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B (SOC) FraM3.81 g-kg ' HE71%9.08 g-kg™',
Liugs " BRI 45 R, 30 a5 Eit A #L
JE RS AR, YT SOC & &4t 18 4 3 m T
32.7%HN23.0% . X F2 252 BN 3 0 A HLY) L%
AR A LR T B g A A R, AR BRI
B HLYRLGS i S R #1209% 1 )8 stk 2250, BRI
T SOME I 2 - 1 Ji 5 ot i PR 2 7

A FESOM . M HHERT A, W A
JoT AN A5 T % 43 06 2 14 6 e 7 N ARz N T
FEl 2. Bl AR e )Y SRR, K
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A/l R DR R L RO AR A I i 9 YR A X
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HEBD R . FORRAE S B AR TR R R LR 1

®1 HHAERNERFSMER

Table 1 Basic nutrient status of tested samples

. A ML £ B Lo
" Organic carbon Total N C/N Total P Total K pH
Sample B O -1 -1
/(g'kg™) /(g'kg™) /(g'kg™) /(g-kg™)
WP 485.0 + 1.00 7.71 = 0.21 62.96 = 1.61 1.02 + 0.10 1.94 + 0.89 4.05 + 0.02
PS 17.61 + 0.08 1.66 + 0.06 10.82 = 0.86 0.50 + 0.03 9.90 + 0.26 5.78 = 0.02
BS 16.88 + 0.62 1.43 + 0.01 11.77 + 0.47 0.46 + 0.01 10.15 + 0.28 6.81 = 0.02
MFOM 201.7 = 4.51 19.30 + 0.36 10.45 + 0.19 12.31 + 0.28 20.20 = 0.38 8.26 = 0.05
FCM 208.2 = 0.05 22.41 = 0.09 9.29 + 0.04 1.62 = 0.01 61.20 = 0.94 7.74 + 0.01

[E: WP, PS. BS. MFOMMIFCMArBIMCERAAN S . KL, BLE . REKBIEMEBGIE, RPN, P KIWFFGT T RS
HEAEN, P, KIJLE . FIRINote: WP, PS, BS, MFOM and FCM stands for woody peat, paddy soil, black soil, mixed fermented

organic manure and fermented chicken manure, respectively. Nutrient contents of N, P and K are listed on the basis of content of the

element. The same below
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1.2 BERNS SRS

B S R S B L A i ik ) X SRR [
FEA AT I T AR . BRI UL TR

(1) BARARWEKR., KL, Bt BRAELH
JIES 0 TR A A it XU L 2 R A ) B A A A T
70 H . o BIAREGE 920 g HIERIT0 g ARAE
w. RA KBRS & EES T 500 mL=/MMH,
h200 mLZEMK, FFAE25°CHRE 1 h)mid300 H i
DL 2L BR DR A AR ) 5% 4, FELA3 500 romin™ B0
15 min, 5% FiHW.

(2) M =MMEHPIMA200 mLHJE Ro0.1
mol-L™'fYNaOH+Na,P,0,iR Ak, F7E180 r-min™'
TR IEEI6 h, SRJ5 LS 000 r-min™ B0 10
min. A 12 R B O CAE T2 LR
BEARRBOPRE 2 L2 R R 6, B0E
R Bk A A BRI SR (Hu ) A5k glifh
FE

(3) B FRAT 04 J5F 78 R 4 O I 2 mol- L' 11
H,SO AW 81 HpHZE1.0~ 1.5, 7E70°C F {415
1~2h, FESREEL. LERT0.45 wmigfl
Ja BP R R AL s AR (FA) REUR. BT
FIRE A /D 0.1 mol-L™' AYNaOH+Na,P,0,IR &
Wi . B0, w7 AsRE, H2 mol- L' H,SOLB M
FHpHEL.0~ 1.5, FHAETOCTFARIEL ~2 h, #
BARIFELE, ORISR (HA) £
dh o PR HEARE S T RESR UM FALL Y 88 /D . ARBIESE
JIH250 ghy2Fh HIERESL, SHPER (1) ~ (3)
DAAR EUE 08 3 1) 1 SR 5H BT FA A 434 i o

