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Effects of Biochar Pyrolyzed at Varying Temperatures on Soil Organic Carbon
and Its Components: Influence on the Composition and Properties of Humic

Substances
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ZHANG A-feng'”

(1. College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. Key Laboratory Plant
Nutrition and the Agri-environment in Northwest China, Ministry of Agriculture, Yangling 712100, China)

Abstract: Application of biochar (BC) is an important way to increase soil organic carbon sequestration. At the same time, the effect of
BC on fractions and properties of soil humic substances is concerned. A laboratory experiment was conducted to study the influences of BC
pyrolyzed at different temperatures on the composition and properties of humic substances. The modified method for the extraction and
fractionation of humic substances was adopted in this work. The carbon (C) contents of Humin (Hu) , Humic acids (HA) , Fulvic acids
(FA) were analyzed by the thermal oxidation of K,Cr,0, and TOC analyzer, and the optical properties of HA and FA were measured by
using spectrophotometer. The results showed that the increasing temperature (from 300 to 600°C ) decreased like-humic substances
(LHS) from 10.93 g+kg™' to 0.26 g-kg™", while the structure of theLHS tended to be complicated. Compared with control treatment
(CK), the addition of BC produced under 400°C increased the contents of HA and FA (after 240 d incubation a lower FA content was
found in treatments) and increased as BC application rate increased, after 360 d of incubation, BC300 and BC400 significantly increased
by 69.93% and 48.75% for HA (P <0.05), while decreased by 1.35% and 5. 19% for FA. Higher contents of HA and FA were found
in soil samples amended with BC prepared at above 400°C only during the initial period of 3-10 d of incubation and increased as BC
application rate increased, at the end of the incubation, the contents of HA and FA significantly decreased by 34.38% , 44.48% in
BC500 treatments and 42. 84% , 49.27% in the BC600 treatments (P <0.05). During the incubation, the addition of BC significantly
increased the contents of Hu (P <0.05), and the treatments amended with BC500 were the highest. The addition of BC decreased the
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relative contents of HA and FA, while increased the relative content of Hu, indicating that the proportion of relatively stable organic

carbon in the soil was increased. The ratio of HA/FA (H/F) varied between 0. 88 and 2.52 and increased with decreasing pyrolysis

temperature and increasing BC application. A significantly lower color tonal coefficient (AlgK) and E,/E, values in treatments amended

with BC produced at temperatures above 400°C , indicating that higher temperatures derived BC complicated the structure of soil humic

substance, while an opposite rend was observed in treatments amended with BC produced at temperatures under 400°C. Considering the

improvement of the stability of organic carbon, when the BC products were applied to the Loutu soil, 500°C was the optimal temperature

for preparing apple-derived BC not only because it could significantly increase the content of inert soil organic carbon, but also improve

the quality of the soil as a result of enhancing the degree of soil humification.

Key words : biochar; humic substances; fulvic acids; humic acids; humin; color tonal coefficient

R R R A LR AR R E R ER Ak
P bR SRR TR By S ) SO AR S B
Jot, HeHh S S ot L R B Y A, £ o A
PR 60% ~80% . JEFEA) SRR A2 RR B i rh s
fAESY 0 3 A2 BV BORR ( HA 3 T AN s T
M) . WML (FA, BRI T IR Ui T 66 MWl f R
(Hu , AN TR T60) . JE 59 i1 3
R Z 5 RS & 7 — B A FLCHLE 5
T, T LA I - AR i Re o M. — A,
M2 . EARSRRAE L33 b A7 BA I E] 23351 P 3K 0 ~ 500 a
F11 000 ~2 500 a.

UTAER (] 3 SN A= W) B e 7 S —Fp Al
RECIAHRROAR , B N 2RI 42 BR AU 2 A ) —
SR AR . A TR B A ) T S A
HR o BR AU O T G A I — S R DY A AL
F [T 25 S it P 2 A0 SR AS ST e o - 398 A
BLBR AR | B RIS R | A A
KU VR R W Y T ELE A R E R | U
AR SRHER R K AR O A it R
Yy RAE R — T A R BB A HOR TR AR 3 )2
. AEYIBORER T AR E R D7 LA i S iF 2
BA S A R 5 i 107 e F A8 AL S R 45 A 1y o
i N3 g rpn] LR B f  BE AHA AE  BR R
LRETRN | 4 2 W e 4 i I T B e £ A A AL
PEFF HA S8 Ui B AR R T LATE A
YIRPE R 56 78 il - 39 18 7l 4 Rk | Haumaier
U0 R A% mg 2 4R B 3% % (nuclear magnetic
resonance spectroscopy, NMR) & B4 9 Jii ok Fil 1 3
HA S AR B AT B 8 A AR Rt k52 1 AR ) o
BT REIN A - M B ) Jo v v O A AL AL O 1Y R
V. LA, AW B AE P i R b RT AR 2 B R
(LHS) 254 ML, AT 0k B 20 A= W Joi o 2 1T, BE A A= 9
JE e A AT T S ) S B ) I 1 AR
BREH. R NS | A B AR A
(4 LHS AN 5] IS 1 38 3 58 ) Jo 149 20 R 235 449 114 52
e T AT R R 22 5. AT R IR 52, Ak il B AN Al

LB B 5 A 0 o 25 A T AR S o
S B HAE P o R e R R LHS 1 M 2
PN — g T, PR TR T A 0 A W I
F5 A b LB AR B A Y LHS 8 B
%, S A EZHNI5EAA S B, BARD%E
XFAN ) A ) IO b Aok A [R] A it 5 1 26 0 o o 445
P FRARE B S A B S () LHS JBIF T — R 51
gE 2020 [l BF 5 0T S PR L HE R i AR v A
AW I T LA v A A A A b R 4R e o A
HA B2 FA W35 Bt S R 3 1) He 9], i 2445 v HE AR
o iR 22 (AR W IR B A e A ] AR AR
B - HER AL R . 48 HA K FA B804
P X 2 AR AL T B R A 9T, R b, AR 58 F)
SERRLFRAE 300 ~600°C T il 45 A5 4 0 i, i 3k 2
B IR 5T T A 0 J0 o 10 AR 10 B R it ) X
98 5 00 IO 2L R R S ) S

1 RS

1.1 AW r 6l

7 H A 5 JE RE  A AL SR LA S SR T A
G B R B AT 2 mm . FE S IR R (H A,
Yamato FO410C ) 5% FH ] 8k XS4 T2, FHi s &
10 C-min~", HARE B 254 300, 400, 500,
600°C , iTFARTH N, SUREED N Y28 3, T AR
B EFHRZE BRI S, U3 6# 2 h 10 min, #4 /7
BRI 25 G, 240 b [ Shiss thom k) R Rl 22 T 1%
R 2 RS B P A = RIAS B A [R] I T il
F YT B, 43 A FRIC A BC300, BC400, BC500
F1 BC600.
1.2 5Tt
1.2.1 X+

KRz (R EHE A ) /BRI
T, T R EE AR (pH R 7.85). &
AN SN T7.24 g-kg™', 2A0.81 g-kg ™', 4
B 0.79 g-kg™", BlfE A 0.61 g-kg ', BALHE 0. 15
g-kg ™! HALAN 0.20 g-kg .



