 16660 F1 18510 HR/hm?, [RIFIEUE G A F/INE FREFR R [/l — &
FhAS [R)FioA 28 B 1] 25 57 i 3 (P < 0.05) D1, D2, D3, and D4 indicate planting density of 13890, 15150, 16660, and 18510 plant/hm?, respectively.
Data with different small letters within the same column mean significantly different (P < 0.05) among different planting densities.
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| M R T B e o D | T 2 A g i =i
QTR LS R R AN s E R VA TR AR SR
B BRRAAROT g iR L AR R AR S R AL
SR 9.30%. 5.50%. 5.43%. 4.56% F11.35%, =
97 b A s 7 g LA v ) BRI KA K
242 PR HEEXRZR HRES A, AFEGFNE
T 7= 5 A R IR R, AR B



25 %

Ir 5 LKL 22 4

e
=1

1

)

290

T0°0>d—xx
500 > d—x "SI010BJ dwes JY) Suowe (50°(Q > J) WAIJJIP A[JUBOYIUSIS UBIW UWIN[OD JWES 9] UIY)IM SI9NI] [[BWS JUAIJJIP Yum e "A[oanoadsal ‘wyauerd 01681 PUB ‘09991 ‘0STST ‘068€1 JO Ansuap Sunuerd
oy AOIPUI (T PUe ‘¢ TA 1A (S0°0 > o) £ 7 46 Z¢ 1] - o Bf Vel — [ Mo fp o S [ ] N VBG4 08| /4 01681 [ 09991 “0STST “068€T b & FHY3EMEL0 vA 1 €A “Td 1A ¢ (90N)
Kyisuop Sunue[d x AoLeA
WL WITT RN 4 =98 w18 madl T
(9 =/P) F{ F T x Y
Ayisuop Sunueq
w165 1S5S0 +09L6 w3 1€ wE 81 w €8S ¥'C (6 —/p) T
€ =JP) Fl %Ry onpea g
»8€01 wC LOT «w1766T «S6101 809 «0'20€ «0'80TT (T =4P) KRLIBA iyttt H A
qe $6°0 F9L°0¥ BI90VI FYTECoh BRLEY] FTSLO66T B Y YT F CS60Y O LE0T FL6°S9T BOSEF V6191 BELTFCICC rd
BET'TF60Ch B8 ICI F0L986 A SEILI FHE129C 9608 F 67'8S¢ qQI1SLFTE66T BOVY FPELST BI6TFISIC ed
qQSe0FLO6E Q6186 FL99TLY 0 CSYL FT608CC 26€°61 FCTI'SCE BHOTF66°11¢E qQpS T FSS0ST BRCY FOVIC a Aysuop Sunuelq
9490 FY0'LE 260911 F8F'C9er P EO'SITF€9°090C OLT'ET FEEE6T BICEFLOVIE qQ8I'E FSE8YI BHSTFITIC a Tl S E ey
BSYEF €60V BLEOGE] F EV'6S8Y B Sy 8yl F¥1°0L8C qQO0STEFE6'18E BRT9 FET0E BOTEFOSBLI qQOT'T F69°¢T 9TeA
BSOCF £8'1Y BO9EST F869€8Y  A10°0CI F61°€9YC dTEETFE1C0T BI9°LFLLTOE Q8L SFS6CSI dQI¥0F 65Tl 1LON fouep
QLY TFVILE QS E8 F16TSSH 9069€I F669¢€1T BOE6TFLLSSY qQ8EYF I1¥98C Qe TT F60CEL B HE0F8E'8T L6 URAUNL /6 [{fZ iyt

[(p-cury)/3y]

QJBI dAIIR[NWNIOE 3T RIOAY

S T A

a3e)s arnjeN

o3e)s )moI3 sno1oJIA

[ >

a3e)s apasoy

Hifif el

a8e)s eI

93e)s ImoI3 sno1oJIA

i >t

a3e)s apesoy

Hifit it

uone[nunode J9ew A1p uonendog

(/SY) 8 Y )

juerd 1od uonenunooe JopEW AI(]

(uerd/s) o (-1 el

10308} [eyudwLIadX

F SR

Aysuap Supue(d pue sandLIeA JUIIP J9pun uonendod pue juepd 10§ uoneNWNIIE J19))eW AIp Jo SASUBRYD € I[qBL

N R E T E G- Y 3 S W MR B R B i ey € 2



2 4]

