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Effect of simulated warming on nutrient release during the decomposition of leaf

litter and canopy litter of Chinese fir based on displacement test

WU Xiaojian', LI Jiangfei', JIANG Yu', SUN Linjun', WU Pengfei'>, MA Xiangqing'> "

1 Forestry College of Fujian Agriculture and Forestry University, Fuzhou 350002, China

2 Chinese Fir Engineering Technology Research Center of National Forestry and Grassland Administration, Fuzhou 350002, China

Abstract: Litter decomposition is an important part of nutrient cycle in forest ecosystems. The objective of this study is to
explore the effect of air temperature change on the decomposition of dead leaves of Chinese fir ( Cunninghamia lanceolata) .
In the study, the leaf litter and canopy litter of Chinese fir were selected as the research objects, and four altitudes
temperature gradients (i.e. 620 m, 1003 m, 1410 m, and 1948 m) were selected as test sites for carrying out the
displacement test based on the climatic zone characteristics distributed vertically along the elevation of Wuyi Mountain.
Field decomposition net bags were used to study the litter decomposition rate (K) , dynamics of nitrogen (N) , phosphorus
(P), magnesium (Mg) , and calcium (Ca) release during the decomposition of leaf litter and canopy litter of Chinese fir

under different temperature conditions. The results showed that the dry weight remaining of leaf litter and canopy litter
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showed a decreasing trend with the extension of decomposition time, and there was a significant difference between the dry
weight remaining of leaf litter and canopy litter under different temperature conditions ( P <0.05). The sequence of
decomposition rate of leaf litter at different altitudes was K, > K g3 .> Kis10w> Kigssm» and the order of canopy litter was
K03 0> Koo > Kigiom> Kigus - The decomposition time of leaf litter and canopy litter needed for 50% and 95% mass loss
were shortened by warming. Warming significantly affected the N, P, Mg and Ca remaining in leaf litter and canopy litter
(P<0.05), and the nutrient remaining of both leaves were lower at T,,,,. However, during the decomposition period of
300—360 days, the canopy litter had a higher P remaining at T,, . Warming did not change the release patterns of P, Mg,
and Ca, but changed the release patterns of N in canopy litter. The dry weight remaining of leaf litter and canopy litter were
positively correlated with N remaining ( P<0.001) , and negatively correlated with P remaining ( P<0.05). The correlations
between Mg, Ca remaining and dry weight remaining were weaker than that between N, P remaining and dry weight
remaining. Warming significantly accelerated the mass loss rate and nutrient release of leaf litter and canopy litter, and thus
promoted the material cycle of the Chinese fir artificial forest ecosystem. These results provide a scientific basis for a
comprehensive understanding of the response mechanism of nutrient release to climate warming during the decomposition of

Chinese fir dead leaves.

Key Words: warming; Cunninghamia lanceolata ; leaf litter; canopy litter; dry weight remaining; nutrient release

A RRARAS AL H ™ T, 3 A AR BRI U UM . IPCC ARG 4545t 2021—2040 4F 428k
AR T 2001—2020 424 THE 0.3—0.7 €1 BRI B IR TH R A0 b A= 25 2 G T R Bk
A A SRS K 53 AT b8 Jry (R BB i 255 [REC M - 55 b T 2% B 2 () 1) R A8, %o ol L 2 285 2R G2 B A 7 ) VAR S DI RE S
AVRIERE N TSI R il b 25 R 5 P B e BN AN SR I B A EE AR AT o i AR P G 3R A BRI
AN E LI TR RO AW TE R 5 AR 2 R GEFR I V-5 LA R AE AR A S A= 7 g 25 5 T
s mEAES U, TF AU IR BRI 7 4 53 (5 M F 5, o S 4R R T A R AR AR A 2 R G Y
FOTMEI PR R B

