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St AT FS AR 21.49%) il 2L P T 70 (RRZE ML Wi ) SR R, AR TR A B R ey 2B KMot . A2l
T R MR 225, RSOAE (n?) 3 B R | 32k 0] S LA X A A S L BT P DTk . 45

B i PO AN Wi G a7 | Y s RN O 19 [ 7B LU G SO L AN O 11 9 [ N RS Y v e s T 2 e w i il
&5 T 15.47%. 9.03%. 81.41%. 16.28%, . H1. TFHEBAAMEE BiA4513% T 5.92%. 6.93%. 7.36%, 14l
ML B3 T 10.75%, 52« LLBIREAR T 55.35%; AURAE ™ )1 AU AL 730 4 R T 20.31%., 32.95%;
TEAERE AR 0] B AR R A A R MR DTk 53 51 37.25% ., 38.83% . 23.92%, XM fb~% iy viik
A58 39.04%. 31.64%. 29.32%, XPUHMHIERE AL GIERER 0 54.48%. 39.26%. 6.26%, XIUHNZETTAR
TR MR 37.57% ., 32.52%. 29.91%.
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Effects of nitrogen reduction fertilization model combined with
microbial agents on yield and quality of flue-cured tobacco

QUAN Keying', CAI Qi?, ZHANG Yang?, CHEN Shunyao?, XIE Huiya?,
WANG Xinyue!, HUANG Qionghui!, DENG Xiaohua'*

(1.College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Zhuzhou Branch of Hunan
Tobacco Province Company, Zhuzhou, Hunan 412400, China)

Abstract: In order to explore the effects of nitrogen reduction conditions (21.49% reduction compared to traditional nitrogen
application) combined with microbial agents on the yield and quality of flue-cured tobacco, the growth characteristic,
chemical composition, sensory quality and economic effects of flue-cured tobacco were studied by double factors test
considering fertilization model and microbial agents, and the contribution rate of fertilization mode, microbial agents and
their interactions on the yield and quality of flue-cured tobacco was analyzed by #? value. The results showed that nitrogen
reduction fertilization combined with microbial agents can improve the physical properties of middle and upper tobacco
leaves, the sugar content in upper, middle, and lower leaves of tobacco and the potassium content in upper leaves of tobacco
increased by 15.47%, 9.03%, 81.41%, and 16.28%, respectively; the sensory quality of upper, middle, and lower tobacco
leaves increased by 5.92%, 6.93% and7.36%, respectively; the proportion of positive group tobacco increased by 10.75%
and the proportion of green and miscellaneous tobacco decreased by 55.35%;the partial productivity of nitrogen fertilizer and
partial production efficiency of nitrogen fertilizer increased by 20.31% and 32.95%, respectively. The contribution rates of
nitrogen reduction fertilization models, microbial agents, and the interactions to the growth characteristic of flue-cured
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tobacco were 37.25%, 38.83% and 23.92%, respectively; the contribution rates on chemical components were 39.04%,
31.64% and 29.32%, respectively; the contribution rates on sensory quality were 54.48%, 39.26% and 6.26%, respectively;
and the contribution rates on economic character were 37.57%, 32.52% and 29.91%, respectively.

Keywords: flue-cured tobacco; nitrogen reduction fertilization; microbial agents; combined application; yield and quality
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Table 1 Growth characteristic of tobacco leaves with nitrogen reduction fertilization and microbial agents

TR

FRFRAL Ab3R H/em - gglcm 5 /mm HRERIN TS K% $L_J Jrﬁ,z A Fit/g
Jrhk/(g m™?)

o ocl 60.4044.26 20.12+41.48  130.5447.22 27.57+.45 14.2540.24 (119.3947.20)b  11.14+.81

c2 62.4744.06 21.0842.43  133.4743.22 27.5742.68 13.4740.23 (122.2345.56)a  10.97+.15

DI (59.2842.44)b 20.83#1.79 (128.08#3.19)b 26.71#1.00 13914053 (115.2643.39)b  10.92:+1.49
D2 (63.58#4.49)a 20.37#2.31 (135.9343.60)a 28442255  13.8040.44 (126.36+151)a 11.18+1.54
CID1 (58.87#2.75)b 20704145 (1285243.64)c 26.69+1.14 14353015 (112.994.56)b 10.96+1.69
CID2 (61.934555)b 19.53#1.53 (132.5741.23)b 28.464128 14144030 (125.8042.04)a 11.3242.29
C2D1  (59.7042.61)b 20974242 (127.6443.40)c 26.73+1.11  13.4740.30 (117.5443.29)b  10.89-+1.64
C2D2 (65.2343.38)a 21.2042.98 (139.3041.99)a 28.414383  13.4740.22 (126.9240.80)a 11.0440.77

nt 0.102 0.068 0.028 0.001 0.788 0.400 0.004
b 0.329 0.017 0.170 0.192 0.069 0.911 0.009
&0 0.039 0.037 0.046 0.001 0.062 0.197 0.001

