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Abstract: In order to understand the soluble and spectral characteristics of dissolved organic matter (DOM) in
leaching solution of 37-year-old Pinus massoniana plantation in Sanming, Fujian Province, subtropical China,
the soluble and special characteristics of DOM from fresh leaves and litter-fall in L and F layers from Pinus
massoniana (PIM) and Dicranopteris dichotoma (DID) were studied. The results showed that the DOM content,
including dissolved organic carbon (DOC), dissolved organic nitrogen (DON) and dissolved organic phosphorus
(DOP), increased with fluctuation along leaching time from 3 to 24 hours. DOC content of fresh leaves of DID
was significantly higher than that in PIM (P<0.01), while DON and DOP are lower. The special ultraviolet-visible
absorption (SUVA) and humification index (HIX) of DOM in F layer litter of both species was significantly higher

than that in fresh leaves and L layer litter, it indicated that F layer litter contained more aromatic substances and
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high humification degree. Synchronous fluorescence peak showed DOM contained protein-like and fulvic acid-like

fluorophore. The six kinds of samples showed five IR absorption bands in common, with the strongest absorption

in all cases arising from stretching vibration of H-bonding hydroxyl groups. The infrared absorption differences

between three kinds of samples in the same stand supported that the conjugated systems grown larger from the

fresh leaves to L layer litter to F layer litter. Overall, the chemical structures of DOM are more complex in more

decomposed samples, and the PIM contains more DON and DOP than DID. On the one hand, it provide more

nutrients for microorganisms, on the other hand, it increase the difficulty of the decomposition of the substrate.
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Table 1 Physiochemical properties of fresh leaves and litter-fall of Pinus massoniana and Dicranopteris dichotoma
Fi#¥ Species TC (gkg ") TN (gkg ") TP (gkg ")
N Pinus massoniana fif - Fresh leaf 491.05 25.15 1.05
L JZ047%9) Litter in L layer 515.20 8.46 0.16
F )27 Litter in F layer 492.08 15.14 0.54
T3 Dicranopteris dichotoma fif I Fresh leaf 485.49 14.58 0.51
L JZUH7%%) Litter in L layer 482.48 1521 0.50
F JZ27&%) Litter in F layer 472.80 15.64 0.49
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Fig. 1 Changes in DOC, DON and DOP contents during leaching. 9 : Fresh leaf; m: Litter in L layer; A: Litter in F layer.
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Fig. 2 SUVA of DOM during leaching. ®: Fresh leaf; m: Litter in L layer; A: Litter in F layer.
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Fig. 4 Fluorescence emission spectra of DOM leached for 24 h. —: Fresh leaf; — — —: Litter in L layer; ---: Litter in F layer.
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Fig. 5 Synchronous fluorescence spectra of DOM leached for 24 h. —: Fresh leaf; — ——: Litter in L layer; ---: Litter in F layer.
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Fig. 6 FTIR spectra of DOM leached for 24 h. ® : Fresh leaf; m: Litter in L layer; A : Litter in F layer.

TE AP W S 0 L A1) ik 2 R T iDL )2 (&
6), R F IZ R IE Wb o5 &2 b 2 i
BERIR L . W T o3, i3] L2 5 F 2,
H 700~500 cm " Ay W ISR X LR 3132 A K,
2 F 280 5 BB DOM R BR 28 o & k14 m
HE5H 2 2% 5 I HLAE 3670~3300 cm™" 5 W igié
AR — A5 I(2900 cm ! BRIT), 3% 2 AR RIS B
% C-H MR 4R sh. 23 F )20 1080~1020 cm'
1 700~500 cm " W ISCHT T (5 4 L ) 2 OK T
firf I AL )2, X R SRR RIS R R R 1 A
1630~1600 cm ' Fi1 1420~1400 cm ™" P 4~ W Wi 5 i
AL F )2 > L )= > i, KB F JZ DOM
HER RMREY R E L., MR, D EM DOM
TEAS R AL 51 i 2 /N1 3

4 1118

4.1 HEIEEHPDOME 2T LE

ARG RRW, B A AR o
H DOM i 4 A A, BR 2 H i DOC 75 4 i
FE T 5 B A NP<0.01), DON F1 DOP 5 &
WERT SR, X 5 R R B M 25 22
S K LT AR Z R DOM /Y B T8 2
IO VAR IR . B AN [R] RS IS R ) DOM. 75 & -
Y{E AT DA S R i 1) DOM. &5 &5 BR 23 L 2
DOP & B W /INT F JZ 40, HAR R dh 9 DOM 5 &
BRI LJZKTF FRE 1), BEIFE XA
(Schima superba)5 ¥2 R (Cunninghamia lanceolata)

