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Abstract

In order to explore the effects of different tobacco planting densities on the growth, development,
and quality of Taoyuan tobacco leaves, the experiment compared the agronomic traits and con-
ventional chemical composition data of tobacco plants in the flourishing and mature stages under
different tobacco planting densities, and then analyzed the correlation between tobacco planting
density and tobacco agronomic traits and intrinsic components. The results showed that reducing
the density of tobacco planting is beneficial for improving plant height and leaf width, and appro-
priately increasing the density of tobacco planting is helpful for increasing the nicotine content of
tobacco leaves, which significantly enhances the coordination of chemical components. The expe-
riment confirmed that using a planting density of around 1200 plants in Taoyuan County has a
significant effect on improving the chemical quality and yield of tobacco leaves. This provides a
reference for the management of local tobacco planting density and obtaining high-quality tobacco
leaves.
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1. 53|

TR AT R R B R P A BB DR 3, B A R A S PRt M ™ B B ol AT Wl A 2 5, 5 B
LS FEE RE S0 5 ) P B M BT R A RE A B AL AR e, (L i vt o G PR REL A 3 P20 o A £ 7 B M
EEAR RN R KB N S B I SR IR AN B[] [2] [3] [4] [5]- FESERRAE A,
i BRI AN F A AR AT, S PEE B RN B, DUR B AORCR AR 25 223 o R A T R i
FRECMHEAT TIRABIIL, SR UR ], = F X BB RO S g I, -y & 23U/ NE 6] .
RARAFAEERLT, HEERANTES S SEEFRYB ALY, SEHRAERAR. BB FRY], Wi
M DRI T B 2 B R L O I R IR R A . KRR LN, AR SE S et K
YRR R, SBO R R REIEAN[7] . TR ORBAE A 3 R, S RN, b TR Y
. FERRESE ], e AR AIAR R, SEUR RS g In[e]. SRR FUR Y, MIREE A
LR LRI N, & R RAR. XRDDEEET, HARAIRES = RECE R ALY, SRR
MRS AR 8] [9] [10] [11] [12]. VR XTI AW BN 2, (HME-LS (A H A, kT4
O DX AR 2 DSR2 PR 5 i BURFAE A RE MR A AR, A B8 e kIR EL ) 28
HE R, R R, EALEA S AR, IR MR B RO R AR R B RS 3 B
WA\ T, RV RN 3 T R S - ot 5 A I D 2 M) LB S T B8 24 AR o o7 i i AR 2

2. M5
2.1 WA EER
AARKAR S T 2022~2023 A R 4 HAE T REEAT, Sl RO 7 5. Pkl I S D
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AR R JE T2 50 R LB B — S 7 5 v B (B8 10~12 A7) AN b B MR (58 15~17 A7)
P 5 bR e B BRI 5 . PRV b R 3EE FRIRBL A R R 1.

Table 1. Statistical analysis of the investigation and description of soil nutrient status in Taoyuan
= 1. BEmHREEDEEFRKLBTHERG T 2

fabr 15 /ME RKME i W g i £
4%(g/kg) 1.50 0.28 2.73 0.43 0.93 -0.29

AT (g/kg) 0.69 0.18 1.53 0.25 1.32 0.98

A4 (g/kg) 15.74 10.50 37.00 4.23 6.61 2.11

HHL (g/kg) 27.17 5.15 49.40 8.33 0.68 -0.10

A % (mg/kg) 38.25 2.15 120.20 23.75 2.03 1.28
T (mg/kg) 222.50 35.90 528.70 101.60 -0.29 0.24

A 3k (mg/kg) 177.86 12.70 422.70 99.41 -0.16 0.39

A 3R (mg/kg) 33.16 7.64 77.10 16.05 -0.21 0.52

A % (mg/kg) 0.51 0.00 1.45 0.30 0.01 0.91

A %% (mg/kg) 0.14 0.04 0.58 0.10 6.26 2.37

pH (7K) 6.08 4.48 7.77 0.76 -0.56 0.39
TR (mo/kg) 139.75 39.60 209.20 36.29 0.18 -0.45
ZHePEAS cmol (1/2Ca)/kg 9.21 2.41 41.66 6.27 13.33 3.41
8% cmol (1/2Mg)/kg 1.44 0.49 4.38 0.73 4.26 1.82
AT (molkg) 4.43 0.00 32.00 5.80 9.70 2.82

