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Effects of nitrogen reduction combined with humic acid carbon fertilizer
application on flue-cured tobacco in rice-tobacco rotation

HUANG Qionghui*?, XIAO Hangian®, XIAO Yansong®, JIANG Zhimin*, XU Junhua®,
HU Qinghui*, XIANG Qinghui*?, DENG Xiaohua™*"
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Chenzhou, Hunan 423000, China; 4.China Tobacco Zhejiang Industrial Co. Ltd, Hangzhou, Zhejiang 310008, China)

Abstract: In order to reduce the application rate of nitrogen fertilizer in tobacco-rice rotation area and improve the yield
and quality of tobacco(Nicotiana tabacum L.), using Yunyan87 as the material, 7 treatments including humic acid
fertilizers(all-round organic carbon fertilizer and liquid organic carbon fertilizer) respectively with no nitrogen reduction,
nitrogen reduction by 10%, nitrogen reduction by 20% and a blank control(CK) were designed to study the effects of
different treatments on the agronomic characteristics, the accumulation of nitrogen, phosphorus and potassium, the
physical and chemical properties of tobacco leaves, economic characteristics of tobacco, and on the partial factor
productivity of nitrogen fertilizer. The results showed that the application of humic acid fertilizer could improve the
agronomic characteristics(plant height and leaf number) of flue-cured tobacco, and liquid organic carbon fertilizer
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showed better growth improve effect compared to all-round organic carbon fertilizer. Nitrogen reduction could decrease
dry matter accumulation, single leaf weight and leaf thickness, increase sugar content and decrease contents of nicotine
and total nitrogen. Humic acid fertilizer application increased the accumulation and percentage of dry matter, increased
the accumulation of nitrogen, phosphorus and potassium of tobacco leaves, increased the weight of single leaf, the sugar
and potassium content of tobacco leaves, decreased the nicotine and chlorine content of the tobacco leaves, improve the
proportion of high-quality tobacco, the yields, the output value, the nitrogen partial factor productivity and the nitrogen
partial production efficiency. Compared to CK, the proportion of high-quality tobacco, yield, output value, nitrogen
partial factor productivity and nitrogen partial production efficiency in treatment with all-round organic carbon fertilizer
with 10% nitrogen reduction respectively increased by 4.04%, 6.54%, 10.12%, 27.89% and 32.15%; while the proportion
of high-quality tobacco, yield, output value, nitrogen partial factor productivity and nitrogen partial production efficiency
in treatment with liquid organic carbon fertilizer with 20% nitrogen reduction respectively increased by 15.33%, 2.87%,
9.38%, 28.16% and 36.71%. For the rice-tobacco rotation in Hunan province, it is recommended to apply all-round
organic carbon fertilizer(45 kg/hm?) with 10% nitrogen reduction or apply liquid organic carbon fertilizer(75 kg/hm?)

with 20% nitrogen reduction.

Keywords: paddy-tobacco; nitrogen reduction; humic acid carbon fertilizer; tobacco growth; tobacco leaf quality
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Table 1 Agronomic traits of flue-cured tobacco treated with nitrogen reduction and humic acid carbon fertilizer

Rk e it e d b P /em 2 Fl/cm N TR BYem?

30 T1 (17.45+1.44)bc (3.93£0.61)abc 7.00+0.00 (269.2746.40)a
T2 (18.10+0.96)bc (3.40+0.17)bc 6.67+0.58 (210.30+18.15)abc
T3 (17.10+2.13)bc (3.23+0.23)c 6.33+0.58 (193.47+30.44)bc
T4 (19.80+1.57)ab (4.27+0.40)a 6.67+0.58 (250.35+33.14)ab
TS5 (20.35+0.31)ab (3.70+0.36)abc 6.67+0.58 (253.42+15 47)abc
T6 (21.55+2.39)a (4.030.40)ab 6.67+0.58 (216.06+47.50)ab
CK (15.70+2.57)c (3.37+0.25)bc 6.67+0.58 (179.23+£21.96)c

