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Effects of forest conversion on quantities and spectroscopic characteristics of soil

dissolved organic matter in subtropical China
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Abstract: Dissolved organic matter (DOM) is a crucial component of soil organic matter and is attracting more attention. It plays an
important role in global C/N cycling, and mediates many soil processes. As a small but most active organic matter pool, structural
and chemical characteristics of DOM is recently considered to be sensitive indicators of soil fertility. In many areas of southern
China in 1960’s, many natural broad-leafed forests were transformed into more productive plantations, the soil fertility recovery of
which is now of great concern in the context of global climate change. However, little is known about how these conversions will
affect the quantity and quality of soil DOM.

Different from conventional methods, spectroscopic methods can provide a lot of useful information on structural
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characteristics of DOM. Therefore, in this study we investigated the quantity and quality of soil DOM from a natural forest of
Castanopsis kawakamii (NF) and three adjacent plantations of Schima superba (SCS), Castanea henryi (CAH) and Fokienia
hodginsii (FOH) in Sanming Fujian province in subtropical China in terms of dissolved organic carbon (DOC) and dissolved organic
nitrogen (DON) concentration, special ultraviolet-visible absorption (SUVA), humification index by emission fluorescence spectrum
(HIX.n), humification index by synchronous fluorescence spectrum (HIX,), fluorescence efficiency (F.x) and fourier transform
infrared (FTIR). The results showed that, in 0—5 cm layer, the concentration of soil DOC decreased significantly (P<0.05) after the
NF transformed into SCS, CAH and FOH, and the proportion were 66.1%, 69.9%, 29.4% respectively, the concentration of soil DON
also decreased; in 5—10 cm layer, concentration of soil DOC and DON in plantations except FOH were lower than those of NF.
Concentration of soil DOC and DON in 0—5 cm layer were higher than those of 5—10 cm in all cases. The aromaticity and the
humification indices (HIXp,, HIXy,) of soil DOM from NF were significantly (P<0.05) higher than those of plantations, and they all
decreased with depth. Fr of soil DOM increased after forest conversion. The fluorescence spectrum showed that, the relative
absorption intensities of aromatic-aliphatic and lignin-derived fluorophores in soil DOM from NF were stronger than that of
plantations. FTIR spectra of soil DOM from all forests featured —OH, aromatic C=C, —COO ™, C—O of carbohydrates, but with
varying relative intensities. A higher abundance of carbohydrate rendered soil DOM from plantations less complex. In comparison
with plantations, soil DOM from natural forest was nutrient richer and contained more complex and highly condensed compounds,
therefore it was better for the accumulation of organic matter, because molecules bearing more complex structure were more likely to
be absorbed onto soil surface instead of being leached out of ecosystems. Overall, the differences of soil DOM between natural
forests and plantations might be attributed to the changed litterfall input, forest managements and human activities, and FOH is the

best for soil fertility recovery.

Key Words: natural forest; plantation; dissolved organic carbon; dissolved organic nitrogen; ultraviolet spectrum; fluorescence

spectrum; Fourier-transform infrared spectrum
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XM 81 %, RAETCRININ 300 d; HIONRM TS K E HILE, LR 1 m.

1% DG RARRMREE 20 160 45, BETK LM AL ST %, JLh ks BORs B I35 o WEAK 2 AT S 58 (Tricalysia
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Table 1 Forest characteristics and soil properties of the study sites

[XF Parameters M2 Forest type”

NF SCS CAH FOH
WRM4RAE Stand characteristics
M Stand age /a >160 46 46 47
K Altitude /m 343 216 216 223
W B¥ Gradient 30° 21° 30° 21°
P-4 % Mean tree height /m® 35.1 223 13.9 19.5
S35 #4% Mean DBH /cm® 57.7 17.0 235 25.6
SIABJE Stand density/(stemehm?) @ 178 356 267 317
32V 5t Soil properties (top 10 cm)
¥ Soil density/(geem™) 1.11 1.28 1.32 0.94
A W% Organic carbon/(gekg™) 22.0 13.9 14.2 33.9
45 N Total N/(gekg™) 1.6 12 1.3 2.1
&Lt Ratio of C/N 13.8 11.4 10.6 159
pH (H,0) 4.65 4.70 452 5.17

(1) NF, % A5 RKARHK natural forest of Castanopsis kawakamii; SCS, Afaf X T.¥k Schima superba plantation; CAH, #E % N\ T4k Castanea henryi plantation;
FOH #E%EMI N T4k Fokienia hodginsii plantation; (2) R A3 Dominant tree species considered only

