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Effects of Biochar and Lime on Soil Physicochemical Properties and Tobacco Seedling Growth in Red Soil
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Abstract: Red soil, mainly found in the southern China, is developed in a warm, moist climate. The main property of the soils is strong acidi—
ty, aluminum toxicity, and low available nutrients. In this study, different effects of biochar and lime on soil physicochemical properties and
tobacco growth were determined in red soil, so as to provide a scientific foundation for soil improvement tobacco field. A pot experiment was
designed and conducted at four biochar levels(0, 0.5%, 1%, 2% ) and normal lime level (0.3% ) to study effects of two different soil amend—
ments on red soil pH, exchangeable aluminum ( Exc—Al) and exchangeable manganese (Exc—Mn ), available nutrients and organic carbon
(SOC). Meanwhile, agronomic traits, biomass and leaves elements of tobacco were also tested. Results showed that the agronomic characters

and biomass of tobacco seedling had changed effectively after biochar or lime was added. Under 0.5%, 1% biochar treatment, the content of
nitrogen (N ), phosphorus (P), potassium (K ), calcium(Ca) and magnesium(Mg) in tobacco leaves substantially raised. However, when 2%
biochar was applied, leaves N content declined by 9.3%. Compared with the control, leaves N, P and Ca content increased observably in the

lime treatment. However, its K and Mg content decreased by 9.0% and 13.3% respectively. Alkaline nitrogen (SAN ), available phosphorus
(SAP), available potassium (SAK), and exchangeable calcium (Exc—Ca) and exchangeable magnesium (Exc—Mg) were improved obvious—
ly in soil applied with biochar. Only the content of Exc—Ca was significantly increased in lime treatment. In addition, it was beneficial to im—
prove soil pH and reduce soil Exc—Al when biochar or lime had been used. Thus, both biochar and lime are propitious to increase soil pH val-
ue, lessen soil Exc—Al content, and improve the growth of tobacco seedling. Furthermore, biochar application also can raise the content of
available nutrient and SOC in red soil.

Keywords: biochar; lime; red soil; tobacco; soil properties

Y55 B #1:2015-06-19

EEWA At ATl (Rl BHIFE 55t H (201303095)

EERIT R Wy, 35 AR BH N BT A, NSRBI 43 B 5L i R T BB SE . E-mail: zhupanss@foxmail.com
*BIEEE /P> E-mail: jec2000@mail.hzau.edu.cn

— 590 — http://www.aed.org.cn



A WA AR BRI RN LT I 5T R A A S e 1 2

2015&F 12 B

HA B TR [ 2 B IR VTP SR LT Y —Fh R
BLLTAEY) ARG T & A1, pH {E
i SRR &5 BT R o A ALK & 1A, PR AL
HERE AR WK BRNA KR R ILREE
i 3 pH A THBRXHEYI A E AR R T, DGR
YA KT RS B R, A Bt A Ak T AR
VEVIAR 22 AR RO G 7 i HAT — 2 B3R
R s o it FH A P ] e S - MR &5, i il 1
e B A SR IR S BUEYE

AWy e AR NEDIREFT AN S 5% 455 A 1 I
FEBA ST T =M, HA ki il ik 40%~75%", H.
B RGE 5 A5, AT e 3 I RS i HILs
JEE K R LAJE RERS 1A - 96 AR ) — B 437 it
AW it A R T 3 K P Ca Ml Mg S8 Jii F74)
B, B4R AE e 2T 3 v it AR e (i -3 NP
K EF:0 BSOS S i BT, Major S5 %
B, it AP ) A RES Ca il Mg 5 5L H i
Hn. BT A R IRIRER L K& ~COO-F1-0-55
AHLUE RRIAIARRE S L3 rh HAAH BAE ™, H L, Efg
gt 1 pH (AR R S it . J34h, AW
SRR IEAEY)HE R CR A, AR e v BA A Bl
INFEFNE NUSEVEY) e R B B iR S AR . B
B, A OAEIR I LT e AR A K A ST AR b
AR I 1 0 AR W i 55 A B R R A K e 2T B
FEPEFE M 25 5, B APl K 3R HLE] N
L PR LS I

