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Effects of Different Biochar and Rapeseed Cake Ratios on the
Soil Nutrient, Yield and Quality of Flue-cured Tobacco
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Abstract: [ Purpose ] This study was to clarify the function of different biochar and rapeseed cake
ratios on the growth of flue-cured tobacco, soil improvement and fertility increasing, and to improve
the yield and quality of flue-cured tobacco. [ Method] A field experiment was conducted using
YNO99 as test material to research the effect of different biochar and rapeseed cake on soil nutrients,
agronomic characters, economic characters and chemical compositions of flue-cured tobacco after

baking. [ Result] Biochar and rapeseed cake could both enhance soil available nutrients and the
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combination treatment showed better improvement on the basis of regular fertilization. The applica-
tion of biochar and rapeseed cake could also increase the average price and output value significantly,
while the average price and output value increased gradually with the increase of rapeseed cake fertil-
izer. The application of biochar and rapeseed cake fertilizer could improve the chemical compositions
of flue-cured tobacco significantly. There were increases in the contents of total nitrogen, potassium,
reducing sugar and the ratio of sugar to nicotine, the ratio of nitrogen to nicotine and decreases in the
contents of starch and nicotine. [ Conclusion ] The application of biochar 750 kg/hm’® and rapeseed
cake 1 500 kg/hm” showed the best effect on the basis of regular fertilization, which could improve the
economic benefits and quality of flue-cured tobacco.

Keywords: flue-cured tobacco; biochar; rapeseed cake; soil nutrient; chemical composition
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1.1 RIS H AL

T M E R U T e B A R X — 1
HIRTFEEAS AT, 14K 882 m, ZR4 110°15'43",
At 45 34°05'46, PR 12.8 °C, AEFEK &
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Tab. 1 Physic-chemical properties of the experimental soil (0-20 cm)

- B S/ (pus-em ™) TR A B/ (mg kg ) HAE A (mg kg ) A&/ (mg kg ) BHRE g kg™
P conductivity available K content available N content available P content organic content
7.26 195.00 112.30 28.90 16.95 16.54

N

1.2 Sk A SR wert
SR RIA 2 1 AR A YN99,

I AL 9 ML, HE 3k, NXBEHLHE
B, REMFATRRIEEN 1.15mx0.53 m, /DXL 6.9 mx
10.07 m=69.48 m*, HE/NIX 6 174540, 120 k.
TR R iy g =R REIR A W A2, &

N

MUK 463 g/kg, 4R 5.7 gkg, 4 0.61 gkg, 4=
B 25.8 g/kg; AFUFH X ZE)NE SR 4
L S AN 377 gkg, A 55.0 gkg, AW
1.04 g/kg, 240 1.2 ghkg, HIE XN SRR S
T, A Ab B AE 34 o R L HTIE (B CK,
m (N):m (P,05):m (K,0) =10:12:18, &L FF 4% &



53 1

RHE, A AR S SO OFANTRIC H X 3R 73 KR R JB e (45 1) 515
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Tab. 2 Experimental treatment

L Jifi i #:/(kg-hm ) application amount
treatment HEWIR biochar SEHT Y rapeseed cake
CK 0 0
Tl 0 750
T2 0 1500
T3 750 0
T4 750 750
TS 750 1500
T6 1500 0
T7 1500 750
T8 1500 1500
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AR FE AL AL R

R 3 EYIREFGFHARECEE X E R T IR R RS2
Tab. 3 Effects of different biochar and rapeseed cake ratios
on the soil available nitrogen content

T S B/ (mg-kg ") soil available nitrogen content

Qb
reatment AR U P
vigorous growing stage dome stage post-harvest
CK 49.92d 30.90 f 20.12 fg
Tl 60.83 be 37.66 ¢ 22.52¢
T2 59.68 ¢ 41.10d 27.54 ¢
T3 49.97d 3247 f 1941 ¢g
T4 64.34b 36.15¢ 25.03d
T5 73.81a 47.28b 31.76 b
T6 60.34 be 3544¢ 21.40 ef
T7 61.09 be 4329 ¢ 2727 ¢
T8 73.36a 53.37a 3597a