N T MARAE 5 I 27 B & B 5T 26 I, DA AE
YIRS )2 19 DOC 834 R o2 K25
fif )2 . Kiikkild 2555 R i X A2 (H HE(Betula
platyphylla)Fl = ¥2(Picea asperata) A [7] 53 it 12 11
5 R W, DOC =¥ AN L JZ>F )2, XEHMT
L 25 YR R0, e s 4 . PR S (1Y
DOC & w3 TR Y2, vt it b i) DOC B
Ty B R Ok 5 T AE P G ) VR L R
DOC i B, (i3I8 7449+ DOC & f o AL
TP AE ) %) DON -1 & i 3402 L 21 F 20 i
KT, X5 Kiikkild 2552947 38 7 [ 7 HE =
K58 BT )2 P75 4 DON & 1 K TE iy 45184
o), X2 TS 2 A WL A3 17 N BIIR
B, W, B R DOC Bk ge T i pk i T HAERE
il AR RS, 1 DON A1 DOP BB = kg THE
i )RR

WA R ks s TR 5, SRR AL 9 DOM. %
i 25 bR 75 ) ] 14 ZE K S BT 0 Sl G B TR,
H L 2 DON &R M AU RE 1), X520
I 500 A [V R s 18] R BIF 5 5 SR AR, 7
W AR AR AR A T R, R AT
T bR S A e, KT PR 43 T R BRI B
I, DOM A9 542 1 DOM AR AP B3 [)
Pl Ao T RAKECA Ky, 2 st [i] P SE - e st ] 7]
DI E E A A DOM £, (H2 455 DOM
AT T SR AN — 35, R AN RIS 5[] ) DOM. 75
I 25 B(P<0.05) . WAE YA [ s ]
) DOC % &t 4t i) 3 25 5(P<0.05) , 171 % FE 47 fif 1



364 Py B AR 27 4

225

) DON Il DOP & 22 5% AN 35 5 ARl 70 i J= [ Y
DOM 5 A 1 8 75 25 5, 1t W 0 Ao s ] s A
[FIAE Aty AN [ KR 2H 23 A S MR R RE AN [

4.2 RADOMH ) S i S HFAE

AT L5 SRR, R F 27 Y% SUVA
P (B 2), RS AN S ERXYIRKER.
PIAEY) F )2 083 4 R EE s i 72 0k 6 h e ik &)
I KAERE G R, T3 L ZTEIA O h 54 R I,
FERATE X PN L A5G 057 B 29 0 () AR X E )
BT o i R A I DR T BB SR 05 A 2 A X B
259 0 OW B, R EE DY B R Ak S R ik, BR F
ZUETE WAL, DR FA R DOM TEWK I i Fith SUVA
(ELE A Tmr , BRI A B TP A T R e 1
EAR N iR S [ T S | 5 A e S
PRl w0y HHE AP AR, EEARE
SUVA {5 TSN, UL F 2% Y .(P<0.05)
(& 2), KA H DOM H&H 5 FERYIFKZ .

DOM H a5 /5 1Y HIX B A1 2% 70+ 1 L ol A
5, N R FRAL S WA IF B IR, 1 85 4 o i
T A FECT, BRI 5 Y HIX 6 0] 5 A B 22 o ik
248 15 i B e 43 i 1 4300, BIAE Y DOM )
HIX $R AR R IR F JZ>L 2>t ([ 3), R X
PIRIEY) F 2008 5 A0 AR B 2 4 i, S5 M T A
Il 3 AT, 70 R AF R B A R RR B 7 T, HIX L
SUVA F A&, MitkiE DOM B & S5tk es
L& 4T, X5 L 0 I8 4 Pl 0 ) R e e B, 2R
Bl 2 SRR A N5 , DOM FhAL8E ik 258 sk,
IR BD B SERE S 2 0] A BRIE A 25 5520 i [ A5 ¢
FetiE(E 5) WIFRAKE % 53 iE1T, DOM (W4
PR R AT 2%, Fh B — P 5 UG 46 Ry LI, 13 B
HEOABEERMPOLEY, EE M s iR
DA s Bu AR A AN W) A 2 R Y A b ) 2
PG 278~283 nm Fll 345~355 nm Pikboh, 78
395~405 nm FI 460~472 nm &bt A I 0% , P H
AN G YR 42, X2 T H RO F
THREY ) DOM, BB T M AES RGP
HAh I, R A5 5 2%

PIFEY) DOM WA Bn T 5 A HALY
WS (B 6), FH T4 F D0 HA = AR R AR Ak
IR s B 5% s A A 20 A, 6 DOM K il 6 25
P EA AR, AT A 5RO + 58 DOM (4L
AR SO0 S FAE 3500~3300 cm . 1080~1020 cm'!

