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The effects of warming and nitrogen addition on soil nutrients in the soil solutions

from a subtropical Cunninghamia lanceolata plantation
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1 Cultivation Base of State Key Laboratory of Humid Subtropical Mountain Ecology, Fuzhou 350007, China
2 Institute of Geography, Fujian Normal University, Fuzhou 350007, China

Abstract: Climate change can alter soils by causing warming and nitrogen deposition. It is not clear whether the nutrient
supply balance in the soil solution plays an important role in accelerating or weakening soil nutrient cycling. The aim of this
study was to analyze the effects of warming and nitrogen addition on nutrients in the soil solutions taken from a subtropical
Cunninghamia lanceolata plantation. Soil solution collectors were installed at soil depths of 0—15, 15—30, and 30—60 cm
in every sample plot. The soil solutions were collected using the negative pressure supplied by a vacuum pump, and the
dynamic changes to the organic and inorganic components were analyzed for two years. The results showed that warming and
warming+N addition significantly inhibited the dissolved total nitrogen ( DTN) and NO; concentrations in all the soil layers,
and N addition had no significant effect on them due to the increase in mass vegetation absorption of these nutrients. In
general , the short—term treatments of warming and N addition significantly decreased the concentrations of dissolved organic
carbon (DOC) , but had little effect on the K*, Ca®, Na", and Mg® concentrations in the soil solution. However, the
effect of warming on the mineral elements in the soil solution was much greater than that of N addition. Warming increased
the soil pore — size and permeability, which greatly promoted Fe® and AI’* leaching and decreased Na® and Mg®

concentrations in the surface soil. The interaction between warming and N addition may have a combined effect that is more
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than the simple addition of a single factor. Therefore, further long—term monitoring to understand the internal mechanism of

soil nutrient response to future climate change is needed.

Key Words: warming; nitrogen addition; soil solution; nutrient dynamics

BRI RIS T AR IR IR E ., 8, JUTRE R S U AR S R 5
A W HER LA OB R AR, ANl A R A e 7= ) A R R [ 3], IR RN IR AL iR ]
SIS I R N R TSGR AR st A e MIE R AR e G A B [ A e [ 6-8]

FRARIE SIS KR 22 LA LT FEXF 42 [ 9- 117, iR FH B R4 H IR T oe 4, HIEIR T
TSR 3R R ) = AP T LR M R S e - 455 43 B R PR L R E W SR A3 O ME B R B - AR A Sk
A SERRARA Y HOER AL 2 G PR A T2 (%) OB R B, LB DRt g 17 J8) BRI A BG 1 THR A Sl [ 12] . RIS M TEHL
HAr— PR IR IR S AR I A B A b, O AE R EXLEE, 7 RocE W (K) 8 (Mg) 45
(Ca) Bk (Fe) ¥NHEWA: KT BOTER 80 (Na) B0 (AD) AW 200K, 0 BOTR & 2 LiErE—
FEFREE I S2 MR AR BRI AE AR 11T, AT A ML (dissolved organic matter, DOM ) 353 /7 #£ iy Hh 1
KAEAESRG[13], &R b s AU A A ML 2, BRI H 3 LR A BN T 5% (B 5%
1o, TEFR A SR e rP AT R, B Sl IR 4R AR . DOM 2 AE AR R AR BSR40 1) B R R , f e i
Y AR R L RE IR L [ 14-15] .

BRSO UTRE SRR X - 6 TR A 43 1 R il PRLAS [R) A= 25 2R e i S, ] A8 2 sk 41 ) = 3983 W e LA 4y
TiE[16-20] 0 Lu 5[ 21 JAESIBTLL AR 3R WL i AR AR T 18 Ca™ Mg™ A& i, (HXF Na™ K" B 1 &
IR E M, Mao 48[ 22 ] 1 — W58 B, K I A 20 138 K B8 7 2 A FrF&A, 1 D' Orangeville
L9 T HE NS KA 5T AR 5T FE W it B R AR LB R KT Ca™  Mg™ %5 55 1 10 25 2 G Bl 35 5 I, 398 3 T 48 i
g KB A S, CA MR IARR v B & U E M R T [ 23 ], N T A2 B N R S AR
P R DA S R TR 4 TC R (/T [ 24-25 1, SR AT 52 0 3837 40 R FH 2 S A6, it 20T (6 4= S rh Al LA
FRBESE BN 1, NO; Rk, KK 38 pH 5 m + ELRl BH S+ W™ B B [ 26-27 ], R ULRE AT i
— RN R E A TR AT A ZhRE I (101, oAb, WU, b AR DOM 1 A R4 i 2o FE
ZEEPRTZ [ 17-18],

