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Fig.1 Comparison of precipitation during the growing period in different regions
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and different lowercase letters indicate significant difference (P < 0.05), ns indicates no significant difference, the same below.
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Fig.2 Effects of different concentrations of PASP combined with CTS
on soil moisture content in different soil layers and growth stages
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Fig.3 Effects of different concentrations of PASP combined with CTS on the
number of lateral roots and adventitious roots at different growth stages
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Fig.4 Effects of different concentrations of PASP and
CTS on root activity at different growth stages
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Fig.5 Effects of different concentrations of PASP and
CTS on root volume at different growth stages
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Fig.6 Effects of different concentrations of PASP and CTS
on root dry matter accumulation at different growth stages
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Fig.7 Effects of different concentrations of PASP and CTS
on stem dry matter accumulation at different growth stages

m Pl 8 W40, PASP 5 CTS FCjitifie s B2 2T+
IR BT R A R, T4 A3 T B IA K
WIS TH TR AR R AR AR E, 5 CK A EEAH
EL 23 SR T 28.23%A11 30.36%, T1 AbFET-E K2
TR R BRSO R, 5 CK A A L4

TF 19.23%. T2 F1 T3 ZbB AL F e K, H AT
YRR R E M E A AL CK A #5351 Tt
18.09%11 10.07%. S ARRI A TP iR 2%
CTS [M5ZMmR M 7K, 38 28 BN i
VAR BRI A R 2, T AR R R o e A o
0B A

BECK BTI B8T2 OT3 BT4

PASP: ns, CTS: **, PASPXCTS: ** €2
- 30 4180 B E _
g~ ]
@2 st e 2 S
-3 {140 Bk < &
B E® o0t {1120 £ 87
M a [} . 100 ‘E .g ‘E
Kgai1s K32
57 180 FEE
SZ210p 160 2 85
TEZ {40 ® S8
Bps S5r X2
®=AE 120 R8¢
0 ) 0o RES

Ziky i HE A RS 3‘3 o

Rosette Booming Maturity o =

stage stage =

A KB #H Growth stage
8 A [EIKRE PASP 5 CTS EChtiliE
A E &R EAH T4 R R 20
Fig.8 Effects of different concentrations of PASP and CTS
on leaf dry matter accumulation at different growth stages
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Table 2  Effects of different concentrations of PASP and CTS on the growth and development of flue-cured tobacco

ERSHE e ZZSHRS NN AT HiE I 7 P EL
Growth Treatrﬁent Maximum leaf Ma).umum leaf Leaf area Plant height Leaf space Stem girth
stage length (cm) width (cm) (cm?) (cm) (cm) (cm)
BRI Tl 46.20+1.39b 22.40+0.67b 656.63£19.70d 29.00£0.84a 3.1240.09ab  6.51+0.19b
Rosette T2 47.45+1.42ab 23.70+0.71ab 713.54421.41bc 27.20+0.82b 3.02+0.09b 6.02+0.18¢
stage e 48.84+1 47ab 24.23+0.73a 750.86422.53ab 27.4040.82b  3.04£0.09b  6.57+0.20b
T4 49.30+1.48a 24.68+0.74a 772.0123.16a 28.10+0.87ab  3.22+0.10a 7.08£0.21a
CK 47.26+1.42ab 22.58+0.68b 677.09+20.31cd 26.70+0.80b 2.97+0.09b 6.40+0.19b
PASP * ok o ns ns o
CTS ns * wk ns ns ns
PASPxCTS ns ns ns * * **
AEK A Tl 67.10+2.02ab 24.80+0.74bc 1055.86+31.77¢ 117.60+1.53a 6.92+0.11ab  9.70+0.17a
B‘;‘t’;zing T2 68.30+2.02ab 24.70+0.74bc 1070.414£31.51bc ~ 114.60+1.44bc  6.74£0.10bc  9.50+0.18a
T3 68.90+2.06ab 25.60+0.76ab 1119.16+33.04b 117.30£1.52ab  6.90£0.11ab  9.80+0.17a
T4 70.4042.05a 26.70+0.77a 1192.66+33.46a 118.50+1.56a 6.97+0.11a 9.80+0.16a
CK 65.00+2.01b 23.40+0.73¢ 965.07+31.12d 112.50+1.38¢ 6.62+0.10c 9.50+0.192
PASP ns *k wk ns ns *ok
CTS ns ns * ns ns *
PASPxCTS ns ns ns * ns *ok
R Tl 75.10+1.13bc 28.94+0.43b 1379.02+20.69¢ 115.10+1.69ab  6.6240.10ab 10.30+0.15¢
Maturity T2 76.80+1.15ab 28.97+0.43b 1411.70+21.18bc ~ 113.80£1.71ab  6.69+0.10ab  10.70+0.16b
T3 77.30+1.16a 29.30:0.44b 1437.07+21.56b 113.70£1.71ab ~ 6.69+0.10ab  10.50+0.16bc
T4 78.80+1.18a 30.60+0.45a 1529.96+22.50a 112.5041.73ab  6.77£0.10ab  11.50+0.16a
CK 74.40+1.12¢ 27.80+0.43¢ 1312.35+20.39d 110.50+1.66b 6.50+0.10b 10.00+0.15d
PASP * kk 3k ns 3k skk
CTS * * o ns ns o
PASPxCTS ns * * ns ns *ok