Ak, 55 W WO E 2950~2900 em ™, 1630~1600 cm™
Ab. X R 11 DOM FIJEVEY) DOM Y4EH 2 5
R, JATE Y DOM fig A\ 3] -3 f5 Hoghtg &k 4k
— RN A [F—FEY 3 FhEE S A £1 A ) 2
SEMIER] AR 2] L ZH7E Y3 F )20 Y,
ALY ARG T, AR R AR, X
SUVA. HIX Wb & o et L0 AR ISOR
H T H A 1Y -OH 48 3 2 9 R 1k i i, 6 B
T 25 B2 Bl R IR ) O 1 LU A9 A X 38 1y, XS
VI BTIA 1A B 5 2 TERT T - 83 1 ke A W, .5 5
BHE WA FIAY . t5HTE 1080~1020 cm™
1 700~500 cm ' At A5 4 I I (4 MRS 1 o 4R
KU S HE ALY TS m .
ASCIBIFFE LS FAUESE T AT k. Ak
FRE#E L2 BECE 219 DOC, 17 AR DOM Hi
DON H1 DOP &t 2x ¥ 25 H WiAH Y % 53 R B
RNEE, DOM Ht &) 43 il ) Jos AN el /b, 2544 B 5
Ao XTI NI T 2050, 51 —TJ7
T SN T o WOMERE o PR YY) 7 230 F ot
P — 2 R 25 5, [FIB 52 DOM B K 2
HIRZ GO AREE 2%, LR IR A T 4B B X e
R AR, AT TR RS T DOM Fif A
BMAES RGN W, 0 FE DS S
) DOM K &85 2 itk A +38, 350Ch 4 5 WF A R R
U5 1) DOM 7E + 3 v W B | fife 0 fF FLER BRI 2%
[ , 30 o AR X ) i AE R b e LR
XX SE M AR AT SR LA P R bR A
45 C. N, P Y REIAA LS .

S 3k

[1] Ohno T. Fluorescence inner-filtering correction for determining
the humification index of dissolved organic matter [J]. Sci Techn,
2002, 36(4): 742-746.

[2] YangY S,LinRY, Li T B, et al. Ultraviolet-visible spectroscopic
characteristics of dissolved organic matter released from forest
litter-fall [J]. J Trop Subtrop Bot, 2004, 12(2): 124-128.

W B, MREAY, PREN, G5, AR TSI PR L)
LT ROGRERFAE (7] Pl I AR 2441, 2004, 12(2):
124-128.

[3] Wang Q K, Wang S L, Feng Z W. A study on dissolved organic
carbon and nitrogen nutrients under Chinese fir plantation: Relation-
ships with soil nutrients [J]. Acta Ecol Sin, 2005, 25(6): 1299—
1305.

EWEZE, TR, R AR N TR i A HLB S
TR R 7], EB2ER, 2005, 25(6): 1299-1305.



g4

FREAREN S . B RN G K YR MK A DL I R AL IS 22 R AE

365

[4]