SAGEAE T RS AR W AR TR S S A 2 FE M A S5 R, SR AT S S A )2 WA F o BAE T, 28
A 28 ] X ™ B e 2 AW 78 w26 A B TR R &N K L Ca® Mg™ 26 5 3947 76 W1 A S8 BAR T, FRATT A
ST - I Y1) W, 7 XA - A8 LA FH AT RE IR A S B S e ) T PR N[ 29 ], BATRL, it U FR 40
RO R 43 2 4%, 38 BAE R 2 AL 75 220 2 IR %

AR 5T TE AR A = AR M S R G0 R BRAR AR AR 5T 3 X A2 AR Dy /N X = eV AT 1 P AF (14 3 25 08
H 2 H ATE TERGTHE IR it 208 38 TR+ it 20U 1 38 EAE I - eV oA LA o0 S TEALA A A s, 3 et
ARMFFE T it - SRR 53X SR S AS A B MR N, o] SR AR R4 TR R A SR A R A B Al . R
AL AR AR TE T A 498 A3 oy s S 2D A B B — e LS L,

1 ##IF017 % (Materials and Methods)

1.1 50 XA AL

I T AR = B BRMAE S RS 5 2B ALIT 5T (26°19'N, 117°36'E) , “F-H114K 300 m, F- X3 B
27.5°—35° J& H HHT 2R XU AR IR 19.1°C AR RERN i 1749mm , AEY)Z8 & it 1585 mm , AHXT IR E 81%,
TN RS KB RILIHE, pH N 4.6—5.3[25], WFSEIX H R M H R R anE 1,
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Fig.1 Daily mean air temperature and precipitation at study area during this study period ( from June 2014 to May 2015)
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1.2.1 St

TEIREGH S 30 A 2mx2m f/METT , B 3G R (5 AN EE IR ) <t 20 (ANt 280 it A 280 it s 20 ) X
PR3, A B (T, AN RS L) 33l (W, +5°C) (IR (LN,40 kg N hm™ a™') [ ® % (HN, 80 kg N
hm™ a™") MRA+HEIE(WLN) @A+ (WHN) 3t 6 Fab s a5 A5, 4 J A a2 50
LU

ISR ARG /N X 4 10 em TRACATIHS IR ALEE >R T H E0FR PID 38 3= Sl il 42 i R 40, 1 il iR
JE 5°C o SR/ HON RN DGR EE 5 5°C , 23R8 22 /N T SSC I, T SEIT IR I i, T 253K 3 5°C I, i 42 1k
(]SRN NI K A5 TR AR s A AR AT [ 25,30 ], Tl R HI TG NH, NO, (73 #7 400) 7
e, BITERE A H 8070 BIFREL 3.6 .7.2g B9 NH,NO, T 800mL 25 B F/K i, AL E 41 NH,NO, IR EIA
g UM AT , 43 IFE LH AT HN /NI MR | ) SR BIBEI 5] 3—4 3, [RIAE CT /X [R5 32
WA 25 B T UK [29] o ARG T 2013 45 11 A ARML, BT 4 Bk
122 HIHEAWCREE

3 TR R SE I/ NXIZEIA A 15em, 30em Fl 60cm Ab A7 15 3837 W HURE 25 (suction lysimeter, SM32) , 2 ]
JEALRAE TR . T 2014 4F 5 1 —2016 4F 4 AT BOREE CREERN 1A 1 IR, RETTENAE
0297, BN E 2 50K L0 BOBORE de il UL B 2ORAS, Fr 24h J5 FREOKFERR R
1.2.3 MWEWHE Tk

