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Effects of biochar amendment on flue-cured tobacco growth and
soil physical and chemical properties of rhizosphere
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Abstract: [Objective] This study investigated the effects of biochar amendment on growth of flue-
cured tobacco, soil physical and chemical properties and soil enzyme activities. [Method) Agronomic traits,
soil physical and chemical properties and enzyme activities of flue-cured tobacco K326 were studied under
pot experiment with different application rates of biochar (0% (control),0.1%,0.5%,1%,2% ,and 3%).

[Result] As compared to the control,different biochar amendments had no significant effect on leaf num-
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ber,plant height and chlorophyll content of tobacco at seedling stage, but increased maximum leaf area. The
maximum leaf area of flue-cured tobacco was significantly increased by 155. 3% compared with the control
under 3% biochar amendment. Different biochar amendments increased leaf number, maximum leaf arca and
chlorophyll content at the glomeration stage,but had no effect on plant height. The maximum leaf area and
leaf number were increased significantly by 17. 7% and 21. 5% under 3% biochar amendment, respectively.
Different biochar amendments affected aboveground biomass,but had no significant effect on underground
biomass at the glomeration stage. The application of biochar affected physical and chemical properties of to-
bacco rhizosphere soil. The contents of organic carbon, total nitrogen, total potassium, available phosphor-
us,available potassium and soil pH in rhizosphere soil were increased by 302. 3%, 41. 7%, 114. 0%,
220.3%,474.8% and 0. 50 under 3% biochar amendment, respectively, but soil total phosphorus content
was not affected. Compared with the control,soil urcase activity was increased by 35% in rhizosphere soil
under 2% biochar amendment. The activity of soil sucrase was increased by 108% and 100% under 0. 5%
and 3% biochar amendment, respectively. However, soil dehydrogenase activity was decreased by 51. 5%,
63.6%,63. 6% and 51. 5% under 0. 5%,1%,2% and 3% biochar amendment, respectively. Shoot dry
weight had significant and positive correlations with soil total carbon, nitrogen and soil invertase activity
(P<C0.05),very significant and positive correlation with available potassium (P<C0. 01),and significant
and negative correlation with soil dehydrogenase activity (P<C0. 01). [Conclusion) Biochar not only im-
proved agronomic traits of tobacco leaves, but also affected soil physical and chemical properties and en-
zyme activities. The 3% biochar application was the best for improving soil function and tobacco growth.

Key words: biochar;flue-cured tobacco;rhizosphere soil properties;agronomic traits
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Table 1 Effect of different biochar amendments on agronomic traits of flue-cured tobacco
during the seedling and glomeration stages
Y T Seedling stage AL Glomeration stage
JI Hié SRS Bkt
= It w/ . It ¥ ..
/v HR gen mpvemt wmmam TP maem  mBUew ez
Biochar I Stem length  Maximum leaf SPAD I Stem length ~ Maximum leaf SPAD
dosage Leaf number area Leaf number arca
0(CK) 3.040.0 ab 6.84+0.0 a 19.74+0.3b 24.6%F1.6 ab 10.7%1.2 bc 17.0+0.4 a 523.542.2 bed 34.4%+1.0 ab
0.1 2.7+0.6 b 5.3+£0.6 a 18.2+5.8b  24.1+3 10.34+0.6 ¢ 20.4+0.1a 468.3+15.5d 34.7+0.9 ab
0.5 3.040.0 ab 5.24+2.0a 28.2+20.2b 28.4+3 12.041.0 ab 18.54+4.0a 505.0+28.3 cd 38.6%3.7 a
1 3.040.0 ab 5.84+1.1a 21.9+2.3b 27.7+1.6 ab 11.740.6 abc 17.4+3.4a 579.6+49.5 ab 35.2+3.8 ab
2 2.7£0.6 b 5.2£1.0a 25.1+£2.2b 24,7+0.4ab 11.740.6 abc 15.6%£3.2a 549.2+21.4bc 31.9£1.6 b
3 3.54+0.7a 6.54+0.9 a 50.3+5.3 a 26.4+2.0ab 13.041.0a 21.0£1.8a 616.0+12.2a 39.1+4.2a