#2 K ( Cunninghamia lanceolata (Lamb.) Hook. ) A& [E & 2 14 3 A= AR A 2B A Ak i 3 /D Fi bt
USRS T A TR E RIS IR 17 MK AR AN TARZACE AR T8O A 7= 1 F R
() H 4™ o, B R BR ] TAZ AR N TARBY A s 2B L T, FIE R B A2 AR N AR v 77 B A1 L el 46
18 HRRPE T B2 S BOE R A 7= R R 2 — 17 | HAZ AR A BE 3k B2 v A 7R B T AR B A B8 )5
RS 2B I IR SR B LAF R AR Z A AR (1 K 1 A R A 2% T N TR A&
RGHFRIPAE , EARIR B B B AMASER 16 A R AAAE A W 25 5 . ARG I 98 R B0, 7 15 ARZERZ R
N T AR 5 AR R FEAL I B Y 50% LA L, BT (& HU FE Bl 7 48 2 3 in 22 Tk s, R, 1
AR RAZARN TS RGP A ] ZA R S G 73 . H B RTA A AR N LA FEM: | i 5% 2 46 v
Tt TR A OO 2 T ORI T 2 A A TR X AZ A IR I A A I A T R 94 g A 9 A i
18, P, I R TR X A2 AN TARYE 7 it F0 i 7 o3k aek 752 v 35 03 B 10 52 e IF 5 A AR 2 A B T4
TR AN PUZ AR N TR SR A 7

UEAESR , B0 IR AT BRI 7% ) o3 i B s i I 90 22 L 3 NI L ( 3 R4 TR ) R AR AL (B R
45 FETAHEEA ) S5 ARSI R = ARG A 5 A [ SR A 2 BB AR e R 2 A
B, AR S e s PR 85 R T R E S R G R S R IR S [V Ao B ) TR Y F AR 22 53 3l o
SR IR G T R HT MR AR 5T, BRA% EL S M S e 1 AR IR vh 22 IR - 2R W) 4 TR 19 08 36 40 43 i it e AR
U b v IR TR IR A 2 o R, B A0 B A A S T JRABE DL VR X BRbR A 25 R e 45 4 RN Zh RE S i F 52
FRTER BRI A 3R AR I A Ak [ 26 B A 1 R R DR A i S B Y SRR AR B R B I
FEER A 2160.8 m, B AR ARG — I | FLAT W 0 14 3 B AN A0 A RRAE TR T R S TR RS AR A 9 i A
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FE it IR T RO WD FE B BEAES- 6 , 3ET I, ARS8 a0 BBORS AR N TR 9 it 60 i A 40 S T 5 0
2, A E TS [F) TR 6] B8 Ul 28 5, R S RS A ER T e 17 o 3 360 d B9 SEF AP E LRI S, LA W]
SRS T AZAR AT M RN AE 3 R K i B2 v N P Mg Ca FR 70 U R B 22 52, IR A B 7R
RERRT R RAZARN TAARA S R G MBS AL 2 BERH 2

1 #R57EE

1.1 BRI

WFFE XA T A 2 e 1 T a3 L [ 8 el A AR AR 9 DN, B 8 A T 117°27'—117°51'E 27°33'—
27°54'N Z ), SRR PO FEE TR AR TR Y 8.5—18.0 °C L AF IR i 1486—2150 mm, 2%
FEFEETTE 3—6 H , 29 i AR FE T 19 60% , 4F KA X BE 83.5% , 4R B JC AR 253—270 d, MBI 11 T
(2160.8 m) 2, Ut BEEE K = LAY T 0 T g, LSRRI Bl 52 W) 0 b o TP o A, AR S B U T SO
PR 1387 971 o I A= B U 2 N S O 7 N T Rt NN 2 0 8 L o N e 7 5 R S IR SR
( Phyllostachys edulis ) . 2 A ( Cunninghamia lanceolata ) . K ## ( Castanopisi carlesii ) . T J& ¥ ( Pinus
massoniana ) B IUAN (Pinus taiwanensis) .75 X ( Cyclobalanopsis glauca) %% .
1.2 ARy il 4