2.2 T ARPE TR I

I WL S A A A ] Elementar Vario MAX B 070 AT I, pH {ELfFH] CHN868 ! pH 1 (Thermo
Orion) M5, T8RRI TIENE .
2.3 DOM [FJ$EHEL

Pl DOM SR RVEN, B 15 g B F RO b, INAZ B 7K UKL 2:1, V/W), 7% 30 min
J& 5.0 10 min (4000 r/min), ] 0.45 pm JEAERLSE, WERHAHAE A DOM.
2.4DOC. DON ¥R i [ 5

K i TOC-VePh A HUBE 43 A1 A0 52 ¥ i DOC ¥R, i Fl % 4L 3 5 2 M 4% (Skalar San'™,
Netherlands) ]2 DON ¥ % .
2.5 it

i H UV-2450 By ST WA 66 EE TN e 24 n] WIROGAE, kAW A I AE A 254 nm &b
FIMAE (Special Ultraviolet-Visible Absorption, SUVA) KT 5 FALFLEE . SUVA HFR N «T5 FHETESL

(Aromaticity Index, AD 7, HH594: (UV,/DOC) 100 41,

PECCHEAE F H A2 F7000 A A3 700 52 , WO RIS MR 4% w5 FE #8010 nm, 3453 1200 nm/min,
WOR A 254 nm, 96K 31 (Emission Fluorescence )3 K3 [l 300—480 nm, %¢ ¢ [F] 25 % 1% ( Synchronous
Fluorescence) K3 [l 250—500 nm. #éCASEHEF (Y435—480 nm) XI5 (3300—345 nm) X,
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P UG T RR BB W RR A 9 6 & S 6 i s v Ak 38 8 (Humification Index, emission mode, HIX..), #JG[EIZ
T 460 nm 5 345 nm TG HREE 1 EUAR D 26 R A G G 1 A FE £ (Humification Index, synchronous
mode, HIXyn) ' 9¢3% (Fluorescence Efficiency, Fer) 575 JAE i ¢ 06 K 6 (1 e K 9¢ et
¥ (Maximum Fluorescence Intensity, Fuay) KA SUVA B!, hydm R BUE, S906IEE i 2 M
FRIRCKE BT R pH AR R A 21

K 1 mg AR T HERORE S 5 400 mg TR KBr OBl B4R, 16 10 tom® FRoi |k sl H 914k
FF 1 min, H FTIR Y61 (Nicolet Magna FTIR 5500 & Hid KILLLAMGRE, B iS4 F A 4000—400

-1
cm o

2.6 AL LS 3 AT

s MrAE SPSS 17.0 HhidtfT, R 220 MRl LSD ELEEAFIAR > ASF 1) 13 DOM $ &A1 i
2, BEVEACTFBEE N a=0.05. HIDEEEHBIMEAE Excel H5E)%.
3 HBREDH
3.1 #MJr 13 DOC K DON #J%

7E 0—5 em T2, B KK RIRIK DOC W E (41.68 mg/kg) 73 Al e A A THAR (14.16 mg/kg). HEZEA
TAK (1256 mg/kg) MARFEMIN TR (29.44 mg/kg) [f12.9. 3.3 fil 1.4 £i5, 2ZRiLF|EFEAKFE (P<0.05),
3 RPN, AR A3 DOC W FE B2 = THAR WA AT (P<0.05); 5—10 cm )z, &bkor 43
DOC % 2 545/, SLhama i N TR e (13.69 mg/kg). ##K% 0—5 cm 3 DOC 3w T
5—10 cm 1)z, RS OB KSR S AR RN AR BN L2 B3 (P<0.05) (K 1A).

0—5cm T2, M KA AR 115 DON RS, A 5.38 mg/kg, (R THESEA AR (1.49
mg/kg) (P<0.05); ft5—10cm )2/, DON WAL m 2 EM AN TAK, o 417 mgkg, BEmTHR

Mo (P<0.05). M4 0—5 cm 13 DON KR T 5—10 em +/2 (K 1B),

o As 0-5¢c ~R . oO0-3
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=515 2 2 Ea
21w ? % Db
[=] o [i] i
F 5C5 CAH FOH
43258 Forest ype Hbr 237 Forest grpa
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Fig.1 Concentration of soil DOC and DON in different forests
NF, ¥ [KA5 RSP natural forest of Castanopsis kawakamii; SCS, ARAif N\ L#k Schima superba plantation; CAH, #EZE N L#k Castanea henryi plantation;
FOH ###41 N bk Fokienia hodginsii plantation. AR5 B IR [ — LA AARNFIRR R Z2 5 2, ANFVNG F-REE IR [Fl— MR 3 AN ) 2 ) 22 5
& (P<0.05). BEIREN FIELAREZE (n=3),
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3.2 #5115 DOM 46T