(4) B HE B FASE OB i B e 4T DAX -8
WG B A B AE AW FFFA, I 0.1 mol-L™'AYNaOH
AR T I B PO F AL i W 3 B SR Amberlite
IR 120 H'BY[H B T8 e Bg i 28 ek 5, F40C
Wi — R, BT EE R 100 ~ 5000
FHEZBHE (31 mm, BEEHAEY) HiT75E
Mro 4lifb )5 R FATE I 2240 CHET 5 BI45 2 FA [ {4
FE

(5) % LRAEE (2) pAR4ifb i HukE &
0% (3) sk aifb I HARE SR K AR R
5%. 10% . 12.5%. 15% . 20% . 30%F140% )
HC1-HFIR AW IR 4387 . 12, 12, 6. 4.
2RI, BIR12 he B EE FRBEZRTTCI R
(AgNOE ) , FZ40CHT)E, BRI baifh)s iy

HufTHAEE §
1.3 FIEAHENE

T BB . U B AR A, K
FLW VR ARG A S AR T RE S 5 1, PR B T
S (Leica EM ACE200, fHE[E ) 1EFE 2 1f Wi
SRS, & THM RS (HITACHI SU3500,
HA ) B2 B i R S A TR S 4R

TTERARME: ik (C) . A (N) . &
(H) &&ERHITESVL (ElementarVario EL
1, f8E) Mz, i (S) JLERHAILE DI
( ElementarVario MAX CNS, fEE ) E, %
(0) MERXRHZEWEITAMSR, JFHDHP
900 °CHABEM 15 14 I 43 Bt A TR I

i B AR B 2T A% (FTIR ) 4347: FA. HA
FTHWEE & B 2078638 R K Br e R i 76 {8 FL 745 Joa
4T AN Y ( Thermo Nicolet 8700, ZE[HE ) il
E, FHRECN4 000 ~ 400 em™' L XLk ok HURY
TRV, X AH L 1) B BB AT R AT a2 B 4T o
1.4 HiEQE

A BESE R, R [E AL B OE M O 22 A b
( ANOVA ) R HISPSS 20.05k 4T, F2R H /I
V2R (LSD) #HTREMZ R .

2 45 R

2.1 FARIKBEMHRHEERRSHEHSINEE

AN TG BILAB R A LA o5 T i BB 7 It R HE 4%
Mo &R, T FE BT i AR A e Ik B e
i£862.7 g-kg™', HIRJEIR A K WO A& FE XS 26 9
FRAHLAE, 70%1M168.8 g-kg '#1209.6 g-kg™'. /K
e - A0SR A 1 6 A R B AR TR AR IR i 5
FhAHLIE, A4391°820.67 g-kg ' F128.33 g-kg ™',
AT LLVE AR U6 5 8 5 T & i o R0 30.5
o~ 41785 . BILERA 6 ~ 5. 145 . AR
MEIFA . HARIHu/ & &, X =>4 2 0 L il i
rh, KA FB B FA © HA : Hulb
B4 5% M1 2 2.1 2 57801 2 1.1 2 1.1, RE KB
JIEL T 2 T XS 26 65 98 S U FA © HA = Hubb 6143 51k
1:2.0:4. 1M1 :2.8: 4.4, ARAYE R
FA : HA : Hulb W M1 : 65.2 : 10.6. Al 0L, K
AR EIE T I HAL 4y £, K LS5 WM A
MLAE () 65 42 o #% A Hu 2 4 o 5, 0 28 4 8 A R
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SR B LE AR A 40T . PQER/NHATE B F IR
(FA+HA ) T R EE], T 3RAEA P 19 ) 5
TR 2, R, SRR MR, T
GiMRAE 2, TR Y R R R E D
M A, KA IR AR B PQAN I K RS

TR LA RL9R, TR AR NE A X 2
B9 155 RN L34 o 33X U IR AS Y8 e 114 i 4 1 AR 32 I
TR NUL, SRR, e R R R E T
el o MR, PR HLIEE 58 I A PQ S £ 1E 1 A
I, EATTRY R AR R 5 A R A A

