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Control of top tobacco leaf quality by different exogenous substances

under vertical deep tillage

SU Zan!, HU Yichao!, XIONG Kunlong?, GONG Jia®>, PENG Guangjue?, CHEN Yichang!,
ZHENG Bufan?, LIANG Jingsong?, CHEN Weihao?, LI Junlin'*

(1.China Tobacco Guangxi Industrial Co. Ltd., Nanning, Guangxi 530001, China; 2.College of Agronomy, Hunan
Agricultural University, Changsha, Hunan 410128, China; 3.Linli County Branch, Changde Tobacco Company,
Changde , Hunan 415200, China)

Abstract: Using flue-cured tobacco variety ‘K326’ as material, the effects of vertical deep tillage(DT), vertical deep
tillage plus decomposed organic fertilizer(DTY), vertical deep tillage plus humic acid(DTF) and vertical deep tillage plus
biological bacterial fertilizer(DTJ) on soil properties, dry matter accumulation of flue-cured tobacco, chemical
composition coordination, physical properties, sensory quality and appearance quality of tobacco were comprehensively
analyzed. The results showed that compared with DT treatment, the contents of soil available potassium, organic matter,
total nitrogen, available phosphorus and dry matter accumulation of tobacco plants were significantly increased under
DTY and DTF treatment. DTY treatment also improved the chemical component availability index(CCUI), total
appearance quality score(AQC) and flue-cured tobacco economic benefit index(ECI) of the inverted 2 and 4 tobacco

leaves. The total sensory quality score(SQC), physical property index(PPI) and economic character index(ECI) of the
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inverted 2 and 4 tobacco leaves were improved by DTF treatment. On the whole, vertical deep tillage combined with

different exogenous substances could improve the soil fertility and adjust the quality of the upper tobacco leaves to a

certain extent, in which vertical deep tillage combined with mature organic fertilizer had a better effect on the chemical

composition coordination and appearance quality of the inverted 4 and 6 leaves of the upper tobacco leaves, while

vertical deep tillage combined with humic acid could improve the physical characteristics and sensory quality of the

inverted 2 and 4 leaves of flue-cured tobacco.

Keywords: tobacco leaf; vertical deep tillage; exogenous substances; soil; quality
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19.51. 159.84 mg/kg.

1.2 #H
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FRIPN P KI5 5050351 3.28% . 1.8% . 2.9%,
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S BN it A3 N S50, SR FHK2SO4FTKNOSHL
Frabiti . RIE R FABEYLIX 4L HES, AU BE3 R E
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% F Microsoft Excel 2017347 8 45 i1 5 24

K, RHIIBM Statistics SPSS 23.03:47 /7 22537 o

2 FHR59H
2.1 RNEINERMEIHEME LB F MRS
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Yt E IRV A e, 2D TR HE 4 e 4>
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Table 1 Chemical properties of tobacco-planting soil under different treatments

e pH SATRSMU (g ke ) S AP U (ng kg ™)
60d 90d 60d 90d 60 d 90 d
DT 7.734£0.04 7.77+0.03 (2.54+0.07)bc (2.65+0.07)b 2.50+0.38 5.28+0.22
DTY 7.74+0.07 7.8540.06 (2.86:0.09)a (2.89:0.12)a 2324021 5.2040.14
DTF 7.6540.05 7.8240.02 (2.75£0.06)ab  (2.80+0.06)ab 2.2340.30 4.86:0.30
DTJ 7.7340.07 7.8040.04 (2.49+0.08)c (2.69:0.12)ab 2.5340.20 496031
e SRR H (mg kg ™) TR (g kg ) R R 8 (mg kg )
60 d 90 d 60 d 90 d 60 d 90 d
DT (9.13:0.95)c  (10.18:035)b (1.2940.06)b 13220.03 (19.3240.86)c  (24.32£0.56)b
DTY  (1238+152)a  (13.1940.67)a (1.430.14)ab 1.3320.05 (227240676 (22.06+1.51)c
DTF (10.83:030)b  (11.230.53)b (1.57+0.03)a 1.40+0.07 (27.95:0.78)a  (29.08+0.44)a
DTJ (104940416 (10.90+0.83)b (1.28+0.14)b 13240.04 (20.980.68)bc  (25.19+0.62)b
e TR (g kg HALHN B B (mg ke ™) APLBBTEH (g ke ™)
60 d 90 d 60 d 90 d 60 d 90 d
DT (8.08:0.36)a (780:041)a  (17933:4.13)b  (680.33£5.96)b  (36.6020.76)c  (34.52:0.43)c
DTY (6.00:0.28)b (6.79:0.10)b  (22733644)a  (749.81:3851)a  (48.7243.74)a  (50.13:3.26)a
DTF (6.35:0.32)b (6.66:0.18)p  (226.0048.12)a  (734.17:21.56)a  (42.57+1.66)b  (4747+1.02)a
DT (5.930.20)b (642:0.19  (190.504625)b  (672.06:24.70)p  (38.28+249)c  (42.12+4.43)b