T« [R5 S5 FRAS IR /NE T BE 3R R 25 5 8 3 (P<C0.05), & 2 gk 3 [,

Note: Different small letters within each line indicate significant difference (P<Z0.05). Table 2 and Table 3 are the same.
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B #1_E# T 5T & The dry weight of aboveground: N # F #§F Jfi & The dry weight of underground
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Fig. 1 Effect of different amounts of biochar amendment on aboveground and root biomass
of flue-cured tobacco during the glomeration stage
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Table 2 Effects of different amounts of biochar amendment on nutrients contents in rhizosphere soil of tobacco

AW IR F R Y ol AP/ (g« kg™ 2R/ (g kg™ /(g kg™ LW/ (g kg™
Biochar dosage Organic C Total N Total K Total P

0(CK) 6.37+0.04 b 3.43+0.38 ¢ 0.9640.03 d 7.3+1.2b 0.090740. 040 a

0.1 6.43+0.2 b 5.06+1.74 ¢ 1.0040.03 cd 13.5+3.2 ab 0.09540.014 a

0.5 6.45+0.1b 4,454+1.92 ¢ 1.0240.04 cd 13.340.9 ab 0.08740.024 a

1 6.49+0.1b 16.50+3.45 a 1.06+0.04 ¢ 10.6+5.9 ab 0.07340.014 a

2 6.95+0.1a 11.50+0.55 b 1.2440.05 b 13.14+1.6 ab 0.076740.003 a

3 6.87+0.3 a 13.80+2.31 ab 1.3640.04 a 15.6+1.0 a 0.084740.010 a

MY R 200/ 30, X A E ., REEA PR S R EA N AR R EES . Y
T4 pH 4y ERINT 0. 58 F1 0. 50, W HANAEY AWK 126,22 300 B, 5 X IEAE L.+
JEA A X IR Z A B R. MAEY TR AR E RSN T 10.42%0,29. 2% F1 41, 7% ;
MEN 10,2008 3000, 5 BOAH L, H3EA ML WA 0. 120/ 0. 500) A= Y s b 3T o 34>
R BINNT 381.0%,235.3% M1 302. 3% MY AT ERIRA D EE‘. HOEMEENMETE, L5
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Fig. 2 Effect of different amounts of biochar amendment on

NH, -N and NO; -N contents of rhizosphere soil
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Fig. 3 Effects of different amounts of biochar amendment
on soil available phosphorus and soil available

potassium contents of rhizosphere soil
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Table 3

Effects of different amounts of biochar amendment on soil enzyme activities of rhizosphere soil

TR, TG (g - & b ) AW (e g b REBEE (meeg b D)

Biochar dosage Urease activity Dehydrogenase activity Invertase activity
0(CK) 0.02040.003 b 0.003 340.001 0 a 0.23£0.07 b

0.1 0.02240.001 ab 0.003 840.000 8 a 0.33+0.08 ab
0.5 0.02240.004 b 0.001 640.001 0 b 0.487+0.20 a

1 0.023740. 004 ab 0.001 240.000 2 b 0.38£0.10 ab

2 0.02740.003 a 0.001 240.0001 b 0.36+0.02 ab
3 0.02340.002 ab 0.001 640.0004 b 0.46+0.02 a
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Table 4 Correlations between agronomic traits of flue-cured tobacco and soil physical and

chemical properties as well as enzyme activities

_ " .. R e e [~ - YN 3al
i b5 fik eK g AB gy TTHC O BRE R R IR
pH S . . Dehydrog Leaf Stem Maximum
Index Organic C Total N Available K Invertase
enase number length leaf area
pH 1
ﬁHLﬁ?)“z < 0.546 5** 1
Organic C
Total N 0.796 8 0.609 9 1
AL B e *x £ S
Available K 0.750 4 0.577 3 0.957 5 1
Dehydrogen- —0.400 8 —0.557 3* —0.453 2 —0.442 7 1
ase
g
A il 0.183 5 0.281 6 0.446 1 0.404 6 —0.242 8 1
Invertase
R 0.327 5 0. 458 6 0.609 5"~ 0. 65 —0.478 8~ 0.440 1 1
Leaf number
i —0.030 4 0.004 4 0.169 5 0.209 0 0.100 7 0.105 4 0.237 6 1
Stem length
I P NLTIE
Maximum 0.549 2"~ 0.708 0" * 0.664 1*" 0.742 5" ** —0.563 9" 0.139 0 0.568 6~ —0.0314 1
leaf area
M E T B A
Aboveground 0.399 8 0.501 7* 0.503 3* 0.578 1** —0.5911** 0.5064* 0.7701*** 0.2535 0.6323""
dry weight