FIEE C1 (67.18#4.76)b  2853#1.99 (124.6243.19)b 30.61+1.99  16.2240.32  (80.7642.02)b  11.34+1.32
C2  (73.03#3.43)a 27.63387 (131.36210.62)a 31.034264  16.024060 (90.5525.94)a  12.68:40.87
D1 71134379 29434230 127.68410.06  29.644127 15984056  86.8625.99  12.43+1.45
D2 69.0846.17 2673313 128.3046.98  32.004247 1625037 84443759  11.60+1.03
CID1 (70.23#4.10)ab 29.1042.75 (125.9842.79)b 30.16+1.79 16474018  (82.35#1.23)b  11.79+1.92
CID2 (64.13#3.46)b 27.97+1.17 (123.2623.49)b 31.06+247 15974018  (79.16+1.04)b  10.89:0.28
C2D1  (72.03#4.08)ab 29.7742.32 (129.38415.38)a 29.1240.10  155020.19  (91.3745.21)a  13.0620.61
C2D2 (74.03#3.12)a 2550#4.30 (133.3425.80)a 32.944254 16544026  (89.72#7.69)a  12.30+1.05

n? 0.482 0.036 0.190 0.017 0.268 0.618 0.341

b 0.103 0.250 0.002 0.346 0.394 0.090 0.165

o 0.309 0.101 0.054 0.169 0.843 0.010 0.001
TE c1 62.6543.53 2493293  109.2448.05 28.0743.06 14.0040.28 67.9916.01 (7.454.21)a

c2 61.3745.59 25.3842.72  107.0538.81 27.07+.66 11.9240.34 63.5743.80 (7.0910.85)b

D1 64.5544.36 27.05#2.14  105.40+0.16  27.74#1.52 12.9940.90  (69.95#4.00)a  (7.83+1.02)a

D2 59.4743.19 23.27#.71  110.89#4.91 27.3943.22 12.93#1.40 (61.61+2.16)b  (6.7120.69)b
C1D1  63.50#4.81 27.274.68 106.24+11.39  28.48+.78 13.7840.25  (73.442054)a  (7.94+1.45)a
ClD2  61.80#2.43 22.6042.15  112.2442.32 27.6544.45 14.2140.06  (62.5441.06)b  (6.9720.93)ab
C2D1  65.6044.59 26.83#3.30 104.56+11.24  27.00+1.00 12.1940.23  (66.46+1.77)ab (7.7320.66)a
C2D2  57.13#.78 23.93#+.16  109.53+47.02 27.13%2.43 11.6620.17  (60.6832.83)b  (6.4420.36)b

7 0.044 0.017 0.023 0.048 0.978 0.700 0.054
b 0.421 0.554 0.127 0.006 0.029 0.893 0.350
o 0.244 0.063 0.001 0.011 0.704 0.440 0.011

[ —3A7 [ B AS [) 7B 7 TRl R A BRI () 22 5745 St 27 78 X (P<0.05)



648 R A R4 (A AR P IR

http://xb.hunau.edu.cn 2023 4 12 H

R, Cl TRt g4 C2 ik
5.08%; D1 HyMEM-BAALH TR BT . BRI BT AR
D2 Hy4rHl3E S 13.54%. 16.69%; C1D1 AbFHfAgEL
{irnf IBURRL Bt ik, C2D2 Haf/h. Al
L, W R E T Pl A ) T A AR S v A v
FE A GO U, B2 RSN A 2
I T AR A B

FHHY 2 s o VAN 0,199,
0.242. 0.055, H&FI43514 0.279. 0.193, 0.212,

T35 0.266, 0.340, 0.211. #F 3 EAIHY
RUOVAESR N, FEEAL A 405, MU A
R R (PO R o G SR NI 1 1 )
37.25%. 38.83%. 23.92%, iiHHAEPIEEIXT A
AR MR IR

2.2 W ERBCHERE MR B 2 AR 43 RIS

m12E 2 AP0, DA BT 4As D2 4R
10.18%; C2 Wy Fm-HHaRss C1 Hy4EE 13.85%;

