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Table 1 Composition determination of straw charcoal, husk charcoal and charcoal
A E/ A/ R/ PRAL B/
G/ BN - (mg/kg) (mg/kg) (mg/kg) (mg/ke) BC/% BN/% C/N
Biochar type P Nitrate Ammonium Available Available Total C Total N A
nitrogen nitrogen potassium phosphorus
A Charcoal 9.81 27.45 0.76 549.00 206.65 74.28 0.54 133.91
4 5e 5% Husk charcoal 9.58 34.22 0.83 673.00 252.75 50.82 0.54 93.57
F&FF 4% Straw charcoal 9.42 33.88 0.86 673.00 262.21 47.14 0.74 63.54
2 dRLE BHMREFRAE k2 M (Smart Chem200) il 22 .
Table 2 Test number, fertilizer and 1.3 ﬁ*&ﬁ*ﬁ
straw charcoal dosage w N -
JIF A B Ge it 53 R SPSS 19.0 B FF1 Ex-
A/ HFew/ FEFFmR/ ) e
b H (g/#)  (t/hm?) (t/hm?) (:';fu‘i) cel 2016 3217
m?
Treatment Composite  Husk Straw o
fertilizer charcoal charcoal Charcoal 2 g:é': % 5 ﬁ *ﬁ
AHEAE No fertilization — s o b B 2E %
N 21 AEMMEEYRANKEESRIEHN
CKULE A AL
B2/
Compound fertilizer only) 10 = [Il'n]
F5FF % Straw charcoal 10 5 ﬂﬂ%iz 3 FJ?ZT_\‘ 7Eﬁﬁﬁ$§*¥ﬁ&@%ﬁﬁi jJ”7J( %‘a
FEFF % Straw charcoal 10 10 *ﬂi%ﬂ"]’ﬁzﬁﬁ ,1ﬂﬁ‘@}zﬁ 20 t/hmzﬂ(ﬁﬁ%%}?ﬁu[ﬂKﬁ
F5FFH Straw charcoal 10 20 2O 40 t /hm® A H PR3 . 4> BE i
fE#F 5 Straw charcoal 10 40 5~40 t/hm? FEFF 5% . 20~ 40 t/hm?® 455 5 b 3 1 Bk
7 5e s Husk ch 1 10 20 ey e . —
T T e A R T CKL 5% B #oM 6], B A7 il AT o ik
#5¢ % Husk charcoal 10 40 e . e
. PHR i 2 T IR R B R KO . B it
A# Charcoal 10 20
> = | e Y B
D o o PRS2 5 AT S B R A

43 AR 43 BE R ) | 57 RN | Al YT R A AR Lo
BE T4 5 A S SR . MOk A ERRE 12 B
FEKRE 2 R 7= . KRB ICR i B 4 7 DA Ak £ 3%
T [7) T B 10 em (9 1 BE, KBS 40, 40 ) % Fe ok &
TR ST SR 4 4 B, b 14 pH AT EC
B 5E Rl METTLER pH 3 f 4 0 i + 528 42
WOKE TR 5+ 1, -850 P & & 0 e ok &
BRI A L, S A I E R 2 mol/L
KCl 2 $2-H B i b ik, 39 ms A8 2 & 2 e R
Py e R L o0, S Akl A U SR A Bt
Pl 3 o - B O B B T SR T KOG
L R AR AR K IR A e R4 A

20 t/hm® F5FF 5 (14 38 155 1 F B W 2

A ) R 43 BB 5 ) 55 KT R v Y R e 25 4B
FEFF e A Fe AR B AT W nfER . 5 CK A
FLAE 43 BE M 2 5 Rl A0 o O B L R T 0 RN AR 5 Ok
FEXTHRK ARG 2 1~2 40 BE . SURI L RS Ak 547
FERARAFHEINAEF L E 40 t/hm? A 2% WA AR 5> BE
(ORI