2 4 AR TR A - A [ L 1 5 B R W BB RS b AT LA S T2 23 B R - A SR B o AL A 2 P T 4 5 771

1.2.2 REEIT

AW B ISR AR . B L IR
A TR+ 12 kg X L, A0 4 4
Uk B2 AR ) SBT3 AR ) B e/ A 8 B Ll Ry
0.0.5% . 1% . 2% 3% , B AbHLEE 3 NEE.
IS AT R FE IR AT, W 7K A {2 H Ja] 4
IKEERY 75% ,25°C N G T4 th B AT 3 A 55 5% (1
FEMIE] RO s TR . JigR 1, 3,
6.10,20,40, 60,90, 120, 180 240 . 300 #1360 d
AR AR R HERE A, R 1 SR O BR BE Y s A % B
AR EN, REFRIZ HHE 100 g 2247 EAT 40 il 22 , [H]
AN 2 5 K e O3 PR A A A
IR G Er ol 3 4y A 8K A Sk 2 T [R) KK 2 1
75% (FEFRWEIEE 5 d A FE—OK 5, AR 5 d, Dk
FERT [ #b 78+ 187K 47 )
1.3 ik

A ) S I A D R - SR T ) I 45 4 B
PRIBCRN AR5 . R G5 36 400 Joi 21 B A6 Bk > S A=
JBT 1S JE B ) Jo R - ST B ) A% 2 G A TR BRORN
SYES SRR 60 H U Y A W BTk AR A4
5.00 g TR, IMAZEBK, fEEIRIR G 5504 T
(70°C £2°C) M1 h, B0 5 Bk 3 M 42 5 A
AL 4, A 0.1 mol + L™" NaOH + Na,P,0,
IREGW,7E 70°CH IR 5 F T3 h, &0, +
SRRE S TR UOVE B A S SR (Hu) . ZE W B FE i
B A e RE S T AR W4 A 0.5 mol - L' 9 H, SO,
P9 pH 24 1.0 ~ 1.5 W43 ) 9 36 & HLIR (LHA)
Vs IR (FA) , ULIE S0 R 2B ERR (LHA ) FHlH 5
% (HA) , 11 0.05 mol-L~" H,S0, VEIKILIE 3 IR, &
KH5 ~8 mL, 7 K VEW, & J5 HH 60°C 19 0.05
mol-L ™" NaOH ¥ WK LHA Fl HA JLIE M T 50
mlL K &EW S, €% W Thurman %2 L K
Vergnoux AT {1 R TS T se b i ( XAD-
8)XF LFA 1 FA #1744, LFA, FA & LHA, HA

B 2 1R FH TOC 43 A AGHAT 73 A U 5 | Hu Bk 5
SR FHEE 3% PR B0 A Pk AT 43 Tl 22 . [A] s 3 3R
HA | FA J& Hu B AEX 7 i & 11 HA/FA (H/F)
Fefl. +4% HA FA & Hu MIXF&E20500 HA | FA
K Hu #5185 SOC I ELB, BD

HA = HA/SOC x 100% (1)
FA = FA/SOC x 100% (2)
Hu = Huw/SOC x 100% (3)

Ao HA SR BIR M & (gokg ™), FA 36 & LR
e (gokg™ ), Hu FE ML R B & & (go kg ™),
SOC 48 H ALK &7 (g kg ™).

JEEFE ) BTG 2 M T I R . AR Bk LHA,
LFA FlI-H5E HA,FA (438 2280 (AlgK) M E,/E¢ {HR
FH Kumada 27 )5 B b 4700 5 K4

Ang = 1gKup — 1gKqp (4)
E,/Eg = Kyes/Kess (5)
ﬁqj ,K400 D K()OO D KAGS& K665ﬁj\%Uﬂ\jj:i% HA & FA 7{
400, 600, 465, 665 nm AbYCHFE(E (R FH 723 W 43
OGRS ) .
1.4 Fdb 35 50Hr

T B4 Excel 2010 #E47TEEBE | SR J5 | FH
SAS 9. 1.2 HAT B 2R 5 25 70 1 (LSD-t K, P =
0.05) , ARlFHRHFR2E 7 W2, Origin RFEKL.

2 HRE5SH

2.1 AR IR X A A I 2 T ) ) 5 )

PRI X A2 O R S B R ( LHS ) it e 25
PP AN R AR BE A S (3R 1) . TR DA 300°C 15 An
] 600°C I}, A= My Fi % LHA | LFA }% LHA + LFA & &
SR RET 97.69% | 97.48% LA M 97. 62% . J62F4%
MraeH A=W LHA 4 AlgK K E,/E, {65 R
JETH A FREA S, T LFA /Y AlgK X E,/E, {5
B T3 2R R Ry SE RS T e () a3 500°C il #5114
YT A LEA 1Y AlgK M E,/E, [HAX.