#2 REEEMEMEFNBEHERLERS

Table 2 Chemical components of tobacco leaves with nitrogen reduction fertilization and microbial agents %
PR DA 3 S 5 S Bk MR £ i
R C1 26.8440.96 21.0040.96 3.3140.12 2.2630.10 0.3040.08 2.4340.08
C2 25.76+2.08 20.05+.84 3.2340.09 2.2740.17 0.2340.04 2.3240.19
D1 27.6110.47 21.7040.50 3.2540.07 2.3240.13 0.2940.09 (2.4940.04)a
D2 25.00+.28 19.35#.13 3.2940.15 2.2140.12 0.2340.01 (2.2640.12)b
CiD1 (27.6240.42)a  (21.7620.56)a  (3.2140.05)ab  2.2440.12 0.3740.01 (2.5040.05)a
CiD2 (26.0740.58)a  (20.2420.53)a  (3.4140.08)a  2.2940.09 0.2240.01 (2.3740.04)ab
C2D1 (27.6020.62)a  (21.6520.56)a  (3.2940.07)ab  2.4140.06 0.2140.06 (2.4940.05)ab
C2D2 (23.9240.54)b (18.4540.70)b (3.1740.07)b 2.1340.10 0.2540.01 (2.1540.02)b
72 0.598 0.491 0.350 0.004 0.652 0.738
b 0.896 0.856 0.127 0.349 0.580 0.922
70 0.590 0.430 0.668 0.528 0.771 0.715
i C1 31.52+.12 27.5640.82 (1.9540.09)b  1.7720.07 0.2040.01 3.13#0.11
Cc2 29.48+1.43 26.06+1.02 (2.2240.10)a 1.8740.10 0.160.07 3.4620.15
D1 30.79+1.68 27.1940.85 2.0640.21 1.7840.07 0.2140.02 3.2240.20
D2 30.21+1.66 26.43+1.42 2.1140.14 1.8740.10 0.160.06 3.3740.22
CiD1 31.64+.61 27.7040.73 (1.8940.10)b  1.7420.07 0.1940.01 3.0840.13
CiD2 31.4040.70 27.424.05 (2.0140.04)ab  1.80=0.05 0.2140.01 3.1940.04
C2D1 29.95+1.52 26.6840.71 (2.23#0.11)a  1.8140.07 0.2340.01 3.3740.13
C2D2 29.0241.47 25.4440.98 (2.2240.11)a 1.9440.10 0.2020.01 3.5540.13
n? 0.451 0.522 0.750 0.390 0.922 0.750
b 0.064 0.218 0.102 0.364 0.961 0.374
7.0 0.023 0.103 0.136 0.062 0.978 0.031
TR C1 (33.37+.99)a  (25.27+1.26)a  (1.4940.08)b  1.9040.12 0.2140.01 3.6540.30
c2 (22.853.91)b  (16.51#3.17)b  (1.6840.05)a  2.1840.19 0.2740.01 3.4840.15
D1 (30.7424.91)a (22.8443.82)a 1.5740.16 1.9140.11 0.2420.04 3.4430.07
D2 (25.4846.71)b  (18.9545.83)b  1.60+0.07 2.1840.21 0.240.03 3.6940.29
CiD1 (35.1440.53)a  (26.2920.68)a  (1.43240.04)b  (1.8140.02)b 0.2040.01 3.3940.05
CiD2 (31.6040.48)ab  (24.2520.63)a  (1.5520.04)ab (2.0040.09)ab 0.2240.01 3.9140.15
c2D1 (26.3441.34)ab  (19.3840.51)b  (1.71#0.05)a  (2.01#0.02)ab  0.2740.01 3.4940.04
c2D2 (19.3740.29)b  (13.6440.36)c  (1.6520.05)a  (2.3640.02)a 0.260.01 3.4740.23
n? 0.986 0.989 0.883 0.921 0.972 0.348
n 0.945 0.948 0.201 0.916 0.123 0.550
nxo 0.648 0.804 0.616 0.519 0.587 0.589

(5] — A3z [R5 AN ) - B2 [ R Ak ] ) 22 S A Bt 1% 7 X (P<0.05)
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Table 3 Sensory quality of flue-cured tobacco leaves with nitrogen

CLAY T BB A RS C2 1943 71|41 157 46.04%
53.06%, C2 HyMHmEL C1 fIHEE 12.75%, D1 FI4H
B | IR RS D2 143 A R 20.64% ., 20.53%.

