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(RIS AR BRI AR AR, AR AT REJ2 R THOIRAESE T HIA P (SOM, Soil organic matter ) [1] DOM Y541k, 2=
T A, XEAUS 19 13 DOM 5 A AR . T2 (2015 4F 1 A ) B, Ja%ifli DOM & &3, HI5a#:
W ET R W3 (2015 4 4 A) &, M1 DOM S&THe, EESFFERECME IR E & FREd. 17#
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R IEAE Y SR AR SOM [1] DOM Ry fE s Al fe AP 1, B9hn L% DOM &

KRR W, A AN IR LR

HESES: S714 MNHEIREG: A

Effects of Soil Warming and Nitrogen Addition on Soil Dissolved Organic
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Abstract:  Objective  As affected by anthropogenic activities, such as greenhouse agriculture that emits greenhouse gases, the

global mean surface temperature rose by about 0.85 °C over the period of 1880—2012; and nitrogen deposition in China
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increased significantly by 0.41 kg-hm? with each passing year over the period from 1980 to 2010. In the context of global
warming, soil dissolved organic matter (DOM) attracts more and more attention due to its important role affecting global carbon
and nitrogen balance, which is of great significance to the ecological environment. This study aims to investigate effects of soil
warming and nitrogen addition on content and structure of soil DOM in the soil of Cunninghamia lanceolata plantations in
subtropical China.  Method In 2014—2015, a mesocosm field experiment was carried out in a Cunninghamia lanceolata
plantations in subtropical China. The experiment was designed to have six treatments, that is, (1) CT(no warming and 0
kg'hm%a™'); (2) W(+5 , 0 kgrhm *a™"); (3) HN(no warming and 80 kg-hm %-a™'); (4) LN(no warming and 40 kg-hm %a™);
(5)WHN (+5  and 80 kg-hm *a™"); and (6) WLN, (+5  and 40 kg-hm a™"). Soil samples were collected in January 2015(dry
season)and April 2015(rainy season), separately for analysis of DOM.  Result Results show that soil warming increased the
content of DOM, but decreased its aromaticity index and humification index, which might be attributed to the effect of high
temperature promoting conversion of SOM (soil organic matter)into DOM. The impact of nitrogen addition on DOM structure
showed a seasonal pattern. In the dry season, addition of nitrogen increased both the content and aromaticity index of DOM,
while in the rainy season, it increased the content of DOM, but reduced its aromaticity and humification index significantly.
Under the joint effect of high temperature and nitrogen addition, the DOM peaked in content and got simpler in structure. Besides
the direct impacts of temperature and nitrogen content, soil moisture and pH were also key factors cotrolling DOM dynamics as
revealed by RDA (redundancy analysis).  Conclusion Based on the findings of the experiment, it could be concluded that 1)
Both warming and application of nitrogen affect soil pH, thus making it easier for SOM to convert into DOM. Since the
dissolution of organic matter in soil solution is mostly endothermic, warming accelerates the dissolution of plant residues and
SOM into DOM; while nitrogen addition can also increase soil DOM content by promoting plant growth. 2) The effects of
warming and nitrogen addition on soil DOM show a strong seasonal pattern, indicating that the influences of future global
warming and nitrogen deposition will vary with environment conditions from region to region. Hence, more experiments should
be done to further explore impacts of warming, nitrogen addition and their interaction on soil DOM, and some other
environmenatl variables should be taken into account to attain a more profound comprehension of carbon and nitrogen cycling
under a changing global climate.

Key words: Warming; Nitrogen addition; Cunninghamia lanceolata; Dissolved organic matter

+HEAHLT (SOM, Soil organic matter ) 7£4>
ERERAG I R4 2 o mE A el Hep, nhig
PEA L ( DOM, Dissolved organic matter ) 54
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# #& IPCC ( Intergovernmental Panel on
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ARNTH, 295 ERE 7RI 1317, B3
A3 R LT R T J AR DGR g 2 4 b T iy
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FAATT ARG A 1 i) J57 7] B b Ty AR PR S A 55 o
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i (UV-Vis ), 260635 (FS) FH AR DOM 1y
i RS SR X R AT A R, DUEA T
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WFoE XA FAE = AR AE S R G 5 kAR
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HHILIE,