Jiti {1 — & & A= W) A 4 s K AF e SPAD
EME (£ 3 )., 5 CK A%, it 1R FF 5
P E SPAD {8, LA 20 t/hm? B 35 3 & K {4 .
4 58 B Ak P A BB 7 w5 SPAD i, {H K B Ab B &
X SPAD fii .
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Table 3 Effects of different types of biomass charcoal on rice at different stages
. Sy BEW) Tillering FF L Full-heading W] Maturity
15 it F A/
S WhmD - pem  AuEEC o Wili/em SR Hiifem A
Application Height Tillers h Height Tillers h Height Tillers
AN it e
\H,&]‘, . 72.3g 3e 38.5d 96.2e 3f 38.5d 92.9e de
No fertilization
CKULE AR
. {XE,E,‘H 74.0ef 4d 39.1cd 97.4d 4ed 43.7bc 97.1cd 6bc
Compound fertilizer only)
5 76.5d 5b 41.0be 97.6d ded 45.1ab 98.6bc 6ab
5 5 C
R 5 10 77.2cd 5b 41.5abc 101.0c¢ 5b 45.3ab 99.0b 6cd
Straw charcoal 20 85.0a 6a 43.4a 106.2a 6a 46.6a 102.0a 7ab
40 78.2bc 5b 41.8abc 101.6bc 5b 45.7ab 99.7b 6ab
RT3 20 78.5b 5b 41.8abe 102.0be 6a 16.3a 99.7h 7ab
Husk charcoal 40 79.0b 5b 42.6ab 103.2b 6a 46.6a 99.8b Ta
A # Charcoal 20 74.2e 4d 40.5¢d 97.6d ded 44.6abc 98.5bc 6abc
40 73.0fg 4d 38.5d 96.8¢ ded 42.2¢ 97.0d 5d
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T FF AR FL 8, DLRS AR 6 20 t/hm® &b 3089 ot 8 3 d%
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Table 4 Effects of different types of biomass charcoal on rice yield

e W/ SrEEM/ O SRR/ B/
(t/hm?) (g/™ g/ (g/ ¥
Treatment L. . . . .
Application Tillering Full-heading Maturity
Z:EEHE . 2.23f 8.82f 12.19g
No fertilization
CKUX & &L
Compound 2.45e 12.41de 19.96¢
fertilizer only)
5 3.37¢ 14.27d 23.32cd
T T ¢ 10 3.4bc 14.70¢ 25.45¢
Straw charcoal 20 3.79a 17.25a 30.23a
40 3.46b 14.74bc 26.40bc
BrEmk 20 3.61b 15.16bc 27.84b
Husk charcoal 40 3.69b 16.11ab  28.59ab
20 2.79d 13.18d 22.45d
A% Charcoal 7
40 2.30e 11.13e 17.53f

MR R it FH Ol 20 t/hm?® B, 7 43 BE B L R

W ER KA R, AR 40 ¢/hm® %
AR ¥ o 2 ) e L I AR U K B 2Ok,
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EFAERE R T W o e 4R i i L 7R SRR S
JRCEAIU) DUJ 3% AP 25 o i L, B AR BT i L,