MELAA Pl DUE H, KRR SN AR S, 113 DOM 1) SUVA {H 2% [F#1IX (P<0.05), 7E 0—S5 cm
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B o
3.3 M) 118 DOM % et iERFAE

Bl 2 by % b gy 13 DOM 96 Rl . AN Lz, RARAR L35 DOM I 0ee Jr s 2 1y e KA 8K
3 RPN TARF— )2 3% DOM B BUAIIERIAILL, 0—S5 cm +-3 DOM (¥ 0 Tt I3 ) 9 1 32 A v £

425—429 nm, 1M 5—10 cm -2 M4 P AERE KA FE 1 354—366 nm.
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Fig.2 Fluorescence emission spectra of soil DOM in different forests
NF, #%[GA%5 KARFR natural forest of Castanopsis kawakamii; SCS, Afuf XLk Schima superba plantation; CAH, #E%E N T#K Castanea henryi plantation;
FOH #i @A N LHk Fokienia hodginsii plantation. -1 [Fl—#k7>tp 3 ettt 3% DOM Pl =&AL, ke i, REEHdlh 1 a0,

K 3 &AMkt DOM ORI . WEITR AT ELE Y, &AK7)r 135 DOM A i (ARG T2 2
AR 342 1. hex 285—290 nm, R A LR, W07 FEAFEMRE: 2. hex 349—381 nm, fURIFHM
JEWTEIEH]; 3. hex 450—453 nm, REATRITER . bR I3 HHBURFE 04 (K7 BB R, (EAFDRT I T
AN, RARMAEBK: 380 nm K 453 nm BRI IGAH O W TR R, 117 3 bt N TP E 08 A S 2 PR RS WS A e
(AN

FEMA LR, A% A AR 13 DOM 1) HIX e 163 W2 T 3 BN AR (P<0.05). 0—5 cm 12
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W, RARMR L1 DOM (1) HIX e T 23 A AR« HESE SRS 1.7 1.6 S 1.6 £i%, £ 5—10cm 12)2, #7
T HIX o (NG =F 1 1.4 455 3 RN T3 DOM ) HIX o (HZ A LE (P>0.05) (K 4B). MK
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Fig.3 Synchronous fluorescence spectra of soil DOM in different forests
NF, #%[GA% KARFR natural forest of Castanopsis kawakamii; SCS, Afuf XLk Schima superba plantation; CAH, #E%E N T#K Castanea henryi plantation;
FOH #i @A N Lk Fokienia hodginsii plantation. -1 [Fl—#k7:th 3 ettt 3% DOM Pl =280, ke i, REbHdlh 1 a0,

12 - A (A) 00-5 cm B
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Fig.4 Spectroscopic characteristics of soil DOM in different forests
NF, #% K5 KA natural forest of Castanopsis kawakamii; SCS, Afaf N T.#K Schima superba plantation; CAH, #E5E N\ T4k Castanea henryi plantation;
FOH AN Tk Fokienia hodginsii plantation. AN [F)KS FRER IR [ — T 2 WA RS R 22 57 B35, A IRVING FRER IR [Rl—FR AN [F] 2 ) 22 ¢ i
& (P<0.05). FEIFE N FIELAREZE (n=3),
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4C AT AR, R/ 13 DOM 1 HIX gy fi i T 3 FNTAR, 2250k K (P<0.05), 3 A NTAK
AR TR 138 DOM (1) HIX gy fE 5 F1 o B LJZIINER, #4K53 13% DOM 1) HIXem M HIX gy {H
BTk

H1&l 4D W0, &AK7> 13 DOM ) Fer (HAZ L3S SUVA J HIX ANF], #RpREE )5, +3% DOM 1
Fer (% TH i (P<0.05), £ 0—5cm )2, TSR 111%—305%, 5—10 cm - J2 Tt il 22
115%—273%. 3 BN T AR, HagAT 145 DOM (1) Fegr (EAR T ARAT LHERE . 5405 0—S em 1) 13 DOM
() Fer fE38 /N T 5—10 em + /2.
3.4 HMSr 13 DOM ff HLr 204N 1% 43 Hr