[3]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

Zsolnay A, Baigar E, Jimenez M, et al. Differentiating with
fluorescence spectroscopy the sources of dissolved organic matter
in soils subjected to drying [J]. Chemosphere, 1999, 38(1): 45-50.
Du CY, Zeng G M, Zhang G, et al. The eluviations and acid
buffering effect of litterfall in Shaoshan conifer and broad-leaved
mixed forest [J]. Acta Ecol Sin, 2008, 28(2): 508-516.
KA, SOGH, sk3R, AF BRI R SR A VA 2 ik
e vh i [J]. A= 35241, 2008, 28(2): 508-516.
Carter H T, Tipping E, Koprivnjak J F, et al. Freshwater DOM
quantity and quality from a two-component model of UV absorbance
[J]. Water Res, 2012, 46(14): 4532-4542.
Yang Y S, Guo J F, Lin P, et al. Carbon and nutrient pools of forest
floor in native forest and monoculture plantations in subtropical
China [J]. Acta Ecol Sin, 2004, 24(2): 359-367.
W E e, FREITF, AR, 55, # D5 RARPR 5 N T ARG R T 2
WRIE IR e [T]. FEAS 2441, 2004, 24(2): 359-367.
Yang Y S, Guo J F, Chen G S, et al. Origin, property and flux of
dissolved organic matter in forest ecosystems [J]. Acta Ecol Sin,
2003, 23(3): 547-558.
W R, FETF, MoK, 5. B SR GDOMBDER , Fk
Keiital [7]. A=A 4I, 2003, 23(3): 547-558.
Yang G R, Lei S M, Huang C B, et al. Water quality of canopy
rain in Eucalyptus plantation [J]. J Soil Water Conserv, 2009, 23(6):
203-206.
WA=, L, BURKR, 4. R TAROE E IR K BURHEY)
WETT (7], K AR R4, 2009, 23(6): 203-206.
Chi G L, Tong X L. Leaching process of leaf litter in running
water and lentic water in subtropical China [J]. Ecol Sci, 2010,
29(1): 50-55.
R, BRI, AT DRI 7 W KR K BRI v
ORI L (0] 42252, 2010, 29(1): 50-55.
Wang Q B, Li L H, Bai Y F, et al. Effects of simulated climate
change on the decomposition of mixed litter in three steppe
communities [J]. Acta Phytoecol Sin, 2000, 24(6): 674—679.
FHIR, AR, KR, S BB AR (O 30 B AR )
REVR IR G I ) oM 0 s [J]. AR 352791, 2000, 24(6):
674-679.
Chen J, Gu B H, LeBoeuf E J, et al. Spectroscopic characterization
of the structural and functional properties of natural organic
matter fractions [J]. Chemosphere, 2002, 48(1): 59-68.
Liu Z F, Wu J F, Zhou L X, et al. Effect of understory fern
(Dicranopteris dichotoma) removal on substrate utilization
patterns of culturable soil bacterial communities in subtropical
Eucalyptus plantations [J]. Pedobiologia, 2012, 55(1): 7-13.
Zhao J, Wan S Z, Li Z A, et al. Dicranopteris-dominated understory
as major driver of intensive forest ecosystem [J]. Soil Biol
Biochem, 2012, 49(1): 78-87.

Yang X M. Laws of litter-fall decomposition and nutrient release

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

in the Pinus massoniana plantation ecosystem [J]. J Fujian Coll
For, 2002, 22(1): 86-89.

AN, b FEAN N AR 3 50 S F 43 RO A [0]. A
MEFBEFR, 2002, 22(1): 86-89.

Tian D L, Xiang W H, Kang W X. Study on biological cycling
of microelements in Pinus massoniana plantations [J]. Sci Silv
Sin, 2003, 39(4): 1-8.

HRAR, WAk, BESCRE. RN ARG SCR A MR
W7 [I]. MolBl2#, 2003, 39(4): 1-8.

Guo J F, Yang Y S, Lin P, et al. Concentrations and seasonal
dynamics of dissolved organic carbon in forest floors of two
plantations in subtropical China [J]. J Xiamen Univ (Nat Sci),
2006, 45(2): 289-292.

SREITF, MR, PRI, A KT SN AR 2 %
AR L B 2 A (). BT e A SRR, 2006,
45(2): 289-292.

Huang Z C, Chen T B, Lei M. Environmental effects of dissolved
organic matters in terrestrial ecosystems: A review [J]. Acta Ecol
Sin, 2002, 22(2): 259-269.

BOEAR, WRIFDR, B AR, Bl AR S R G R A DLBT Y PR R
BRBE (7], A 25274, 2002, 22(2): 259-269.

Guo W D, Xu J, Wang J P, et al. Characterization of dissolved
organic matter in urban sewage using excitation emission matrix
fluorescence spectroscopy and parallel factor analysis [J]. J
Environ Sci, 2010, 22(11): 1728-1734.

Zhao M X, Zhou J B, Chen Z J, et al. Concentration and
characteristics of soluble organic nitrogen (SON) and carbon
(SOCQ) in different types of organic manures [J]. Acta Ecol Sin,
2007, 27(1): 397-403.