ANFRNEFRRRERESE (P<0.05 .

Different lowercase letters indicate significant difference (P < 0.05).

“x RONYNEE (P<0.05) ,

s

significant (P < 0.01), and ns indicates no significant. The same below.

o RONRUNEE (P<0.0D) , ns RRARE. T,
indicates the effect is significant (P < 0.05), “**” indicates the effect is extremely

(a) —eCK —aTl T2 —<T3 T4 (b) 1.0
03 -02  -0.1 0.0 0.1 0.2 0.3 0.4 a
60 - 0.6 g o09f ‘I‘
40} —— C~RV 04 @ 2 5 09t b b
— RTVOL QZ= ©
X 20F DMA{ 0.2 ~ 5 S 08F
- AR o>
2 o0 — LR 0.0 s g7 08k d
It =52
Q20 LA 2 g > 07}
k/ SC iR g
40l S § 0.7+
40 PH 0.4 o]
-60 L L L L L L L L L L .IL L N -06 06 L L Il L Il
230 -25 20 <15 -10 -5 0 5 10 15 20 25 30 35 CK T1 T2 T3 T4
PC1 (71.3%) A3 Treatment

MC: #7K%, RV: #3% /), RTVOL: A, DMA: T, AR: A&, LR: M, LA: HEMH, SG: %M, PH: #a, IL: it

A

MC: moisture content, RV: root activity, RTVOL: root volume, DMA: dry matter accumulation, AR: adventitious roots, LR: lateral roots, LA: leaf

area, SG: stem girth, PH: plant height, IL: internode length.

9 AELKE PASP 5 CTS ELhEx 1A K& HFM0 PCA ST REZEITMN
Fig.9 PCA analysis and comprehensive evaluation of the effects of different concentrations
of PASP and CTS on the growth and development of flue-cured tobacco
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Table 3 Chemical components of tobacco leaves under combined application of PASP and CTS at different concentrations

W N MR - e NN CR T £
R B s " Km0 oww o JUHE I
Ab3E Plant . Total Total . . Nitrogen-  Ratio of
Tobacco . . Reducing . . Potassium Chlorine Starch  Sugar-to- L .
rade Treatment alkaloid sugar (%) polysaccharide nitrogen %) %) %) alkali ratio nicotine  potassium
£ (%) (%) (%) ratio to chlorine
C3F CK 1.98 239 31.8 1.68 2.16 0.07 7.16 12.07 0.85 30.86
T1 1.98 24.9 33.2 1.61 2.38 0.18 7.59 12.58 0.81 13.22
T2 2.33 18.0 24.1 1.82 2.32 0.40 4.06 7.73 0.78 5.80
T3 241 25.0 30.5 1.92 2.48 0.22 4.73 10.37 0.80 11.27
T4 2.63 23.4 30.7 1.80 2.50 0.23 6.30 8.90 0.68 10.87
CTS kk kk kk ns ns kk kk kk kk kk
PASPXCTS B3 ek ke ke ns ke ek ek B3 ek
B2F CK 3.53 19.8 24.5 2.03 2.15 0.15 5.80 5.61 0.58 14.33
Tl 3.57 19.5 22.8 1.95 2.01 0.26 5.05 5.46 0.55 7.73
T2 3.22 15.6 18.6 2.35 2.84 0.24 2.75 4.84 0.73 11.83
T3 3.26 16.9 20.6 2.35 2.84 0.24 2.76 5.18 0.72 11.83
T4 351 20.8 23.2 2.04 2.21 0.13 6.43 5.93 0.58 17.00
PASP ns ek sk ns sk ke ek ek ns ek
CTS ns ns ns ns * *k ** ns ns **