TE: RS RN A B ] 22 A Gt 2478 L(P<0.05)

2.2 FESNERMADT R R Z MR R TR
HEEMFIT

BEABIDTY A HR A HH PRI R4 124.40 em, 2

e T3 AR s 4 PR 25 Y T W 2

5o MFE20TH, BDTALFE, DTF. DTYACRE {32

Mt TR R R B EE RN {5140 DTY &b
PR HH5E KT R S DTHIDTIA PR 22 534
B2, HleMDTY M, 58 XJF 5 B 5DT
SR RILn 0L, DTYAZRFEXTEE L 35
2. 4. 6ty MSERUT F EERA R THRCR
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F2 HEFI 90 d FEILE EEENE 2, 4. 6 AHAEM R R Z MK
Table 2 Agronomic traits of the inverted 2, 4 and 6 leaves of tobacco plant at 90 d after transplanting under different treatments
F24mnt: {El4dmnt f8l6JHnt:

i 9i/cm i /em 95 /cm

yisa

I:/cm FF R IF:/cm PARaN IFK:/cm TR g

DT (46.67+1.19)b (10.60+£0.80)c (22.75+2.07)b (58.32+2.73)c (14.25+0.38)c (24.49+1.43)b (63.57+2.42)c (17.67+0.85)c (27.85+2.08)b
DTY (50.2343.79)a (13.62+1.01)a (27.3043.48)a (67.3243.38)a (19.13+0.78)a (28.47+1.54)a (70.20+4.22)a (21.75+1.13)a (31.06+2.28)a
DTF (51.9940.74)a (14.1940.89)a (27.29+1.51)a (63.88+2.51)b (17.82+1.16)b (27.97+2.67)a (68.38+2.11)ab (20.58+1.10)a (30.15+2.37)ab
DTJ (49.78+2.88)a (12.45+0.74)b (25.06=1.79)ab (62.15+1.73)b (15.28+1.11)c (24.64+2.43)b (64.83%3.25)bc (19.08+1.34)b (29.55+3.18)ab

e [FFIANRIFR:FR A BRI ) 25 5 G T2 5 L (P<0.05).
T SR B e T RV A Y TR AR
Fro HIFE3W%1, DTY. DTFAEFIAR | 2509 T9) 5
R B TDTA ML, HAPDTY MR
TR B EDTR 585 14.32% ., 25.40%,
MDTFAL IR DT 73 4 55 12.53% . 19.61%.

DTYAbEE T i T B A R AL T B A R
¥ 2 FDTAR B, & DT &k B 43 51 #2 7
20.12%7#122.52%., DTY. DTF. DTJ, DTAHI [
T AR SR AL BT Y B R R EEIL, DTY
A PR AR TR T B AR R e Tt

*3 R 90 d AELENTFYRARE

Table 3 Dry matter accumulation under different treatments on the 90 d after transplanting g
pGEe MR TP BR R i EXIURRY/IUAE - s T TR R SETYRR AR
DT (48.11+£8.93)b (60.47+6.34)b (111.58+22.95)b (216.17+£35.88)c
DTY (55.00+9.58)a (75.83+7.14)a (134.03+£24.32)a (264.86£35.56)a
DTF (54.14+3.42)a (72.33+6.39)a (118.49+21.53)ab (244.96+29.07)b
DTJ (51.70+8.90)ab (69.08+3.98)a (117.82+11.79)ab (238.59+£21.28)b