2021 4F 8 H7EMR AR =W TR AR O BEAMIg 15 AR AR N TAARNBE 3 4> 20 mx20 m 1Y
PRifEH , IR R AR N FEALAT 8 10 > 1 mx 1 m PP PICRE . 9 A XFUERAE A2 R PR I8 M) AT AR
[F) i T B v L Y TR B 5 BRERIEA , ZEREBRBR AR T Al IE e P W, S b RUAE g bR, AT T 286 0%
S5 R 17 22 AR B AR LT 2 m {5 N BT AR 4R BT R X B v 3 JE e 2P B I fE A AS
FTUCEE s Bt 5 AR SR B A AZ AR U P S I RO A7 Aty (] S 3 2 g i e AR08, JF R BRI B, SR 5 U VR
P& FIEAE T 65 C T LT ZE T H S KRR IR TR0 & 5 (3R 1) s HAR I 3 i R A7 i 1
FARXT G 7002 A 20 emx20 em FLAE 0.5 mm (9 JE Je o4 rh  248%¢ 10 g+0.005g, AN [R]iEE4K RS o7 57 fit
], TSR AE 20 o5 144 2800 AE S 3t 288 4%,

R1 ZRBEHMBEFEHNNEFSSE (vke)

Table 1 Initial nutrient content of leaf litter and canopy litter of Chinese Fir

HigEnt 27 Ak 2R B B i A L
Type of dead leaves Total C Total N Total P Mg Ca C/N
FATE M Leaf litter 496.42+12.38 15.22+0.20 0.34+0.02 0.64+0.03 5.05+0.58 40.62+0.83
TEAEM: Leaf canopy litter 506.03+£16.94 17.68+0.31 0.35+0.11 0.68+0.04 6.56+0.57 28.62+0.76

1.3 kit

2021 4 9 H7ERE L E AT F AR EEY X P EL 1948 m 1410 m 1003 m 620 m VYAV A6 18 1 Ry A fF
FER ek, ) T AP 32 TS i S S8 1 1 5 T JR B MR ADL Iy o o i E AN [R) VAR BE PR O v i
37> 20 mx20 m 4 [E E AR , K b 2R T 2 05 B T 4 T A ) R R A M R AS S e A
fik, [F) ZHL ) k1) HES , AN W) 2HL 6] 352 50 em [ B, AR AS [a] 7 24 056 3 v 22 2 R0 IR A 3l M A
(Soil temp & moisture datalogger, TMS series, Microclimate station, TMS-4) , B 15 min H ahWIic % KM
TR AN [ 4 X i A - 34 IR o S ) i T TR LI 1, 3P PR B WL 2 o 3B 60 d HEAT—IK
PR 73 A IBURE | B I VSRS B v b D) g 2 1 b B B 2 A I % sk UMACIBU ) 5 I R A7 I 4% 24 4%
(4 PO APRiEHLX2 42/ FrifiEsts ) , ) 2021 45 9 H 31 2022 4 9 A#EAT 93] 360 d (E RV, K B Ie] i)
OISR S BT 7 65 C Mk = H S AR, B iid 0.149 mm i /5 , #E4T N P Mg, Ca & HillE, R
Vario JTTR MY (Elementar vario EL 111, Germany) %2 ##7% M A4 A2 B N & 1=, R HAS IR -3 IR TH A& .
H I 25 B AR R SPEIEIY (PE OPTIMA 8000) ill5E P Mg 1 Ca &,
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Fig.1 Annual mean temperature increment and monthly mean temperature change at different altitudes test sites

x2 AEEKXEMTERELER (0—20 cm)

Table 2 Soil physical and chemical properties of sample plots at different altitude test sites

K /m FTIEAE/ (g/em®) 2T/ (g/kg) 2R/ (g/kg) W/ (g/kg) 13 pH
Altitude Soil bulk density Total carbon Total nitrogen Total phosphorus Soil pH
620 0.87+0.11 4.24+0.69 0.43+0.07 0.32+0.01 4.76
1003 0.86+0.08 8.04+0.59 0.77+0.12 0.30+0.01 4.41
1410 0.94+0.10 5.24+0.68 0.71+0.13 0.46+0.06 4.38
1948 0.97+0.12 6.92+0.65 0.54+0.04 0.30+0.03 4.59