Hoex ox % x % x 2RI FIRAE P<<0. 05, P<C0. 01, P<C0. 001 7K1 Xk B 3% .

Note: *, % %,
3 ¥
3.1 EMBRERHNEAMNBEREARZERETRERN
&

R B K 4T DS A AR S T IR U b S e
R S BSR4 R R N B RS AE D
oG it FE A AT R 2R . T VR BE 5T
FWT B 7 A= W o e A0 i S B 1= (pH 7. 48) 4
PRATIA A A AR AR 3E T 15 005 I AR K. AR5
RIS U0 0 4y B3 060 1 A W I ik B B A AR
T 08 A 20T AR o 1 s v 99 08 et g e O P D AR
DA B ATAR 0 09 R 0 o i T AR, AR S Y
MR SR AF A B FH /& O 1,10, 50 t/hm?

and % x % represent significant correlations at P<Z0. 05, P<C0.01,and P<C0. 001, respectively.

Bf, L T HE (pH 6. 84) LI IHM R T it M
AT R M R T R X S AR R A 2 B AR
) IR T V) it D 398 0T 9 A L i R LT R R, HL
AR 3 26 A 40y S5 e ALk B B R R K o TR X RS Y
WHIE R Y E Y R & 3 000~3 750 kg/hm®
W AT RE R S i T B 2. X AT AR S ik -
) AR T 5T L 2B W B R 1 R IO B AR ST 1 o A
JEAR RN SR SR R A Y A BRI I A O o BT
FeW, AR A b | T o S R AL L 2R
T FURE W O M S OE A5G O6 R (P<C0..05),
55 RO R R IR A DG & R (P<C0. 01D, i
55 058 SO P R R G O R (P<C0. 01), A]
ST rh T R A LR A A Y
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1]

8 pH 5 3SR A o DA O A
W) I3 e 1) i P 78 S 2 B R R pHERY L AR BIE Y
B8 AL 5 LRI 2 Y00 3 Y6 Ak ST A A B I S 4
T 4 pH {H L B H A A= Py 5T e A B 2 [ A
EPE2E S U B A R B B IR 5 0 R
B FEXE BH B 1 R B A ) S DA A M 1 S -k
T84 W B 4 s AT AR W o 1 R o S B — o R
WA RE R M R pH ™ . S XTI, A )
e Tt P B T A ML 0 L P AR W T
FHE R 106~ 3% 14 B 4 86 MLk & & W35 1
T 381. 0% ~302. 3%, X 5§ A M BF 55 45 B —
O I IR R A WU S R
A= A it P O T R K. AR R R
1%~ 300 M Ak B, 58 4 50 & 2 43 50l xR g 2 1
10, 4% ~41. 7% , 3 AT GE A% R AR 0 SR AR B
ARFEMERAY R (2R TR 10.7 g/kg), 55Xt
HEAF L & it FH A 0 0 5 - 98 4 B e B R 8 L
FLAE W 0k D 3 06 11 Ak 3 A 9 4 B 0 i O
Ko XHERE MU Ras R TR 54D
T R T A A i (26. 3 g/kg) K. YT A
A5 W R MRS TR it A S T AR I 4
R = QR0 e w3 o 07 7 = B a1 RS R S
FHFE S XA RE T AW T R A B W IR DA B AR
Yy R T

