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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 active organic matter pool ,
the structural and chemical characteristics of DOM have recently been considered to be sensitive indicators of soil fertility. In
many areas of southern China in the 1960’s, many natural broad — leafed forests were transformed into productive
plantations, in which soil fertility recovery is now of great concern in the context of global climate change. However, little is
known about how these conversions have affected the quantity and quality of soil DOM.In contrast to conventional methods,
spectroscopic methods can provide a lot of useful information on the structural characteristics of DOM. Therefore, in this

study we investigated the quantity and quality of soil DOM in a natural forest of Castanopsis kawakamii (NF) and three
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adjacent plantations of Schima superba (SCS) , Castanea henryi (CAH) , and Fokienia hodginsii (FOH) in Sanming Fujian
province in subtropical China. We evaluated dissolved organic carbon (DOC) and dissolved organic nitrogen ( DON)
concentrations, special ultraviolet — visible absorption ( SUVA ), humification index by emission fluorescence spectrum
(HIX,,) , humification index by synchronous fluorescence spectrum (HIX_, ), fluorescence efficiency (¥, ), and Fourier
transformed infrared (FTIR). In the 0 - 5 e¢m soil layer, soil DOC concentrations decreased significantly (P < 0.05) after
NF was transformed into SCS, CAH, and FOH, the relative proportions were 66.1% , 69.9% , and 29.4% respectively. The
concentration of soil DON also decreased; in the 5 - 10 cm layer, concentrations of soil DOC and DON in all plantation

types except FOH were lower than those in NF. Concentrations of soil DOC and DON in the 0 - 5 c¢m layer were higher than
HIX_ ) of soil DOM in NF were

em 9 syn

those in the 5 - 10 cm in all cases. Aromaticity and humification indices ( HIX
significantly (P < 0.05) higher than those of plantations, and they all decreased with depth. F ; 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 in NF were stronger than that of plantations. FTIR spectra of soil DOM from all forests
featured —OH, aromatic C =C, —COO~, C—O carbohydrates, but with varying relative intensities. Higher abundances
of carbohydrate rendered soil DOM in plantations less complex. In comparison with plantations, soil DOM in natural forests
was nutrient richer and contained more complex and highly condensed compounds. Therefore, it was better for the
accumulation of organic matter because molecules with more complex structures were more likely to be absorbed onto the soil
surface instead of being leached out of the ecosystem. The differences in soil DOM between natural forests and plantations
might be attributed to changed litter input, forest management practices, and human activity, and FOH is the most suitable

plantation type for soil fertility recovery.

Key Words: Natural forest; Plantation; Dissolved organic carbon; Dissolved organic nitrogen; Ultraviolet spectrum;

Fluorescence spectrum; Fourier—transformed infrared spectrum
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AR =TT 2E 4% B ( Castanopsis kawakamii) 747X RIS F A% K SRR I G A7 422 e 4 o
7 HHE TR SERIEBR, LRHIR 29 160 4F TR 700 hm?, 20 HHE40 60 4F £, 340 % FC 4G SR M B 1% 0
U1 5 5 RO 2 — P A TR 330 T 5 B E R K SRR S AR 41 (B 20+
JEIEEEE ) AL, DT SR 435 B M 49 %0 49 DOM ik 55O 3R (0 S R AL T R 0 i e e 1, A%
BFFC 0 URS FR A% K SR MR B L 48 1 PR AR A9F ( Schima superba ) 5% ( Castanea henryi) J 4 8241 ( Fokienia
hodginsii) 245 3 Fi A THCKH BTN G, 155354 R Alets R [RI R 1R L TAR R, 148 DOM. IR R ik
I 7 52 2 00735 Al , DY) Ay 988 7% 0 At 4 9 T VA LR 0 2 0 LR 5 9 A TP 28 2 DA e o i
fidE.