R2 TREMEBEERMEEESIEECGERT)MPQ

Table 2 Contents of humus and humus fractions (no ash) and PQ values in different samples / (g-kg™")

B i & B R Fulvic acid AR Humic acid IR JES B T PO
Sample (FA) (HA) Humin (Hu) Humus (Hus)
WP 11.24 £0.67b 732.8 +3.13a 118.7 £3.47a 862.7 £ 6.00a 98.49 + 0.08a
PS 2.35+0.74c 4.93+0.12¢ 13.39 +0.08¢ 20.67 +0.89d 68.16 + 6.18b
BS 8.69 +0.42b 9.58 +1.58d 9.98 +0.08¢c 28.33 £ 0.96d 52.16 = 5.81c
MFOM 23.72 +7.66a 48.04 +0.59¢ 96.88 + 12.88b 168.7 +4.40c 67.36 + 6.82b
FCM 2546 +3.81a 71.29 +1.24b 112.8 £ 13.02a 209.6 + 10.45b 73.73 + 3.24b

e 68— b AN [R] /NG SR R AN [R) B S A Rl 443 ) 22 5 %% (P < 0.05) ; Hus = FA + HA + Hu; PQ =HA/
(HA+FA) x 100, F[A]Note: The lowercase letters in the same column indicate significant difference at P < 0.05 level; Hus = FA + HA

+ Hu; PQ=HA / (HA+FA) x 100. The same below

2.2 FRIBGEMREE RS A 5B SFE

R 4l T 000 2 1) A ) A it 5 B J5 4% 2 43 K 43
i (R3) , BT KR AR Hud s &4ifl
Ab 38 B K G S s AT A A, AR R B R Y
B i b B E BKr SE E BL, JuH
JEAS R BE 5 A R HA L 5 9 K 43 ¥ 7830 g kg ™' LA
o B, AT RAXS S [RVRE G R B T 45 2 A 1 RO
DFESEAT I . BT ARAR R (a, fA1Kk) |
KFELE (b, ghfil) . B+ (c. hfiim) | BEX
BEAS (d. iflin) FIAKEEASIE (e, jMo) HFPEE
i BB RFA . HAFHud A W H SR BR g . A
SCrp, A S H u g A 0 R R B A SR AR B
IR EATAMLIEHLE &R M RRE o HL A R AR 5

JER R R FE A al B, KARRRAHA .,
Fft - HE A F A TN Bl oA ALAE A HA 5 500 R 45 A T 5
JoT U S5 /NN R BB AL o o X FFAYL 2y, W
Fofr = 8 %) R B /N, AR AR VB i B ORE L VR, R R
A ATLAE 9 FURE 37 R A A 8 e ARG R A X
HAYLG:, U A A o 10 90K £5 Ry 40 70N Fn 350 %%
PR R, AR A MLAE A ORI K T A
XFHudl 5y, KRARYe RS WA+ SEHud 5 (F
MLEHME AR ) BROESHGEL, miviFha HLEHu
43 (R ORI S0 8/ o P R R R A Ul Ak o R
PIHA R F (£2) , KA 5 i 5l 5 ml RE 4% + 4%
HIA HLAE J6 58 B A 00k 5 R 40 /N, 3R T
EV

R3 TRAMKBFARBOBERSEIRIEE

Table 3 Ash contents in the humus fractions extracted from the samples / (g-kg™")

FE i Sample FA HA Hu
WP 62.15 1.40 15.05
PS 83.17 29.81 435.2
BS 139.4 16.71 389.2
MFOM 42.36 531 28.57
FCM 23.51 4.93 149.0
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B AEFEGEFERFA (a~e) . HA (f~j) FlHu (k~o) ARy SR (a. THIKIAARES, b, gk
L, c. hilmAE L, d. il IRE R, e, jHlol BRI )

Fig. 1 Scanning electron microscopy of the FA (a~e). HA (f~j) and Hu (k ~ o) fractions of Humus relative to source (a, f and k

stands for woody peat; b, g and | for rice soil; ¢, h and m for black soil; d, I and n for mixed fermentation organic manure; and e, j and

o for fermented chicken manure)