FRE B SR BAT 0 43378 FR DA TE[13], MR ERIRE LI A R 28, B, pH.
B AREH MR AR S R T EERE N 2. AU RS A A TR A
ABTEEATWKTEE A, G280, AR ELTWEEEN; A0S L TEEEREA, HIE
BRI BUE H .
2.2. R

A0 A AR FH R FH AR R ISR A, it P 7 R B o A it A =X (i), it A 1) 5 4
TREF—F(F AT 10 R); EBAERAEEREE . BRERHH, WAL ORI . w58 ML BB N — DX,
FNXH 13 ¥k x 13 BRITTE/NX, F/NMXIET 169 MR(RYE 24 SEhr g oL %) . ARIG L E 4 P
Ko LSRR, 43 5% E 900 #K/HT. 1000 #k/HT. 1200 #k/Hi. 1300/ 1100 #R/EFANFEALFE, 900 #k/EiicA
Pl T1, 1000 /w7 ic A E T2, 1200 #R/EC VR T3, 1300 #R/E11C AR % T4, 1100 #R/ENFIE CK,
AR RS RN TR 2, BN ES =R, BRIAR G E RSN R R S R Z 1T .

2.3. BEH*E

FZ I R SHE R RO, PRIE A E — BOMAZ AR Fr, 55 140 FR5EARIC, BT
AREFILETR — RN TE BRI il RS TR, A% 158 = BB HOR AT IR W R [14], I
FEIEHCA A 5 To s B H BES AR B TR~ BPRZAS A 30 J, 3EAT W AEAL 27 0 E
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Table 2. Design of plant tobacco density treatment group
= 2. HRHE BRI

B OSEE LA 2% 52
% CK 1100 #k/E 47HE 120 cm. #kFE 51 cm
e T1 900 #%/H7. 4THE 120 cm. #RPE 43 cm
i T2 1000 #/H7+ 4T#F 120 cm. #kEE 47 cm
T3 1200 #/H7+ 478F 120 cm. #8556 cm
Fa T4 1300 ¥/~ 478 120 cm. #kfHi 60 cm

2.4, BRULERSNE

T RE G P R ERE . RO JER A R R AR S B R R B TR R . B AL R B R
HEANR : SE(YCIT161-2002) . I8 JEHE(Y C/IT 216-2007). i 4% (Y C/T159-2002) S (YC/T 162-2011). #(YC/IT
173-2003). JEF(YCIT 216-2013).

25. REBRME

S5 BT AL K3 A 2, R BTN 5 2L AR PR, SR kSR 24 b (bR U
nFRKE g R

2.6. BUIESTHT

TS5 R ] Excel 2010 AT Hdla gt it K AEIE, B SPSS 21.0 X Hdfe b AT 2 7 B & 0 Hr o
3. BRI
3.1 EEFBEMR MR

3.1.1. EKHIAKRRZMER

3 TS BRI A FERE N SRR R EE . 22 R, AR B KR
U NP N b = 0 e AR 3 /O 7 N N N 413 3 N Sy N =415 8= 21 /o N 1 2 I R
T2, P T3, B T4, Fhi CK (M EEE. ZX[. FESHHK. R, BEmmK i 25 A B
F(P>0.05). % T1 5Fh% T2, Fhs T3, FhF T4, PP CK MINK R (L B3 22 #(P < 0.05), F# CK
ACFE S E TR T ACEE . M T2, A5 T4 SR T3 1R S5-I 98 A7 7E 2 35 2 (P < 0.05), F% T2,
Pl T4 b3 E S TR T3 A3, 2 T1 5% T2, A% T3, A% T4, s CK I SR 56 77
EREZFP < 0.05), FiE T1 A B E S THAVGEL, Fi% T1, FE T2, ME T3, % T4 S5HhE
CK Lt e 47 4E B 2 5 (P < 0.05), Fl T1. A% T2, Fha T3. Fh%s T4 Ab# B 25 TR CK
WhFE . SRS HTRIAL, PR T2 AER M R S I B AN, PR T4 AbFE M Kk
KT H A AL TR, HEK A T4 MM KR & R e -

