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Short-term nitrogen fertilization decreased root and microbial respiration in a young Cun-
ninghamia lanceolata plantation

WANG Qing-Kuil’z*, LI Yan-Pengl’S, ZHANG F ang—Yuel’z, and HE Tong—Xin”’

!State Key Laboratory of Forest and Soil Ecology, Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China; *Huitong National
Research Station of Forest Ecosystem, Huitong, Hunan 418307, China ; and *University of Chinese Academy of Sciences, Beijing 100049, China

Abstract

Aims  As the primary pathway for CO, emission from terrestrial ecosystems to the atmosphere, soil respiration is
estimated to be 80 Pg C-a ' to 100 Pg C-a”', equivalent to 10 fold of fossil fuel emissions. As an important man-
agement practice in plantation forests, fertilization does not only increase primary production but also affects soil
respiration. To investigate how nitrogen (N) fertilization affects total soil, root and microbial respiration, a N fer-
tilization experiment was conducted in a five-year-old Cunninghamia lanceolata plantation in Huitong, Hunan
Province, located in the subtropical region.

Methods One year after fertilization, soil respiration was monitored monthly by LI-8100 from July 2013 to June
2014. Soil temperature and water content (0—5 cm soil depth) were also measured simultaneously. Available soil
nutrients, fine root biomass and microbial communities were analyzed in June 2013.

Important findings Total soil, root and microbial respiration rates were 22.7%, 19.6%, and 23.5% lower in the
fertilized plots than in the unfertilized plots, respectively. The temperature sensitivity (Qjo) of soil respiration
ranged from 1.81 to 2.04, and the Q)¢ value of microbial respiration decreased from 2.04 in the unfertilized plots
to 1.84 in the fertilized plots. However, neither the Q) value nor the patterns of total soil respiration were affected
by N fertilization. In the two-factor model, soil temperature and moisture accounted for 69.9%—79.7% of the sea-
sonal variations in soil respiration. These results suggest that N fertilization reduces the response of soil organic
carbon decomposition to temperature change and may contribute to the increase of soil carbon storage under
global warming in subtropical plantations.

Key words Cunninghamia lanceolata plantation, soil carbon emission, heterotrophic respiration, nitrogen fer-
tilization, temperature sensitivity
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IR, ALK, JCH &AM ARAE SR AR ™ i J7
T AR FH A B 22, 9 HL L TR AR I A 4 S 1 N (4
A, 2014). HR, FEANTHEIHR. 25K
AL, SECHA A G, FHEREMN 528
m’-hm >, RERIEE K3 FREHE, 2014). iR
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THIRAE, 2005). AMFRERIIRE], HELCE
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& Jiti(Fox, 2000; Lee & Jose, 2003). {HA, JtiflE£EH#
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& Townsend, 2006; Tu et al., 2013). FI#l|(Bowden et
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et al., 2009). i, it ZAELAE AT 7T (Pleioblastus
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40% (Olsson et al., 2005). i I AE A [7) ZR AR AT X 35
X - SRR (SR A AE 22 e, SRR R AT 1
Bt A o, 5 % S50 it FH 0N 4 28 Y R ik
B [ A (Tu et al., 2013).

T IERFIR AT PA S A B IR RPIRORT S R . EFR

ITHH FEH B TR 3 B Fa M AR R, T S
FRIFR BT FE LIRGEYIEIR . IX EEZH 23 0t it AE
MR B AR R BB R R BN RA - (Tyree et
al.,2006). HHTFEEZRAFZE0E-UIRE. WT2RE]
S 7 1R X 4 FE ) AR FR W R 38 A A A
(Hogberg et al., 2001; Tu et al., 2013). {HFE, HETA
43 S8 R T 1 43 W K it IS ) i 8
T 2T 5 IR Ml A A PR 6 Tt 2 TS P e 1852 30 T
FUAF LR D, B 2 B9 BT BUAS 1) 45 SR EAH B
7 J& (Tyree et al., 2006; Tu et al., 2013). 41, Tuss
(RO13)TENT Mk i It ZAE A 2E T AR R PR AN A=
YIWFIL; T Janssens S (2010)i8 ot 85 43 it i LTt %0
R I A R B AR 15% 7R #GHT HIX, 5%
Tt AR N AR R O AR S (R B AT, G2
X - RPN AN [F] 2H 43 () Bt TR il A PR, 3K ™
BRI 7 FRATTT Tt A i ot o) - A3 1 2 o R 5 el PR
NERfE, AFIT NIRRT a2 8 E .