®1 FEBEHENEYRAXEENRSERELF MR

Table 1  The content and optical properties of humic-like substances extracted from biochars produced at different temperatures

TiH BC300 BC400 BC500 BC600
LHA/g kg ™! 7.48 £0.21a 4.98 +0.17b 0.40 £0.01c¢ 0.17 £0. 00c
LFA/g-kg™! 3.45 £0. 14a 2.43 +0.11b 0.22 £0. 00c 0.09 £0. 00c
(LHA +LFA)/g-kg ! 10.93 +0. 26a 7.40 =0.27b 0.62 +0.0lc 0.26 0. 00c
LHA Algk 0.89 £0.01a 0.74 0. 03b 0.24 £0.01c¢ 0.22 +0. 00d
Ey/Eq 7.11 0. 20a 5.48 +0.07b 1.44 £0.0lc¢ 1.43 £0.03d
LFA Algk 1.44 £0. 05a 1.00 +0. 02b 0.42 £0.01c¢ 0.37 £0.01c¢
Ey/Eq 7.39 +0.20a 5.83 +0.13b 2.68 0. 09¢ 1.68 £0. 03¢

1) P RATA /NG FRER IR 22 5 35 (P <0.05)
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Fig. 2 Effect of biochar addition on the content of soil fulvic acids (FA)
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Table 2 Effect of biochar addition on the relative content of humic acids (HA)/%
L% R
1 3 6 10 20 40 60
0.5 14.85+0.91a 17.12+1.23a 18.90 £0.52a 20.32+0.17a 21.52 £1.26a 22.64 +2.5la 23.90 £0.36a
BC300 1 13.25+1.13b 15.46 £0.84c 16.77 +1.19b 17.64 £1.43c 18.41 £0.70c 19.71 £1.24b  22.21 £0.96b
2 10.26 £0.51d 11.87 £0.19¢ 13.01 £0.57d 14.19 +0.47¢ 15.42+0.94d 16.34 £1.27¢ 18.03 £0.77cd
3 8.56 £0.32¢f 10.07 £0.79f 10.70 £0.38e 11.17 £0.36f 13.27 £0.38e 14.70 £0.94c  17.10 = 1.60de
0.5 13.46 £0.76b 14.61 £0.71bc 15.76 £0.95¢ 16.36 +0.34d 17.63 £0.30c 18.12+1.19b  18.33 £0.47¢
BC400 1 11.77 £0.66¢  12.99 £0.30d 13.58 +0.29d 14.48 £1.07e¢ 15.13 £0.97d 15.80 £0.85¢c 16.32 £0.84e
2 8.30 £0.48fg 8.95+0.22¢ 9.67 +0.55f 10.17 £0.90g 10.56 +0.89g 10.87 £0.66de 11.05 +0.66f
3 7.60 £0.41fch 8.00 £0.40gh 8.25+0.15¢g 8.55+0.62h 8.72+0.34h  9.07 £0.79¢f 9.22 +0.31g
0.5 9.38+£1.03¢ 10.24 £0.84f 10.86 £0.34e 11.30+0.21f 11.82+0.36f 11.99+0.61d 11.57 £0.50f
BC500 1 7.14 £0.34h  7.56 £0.24h  8.18 +0.20g 8.70 +0.44h  8.88 £0.37h  9.42 +0.58ef  8.95 +£0.29¢g
2 4.69+£0.19ij] 5.10+0.161) 5.36+0.41hi 5.61£0.19ij 5.77 £0.16ij 5.91 £0.15gh  5.81 £0.44hi
3 4.02+0.10;j 4.30+0.21] 4.53+0.45ij 4.69+0.34jk 4.78 £0.23k  4.86 +0.02h 4.77 £0.52ij
0.5 9.83£0.97ed 10.57 £0.63f 11.29 £0.49e¢ 11.75+0.20f 12.17 £0.42f 12.52 +0.72d 11.58 +£0.34f
BC600 1 7.26 £0.33gh  7.69 £0.19h  8.13+1.08g 8.38+0.21h  8.80+0.34h  9.09 +0.46f 8.61 £0.77¢g
2 5.48 £0.35¢ 5.52+0.11i  5.84+0.351 6.03+0.31h 6.37+0.091  6.70 £0. 14i 6.17 £0.17h
3 4.19+0.21j] 4.16+0.27] 4.34+0.25] 4.61+0.23k 4.91+0.30jk 5.10+0.22gh  4.84 £0.53i
CK 14.19 £0.59ab 16.37 £1.64ab 17.67 £0.34b 19.16 +0.51b 20.51 £0.20b 21.54 +1.67a 21.32 £0.51b
) Bigemtial/d
#hn sl %
90 120 180 240 300 360
0.5 22.39£0.83a 21.90+1.56a 20.49 £0.82a 20.01 £1.12a 18.15+0.72a 17.22 £0.33a
BC300 1 21.02+1.18b 19.52+0.32b 18.78 £0.74b 18.29 +1.18b 17.20£1.57b 16.03 £0.30b
2 17.95 £1.67c 16.97 £1.03¢ 15.64 +1.44¢ 14.20 £0.67cd 13.05 +£0.62d 12.38 +0.39d
3 16.57 £0.12d  15.81 £0.55d 14.48 £0.86cd 13.13 £0.48de 12.76 £0.62de 11.67 +1.05d
0.5 17.86 £0.35¢ 16.70 £1.38¢c 15.53 £0.22¢ 14.48 +1.74c 14.49 £0.41c 13.90 +0.43¢
BC400 1 15.84 £0.50d 14.84 £1.41d 13.67 £0.90d 12.77 £0.51le 12.08 £0.64e 12.07 +0.64d
2 9.99 £0.65¢f 9.87 £0.25¢  9.78 £0.49¢  9.53 +0.32f 9.28 +0.17f  9.33 +0.20
3 8.86 £0.06fg 8.81 £0.04ef 8.63 £0.17ef 8.21 +£0.16g 8.14 +0.51g  8.34 £0.47f
0.5 10.93 £0.20e  9.75+0.56e  8.51 £0.35¢f 8.03+0.26g 7.44 £0.50gh 7.12 £0.39¢
BC500 1 8.15+0.77g 8.00+0.51fg 7.34+0.59fg 6.40+0.48h 5.37+0.13i  5.23 £0.36h