1.4 B FLS S by
AR A OB T R T HRE R (D, %)
D=W,/ W,x100% (1)
Kb, WA SR T8 (o), W, o ¢ RS IR TE (g) o
Olson 8 LA AL
D=W,/ W,= ae™ (2)
AP o AUS Sk IR EC 0 oI TE]
IR R (E,,%) :
E = (CxW)/(CxW,) x100% (3)
[, C, AR SR & i (g/kg) , C, Fori « WESE R SR & it (g/kg) 324 E,> 100%, 5570 R E, <
100% , T2 50 BT
2 Excel 2010 FEATECHE T MILLEE (1 Origin 2021 Pk HEATAHSE 222 , R T SPSS 19.0 Stk
AN T v B AR S R 4 g e 1) R AR B R A N P Mg, Ca 5% B R iE47 B A K 7 225081 (one-way
ANOVA) , J&5EZ E L (Duncan ) X2 A BLH JEAT 8 350 22 5 40 Hr (IR EIKF «=0.05) . LATBIRAE
R AN 3 A i) ] Sy [ 2 s i R 7, TE AR B %5 N P Mg Ca 5% B R Ry AR | iE AT WUR R 7 225381, R
—JCEAENH S BTG S0 i B b NP Mg Ca 5% B AR5 T H AL B R Z A AH DG, A SCI R P I ge T4
a8 h I R
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2 HREHSH

2.1 RIS R A7 T E AR R R AR

P ] 2 WL Bl 5 e TR P 388 1 R A R RN AR SR AR R T E AR R (D) 2 TR
e, T HEERE R H 0—120 d BB R SR 25 T 120—240 d BB, 43 360 d )5 , AN AR S
TN T EAR A R 2 R W AR I T E AR B R AR IR R NHEIT RN . Dy, (82.66% ) >
D \1410n(80.63%) > D405, (77.99% ) > Dy, (77.07% ) s A2 AR MG A7 1 T H 5 B R BRI D g4, (85.16%) > Dy,
(82.56%) > Dy, (78.85%) > D5, (77.84%) o

WHR/m —m—620 ——1003 —A—1410 —v—1948
100¢

95+
90+
85

80

PN TR R
Dry weight remaining of leaf litter/%
TR T EREER
Dry weight remaining of canopy litter/%

75

1 1 1 1 1 1 75 1 1 1 1 1 1
0 60 120 180 240 300 360 0 60 120 180 240 300 360
/I ] Decomposition time/d
B2 AREBESEZFGTEAREEMHNBEH TERBENETWL
Fig.2 Changes of dry weight remaining of leaf litter and canopy litter of Chinese fir under different temperature conditions

ARG TR Rl — A R R M 28 53 B35, RS TR 7R A — 5 U A R 4T 10) 28 5% . 3% (P<0.05)

W RZ AT P RN A A7 I 1 T T AR B A5 A3 A N TR) BEAT 98 L E O B ALA R AR R R (R R
50% ,t5) FIFIEEH (BREARN 5% ,1005) o 3 IR IAHUE TR PR T 0.8, R G RORESF . %
o A SRR RIS T RN K> Kios > Kiaron> Kiogg s T8RN Koy > Koo > Kiggo >
Koo PATEMTE 620 m 1003 m 1410 m 11948 m I B 15308 3.239 2 3.277 a ,3.663 a F14.204 a, JH]
FeHI N 14.582 a,14.790 a,16.042 a H118.505 a; 15 47 A3 153514 3.120 a,3.063 a,3.886 a F14.466 a, Jil
FEM 13.539 a.13.388 a.16.969 a 1 19.615 a,

F3 AEERKEBSFGTERREHMEFEHHSBER

Table 3 The model of leaf litter and canopy litter decomposition under different temperature conditions

AFERT 25 /&%ﬁ Uﬂﬁ& . AR ZREL (R?) %%EK (K) tos/a toss/a

Type of dead leaves Altitude/m Regression equation Correlation coefficient Decomposing rate

PRyt 620 D = 96.499¢020% 0.839 0.203 3.239 14.582

Leaf litter 1003 D = 96.305¢ %200 0.883 0.200 3.277 14.790
1410 D = 98.824¢ 015 0.856 0.186 3.663 16.042
1948 D = 98.376¢ 161" 0.882 0.161 4.204 18.505