SEEWIKFZEM Ba b 2 A 12 1 A4 i
Yype gt 1 & b E AR W, Hoh 20 t/hm’
FiFF AN 40 t/hm® A g By it 5T & b B e 43 ol 3k )
53.03% 1 53.04% .
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42.88%0.72.55% ,43.92% , LA & 20 t/hm’ j= &
BE AR R 20,40 t/hm?® I 7 5 84 05 43 59 K
48.37%6.60.52% , 20 t/hm® AR sk jiti H & F 7~ i 3
Jim20.00% . {H 40 t/hm® A # il FH & F 77 5 9 2>
15.16 %,
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Table 5 Effects of different types of biomass charcoal on dry matter distribution of rice at different stages %
—_ SrEEW] Tillering F# Full-heading JE] Maturity
SR
b 3 (t/hm?) EEL HRET EE L MR EREE EE W MR s
Treatment Application Percentage Percentage  Percentage Percentage Percentage  Percentage Percentage Percentage
pphes of stems of leaves of stems of leaves  of spikes of stems of leaves  of spikes
Z:ﬁ&HE . 50.67a 49.32e 55.44a 29.25e 15.31e 52.58a 3.12f 44.3d
No fertilization
CKULEZ AL
Compound 47.34bc 52.65bc 51.73c 33.92b 14.341 48.14b 5.18d 46.6¢
fertilizer only)
5 47.18¢ 52.81b 54.03ab 35.80a 17.71a 45.02d 5.28e 49.7a
FEFF 9 10 47.35bc 52.64bc 50.82cd  32.79ab 16.39be 45.57¢ 5.18d 49.1ab
Straw charcoal 20 46.96d 53.03a 54.14a 30.55d 15.30e 43.991 6.22b 49.6a
40 47.39bc 52.60c¢ 50.75cd 32.77ab 16.49ab 45.83cd 5.64c 48.1b
HFEH 20 48.19¢ 51.80d 51.91c¢ 31.93cd 16.16¢ 44 .54e 6.41a 48.9ab
Husk charcoal 40 47.15¢ 52.84b 53.57b 30.42d 16.01c 45.12ef 6.65a 48.1b
A% Ch | 20 46.95d 53.04a 51.21c¢ 32.55bc 16.24bc 45.87¢ 4.81e 48.9ab
c nareon 10 49.13ab  50.86de 48.70¢  35.76ab 15.54d 14.72de 5.64c 19.6a
F6 FAEMELYWRRKBIFH=BOZM 2.4  N[E A Bk X K AR IR 4 B9 22 I
Table 6 Effects of different types of biomass i%ﬁ@ﬁﬁx ﬁ?@ﬂﬁi%ﬁﬁXﬂ‘ﬂ( *ﬁ ﬁ:*ﬁ%ﬁé\
charcoal on rice grain yield
gy BURTE . Wk 7 FiR. 5 CK AR i 10,20
= g =y < 1 K >
ﬁiﬂ Eﬁfﬁfﬁ/ *f*‘i?ﬂi/ l‘l&%}i*ﬂ%& t/hm ?*%?ﬁ%ﬂ 20 40 t/hmf) N ?j% ﬁi‘ j]l] 7"%*_1‘
Treat . (t/hm?) (g/# Harvest
reatmen — > N O =N
catme Application Grain yield index 32& \6577% \@&*ﬁg E‘ o E‘Ji%“ » A% ':P 20 t/hm’ %4‘: *}A‘
R 1o o BV SHLE AR 40 Chm® A SR
No fertilization ’ ’ N | A N .
Bl B R AR 1 o 25 S AR B S K 5 TR e Ak B
CK 245 5
Ve i ‘ AR T R PRIt P 5 UK K A K R
Compound 7.65¢ 0.38e
AN =X
fertilizer only) *i?%ﬁ i
. 9 63 0.41d 25 AEMEEYRZILEFSHEN
- 10 10.95¢ 0.43b W 8 T LU i i R 548 55 5 B 8
3 20 13.20 0.44 ~
Straw charcoal 0 o 01; . 123 Y SR BB L RVBR L R L R | A
4 . ALc
SF e LMY pH R EC (8. f2 5 A B
BFEH 20 11.35b 0.41d ) . : o e
Husk charcoal 40 12.28b 0.43b }ﬁlﬁ’ﬂibﬂ 5 CK #H It 9ﬁ@j]|]7ki)% bﬁ]zjﬁlil%j:i%% pH
7'(74}4( 20 9.18d O.4ld {E j('ﬁmri*j]ﬂj:iﬁéﬂﬁﬁ\b\E'\ﬁﬁwu%qaE’J iﬂlﬁ
Charcoal 40 6.49f 0.43b BUT 7 i, (H R AR B A R A S G SR BT A
KT AEAMEREYRRNKBIFHNEFTENZN
Table 7 Effects of different kinds of biomass charcoal on nutrient elements in rice grains g/kg
b H it A it/ (t/hm?) R W LS s A A E
Treatment Application Nitrogen content Phosphorus content ~ Potassium content Content of crude protein
ANJiti B No fertilization 15.37e 3.35de 22.33¢ 91.45e
K 24H
. ¢ W‘Eﬁ‘ & 16.96bc 3.79b 23.75b 100.91be
Compound fertilizer only)
5 17.24b 3.69bc 23.96b 102.58b
10 17.36b 3.72b 24.04ab 103.29b
WA S h al ’ ’ ’ ’
FAAFIR Straw charcoa 20 19.81a 3.78b 24.44ab 117.87a
40 16.43d 3.69bc 21.68d 97.76d
20 17.29b 3.77b 23.55b 102.88b
4 5% Husk charcoal
o8 Husk charcoa 10 18.89ab 4.25a 24.69a 112.40ab
20 14.65f 3.58¢ 21.49d 87.171