2 5.79 £0.45h  5.58 £0.31hi 5.12+0.30hi 4.47 +0.401 4.04 £0.06]  3.32 +0.04i
3 4.78 £0.35hi  4.79 £0.30ij 4.72+0.15ij 4.14£0.17ij 2.94+£0.06k 2.72 +0.05ij
0.5 10.82 +0.3le  9.94 £0.2le 8.91£0.29¢ 7.82+0.39g 6.81+£0.47h 6.49 +0.38¢
BC600 1 7.76 £0.27g  6.69 £0.24gh 6.33 £0.15gh 5.71 £0.27h  5.09 £0.281  4.65 +0.37h
2 5.60 £0.39h  4.96 £0.20ij 4.39+0.33ij 3.72+0.19ij 3.45+0.31jk 3.08 £0.05i
3 4.31 £0.41i  3.88 £0.42j 3.48 £0.02j 3.03+0.11j  2.59£0.15k  2.23 £0.05j
CK 21.39 £1.32ab 21.45+1.53a 20.37 £2.10a 19.15+1.00ab 18.04 £0.13ab 17.73 £0.56a
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Table 3  Effect of biochar addition on the relative content of fulvic acids (FA)/%
= -
L% ST
1 3 6 10 20 40 60
0.5 13.40 £0.37b 15.72 +£1.02b 17.51 £0.22b 19.10+£0.69b 20.04 £1.27a 19.39 +1.16b 18.07 £0.72b
BC300 1 11.14 £0.25d 13.27 £1.53¢ 14.62 £0.74c 15.66 +1.10c 16.77 £0.56b 16.62 £0.80c 15.21 +1.82¢
2 7.18£0.28f 8.36 +0.25¢  9.33 £0.89¢ 10.22 +0.55f 11.17 £0.53e¢ 10.02 £0.29¢ 9.14 £0.83e
3 5.62+0.07gh 6.75+0.47gh 7.40 £0.25gh 7.76 +0.28h  9.26 +0.55f  8.69 +0.08f 7.86 +£0.90efg
0.5 12.57 £0.72¢  13.97 £0.70c  15.50 £0.46c 16.20+0.78¢c 17.75+0.95b 15.80 £0.32¢ 14.42 £1.32¢
BC400 1 9.39+0.82¢ 10.79£0.73d 11.55+0.65d 12.75+0.21d 13.77 £0.90c 12.69 £0.61d  11.32 £0.34d
2 6.22 +0.15g  7.11+£0.30fg 7.91 £0.26fg 8.85+0.69g 9.41 +0.75f  8.72 +0.41f 7.56 0. 69fg
3 4.97+£0.19ij] 5.64+£0.18h  6.08 £0.31h  6.56 £0.37i  7.55+0.13g  6.64 +0.24¢ 7.00 £0.43¢gh
0.5 9.26 £0.74e 10.33 £0.46d 11.12+0.18d 11.71 £0.16e 12.37 £0.40d 11.91 £0.79d 11.72 £0.90d
BCS00 1 6.92+£0.23f  7.56 £0.28efg 8.36 £0.49f  8.96 +0.53g  9.24 +0.19f  9.22 +0.12¢f  8.86 £0.33ef
2 4.35+0.40jk  4.88 £0.32hi 5.27 £0.21hu 5.56 £0.12jk  5.84 +0.06hi 5.36 +0.13hi  6.05 £0.30h
3 3.58+0.301 3.96+0.32i 4.23+0.08] 4.55+0.081 4.78 £0.22i  4.56 +0.24i 4.36 +0.20i
0.5 9.88 £0.13e 10.93 £0.60d 11.88 £0.70d 12.65 +0.13d 13.59 £0.57¢ 12.46 +0.24d  12.10 £0.52d
BCS00 1 7.12 £0.16f  7.75£0.15ef 8.47 £0.87ef 8.95+0.03g 9.47 £0.36f  9.20 £0.43ef  8.87 £0. 74ef
2 5.15+0.16hi 5.38 £0.24h  5.83 +0.13h  6.28 £0.43ij 6.75+0.36gh 6.34 +£0.57¢h 6.12 £0.27h
3 3.84+0.04lk 4.02+0.26i 4.33+0.44ij 4.70+0.35kl 5.11 £0.13i  4.83 +0.45i 4.39 +£0.37i
CK 14.18 £0.37a 16.92+0.19a 18.71 £1.25a 20.07 +1.07a 21.03 £1.62a 20.58 +2.04a 19.91 +1.36a
A% GEGI
90 120 180 240 300 360
0.5 17.57 £0.63b  17.24 £1.04b 16.14 £0.54b 14.48 £0.59b 12.97 £0.06b 12.45 +0.84b
BC300 1 14.97 £1.00c 14.39 +0.81c 13.56 £0.56c 11.60 £1.09¢ 10.65 +0.77c¢  9.85 +0.23¢
2 9.29+0.74e 8.93+0.2le 8.07+0.34e 7.06+0.10e 6.29 £0.45¢ 5.82 +0.28e
3 7.29 £0.35f  6.86+0.18f  6.00 +0.14fg 5.44 +0.57f 4.82+0.16fg 4.64 +0.40gh
0.5 14.56 £0.58¢ 14.11 £1.06c 12.94 £0.60c 11.63 +£1.09¢ 10.39 £0.59¢ 10.30 +0.81c
BC400 1 11.05+0.84d 10.81 £0.36d 10.28 £0.46d 8.74 +0.15d 8.07 £0.35d  7.85 +0.25d
2 7.03+0.08f 6.95+0.23f 6.47 +£0.44f 5.75+0.33f 5.20+0.03f  5.02 +0.54fg
3 5.84+0.27¢ 5.80+0.41g 5.22+0.15gh 4.60+0.19¢ 3.99 £0.18h  3.68 +0.19i
0.5 10.19 £0.33de 9.02 +0.14e 7.67 £0.38¢  6.80+0.4le 6.25+0.15¢ 6.18 +0.24e
BCS00 1 7.49 £0.13f  7.13£0.19f 6.42 +0.42f 5.42+0.21f 4.36 £0.35gh 3.98 £0.21hi
2 5.04+0.29¢h 4.79£0.08h  4.36 £0.26hi 3.74 +0.27h  3.25+0.29i  2.53 +0.03j
3 4.11 £0.29hi  4.02 £0.20hi  3.96 £0.39i 3.28+0.02h  2.13 +£0.09;j 1.95 £0.09jk
0.5 11.03+0.96d 10.05+0.65d 9.56 £0.62d 7.45+0.43e  6.07 £0.03e  5.57 +0.23¢f
BC600 1 7.59 £0.36f  6.31+£0.49fg 5.92+0.25fg 5.09 +0.19fg 4.35+0.18gh 3.78 +0. 181