1 RIE RS

TR0 (57 T A = T 2E b3 (26° 11N, 117°267E ) |, 2R g TR P I 1 4 315 2 L BkoR s 3 1
KR I ; Jos v M RAGHS 22 R, AR 3R 19.4 °C AR K R 1605.9 mm, AF 3478 A it 1585 mm, MRS IR
81% , &AFJCFEIIN 300 d; HHONRPFUA K T L, HREEHE 1 m,

6 FOB RIRMAMRIE 24 160 4F | VR 45 14 20 1002 A, FE ks TR i A3 K 2 3226 M 28 ( Tricalysia
dubia) 1B 275 (llex pubescens) 55, WA )Z LU M) ( Woodwardia japonica) 1= # ( Dicranopteris dichotoma )
ﬂ?ﬂ‘i[”] 5

3 PPN TARBRIEFEIT 50 45, WIHE 25 FE I 2500 #k/hm? 2247, S A& Pl 10 )5, 2647 AR AR, 20 4R )5 AT
) e, B T) A o e s A5 5 B SRR B AR B 7T 3 U TEIA B U IS, 5 R LT 2 A TR, 3 A AR
MR A B E . MR R A B E (les pubescens) . 1= F ( Dicranopteris dichotama ) %5 W 53] ( Itea
oblonga) N B 58 ( Tricalysia dubia) %" | M FEARAEFN 3 ME R LR 1,

2 WRFAE

2.1 FEACREE
2013 4F 7 HEATRAE . A RS IRER 4 FERE DM I AR 3 3 30 mx30 m A HE K5 B HORE s SF- 247 41
A3 B 100 A4~ PRA%  AAX 100 4~ RIS H BEMLAIER 30 4, {5 FH - 854% 0—5 em S 5—10 cm 43 2B, AR A B %
W, R R RS DL AR R B AR R 2 R S RRIR A 350 B3840 F Tl & KR Higxad 2
mm 3L FHEE DOM, BG4 a3 0 ) 3 X IR R i 0.149 mm 5 H 0 2 388 WAk 2%,
F1 SHSBERLEER

Table 1 Forest characteristics and soil properties of the study sites
PRI Forest type' !

T Parameters NF SCs CAH FOH
MATFFIE Stand characteristics

Mg Stand age /a >160 46 46 47

W% Altitude /m 343 216 216 223
Y Gradient 30° 21° 30° 21°
SEFIF T Mean tree height /m? 35.1 22.3 13.9 19.5
Y942 Mean DBH /cm® 57.7 17.0 23.5 25.6
SEARBERE Stand density/ ( stem/hmz) (2) 178 356 267 317
1M BT Soil properties (top 10 em)

2% Soil density/(g/cm) 1.11 1.28 1.32 0.94
WL Organic carbon/ ( g/kg) 22.0 13.9 14.2 33.9
4 N Total N/( g/kg) 1.6 1.2 13 2.1

B L Ratio of C/N 13.8 11.4 10.6 15.9
pH (H,0) 4.65 4.70 4.52 5.17

(1) NF, #% [CHE RERFR natural forest of Castanopsis kawakamii; SCS, KA T AR Schima superba plantation ; CAH, #E5E N\ T AR Castanea henryi
plantation; FOH f&#AMI N TAHK Fokienia hodginsii plantation; (2) R K3 Ff Dominant tree species considered only

http ; //www.ecologica.cn



4 2 R

B
i

Eild 35 %
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A PR K 4 A Elementar Vario MAX i & 43 7 43 22 , pH {E{# ] CHN868 %Y pH it ( Thermo
Orion ) Ml %2 , 3825 B2 R FHER TIENE
2.3 DOM FY42HL

B DOM SRR 1S o 8+ TR0 AL B FK KR 2:1,V/W) 7% 30 min J&
B0 10 min (4000 r/min) , F 0.45 pm JEMEIE I8, JEM-P A I RIS DOM
2.4 DOC DON ¥ BE iy il s

K S5 HE TOC-VePh A HLER ST SGI 2 A DOC ¥ BE it 3% 22 3 8l 73 A1) ( Skalar San™ , Netherlands )
M€ DON ¥
2.5 Ot