WA, % S BRI F BRBURE MR SR 254 BOe & A P 1

291

(P<0.05) X, HEHEFBRNOT, mMWo7. y=
~0.00003x> + 1.0924x-6777.5 (R> = 0.9886, P =
0.037), NC71: y=-0.00002x"+ 0.7242x-4160.7 (R* =
0.9906, P =0.048), K326: y =—0.00002x> +
0.6051x—3390.8 (R>=0.9983, P=0.022), Bfiz il
WRERRO, B R LT, S5XE (D) M

OD! OD2 @D3 MD4
350 a a
a aaa ab

Tk b FhE, TS

c

— NS [\
B — (o)
(=] (=] (=]
T T T
(e}

~
(=
T

THIF A R & (g/plant)
Dry matter accumulation

0 1 1
= 97 Yunyan 97 NC71

sl Variety

K326

4 TEEMEBEETEMEZE TYRARE
Fig. 4 Relationship between dry matter accumulation and
planting density of different varieties
[ (Note) : # BANIR] T BEFRIR ] — RS [ Flvke 2 B2 ) 22 55 12,
# (P<0.05) Different small letters above bars indicate significantly
different among the same variety (P<0.05).]

L, e AL B s i 2, BN TR R R A
E5 . =97 DL D3 AbH- 357 B (2592.79
kg/hm?), X R 15.51%, D4 FX¥=& 5 D2 1
M2 5, PS8 o BRI 13.29%,. NC71 H D3,
D4 KbERTCHI W 25 5%, 7745 2469.90 kg/hm? il
2506.90 kg/hm?, X4 17.61% #119.37%, H
Z W, B D2 IR ER S 8.39% M1 10.01%.
K326 s b BRE 23k B E 22 R, UL D4 2b 3™ &
I (2483.54 kg/hm?), D3, D2 4bBEKZ, 43 5Ecst
TEIATN 24.51% ., 18.54%. 11.24%.

3 e

PR 2RI AR R L S AR PRI
FRRE RS540 0 B BEL A, RSN H 32 B0 5 b
FREGIEAR . A8 | 2= [ HES AT S Ma R Xl &
A S IR S W, R PR R AR A e R
HESE TA 8, IR RMERIEEXR, i
Pzt ERAFCOBIICNY, B RN AR )
JCHRGEIE TN R X ' B b8 AR By A — 5 315 0
WENAES) o (I A S RE A B, i R A S A
PRAER H 2200 R B W] A0, 55 1 IR BRI 4 A
VEBGAIER , RIAFBIE R, MBS LR

®4 TRIGMMMEREER~ERETEZNRERHNEL

Table 4 Changes of tobacco yield and its main component factors under different varieties and planting density

o N N <X WATCTY AP S a4 I H AR !
e Fra HURRAE RO A : ) LI EE
I A 7 . . Effective leaves per ~ Rate of top and mid .
. Yield Effective leaves on . Weight per leaf
Experimental factor (ke/hm?) i ole olant unit area tobacco ©
m single plant
& glep (% 10%hm?) %) &
A ZHH 97 Yunyan97 2477 + 105 18.14+0.23 ¢ 29.08 +0.16 ¢ 82.35+0.39b 8.40+0.58 a
Variety NC71 2339+ 73 2020+0.114a 3243+039a 84.54+1.09a 7.06+0.25 b
K326 2265 + 94 1948 £0.10 b 3127+0.12b 83.97 £ 0.68 a 734£0.15b
FheL 2 DI 2119 +38 19.38+£0.08 a 2693 +1.26¢ 8540+0.87 a 7.94+0.10 ab
Planting densit
anting density pyy 2338+ 61 19254020 a 20.17+ 1.42 be 84.86 +0.50 a 8.10+0.27a
D3 2463 + 28 1932+0.28a 32.19+2.14 ab 83.11+0.52b 7.59+0.13 b
D4 2522 +55 19.14+0.11a 3543+1.97a 81.12+ 1.16 ¢ 6.76+021 ¢
F1H WP (df=2
w4 =2) 122 79.2% 86.2" 10.4° 313.2%
F value Variety
PR (df = 3) " " . "
. . 103.1 0.8 439.9 38.2 95.2
Planting density
A < R R
Variety x Planting 291" 0.5 2.0 7.5" 19.8™
density (df = 6)
7 (Note) :  [HHVBUESE A /NG FREF R [ —i 50 H [ 24 7 3% (P < 0.05), D1, D2, D3 Ml D4 43R E R A 13890,

15150, 16660 Fi1 18510 f/hm?, Data with different small letters within the same column mean significantly different (P < 0.05) among the same
factors. D1, D2, D3 and D4 indicate the planting density of 13890, 15150, 16660 and 18510 plant/hm?, respectively. *—P<0.05; **—P<0.01.
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Fig. 5 Relationship between yield and planting density
of different varieties

[ (Note) : £k BANIR] T BEFRR ] — RS [ Flke 2 B2 ) 22 55 12,
# (P<0.05) Different smail litters within the line indicate significant
difference among planting density (P<0.05).]