2 5.43+0.32¢ 4.54+0.06h 3.96+0.35i 3.30+0.19h 2.82+0.191  2.46 +0.16jk
3 3.79+0.03i  3.32+0.09i 2.88 +0.21j 2.48 £0.14i  2.07 £0.05j 1.76 £0.08k
CK 20.04 £1.67a 18.55+0.75a 18.40 £1.40a 17.31 £0.27a 16.30 £0.70a 15.83 £1.03a
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Fig. 3 Effect of biochar addition on the content of soil humin (Hu)
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Table 4  Effect of biochar addition on the relative content of humin (Hu)/%
LB/ % R
1 3 6 10 20 40 60
0.5 34.41 £0.29hi  35.11 £4.05h 35.27 +1.53h 35.61 £+0.68fg 35.91 £3.12hi 35.83 £0.49hi  36.01 £0.52h
BC300 1 38.45+2.63h  39.05 £4.01gh 39.23 +1.65gh 39.68 +1.46f 40.83 £1.36h  40.92 +2.53gh  40.98 £2.97¢
2 48.05 £0.59f  48.67 £1.69ef 50.31 £1.99ef 51.39 £4.55de 52.18 £2.08f  52.46 +0.40ef  52.62 +1.21e
3 53.43 £0.69de 54.23 £0.84cd 56.13 +3.57de 57.06 +3.31cd 58.21 £3.26de 58.23 +0.82cde 58.48 +4.42cd
0.5 43.80 £0.76g  44.18 +1.21fg 44.65 £1.81fg 45.75 +£1.89¢ 46.09 £2.67g  46.61 £3.10fg  46.96 +0.35f
BCA00 1 49.49 +3.51ef 49.85+1.66de 51.16 £1.30ef 52.22 £6.08d 52.89 +2.75f  53.53 £0.8le 53.90 £2.94de
2 58.35+2.05¢  59.32 +1.57bc 59.55 +4.05cd 60.20 £3.47bc 60.45 £1.96cd  60.74 +4.35bed  61.18 £1.91c¢
3 64.31 £2.53b  64.50 £4.74b  65.19 +1.54bc 65.62 £1.41b 65.86 £3.90b  66.26 +4.79b 66.42 +1.62b
0.5 54.28 £5.49cd  54.47 £4.39cd 55.04 £2.01de 55.24 £2.43cd 56.86 £3.93def 57.19 £1.70de  60.79 +0.65¢
BCS00 1 62.89 +£2.64b  63.38 £3.68b 64.09 +5.00c 64.34 £3.80b 64.41 £4.93bc 64.37 +4.07b 66.20 +4.00b
2 72.98 £3.23a 73.11 £3.03a 73.21 £1.62a 73.29 +1.74a 73.48 +2.88a  73.80 +4.84a 74.31 £3.06a
3 74.98 £2.79a  75.54 £3.50a 75.98 £8.75a 75.75 +4.26a 75.83 x4.19a 75.92 £2.84a 76.31 0. 68a
0.5 53.84 +4.16d  53.77 £1.97de 54.12 +2.29de 54.46 £2.00cd 54.48 £2.90ef 54.71 +1.43de  60.27 £3.42¢
BC600 1 63.66 £0.35b  63.87 £4.14b 64.23 +7.93¢ 64.03 £3.33b 64.14 £4.12bc  64.26 +1.19bc  69.26 +£5.95b
2 71.01 +1.51a  71.51 £2.23a 71.75 +4.45ab 71.94 £3.20a 72.16 £1.65a  66.70 +3.30b 67.32 +1.48b
3 71.12£0.63a  72.16 +4.75a 73.38 £5.92a 73.65+7.54a 73.87 £2.65a  74.67 £8.63a 75.74 £5.12a
CK 32.51 +1.51i 34.04 £0.81h 34.07 +1.50h 33.63 £0.90g 33.78 +1.831  34.22 +5.52i 34.90 +0.82h
A Bigemtal/d
A el %
90 120 180 240 300 360
0.5 38.67 £2.02mn  39.67 £0.02jk 40.83 £1.56ij 41.19 £0.78gh 42.45 £2.76gh  43.19 £3.00i
BC300 1 43.59 £2.21lm  44.66 £2.10ij 45.35+0.97hi 46.87 £3.64fg 47.30 £0.92fg  48.12 +2.28hi
2 54.94 +2.21jk  55.74 £2.55h 56.38 +2.28fg 57.76 £3.02¢ 58.34 +2.25e 58.56 +0. 88fg
3 60.91 £2.37hij 61.85+2.09fg 63.12 +2.63de 63.99 £6.91cd 64.49 +1.60cd  65.44 +10.40ef
0.5 48.80 £0.72kl  49.42 +3.57i 50.73 £3.37gh 51.36 6. 18f 51.74 £3.26f 52.82 +2.32¢h
BCA00 1 56.61 £0.34ij  57.63 £2.41¢gh 58.05 £3.11lef 59.08 £2.18de 60.27 +2.84de  60.64 +0.53fg
2 63.51 £2. 15efgh 64.19 £ 1. 11def 66.32 +2.54bcd68. 10 £1.50bc 68.89 £0.60bc  69.88 +0.95de
3 68.59 £5.69def 69.18 £2.96¢d 70.18 +1.67bc 71.66 £5.13b  73.30 +6.31b 73.65 +7.80bcde
0.5 61.53 £+4.80ghi 62.04 £1.78fg 62.77 +2.49de 64.09 £1.1lcd 65.32 £2.15¢d  65.76 +6.72def
BCS00 1 67.58 +8.04defg 68.17 £4.91cde 70.11 £5.16bc 71.56 £2.69b 72.67 +2.86b 73.93 +3.39bed
2 74.91 £5.75abc  75.82 +£1.19ab 78.14 £3.27a 80.09 £5.24a 81.12 +0.70a 81.61 +£5.43ab
3 76.51 £5.94ab  77.29 £6.12a 79.51 £3.58a 81.55 £2.25a 82.59 +5.12a 83.07 £4.83a
0.5 62.44 +1.61fghi 62.98 £2.52efg 64.31 £5.23cd 65.32 £3.62c¢ 65.85 +1.48¢ 66.26 +4.38def