A UV-2450( &8t ) 250 AT U430 BE TN i 58 A0 AT WO 388 J A6 DU A5 IV 7E I 4 254 nm Ak )i
W AE ( Special Ultraviolet — Visible Absorption, SUVA ) & 43 ¥ H: 55 AL F£ B, SUVA B FR A« 55 B 1 45 4L
( Aromaticity Index,Al)” 715K : (UV,,,/DOC) - 100"+

PECCIE ST H 37 F7000 AU #EATINGE | 33 F0 & 56 I M 4% 56 B #8910 nm, 4948 3 BE 1200 nm/min,
ORI 254 nm, 966 & 3161 ( Emission Fluorescence ) 7 £ 1 [l 300—480 nm , 7¢ 5 [R] 2 61 ( Synchronous
Fluorescence ) I KL 250—500 nm, 26K 818 (X 435—480 nm) XI5 ( X 300—345 nm) X 35 1 14
TR LU ABL B R R 2 ' A SH'G 1 Ji8 78 AL $8 %X ( Humification Index , emission mode, HIX ) , 2¢ G [R 2 G 1% K 460
nm 5 345 nm 4075 G ER BB e {E O a8 G [E] 25 6 1 JE v AL 38 %K ( Humification Index, synchronous mode,
HIX_ )" '3 96 84 % ( Fluorescence Efficiency, Fq.) 355 7 % 0 FE i 98 06 % 406 1% 1 45 K 2 e o
(Maximum Fluorescence Intensity, F_YERLIH SUVA{E' , R REUE | 7905 E R H 2 M 3k
B TR ) pH S AR 21

W1 mg B URTHRAIFEM S 400 mg TR KBrOGHESE) BEANIR S, 76 10 v/em® FR5R T U A IF4EHF 1
min, ] FTIR Y6354 ( Nicolet Magna FTIR 550 ) I I SR HLLLAMERE , i i 435 Y F R 4000—400 em™
2.6 HEab S oA

Bl /3 HTAE SPSS 17.0 WRkAT SR I 224301 LSD HEBUAR R AR AN TR 42 )22 125 DOM Hicie o i) 2
FE, BEMIKCFE R a=0.05, AHREERHIVETE Excel H158M,

3 ZBREHS

3.1 £HM5r+3E DOC K& DON ¥ &

TE 0—5 em 12 AR ECHE RIRAR DOC HeEE (41.68 mg/kg) 70 HJE AT AN T AR (14.16 mg/kg) HESE A T HK
(12.56 mg/kg) MABRFMN TAHK(29.44 mg/kg) 1) 2.9 3.3 Fl 1.4 1%, 225353 . E /K (P<0.05) ,3 F LT Ak
o R 4 DOC WRE B 3 T HABAN A T AR (P<0.05) ;5—10 em )2, &4k 14 DOC W2 H
BN PR AN AR 0551 (13.69 mg/kg) o 45 HK58 0—5 em 3 DOC YR EHH T 5—10 em 1), H
A% FCRS AR AR AN TAK B L2255 1835 (P<0.05) (K 1A)

0—5 em 2P, 45 KA RERPR 35 DON ¥R B d5e i, o0 5.38 mg/kg, (HA 25 55 FHETE N TAK(1.49 mg/
kg) (P<0.05) ;7F 5—10 cm £ )2, DON ¥ B f = A2 A BN AR, Ol 4.17 mg/kg, 038 & TH R (P<
0.05) . #H#45> 0—5 em 13 DON HEHE T 5—10 em +JZ(E 1B),