#= 4 AEIERE PASP 5 CTS BB RAHEE HEM

Table 4 Suitability evaluation of tobacco leaves under combined application of PASP and CTS at different concentrations

154> Score

S -2 WA
MV wm T m oEm | RR w gy MR EBL L i)
grade Treatment Plant. Reducing Total Potassium  Starch Suga.lr-to.- .Nitrogen-. Ratio of pot.assium score
alkaloid sugar nitrogen alkali ratio  nicotine ratio to chlorine
C3F CK 89.00 90.50 68.00 93.20 36.80 89.29 93.23 100.00 85.53
T1 89.00 85.50 61.00 97.60 28.20 84.24 90.88 100.00 82.43
T2 100.00 100.00 82.00 96.40 94.40 94.84 88.11 88.00 94.02
T3 100.00 85.00 92.00 99.60 85.40 96.51 89.67 100.00 94.12
T4 100.00 93.00 80.00 100.00 54.00 100.00 76.88 100.00 91.46
CTS sk sk ns ns ok sk ok sk *
PASPXCTS * k3k k3k ns kk kk * kk kk
B2F CK 27.00 100.00 100.00 93.00 64.00 72.18 55.01 100.00 72.61
T1 23.00 100.00 95.00 90.20 79.00 69.24 49.24 98.65 70.81
T2 58.00 88.00 100.00 100.00 100.00 56.89 82.98 100.00 78.53
T3 54.00 94.50 100.00 100.00 100.00 63.68 82.09 100.00 80.36
T4 29.00 100.00 100.00 94.20 51.40 78.52 56.24 100.00 73.88
PASP ns *x ns * *x Hk ns ** ns
CTS ns ns ns * ** ns ns ** ns

PASPxCTS

ok

*k

*k

ok

*k

ok

*k
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Table 5 Evaluation of sensory, appearance and physical properties of tobacco
leaves treated with different concentrations of PASP and CTS