BC600 1 70.36 £0.50bed 71.54 £1.80be 72.09 +5.34b 72.56 £2.63b 73.27 +5.32b 73.77 £8.61bed
2 68.76 +4.63cde 69.38 £2.20cde 71.02 +7.08b 71.96 £2.77b 72.73 +3.04b 72.91 +£3.07cde
3 76.71 £1.19a  76.48 £8.04ab 78.02 +2.82a 78.97 £2.68a 79.54 +3.64a 78.99 +4.33abc
CK 36.42 +£1.83n  37.26 £1.62k 38.48 £0.67] 38.93 +1.64h 40.35 +£3.36h 40.27 +1.43i
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Table 5 Effect of biochar addition on the ratio of HA/FA (H/F)
= -
AL O/ % ST A
1 3 6 10 20 40 60
0.5 1.11 £0.06efg 1.09 £0.03cd 1.08 £0.02cd 1.06 £0.03de 1.07 £0.05bc 1.17 £0.07cde 1.32 +0.04def
BC300 1 1.19£0.09de 1.17 £0.09bc  1.15£0.13bc  1.13 £0.05cd 1.10+0.08b  1.19 £0.08cd  1.47 £0. 14¢
2 1.43+£0.08ab 1.42£0.02a 1.40%0.12a 1.39+0.06a 1.38+0.02a 1.63 £0.10a 1.98 £0.20b
3 1.52£0.07a  1.49+0.05a 1.45+0.06a 1.44+£0.03a 1.44+0.06a 1.69x0.11a 2.18 £0.04a
0.5 1.07 £0.06efg 1.05 £0.07de 1.02 £0.09de 1.01 £0.07efg 1.00 £0.05c¢d 1.15 £0.07cde 1.28 +0.11f
BC400 1 1.26 £0.04cd  1.21 £0.06b  1.18 £0.04bc 1.13£0.07cd 1.10 £0.08b  1.25+0.10bc  1.44 +0.08cde
2 1.34 £0.11bc  1.26 £0.05b  1.22+0.04b  1.15+0.04c 1.12+0.03b 1.25+0.06bc  1.47 £0.12cd
3 1.53£0.05a 1.42+£0.06a 1.36+0.05a 1.30+0.10b 1.16 £0.06b 1.36 +0.07b 1.32 £0.07ef
0.5 1.01 £0.05fg  0.99 £0.08¢  0.98 £0.03de 0.97 +0.00fgh 0.96 +0.04de 1.01 +0.03f 0.99 +0.04gh
BCS00 1 1.03 £0.04fg  1.00 £0.02de 0.98 £0.08de 0.97 £0.01fgh 0.96 £0.05de 1.02 +0.08f 1.01 £0.01gh
2 1.08 £0.12efg 1.05 £0.09de 1.02 £0.04de 1.01 £0.0lefg 0.99 £0.03cde 1.10 £0.04def 0.96 +0.07gh
3 1.13 £0.08ef  1.09 £0.05cd 1.07 £0.09¢cd 1.03 £0.08ef 1.00 £0.04cd 1.07 £0.06def 1.09 +0.10gh
0.5 0.99+£0.09¢  0.97 £0.05¢ 0.95+0.02¢ 0.93+0.01h  0.90 £0.07¢ 1.00 =0.05f 0.96 +0.06h
BCS00 1 1.02+£0.04fg  0.99 £0.0le 0.96+0.04e 0.94 £0.03gh 0.93 £0.04de 0.99 £0.05f 0.97 £0.02gh
2 1.06 £0.05fg  1.03 £0.05de 1.00 £0.07de 0.96 £0.02fch 0.94 £0.04de 1.06 +0.11ef 1.01 £0.07gh
3 1.09 £0.05efg 1.04 £0.02de 1.01 £0.04de 0.98 +0.04fgh 0.96 £0.07de 1.06 £0.10ef  1.10 +0.03g
CK 1.00+0.02g  0.97 £0.09¢  0.95+0.06e 0.96 +0.03fgh 0.98 £0.09cde 1.05 +0.06ef  1.07 +0.05gh
LB/ % GEGI
90 120 180 240 300 360
0.5 1.28 £0.09de 1.27 £0.07ef 1.27 £0.07efg 1.38 £0.05fg  1.40 £0.06ef 1.39 £0.09¢
BC300 1 1.40 £0.02cd  1.36 £0.06de 1.39 £0.06e 1.58 +0.17de 1.61 £0.06d  1.63 £0.07d
2 1.93+0.03b 1.90 £0.16b 1.94 £0.10b  2.01+£0.09b 2.08 £0.18b  2.13 £0.04b
3 2.28£0.09a 2.31+0.04a 2.42+0.17a  2.43£0.19a 2.65+0.18a  2.52+0.10a
0.5 1.23 £0.06ef 1.18 £0.01fgh 1.20 £0.07gh 1.24 £0.04gh 1.40 £0. 10ef 1.35 £0.08ef
BC400 1 1.44£0.16c  1.37 £0.09de 1.33 £0.03ef 1.46 £0.03ef 1.50 £0.02de 1.54 £0.05d
2 1.42£0.09¢  1.42 £0.07cd 1.51 £0.03d 1.66 £0.10cd 1.78 £0.04c 1.87 £0. 19¢
3 1.52+£0.08¢c  1.53 £0.10c 1.65 £0.02c 1.78 £0.04c  2.04 £0.06b  2.27 £0.02b
0.5 1.07 £0.05ghi 1.08 £0.06ghi 1.11 +0.02hi 1.18 £0.09hi 1.19+0.11g  1.15+0.09gh
BCS00 1 1.09 £0.10ghi 1.12 £0.05gh 1.14 £0.02ghu 1.18 £0.12hi 1.24 £0.10fg  1.31 £0.03ef
2 1.15£0.08efgh 1.17 £0.05fgh 1.18 £0.07ghi 1.19 £0.03hi 1.25 0. 11fg  1.32 £0.03ef
3 1.17 £0.02efg  1.19 £0.07fg  1.20 £0.13gh  1.26 £0.05gh 1.39 +0.08ef  1.39 +0.06e
0.5 0.98 +0.06i 0.99 £0.08i  0.93 £0.04j 1.05 +£0.09i 1.12+0.08g  1.16 £0.03gh
BC600 1 1.02£0.07hi  1.06 £0.06hi 1.07 £0.02i 1.12+0.06hi 1.17 £0.05g 1.23 £0.05fgh
2 1.03+0.09hi 1.09 £0.05ghi 1.11 £0.05hi 1.13+£0.04hi 1.22 £0.03g  1.26 £0. 10efgh
3 1.14 £0.12fgh  1.16 £0.10fgh 1.21 £0.09fgh 1.23 +0.10gh 1.25 £0.08fg  1.27 +0.04efg