X G, JRAD, BRI, A& A PUIC e i A LR . AU
R 0] AR 2774, 2007, 27(1): 397-403.

Song Y F, Ren L P, Xu H X. Experiment on the law of upland
nutrient leaching by fertilizing at different doses [J]. Chin J Ecol,
2001, 20(6): 20-24.

RETS, AT, VPR AL A PF T 5 R0 s B
SEHRAITY [7]. RS E4R, 2001, 20(6): 20-24.

Saadi I, Borisover M, Armon R, et al. Monitoring of effluent
DOM biodegradation using fluorescence, UV and DOC
measurements [J]. Chemosphere, 2006, 63(3): 530-539.

Akagi J, Zsolnay A, Bastida F. Quantity and spectroscopic
properties of soil dissolved organic matter (DOM) as a function
of soil sample treatments: Air-drying and pre-incubation [J].
Chemosphere, 2007, 69(7): 1040-1046.

Corvasce M, Zsolnay A, D’Orazio V, et al. Characterization
of water extractable organic matter in a deep soil profile [J].
Chemosphere, 2006, 62(10): 1583—1590.

Xie J K, Wang D S, Leeuwen J W, et al. pH modeling for maximum

dissolved organic matter removal by enhanced coagulation [J]. J



366

FAGHT AR R~ 41

225

[26]

[27]

[28]

[29]

[30]

[31]

Environ Sci, 2012, 24(2): 276-283.

Bu X L, Ding J M, Wang L, et al. Biodegradation and chemical
characteristics of hot-water extractable organic matter from soils
under four different vegetation types in the Wuyi Mountains,
southeastern China [J]. Eurp J Soil Biol, 2011, 47(2): 102-107.
Bu X L, Wang L M, Ma W B, et al. Spectroscopic characterization
of hot-water extractable organic matter from soils under four
different vegetation types along an elevation gradient in the
Wuyi Mountains [J]. Geoderma, 2010, 159(1/2): 139—146.
Janhom T, Wattanachira S, Pavasant P. Characterization of brewery
wastewater with spectro fluorometry analysis [J]. J Environ
Manage, 2009, 90(2): 1184-1190.

Coble P G. Characterization of marine and terrestrial DOM in
seawater using excitation-emission matrix spectroscopy [J]. Mar
Chem, 1996, 51(4): 325-346.

Zhou J M, Dai J Y, Pan G X. Structural characteristics of
dissolved organic matter: Fulvic and humic acids in soil [J].
Soils, 2004, 36(1): 46-50.

JELAS, A E, WA LI A PSR SRR AE
HH TR . SRR HEE (9], 5, 2004, 36(1): 46-50.
Kiikkila O, Kitunen V, Smolander A. Dissolved soil organic
matter from surface organic horizons under birch and conifers:
Degradation in relation to chemical characteristics [J]. Soil Biol

Biochem, 2006, 38(4): 737-746.

[32]

[33]

[34]

[35]

[36]

Kiikkild O, Kitunen V, Smolander A. Properties of dissolved
organic matter derived from silver birch and Norway spruce
stands: Degradability combined with chemical characteristics [J].
Soil Biol Biochem, 2011, 43(2): 421-430.

Li Z P, Zhang T L, Chen B Y. Dynamics of soluble organic
carbon and its relation to minerlization of soil organic carbon [J].
Acta Pedol Sin, 2004, 41(4): 544-552.

A0, SKRBEAR, BRI . A A LR i E S MO
AP LIN R [J]. 2L, 2004, 41(4): 544-552.
Qian W, Yang Y S, Zeng H D, et al. Characterization of dissolved
organic matter biodegradation using 3-D EEM fluorescence and
UV spectroscopy in urban river: A case study of baima river [J].
Subtrop Resour Environ, 2007, 2(3): 42-48.

Hfh, HERE, WEIE, % NITDOMEBER Y =450t %
SMEHEITE—— LA S ) [J]. 3 B RS PRI AN,
2007, 2(3): 42-48.

Michel K, Matzner E, Dignac M F, et al. Properties of dissolved

organic matter related to soil organic matter quality and nitrogen
additions in Norway spruce forest floors [J]. Geoderma, 2006,
38(3/4): 250-264.

Yang LY, Hong H S, Guo W D, et al. Absorption and fluorescence
of dissolved organic matter in submarine hydrothermal vents off

NE Taiwan [J]. Mar Chem, 2012, 128-129: 64-71.