% Charcoal
VN3 arcoa 10 13.45¢ 3.42d 20.61e 80.03g
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Table 8 Effects of biochar species on mineral elements in soil

Qb PR it 4/ (¢/hm?) B/ (mg/kg) B/ (mg/kg) B/ (mg/kg) FHL/ (g/kg)
Treatment Application Total N Total P Total K O.M.
AE At No fertilization 0.25g 0.50d 41.09e 13.29f1
CK( A
. s 0.29f 0.54cd 44.86d 26.88¢f
Compound fertilizer only)
5 0.34e 0.56bc 45.22d 27.02e
FEAF 5 Straw charcoal 10 0.42d 0.57bc 46.68¢ 32.76d
20 0.47¢ 0.59b 47.09bc 33.50d
40 0.65a 0.68a 49.03ab 56.64a
20 0.43d 0.58b 46.85 37.20b
#5¢ % Husk charcoal ¢ ¢ ¢
40 0.65a 0.64a 48.45b 40.54¢
20 0.54F 0.59b 49.74ab 32.98d
A Charcoal P a
40 0.68a 0.65a 51.43a 47.22b

3 b AR Wy i Wit e R O S 2 R e B B
RV VB i DUE RS AT A 40 o/ hm® 5 6
mK.

9 T LA Y, BEAS AT 5 A0 A% 58 i A 1Y)

M

i 9.34%.22.28 % ,14.10% .8.59 % , ik B i F /K F .
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B (R 8) L M H R 43 2 1 AV B AR I 2 iy TR
¢ kit FH A - 98 v A BB 1 R W B AE o

BT - SR Ay S, R A e ¢ 40
t/him® b B B A R A A AL R A s
FHFERT % 40 t/hm® b B F¢) 3 2080 3% & f s [ CK
B 28.49 0% o it JHA i 5 — R o AR b e
WAL EB ] 40 ¢/hm” &N, L1
B A A A A RO L R ol e CKORE

SR T 325 Y

it A 9 ¢ 4 e £ 48 pHL R, KUK 3R 38 pH
EAPE TR R . 3 ol AR W o 141 ELA Tt it P 2 486 i
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Table 9 Effects of biochar species on properties of soil
1k 3 MM/ SR/ (mg/ke) &R/ B/ (mg/kg) AR EC/
= (t/hm?) Ammonium (mg/kg) Available (mg/kg) pH
Treatment L . . X . X (mS/cm)
Application nitrogen Nitrate nitrogen phosphorus Available potassium
i

Z:MEH R 6.54h 4.41¢g 23.91e 110.96g 5.85d 91.63h

No fertilization

CKUXE &
. W\E,Efﬂ 7711 6.06f 44.27¢ 156.64¢ 5.99¢  100.92g

Compound fertilizer only)

5 7.81e 6.611 44.89¢ 158.75e 6.04c 132.32¢
A 10 8.35d 6.72e 47.60b 172.00d 6.14b 139.12b
Straw charcoal 20 10.41c 7.04d 48.79b 174.32d 6.15b  142.20a
40 10.59b 9.28b 56.78a 201.27a 6.19b 142.87a
BT 20 10.55b 8.64c 50.04b 180.31c¢ 6.04c 103.78¢g
Husk charcoal 40 11.25a 10.50a 57.86a 194.49b 6.13b  114.10f
20 7.59 5.94f 43.76¢ 155.16e 6.294 116.97¢
A Charcoal o8 ¢ 0.ne @ ¢
40 6.99h 4.71g 38.03d 143.18f 6.32a 125.45d