2.3 FARBBEMPAEERSEAINTERERES

FAN AR G FE BLFA . HAFIHuA 53 1Y
C. N. H. S. OXJICEIMNT &= fEFAU /3, B
KA IRFARCE /N TIRG KB, (Hix &
TR LEMB L, SEBYIEMFAA S Y . XF
THAH Sy, KARKRHAHSHCE B SB A IR
A RBEEHAL MY, B3 5 KRS Mk
X2 MAEHuA 0, RA R R Hudl 53 1 C & i
A & F KRG AR A, R T A A LR
Hudl i CHr . ki, S5CHBEAR, AAREIR
i3 8 I3 45 20 43 BN 2 D 1438 /N T KR R B -
Fofr - 198 L K TR A e e R R A T 8 28 79 A MILIEL
Fihn, AAJEHFA ., HAFIHuZL 2 N A5 (Y
JtMER /6, 1/6F11/8, AHLIRKI1/10, 1/11F
1/9. RARPe B FHHC. NEFRNES FHH
JE 5 5 A C/N B2 8 79 o S R0 R LB ) C/
Nit, HFA . HARHu4 5 C/NEE /R H 3445 5
AR 6265 . TG A10.445, AHUE9.96%
12.3F5F11.0105% . 5ARAJE A, BR T 7KFE 1 Hu
Ay NS 0 = TR A R BEIEHud 2358, KF
R A R A A A N R BN TR A A
iR M 0 5 e X0 288 0 A I A 7 243 BN . LG IR
&, RA KB A EEAIFA . HALL 5 F1 R 8%
A2 1 Hu gl 43 1) C/N L34 /N T 8 /N1 5 F 4= 496 4H
IO JE 5 B 20 4 I C/NHE

Ji 58 5 4% £H 43 B H/C FI(O+S)/C FL 3 5 9 3k
FAEKRSS TY R4 S8 g mames ' . HY
CHAEMUN, FaEmE, HTamE et
(O+S)/CHE MK, AL sy, & %UH g AR
SO S R T R B VY L R4 B
W, EFAA S, RELREZES, (HARRRK
FALL ST (046 6 BEAESFIRE S R AT e v, MR 138
/N, TPFPA HLIE A T ARA e s fl -z fa] . 7E
HAZL 5, ARARUE o 1) 46 A JFE A s AR T 22 -
T T A3 AR RE S . fEHuZH2r T, ARAS VR % A 45
HEE TR LM ARG, (TR EMES K
WA . T ARA VR R LIHAZL 2r &, SR A Je %
3 B 5 ) 145 K R L T BB R A R Rl AT LA K
LR T E 2%, 5 R R AR Y . R A
s HuZ 43 169 S0 B 32 A1 795 ol - 48 70 0 R A5 AL AIE
I HuZl 5, (HHHALL 0 A B3 = T KR+
FPRAHLIE, e s TR L HAZ 7, HHFA
oA E L m T AIAE, W52 +FA
A . XU AR AT S FAFTHAZH 43 h & 41 8%
Z (1) 5 B & AR RE T, (HAE HudL 2 vh & 8 A6
B 5 W U e A
2.4 [ERIEEE R LA 7 LD I B HHE

FI2 X ARAYe . KL Bt RA LR
BRI & BEXSZEFA . HARIHuZ 3 (I FTIRE S, &
T A M G RR I IE R T B LR S . 2P A 1, A
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[ B A ) 4 2 A F TIR P 3 B AT AR LA TR, (L
762 920, 2850, 1720, 1 620F11 240 cm™'Z4b
FROEUE A W WSO B E AP e AN IR B 22 5 . Hor,
KA Y 5% 85l T B FA FTHA ZH 43 78 R AF R FEC=01f
J 11

1 720 cm ™ 'Ab MR IE R L -OHIM AL 4R 5 5
C-Off EAY1 240 em ™ Abpym e 170 My kA8 +
5528 - P 4 558 DL RTR G R T N R % T XS 288 T A
HUAE A AE B 20 53 o 3 10 B R AR 6 ¢ J8 3 L FA FITHA
2H 53 1 A B RN B i RE A B B T R A e
WA HLIEFAFIHAZ 53