TR VRN ST 1] I S7 BT 0.45wm B8 A I8, BT A5 9A WD DOM YA W, 8 M M HILBK ( dissolved
organic carbon, DOC ) ¥ & FH B A HLER 73 #74% ( TOC-L CPH/CPN, H A) I & , 1 it P A3 % ( Dissolved total
nitrogen , DTN) G A JCHL A (NOS  NH; ) 8 FH % 2523 8l 20 B ( Skalar san™ | fi7 2%) 2, 3 M A HLA
(dissolved organic nitrogen, DON) A i S &S SV AR PR JCHL UM 228 A FH L IR 65 55 8 I R B s
{X (ICP-OES, Perkin Elmer Optima 8000DV) M5 L HEFE RO K Ca®™ Na* \Mg2+%¥?ﬁﬁ (mg/L) ,1%)% FH, Ja
A S IR RS (Y (ICP-MS, Thermo Xseries 2) %€ + VAR FP Fe™ 1 AP 3 B2 ( ne/L) .

12 Hr I HE 7 (acid neutralising capacity forcing, ANC Forcing) n] H DU & - S A IR S 5 D ,/ﬁ\:ﬂ‘%
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2 Z5R (Results)
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Fig.2 The concentrations of DTN and NOjin soil solution in warming and nitrogen addition treatments from April 2014 to April 2016.
CT: X8, Control ; W ; 3 , warming ; LN : ffR &( , low nitrogen ; HN ; %5 %, high nitrogen; WLN ; fliZ&(+3# i , warming and low nitrogen; WHN ; 5 % + 3%
&, warming and high nitrogen; N ; Jifi Z %L, nitrogen addition effect; W ; 3% 3 %5 , warming effect; WN ; 38 2 F1jifi %20 52 1.4 , interaction effect of
warming and nitrogen addition;ns: A7 .3 25, no significant differences; ANRICILZ A1 22 RAET + 3RIR .+ P<0.05; *# P <0.01; #%% P <
0.001
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Fig.3 The effects of warming and nitrogen addition on the concentrations of Fe** and AI**in soil solutions

2.3 AT KT Ca™ Na™ Mg™ & i

1 B R ERN 15—30em +)2 KB F &, BRIER)ZE Me™ B & i, S AU R IR+ R TR
K* . Ca®™ Mg™ & Jo i Em, AP PRI Na" B 13 i, JUHW 3R )2 Na® B 14 Wt 3 A 30 31 4
FH, For R R R+ A R 2 Na® 3 55000 X B 28.5% 1 47.4%
2.4 TEEAW DOM MR

e 2 o B it UG R SRR T R )2 R DOC YR, Horpiti U6 DOC Vi B A 10 46 1
FHRFHGE  ARA S = AR R 2 DOC MR B E 4 IR T 39.7% ,34.2% , ¥4I+ ARG IR + 5 A0 % )2
DOC ¢ B FAR FE A7) 57t R 24 , 23501 K 37.2% ,37.8% ., B+ )2 N, B AN )2 DOC He B 4 il 4 F A 1H i
F . WG A4S 1)Z DON Mk BE A T i 352w (H 8 TR+t 00 DON e J3 52 9L i 25 (R iE R 3 TR+ IR
1E 0—15,30—60cm 1 JZ 1) DON ¥ FE /0 B2 %t A0 1.7,1.8 1%, IR M it E 24 A 7 14%F DOC . DON G i &5
e, {E 3 Uk -+t 4D S 5 B AIR T2 DOC . DON,
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F1 WEMEERXTERR K Ca* Na* Mg™ S22
Table 1 The effects of warming and nitrogen addition on the concentrations of K*, Ca**, Na* and Mg in soil solutions

EELn +J)Z/cm

Indicators Sl layers CT LN HN W WLN WHN N W WN
K* 0—15 0.75(0.09) 0.82(0.11) 0.90(0.34) 0.74(0.21) 0.74(0.06) 0.86(0.24) ns  ns ns
15—30 0.74(0.14) 0.74(0.15) 0.70(0.06) 0.93(0.11) *  0.78(0.1) 0.77(0.07) ns ns

30—60 1.19(0.25) 0.69(0.11) *  1.09(0.42) 0.86(0.11) 0.77 * (0.14) * 0.94(0.41) ns ns ns