3.1.2. BRI R Z R

B T o RN TR = b D il v S 6 I O 1) Y SN 111 4 o SN 1413 Y N s
RSSO w13 A o8- 5 AP N T R 7 S v =N o 1 SN S 13 1 708 A S N S M S P o
Fhag T2, Bl T3, B T4, Bl CK ZEMEL FEFrH&. A, bk 58, R34,
EERH SR E AR E (P > 0.05). FHE T, Rl T2, A T3, Fh T4 5F% CK FIdkE A E R EE
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F(P < 0.05), F& T1. & T2, Fhas T3, Fh T4 PR E = TR CK AR, A8 T1. M CK 5
Fhag T2, Fhas T3, Fh T4 UM EEAFAE B & Z 57 (P < 0.05), AP T1. A% CK AL 2 & TR T2,
FhEE T3, PP T4 Ab3. Phas T1 550 CK R I 64778 i 35 22 (P < 0.05), Fh CK AbPE 2w
TR TL ACER . AR RTAN, FRE 2 1100 AR/ mT AL BRI F #3000 i 0 &2 25 i T oAb b 3, b 2
T4 A3t Rk K T IHARAL R, A CK MM AR KR IR T . AR ZPER 7B 45 53R B 1100

AEFRAR A Z R I T HA AL, 1200 ARARI- A 2RI & T H A A 3

Table 3. Effects of different planting density on agronomic characters of tobacco plants in long term

3. EKHITRHEE R E SRR R Z IR R0

T Ty T T, T T, T Ty T CK

V3=l 97.333 £9.053b 111533 +13.793a  113.533+8.258a 110.733 +£5.215a 109.700 + 2.600a

L T 7.666 + 1.457a 8.033 £0.231a 7.267 +1.401a 7.833 +2.442a 7.267 +0.503a

ZEH 7.666 + 1.457a 8.033 £0.231a 7.267 £ 1.401a 7.833 £ 2.442a 7.267 £0.503a
TR 67.000 +2.5120a 61.852 +3.612a 63.952 + 4.120a 60.235 + 0.935a 65.358 + 2.865a
R 30.025 + 0.280b 32.820 + 3.568ab 28.952 +4.326ab  33.325+3.567ab  29.365 * 3.856a
R 68.862 + 4.652a 67.365 + 5.632a 65.926 + 4.252a 67.100 + 5.456a 67.755 + 3.552a
o E - H B 29.025 £ 4.811b 25.121 +2.103a 26.825+1.112a 25.633 +3.912a 26.725+1.171a
EEH K 47.900 + 3.300a 46.600 + 0.754a 52.225 + 3.662a 49.452 +3.975a 41.000 + 3.152a
- 5E 15.333 £ 2.657b 14.466 + 2.458b 17.700 % 2.381b 16.333 + 0.650b 10.600 +1.311a

e FATAS R R 3 BEAN RN S 5 BERORAE A — I AR R ZHE IR AE B 2 R (P < 0.05), MOLFEA thRf EFIX

[5] A 95%.

Table 4. Effect of different planting density on agronomic characters of tobacco plants during maturity period

4. AT RHEEE EXHER R Z MR R0

FEg Ty T T, T Ty T Ty T CK

3=l 114.900 * 4.592b 115.466 * 3.493b 113.233+7.088b  111.866 £5.437b  104.000 + 7.211a

L Wi 6.000 + 0.529b 4.566 + 0.950a 4.222 +£0.793a 4.033 = 0.503a 6.833 £ 1.892b

ENC 8.700 +0.721a 8.263 + 3.366a 10.402 + 0.900a 10.433 £ 0.152a 7.833 £0.288a

I uguRiS 72.866 = 9.716a 68.966 * 2.641a 70.833 + 0.404a 70.900 + 8.928a 71.666 + 3.512a
I un s 27.966 = 2.577b 30.133 £ 1.817ab 30.500 £2.722ab  30.000 £ 1.734ab  33.666 + 2.516a
R 67.533 £ 5.450a 68.933 +£0.737a 69.111 +2.170a 75.266 +4.758a  70.333 £ 11.015a
o E - H B 26.600 + 5.480a 23.300 + 2.961a 27.333 +3.435a 27.800 + 1.539% 23.666 + 1.527a
et NRIS 58.933 + 6.305a 55.700 + 2.685a 57.833 £ 1.513a 60.166 +£5.063a  54.000 + 10.149a
R 18.250 + 2.050a 16.736 + 1.154a 16.700 + 2.343a 17.000 + 1.946a 17.000 + 3.605a

3.2. HEIEBEEEEHERLER

A

E=NIA

W 1T, R AR AR AR R R B A OGN, AN [ R R B A A B R R AN A
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Figure 1. The effect of different tobacco planting densities on the total alkaloid content