60 T1 (89.613.25)ab (9.27+0.50)a 15.33+1.15 1104.21495.12
T2 (88.23+1.06)ab (8.50+0.26)bc 17.67+1.15 1050.56+151.89
T3 (83.63+5.64)bc (8.53+0.32)bc 17.00£1.73 1136.58+52.75
T4 (90.57+3.95)a (9.30+0.00)a 15.67+1.53 1113.55+159.39
T5 (92.00+4.32)a (8.33+0.15)bc 17.00+1.00 992.60+92.95
T6 (87.92+1.88)abc (8.63+0.40)b 15.67+0.58 1112.42+37.45
cK (81.42+2.78)c (7.97+0.29)c 15.67+1.15 926.12+185.21

90 T1 (95.49+4.68)ab 9.47+0.58 (15.67+0.58)a 1399.79+231.46
T2 (95.45+4.26)ab 9.50+0.30 (15.67+0.58)a 1344.97+79.42
T3 (90.18+4.22)bc 9.17+0.71 (15.67+0.58)a 1336.31+184.74
T4 (100.40+6.26)a 9.30+0.50 (15.33+0.58)a 1493.94+189.97
T5 (96.71+4.12)ab 9.47+0.21 (15.33+0.58)a 1441.06+201.72
T6 (95.49+3.24)ab 9.30+0.10 (15.33+0.58)a 1354.68+133.48
CcK (87.89+1.40)c 9.23+0.38 (14.33+0.58)b 1287.28+164.78

[FISAR Rl Bk [R]— B Ak it ) b 20 ] 14 25 5 4t 14 7 SL(P<0.05)
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Table 2 Dry matter accumulation and distribution in flue-cured tobacco treated with nitrogen reduction and humic acid carbon fertilizer
fhg TR R lg HRREATY T B E L il1%
iss E i Fiilg Uit e nt
T1 (58.05+0.76)c (57.84+0.93)a  (191.95+5.69)a (307.84+7.32)a (18.86+0.22)bc (18.79+0.16)bc (62.34+0.38)ab
T2 (75.71+2.12)a (59.25+0.37)a  (153.06+2.40)b (288.02+4.71)ab  (26.28+0.35)a (20.57+0.24)ab (53.14+0.16)c
T3 (70.32+1.06)b (53.48+1.08)c (141.82+2.03)c (265.62+4.15)c (26.47+0.02)a (20.13+0.10)ab (53.39+0.09)c
T4 (48.95+0.60)d (54.75+£1.50)bc  (189.21+9.01)a (292.86+11.10)a  (16.72+0.43)c (18.70+0.20)bc (64.58+0.63)a
T5 (43.75+0.97)e (42.85+0.92)d  (158.77+8.64)b (245.37+£10.37)c  (17.84+0.42)bc (17.47+0.43)c (64.69+0.85)a
T6 (48.88+0.53)d (52.94+0.39)c (147.98+2.64)c (249.80+3.54)c (19.57+0.07)b (21.19+0.16)a (59.23+0.22)b
CK  (73.27£2.36)a (55.72+0.76)b  (141.18+28.89)c  (270.17+28.66)bc (27.30+3.27)a (20.75+2.29)a (51.88+5.55)c

RGN ) =B e A B ) 1) 2 56 e T8 X (P<0.05)

2.3 RBAROCHEEEER AL RO & B $F

R

M 3 AT, FHE ARG, EIHEAR R
D BR T6 Ab, it R R AR b I g A AR B R
JH R B L T CK Y it T R R iR A Ak
FE(TL, T2, T3. T4, T5)4# CK MK A 20
W22 102.14% . 54.26% . 42.82% . 45.03% . 42.60%.
MR 4TI, B DR I, AR 2 Be E
B E Wk M RRRIRAL RS T1, T2, T4, T5

PR R B ST CK 1Y, 8 CK Btk
B E 0% 15.57% . 36.92% . 30.38% . 15.29%.,
A5 AR, B DR BN, e IR A B
A SRR IR A T, T2, T4, T5 MyARpkE
MEREREST CKIY, & CK MR R
W% 17.50%. 13.13%. 10.39%. 3.75%. MUt
RIEL DI IR BIARZR it FH S R AR AT
AP B B,