Ca® 0—15 16.63(8.1) 12.55(6.29)  11.01(8.78)  10.90(3.93) 9.92(6.05) 9.80(4.43) ns  ns ns

15—30  11.89(7.91) 8.01(1.83) 6.34(1.34) 6.84(0.64)  12.78(3.91)  11.71(3.74)  ns  ns  ns
30—60  15.20(8.1) 12.59(7.57)  18.46(9.03)  13.39(6.74)  13.30(7.02)  15.14(4.75) ns  ns  ns
Na* 0—15 5.40(1.06) 3.68(1.81) %  3.04(0.79) ** 1.54(0.12) *** 2.56(0.77) ** 3.84(1.39)  ** = *xr xx
15—30 3.29(2.04)  2.52(0.60) 2.65(0.28) 2.07(0.38) 2.85(0.80) 3.48(0.54) ns  ns s
30—60 3.26(1.64)  2.54(1.26)  4.10(0.56) 3.47(1.52) 1.87(0.58) 3.95(1.82)  ns  ns s

Mg 0—I15 0.73(0.17) 0.52(0.17) 0.67(0.14) 0.35(0.05) **  0.6(0.13) 0.54(0.24) ns ns
15—30 0.88(0.39) 1.01(0.61) 0.66(0.21) 0.61(0.1) 1.10(0.47) 0.70(0.12) ns  ns s
30—60 1.23(0.57) 1.62(0.91) 2.20(1.42) 1.67(1.04) 1.3(0.23) 1.46(0.57) ns  ns s

7CT ;%8 | Control ; W 1875 warming; LN ; MRA ,low nitrogen ; HN . A ,high nitrogen; WLN; (G A + 38 ,warming and low nitrogen; WHN ; A+
o, warming and high nitrogen ; N ARk ,nitrogen addition effect; W . J8 LB ,warming effect; WN . IR A A 3 B AL ,interaction effect of warming

and nitrogen addition ;ns; %74 . 2% , no significant differences ; A [R)Ab 38 2 6] Y25 S = R . = P<0.05; ** P <0.01; *** P <0.001

%2 WEMEAITLEAR DOC,DON #1 DOC:DON 0
Table 2 The effects of warming and nitrogen addition on the contents of DOC, DON and DOC:DON in soil solutions
Fatn +/Z/em

Indicators  Soil layers CT LN HN W WLN WHN N W WN
DOC 0—15 8.91(0.90)  5.37(0.94) *** 5.86(0.79) *** 7.27(0.66) ** 5.59(1.06) *** 5.54(0.58) *** ¥ ’* o
15—30 5.32(0.75)  4.65(0.47) 4.30(0.33) * 5.23(0.78) 6.68(0.79) **  5.02(0.71) ns ns ns

30—60 4.48(0.77)  4.09(0.49) 3.56(0.45) * 4.63(0.33) 4.08(0.53) 4.39(0.67) * ns ns

DON 0—I15 1.00(0.09) 1.13(0.18) 0.82(0.09) 1.01(0.21) 1.69(0.69) * 1.37(0.61) ns ns *
15—30 1.79(0.52)  1.38(0.22) 1.46(0.41) 1.33(0.53) 1.37(0.52) 2.21(0.38) ns ns *

30—60 0.96(0.2) 1.21(0.53) 1.28(0.42) 1.42(0.53) 1.72(0.84) * 1.74(0.39) * ns ns *

DOC:DON  0—15 20.42(2.88) 16.9(3.22) 19.67(3.38) 16.32(3.28)  10.06(2.43) *** 13.44(5.73) ** ns ns e
15—30 13.07(2.44) 11.73(4.04) 9.43(1.99) *  10.51(1.77) 13.55(1.86) 8.98(1.45) " ns ns ns

30—60 11.64(2.77) 10.28(3.34) 10.46(1.96) 9.73(1.99)  11.43(1.35) 11.11(2.60) ns ns ns

DOC . % PEA HLBK , dissolved organic carbon; DON 5 i AL, dissolved organic nitrogen

2.5 TIEEWER T FIBE S (acid neutralising capacity forcing, ANC Forcing)
4 v Tt EN 138 ANC Forcing JC i 2 52 M, {UAE 0—15em )2 RA W Z 2 T ANC Forcing, Ifii (5
R ANC Forcing HELAE, B4 38R+t & 45 )2 ANC Forcing ¥ 0 i, HAR 677 104 B E 408