Pyt 620 D = 99.636¢ 22! 0.912 0.221 3.120 13.539

Leaf canopy litter 1003 D = 98.995¢ 02 0.879 0.223 3.063 13.388
1410 D = 99.083¢ 17 0.880 0.176 3.886 16.969
1948 D = 98.584¢ 15 0.872 0.152 4.466 19.615

tys .2 Half-life period ;¢ s . JE R Turnover period
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TiZEAERARM] (32 4) il I3RS TRDRSAZ AR 7 it i 77 i F 5k B R B R 35 (P <0.001)
5 I [ A 58 ELAE A i A7 A 5 B R A B RN (P<0.01) (XS A v i HE AR B R T 35 R

(P>0.05) .,

*4

KEMSBEENFEXBEZMHNERFTEDN

Table 4 Two-way ANOVA of the effects of temperature and decomposition time on dry weight remaining

HigEn} K

IR (SS)

F%iHE

Type of dead leaves Source of variation Sum of squares i F-statistic P
iR i 248.23 3 62.15 <0.001
Leaf litter s ] 1557.72 5 233.99 <0.001
AR XET ] 18.48 15 0.93 0.54
TE AT S 146.89 3 68.52 <0.001
Leaf canopy litter I} ] 1583.14 5 443.20 <0.001
AR X ] 76.77 15 7.16 <0.001

2.2 EARRE MG N P Mg, Ca 585 R4 1L

P& 3 AT, 702820 ORI 30 P, R 9% T R0 7 A7 B4 N 5 B 36 o 0 i FsF (1) 719 SE K 52 T Rt 34, W] — 43
FR IS ] R S[R3 IR N AR B R 25 R 35 (P<0.05) o TEMR 0—60 d I BE N, A& N 5% B2 375 4% 1
WA T RIAKT 100%, P N RE LIS MG £ N ZULE 1003 m 1 1948 m < T I E 4
ML, TESME 120—360 d BFBC, 2 T3 T T 5 rEAE FE i i) N R 2 RHCIRAS . 40 360 d )5 Ji%
N 5R B # K 70.47%—83.57% , TG AEM 4 66.90%—77.70% ., P 5% B8 A543t WL 1 6] 52 25 FAG i 48 fin i 25

WHm [ J620 []1003 [N 1410 [ 1948
140 140
xX
S o120} 5 120}
2 £
§§ 100 J§ 5 100
) [ = L
= EE
% £ % o
o g
e 80f L 80r
=g &3
g 5
z 60 = 60t
4
40 40
60 120 180 240 300 360
140 140
g S i
5 120f S 120f
%= z
BE LR
§§ 100 | % g 100t
- <
@g 80 | t%ﬂ 80 |
g o=
=60} 5 oot
-9
40 u 40 LI L L
60 120 180 240 300 360 60 120 180 240 300 360

43 fi#H R] Decomposition time/d

3 AEBRSEBEGTEAREHIIBEEHSBIERR BEREE
Fig.3 N, P remaining during the decomposition of leaf litter and canopy litter of Chinese fir under different temperature conditions

AN KRG FRER R [ — A [R5 IR ) 28 5 R 25, AR/ R[] — 33 G T A [ i 401 1) 28 5% .35 (P<0.05)
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fbitass, FE5rff 120—240 d BFBEN P KA FROICIRES , BRFENGHRAIRE W P 3R FH R 2E R AREE . 150
300—360 d BFECI, A7 - FIfE 77 P 3k B R AE A& R T 3R KT 100% , 1 LT I RIS, H AR
MERIRMI P AR B 22 R WA 73 360 d S5 JATE M P 3R E %R 104.00%—122.03% , 16 FE M 4102.27%—
111.10%.

Il 4 AT AZ AR PV i Mg | Ca 5% BN TAa A0t A7 Y Mg 5% B 875 2 i e v 22 e R S 4 1Y
A — HA T REHCIRAS . T8 FE I Y Mg 5% B3 32 ) 3 I e 3 5 [ P0G i AR fb a3 72401 0—60 d I
BN T AR M ZEAS RN SR R B Mg 3R B R 22 R AR B3 (P>0.05) , JF LR RS, 7840 fif 120—
360 dETEZPY, Mg Ab T RBEHCIRZE . 40 360 d J5 P/ V% I 1 Mg 5% B4 %6k 55.87%—64.18% , 15 A7 i W 4y
62.43%—92.39% ., V&M FIGE A Ca 58 B3 SR AE /i ad B b B AR 2 JE B 5 15 i AR fb ke 5, 7643 % 0—360 d
BB N FEAS R SR T Ca FRIAL T RRIFLE M REHCIRA . 43 360 d J5 PRSI 1) Ca 5% B % 859.12%—
83.09% , fEAEM WK 57.75%—89.68% .