T RSIAR BN AL BRI Y 22 A GE 2738 3L(P<0.05)

2.3 TNEINERMEDIT IR F R 5 BRI
MFRARTLIE H, DTYRCHHE & T F s 24wt
JHBE . B BT A B G, DT 43 il 4
8.13%. 8.46%M113.17%; & T El4MHnT S, 6
JEOWH L KRBT SR, BEDT 430 42 155 8.60%
8.17%M113.43%; [RIRFDTYAbFRIA B T 1186
L oSS = I AH T Wi o G (E R <1 S Ay e S
DA K (B 6 000 - %) B0 BT 6 0 RSORN 60080 L S 2 R . Ut
Ab, DTFRCHE R B2 S | 38 SO0 5 o0 $IO b
K4 TELETE 2. 4. 6 HEAMEL SRR

Table 4 Chemical indexes of the inverted 2, 4 and 6 tobacco leaves under different treatments

B LA DT 5I421520.81% . 21.88%F116.70%, {54
AN EDT A IR 12.21% . 11.82%712.03%, 151
2R A B 5 i A3 SOR B AR I 7 B S G R Bl 6 K
RLEHE . B R EEDTIIA BT T
DTIAbERI 5 AR T 512, 4. GXAM (AR L 2 f51
4. GHAM RO, P T4 oM R
LT RS 4. DTFAREER 5 4% T 12400y
CCUM#/r, MDTYAbHR 42Tt T4 Xy
CCUMH 5 (ab BRI [R5 AR -

oAb RPETRAEY% SERERES % BETR % 5T 53 H0 % BT E0 %
112 DT (18.07+1.63)b (16.091.57)b (2.30+0.06)ab (3.2020.03)b (2.0120.06)b
M DTY (19.120.80)b (17.29+0.05)b (2.36+0.02)a (3.46+0.06)a (2.18+0.04)a
DTF (21.830.34)a (19.61+0.73)a (2.2620.04)b (3.34+0.05)ab (2.23+0.06)a
DTJ (17.691.34)b (15.80+1.22)b (2.37+0.02)a (3.30+0.06)b (1.99+0.02)b
514 DT (21.630.33)b (19.46+0.46)b (2.1320.04)be (2.83+0.08)c (2.40+0.01)ab
M DTY (23.490.83)a (21.0520.85)a (2.18+0.03)ab (3.2140.06)a (2.36:0.04)bc
DTF (24.27+0.19)a (21.7620.58)a (2.10+0.04)c (3.10£0.03)b (2.45+0.04)a
DTJ (20.43%0.52)c (18.57+0.76)b (2.19:0.01)a (3.07£0.06)b (2.30+0.05)c
f#l6 DT (24.94+0.76)bc (22.65+0.88)ab (1.84+0.04)b (2.51+0.06)d (2.75+0.01)a
M DTY (25.3220.69)b (22.6120.39)ab (1.98+0.02)a (3.03+0.01)a (2.5620.04)b
DTF (26.78+0.76)a (23.94£1 21)a (1.93+0.03)a (2.81+0.18)b (2.74+0.06)ab

DTJ (23.62+0.21)c (21.29+0.50)b (1.95+0.02)a (2.69+0.04)bc (2.55+0.07)b
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AL
L VAR5 AR % B AL PRSI CCul
152 DT 0.49+0.01 (5.03+0.75)b 0.72+0.15 (4.10£0.46)b (70.96+2.68)b
M DTY 0.47+0.04 (5.00:£0.95)b 0.68+0.16 (4.64+0.88)a (70.1243.15)b
DTF 0.49+0.02 (5.87+0.74)a 0.68+0.08 (4.55+0.65)a (76.29+2.36)a
DTJ 0.47+0.02 (4.79+0.82)c 0.72+0.32 (4.23£1.01)b (67.24+2.13)c
4 DT 0.48+0.01 (6.88£0.84)b (0.75+0.22)a (5.00£1.32)b (79.3242.45)b
M DpTY 0.48+0.01 (6.5620.64)c (0.68+0.23)ab (4.92+0.86)b (84.48+2.34)a
DTF 0.46+0.01 (7.02+1.02)a (0.68+0.16)ab (5.33£0.91)a (81.93+2.39)b
DTJ 0.46+0.03 (6.05£1.11)d (0.71£0.11)ab (5.00+£0.66)b (79.96+1.59)b
fl6 DT 0.44+0.01 (9.02£1.11)a (0.73£0.05)a (6.25+1.02)ab (84.11+1.69)b
M DpTY 0.45+0.01 (7.46+1.45)d (0.65£0.06)b (5.69£1.11)b (90.1742.12)a
DTF 0.4320.01 (8.52+1.26)b (0.69:£0.08)ab (6.37+0.95)a (86.70+2.47)b
DTJ 0.44+0.02 (7.91%1.44)c (0.72+0.15)a (5.80+0.88)b (86.08+1.22)b