K2 K (Cunninghamia lanceolata) \ 1. ¥k 75 & [H
P B HIL X [ R T AR 223900 7T hm?, #E A A A
FEAVES R REE T Y RA AR R ENEMH
(1 Z AV R AR AR BERE B H], 2010)0 AR I EUAL
XPAZARN AR BRI Ry sz e, FRATLE W R 2[RI Ak
X AR RS RG IR TR, s
it ZENERS A2 AR B AK - SFe WP (R M o AT 45
WP AR A, 1 iR B3R IR AN (] 26 53 0k it 25 1ES £
ISR BTN 0 - B RRORE O AR AN AT R
WL Rk, 7 B AR A [ 4 2 (RIAR &
I R R0 A= 47 e e ) o Tt Jom 2GR Py g 12, R AT TR FH
FRIE -DIARIE SR IX J3 T35 AR P IR RN A P R
FEAZMF T, AT E T - IEIP . MR =
TR P 5 235 K SH SR R 1 I AR 4k, DA B
TEAZARGMAEDS R G0 it BT LSRR . R &R
W S R A ) W I P sz e B LB, JAZ AR N AR
g SV PR A LI R AN S AR, A
FAF RN BT 3AT T MR DTG ot by By
HMAS KRG IR R0

1 WX AMMRGE

1.1 #HREX#EER
LIS R T rE A & F B R, kb
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wER, BT R ERE . ZXIEERFEKEN
1200-1 300 mm, FE/pAFE4-8H 3 F-F <R
N16.5 °C, feim SR AR IR 4 3 HBLET A 4
FA By o BF 7T DX 0 3888 TR IR T A A 4
T, it A AT A% A B ) g R 22 R
(K)o MEAESLIGAESEEAERS ARG MR AP AT, P2
SN2 000Kk -hm ™. i A Al AZ A Zhobk 161 247 4 s A g
IR, MR B — SRR
1.2 ARG 5iFRNE

SEIORE B TE I ) M B AR — B SR AR AS R
Ak, HEIFAZ15 hm®, 7EHPNBE 3450 m x 20 mff)
X, BANDNX Z EFEEEAMET20 me A JEH 5
ANNX K43 R24M20 mox 20 miRETT, REJT 2 a4
10 mfZE M X o 1ZSEI R A b3, AN E R
3K, RABEHLIX H . FEEEAS/NX 2 AR 7 v
i AL AT 5t A S 6 1 2 A B, RIDGHRE (CK) A
BMEN) . [FE, FEREAFETT ABENLIR B2 m x 1
mUIAR AL T, @S AEUIR N X R, B R IX 4
R 2R PR AN S AR 0P, AR - SRR AN []
2 (I 2R IR R Al 2 0 TR R ) o Tt 2 AL P i 2 - 47
MR T2 B 777, BIFEL mox 1 mPIARSERE J7 (1)
V9JE$260 cmiR. 10 cmBE 174, FHA4PVCHUB AL
TP, R SR BH I DIAR /N XA B AAR R N DTHR
ANX S, SR A LR RIS N SRS, A
PRAETIHR/NX WA EIR RN, FHXHFLT
77 R TE BR VIR /N X A 1 BT EA RN BE A )
A2 AR 2 B A 4040 emt /21, 260 cm
(PR B JE AU T AZ AR 22 I BE L HTAR R N TIAR /N
X . BUENEE, & 9200 kg N-hm *-a ' jifi
RE 201244 A 43 FF 46, R85 86 77 =X, A
i E) 3 B AE AR AR H b R R R AT 47

TERFAS AL J7 P B 13 B 84 i 58 [ PVC 1
H, HAaNEEE2N m x 1 mPPIRIEFE T A,
W aE AN I 2 cmiR, DABIR . I
W R R FH A8 465 =X R 58 &% 46 (LI-8100, LI-COR,
Lincoln, USA)BEATIE « il /b DR Ab # i #E Xt +

FL HEAETT A ACEE L4010 cm)FEARTE B KA ARG MR A KA L

SRS AT = A2 B BE TR 2R K 23 AT - 48 0
We s, PR AE DI AL FE 1440 H J5 BI20134F6
A I3 €, DL DR TTAR /N P B 4 AR 56 42
Irff . BRSERAEE R IR o iR g I, I
WA A e — Ik, W i RDERAERE A A, I
AR 7E JT2-3 R J0 W S Bk o AE M 5E 3 Rp IR ) =]
I, ) FHLI-8 10018 5 =X WF 1% I 1 £ 45 (LI-COR, Lin-
coln, USA)FT 7 1 - 38 i 5 A1 /K & 4R 2 0-5
em T2 W IR A EKE . IR RPFICR FH 2=
EVETHE, AR ER /N X LRI R 22 TR /N X
(1) - S5 R IR 5 17T k2R A0 W TR A DITAR /) X 1 3 g
W o 3R 30 R FH )  E F & e i ) Sl
R IR G s LR H I S bR R E0 RonvE Tt EL G
BRHTEE, 2014),