GER—F RERT R TR B E AT 4T 1400,
50.82 %0 BUAT HL Bk . 3 2 it JH AT 42 v b A AL BT
s [ 3 A W 2 2 B o pHLL AR
R X T IR e R R IE R B AR
ARWFFTIRFR W] AR R PR I T75 35 69 3 Fh A= W) Jot

3 it i

S v A= e n] i B A BILS JEHLAR
PEHEAR A AR T A5 R R — i v R P e A
W o A BE I - S ) SRR R AR XS R T
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F&H AR [R) 2B 0 o 1 3 B FH A 25 5. TRt
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W >R FF 5> AR 5 R .20t/ hom® 7% FF 5¢ i 1 & F
IKAE I 7= i X T4 58 sk 40 «/hm’ Jiti B i T K R
7, AR B AE S e B AT AR BR RN
B AR Y R AR A PR A (E B 2 it P B (]

MY IE A, B P OR S BAr Y Rk, 2 AR RS
A 9 I %ot 7 B 1) R MR AR AT 0

5 b R AR R A K S e ), D
e RS A R A e s N A RS FE R .
I SR REFF A I E B & i 5 R ST R AR Y L ILC/N
FU S AIG 38 24 FH R 4 1 T I B =i ek
VB AR 92 738 U5 o i FF A 40 o 7 38 37 B 3 45 5 L
HAT R &4

AR T VR BRI A A S T R
P T 25 B A HLRR E 5% L TR A e 2 AR O, A
SR 114 W R B 7 B R R R R AR R AR K S
T HEREE . 3 A AR W B A AE — Y B DY BE A 2 K
e T4 AR BRI 0 B DARS R R AU B 4F, 5 ot
WK Z A2 FEFF AR &R 20 t/hm” i+
Yy Jo 65 > o 3K B B s A8 S8 it A 5O 40 t/hm”
Ik R A, AR W B B CK 278 43.24 %, o 48
60.52 % s A B 4K 20 ¢/ hm’ FHE A& 5
TEOVE R EME B HE S 40 ¢/ hm? B0 B G R AIR . 3E
St it FH A 0 5 BB 1 - 38 b RO A R R A B
O FR A i, DARS FF O R i A R IR
A Ie 2% . TRV P T AR o ) Bk B ok i ik 74.28 %0, 1T
il DR oA 52 R4 D A 7 52 i - 8 3 3k Rl 4 5 o
M KA A P2 A AN R, R R e 48 e R 1
HARIED K S ek B % EEH B K
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Effects of kinds and application rates of biochar
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Abstract
pared by pot experiment.Four levels of straw charcoal including 5 t/hm*,10 t/hm*,20 t/hm?*,40 t/hm’,

Three kinds of biochar including straw charcoal, husk charcoal and charcoal were com-

and two levels of husk charcoal and charcoal including 20 t/hm?”, 40 t/hm® were set up to study the
effects of different treatments on rice growth and soil nutrients. The results showed that three kinds of
biomass charcoal promoted dry matter accumulation and yield formation of rice in a certain range, and
straw charcoal had the best effect.Compared with the control,the dry matter and yield of straw increased
at first and then decreased, reaching the highest at 20 t/hm?”. The biomass and grain yield increased by
51.45% and 72.55% ,respectively.40 t/hm® was the best application of husk charcoal,and the yield was
increased by 60.52%.The application of 20 t/hm? charcoal increased biomass and yield, but application
increased to 40 t/hm” decreased biomass and yield significantly. Appropriate application of biomass char-
coal could increase the content of available nitrogen, phosphorus, potassium and total nutrients in soil,
with straw charcoal as the best,followed by husk charcoal and charcoal.Carbon content of charcoal was
up to 74.28% .Excessive application can significantly reduce the content of available nitrogen, phosphorus
and potassium in soil, which is unfavorable to rice growth.

biochar; rice; growth; yield; soil nutrients
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