3 1742 ( Discussion)

3.0 SRR I U A o

T RE A W) L SR WU R o B R i R AL )R R 0T L SR 2 B MRS ] A, 52 e A 0 4 T RAR
LR N R IR o JUR 0 B, (45 DU R 4% B P BEAT R A% M BT B, W AL ) 2R KR i R S R4
FINY RS E R WTEL R T R SR HLBU S A, 5 e A VR T, S BONO; WREE T Y R
WEFE IR N T4 1R IR Y DTN K2 NOS WREE (181 2) o RG] 32 1 WF T R IR R A+
BT SN A S A A T ARG e, SRS T 20— LSRR IR L i TS P R B OR, SR
SRR 1 WU S 3 0l , Ao — 0 0 B4 B B R BT [ 31 ], T el e A 1 B WP A NOS R BERE I

Wi NO; WL AYHE I, 3 IEAL B R DOC eI AR (3 2) o B A WRFT RN i i fe ot + 3w 1k , G
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B FCE A A K 2 B R K 00
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IR T A - 9 SR 53 e, W - A B4 SRR LR R D R
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Ik B G S B R R b G g e copactoy foreing fn soll slulons
HEAE R 50 MU RE T B 2 M 1. B E  HEF T DOC YT i B M, 262 Na® Mg 55 Bt I B (., (1
15—30cm HFIALR Fe™* AR & REIZIT 52 HEAT (8 3) . 208 M54 REM SR AR IO BF 52 % 30, - 3020545 B
TR N AT AR KGR, ABFISIX (T A MK | MR8y 9, [70 i ph - 3 L
W T Fe™® AL 5 Tk Fis, TR B T2 It 52 Na' Mg BT i WA (2 1) 55— 7T, 3
LT 5 KRB 78 22 PP P, VT 1 326 5 22 ) TR AL B0 R ) R RO B AL 55 145
T , AR B AL B R R MRS
3.2 FHER A

SRR AR 25 TR B T RUBR M0 — R T A, TL B+ ST A B0 s . RUMIRIFIE G S
0 T 5 B 0 W TR K 253 10 5 S A MR DOC & . AR
MU 4% 2 S DTN, NOS A7 B 46 50 6 P 2) it LA TR I B 7 U A 5 B e
HE R (o M) . DRI, 83630 T 0 8L 2 W T R L 1 0 T B M ORI M A
IR AR A IR | BFF  AT ACR H, 7T R 2 B 7 R (4 e B
P LR P TR 2P, BT 2 7= A7) A9 4 W G S8R (A7 T 10 0 S0 9% 25
PR SRR L2526 S ST IR0 EOE L 2 B L 5 ) % K R P 99 O 5 41 2
MR - VAV TR 250 A SN T 2R 2 SR S, R e T /K T ok 7 43 W
VR UEAb, R S TR T A A B e (0 R R FOR A T 2 M AR O MR
(R TR Na® SO (35 2) . Na® BB TS HEM A U NE 0 , 20 240 ML AR08 P 8 I b
LR RE R VR — R iR

RSB pH T - T BT T 0 BRI A VL HE9 Fe™® AT
ST T HOMEINE ST B0 A DR RN S - OB IR pH [ THRS , HEBE VIR Ca™ Mg
e T T R V1 I ACTEE e TR B A B MR 1L, pH (A 525, [ 0
R 2 R K Ca® Mg BRI TE B (25 2) , D Orangeville 1) AURFEBCR-IL I 7 3 4R 1 R BE
MoK Ca® Mg S50 T A6 8 525 (A B UL IR R 15—30cm 1J2 Fe™ AL 467 7 i ST,
AIRESE ANC Forcing i EREAGA &, AR KR FIEE ST ANC Forcing 5 pH EA & AR , it FH EHLA
R T 251G -5 ANC Foreing, L7467 1+ SO TR 185 phl T 000 | AR AN T 15—
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30cm AL Ve i 5t B 5 2 AR, SR AU a0 T AR DX AL I MROAC 2R LT R T i s BUAR 75 3 19— B
AITEIR RV 1 AL 268 AR A IR T IR AL B3R AL W PR AL B8 T RO A RSS2 X A BAR 2R
PEARRERAE I SRR A Sy P AR A R R R S AR A (A AT WY B R S R S T i
XA A A S BRI AR
3.3 SRR3R M UL 4t S M