T -2 hb3 J&H Jfi & Sensory quality
Tobacco grade Treatment 755 Ji Quality of aroma 7+ & Aroma quantity %5 Miscellaneous gas Hl#1: Irritant 43 After-taste it 43 Total score
C3F CK 6.60 6.90 6.50 6.40 6.50 6.70
T1 6.40 6.50 6.50 6.50 6.40 6.50
T2 7.10 7.40 6.90 6.60 6.90 7.10
T3 6.90 6.90 7.00 6.50 7.00 6.90
T4 7.00 7.10 6.80 6.60 7.00 7.00
PASP * ns * ns Hk ns
B2F CK 6.10 6.10 5.90 7.40 5.90 6.10
T1 5.80 5.90 5.90 7.40 5.70 6.00
T2 6.70 6.80 6.70 7.20 6.60 6.80
T3 6.40 6.40 6.60 7.30 6.70 6.50
T4 6.50 6.50 6.40 7.50 6.40 6.60
PASP * ns * ns Hok *
CTS skk %k sksk ns %k skk
-2 2% Kb AMULJTE 5 Appearance quality
Tobacco grade Treatment ift Color FZWY¥ Maturity %45#J Structure £ 4/ Thickness 7H4) Oil content %% Chromaticity %) Total score
C3F CK 7.80 8.15 7.70 8.01 7.70 6.90 7.81
T1 7.62 7.70 7.42 8.80 7.42 7.00 7.68
T2 8.46 8.90 8.46 8.80 8.46 7.60 8.54
T3 8.47 7.65 8.47 8.80 8.47 7.40 8.22
T4 8.23 8.37 8.23 8.80 8.23 7.30 8.26
PASP *ok * *ok ns ns ns ns
CTS k3k 3k k3k ns ns * 3k
PASPxCTS *k * wk ns ns wk Hok
B2F CK 7.40 6.60 7.50 7.85 7.40 7.71 7.29
T1 7.12 6.70 7.12 7.40 7.12 8.50 7.16
T2 7.86 6.90 7.86 8.15 7.83 8.15 7.68
T3 7.87 6.80 7.87 7.05 7.87 8.20 7.53
T4 7.63 6.70 7.63 7.77 7.63 8.20 7.46
PASP * ns * *ok * ns ns
CTS * ns * wk * ns *
PASPxCTS ** ns ** ns Hk ns Hk
Sty b YIERE Physical property
Tobacco grade Treatment IH-Tij % J& Leaf density 33 /] Tensile force “F-#7 27K % Equilibrium moisture content 1% Stem percentage =43 Total score
C3F CK 82.00 81.00 85.50 84.50 82.54
T1 81.00 84.00 85.00 85.00 83.25
T2 82.00 82.00 90.00 83.50 83.36
T3 81.50 83.50 83.50 87.50 83.44
T4 82.00 84.00 84.00 86.50 83.70
PASP ns ns *k * ns
CTS ns ns * ns ns
PASPxCTS ns ns * ns ns
B2F CK 81.00 83.00 84.00 70.00 80.36
T1 82.00 84.00 78.00 72.50 80.62
T2 80.00 83.00 75.00 80.00 80.35
T3 81.00 82.50 80.50 74.50 80.42
T4 80.50 84.00 75.00 79.00 80.72
PASP ns ns ns ns ns
CTS ns ns *k Hok ns

PASPxCTS ns ns ns ns ns
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Table 6 The quality evaluation scores of tobacco leaves treated with different concentrations of PASP and CTS were evaluated

JHIH-25 2 Qb B e %ix RE R AR5 VB E Jo¥
Tobacco grade Treatment Chemical composition Sensory quality Appearance quality Physical property Total score
C3F CK 85.53 7.20 7.81 82.54 80.93
T1 82.43 7.00 7.68 83.25 78.73
T2 94.02 7.60 8.54 83.36 86.36
T3 94.12 7.40 8.22 83.44 84.91
T4 91.46 7.50 8.26 83.70 84.87
PASP * ns ns ns *
CTS * sk sk ns sk
PASPXCTS *k *k *k ns *k
B2F CK 72.61 6.40 7.29 80.36 72.39
Tl 70.81 6.30 7.16 80.62 70.61
T2 78.53 7.10 7.68 80.35 78.49
T3 80.36 6.80 7.53 80.42 77.23
T4 73.88 6.90 7.46 80.72 75.83
PASP ns * ns ns *
CTS ns Hk * ns Hk
PASPXCTS Hk Hk Hk ns Hk
3 e BT 20 em LA HHE, CTS S m 2

VAR K 4 W] DL e ) K 4 R )
A, SRR, SUEEM NSRS, SR
S, o R 0, ARBE A AE R R, R
PASP & CTS Ref5 & s L3R ReKRe /), fRiF 4%
IR RS o AERE I AR K FT AR #E PASP J¢ CTS I,
RE IR A2 T AR 2 il A - B8 57K 2, 0~10 em
+ 2 6.0 kg/hm? PASP 5 0.6 kg/hm? CTS 4b 3 ik fiF
TRAKRCR B, FEE A PASP [ CTS BA R
EES M RE YT, REMS (et LI AR 54, A
LIEARHA L ARAK, DR BHE LK TR IB K,
BB AEARAR T K 2 F 5%, 10~20 em 122 6.0 kg/hm?
PASP 5 0.3 kg/hm? CTS Ab B F5E %oF 1A HH K ol 24
IR R AR T R 225, 0 5 v R PR I it s Ty
F%, vl fe i T 7% 2 -3 b PASP K CTS Bl [a]HEFE