*3 RELEEERRIENEEZREEMSELLS

Table 3 Nitrogen accumulation and distribution in flue-cured tobacco treated with nitrogen reduction and humic acid carbon fertilizer

e AR/ (kg-hm™) BA AR Sy L 511%
R E I (kg-hm?) R = I

T1 (773.72+¢77.08)a  (826.14+0.42)a (4515.924251.05)a (6115.78+327.51)a  (12.63x0.01)c  (13.53+0.01)d  (73.84+0.01)a
T2 (636.70+14.73)d  (797.65:2.16)ab  (3232.82+138.07)b (4667.17+12552)b  (13.65:0.01)c  (17.0920.00)c  (69.25:+0.01)a
T3  (850.82+58.43)b  (771.55:44.62)b  (2698.6227.44)b  (4320.99+44.08)b  (19.67+0.02)b  (17.85:0.02)c  (62.46+0.02)b
T4  (508.54+2.85)e (706.05+25.24)c  (3173.50+1014.91)b (4388.09+840.14)b  (11.98+0.23)c  (16.59+0.27)c  (71.36+0.60)a
T5  (487.47+5.49)e (638.44+39.81)d  (3188.45+419.80)b (4314.39+457.37)b  (11.3620.03)c  (14.85+0.02)cd (73.79+0.05)a
T6 (579.21+4.77)d (680.23+9.16)cd  (1749.32+56.31)c  (3008.79+60.91)c  (19.25+0.01)b  (22.61+0.03)b  (58.14+0.01)b
CK  (921.41+7.46)a (842.73+27.61)a  (1261.43+147.16)c (3025.57+112.26)c  (30.48+0.02)a  (27.89+0.05)a  (41.600.12)c

IS ) T BE R Ab FA] (9 22 A7 GE 2775 L (P<0.05)
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Table 4 Phosphorus accumulation and distribution in flue-cured tobacco treated with nitrogen reduction and humic acid carbon fertilizer

e B B/ (kg-hm™) MR 3R H A%
i} B3 nt (kg-hm) R E3 i
T1  (88.06£9.38)c  (97.34+10.48)e (343.47+104)b  (528.87+17.95b (16.65:0.03)c  (18.41:0.03)b  (64.94:0.06)a
T2 (145.90+14.44)a (127.73+1.96)a  (352.96+2573)b  (626.50+38.29)a  (23.82+0.01)b  (20.38+0.04)b  (56.33+0.03)b
T3 (115.92+5.99)b  (114.29+6.28)bc  (247.55+2.77)c (477.76+14.98)bc (24.26£0.00)ab  (23.92¢0.02)a  (51.81+0.01)c
T4 (90.50+7.61)c (106.54+1.36)cd  (399.59+3.70)a (596.63+10.08)a  (15.1740.02)c (17.86+0.03)b (66.97+0.02)a
TS  (80.34+558)cd  (100.02+2.02)de  (347.24+16.77)b  (527.60+9.22)b  (15.23+0.03)c  (18.96+0.01)b  (65.82+0.05)a
T6  (70.93:5.16)d  (115.95+1.49)b  (261.09+37.20)c  (447.97+4091)c  (15.83+0.02)c  (25.88+0.10)a  (58.28+0.10)b
CK (117.34¢755)b  (120.81+348)ab  (219.47+#48.95)c  (457.62¢59.33)c  (25.64+0.04)a  (26.40:0.09)a  (47.96+0.20)c

[R)B AN [i) B s A B ] 9 25 57 G 24 L (P<0.05)
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Table 5 Potassium accumulation and distribution in flue-cured tobacco treated with nitrogen reduction and humic acid carbon fertilizer

