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Abstract: Global warming has caused a series of ecological issues in terrestrial ecosystems and the biosphere as a whole;
these issues will further aggravate because global average temperatures will continue to increase. Currently, the effects of
warming, nitrogen deposition, and forest regeneration on soil nutrients such as N and P have been studied; however, the

effects of warming on the coupling between soil N and P in subtropical forests remain unknown. In this study, the influence
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of short—term warming on the coupling mechanism between soil N and P in Chinese fir ( Cunninghamia lanceolata )
seedlings in a mid—subtropical plantation was investigated. In the experiment, cables were buried in the soil to increase soil
temperature (temperature range (5+0.5) C ). The effects of short—term warming on soil water content, microbial biomass N
(MBN) , microbial biomass P (MBP ), soil N and P, and N and P coupling were studied. The results showed that the
effects of short—term warming on total N and total P were not significant. In the first year, temperature increase led to
significant increase in effective N, ammonium N, and available P content, and a significant reduction in MBN content. In
the second year, with the increase of temperature, the contents of available P, NH;, and MBP decreased significantly.
However, the increase in NH,/( NO; +NO; ) content significantly reduced the MBN/MBP content, and alleviated the
limitation of P on microorganisms, but the effects of temperature on total N/P and available N/P were not significant.
Correlation analysis showed that the coupling effect was not only influenced by the interaction between N and P, but was
also influenced by soil temperature, soil water content, and other factors. These results indicated that short—term warming
did not significantly affect soil N-P coupling in the subtropical Chinese fir plantation; however, it increased available N
and available P contents by promoting plant growth. Thus, our findings will provide an important theoretical basis for

sustainable development and scientific management of subtropical forest ecosystems in the context of future global warming.
Key Words; warming; soil nitrogen; soil phosphorus; coupling mechanism; mid-subtropical
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BE 19.1°C , MIXHIREE 81% , AE XM 1749mm ( FEENTE 3—8 A4 , AFEHZE K B 1585mm! ™,
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2015 4 4 H 12016 4F 4 J] (BRI 1 AEFINAE) 78 IR B/ NN IR« S” BIBHAL B & 5 /1 IBURE A, 1
TSR AT BAE 10em , JH 453 51 0—10em B 138, AN X R — L2 RHER G5 o ReRAERY 1y
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T3 CON FRAFHGME 5 5 — o LI E IR KT HHE S 0.149mm i I 700 E 1354 N, P 48 EA AR br
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Smin FICE IR, & Th RAF—IK, BIEEE S ERHRAITTE M1 (Elementar Vario EL III, Elementar,
8] ) P 5E 5 A R (NH; A1 NOS+NO; ) H 2mol/L B KCl W H% 4:1 W 1 FLiR 32, FH 2 223 843 B4 ( Skalar
san++, Skalar, 17 %) Jll %€ NH; F1 NO;+NO; &, 48R A HCl0,—H,S0,3% > % , £ 5 it Wi )n |, il it
0.45um BESLF e 9848 (Q/IEF JO1-1997, bifg) | I FH %L sh 43 M A ( Skalar san++, Skalar, faf %) & , 4
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Table 1 General characteristics of soil

e o e .
fhgm Total C Total N Total P A L ol i:iiii?
Treatment content/ content/ content/ C/N content/%
(gkg) (g/kg) (g/kg)
2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016
X B8 CK Control 14.29a 12.80a 1.36a 1.06a 0.26a 0.25a 10.55a 12.08a 4.73a 4.31a 20.42a 22.16a
AR W Warming 12.72a  12.33a  1.21a 1.04a 0.25a 0.28a  10.57a 12.02a  4.60a 4.27a  16.04b 16.71b

) /ING FBE R R — A A3 AR TR A # 2 i] 22 5% 8 3 ( P<0.05)

3.2 BT R K R

49 K A R B R I — AN T MR AR AR R, FE 6—8 IR B T (8] 1a,1b 1c 1d) . 3SR
ERRAR T 35K (P<0.05, ] 1a 1b) o UG HRATAH B3 i 08 B LA 4 54 SC 24 (B e 1d) . 3
AEHRSE 2014 45 HIES KR 24.07% F %3 19.60% , +38E B i 23.31°C TF i 5] 28.51°C ;2015 45, H3E&
K 21.86% R 17.27% , 3R i 22.49°C T # 26.69°C
3.3 BYEXT 5N P S LR A
3.3.1  HGUEXT 3 N ORI P A RE N