T [z RIS R B AR B a) (4 25 57 et 238 L (P<0.05),

2.4  REINERMEDIT RSN R BRI R0
MERSFTLAE H, AHECTDTAREE, DTYACFRE
EHRE T ERIEHER . By, sy, B
RS EERR Y, Bl A s . R R R
Wy G EER Y, BlelEM i & B ROLMA
L5353 s DTFAC I i 5 42 55 T B4R i 2 255
KL AR, Rl R R I B 154

DTIAEFRI 5 2T TR0 AL 5 . By
Moy PRI 5T BG4 KAl 6 i i 41 21 25
134y, DTY#DTAHL R ERTH TH2. 4. 6/t
HAQC, 7Ef#l2. 6/ #DTY. DTJ. DTF. DTHY
AQCIRIKIZAK, 7EfH4X8MHDTY ., DTF. DTJ.
DTHIAQCHEURFFAK .

#5 FELETE 2. 4. 6 HAEMINIIERRG S

Table 5 Appearance quality score of the inverted 2, 4 and 6 tobacco leaves under different treatments

L VAL I % S EEWRM L By i [AERES ORISR SR ET AQC

2 DT (8.08£0.11)ab (8.12£0.29)ab (7.30+027)c (7.08+0.11)b (7.42+047)b (7.16+0.09)bc (6.84+0.32)bc 7.98+0.18  (75.61+135)

JEnF DTY (8.24+0.25)ab (8.12+0.29)ab (8.50£0.00)a (8.04£036)a (8.24£025)a (8.08£037)a (8.02£030)a 8.22+0.18  (82.031.56)a
DTF (8.40£042)a (8.24+025)a (8.04+0.36)b (7.0840.11)b (7.94+0.26)a (7.34+0.23)b (7.14+022)b  8.00+0.35  (78.66+1.34)b
DTJ (7.80£027)b (7.68+£0.63)b (8.1440.22)b (8.0440.09)a (8.04+0.09)a (8.08£0.11)a (8.04+0.09)a  8.04£0.09  (79.57+1.02)b

514 DT (8.00£0.00)c (7.94+0.13)b  7.94+0.13
JAnF DTY (8.74+037)a  (8.40+042)a  8.14+0.22
DTF (8.50£0.50)ab (8.2040.27)ab 8.08+0.11
DTJ (8.18£0.20)bc (8.20+0.35)ab 7.98+0.40
#l6 DT  8.04+0.09
gt DTY  8.44+0.52
DTF  8.000.00
DT]  8.18%0.20

(8.58£0.40)a (8.18£0.20)a (8.10£0.14)a
(8.08£0.11)b  (8.00+0.00)ab (8.00£0.00)a
(8.2240.18)ab (8.18£0.20)a (8.18+0.20)a

(7.80£0.45)ab (7.80+0.45)b
(8.20£027)a  (8.34+0.42)a
(8.10£0.22)a  (8.08£0.11)ab 8.12%0.11
(8.18£0.20)a  (8.06£0.22)ab  8.2240.33
(7.94£026)b  (7.74£025)b  (7.90£0.22)ab 7.94+0.13

8.04+0.09
8.44+0.44

(8.04+0.09)ab (8.04+0.09)c  (79.30+1.35)c
(82040.27)a (8.80+0.27)a (84.04+121)a
(8.120.11)ab (8.54+0.46)ab (82.14+1.16)ab
(8.22+0.18)a  (8.22+0.18)bc (31.43+2.13)b