VE: F 2 T R R R R AL LR 22 57 B (P<0.05); R IAl.
Note: Different letters in the same items represent significant differences
among treatments at P<0.05; the same as below.
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Tab. 4 Effects of different biochar and rapeseed cake ratios
on the soil available phosphorus content

2.1.3 AWK S AT A [F) G B R R 98 T R
BB B )

R 5 AL DARER BIER UG & Ab 21 A +
SR B BT R PR T AR W ok (T3
T6) FISRFFDF (T1. T2) 1E41 I I 0T 4 496
HEEAE RERE . YIRS AVIECE I,
A AE IR A 2 B B o A
PE ORI BT, BRI LL T8 4b
FH (A55¢ 1 500 kg/hm*H5FF9F 1 500 kg/hm?) At
AR B & o AW RSERF Ot T A2 i 1
TIEALEIRE S 4 R, X IRAI TR R
an AR R OCH
2.2 AR AT URAS AT LU X o5 MR AR 21 AR 1
Al

FHER 6 AT : T1 AbBEAYPR RO IR 4
T 7.77%; ARCTEOUSE T1 F T8 AEFLA B i 4

x5 YIRS ST RIEC L X EE T 3RIER R AT
Tab. 5 Effects of different biochar and rapeseed cake ratios
on the soil available potassium content

39855 B B /(mg-kg ") soil available phosphorus content

398 A e/ (mg-kg ") soil available potassium content

Ab T — b7 —

reatment WK Ty EIIS reatment R AT Filess
vigorous growing stage dome stage post-harvest vigorous growing stage dome stage post-harvest

CK 25.63 ¢ 15.80 f 10.09 ¢ CK 133.33 f 12520 h 11583 g
Tl 31.68d 25.48d 1550 ¢ Tl 176.63 ¢ 159.60 f 14743 ¢
T2 37.46 ¢ 31.73b 14.22d T2 251.83b 243.00 b 22483 b
T3 24.62¢ 19.33 ¢ 10.55 ¢ T3 164.33 ¢ 146.27 g 131.30 f
T4 37.54¢ 27.68 ¢ 1541¢ T4 203.73 d 187.40 ¢ 171.20d
T5 40.10b 324901 19.82a T5 259.10b 230.77 ¢ 223.57b
T6 2537 19.88 ¢ 14.17d T6 17793 ¢ 158.20 f 140.03 ¢
T7 30.57d 25.57d 13.95d T7 222.57¢ 216.60 d 205.90 ¢
T8 42.65a 3520 a 18.75b T8 280.90 a 273.40 a 247.70 a

® 6 MR SFATH A RIEC L3RR Z M IRBI ST

Tab. 6 Effects of different biochar and rapeseed cake ratios on the agronomic characters of flue-cured tobacco

fhFT Mei/om R 2% Fl/em ¥ /em -5 upper leaves KM the biggest leaves
treatment plant height effective leaves stem girth pitch K/em length  %/cm width  {&/cm length  %/cm width
CK 123.6b 16.0b 10.0 a 6.8 cd 47.1cd 199b 62.9a 31.0b
Tl 1332 a 17.7a 99a 7.2 ab 50.8a 223a 63.6a 333a
T2 116.4 cde 15.3 be 83cd 6.7d 472 cd 19.8b 57.7b 26.0 fg
T3 122.8 be 15.7b 8.0d 7.1 abe 47.8 be 203 b 52.7¢ 26.0 fg
T4 121.8 bed 16.0b 92b 73a 45.2 cde 184c¢ 62.7a 27.8d
T5 1132 15.3 be 82cd 6.8 cd 443 ¢ 17.8 ¢ 50.9¢ 255g
T6 116.6 cde 147 ¢ 8.7 bc 63¢ 41.0f 15.7d 56.1b 26.7 ef
T7 119.3 bede 15.7b 89b 6.9 bed 44.6 de 199b 56.6b 27.6 de
T8 115.5 de 17.0a 104 a 6.0e 50.3 ab 194b 61.8a 29.6¢
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A A YRt FH Bk 750 kg/hm?®, SERFDE
Jiti F 35 3] 1500 kg/hm? Bf TS 40 B4 XF A4 4y
FIFEAE A BT 7.61% F1 13.54%; 4%
Jiti FH 4 1 500 kg/hm?, 3% FF DF i 12 35 5]
1 500 kg/hm® A T8 AbH X6} BS540 1= 43 31) 14
T 4.75% 1 11.04%. 15 B AE W) i 5 S kP i
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Tab. 7 Effects of different biochar and rapeseed cake ratios on the economic characters of flue-cured tobacco