FE201346 F KA 4BARN L3380 i 4R AE )
R LRNENE, EREAS /N XA R4 B S 1

+B K EANTF2 mmR APk, KRS
MEMERE. LIV RAESESHEE M)
SKHI2 mol L™ K CHE AT JEHL, AR5 K L
I, Foh RS ECR I BE Ry I ik, R4k
S IEIEFETHAE62S nmAbIEAT Ll RS ZUR FH XU
K32, BKCHEIGRETE220 nmA1275 nmkb B 42
e 5, A 28 R 8 0.025 mol-L™ f HCI #10.03
mol L™ NH,FIB & FEREAT SR, KB
N E, BRI R WL i3 (2000) . - 3EpHAE
KR 2 5K E o IR M B R
&M TE 75-0.5 mol- L™ K,SO, 41 B ik (&
2000) 0 52 5 3B AR VDT K 45 A6 R F 158 g i I R
N, BAREAEFE I Wang%5(2013).
1.3 BRI

FIFHSPSS  17.08A% 43 7 A [7] it AL Ack 2 ) - 3
IR K FEA R TGl . HIEKE . HRR .
pHIE . AIRAYIE KFRy &= MEMER. Mk
VIR S5 A S RIS R I A I
SRR, R Ak B 22 1) 52 0 1 22 S M SR TG X A

Table 1 Property of soils (0-10 cm) and growth conditions of young Cunninghamia lanceolata plantation before fertilization

4k Total C A% Total N 4% Total P pH % # Bulk density e Jf44% Diameter at

(z'kg™ (g'kg ™) (g'kg™ (grem™) Tree height (m) breast height (cm)
X H# Control 17.2 1.43 0.339 4.50 1.28 5.71 8.27
% N fertilization 18.6 1.55 0.334 433 1.22 6.01 8.64
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BT HE R AR AR P B IS 17 32.1% . FF HLZEJt I /)N
X, 4R MR & EWMEEIN, HSEARCNE
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Fig. 1 Influence of N fertilization and root trenching on soil temperature and water content (0-5 cm) in a young Cunninghamia

lanceolata plantation (mean + SD).

w2

RS AZ A LA 3 2% 43 R ZIAR A 42 e S AR B AR 2 e ) S i

Table 2 Effect of N fertilization on soil nutrient availability, biomass, C and N content of fine roots in a young Cunninghamia lanceolata plantation

TR A Rk pH AR A=) IRFRE S E Cand N content in fine root (g-kg ')
Mineral N (mg-kg™)  Available P (mg-kg™) Fine root biomass (g-m ) T C AN N
X Control 4.94 493 439 151.1 4395 6.28 69.9
A N fertilization 13.16 6.49 4.11 102.6 436.2 8.80 49.6
V4 <0.001 >0.05 <0.01 <0.05 >0.05 <0.01 <0.01

3 EENCK AL ARG bk IR A R i A R v S R RS

Table 3 Effect of N fertilization on soil microbial biomass C (MBC) and microbial community composition in a young Cunninghamia lanceolata plantation

A A B SR HE Y - EL R e 2 [ PH PR T
MBC Bacteria Fungi Bacteria:fungi Actinomyces Gram-positive bacteria
(mg-kg™) (nmol-g™") (nmol-g™") (nmol-g™") (nmol-g™)
Xt Control 234 26.25 10.61 247 3.99 12.09
Jiti4L N fertilization 155 19.94 6.76 295 3.55 8.90
P <0.001 <0.05 <0.05 >0.05 >0.05 <0.05
doi: 10.17521/cjpe.2015.0113
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Fig. 2 Influence of N fertilization on total soil, microbial and
root respiration in a young Cunninghamia lanceolata plantation
(mean + SD).
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Table 4 Parameters of different soil respiration models in a young Cunninghamia lanceolata plantation
b3 Ry=ac"” Ri=aW+b Ry=ac’™w*
Treatment > 5 5
a b R a b R a b c R

IR X H# Control 0.474 0.067 0.714 —-0.022 2.242 0.055 0.182  0.070 0308 0.712
Total soil respiration .00\ o ilization 0425  0.059 0694  -0.018 1.760 0065  0.165 0066 0288  0.699
AT X} Control 0.335 0.071 0.795 -0.023 1.920 0.101 0.156  0.067 0273 0.797
Microbial respiration o p ¢ ihization 0319 0.061 0721  -0.052 1.161 0010 0117 0064 0314 0738

av bRICHINER. R, THPIGESR, T, LHEURE, w, LHE/KE.

a, b, ¢ are the constant. R, soil respiration rate; 7, soil temperature; ¥, soil water content.

8-
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Fig. 3 Annual flux of total soil, microbial and root respiration
in a young Cunninghamia lanceolata plantation (mean = SD).
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F K I(Persson et al., 1998; Olsson et al., 2005; BiiE

#5245, 2007; Mo et al., 2008; Janssens et al., 2010). 7E
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Fig. 4 Relationship of total soil and microbial respiration with soil temperature in the fertilized and unfertilized plots.
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Fig. 5 Effect of N fertilization on the temperature sensitivity
(Q10) of total soil and microbial respiration in a young Cun-
ninghamia lanceolata plantation (mean = SD).
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