CK 1.07 £0.03ghi 1.16 £0.04fgh 1.11 £0.03hi 1.11 +£0.07hi 1.11 £0.05g  1.12 £0.09h
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Fig. 4 Effect of biochar addition on the color tonal coefficient ( AlgK) of soil humic acids ( HA)
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Table 6  Effect of biochar addition on the E,/E, value of soil humic acids (HA)
K FRmtal/d
Im el %
1 3 6 10 20 40 60
0.5 4.46 £0.14bc  4.78 =0.12b  4.8720.15b  4.78 £0.21c  4.88 £0.04cd 4.88 £0.05d  5.14 +0.07d
BC300 1 4.49 £0.07bc  4.56+0.12¢  4.830.17b  5.01 £0.24bc 5.04 =0.11bc 5.49%0.11c  5.39 £0.03c
2 4.99+0.07a  5.11%0.09a 5.22%0.18a 5.39£0.02a 5.31 £0.10a  5.90+0.20b  5.66 +0.02b
3 5.00£0.15a  5.24+0.28a 5.16=0.11a 5.28+0.06a 5.18 £0.2lab 6.34+0.13a  6.12 +0.05a
0.5 4.34+0.13cd  4.48 £0.08¢c  4.48 +0.06cd 4.57 0.12d  4.45 +0.04hg  4.80+0.19f  4.72 +0.18f
BC400 1 4.35+0.08bcd 4.43+0.22¢  4.60+0.15¢  4.57 +0.08d  4.47 £0.04hg  4.96 £0.26de  4.71 +0.07fg
2 4.54+0.04b  4.52+0.04c  4.5020.11cd 4.44 0. 18def 4.59 £0.19fg  5.11£0.21d  5.00 £0.09de
3 4.36£0.11bcd 4.48 £0.15¢  4.590.18c  4.49 +0. 14def 4.50 £0.05hg 5.04 £0.12de  4.74 +0. 16fg
0.5 4.09£0.08ef 4.12+0.06d 4.21£0.08ef 4.45 0. 11de 4.82 +0.13dce 4.59 £0.21fg  4.62 +0. 14hg
BC500 1 3.94 £0.18fsh 4.09 £0.15d  4.05=0.16f 4.03 +0.05hi 4.51 £0.05g  4.55 £0.06hfg 4.67 +0.03hfg
2 3.8720.07igh 3.98 +0.07df 4.02 £0.07fzh 4.20 £0.15ghi 4.1520.07i  4.53 +0.13gh  4.33 £0.17jj
3 3.80£0.07ih  3.74 £0.11f  3.91£0.09gh 4.23 £0.03ghf 4.27 £0.21hi  4.54 +0.11hgf 4.51 £0.11hi
0.5 4.01 £0.16fg  3.87 £0.02¢f 4.03 +0.04fgh 4.05 +0.20hi 4.60 £0.1lefg 4.40 £0.18hg  4.31 +0.17j
BC600 1 3.98 £0.16fgh 4.11 £0.11d  4.08 =0.05fg 4.18 +0.12ghi 4.60 0. 13gfe 4.32 £0.10h  4.31 +0. 15j
2 3.84 £0.09igh 3.92 £0.06edf 3.98 £0.19gh 4.00+0.09i 4.65 +0.19gfe 4.38 +0.17hg  3.79 +0.09k
3 3.71£0.10i  3.78 £0.09¢f 3.81+0.13h  4.14 +0.06ghi 4.75 0. 16dfe 4.32 £0.15h  4.17 £0.07j
CK 4.25+0.16ed 4.37+0.07c  4.3220.13de 4.31 £0.06gef 4.46 £0.23hg  4.57 =0.15hfz  4.83 £0. 13fe
) Bigemtial/d
el %
90 120 180 240 300 360
0.5 4.81£0.19bc  4.89 £0.10bc  4.70 £0.06cd  4.47 £0.05e  4.49 £0.12cd  4.28 £0.19cd
BC300 1 5.05+0.13b  5.17 £0.15ab 5.27+0.21b  5.31+0.18b  4.67 +0.16bc  4.48 +0.22hc
2 5.52+0.25a 5.09 £0.14ab 5.24+0.15b  5.00+0.11c 4.77 +0.06ab 4.72 +0.07ab
3 5.72+0.20a  5.30£0.16a 5.56+0.16a  5.57 +0.02a 4.95+0.18a  4.87 +0.12a
0.5 4.62 £0.06cde 4.650.08de 4.55+0.15de  4.36 £0.08ef 4.19 £0.15gf 4.07 +0. 19deflg
BCA00 1 4.68 £0.15¢cd 4.630.16de 4.66 +0.06cd 4.44 £0.07e  4.26 £0.06ef 4.12 0. 12def
2 4.59 +0.18cde 4.52 £0.20defl 4.85+0.19¢  4.53 20.08de 4.29 +0.11def 4.16 £0.12de
3 4.56 +0.08cde 4.73 £0.12cd 4.75+0.11cd  4.69 £0.09de 4.29 +0.13def 4.27 £0.19¢cd
0.5 4.55+0.16¢cde 4.22 £0.08gihj 4.21 £0.19fg  4.37 £0.12ef 3.97 +0.13hgi 3.87 +0.17ghi
BC500 1 4.39 £0.21fc  4.27 +0.11gihj 4.34 +0.17fe  3.96 +0.12jk 3.80 0. 18ji  3.80 =0.08hi
2 4.41 £0.20fde 4.43 +0.08efg 4.35+0.00fe  3.98 +0. 14ijk 3.96 £0.05hgi 3.98 0. 16efgh
3 4.57 £0.05¢cde 4.30 +0.18gihf 4.30 £0.05f  3.91 £0.07k 4.10 £0.11gf 3.75 =0.15hi
0.5 4.24+0.19fz 4.0720.08) 4.08+0.07g  4.23 £0.07fg 3.88 £0.13hij 3.88 =0.04gfhi
BC600 1 3.98 £0.13gh  4.25 £0.09gihj 4.21 0. 11fg  4.15 +0. 14igh 3.94 £0.03hgi 3.74 =0. 14hi
2 3.85+0.08h  4.19%0.18ijh 4.1720.11fg  4.03 +0. 11ijhk 3.68 £0.06j  3.68 =0.17i
3 3.86 £0.18h  4.14+0.12ij 4.210.13fg  4.11 +0.06ighj 4.36 £0.20de 3.75 =0. 18hi