Wk/m [ 1620 11003 [ 1410 [ 1948

120 -

J—
3%
(=}

(=3
(=}
T

PRI R B
Mg remaining in leaf litter/%
T AR BB B A
Mg remaining in canopy litter/%
o0
(=]

60
40
20
120
- N
B 8100 |
= %z ]
E3 ES gl
e ®E
£% g e
= =) = 20
52 ZE 60}
= g &3
5 5
3 o0t
®)
20 LU
60 120 180 240 300 360 60 120 180 240 300 360

4 1) Decomposition time/d

4 FAEBRKEBEHTEARAZHNBEEHSBIRERE SREBE
Fig.4 Mg, Ca remaining during the decomposition of leaf litter and canopy litter of Chinese fir under different temperature conditions

ANEIRE P E R 8] — U AS [ A IR ] 22 57 (.3, RS [N T RERR 7R [ — 935 R AR [ i 40 8] 22 57 (2.3 (P<0.05)

2.3 PR RIRE A EI T N P Mg Ca 5% B R A 28 H 52

R 5 AR AT | ik et ) B HE 3 A2 AR 38 2568 1 9 it AT A7 i N Ca 5% B8 35877 A 1 ik 35 52 T
(P<0.01) . “IRXTETE M Mg 5% B 3772k BB (P<0.05) <l 5 I 6] 1 52 B AE I i i P gk B )
WER (P<0.05)
2.4 EARMBENFE AT TEERE RS N P Mg, Ca 58 LM M

U T i A TE AE B TR B RS N P Mg Ca 5% B SRHEATAHDCHE BT &L (181 5) |, A 7 A TE A7 it AE
BRI TERE RS N R RER T EIEHE (P<0.001),5 P 2B ERNML (P<0.05), 7
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1948 m™ (IR T Mg 5% B 65 T m 5k B R 2 i 35 TEAR DG, 7E 620 m (1003 m Fl 1410 m IR T Z#F AHOCER S
WEEPEAE, JRIE MR AR R T 1Y Ca R 25 T E5R FORA M B3 i A 7E 620 m <l T Ca %
RS TERREAEREEMX (P<0.001) , RUIBGRSMARSR MR R 5 T HIRHRRIAAHCER

x5 SESBHEAREXEEAXNFSEREZRNSM(F(H)

Table 5 Effects ( F-values) of temperature, decomposition time and their interactions on nutrient remaining

AFERT 2R AR 5 IR Rk R RS BRI R 5% B R
Type of dead leaves Source of variation N remaining P remaining Mg remaining Ca remaining
iR i 109.59 *** 9.79 *** 3.15" 771
Leaf litter FF 1] 857.62"** 274.43 " 55.96 " 10.90 "
SR> H] 46.95*** 2.05* 3.65 """ 2.58*"
gLl i 484.23 " 21.78*** 19.73*** 14.19***
Leaf canopy litter sk [ 1597.96 *** 593.04 *** 110,12 *** g 14 %+
AR X ] 88.55*** 7.67*** 8.46""* 2.90*"

ns: P>0.05; * . P<0.05; ##; P<0.01; #=%; P<0.001

3 i

3.1 BRI o3 il A AR

8 7510 o3 gk S AR AR SR 0 ) B RO U, AR YA Vi W 2 i W K R | Sl W R Bl A ) R B e — R B
{1y A 25 T DTG 3 ST B 2 10 R B 5 0 R V8 0 e 1) R AR B R R 2 — B R WIS AR
SR T AR A B0 R, R T eiH S5 088 o AR 5 W 1) 23 i 3T i A P B o P L 4 O
XFLLAR (Pinus Koraiensis) 839173 (9 52 WA 5E b e B, Gl TH o 38 4 o T VS W o gt R, A AR
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