RARIER, PRAKPERE T T B

R RAR R BES IR THE ORI L RE 7T, 12
BEIVER e N R N i1 M B8 SN = LR I N 7 13
B, Mt PASP f CTS Ref 3 5 )% 00 A 3 A= A Bl
i, (RAER R KL, ZHHH, 6.0 kg/hm? PASP 5
0.6 kg/hm? CTS Kb FH R & 5l 25 F2 THHHRAR 2235 77
MR AR KE A SARAAFR . EZEJF N PASP K& CTS 1]
PRAEAR BR3P R 3R B I A A A, (RIS
CTS BA WY R B MIIGE, e RIIEZE, 1
SR ARIOK B RE A, $RTHIUR S BUERBE
PASP 5 CTS BEMSIRTH T B R, KB 1
F 2 SR8 2 %, 3.0 kg/hm? PASP 5 0.3 kg/hm? CTS
WFERR RT3, 6.0 kg/hm? PASP 5 0.6 kg/hm?
CTS Pt xof R S Ky BRI 58 I TAR A 25
Bl R BN B3 . B KL A IFN RN,
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Effects of Combined Application of Polyaspartic Acid
and Chitosan on Growth of Flue-Cured Tobacco
and Quality of Cured Tobacco Leaves

Yu Qiwei', Zhang Yuehua?, He Shuai®, Zhang Liang*, Jing Yanqiu®#,
Ma Qian', Ma Guankai', Zhu Guozhi*, Wang Maoxian', Wang Qiuling?

('Bijie Branch of Guizhou Provincial Tobacco Company, Bijie 551700, Guizhou, China;
2China Tobacco Henan Industrial Co., Ltd., Zhengzhou 450002, Henan, China;
3China National Tobacco Corporation Guizhou Provincial Company, Guiyang 550081, Guizhou, China;
4Tobacco College of Henan Agricultural University, Zhengzhou 450002, Henan, China)

Abstract To clarify the regulatory effects of a polyaspartic acid (PASP) combined with chitosan (CTS) on soil
moisture content, tobacco plant and root growth and development, and tobacco leaf quality in the arid tobacco
area of Bijie, field experiments were conducted using Yunyan 87. Different concentrations of PASP and CTS
(CK: same amount of water; T1: 3.0 kg/ha PASP+0.3 kg/ha CTS; T2: 3.0 kg/ha PASP+0.6 kg/ha CTS; T3:
6.0 kg/ha PASP+0.3 kg/ha CTS; T4: 6.0 kg/ha PASP+0.6 kg/ha CTS) were applied. Soil and root indexes,
growth and development parameters and quality indexes of flue-cured tobacco leaves were measured at different
growth stages. The results showed that compared with other treatments, T3 treatment significantly increased soil
moisture content. At the rosette stage, the moisture content of the shallow soil layer increased by 15.01% and that
of deep soil layer increased by 10.16% compared with CK. T4 treatment significantly increased the number of
lateral roots and adventitious roots, as well as root volume and root activity, by 34.07%, 29.12%, 25.70% and
29.56% respectively compared with the CK. The combined application of PASP and CTS significantly promoted
growth, development, and dry matter accumulation of flue-cured tobacco, with higher concentrations leading to
more obvious effects. Compared with CK, the leaf area and stem circumference of T4 treatment increased by
18.3% and 12.3% respectively, and the dry matter accumulation increased by 26.04%. The chemical composition,
sensory and appearance quality of tobacco leaves were improved to varying degrees. The improvement effect of
T2 treatment was the most significant, with increases of 10.36%, 7.76% and 7.30% respectively, compared with
the CK. The quality evaluation of tobacco leaves was 7.57% higher than that of CK. The combined application of
PASP and CTS can effectively increase the soil moisture content, promote the root development of flue-cured
tobacco, and improve leaf quality. The optimal treatment (3.0 kg/ha PASP+0.6 kg/ha CTS) alleviated the decline
in yield and quality of flue-cured tobacco caused by drought in Bijie.

Key words Flue-cured tobacco; Polyaspartic acid; Chitosan; Water retention agent; Soil moisture content; Root

development; Tobacco quality
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