CK 4.48 £0.07fde 4.40 +0.19ghf 4.33 +0.14fe  4.17 £0.18hg 4.11 £0.15gf 4.08 +0.20de
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Fig. 5 Effect of biochar addition on the tonal coefficient (AlgK) of soil fulvic acids (FA)
KT EYRREANYLIEEER (FA)E,/E; BN
Table 7  Effect of biochar addition on the E,/E value of soil fulvic acids (FA)
VR ILLA5/ % GELL A
1 3 6 10 20 40 60
0.5 6.94 £0.11cd 6.96 +0.24cd 8.08 £0.39b  8.68 £0.24c  9.16 £0.36c  8.32 +0.36e 8.94 +0.03c
BC300 1 7.23£0.33bc  7.82+0.10a  7.87+0.30b  8.56 £0.32¢d 9.79 +0.17b  8.85 +0.28¢ 8.95 0. l4¢
2 7.27£0.37bc 8.02 £0.24a  8.50+0.17a  9.09 £0.12b 10.22+0.23a  9.83 £0.31b 9.86 +0.22b
3 7.64+£0.27a  8.12+0.39a  8.72+0.10a  9.69 +£0.27a 10.52+0.11a 10.61 £0.52a  10.39 +0.25a
0.5 6.50 £0.12¢  6.67 £0.27d  6.95+0.23¢c  7.51 £0.08f 7.87 £0.30f 8.06 £0.33ef 8.07 £0.24d
BC400 1 6.78 £0.08de 6.84 £0.16d  7.75+0.07b  7.98 £0.24e  8.06 £0.25fc  8.37 +0.25de  8.03 £0.22d
2 7.32+0.06ab 7.28 £0.08bc  7.77 +£0.38b  8.23 +0.12de 8.30+0.07e¢  8.43 £0.04cde 8.78 +0.33¢
3 7.17 £0.32bc  7.49 £0.29b  8.06 +0.15b  8.28 £0.36de 8.74 +0.27d  8.81 £0.38cd  9.06 +0.35¢
0.5 5.68 +0.21fg  6.24 £0.28e¢ 6.93+0.18¢  7.27£0.19f  7.75+0.15f  7.77 £0.28fg  7.63 +0.07ef
BCS00 1 5.64 £0.14fg  5.83 +£0.03fg 5.98 £0.10ef 6.80+0.29¢  7.20 £0.16gh 7.46 £0.32gh  7.39 £0. 12¢fg
2 5.43£0.10gh 5.56 £0.09fch 5.94 +£0.20ef 6.39 £0.28h  6.86 £0.17hij 6.67 £0.09; 7.47 £0. 16ef
3 5.17+0.11h  5.47 £0.14h  5.76 £0.22f 5.96+0.06i 6.72+0.03]  6.96 +0.29jj 6.54 £0.23h
0.5 5.68 £0.21fg  5.53+£0.08hg 7.02+0.32¢ 7.26+0.30f 7.33x0.15¢g 7.76+£0.17fg  7.50 £0.35¢f
BC600 1 5.43 £0.20gh 5.87 £0.09f 6.51 £0.24d  6.87 £0.15g  7.10+£0.22ghi 7.40 £0.26ghi 7.33 +0. 16{g
2 5.37+0.03gh 5.47+0.11h  6.29 £0.15de 6.38 £0.18h  6.82 +0.34ij 7.25+0.21hi 7.12 £0.04g
3 5.24+0.23h  5.46 £0.11h  5.68 £0.04f 6.59 £0.11gh 6.76 £0.12ij 6.59 £0.12j 7.48 £0. 13ef
CK 5.89+0.02f 5.83+0.19fg 5.87+0.15f 6.39+0.09h 7.77£0.29f 7.43 £0.23gh 7.74 £0.21de
; 3R]/ d
LBl % 90 120 180 240 300 360
0.5 8.59£0.06c 8.24+£0.19cd 9.24£0.13b  9.06 £0.34c  9.19+0.38c  9.68 £0.46b
BC300 1 9.81+£0.19b 8.91 +£0.46b  9.52+£0.30b 9.72+0.31b  9.26 £0.40c  9.84 +0. 16b
2 9.96 +0.18b 10.13 +0.40a 10.59 £0.06a  9.74+0.08b  9.99 £0.35b 10.51 £0.47a
3 10.71 £0.51a 10.34 £0.28a 10.62 +0.22a 10.71 £0.13a 10.53 +£0.39a 10.87 +0.35a
0.5 8.03+0.35d 7.80+0.33ef 7.77£0.15ef 7.87+0.18¢  8.12+0.17de 8.17 £0.28de
BCA0O 1 8.07 £0.29d 8.08 +0.16de 8.21 +0.41d 8.41 +0.24d 8.27+0.37d 8.44 +0.21d
2 8.14+0.09d 8.60+0.27bc 8.74£0.29¢ 8.93+0.12¢  8.52+0.09d 8.93 £0.37c
3 8.93+0.38¢ 8.91+0.35b  9.20+0.23b  8.88+0.40c  9.17 £0.16c  9.09 +0.24c
0.5 7.90 £0.12de 7.88 +0.19de  7.46 +0.11fgh 7.70 £0.28ef 7.72 £0.22ef 7.90 +0.36ef
BCS00 1 7.34 £0.14fg  7.32+0.03ghi 7.14 £0.14gh 7.63 £0. 14ef 7.47 £0.30fg  7.66 +0.35fg
2 7.26 £0.27fg  7.23 +0.23hi  7.11 £0.29h  7.07 £0.13g  7.36 0. 15fg  7.46 +0. 15fgh
3 7.07 £0.21g  6.61 £0.09; 6.52+0.28i 6.53+0.11h 6.71 £0.26h  7.16 £0.2%h
0.5 7.31 £0.25fg 7.72 +0.34efg 7.62+0.24f  7.48 £0.32f 7.25+0.07g 7.56 +0.20fgh
BC600 1 7.54 £0.29¢f  7.43 £0.18fghi 7.51 +0.11fg 7.07 £0.19g  7.23 £0.36g  7.51 +0. 17fgh
2 6.94+£0.29¢ 7.05 +0.18i 7.18 £0.14gh 6.81 £0.17gh 7.02 £0.04gh 7.29 £0. 16gh
3 6.52+0.07h  7.65 £0.13efgh 7.47 £0.18fgh 6.80 +0.20gh 7.14 £0.24gh 7.56 +0. 19{gh
CK 7.92+£0.09de 7.71 £0.14efg 8.13 £0.30de 7.68 £0.23ef 8.26 £0.35d  8.29 £0.25de
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