IS B4 /(RMB-kg™) 7/ (kg hm™) 7**{H/(RMB-hm ) 1 A EL/%
treatment average price yield output value proportion of middle-upper tobacco

CK 18.52b 221245a 40 972.66 b 86.30 a

T1 18.44b 225513 a 41462.77b 87.40 a

T2 18.72b 222330a 41604.13 b 87.10a

T3 19.36 ab 2270.95a 43 965.13 ab 87.30a

T4 19.19 ab 2286.20 a 43 847.07 ab 87.20 a

T5 1993 a 2334.11a 46 518.50 a 91.70 a

T6 18.64 b 2208.75a 41194.11b 87.40 a

T7 19.34 ab 227177 a 43 924.01 ab 89.30 a

T8 19.40 ab 234435a 45494.11 a 90.40 a

2.4 RIS SR DEAS BT LU 8 S 5 A0 2
padiap AL

H 2% 8. 9 AT A=W FNSEAFOF IE it X 5
WS 5 A B A s . b, e i
T2. T5 1 T8 Ab¥EAEFAGVEFE Y, 3T 100 435 A&
R TS5, T6. T7 A T8 Ab 3 7E % 3 30 Bl 1Y
T O 25 AL B BRI R, A

90~100 73 AN 455 B B i R X IR AR 45 b B 433
FE 80~90 43, LA TS Ab PR EAL; JEM & i
AL FRIE 3155 100 45 HEGK LA b FRA G 1Y
HI BT, JCLL T4 A1 T6 AbHETE Fod i N,
PF 100 43 ABR LA T8 AbFHFE F B4, TS kbR
W2, WATTE 90~100 73 o LA 45 Witk T8 br
BALFR L TS AFEA 5 5 Ak 2 o3 SR PR

*® 8 SR F R R E 7 A

Tab. 8 The methods of evaluation of the chemical compositions of flue-cured tobacco

FEFF index 100 <100~90 <90~80 <80~70 <70~60 <60
e <2.20~2.00 <2.00~1.80 <1.80~1.70 <1.70~1.60 <1.60
JRBR 2 /% nicotine content 2.20~2.80
>2.80~2.90 >2.90~3.00 >3.00~3.10 >3.10~3.20 >3.20
L >2.50~2.60 >2.60~2.70 >2.70~2.80 >2.80~2.90 >2.90
S B:/% total nitrogen content 2.00~2.50
<2.00~1.90 <1.90~1.80 <1.80~1.70 <1.70~1.60 <1.60
. o . <18.00~16.00 <16.00~14.00 <14.00~13.00 <13.00~12.00 <12.00
& JEURE 5/% reducing sugar content  18.00~22.00
>22.00~24.00 >24.00~26.00 >26.00~27.00 >27.00~28.00 >28.00
115 5/% potassium content =250 <2.50~2.00 <2.00~1.50 <1.50~1.20 <1.20~1.00 <1.00
JEH 5 E/% starch content <35 >3.50~4.50 >4.50~5.00 >5.00~5.50 >5.50~6.00 >6.00
<8.50~7.00 <7.00~6.00 <13.00~14.00 <5.50~5.00 <5.00
PEBHEL ratio of sugar to nicotine 8.50~9.50
>9.50~12.00 >12.00~13.00 >(.70~0.65 >14.00~15.00 >15.00
- . . o <0.95~0.80 <0.80~0.70 <1.30~1.35 <0.65~0.60 <0.60
R L ratio of nitrogen to nicotine 0.95~1.05
>1.05~1.20 >1.20~1.30 >5.00~4.50 >1.35~1.40 >1.40
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Tab. 9 Effects of different biochar and rapeseed cake ratios on the chemical compositionsof flue-cured tobacco after curing