UGS SR A SRR SRR A EL I RO 235 2R, T S8 384 i+ 0t S A P R X AR S U B S5
AT RO o 1 T+t 2205 LA PRI e U Rt 20 P PR U AR P A 28 2R T B A7 A SR R8O, 22 4320 i
T 5E 44 SRR W TR+t 258 B O R AT DOC (52 2 ARG AU 17 0 ARWFFE 45 R R 1E 4 1R + it
R EAEFIX R WO R B RO ER & AR v 3 5 T A IR IR R ST RO R
T L, 35 YR T 0 v T T 3 X R AR L o 7 A I, I S R R T AR S
FRGERIICEEIN, & e Dt U v W O CZOREM, 10t 800 JC e 25 5 0

TR AE— ERERE T R A ERE R X R ST T2 BRI, RIVHE il + e RS AT R R iR o
SR, e R R R TR S T A + il A R R DTN B NOS % fe
FOB S 38 1+ > HE RS % DOC 5 AR IR & 55K ANC. Forcing 8 3 [ 007 [l 95k . LA B SR W3 3 +
it RS HAE T SR A B A f AR, RRAR L SR A BE 7, al RE S BCh e N O AR S R A9, 1k
B T AT R TR AN 7 A — S S AR AR, AR AR B 5 3 W B 0 S o 2 R 3R Ay T R
MR, T it 2R T % ik M R O AR T MRS SR . AP + i RS ELAE XA A )2 KT Ca® Mg™
Fr TR (3R 2) , Ul B R G2 e IO, m A RO T R R O Bl A A — R WA
PR B +TE AL BE R Fe™ (AT 54 v ]2 S0 25 BRI, 1T 30—600m JiRJZ T3, it 5 T REZE A 1 3 Tl %)
Fe’* A" BRI, 22 30—60cm JIKZ AT % IR A AT [A] e S Wi il xh Fe™ (A" 3 TR BA INTERZI

4 %8 ( Conclusions)

(1) By HEO W) o0 i, fe it 3w Ak, B ALt R R )= DOC REEFES, Mi4% 1 J= DIN & NO; 45#
ORI TGN R S 1B LSRG, S BRI 5 T R B MR, KRR Na® Mg & i B3
RS

(2) 0Tt 580 19 A 1 P - SR AL, ARAT R+ RS R G SR P HRAS . IR FE A2 T A R e F 1 3
AR KX NOS (Na™ 8B FR TR MM, (2 SRR A I, RIS AL B e o AT B8, 30 20 mT B i
AR REE SR,

(3) i+t S80S LA FH X - SR 2% 97 0 B0 B W) 52 BTN 3 B S MR AL AN [] - — 75 T, 38t i 40 T %
TR WTR o ShASE AR, iR SRR BOCKIE R S, SO SR+ A EAE R
SR A A AT AR T INI] , FnO 3

Brigh: 200 RO A I E AR AR S IR REER , RAN TR0 S AR H0R , e TR
ST SR ELSS S8, I BT S 15 B8 (R 5 T2 B4 L a8 SCh A R R SR 5T A ) A]
AR IR S R 22— RS AR AT BB I XN R BEPEISCE I S VA AT T R 45 T /Y

BT, MR IR SRR A R AR 1B SCIRS Bl g TR Y ER S AT B, LRI B R AR
TRV S, AR SC 0 28 A B2 el B2 0 X 22 S 8 i Az M A 2 D RbRIHE S 2 U £ it o A ot 7 v 287 119
I 5 SO RN — R A8 S 6 HE A TR DR, JA B SRR | A F R A8 | JRA A A7 TR S48 ) S 00 i )
IRFIARAER BB AT 25 T B A5 25 A AR W R VI IR S 000, D2 A 5, T e R S 0 T A B fe B Y
IS0 2% 7 i DI BARE it R SR A AR PRAE T AR IR IR S8 i T AR 1830
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