B 1 FEEEEE AR S BN

EEYIE S 2%

wnlsl 2 pr i, *Eilﬁ}?ﬁﬂ B \JE*E“EZIEﬂﬁﬁ*H%ﬁ AN T REL A 5 R 0] S SO 5 RS A [
Forpohbas T1 IR JFRE S Bofe e, T4 RORBEE & SR A, R SRR 35 5 il o R A 5 P58 PO 8 o i 2 B0 s
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BERESEY
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Figure 2. The effect of different tobacco planting densities on the total reducing sugar content

E 2. TEMEMEZRE BERES BRI

18

YA, MRS S B REAC[15]. wnlE] 3 P L, REOR AR R ARLSONE  R  T EAAHORE, AN[RI R A
FEST RS RN . AR TL SRS RRE, T4 SRS RRAC, S mh S W B s
eS8 7=k

Bl 4 a5 AR BB, SR S ERMEM. w4 pri, RIS AR A A A A
AR, AFEREEEN DA S ERWAE. Kb T4 G S8R, ¥ TLOEAS BRI, &
REr A AR R R 0 R Sy, X5 R SKHTE Tl R — 2K [16].

Pl 5 25 LSRN, RS A EL K & B 1A A A G , AN R 00 25 B el K3 i AN ] o FL v o
FETLE5MZE T4 8K SERE, % T2 5% T3 8 K SERIC, B KA SRS 5N £
I el J 38 0 g 4
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Figure 3. The effect of different tobacco planting densities on total sugar content

3. FREHEHEZEEN DS BN
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Figure 4. The effect of different tobacco planting densities on total nitrogen content
4. FEHERZEE DR S ST

Tih

FZTIC2f  MZET2c2f FEET3c2f  FhETdc2f ck c2f

TR E

Figure 5. The effect of different tobacco planting densities on the total k content
5 TEMEEZEES K &80

EREE%

BKEE%

i 6 FTL, HME S RS R MEA MR, AR RN SRS ERRAR . HhihE
T1 5FhE T2 @& i HEREUN, M T3 5% T4 B RIZHED, B8 E RIS MR
Ry T S B e A e i PR R S -
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Figure 6. The effect of different tobacco planting densities on total chlorine content

6. FRIEMAEE E xRS B

WNTEL 7 BT AL, AELAR R EEAN PH (R 2 18] T8 B R AH SR, AN [RIRLAR 38 X PH BB/ o b A T2 PH
fEfi, A TIPH (B &R, FEMEE A PH 2 1778 W R R HK .
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Figure 7. The effect of different tobacco planting densities on pH
7. NEFEREEX PH HIR0E

pHIE
w
>
N

3 R B G A 3 IR E T R I R AR N, K A A O e A AR JE S R b 2 A AR B T R
FeHE, AT S B TR B B AR R B R A T IR A A [17] [18]. &l 8 BT L, AELREE AN

12 ¢

10 +

BEMaE®
[2)]

111
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Figure 8. Effect of different tobacco planting density on total starch content
8. TEMERZEXEMN & S0
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K,

IS

BUER B MR ARG, SRR E B B SR & RN F] . LR T1 S5 T2 Jek & i
AT, FhEs T3 5RhE T4 ek & R EAHNT, JEk 7 2 bl o5 00 25 5 () 085 I i 2 B0 S0 A3 i PRI
FRE M.

T T LR 2 PR S A 2 B R MR AR A3 BT T R, R K R A AR PR AR e R R i, IR S
PSR, BRSESE, BORESE, BRESE, EheREICEEE . @A E B AL s A
EOXTEG, B S E 1000 MR/ETE] 1200 AR/ S RIE R, R & SE S & 900/m7 1) 1300 AR/ A RIEE,
MBS & 1000 AR/ E 1200 PR S EEE, VEM S E 1200 MO R, R AT, 1200 B/ GE AL A
53 N o
3.3. EREBE XS

R 5 T FR IR S S S R RE S RO MR ES LR E. SRS
B, MKEE, DEEGE, pHIE. S S ERG MM, EIE% S SO0 RS EAAENR R AP
<0.01); SRS EAENEE MARP <0.01); SRS REAAERE FEMHKEP <0.05); S5aEEEMT
Wi 2 FiA oS (P < 0.01); 5 pH {HA7AE B3 IEHI ISP < 0.05); 5 R GEM & BATAEA & FUAHIE(P < 0.01).