3.2 AT HE DOM LAk E

M 4A Ha] DL AR N T AR , 14 DOM 1 SUVA 8 5 3E K (P<0.05) , 7E 0—5 cm +
JZ AR R 45%—74.3% ,5—10 cm +)Z NIRRT 54.3%—82.9%, FiA M4 0—5 em 1 1€ DOM HY
SUVA {4 i 5 T 5—10 em )2 (P<0.05) ,7E 3 i A TR, fREHI A TAK 13 DOM (1) SUVA {H#R
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Fig.1 Concentration of soil DOC and DON in different forests
NF, #% AR IRAR natural forest of Castanopsis kawakamii; SCS, Afif X T4k Schima superba plantation; CAH, #E 5% A\ Tk Castanea henryi
plantation; FOH fEEAIA Tk Fokienia hodginsii plantation. /N[RIKS FRERR A — L2 AR R ARG 8] 22 57 B3, AR/ NG TR 7R [ — #k
TP LR ) 22 5 3 (P<0.05) 5 B H B g T 39l A5 HE2E (n=3)

3.3 K53 DOM B OLIEARE

2 R4 hRo 13 DOM B ESHESE, A L2 o, RERMK 112 DOM 06 BT X B A I K 28 Kk, 3
FP N TR — £ )2 158 DOM i 2] (I BIARL,0—5 em -3 DOM A9 I 06 T Xof 7 110 35t 4 5 L4 vh 7 425—
429 nm, 11 5—10 em 4 JZ WA P 7R A B 1Y 354—366 nm,
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Fig.2 Fluorescence emission spectra

of soil DOM in different forests

NF, #%F#5 KIRMK natural forest of Castanopsis kawakamii; SCS, A fif N T4k Schima superba plantation; CAH, 4k 5L A T4k Castanea henryi
plantation; FOH 4 &M TAK Fokienia hodginsii plantation. ¥ [f]—#k53th 3 Yekf i) +4E DOM Frf5ig EIZEL, HRiEA 0L, Rk pedir 1

AF

Kl 3 sy 38 DOM BRI EIE R, MEHa] LIE H, £ 4K50 4% DOM BE 0 AUERIEIE T3 A LR
34~:1. Nex 285—290 nm , fRFERIE I FIEHT , (55 B IEFREE ;2. Nex 349—381 nm {05 F LGNy ik HEHA
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3. Nex 450—453 nm  fRFATTZEIILA £t BURRAE 06 119 57 5 A S5ORH ), (EURF 6T e 1T FRUAS ), R SRR AE
WA 380 nm S 453 nm BT A AR X WG T R AR 1T 3 ol N A S 30t A 57 P A T I A0 T AR K

FEWIAS L2 A% TGRS AR MR L2 DOM 19 HIX (634 .2 & T 3 i A TAR(P<0.05) . 0—5 ecm L2,
KIRM A3 DOM 19 HIX, (B3 A AT A58 KA A 1.7 1.6 )2 1.6 £%5, 7€ 5—10 em +J2, A& HIX,
ENE=FM 1.4 £5;3 F AT AR DOM /) HIX, HZEFAEE(P>0.05) (K 4B), ME 4C Al LIFEH,
RIRMRAHE DOM 1 HIX | (B T 3 Fi AR, 22 535 35K F- (P<0.05) 3 Al N AR i glAr A Ak 135
DOM 1 HIX (B, BEH )2, #4550 3% DOM /Y HIX,, M HIX, (HI TR,
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Fig.3 Synchronous fluorescence spectra of soil DOM in different forests
NF, # A% KR natural forest of Castanopsis kawakamii; SCS, Afaf A T.#k Schima superba plantation; CAH, #E5E N\ T. 4K Castanea henryi
plantation; FOH & ZAI N Tk Fokienia hodginsii plantation. Hi~F [Fl—#k53+h 3 Ykt th i) + 3% DOM FIrfs ik B2, Sy faf el I, Rk e 1
AFIh

H I 4D AT 005 13 DOM 1 F (A b3S SUVA & HIX RIA], Zip i), -4 DOM 1 F fA
BT (P<0.05) , 16 0—5 em T2, FFE R} 111%—305% ,5—10 em )2 T4 8 B 0y 115%—273%
3 A TR AR AT R DOM (Y F fE IR T ARG RS, & K53 0—5 em )2 135 DOM B F (63N T
5—10 em )2,