PAE 3G IR AL BRS [ T 3 rp 0 20, A AR A R NH;, , NOS +NO, , MBN \MBP f9 A [F) 224k (&
2) . WA R WA A SCA AR R (P<0.05, 18] 2¢ 2d)  ARCA S 8.03mg/ kg HY AN F|
12.45mg/ kg, A 2B S 1.42mg/kg #4 M%) 1.90mg/kg, 4R —4EJ5 NO;+NO; 1 i F 1 fin (P<0.05, &
2f) , HERPIAE ST, 50T REZEUAR L3S TR0 A R Al AT RO A RO B I T e 2 R (1] 2a.2b 2¢.2d) ;10
NH; 5 Z R (P<0.05, 18 2f) , T R#EIRIE 1K 26.93% ; 11 MBN \MBP 1 i # 41 ( P<0.05, 8 2g 2h) . FIHE RS
L AEARLE W IREE AR A AR AR & = A IR

AR ROUIGEX 4 N 4 P C R 5w, (EX] BALCPESR 531 MBN, MBP 4 2 & 5200,
3.3.2 H9EX) N/P NH./(NO;+NO;) ,MBN/MBP Y50

55 1 AR ARG ) TR A N/P LG ER A B B A (B 3a) , AR N/P WA &4
25 (B 3b) HE—AEHR A NH,/ (NO;+NO; ) B i 2 T (P<0.05) ,H1 1.78mg/kg T [% % 0.82mg/ kg (&
3c¢) ;ULAh, IR B E AL T MBN/MBP ( P<0.05) ,2015 4FF34 N[ T 46.58% ,2016 42 T [ T 48.86% ( £l
3d), Bt BRI A A 3RS IR AR T 4E 42 N/P MBN/MBP W E MK T45 1 4F (P<0.05) , 1fii NH}/(NO;+NO3 )
EIA B (P<0.05)
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FHSCAI BT I | 3R B A K 5 N/P NH/(NO; +NO; ) \MBN/MBP H {8 #8435 — & RYAH Kk, 4
KRBIERIMN-0.970 5] 0.856 (£ 2), THEF/KFES4 N/P NH;/(NO;+NO; ) Fl MBN/MBP 7 {3 A%
P, R FI/K S 54 N/P NH;/(NO;+NO; ) fil MBN/MBP #B&2 EAH G, T RESE iR el Zs 7 3 rp
it 1, S 1 3B AR M TR Shad B, AT R e Ak, b ot mT DR S FOK 5] 1 rp ol JRi A2 K
N LYk ARG
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Fig.1 Effects of warming on soil water content and soil temperature
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Fig.2 Effects of warming on soil nutrients
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ARG FREFR R AN AL B2 1) 22 5 .35 (P<0.05) , AN R RS R R AR R AR O3 [] — R BE 22 [0 28 57 .35 (P<0.05) ; ¥ AP A~ Bl + 4

WE(n=5); % , = = fl = = = 3HYLFE P<0.05, P<0.01,P<0.001

IE 2016 4F 3—8 H R Z S5 UL TAZARA: K, AR G AR K R AR A A A< 0 HR AL 3 R 48
ST AW R R SOR 1 R 3 1A AU o S W AV R A DL A B
1 SETCHL AL AP AR A MR, AT G2 B 8 R I B 5R AR | A i (Ed R 3k
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Table 2 Relationships between soil nutrient and soil temperature as well as soil water content in different treatment

+ 34 7K & Soil water content

3R Soil temperature

AR Soil trient Xt CK WL W Xt CK W W
A% Total N -0.691" -0.019 0.812* 0.413
228 Total P 0.625 0.427 -0.805**
A5/ Total N/P ratio -0.669 " -0.194 0.673*
AHBA Available N -0.673" -0.037 0.780** 0.841 "
H 3 Available P -0.433 -0.095 0.667*
F A/ B Available N/ P ratio -0.171 -0.028 0.632
B A NH;-N 0.092 0.091 0.718*
iM% (NO3+NO; ) -N -0.824** 0.018 0.874** 0.856 **
/AR NH -N/(NO3+NO; ) =N ratio 0.739 " 0.248 -0.807 ** -0.897**
A= 4= Wy kA MBN 0.803 ** 0.174 -0.970 ** -0.722"
A Yy Wy s MBP -0.037 -0.524 0.827
A A i A/ B MBN/MBP 0.717* 0.369 -0.920"* -0.867

FORFBRM R RB(R) BILZESC(P) 43R =, = = A1 = = = 5003 P<0.05, P<0.01 fl P<0.001
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