EEY%

i : A \ B L
treatment A BA P G Ew ratio of sugar to nicotine ratio of nitrogen to nicotine
nicotine total nitrogen reducing sugar  potassium starch
CK 3.36ab 1.77d 15.87 f 148 g 34la 6.71 ¢ 0.53 f
Tl 350a 1.79d 17.20 de 1.54 fg 3.23 ab 7.39 de 0.51f
T2 2.62d 1.83 cd 1831 cd 1.61 de 321b 10.56 ab 0.70 cd
T3 3.39ab 1.82d 16.30 ef 1.56 ef 3.26 ab 832¢ 0.54 f
T4 3.34 ab 1.92¢ 22.59a 1.79 ¢ 2.87d 8.58¢ 0.57 ef
TS 2.53d 2.13b 23.01a 1.96 a 246¢ 11.36a 0.84b
T6 3.24 be 2.07b 21.27b 1.87b 3.0l cd 8.63¢c 0.64 de
T7 3.05¢ 235a 17.12 de 1.74 ¢ 3.3l ab 8.23 cd 0.77 be
T8 2.49d 243 a 18.48 ¢ 1.65d 3.13 be 9.96 b 098 a
3 itig Fe, K XICOR SRR 22 SE O 4B ARAT

A= Wi B R I B BRI SR 9 5 )
fiE, A S ] 25 R R i A MR R A
K, e s e A= 1 B A, AT
ZERIWIN 220 R A Yy e S A HLEOCHL
NERHEC S, R = ROR AR . AR s,
KU ARG SO 38 R o 1
THBCRAL T Bt Sekr f sl A M, i B b 1 it i
FFOFRIVE AR AL T i Ay o . HEnT RERY i
PURLEMIRA BB 05 o S Ik, RERS ELi%dR
LR SRR, WSk OFE &AL B o T
JEE T, BERERCRIR SRy, S8 E A AR5 S 50k
o LE 491 BE A A 255 R R AR I FE) 517 (0 HEAS 2 70
O, TR i A R IR R L
VA EZRES SABIGEERAATT o AW S pr it
We it m] AR T B SR RO AL RE T, 3t
SR O R A R

He W) FISERF DR IC I X6 H A 2 IR i i 3
RORIFAIE, (AT LB s ™ B, et
g W EARTE . SHAEPIWITERY] . RSk
HE5 L RS BCHEAT A1) T8 K A R, filf
REJAIE ™ 19.37% XUTFRAFRIERN . BlitiAy
PUIERERE S v L SRR LU, 4 R o A iy =
FIP R, PRI AT SR T . A HLRALR 51k
NEBCHE 5 (AR SR IR o0 T, fedt TH
MAAER KT, B TR ERLE, AT
REJAR =& H . LRSS I S A A R —
B, R ANSAT O RO RS B e K 0 22 T 3 A
BFEMRIE, F—EWRAKET, BEE SR
FHEEAE—E T R N A0, 965 0= (e 52 B v

AR R LA TS Ab PR (PE ¥k 750 kg/hm™+=%
FF9E 1500 kg/hm?) XHEMRESF RS T HRON B35

95 R v S SRR AR a5 5 i) e R e 1 s
HRIE A S Sk, BRI AR Y B AR bR, R
W J25 A PR e 2RISR BT, AT AP B ATA
TR B 2 5 M R AR I BRI LR
WIRIE AW R AT, A a5
R R AHUIE S IR e e 25 52 = ks
SRR BB B, 38 T DA RS AR AR -
SRR o XHTIR SR R B . 1 E AR
Yy 1 BEA R = AR SO R TR 5 e, X B
PSR it A B AR W RN BR S
WG MAA A, 1T HREBE = R T P AE A2 RS R T
P, BCERE T A S o R R
%, ARAT—Fh Al E R AR AR AN 23 4 THI R FR R Bl
SHI BT, FA G2 i R A ke, KR
B NZ R A 2338 B K . ABFSE LA T5 &b
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JE A LT R N
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A I 2 b H UG AL B ZERE L, 3t AR
B FC A A= B e FISEREDE, LA AR S A YN 99 #2 4
HEAT T /NKARES , S5 . AW AT
it T DA 5CHE i R AR A S i, B &
Telias , HEm I AR L O VR, s
MRS BT, ZRG 0T, TERCRIIS MK, Rk
750 kg/hm* 3K 1F 1 500 kg/hm? 2045 A Ak 3856 1
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