FoHH T ARG B FE ITFA . HAFIHul 5
FTIR = B0 00 B A XS 5 . 2 920 em ™' fi12 850
cm ™ Ab ) I S U SR AT 1) S B I C HL M 8 R C - HLA
J&, 1620 cm™ 4b 14 WS4 ) J& AE 7 7 C=C B 1) fif
JB L2 920/1 62089 AR /N T 45 78 I A 4

FA HA

o
Q
=

Sy BIRG PE RS B PR SR ST s 2 920/2 850 HL(H
H/INTT 156 B i R 0 R 3 (—(CH,),— ) Al
A3 (—CH,) LB, sk, JH 3
MR L, T TR
atr, 2 920/1 620 HUAE 1Y R /NI HE A FA < HA <
Hu, ULHIHuZL 55 04 s M de o im0 & M 5 559, FA
253 10 5 B PR e ng g o M e 55, HAZL A T
B2 X T ANERE S, R AR AU Sk Hudd 43 11
2 920/1 620 FL{ATEAFES Hudl sy h ik, HA
Hewk IR, (B HFALH 4> AL Ho e 2 M HALL >
492 920/1 620 LLAE I Ry fre /Iy o 33 1 AR AS e Jic J 7
J A A R B A, KRR RHA
FIHul2 920/2 850 FLAE 4k 45 4 i AH [R] 4H 43 1Y
T RAE, U0 BH AR A U6 7 55 4 o 2 53 3R 0. PR B o 2
15 T oK - FE A B Fh - 38 SR A R NS AN & TR XS
FEWFPAHLIE, HE R > a5 M e 52 2%
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Fig. 2 Fourier transform infrared spectrometer (FTIR) spectra of FA, HA and Hu relative to source
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Table 5 Chemical ascriptions of the

R4S ELEYT B [

characteristic peaks (cm™) in FTIR spectra

FEAE I Peaks

fk2%H )& Chemical ascriptions

2920 &% CH, & Aliphatic CH, bond

2 850 JI§ % C-HA# J& Aliphatic C-H bond

1720 FRFC=0ffi & Carboxyl C=0 bond

1 620 F7 A C=Cfii )& Aromatic C=C bond

1420 JI§ % C-HZJE Aliphatic C-H bond

1240 RILC-Offi R FMOHZLE Carboxyl C-O and OH bonds
1050 kR R 24 A9 Si-O Silicate Si-O bond
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Table 6 Relative intensities of the main absorption peaks in FTIR spectrum of FA, HA and Hu relative to sample

BEH H4y 2920em™ 2850cm” 1720em” 1620em™  1420ecm” 1240em™ 1050 cm’
Sample  Fraction o 2920/1 620 2920/2 850
WP FA 2.25 0 45.11 16.62 3.98 27.54 4.51 0.14 —
HA 4.83 1.45 30.71 33.67 2.08 27.26 0 0.19 3.33
Hu 23.47 5.47 10.43 29.22 5.62 4.60 15.62 0.99 4.29
PS FA 2.22 0 33.15 15.15 1.80 33.81 15.89 0.15 —
HA 13.95 5.29 23.55 38.41 4.35 11.28 3.17 0.50 2.64
Hu 13.25 3.40 7.57 25.49 2.60 4.62 38.67 0.65 3.90
BS FA 2.35 0 33.84 13.36 3.41 33.00 15.96 0.18 —
HA 2.34 0.75 10.39 13.40 1.68 20.24 0.42 0.23 3.13
Hu 5.99 2.59 15.09 22.15 5.23 5.51 17.28 0.39 2.31
MFOM FA 4.74 0 44.19 23.56 4.03 21.4 2.09 0.20 —
HA 8.78 2.93 20.63 48.65 4.05 11.29 3.67 0.24 2.99
Hu 17.24 6.89 0.00 50.85 4.38 7.19 12.94 0.47 2.50
FCM FA 4.11 0 40.13 30.43 3.98 19.21 2.14 0.14 —
HA 14.64 4.79 21.46 41.71 3.57 10.49 3.34 0.47 3.06
Hu 16.16 4.02 0.00 50.78 5.68 5.29 17.64 0.40 4.03