- BRI R A/ (kg-hm™) B SHI L AlI%
# % m (kg-hm™) 1 - s

T1  (926.4846451)c (1739.55+0.00)c (5649.78+213.31)a (8315.81+277.82)a  (11.130.00)b  (20.93+0.01)c  (67.94+0.00)b
T2 (1256.91:0.00)a (2048.06+65.85)a (470151+170.09)c (8006.48+235.94)ab (15.70+0.00)a  (25.58+0.00)a  (58.72+0.00)e
T3 (1077.19+78.14)b (1642.73+59.43)d (4265.26+0.00)d  (6985.18+70.67)d  (15.41:0.02)a  (2351+0.01)b  (61.07+0.00)d
T4 (7184310.00)e (1646.62+0.00)d (5447.74+210.27)a (7812.79+210.27)b  (9.200.00)c  (21.08+0.00)c  (69.71+0.01)a
T5  (726.320.00)¢ (1536.16+0.00)e (5080.64+0.00)b  (7343.12+0.00)c (9.890.00)c  (20.92+0.00)c  (69.18+0.00)ab
T6  (811.49+0.00)d (1762.01+58.83)c (4640.42+164.45)c (7213.92+14433)cd (11.25+0.00)b  (24.43+0.01)b  (64.32+0.02)c
CK  (1122.38+81.42)b (1890.29+0.00)b (4064.85+156.89)d (7077.52+135.91)d  (15.85+0.03)a  (26.72+0.00)a  (57.42+0.02)e

RIS [ =P B Ak B i) 1) 22 5 e 17 5 L (P<0.05)
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Table 6 Physical parameter values of flue-cured tobacco treated with nitrogen reduction and humic acid carbon fertilizer

S b A St /g SRR % UMM FRAKR% O (mg-om™)

X2F T1 0.390.02 (8.33+1.42)ab 34.1820.76 (0.13+0.00)c (16.16+0.06)b (64.67+20.97)bc
T2 0.36+0.03 (8.1020.37)abc 33.22+2.59 (0.12+0.01)c (14.7240.05)cd  (70.33%5.53)bc
T3 0.35+0.01 (7.44%0.71)c 31.87+0.99 (0.11+0.00)d (18.13+0.10)a (74.67+11.85)bc
T4 0.39+0.04 (9.63+1.34)a 31.77+4.08 (0.18+0.01)a (11.3820.61)e (91.33+2.52)a
TS5 0.38+0.03 (7.4920.44)bc 30.31+1.13 (0.1620.00)b (16.090.72)b (78.33+14.64)b
T6 0.3740.01 (7.2420.69)bc 30.57+2.59 (0.15+0.01)b (1559+0.98)bc  (55.67+1.26)c
CK 0.38+0.01 (7.88+1.10)abc 33.38+0.71 (0.08+0.01)e (15.12+0.48)d (70.50+3.77)bc

C3F T1 0.310.02 15.14+1.09 32.18+2.53 (0.14+0.00)d (13.76+1.65)a (85.17+13.88)b
T2 0.31+0.01 14.96+2.45 32.35+1.18 (0.14+0.00)d (14.05+0.08)a (87.17+18.34)b
T3 0.34+0.02 12.20+2.37 31.52+0.91 (0.13+0.01)d (13.74+1.32)a (87.00£23.02)b
T4 0.33+0.03 15.92+3.33 33.76+3.13 (0.20+0.01)a (11.3420.90)b (89.83+6.79)b
TS 0.32+0.02 15.41+1.60 30.01+3.73 (0.1920.01)b (14.67+1.19)a (86.33+2.02)b
T6 0.34+0.01 14.13+0.97 32.70+0.22 (0.17+0.01)c (14.8320.28)a  (105.00+4.00)b
CK 0.3420.01 14.40£2.42 29.43%3.69 (0.14+0.01)d (14.99:0.45)a  (122.33%2.25)a

