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Effects of different planting patterns on soil aggregate stability
and tobacco quality
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(1.College of Resources and Environment, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.China
Tobacco Hunan Industrial Co. Ltd, Changsha, Hunan 410014, China)

Abstract: In 2020, the farmland soils of tobacco-rice rotation(TRT) and tobacco-maize rotation(TMT) were collected in
Huayuan, Yongshun and Longshan of Xiangxi Prefecture for 5 consecutive years of planting, and the tobacco continuous
cropping(TT) was used as the control. The stability of aggregates with particle sizes of r<<0.25 mm, 0.25 mm=<r<0.50
mm,0.50<r<1.00 mm, 1.00 mm=<r<2.00 mm and r=2.00 mm was determined. The physical and chemical properties of
the upper leaves of Yunyan87 were determined, and the effects of rotation on the stability of soil aggregates and the
quality of tobacco leaves were analyzed. The results showed that the contents of aggregates r=2.00 mm and 1.00<
r<2.00 mm in TRT soil were the highest, while the contents of aggregates 0.25<r<0.50 mm and r<<0.25 mm were
9.9%-21.5% and 10.3%-70.8% lower than those in TMT, respectively. TRT soil r =0.25 mm aggregate content, average
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mass diameter and geometric average diameter were greater than those in TMT. Compared with continuous cropping of
tobacco, rotation can improve the length and width of upper leaves and the degree of opening, reduce the thickness of
leaves and the percentage of stems, and the chemical composition and coordination of tobacco leaves are at the
appropriate level of high-quality tobacco leaves. The potassium content, potassium chloride ratio and nitrogen nicotine
ratio of tobacco leaves in TRT pattern were higher than those in TMT pattern, while the chlorine content of tobacco
leaves in continuous cropping was 6.7%-33.3% higher than that in rotation mode. The chemical components usability
index in tobacco leaves of TRT(0.77-0.83) and of TMT(0.76-0.79) were both at a "high" level. Redundancy analysis
showed that sugar, sugar nicotine ratio, total nitrogen, potassium, potassium chloride ratio of tobacco leaves were
positively correlated with soil =1.00 mm aggregate content, and chlorine content was positively correlated with soil <
0.50 mm aggregate content. The correlation analysis showed that the chemical components usability in tobacco leaves
was positively correlated with aggregate stability, and negatively correlated with fractal dimension. In summary, tobacco
rice rotation is an effective pattern to maintain the stability of soil aggregates, promote the growth of tobacco and improve

the quality of tobacco.

Keywords: planting patterns; aggregate stability; physicochemical properties of tobacco leaves; usability index;

correlation analysis
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Table 1 Aggregate content in different rotation tobacco planting soil and variance analysis

AR AR AR L/ %

X L (E N
<0.25 mm 0.25<r<0.50mm  0.50<r<1.00mm 1.00<r<2.00 mm r=2.00 mm
i3] TRT 15.54Bb 13.61Bb 23.03Ab 21.04Aa 27.23Aa
TMT 19.54Aa 16.15Ab 22.09Ab 18.57Ba 23.89Ba
T 21.57Ab 15.37Ab 20.58Ab 19.21Ba 23.30Ba
il TRT 12.84Bc 14.56Cb 23.92Ab 19.86Aa 28.84Aa
TMT 21.93Aa 17.69Bb 22.10Ab 15.51Bb 22.78Ba
TT 23.62Aab 20.00Aa 21.71Ab 14.87Bb 19.84Bb
Al TRT 17.79Ba 20.34Aa 26.40Aa 15.62Ab 17.34Ab
TMT 19.63Ba 22.35Aa 28.20Aa 14.90Ab 15.00Ab
TT 25.71Aa 21.16Aa 27.38Aa 9.32Bc 16.48Ac
F1H HiL X 4.03* 5.96%* 6.11%* 5.54%% 4.49%
5N 5.48%* 2.93% 0.11 3.96% 3.01%
Hb DX AR 0.79 0.42 0.31 1.89 0.24

[ FA ) RS - B e ] — il X AR [ S AR ) 1) 22 5778 R4 2 SL(P<0.05), ANJil/NG F B3R i) — e VEZE A IR b IX 8] 2 5+ e i3
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Table 2 Aggregate stability index in different rotation tobacco planting soil and variance analysis

X AERIX Roas MWD GMD PSD
AEIH TRT 82.46Aab 1.21Aab 1.01Ab 2.02Ba
TMT 80.47Aa 1.16ABa 0.97ABa 2.11ABa
TT 78.43Aa 1.12Ba 0.92Ba 221Aa
il TRT 87.17Aa 1.27Aa 1.10Aa 1.92Ba
TMT 78.00Ba 1.13Ba 0.92Ba 2.01Ba
TT 75.49Ba 1.09Ba 0.88Bab 2.36Aa
Jeili TRT 80.11Ab 1.16Ab 0.93Ac 1.90ABa
TMT 81.02Aa 1.11Ba 0.94Aa 1.86Ba
TT 74.76Ba 1.03Cb 0.83Ba 2.06Ab
F{E X 0.43 7.87%* 11.29%* 2.95
[y 5.74%* 15.36%* 28.28%* 8.40%*
DA 1.33 217 5.38%* 0.74