1.2 Rt

TR T R b AL R Wbk BEXTRR (CT ).
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A (LN, 40 kghm>a™'), #E @A (WHN), 1
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A EGRES . 76 W, WHN Al WLN =Ff b B R 1) 9
AS/INXC 45 LR (AR 2 IR 5°C ); fE HN
LN, WHN 1 WLN /NX N, $#H8EUKFER,
A AN X I ZEHT ) NHNOs % 7E 800 mL
BT, RS 28 4 i MO X/
XA, AAE5> 12 RS R DR o X R/ X
W55 5 1 5 8 Tk, LAl BRI AN 7K i 2 g 14 5% 1
1.3 HERXESSH

T 20154 1 H (+2) 201544 H (FZ)
KA RIEREA, BUCREEITES A/ DX S BRI
SASFEERCRE S, KRB 0~10 cm AY T3 RS ]
EWNIE, BBREEE . R RAYIR R, TR A
INKHY S AN BURE g BRI A B — SRR 3 2 mm
0o —&Bor F T AR T, 5 —&B o
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e S 1A B U A ITT R 43 BT ( Elementar Vario
EL III, Elementar, German) M. DOM H DOC
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Shimadzu, Kyoto, Japan) 5, F|H 254 nm 4bng
WEF DOC & &35 35 & Y45 8 ( Aromaticity
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Table 1 Properties of the soil samples relative to treatment and sampling time

TSR ALK AR
sl SRAE I (] AL
pH Soil moisture Soil organic carbon  Soil total nitrogen DOC/SOC
Treatment Sampling time C/N ratio
/ (gkg™) / (gkgt) / (gkg™)
CT 2015-01 4.6+0.2Aa 225.5+0.7Aa 14.18+1.16Aa 1.34+0.13Aa 10.64+0.38Aa 1.04+0.10Bb
2015-04 4.4+0.0Aa 208.7+0.1Ba 14.29+1.02Aa 1.36+0.12Aa 10.55+0.36Aa 1.38+0.06Ac
w 2015-01 4.3+0.1Ab 210.7+1.0Aab 11.61£1.46Ab 1.10+£0.20Aab  10.68+0.77Aa 1.35+0.20Bb
2015-04 4.2+0.1Abc  194.3+0.4Ab 12.7142.24Aa 1.21£0.25Aa 10.57+0.69Aa 3.20+0.20Aa
HN 2015-01 3.9+0.1Bc 190.5+0.8Ab 11.43+0.47Ab 1.07+0.04Aab  10.67+0.76Aa 1.45+0.06Ab
2015-04 4.4+0.1Aab  186.7+0.4Ab 12.04+1.42Aa 1.16+0.22Aa 10.55+0.97Aa 2.47+0.47Aab
LN 2015-01 4.1£0.1Bbc  192.3+1.2Ab 12.00+0.48Ab 1.12+0.05Ab 10.71+0.34Aa 1.17+0.08Bb
2015-04 4.5+0.1Aa 184.9+0.8Ab 12.71£1.52Aa 1.214£0.13Aa 10.50+0.64Aa 2.37+0.41Ab
WHN 2015-01 3.8+0.1Ac 226.0+2.7Aa 11.39+0.30Bb 1.13+0.02Bb 10.11+0.24Aa 2.36+0.47Aa
2015-04 4.140.1Ac 171.9+0.8Ac 13.53+0.07Aa 1.294+0.07Aa 10.52+0.52Aa 3.22+0.40Aa
WLN 2015-01 4.1£0.0Bbc  205.0+0.6Aab 11.16+0.39Ab 1.07+0.01Ab 10.40+0.33Aa  2.58+0.42Aa
2015-04 4.3+0.0Abc  171.9+0.6Bc 13.02+0.86Aa 1.24+0.11Aa 10.50+0.40Aa 2.94+0.49Aab

e CT, XM, W, HOR; HN, ®%&; LN, fR%&; WHN, 3RS WLN, 8RRE. FTFE. AFKRSEFERR AR
[F) T [ — Ak PR ] 2 55 803, S ) /NS SR 3R (] — I [R] R S [ b B E) 22 57 1238 ( P<0.05 )5 SRR N P E+ARMEZE (n=3) . Note:
CT, Control; W, Warming; HN, High nitrogen-addition; LN, Low nitrogen-addition; WHN, Warming and high nitrogen-addition;
WLN, Warming and low nitrogen-addition. The same below. Different capital letters indicate significant difference between sampling times,

and different lowercase letters indicate significant difference between treatments ( P<0.05 ); data are means+SD (n=3) .