1 #MREFE

L1 5G4t

UL H VP4, H IR PRy - pH 4.55,
TR 26.6 mg kg™, HEALHE 0.8 mg kg™, Bl fiFE AL 20.1
mg - kg™ FIA PR 1 3.4 kg™, 28 k45 (Exc—Ca)
50.0 mg- kg™, At (Fxe-Mg)10.1 mg-kg™, 58t
#7 (Exc—A1)453.2 mg kg™, A1k 4% (Exe =Mn )0.65
mg-kgo MHFRN Tl AR RO R E B AR B AR

TE 400 CHAF T LIEA el s i e Wy, Hotk
J5i:pH 8.49,%((N)18.8 g-kg™, B (P)2.5 g- kg™, A (K)
8.5¢-ke™, #5 (Ca)2.2 g ke, B (Mg)l.1 g-kg, 4k
(Mn)6.7 mg-kg™, 4/ (TC)400.9 g- kg™,
1.2 {5t

AR IG LA A R RN EA T, IE T 4
AW 2 (0.0.5% 1% 2% ) F 1 A58 B A1 K
FiE (AL S A ekl 5E :0.3% ), 34 5 AN B CK(0) |

http://www.aed.org.cn

C0.5(0.5% ) .C1(1%) .C2(2% ) F11 S(0.3% A1 %), T4~
AhHEE S 4 Yk, 3820 . BAL 1.5 kg 3 AL
0.21 ¢ KH,PO,,0.15 g KNOs,0.35 ¢ Ca(NOs)»,0.37 g
MgSO,-7TH,0, 5+ 48R 5] . 2014 4 6 F 13 HAE7LH
&R 20 KL AHEFD T, & 2FE AT SRIE A, 25 d )5
R 1R RS R AR, S8 5 595 50 d
Wik
1.3 #H#mmilE

RIS, I AR AR 2Rtk AR (), AR5
RAE KCFRANGRAF AL A S 135 QIRGR IR I )R
Ao IERESNINGE K A B 2.5:1 P %E pH {H ; AR IR
PRSI A LR (SOC) 5 BLAR i I 7 T
(SAN) ; HEHHT LU CTE I AU (SAP) 5 KRR 1
N TSR (SAKD) 5 B33 b il 58 S B4R (Exc—
A 5 JEFW S A PR 0 A B 45 se 4 28
lE4f (Exc—Ca, Exc-Mg, Exc—Mn) , AR 5 (4580
F)ME - BILECE AE N E AN s SHBR B bE e
B (P) 5 KGRI 2 4 (KO 5 BT IR A e e B vk
M 5E 58 (Ca, Mg).
1.4 HIBSH

K Excel 2010 4 7404E 3 3, SPSS 20 k47 B
#2200, AlRAE B2 18] 2 5 H K A Duncan
BE W Ik SRR 4t t K6 (P<0.05),

2 ERE5SH

2.1 ARAMEIREEYENRE KRR

HTPEL 1 AT T, 6 HE Ak T F) 2188 0 i A i A IR
SR o it AR BT KIS JR B AR ROIR DA
PR AGE , AW ORI EESE T o M A A 4
A=W 5 PR B SIS 1A K (S ) Ak B H R i £
AW T CLARBEAN C2 AP (0]

it A= ) B R DS, A AR oo 25 B R
ERFNUNTTEAV LA R S §E R I F N NG RN Xl &

CK Co.5 C1 c2 So

B | A E A X A 5 e A A K R
Figure 1 Effects of different treatments on growth of

tobacco seedlings
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Figure 2 Effects of different treatments on soil pH
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Figure 3 Effects of different treatments on soil organic carbon
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Table 1 Effects of different treatments on biomass and agronomic characters of tobacco seedlings