[FAFIAR R RS F R ] — b X A MR 8] 22 S8 it 25 X (P<0.05), AN[A)/ING S0 3R [l — A VEAE AR W] M IX 8] 2% S e it 2
SL(P<0.05); cxrexs> 435Il IR 5 3 I B8 3 (P<0.05. P<0.01),
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Table 3 Agronomic shape of tobacco leaves under different rotation planting and variance analysis

1 X AR M /em g /cm Pivan s 2 /um /g RS HKERY%
i) TRT 62.39Ab 20.74 0.33Aa 148.00ABa  14.49 24.17Aa 13.00Aa
TMT 64.12Aa 19.95 0.31Ba 141.00Ba 13.33 26.00Aa 14.50Aa
TT 61.48Aa 18.79 0.31Ba 156.50Aa 12.47 2433Aa 14.50Aa
A TRT 63.53Ab 19.09 0.30Ab 142.33Bab 12.37 23.33Ba 13.50Aa
TMT 65.57Aa 18.16 0.30Aa 120.17Cb 13.31 26.67Aa 12.33Ab
TT 59.57Ba 17.82 0.28Bb 155.67Aa 11.84 26.62Aa 10.83Bb
Jeils TRT 67.15Aa 18.84 0.29Ac 137.50Ba 12.88 24.50Ba 12.75Aa
TMT 67.51Aa 18.63 0.29Aa 141.50Bab 13.42 27.17Aa 12.67Ab
TT 64.15Aa 18.76 0.28Ab 158.17Aa 11.98 25.17Ba 14.33Aa
F1E i1 [X 3.67* 3.82% 7.83%* 0.52 0.84 0.58 133
T 4.17% 2.16 3.32% 3.28% 1.85 2.91%* 0.01
Hh DX i 0.33 0.48 0.84 1.47 0.39 0.83 0.93

[ 5 AN [R)RE FbE R ] — b XA )38 1 8] 1 22 578 Ge 2778 SL(P<0.05), ANIRl/ING Bk 2R [ S A1 70 A ) ML X ) ) 22 54 St
RS SB35 A . 3 (P<0.05, P<0.01),
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Table 4 Chemical properties of tobacco leaves under different rotation planting and variance analysis

HIX AAER B BERE% RE% % /% /% A A =X - 1 A
e TRT 2293Aa  18.30Ab  227Aa  3.17Aa  036Ba  224Aa  5.77Ac  0.71Ab  6.15Ab
TMT 19.44ABb 15.92Bb  2.09Aa  2.99Aa  045Aa  2.18Ab  6.59Ac  0.66ABa  5.75Ab
TT 1826Bb 15.15Bb  1.78Ba  3.17Aa  048Aa  2.10Aa  530Ab  0.58Bb  5.25Ab
ME - TRT 23.03Aa 21.25Aa  2.06Ab  2.08Bb  0.29Bb  242Aa 12.37Aa  1.03Aa  8.72Aa
TMT 23.84Aa  21.04Aa  2.03Aa  2.14Bb  030Bc  2.33Aa 10.13Aa  091Aa  8.49Aa
TT 22.08Aa 1844Ba  1.79Ba  2.56Ab  0.35Ab  2.28Aa  7.29Ba  0.68Ba  6.68Ba
Jeill TRT 23.62Aa 21.76Aa  2.0l1Ab  2.66Bab 037Ba  2.18Aa  7.99ABb 0.73Ab  5.08Ab
TMT 22.85Aa 21.54Aa  2.02Aa  2.76Bb  039Bb  2.11Ab  9.24Aa  0.77Aa  5.63Ab
TT 2234Aa  2028Aa  1.87Aa  3.15Aa  046Aa  185Bc  636Bab 0.64Aa  4.88Ab
FE KX 7.75%%  9.11%* 0.8 8.02%%  18.71%F  6.17%*  27.16%*  971%*  10.96%*
R 4.06* 451%* 3.66* 3.57* 6.52%% 0.96 6.39%*  4.76* 2.05
b DO 0.67 0.58 1.13 1.45 1.96 1.35 3.72% 2.35 0.41

[EBIA R R G R R (R — i X OR [ 4E YRR SRR A 22 52 BE 122 3 L(P<0.05), AR [El/INE “FhE 3R [R]— SR VAR AR i) i [X i) B 22 5+
G2 L (P<0.05); “* 43 W 7R 5 M 18 35 A . 3% (P<0.05 ., P<0.01)

2.2.3 *REHE RA T R R
SIREFFE M, PR EEE
S SN 2N N 02 N S a1 e v

9 WHEARE NP M- A 22 o rT YRR IR -, JF
A TR BRI BIE (R 5)-

®5 B LERD SRR RE R LB MBEERNE

Table 5 Function types and inflection points and weights of chemical components indices of tobacco leaves