F2 HE. BEXMNIIEMER. DOM R EREWHZ M A ED N

Table 2 Variance analyses of the effects of warming and nitrogen addition on soil properties, and content and structure of DOM

EiEL SRAEIT (8] F Factor EI=E1 SRAF I (B T Factor

Index Sampling time W N WxN Index Sampling time W N WxN

Moisture 2015-01 ns ns ns DOC 2015-01 ok * *

2015-04 *ok oAk ns 2015-04 HEE ns *

pH 2015-01 * xRk ns DON 2015-01 *xE HoEE *
2015-04 kxk * ns 2015-04 * ** HoEk

SOC 2015-01 * ns ns Al 2015-01 HoAk ok **

2015-04 ns ns ns 2015-04 ns Ak ns

STN 2015-01 ns ns ns HIXn 2015-01 HAK Ak *

2015-04 ns ns ns 2015-04 ns ns ns

TE: W, BEE; N, MERG WxN, HSRREE M LM SOC, HHEF LB STN, +ii4%; DOC, miEMAHLER; DON,
AEMAE LA AL FHRMEREG HiXg, SOGEZL GG LTE50. Note: W stands for warming; N for nitrogen addition; WxN for
interactive effect of warming and nitrogen addition; SOC for soil organic carbon; STN for soil total nitrogen; DOC for dissolved organic
carbon; DON for dissolved organic nitrogen; Al for aromaticity index; HIXqy, for humification index of synchronous mode; ns, P>0.05;
*, P<0.05; **, P<0.01; ***, P<0.001.
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BU1 A5 HURE IR )R A [ 2L ] 38 m] 3 A L S m s P ALY 75

Fig.1 Contents of soil dissolved organic carbon and nitrogen relative to treatment and sampling time
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Fig. 2 Aromaticity Index of soil DOM relative to
treatment and sampling time
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LK MR s T 4 A AGlESS , SRR 2]
S, HIERHERAE RS, R TR L
SRR BB o IeAh, 4 A ISHAD 5 Fhab PRy 4
Btk WEMT CT, Wikt R RTE AT +
RS e e

o
9
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e} Abc
ji 02l Aab By Ac Aab Ac Aab
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Fig. 3 Characteristics of fluorescence synchronous spectra of soil
DOM relative to treatment and sampling time
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WHN1 * 5
DOCVHN2 DOC * R
Al
w3 HIXsyn
e < WHN3 .
:\; Wlwz OCTl % DON .
S IDON LNZ ) /,::,/'HIXsyn = : oCT3
NS + N
g IN3. ) (2 °CT2 g WLN I+ WLN2 HN3 OCIU[
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@ WHN%VLN;E W3 pH + HN2
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Al
HN1 a LN3
LN3
HNI1 LN1
N2 C
< < A
i pH:55.6%; F=20.1; P=0.002 T IM:37.6%; F=9.6; P=0.002 pH
-1.0 RDA1(57.40%) 1.0 1.0 RDA1(37.72%) 1.0

TE: A, 20154E 1 H; B, 20154F 4 5 CTL, 2, 3, Wi4; Wi, 2, 3, #if; HNI, 2, 3, #%; LNI, 2, 3, f8%&; WHNI,
2, 3, HERx<EA; WLNIL, 2, 3, <A ; M, hE&KE; DOC, WFHEAHLK; DON, mEtEaiLA; AL, J5&EMEEL
HIXgyn, 2IEFZEEIEE5ELTE%E . Note: CT1, 2, 3, Control; W1, 2, 3, Warming; HN1, 2, 3, High nitrogen-addition; LNI,
2, 3, Low nitrogen-addition; WHNI1, 2, 3, Warming and high nitrogen-addition; WLNI1, 2, 3, Warming and low nitrogen-addition;

M, Moisture; DOC, Dissolved organic carbon; DON, Dissolved organic nitrogen; Al, Aromaticity index; HIXy,, Humification index

of synchronous mode.
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Fig. 4 Correlations of soil DOM to soil properties as determined by redundancy analysis ( RDA )
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Fig. 5 Main pathways of DOM generation and consumption
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