reduction fertilization and microbial agents

JRE RS
C2D2 E’JJ:EI:BJ:H]L l‘ﬁ)ﬁ% R ) . - AbF — s ET%H:J} _
9 b SRR IR JEORE R . BRAE XL E AT TR TR
f%; C1DL fyeh AT SRR X 1% s C2D2 B Rk o ggg-jgj;g; P ggj-ggjjj;g
JRE B AR, C1DL AAARIH-HEAE | D1 (67.1042.00)a  84.0443.28 (67.03+2.04)a
AN R SR T, R ) T . ggg-ggjgi;g e Egg-;;jgg;g
P& R AR ORI B o e SR T, BRI ER A ClD2  (66.60+1.49)ab  82.1842.01 (66.2043.36)ab
— A Rl R L L A CoD1  (655140.99)ab  83.03%2.26 (65.3340.87)ab
Tf“fir%j H i;ﬁ%ﬁﬁ%ﬁniﬁu AT R CoD2  (64.85+1.23)b  79.5542.75 (64.021.00)b
XA S T R 7 0.563 0.187 0.450
A 02 02 2 SEFAEANRI b 0.286 0.300 0.279
RFEITA o 5 neo FHIEIMEN 0472, o 0.097 0.004 0.037

0.622, 0.617, #7352 0.631, 0.347, 0.222,
TEBI-435124 0.850, 0.614. 0.627. #F 3 PN
ROSAESR FIFRA S B 3%, MaNEA A A Y
T K HeH AR X M 0 Ak 2 B A3 BT ER 0 1
39.04%. 31.64%. 29.32%. iiHH it AEAR TR -1k
2T R

2.3 BARBCHEMEMEFIXIEA R E RERFN

H 3 a1, CL A B&B . NEBn s i
C2 M4 I = 3.79% . 4.30%, D1 f#: D2 #9451

[RISIAS R 7 EE 2R R FR AR BR8] ) 22 574 Gi T 124 7 L (P<0.05).

R n2. nd . ne FIMESIA 0563,
0.286. 0.097, H1B-435I% 0.187., 0.300. 0.004,
TEBIH-43 54 0450, 0.279. 0.037. #4 3 DAY
RUOSAER AT REAC A B 338, MNEA A A P A
3R Ko L H A S R g SRR R 5Tk R B
54.47%. 39.27%. 6.26%, i B it HEASE X 0 - Je%
BRI K

2.4 BRECIE R YR R R R

#15 2.08%. 2.95%. 3 1L C1D1 AYRE i e e e e o
R A A M T e A Ui S0 P R4 2 ) T 51 4 4 E’J,io. aﬁzﬁﬁuﬂ:
ey ® 4o AERERW], C1 RIEAUHELHIE: C2 mfdes
® 4 BAREMEDETEIENNEFHE
Table 4 Economic characters of flue-cured tobacco leaves with nitrogen reduction fertilization and microbial agents
g EADH FASH LS 0T gy ey PARSRE RAE R
L Al/% L A/% Heilie  (Jtkgt) (kg kg™ (G kgt
C1 (94.2622.15)a  (5.7442.15)b  60.1443.90  29.8440.14 (2084.29478.96)b (62 470.664601.45)b (16.5440.63)a (495.80+420.65)a
(67 (87.6745.56)b  (12.3345.56)a  59.8340.68 28.5741.39 (2277.45466.81)a (65 374.864568.04)a (14.1940.42)b (407.32425.46)b
D1 (92.1740.81)a  (7.83#0.81)b 61.61+1.83 29.7540.28 2214.85497.73 (66 717.644395.88)a 15.63+1.59  (471.08+415.04)a
D2 (89.7628.51)b  (10.2448.51)a  58.37+1.39 28.67+1.52 2146.88+109.87 (61 127.884429.29)b 15.10+1.38  (432.04425.86)b
C1D1 (92.7445.13)ab  (7.2635.13)ab 62.9042.29 29.94+1.09 2142.41+103.68 (64 937.474246.81)b (17.00#1.29)a (515.3844.24)a
CiD2 (95.7843.85)a  (4.2243.85)b  57.38%2.29 29.7440.76 2026.17472.89 (60 003.844584.74)c (16.0840.52)ab (476.22+44.55)ab
C2D1 (91.60#3.18)ab  (8.40#3.18)ab 60.31+1.26 29.5540.83 2287.30482.27 (68 497.804481.96)a (14.25+1.01)b (426.78+3.75)ab
C2D2 (83.744.66)b  (16.2644.66)a  59.35+1.61 27.5940.90 2267.60+103.80 (62 251.914412.59)b (14.13+1.49)b (387.66+4.95)b
n? 0.450 0.450 0.994 0.546 0.671 0.187 0.891 0.834
b 0.926 0.926 0.335 0.672 0.332 0.874 0.113 0.170
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