B2F T1 0.33£0.02 (21.45+2.10)a 29.62+2.79 (0.23+0.00)c (14.52+0.12)a  (101.50+22.59)c
T2 0.33+0.01 (18.28+1.36)ab 31.56+1.17 (0.19+0.01)d (12.17+054)bc  (109.00+15.26)c
T3 0.35+0.01 (17.06+2.77)abc 34.15+2.40 (0.18+0.00)d (11.4320.47)bc  (100.33+14.97)c
T4 0.33+0.01 (21.11#3.51)ab 34.32+1.35 (0.37+0.03)a (1048+1.19)c  (102.50+9.34)c
TS5 0.34+0.02 (18.05+1.46)ab 33.75+1.40 (0.31+0.02)b (12.06+155)bc  (113.33+10.41)bc
T6 0.33+0.01 (18.69+2.76)ab 33.4743.39 (0.30+0.01)b (12.82+1.49)ab  (124.33+10.89)b
CK 0.3420.00 (16.68+1.62)c 32.03£2.53 (0.210.01)c (14.62+0.20)a  (134.33x0.29)a

[FI AN [R) 7 BE R ) S5 5 A AR B ] ) 2 S A e 12 7 X (P<0.08).
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Table 7 Chemical components of flue-cured tobacco treated with nitrogen reduction and humic acid carbon fertilizer

£ Ab JUREI% A% JHT%/% RAE% H1% L%
X2F T1 (27.66+1.33)c  (26.82+1.38)cd  (1.70+0.01)b (1.5420.13)b (2.4320.05)a (0.6620.01)b
T2 (34.91+161)a  (27.22+1.03)c (1.66+0.03)b (1.45+0.57)bc  (2.170.29)b (0.42+0.01)c
T3 (36.03x1.55)a  (33.68+0.39)a (1.1620.09f (1.4120.03)c (2.0420.19)c (0.42+0.01)c
T4 (29.88x0.77)b  (28.57+0.99)b (1.40£0.03)c (1.49£0.02)bc  (2.30+0.11)ab  (0.37+0.03)c
T5 (30.38£0.20)b  (29.17+0.30)b (1.31£0.02)d (1.47£0.13)bc  (2.430.03)a (0.40£0.01)c
T6 (31.17+0.61)b  (29.94+1.07)b (1.21£0.02¢ (1.2520.11)d (2.230.19)b (0.28+0.01)d
CK  (2756x0.21)c  (26.7+0.12)d (1.78+0.06)a (1.7120.03)a (1.98+0.44)d (0.84+0.01)a
C3F T1 (22.44+1.11)cd  (20.44+1.42)cd  (2.84+0.07)bc  (1.82%0.01)b (2.08+0.01)a (0.5420.01)c
T2 (23.36+0.88)c  (21.56+1.09)c (2.81+0.08)bc  (1.77%0.12)c (2.11+0.11)a (0.54+0.00)c
T3 (26.24+0.42)b  (24.78+0.99)a (2.70£0.06)c (1.8120.06)b (2.1720.11)a (0.68+0.00)b
T4 (25.20£0.48)b  (22.73+0.59)b (2.98+0.14)b (1.7620.09)c (2.1720.11)a (0.50£0.04)c
T5 (25.51£1.10)b  (23.08+0.26)b (2.79+0.02)c (1.7020.02)c (2.0420.04)a (0.52+0.02)c
T6 (28.2242.24)a  (24.71¥1.00)a (2.46+0.10)d (1.7520.10)c (2.0420.04)a (0.35£0.01)d
CK  (21.88+0.60)d  (19.95+0.20)d (3.20£0.02)a (1.94£0.03)a (1.92+0.03)b (0.76+0.02)a
B2F T1 (21.48+0.80)oc  (17.11+0.29)bc  (3.43+0.03)b (2.1920.01)b (2.0620.19)a (0.68+0.01)b
T2 (23.64£1.16)a  (18.64+0.82)b (3.44+0.10)b (2.18+0.11)b (1.92+0.11)a (0.58+0.01)c
T3 (24.03x051)a  (19.07+0.20)a (3.30£0.14)bc  (2.130.01)b (2.1120.11)a (0.48+0.02)d
T4 (20.37x0.51)d  (18.500.25)b (3.3240.08)bc  (2.14%0.09)b (2.0420.00)a (0.70£0.02)b
T5 (21.80£0.97)b  (19.01x0.21)a (3.2620.13)c (2.1420.15)b (1.8920.11)b (0.5620.07)c
T6 (22.91+0.72)b  (19.35+0.49)a (3.18+0.01)d (1.9620.05)c (1.9120.11)b (0.42+0.01)d
CK (19.24+0.44)c  (16.330.69)c (3.55£0.04)a (2.39£0.10)a (1.7520.03)c (0.80£0.01)a

[F) AN ) - B 37 [ S A ALk B ) ) 22 5 e 1 15 L (P<0.05).