PR RGN, ZEREGE/N, EEIpRE O, R A
Lt , YR, AR, 7E 13890~
18510 #k/hm? YU E N, BEM A2 B3G5 0 bk
R ERIN, R R i, 2R R R
Ut B AR AR TR R N ) A A B A 1) ARG, (R
BERIA I B XIEIRECIBIIN R, K
%5 B 9RO REPR A 25 T BIU0 i 2 2H SURIAE RS 2 21 4
MORE IR, 1 A M 2R A B, BReE e, 2K
FEARRL, B MZEZN 7 o B G B AR 2 5 A
RAFRER A A, o = s AR A AT
FREBAF TR IE R A o Beah, SRR X
VR =N iy LI R VAU B AU Nl - P [ S T
FEREACAE T W] S AN TR) b R R R o L R
PRI, ALIHRHE ALY, A Reit— 5,
TR AT SR A5 A R A A B, AR RFE B [k
TAREDEICRAL, 1w AR EL (LAT) 22 m kDG
HEZKSF- I K R 09, sk TSRS R B, BREED)
A R LAT 32828 40X i 7= VR 7= i B iR
FAR = BRI AR OU M B KRR A
H, TE—EBEEEN, EY2A TR LAL B
oA % B (0 38 T BG OK, AR AR B S W1 B R A
LAI BEIRIA ., X S5ARMFG SR BRI, ARF5R
o, BEUHEEIR LAT AR & 25 AR 2 S0 1 s el i PR iy
LAk, AP OAETT RO (63~77 K) iRIE(H, HEA
BCASHRE ] &, ELBE G FhAE 2 2 038, T R
FEWT MR . B A2 R DO AR R O R R,
IE IR LAT JEAGK G, HBUEA LRI R e TR
IFi) it il o 0 e K TR AL B ) 2R IR BE Tl ) 22 5% . /i
ARG AT AL, PR S NC71., K326 ffiick

LAL & 5 2R M AHOG , 2 BH 25 0 ] A3 000 98 7 i o
BRSO A A=, M=l 97 ik LAT 55
BEIF R ELRELXRR, WA, Tk
M A B R IEAR AR, AR ARt
F 3% R 2 B R el 2 R AR g e, R B R TR
PR BRRPED, ARBFGE T, BEE R B AR, R
FRIE BT REAR LAT LL i 234 ma s, X7 — e R
R TSR A RO A YRR, H R R RE
SEAH MR T AR, JSEA MR TR, i
T, FECAROGE 7 YRR B TR0 A BE B A
R B JIN A TE A5 R D21, 3T Rt R AT 2
(4l 97) 16660 F1 18510 f/hm* % & (A LAI 7F
HEAAI (B H 91 K) J5 T B BE iy Jg A =2
— TAS[R] S R REAR LAT 25 (8] 434 76 A 7] %5 B [7) 7%
SEVETE — o BRI LT 3 A R i % M RE ) 22
5, K326 AR R R B, R %
PSRN S SR, b R 25 1 B AR

VEWAE F= I SE R A 7=, DA R st 1L e
PEHRS, HAZ3E . RGO, RIUAT
PiBTFRRIARAR , RARFAEDY | BRfL K S5
PR, PR B S A ) SRR RO AR T
TR RIL, FfFiAE 2% B 1 0, B0k T4 T BE A
i, MR T T R IO SR AR A58
AN, AT AL E WS A0 Bk T 1 o B B 0 % A
4 M o KA A7 25 5, RO BEFP A 2% B (38, 5 0
HER A AT SRR T BB R 5 Tt kA
5 00 2 R 3K T RS AE AR A A 8 T AR T
WA DG, AR IR R ZE 0N, AR R AT
UF, INZARIEISE LRI, MK, b
PR, HE AR, B, R A
MR, HERENAR, RAHFANMEL N
PIBE R, AR, &L T WIREAR T T R bl
RN R E R . XU RS, B RRER
PR IR AR T A R R, AT B SR
WY AL P2 Re ) i ABGEAIIE , BRI T4 A 2
P — 7€ PR % B S RIS, AR5 16660 il
18510 #k/hm? % & NRHA TP it o FxR. W
M, A FRR AR RIS AR AR 240 IR0 . TR AD
MRAE PN T B SR, | R HR T A A 7
BORAE