A FE 50 BEORE Ll it AR 5 B i T AR
B - A S RN B A R A L K 5 R L ST i
FELER B, WD B S & B B A
7l R 3 S s ROR Y R T RS R
IR A 31X 5 A 9 445 SR — 0, L v A= 4 e P
20 m A PR AS A A R R B R Rl
0.5 AL FREL SR & i fe i . AW BEE B
Jo A% Jiti D A 484 s b 3 A B A R S B T
15 PR ATG 1 e 3, A= T e i Sl 206 1 A PR B
RSO S R R . 3X AT RE SR DR AR R 1 AR ) T e
Titi, A AT 9 = AT A5CR P bR R [ S R R A
S B AR A5 b A R S R 5 i
St 14 A 0 S5 it FH A A R B S b g B R AR O
DRI 5 35 M 5l & R AR . ARBIE S L it
AT e BN T S S AR 0 AL X S T B
FEAE R B X A Y R R AL S —

SE AR ES T LR AT DA - S R
3.3 AEYMRxHERAXNERIRE LIEBEENE
1]

AHIEFE s A2 ) 5 A R 2 % 1 b B kIR
A L AR I - S8 JOR I R T 35 04, T H A 4k B
X R H IR R e 2 L X S R A D B O
giR 3. mEeY s R R Y R
(4 500 kg/hm?) [} ] BB ] 4 S IRl 005 14 . A 5T
Fh it FH AR 5 R (R ol 0.1 %0 19 A W I % Ak BRI
A AR T 1 B8 AU (1975 . 3% 5 Oleszezuk 80
I ST 25 A B o A= I e L i Ry 0.5 %6 il 306 1)
Aab P I BT R A TS T X 5 ke gk A i F
FEEE T — B 0 HR O RS WE 58N e AR ) TR
D AE S5 T PR X TR RS PR O T W e, DL 2
RTLVE B, B ETOC T A W 5 o A S IS M 1
We) 25 B 22 55 T BE 5 A W T i A B 14 1 J5T A it T
A 1 g HR AR M B N B AR Z T AT 0
Fift SR A 5
3.4 EHEMEDREREMRRKHARS

FENE R 75 00 & w i R RCER (B SR o e — L K
Wit Pk 2 3 3 L SR Oy R A A AR A IE TR
[ TR )2 A I AR = il N ) e (=
IR A HUIE & & A HLS R 5 3R 4 A
SRy — R B 1Y 3 e BRI RR ISR g T RIS L R
4 A bt A ALAE AT LSS i - R A
i3t - 8 G B AR M ST EOR ) A LR 1 3
HAE PR A P AR MESR AR . J) AN A BUIE s Ve LA
28 MR Z AR AR R E &R 15 e il A A
2 J5 TR 23 Bl KR I W e T AR )
PRIt G ML AE 75 A eb i i P 52 3 T — o 1 R
AR RPN EFR TR TE.BRCIERS
A NLP.K,Ca, Mg 1 & & 55 &, it F 21 48 H
HoR] DLy R A KR SRR B IR B, 53 Ah
PP E S B LA —ENERT R
WEFE TR 3 %0 B A T e I+ ol AR A R 4 Y
FMA PR 2R 2B 2 0 AR AR
AR S oy 6 14. 7 g/kg 0. 32 g/kg.0. 06
g/kg.0.79 g/kg.2. 7 mg/kg.0. 026 mg/kg.13. 9
mg/kg, A LLF 1AW BT e 04 it T — 5 T i ke 1A
HA e WL & B m K A BUOR L 55 AR 4 e A
ek T A EEAE N, HREH TR
YRR pH MEA0. DB E. KPIKEIHS
S - pH {E, T 4% pH fH 5. 0~7. 0 S M H Y
WHARKEE . pH H>7. 0, 502 & B - 5 i
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RS TR I A A P i A B N % R )
Ao TR Rl A 0 TR 3 AT A — R B R 8
I 6 it 2 B 2R R R S 1 R R T IR iE
TEAE G T DG A it P Ao R v s o A A R
(9 3 5 55 O AR W o e 2y ARCAR ol =S TR K a2
AR A X A g X R A ) O A A T R A B
f14 I

4 45 ®
it A2 0 5 e AN AN B3 T 9% A A A 300 R - Y

A AEAR T HL A R T A 8 T A TR R e S P
R LA R Rl 3 YO AR A .
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