Qb3 AW M il ORI BRI M H RO L
Treatment Biomass/g Plant height/cm  Stem diameter/mm  Max—pitch/cm  Max-leaf area/cm? Leaf number R/S
CK 0.22+0.03e 0.25+0.05d 1.32+0.05d — 1.92+0.02¢ 4.00+0.00d 0.09+0.01d
C0.5 6.80+0.62d 2.85£0.52¢d 4.1920.18¢ 0.90+0.14d 40.19+0.92d 10.25+0.50¢ 0.14+0.01a
Cl 12.82+1.11c 6.50£0.71¢ 4.6120.19¢ 1.48+0.17¢ 67.00+0.42¢ 11.00+£0.00¢ 0.12+0.01b
c2 47.73+2.89a 29.60+3.66a 7.65+0.20a 4.55+0.37a 125.93+0.81a 13.50+£0.58a 0.11+£0.01¢
S 30.16+7.53b 23.15+4.20b 6.15+0.54b 3.45+0.76b 98.44+0.12b 11.75+0.96b 0.11+0.01¢
R NE PR A AA S 2 22 57 (P<0.05) . Al
Note: Different letters in the table show significant difference (P<0.05). The same below.
®2 AEGEMNBEREEHM RS EEHNTIN
Table 2 Effects of different treatments on N, P, K, Ca and Mg contents in leaves of tobacco seedlings
AbFE Treatment A N/% T P/% 1 K/% #E Ca/% £k Mg/%
CK 3.23+0.15b 0.43+0.03¢ 2.31£0.07d 0.79+0.02d 0.30+0.03d
C0.5 3.59+0.39a 0.55+0.02b 3.16+0.34b 1.3920.03¢ 0.48+0.02b
Cl1 3.80+0.38a 0.66+0.03a 4.50£0.45a 1.50+0.03¢ 0.53+£0.03a
Cc2 2.93+0.12¢ 0.42+0.04¢ 2.61+0.25¢ 1.70+0.05b 0.41+0.04¢
S 3.77+0.13a 0.47+0.02¢ 1.87+0.18e 3.14£0.15a 0.26+0.03¢

— 592 — http://www.aed.org.cn



A Wy, AR IR Z LS PR 5 e 0 B v 31 A KSR Y 2 5

2015&F 12 B

CTERMA AR 1 S e ey, LB o v A5 SR
B Hidr,C0.5,C1 A1 C2 ZhBRLT IR A HLEK 5 74331
I CK A FREE RS T 65.1% .165.1%F1 355.8%
25 AEEN TIEFS S EMFM

Jite A 0 e Ay O T3 5 o i LA AR R
S (e 3) o ST RRARFRAH HE , A7 B A B ) 355 46
PR 1 R HG I, Bl R0 AR A A R B Y
W45 R R 18.1% (48.6%F11 15.4% ., 3% 3 B, AW
RN Z , -0 R TSR . L
Hh, C2 Kb B APl i R SRR | S P A A S M B
sl e CK AR = T 8.8% .44.3% .553.3% Fl1
277.3%.
2.6 FEIAIERT TSRS 2

A 1 R RN 21 S AE B Pk A A AR AL Py s e (4]
4) ARG LU i A B v B O ORI T B
FLRRBRTT 35 66.5% . it F /b5 A= 4 e (CO.5 b2 ) {f B
A WO AR LT3 A S e 40 5 i, HLAE W e FH ik
ZACRA i o, C2 AbFRAN S b BEXREARLT HEAS
Perb4n SRR . /S R, A AL It
ST A I MR 1 1 B AN (] o it FH A KT AT - 8
A S A o e P LRSS PR B A R . R, PR A
W) e o T BN LTS S Pk 4 B 1 in  F, C0.5.C1
FC2 Ab P - 48 A2 M MR B i 4 i b CK 3 m T
42.0% .231.9%F1 323.2% . [K i , 7 it FA A= ) 75 i s 22

600 |
500 b
Z 400 |
=19) |
£
o 300 ¢
# 200 + e - d d
100 |
) S N PO U NS NN NNUNS SN SSNPIS N
CK €05 cl 2 S

4 AEALERS T R & BRI
Figure 4 Effects of different treatments on soil

exchangeable aluminum
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Table 3 Effects of different treatments on soil nutrient contents

4bFE Treatment  BRfF SAN/mg-kg” B SAP/mg-kg™ M SAK/mg-kg”  SSHtE4S Exc—Caimg kg™ 284k Exc-Mg/mg kg™
CK 19.31.0b 7.9+0.2d 107.043 8¢ 65.2+5.6¢ 26.0+2.0d
€0.5 19.7+1.7b 8.9+0.2¢ 129.0+3.8b 166.5+7.0d 46.5+1.7c
C1 21.0+1.8a 10.1£0.3b 139.0+3.8a 237.0£10.0c 70.0+1.7b
c2 21.9+1.4a 11.420.5a 94.0+3.8d 414.2+5.4h 98.120.3a
S 15.8+1.0c 7.720.2d 55.021.0e 745.2+38.6a 22.0+1.2¢
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