Table 5. Correlation analysis between density and chemical composition of tobacco planting

#= 5 EREBEESUFRSEXMES

MEYHEY% i FEH% HpE HE% K% % pH %
R IR AR S -0.396 -0.977"  -0.993™  0.104 0625  -0.857"  0.560° —0.932"
BEMCWE) 0.144 0.000 0.000 0.711 0.013 0.000 0.030 0.000

W FAT RO 5 A R — I S AL 22 B AR BB (P < 0.05), AT 2R MR 25 3 7 ] — It S AR -1 2
MAATEAL B ZH (P < 0.01), MOSLAEA t 4236 B 15 X 84 95%.

16 TS RRY, A E SRR T B AR AR B R R
L ORI 160 S 7SS SO W 2 307 9 N ) L = N R RS E Y EPS G = P P SR S
SR A I 5 EAE S AU IR (P < 0.05); S MARR LAY S B I B A AR AR R 2 IEAH (P < 0.01); REARE
JEE 55 MR PR HE A Y1 25 BB A 2 25 UM SC (P < 0.05); 5 MR B ) 25 774 825 SR 9% (P < 0.05); RN Z
5 MR HEE A SRR e A7 7 22 35 IEAH OR(P < 0.05); 5 MR B BIYIFK v 7745 S5 25 IEAH G (P < 0.05).

Table 6. Correlation analysis between tobacco planting density and agronomic traits

6. HAEESRZMREX D

S T EERIS e HESiS b5 ENEH ] - [A) PR
fEoePE -0.191 -0.507° -0.088 —-0.206 -0.336 -0.368 -0.587" 0.571° -0.116
HE 3
BEM 0.495 0.014 0754 0.461 0.221 0.177 0.066 0.073 0.679
N MM -0.013  0.806™ 0303  -0.059 -0.143 0207 -0574 0514  0.036
A

BEME 0.964 0.007 0.272 0.836 0.612 0.460 0.025 0.085 0.898

WRYEAH AL T vT 01, FAEL 5 B AR R . BB R B R R, X e i g R 2R A
Wi o ISR R L, AT DUBOR S A R B B I AL, SRR AR ZR, X TSR T
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4. ¥1ig

AIG A5 R, AN [) PR AR B S AN [ B S P PR R 52 M AN [ o RO 3 %o AR ot A S )
PR i 5 I B A SR, 0 IR R R RRIRE . R R SR RS R . R REE % R,
H T SRR, SCEER BT R @i N, 80 R R I AR T RR[20]. 78 5
T, MREG TR Koy, SEMEKREKEE, ek, ZEWD, X 55HERTT TR — 5
[21]. FlHE %R, BARERAA R GRAF, (ARG 2, % EL R, RS MEAEKTE. M
a1 52 P AT R O E S . PR AN, AR KOR B PSRN, SR N, A
MR TR o A 2, S I PEA 22 B AN B, R AR A E, AN 5 T i I [22] [23]5
B ERKE, ML EREEAR, AR KR EZEE W, SETYRE RS MR
X5 R 7 45 R — 2 [24]

AN R AL HE 285 B K R A 25 13 B BT AN [ o O P 5 P 348 K 2 A4 0 e ) S A A ik
FrE R R R P G N RS, X5 HE IR AR R R 25]; B K SEEE
LA 5 P55 () 14 0 T 52 30 08/ g B N B ka s pH B S R B TG I A DG s ORI RE S R SRS
MR BTk R R R i P . A TR, R SR RN
FAEMRZE AP < 0.01); 5EMES RAAEREE AP < 0.01); SH & EAIEEZIEMHRP <
0.05); S & EAFTEN I E FUAHIC(P < 0.01), FEK M A7 00 25 B 5 3R i 56 47 7F 2 2 SAH OGP <
0.05), T ZMIfFAERZE fAHK(P <0.05), SIEMRIR S AAE R IEAHIC(P < 0.05). USR5 R et
TEAFAEAR 2 IEAHOC(P < 0.01), PR ZEFIAELE B3 FAH S (P < 0.05), 5 MR SO AR = A7 7 2.3 1R AH
(P < 0.05).

5. &g

ARSI o o PR R AR AR BA A 2 F 73 A ST AT A AR I e e R v i AR 5
X Bk R DL S R I B RV, 8 SRR A B SR TR R R, T
ISR R T, AR E IR . AR R SR, DS AR A A A R A B 4
i, AR Pl A — AN BON S B XAV A o 80 R 2 AR ZEAR 7 A 4 RARIE, ARk
PR3 1200 WR A2 A AR 565 PSS TR A 25 ot o e ™ B O S 2 IR

e HE

AR T A BRI AR BB E ¢ O R b g R R G B R B
587 (2022440000340004).
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