8.04+0.09 8.00+0.00 8.08+0.11 (79.44+0.96)b
8.14+0.22 8.12+0.11 8.08+0.11 8.48+0.48 (82.78+1.46)a
8.00+0.00 8.08+0.11 8.04+0.09 8.24+0.43 (80.344+0.32)ab
8.18+0.20 8.18+0.41 8.08+0.29 8.02+0.49 (81.73+1.98)ab

e R RIS ] BR Ak BRI 0 22 S Se 208 L (P<0.05),
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JREARIR | RSS20 B ARl 6 MR () BE 1S40 5 T DTF
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PR FUBGRIR . AR . B R YER S e ffle
M A5 kA543 s DTIZEFRIN B B4R TF T @240 M- 1
WSS, 1AM (1335 K Ao FUEl 6 R 1 20 Sk
1355, FFREAR T N3 L M1 4. kAh, DTFAh
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Table 6 Sensory quality score of the inverted 2, 4 and 6 tobacco leaves under different treatments
DA Qb FRIE A P PRIl PR AR IR SRR
20| DT 5.25+0.10 (5.27£0.12)ab 5.18+0.12 (5.2240.08)b  (5.23x0.10)ab  (5.17x0.08)b
DTY 5.3240.13 (5.20+0.11)b 5.18+0.08 (5.35+0.10)a (5.18+0.10)b (5.30+£0.06)a
DTF 5.22+0.10 (5.33+0.08)a 5.27+0.05 (5.32+0.12)a (5.30+0.17)a (5.27+0.10)a
DTJ 5.20+0.11 (5.20+0.11)b 5.23+0.08 (5.20+0.14)b  (5.28+0.13)a (5.23+0.15)b
fEa)mrt DT (5.30£0.11)b 5.42+0.10 5.35+0.15 (5.250.12)b  (5.33£0.12)b (5.33£0.12)b
DTY  (5.37£0.15)a 5.47+0.19 5.28+0.10 (5.33+0.08)ab  (5.43+0.08)a (5.45+0.08)a
DTF  (5.40£0.00)a 5.53+0.14 5.40+0.06 (5.40+0.11)a (5.42+0.08)a (5.43+0.08)a
DTJ (5.33+0.05)ab 5.47+0.14 5.32+0.08 (5.30+£0.09)ab  (5.33+0.05)b (5.35+0.08)b
#Eert DT 5.35+0.08 5.55+0.05 5.35+0.10 5.42+0.08 5.35+0.12 5.40+0.09
DTY 5.30+0.11 5.47+0.10 5.35+0.16 5.35+0.12 5.32+0.31 5.43+0.21
DTF 5.27+0.08 5.47+0.10 5.28+0.12 5.35+0.12 5.28+0.10 5.38+0.12
DTJ 5.3240.15 5.52+0.10 5.25+0.14 5.32+0.10 5.32+0.16 5.38+0.17
L R VA1\5 BRI fil): s s ik sQC
208t DT (5.17+0.08)b 5.12:0.04 (5.45+0.12)b 5.58+0.20 (52.63£0.30)b
DTY (5.17+0.10)b 5.10+0.06 (5.50+0.13)ab 5.68+0.12 (52.98+0.48)ab
DTF (5.33+0.05)a 5.17+0.08 (5.58+0.10)ab 5.68+0.12 (53.47£0.37)a
DTJ (5.15£0.14)b 5.17+0.08 (5.63+0.12)a 5.47+0.28 (52.77+0.75)ab
44t DT (5.28+0.13)b 5.18+0.08 5.73+0.18 5.68+0.10 (53.87+0.53)b
DTY (5.35+0.08)ab 5.23+0.14 5.7740.14 5.68+0.13 (54.37+0.42)ab
DTF (5.42+0.04)a 5.25+0.10 5.80+0.17 5.68+0.10 (54.73£0.43)a
DTJ (5.40+0.06)a 5.18+0.12 5.80+0.11 5.72+0.16 (54.20+0.47)ab
fHlelHrt DT (5.430.10)a (5.23£0.14)b 5.77+0.14 (5.63£0.08)b 54.48+0.39
DTY (5.42+0.17)a (5.43+0.15)a 5.85+0.15 (5.90+0.17)a 55.02+0.70
DTF (5.37+0.15)a (5.22+0.17)b 5.85+0.15 (5.87+0.21)a 54.33+0.63
DTJ (5.20+0.13)b (5.28+0.17)ab 5.82+0.13 (5.85+0.23)a 54.25+0.63
T e [ 7 [RIB AN R Bl R Ak B ] 4 25 5 G253 L (P<0.05),
26  ARESNERINIRT R FR MR B 220 fH2, 4, oJHM AR TR, 12, oMMt R