2.6 B RBCHE B EER TR AL I KR 2 MR B RN

VSRRt P R B AL R M R AR e e otk . 36
8 LA it FH IS A AR B A ) L S50 HL 91 F CK
1y, (BEHA T2, T4, T5. T6 [y E25MH H B &
T CK 11 T AA WURAL Y b 2540 He 9] = T4 RE
BHUERIER, T6 iy LW L pl R & m T T1, T2,
T3 WY BV, MR 7= A= {E AR (T6
BRAM) s Bk T3 A1, it RS AF i S P 0 ot et T ™
HBEST CK I, 5 CKAHLL, Jiti B
(T1. T2, T3, T4, T5. T6) 454K Fb 15 B2

2.07%. 4.04%. 1.52%. 6.32%. 5.37%. 15.33; Jifi
FAIEMRRBRALA) T, T2, T4, T5, T6 A==l
i 14.14%. 6.54%. 6.96%. 4.64%. 2.87%, F={H
4350t 17.09% ., 10.12%. 11.54%. 9.33%. 9.38%.
3513 BTN 0 R .1 == A (WO 03 51
P IES P B g L SR LB, B AR i 7= 2 e
Jit D AL R itk S T 8 2 Ol 2R T ke 19 7 1
PABREAR R REA , it P S A HLERAE ) L 2540 L]
TR AR .



526 MR A b K24 24 4k (B SRR )

http://xb.hunau.edu.cn 2022 42 10 A

*8 BARERERR AL RN E IR

Table 8 Economic character of flue-cured tobacco treated with nitrogen reduction and humic acid carbon fertilizer

Qb 2 1% i1t kg™) e (kg-hm™) FE{E/OG-hm™)
T1 (61.58+5.79)c 27.15+0.66 (2817.71+£169.41)a (76 446.25+727.66)a
T2 (62.77+0.60)b 27.34+0.01 (2630.21+16.83)ab (71 896.56+971.24)b
3 (61.25+0.15)c 27.11+0.08 (2312.50+127.21)c (62 666.67+1405.05)c
T4 (64.14+1.45)b 27.50+0.44 (2640.63+139.94)ab (72 822.40+2689.22)b
T5 (63.57+1.12)b 27.60+0.41 (2583.34+183.02)b (71 380.73+1644.42)b
T6 (69.58+1.61)a 28.12+0.01 (2539.58+120.01)b (71 412.99+938.30)ab
CK (60.33+0.01)c 26.50+1.41 (2468.75+£191.51)c (65 286.46+1583.62)c

[EIBIAN ] - R R A B E] ) 22 S 127 75 L (P<0.05).
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B CK 73 14.17%., 27.89%. 17.11%. 6.99% .
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Table 9 Nitrogen fertilizer partial productivity and partial

production efficiency of flue-cured tobacco treated
with nitrogen reduction and humic acid carbon

fertilizer
A RIRRAEFE S1i(kg-kg™)  RUIER A FERCRI(OG kg ™)
T1 (17.48+0.79)b (474.25+20.06)bc
T2 (19.58+0.83)a (535.23+16.80)a
T3 (17.9340.45)b (485.96+25.42)b
T4 (16.38+1.06)bc (451.77+22.41)c
T5 (19.23+£1.31)a (531.39+12.46)a
T6 (19.69+0.98)a (553.70+£15.43)a
CK (15.31+1.22)c (405.02+11.68)d

[FIBA ] - REF R Ak BB ) 22 55 144 3 X (P<0.05).
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