TE: RN FE 0 AR 250 ST B FE ], %5 2 92071 620 HLMHA2 920+2 8504b TS 1 6204L iR H{HNote: The value
of each absorption peak equals to the proportion of the area of a certain absorption peak to the total area of the absorption peak (%);

2 920/1 620 is the ratio of the areca at 2 920 + 2 850 to the area at 1 620
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Abstract

and soil amelioration, however, little is known about chemical composition and molecule structure of

[ Objective ] Recently, woody peat is widely used in horticulture, facility agriculture

the humus it contains as the main component and ability of the substance to increase soil organic matter
(SOM) in the soil. Therefore, in this research, samples were collected of woody peat (WP), two types of
soils (paddy soil (PS) and black soil (BS)), two kinds of organic manure (Mix fermented organic manure
(MFOM) and fermented chicken manure (FCM)), for analysis of content, micromorphological features,
chemical composition, molecule structure and functional group structure characteristics of humus to
evaluate differences between the substances of different sources in these indices and in ability to increase
SOM. [ Method ] Different fractions (fulvic acid (FA), humic acid (HA) and humin (Hu)) of the humus
in the samples of WP, PS, BS, MFOM and FCM were extracted for analysis of concentrations of Carbon
(C), nitrogen (N), hydrogen (H), sulfur (S) and oxygen (O), micromorphological features with the aid of a
scanning electron microscope, and molecule structures by means of fourier transform infrared spectrometry
(FTIR). [ Result ] Results show that the humus content of WP approached 862.7 g-kg™' which was
30.5~41.7 times and 4.1 ~ 5.1 times that in the soils and organic manures, respectively. The WP humus was
dominated with HA, which accounted for 73.28% of the WP sample in dry weight, while the humus in PS,
BS, MFOM and FCM was with Hu which accounted for less than 11.28% only of the samples in dry weight.
The finding indicates that the humus in WP is more humified than that in soils or organic manure. The HA
in WP was smaller in particle size than the HA and Hu in PS, BS, MFOM and FCM, which suggests that the

molecules and particles on the surface of WP humus are denser in arrangement and hence lower in activity.
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The humus in WP, regardless of fraction was relatively high in C concentration, but lower in all the fractions
in N concentration than their respective ones in PS, BS, MFOM and FCM, which led to a high, even over
100, C/N ratio, about 5~ 11 and 9 ~ 14 times that in the soils and organic manures, respectively. Besides,
except for the HA fraction in BS, both the FA and HA fractions in WP were the lowest in H/C ratio, which
suggests that the humus in WP is more condensed than that in all the others. FTIR analysis shows that the
values of 2920/1 620 and 2 920/2 850 of the HA and Hu fractions in WP were much higher than that in PS,
BS, MFOM and FCM, which indicates that WP humus contains more aromatic and polymethylene groups.
The higher humification and condensation degrees, more compact and inert surface and more aromatic and
polymethylene groups suggest that the humus in WP is more complicated in molecule structure than that
in all the others, and therefore it is harder for organisms to decompose. However, according to the FTIR
spectra, the FA and HA fractions of humus in WP displayed absorption peaks higher their corresponding
ones in all the others at 1 720 cm™ and 1 420 cm' featuring carboxyl C=0 bonds. In addition, in the humus
of WP, the HA fraction was higher in (S+O)/C ratio than that in all the others, although the Hu fraction was
the lowest in (S+0)/C ratio, which suggests that the WP humus is still quite high in oxidation degree and
that its oxygen functional groups have not yet been completely decomposed. [ Conclusion ] All the findings
in this study demonstrate that WP is quite high in potential ability to raise SOM concentration in the soil.
Therefore, when WP is applied into soil, it is essential to regulate the fractions in the humus to a proper
ratio to reduce its particle size and polymethylene bonds, and meanwhile, to spike some biological activator
and to incorporate straw into the soil, so as to stimulate organism inversion and balance WP decomposition.

Key words Woody peat; Soil quality; Soil organic matter; Scanning electron microscope; Infrared

spectrometry
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