PR A5 F T S AT R B A 285 40 RS A 1) R T A
S SN E R 7 ) OCRE B RO B R RS, AR
PIHEAR S5 10 B 22 A 2 52 SR DD RE Y R IR 98 55, 4
ANAT) RE X FHF A 235 440 348 T 2 30 AN ARk k55 AR
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BF, 3 S B IR 45 4 ) R AR Th e v ) 3RS
SERPERG T, OMPEYIRE = A RGERZ 1, PR hE
A PR 3R 1) A A ) g AR B A R B e R e B
HEMSHME, AWFRY, PR3 Tt
7 R I 2 R AL T RRUA AR e O n A 4
R, Bl TR EA E R R, TR A
AR PR IR WO . Ak, BTASE TR, R
KB N P e B TE B, R A s R
Ffr, SEINVED AR PR 2 M, AN S VRIS
JEFE, BEAOCIRSR IR B G, v LU R S
HRRA IR, BB ARG,
BEFP R BERE AN, EIE (NCT1) FIfEIE (K326) &b
A3 A7 16660 #/hm? 1 18510 #k/hm? 25 T BEAR ™
s, HARRTY R 18510 #k/hm® 4 B & T %
Ak, 13890~16660 #k/hm> % & [A] 22 57 A K, X Bl
ZRA (. 30P) MRS e AN, U
PRAUE— & AR A P w8, SRR ™ & i
B (=M 97) SRR ™ S 7E 16660 Fi/hm? J5 A T [
e, 18510 Hi/hm® 5 15150 kk/hm? [ REA - 5 E G
B 25 5, X S5 HAR TP 15150 Ph/hm? 5 4F
LT A S SR IRAE L, 16660~18510 Fk/hm? [
Y7 8.41%~21.08% Z[a], F Pk 541
JE, =97 GHAM N TE 15150~ 16660 #/hm? i
eI

Ak, M R A K EERE, AR
B AL 1 52 (AR 1 e ey, K TR 2T
A KACVE R EL, KPR L B 7B e KO+
ARG 2 BIMR AR, BARMEREL . T
FE 3 B, ZMAYET R AR R, e A
PAEAR IR TE ST SEE GRALER 108 mg/kg)
I M0 RS 1) i M 2% Bl 16500 #R/mm?, X5
ARWFFEEE RN 5 1 /K 05 b AR 5 5 R 0 G 2R 1R 2R
Be. R, MERLRAIE S ELL I EIESE, BN R
ST, ®mIES (A 165 kg/hm?) KT
K326 7£ 16660 #k/hm? B /= # £ ik 2700 kg/hm? D)
o PRI A B AR A 7 R AR 45 M it ES = 46T PR e
B, WS EERN LR, XEARRK XA
GG . T E EZE S T X B TR B AR g
AR S P, AT SR Rl ol b 5 5 5 X 45 R i
R SRR AR S
4 ZhE

Wil 5 AR 2 B B, R KRR v S E R, B
L VAL T O R NG N i 7 S TS =3 )

R OEAS ;s R PR ER 3R R e Ak v A Bk
I, KRB AN

HOMFPAE R RS, A A B AR AR A R
O (LAD) 2RI, FERE % ff NC71 Fl
K326 FEIA LAT SN 2, Hoiok LAT 5 2 i 5
WE LA IEA G, AR (B 91 d) 5 =
97 BER LAL 7F 16660 #f/hm>. 18510 #f/hm® T [ 18
FEBK

NC71. K326 Hik TP BAE 13890~16660 f/hm’
JWWHEINIC B2 5%, 43 07E 16660 #5/hm? F1 18510
R/ IRPE I . 00 97 bk THIRAE 15150 Fi/hne
JEFREE R R, BEAFSRAE 16660 HR/hm® B .
MHAE—E U I, A 2 o s AR A 7 Tk
FOERRA T IR R, NI SRAS HEAR S R PR3 ™

ASTR] R 2 e B K326 (fF7F) > NC71 (8
TE)> =il 97 (BBIE), R AL LRI i 1 R
AMARA PR AR N R B, ZEAITE . K326, NCT71
A HE R/ 90 0 18510 ¥k/hm? . 16660 #k/hm?,
Mz 97 Al AE 15150~16660 £k/hm? [8] 1E FF %48 ,
DI SE 3 F2 08 06 AR 70 7 <
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