1

T vy PRI AHFFH%E &
TEAE O FREEE R RIERE
S % LI 10.00 20.00 28.00 35.00 0.86 0.11
I EHE % 11.20 19.00 21.00 27.00 0.88 0.12
BE% 1.10 2.00 230 3.40 0.83 0.12
S/ % 1.20 2.20 2.80 3.50 0.82 0.11
/% 0.20 0.30 0.80 1.20 0.73 0.10
Whog L 3.00 11.00 13.00 18.00 0.90 0.12
AL 0.55 0.95 1.05 1.45 0.86 0.12
/% “S”JE 0.80 2.50 0.71 0.09
I 0.80 8.00 0.82 0.11

H1% 6 Al 41, TRT XAy CCUI {F(0.77~0.83)
=T TMT (0.76~0.79)7, JellIMHIX —35 2Rk i
K 2 A MEAR R Y CCUTE A4 (0.62~0.73)
AT 4.1%~25.3%. $%<0.60, >0.60~0.75, >0.75~
0.90. >0.90 KM CCUI {14 MK . F4 .

B, A 4 MR g R A b T
BRACE, WAL T a5k, 22 prai ik
B, Hb X RS VERE O R CCUT 48 5 A7 i 25 il
ETE S AR
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Table 6 Variance analysis of chemical components usability

index (CCUI) in different rotation tobacco leaves

X AR ccul
piRiE] TRT 0.78Aa
TMT 0.76Aa
TT 0.61Bb
KNI TRT 0.82Aa
TMT 0.79Aa
TT 0.66Bab
Jeih TRT 0.83Aa
TMT 0.74Bb
TT 0.72Ba
F1{H Hi1 X 3.62%
[y 12.30%*
X A5 2.11

[FEFIAR RS TR Al — M X AN RS VR R 22 A o2
HY(P<0.05), AIRVINGFHRERRIF 4SRRI X F 22 R A 5
T2ARE X(P<0.05) 5 43Rl i 5 F I 3 (P<0.05 . P<0.01),,
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2.3.1  BEEARARARE B F R4 69 A8 K
FHTCA 53 8 78 A R 58 A 1 18 1A SR AR 28 L RN
FHAE A BT RN OC 2R, 4551 (B DRI, TRT . TMT
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mm Al r=2.00 mm FRAEEEEEEFEHK, &
S5 3% 0.25<r<0.50 mm F r<0.25 mm [
REGEEDEEHS, 5 r=1.00 FIRES L
ARG, TRT B SRR 350 r
=2.00 mm FRAS 2N B EIEHAX, TMT Al
TT B 1 S E S 580 0.50<r<2.00
mm P SRR 5 S IR

10| TRT 1.0 ™MT 1.0 1T
<D,25
4 g 0.50 =r<].00 mm
o 7 r<.15 mm
cL/ v
05t 3 0.5t 4 05k
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- - NI = =
F e
= [:r,\\ = it 0.2
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0.50 =r<].00 mm
q
0.50 =r<1.00 mm
-10 ) | -1.0 | 1.0 |
-1.0 =0.5 0 0.5 L0 =10 -0.5 o 0.5 1.0 =10 0.5 0 0.5 1.0
RDAI(57.3%) RDAL(67.5%) RDAIL(71.8%)

TS EkH; RS OJF0ME; TN A% NI JHBS; CL 44; K #F; RS/NI BlgIL; TN/NI ZEBdlt; K/ICL #P5lt.
B 1 HIEARKRERMEMCERT TR D

Fig.1 Redundancy analysis of soil aggregate composition and chemical composition of tobacco leaves

2.3.2 EEARKEE LW F R AT A
A4 48 % 1
HiZe 7 "I, HIERIRETENIEIR Roos.

MWD HI GMD [FJAHE 21 W IEAG, X 3 M6
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Table 7 Correlation between the stability of soil aggregates and
the CCUI of tobacco leaves

seb LEESES 4
Ro.2s MWD GMD PSD CCUI
Roas 1
MWD 0.868** 1
GMD 0.837** 0.921%* 1
PSD -0.725**  —0.801**  —0.796** 1
CCUuIl 0.693** 0.752%* 0.667**  —0.598** 1

o R (P <0.01).

WEIEAHSE; PSD 5 CCUI B4 i E A, FM
KRR RIR G L, AR, T3
OTHRE A, A AT EE S A

3 whpSitie

TR EEAGAE T RARE D . KARESE
R, TIEPURE T, AR e, AKAELR
B T G A R 4 -2 NG Ross. MWD ., GMD
=, PSD IR, REABIRAEMRE, AR
B, TRT B HERARIEEE I Ross. MWD
1 GMD HBEET TMT 1Y, T+ LIk
RN E, Rozs. MWD I GMD #J# Ak H. PSD
IRy, W] TRT B A T 3 AURLEE A 19 i
AR ERCENE, HAetE L TiE/E. nTReEim
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