FHEE 5 TSI, % Bk R AR bR 0—5 om L4 DOM Hh T35 47 (¥ By BB A1 323224 : 3400 em™ BT (323, 2927
em™ J 2856 cm™ LA HIHE, 1632 em™ ALFIXUEE, 1388 cm™ ARAFIE & 1109, 1020 em™ AbHIAKAL A 105
5—10 cm 3% DOM HFHT &4 (KE BRI E 20 3406 cm™ ALI9FR3E, 2978, 1387 cm™ AR HIJE, 2926 cm™!
AR FFISE, 1624 Rl 1435 o™ ARFIFRIR R K 1192 1140, 1105 2 1041 em™ &b B KAL A0

RARPREES I AAT N TG, 0—5 cm 2 1383 em™ 4L FIERIM A LG BT, 11420 1120 em™ 4t
ARSI EL I Lo, Hin s B 80r M s, XRW T RYBIE N 5—10 cm LIELLAMR KR
0—5 om L ERARML, S 2854 em™ ARG FRE, 2T 1196 em™ 155 5 R bK 5—10 em 12
MILG, At N TTAK 2978 em™ b FE (WL LA/, (H 1385 em™ 1147 LA 52 386

120 120 0% 0-5cm
.’;__f 100 5 100
] 5
E 2
E 80 E 80
) Z 6
= ::-
= = 4
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0 " 2
] o
4 4 o0 1 i 4 400 o 4 1g 1 4
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= 2 60
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3 ' L 1 1 1 1 1 ' J :I I n i i i
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Fig.5 FTIR spectra of DOM in different forests
NF, #%[GA% KARFR natural forest of Castanopsis kawakamii; SCS, Afuf N LMk Schima superba plantation; CAH, #E%E N T#K Castanea henryi plantation;
FOH #a#44 N\ Ak Fokienia hodginsii plantation. FH-T-[F]—#ks3th 3 Hepftth ) 3% DOM Jrfgi 2L, SR i, JUEFHp 1 A5
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RSB HETEN TR, 0—5 em /20 3545 K 1387 em™ ALFOWC I 52 3455, 1 1626 cm™ 40K
OIS AR AL S0 17 72 4 1140 om ™ B ELEEBIR ;. 5—10 cm Fl 0—5 cm 1:3% DOM JiTf
WAL, {H 3545 em™ &b W B 1 42

3 RPN, RE AN 13 DOM P43 18 5 R AR i g ARALL, (BN AE— S50 1 0—5 em £
H1105 em™ AV I 5—10 em R, VIR, RSN ELILA AR S ol R
1200—1100 em™ RIS 53 2% HL LA 4R S84 T o
4 ¥hig
4.1 MBS T AU S TV A LSRG P A S

AHIFFLEE RN, A% MG IR AR o HESE S AR A N ARG, 0—5 em L3y PEAHLIRIK
¥ BEET (P<0.05) (B 1A), X5 FEE" J Chen! 4 A (FFT 4 B30, i AR MR s T
PEA BT 1 S R TS 9 LR LA 7T L TS MR E R il (A%, Ml D T4k,
B KRR ) SRR T 2t € PEBURBRIS s RTINS, 0433 ot - AT DR A KB I T et o R 4
M s TR Al AR AR S, AT I T AU K 2 20 2 VA e
RIZER . NTAIESIARI I, M LURVAMII I8 Sl >, HAFFURM, N TS B G, JR7EY
DAL A S A T R ARARS 2000 3N TR R 7 35 . N TARAE A B R o TR I AR B S
M, BBk T U EE R 20 X R SR R R, ARSI
WL R TR #MR5r 5—10 cm 2 DOC ¥R %2 58/, DI IS MR o X — + 2 3
SRR s [RIIRAR AR AT S—10 em 1222 DOC WREEMS i T RN, G554 AT L A HLBR R P A w1y 2
SCGR D, UHIAREAR N TAR G U D, LR PRI Be S ARl An s S A LR I S A o5 L
NI 3 FANTARE, KA LA MUK A, THESRERAG (B 1AD. BEFTRW], AR AT
N TARSER TR D0 7318.3 ke/hm?, TIHESERRAL N 2414.6 kg/hm?, AL T RIS 21, Beah, HESEAE N —Ff
B, QTR ok R AR — P RRAR T Va0 I, S 8507 L rvE A pLaRR
NI/ Ao £ 11 o] VU N i U CL/AN B 7 N TS w1 e e S I WD 90 A B e S A B/ RPN D A P e
it e Wl 125 A e & S50

AT HUELE AR AR S R AR IR R b R 5 B Y, AR e S sz — ROV
AR IR, Rl 3L N SRR AR B A2, AR ARt 3 I S e I
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