3.4 ARt DOM {8 B 2T AN 40

FH LS )50, A% FCFS R AR AR 0—5 em 145 DOM v Jir & 47 19 B BE A £ 22 00 . 3400 em ™ BT ) F2 3, 2927
em™ % 2856 em ™' Kb AT H 3 1632 em ™ AEAYXUEHE | 1388 em ™ AT RE K 1109 1020 em ™ &k HIRR K AL A4 55—
10 em 1€ DOM Thr &4 1B BB 28 3406 em™ b FY ¥R 3K, 2978 (1387 em ™ AR H 3K, 2926 em ™' Ab 1)
B 1624 F1 1435 em ™ AbAYREREE Sz 1192 1140 1105 f2 1041 em™ 2R KAL S8 .

RIRBREL R A ] N T AR ,0—5 em )2 1383 em™ Ab I EL A IR I EL B T, 1142 1120 em ™ 2b AR 7K
&Y He Bt b Tt Eo ) S O I R 8l X R B T W BT I 5 5—10 em TIERYLLAMRICFT 0—5 cm
T JZARAL, R 2854 em AR ARG R, 2T 1196 em™ UESIRIA ; 55 KIRK 5—10 em HJZHHL, AfiT A
AR 2978 em™" ik FH LRI LG (1980708 1B 1385 em ™ (1 LU W] S 34 410
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Fig.4 Spectroscopic characteristics of soil DOM in different forests
NF, # G5 RIAM natural forest of Castanopsis kawakamiiy SCS, Afaf N LK Schima superba plantation; CAH, 4 5 N LAk Castanea henryi
plantation; FOH f& &I AR Fokienia hodginsii plantation. /N[F] K F-1EIR [F]— 1 2 PIAS [ AR G5 0] 22 53¢ 1 3, AN R/ 2B 3R7R [a] — Ak

120 -

100 -

80

60

40

20

0
4000 3600 3200 2800 2400 2000 1600 1200 800 400

0
4000 3600 3200 2800 2400 2000 1600 1200 800 400

120
100
80
60
40

20

0
4000 3600 3200 2800 2400 2000 1600 1200 800 400

120 - FOH

100 |-

AT

80

e

60 -

40

20 +

1 | 1 | | 1 | 1 |

0
4000 3600 3200 2800 2400 2000 1600 1200 800 400

% Wavenumber/cm™!

5
Fig.5

ARE#4 1+ DOM L5tk E
FTIR spectra of DOM in different forests

NF, #% [C#% KARIK natural forest of Castanopsis kawakamii; SCS, Afif N T.#K Schima superba plantation; CAH, 4k 55 A T4k Castanea henryi
plantation; FOH A N AR Fokienia hodginsti plantation. W TRl —AR 3 Hef LAY 135 DOM Fr i 2401, Sy fif {2 Dl s Rk

ik

FIRMEE G R TE N TS ,0—5 em )2 3545 K 1387 em ™' Ab AW e B i 48458 | 17 1626 em™ &b W1
VS, WK AL S 0 B W M0 ) 2 R 1140 em ™' B Bl HLEL I3 0 3 5—10 em A1 0—S5 em £33 DOM Frf5 i K A
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12,5 3545 cm™" Ab A W ICRE A &

3 FPT AR R EHEAT 13 DOM 1535 18 5 K SR MR s A AR B0, (AT 7 — 22 X, 21 0—5 em £ 2
1105 em™ &b WA B3840 5 5—10 em )2 o, S FF L0 /0, R 08 in L HE 25 % 2 W78 5 5 1200—1100
em” MR ISCAR 1S5 2% H LU 4k S

4 Tig

4.1  FRAREEAGT AT A LR B AT i A LA JEE 52 )

ARWFFEGIR R A% RS RIRREEAG AT S B AR AN AR ,0—5 em I AT PEA HLER R B2 1
HIEAR(P<0.05) (& 1A) 3% SR Z" K Chen' ' S5 NIBFFEEE R —30, & BUARMEE 0T + 38 nT M Bl
T/ 4 D DR AT RS DA LR JLAS T T« 1N ARG AR I B AR (e oLl B ) BT, B AR R fd R
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