et o A HUE| 6 Y IR HrA 52 . 4. 6MEnptean
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Table 7 Physical properties of the inverted 2, 4 and 6 tobacco leaves under different treatments
AL AEE BANMTE/g FREE % AR /um EAEem? g ) TFRE R EKR% PPI
12 DT (6.15+£0.86)b  23.10+2.41 (190.77+£9.86)b 4.77+0.92 0.26+£0.01  16.52+1.11 (82.19+£2.11)b

JHnt: DTY (9.07+0.60)a  22.79+3.95 (217.63£8.11)a 4.83+0.22 0.26+0.01  16.66+0.89 (84.19+£2.98)a
DTF (8.82+1.86)a  23.43+3.55 (205.83+12.09)ab  5.06+0.25 0.26+0.02  16.69+1.06 (84.72+£2.12)a
DTJ (6.60+£0.29)b  23.29+0.37 (195.90+12.17)b 4.97+0.76 0.25+0.01  16.82+0.98 (83.45+3.12)b

ffl4 DT (7.00£0.69)c  (26.9143.03)a (211.1746.45)ab  (4.99+0.42)b  0.25+0.01  17.08+1.11  (82.40+2.15)c
MM DTY  (10.67£0.59)a  (25.56+2.54)ab (227.40+10.97)a  (5.02+0.86)b  0.26+0.02  16.46+0.68  (84.53+2.33)b
DTF  (9.14£0.53)b (23.84+6.54)c (231.00£12.96)a  (5.56+0.65)ab  0.25+0.01  17.0540.66  (86.16+2.06)a
DTJ  (8.59+0.83)b (24.26+1.86)b (200.60+18.45)b  (6.02+1.81)a  0.25+0.01 16284054  (81.83+3.99)c
#l6 DT (10.89+L.17)b  29.67+1.91  (195.5046.95b  (4.294022)b  0.25+0.01 16.57+0.74  (86.72+2.77)ab
M DTY  (11.64+1.27)a  28.46£1.78  (212.50+4.48)a  (4.89+0.82)a  0.26+0.02 16.36£0.32  (88.10+2.06)a
DTF  (11.85+0.15)a 28.5943.29  (206.13+4.77)ab  (4.79+0.55)a  0.25+0.01 16.8120.15  (86.56=2.31)ab
DT]  (1028+1.16)b  28.1541.63  (207.67+13.03)ab (5.05+0.14)a  0.26+0.01 16.8240.98  (85.22+1.59)c

T [F—MAL RIS R 5B R AL B Y 22 5 GE 708 L(P<0.05),
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2.7 AREINER IS K &5 AR B 220

ARV AL BRI J5 R 285 MR A 2257 (368)
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Table 8 Economic characteristics of the flue-cured tobacco under different treatments

b e/ (kg hm ) PR/ - hm ) W/t kg ™) A A% ECI

DT (1 984.92+189.44)c (65 0801545 461.16)c (32.79+0.66)b (66.97£4.25)b (76.04=1.45)c
DTY (2 325.024210.64)a (79 150.4145 789.56)a (34.04£0.43)a (70.0224.66)a (88.27=1.66)a
DTF (2284.70+285.16)ab (77 834.18+5 648.15)a (34.07£0.38)a (69.39+4.25)a (84.111.12)b
DTI (2 117.80+243.21)b (69 822.1246 151.22)b (32.97+0.55)ab (68.36+3.79)ab (81.97+2.12)b
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