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Responses of soil nitrogen mineralization to throughfall reduction in a Pinus

massoniana plantation in southern China
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Abstract: To better predict responses of soil nitrogen mineralization to the changes of precipitation variations in plantation
ecosystem, a throughfall reduction experiment including 50% of throughfall and natural rainfall ( control) treatments was
conducted in Pinus massoniana plantation in southern subtropical China. Soil nitrogen mineralization rates were measured by
closed—top tube incubation method. The soil nitrogen mineralization of Pinus massoniana plantation was dominated by
ammonification. The throughfall reduction treatment significantly decreased soil net nitrification rate, soil water content,
pH, soluble organic carbon, peroxidase and AMF PLFAs. Conversely, the throughfall reduction treatment significantly
increased soil net ammonification rate, NO;-N N-acetyl-glucosidase and leucine-amino-peptidase, which varied with
different seasons and the soil layers. Soil net ammonification rate was significantly negatively correlated with N-
acetylglucosaminidase. The variable that had the greatest influence on the soil net nitrification rate was the soil water
content, followed by B-glucosidase, fungal PLFAs and Bacteria/Fungi ratio. The results indicated that the short-term

experimental throughfall reduction significantly altered soil physichemical properties, soil net ammonification rate and soil
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net nitrification rate, which could further affect the tree growth and nutrient uptake of Pinus massoniana plantation.

Key Words: throughfall reduction; Pinus massoniana; soil nitrogen mineralization; soil enzyme activity; soil microbe
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Fig.1 The change of average annual rainfall during the year between 1970 and 2018 in the study area
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Table 1 Stand characteristics of a Pinus massoniana plantation

pieL WO RSO SRR e s W T AR e [n] ez
Treatment Stem density/ Mean Mean Basal area/ Slope Slope
reamen hm? DBH/cm height/m (m?/hm?) direction degree/ (°)
LA R PMC Control of P. massoniana 242+38a 31.8+0.9a 20.0+0.4a 20.5+1.2a P 18
LLEFMNE IR PMT Treatment of P. massoniana 292+29a 30.8+1.1a 17.7+0.3b 23.3+1.2a i P8 18

[Rl—A4T AN [R) 74 e 7m A — bR oAb B[R] 2% 57 .35 ( P<0.05) ; DBH: Diameter breast height

SR PVC 10 35 318 T8 SRR + 38 0 fEagiR > F 2017 4F 6 26 H—2017 47 H 31 H 2017 4§
9 A 29 H—2017 410 JJ 26 H 2017 4512 H 25 H—2018 4£ 1 H 23 H 2018 4£3 H 30 H—2018 45 H 2
H, 75 4 DJEIHER TR

T4 E K (SWC) MR , -4 pH (A S0, R34 A0 (TN) FEL E ki e, H3Eh
BB (SOC) MR E AR IR R AR A I 5, 3 A8 R (NH-N) (A AU (NO-N) A F 3 8l S o A ASCE A
SE, BHETE A ALK (DOC) fF FH TOC 43 A 5 , 4= 36 Ak 9 ik ( MBC ) A0 ( MBN ) FH 445 22 2% 75 )
FEO | e R T S AL FH BRI AR W R TS (PLFAs) 2 7
1.3 Hdnabs

F IR AL R (NMR) W2 L3 3 (NAR) Rl AL # (NNR) Z A1 A F .

TS AR E R = (FEFRIEHY NOJ-N+NH;-N) - ( L3R 4R NO-N+NH;-N) /BifR K% 30d (1)

FHEE LR = (BRI R NO;-N-H3EWIHR NOS-N) /5577 K48k 30 d (2)
A FEALE R = (B3R NH,-N- T304 NH-N) /5535 K%5030 d (3)

FIF SPSS 17.0 # A HEAT B 207 225307, R A Pearson 43 Hr + S8R A0 M 0 |+ 3604 1y et RURF 9% 4 5
TR AR Z R AR I o LEAHSCHE AT BRI b Be bl SCME 1 2 O R b | JE— 20 X0 L3R ML 3 R
5 AR ARAET T U 3BT, 78 52 0 b S A A 0 S B DX -, SR o3 [l o3 22 6T, SE AT KMO
K, 24 /£ KMO>0.5,P<0.05 Z PRI EAT TR0 1A, PR AR SO - 38 i Ak 7 38 5 & 8 AR A7 00
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H & 2 BT, SRR b A TR Ak 355 5k BERE Hb 1 35 7K e A RIS 25 R Mk i A A A A — 3
IR 2 (2017 426 H—10 A) K TRZF (2018 4E 1 A—5 H), TSR RS REBM LI AGAEN T

http ; //www.ecologica.cn



5292 JAE = 41 4
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Fig.2 Responses of NH;-N, NO;3-N concentration and soil water content to throughfall reduction in P. massoniana plantation
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Table 2 Response of soil physichemical properties to throughfall reduction in P. massoniana plantation

FAy $t7 T HERIE 0—10 em T HERE 10—20 em

Season Parameter T AARS HE PMC T AT PMT T AT I PMC Th AN PMT

[ pH 4.10+0.03aB 4.07+0.03aB 4.21+0.00aB 4.13+0.02bB

Wet season SOC/ (g/'kg) 33.01£1.03aA 34.89+4.08aA 19.44+0.54aB 20.88+1.11aA
TN/ (g/kg) 2.23+0.08aA 2.18+0.13aA 1.44+0.01aB 1.41+0.08aA
C/N ratio 14.92+1.03aA 15.91+1.05aA 13.53+0.25aA 14.98+1.37aA
DOC/ (mg/kg) 741.28+48.52aB 650.43+53.94aB 635.46+6.58aB 519.45+140.32aA
DON/ (mg/kg) 34.49+1.87aA 34.15+5.06aA 48.34+1.87aA 46.59+2.73aA
NAG/(nmol g”' h™") 1297.60£107.17aA 1210.77+71.74aA 282.23+15.62bA 391.09+28.88aA
LAP/(nmol g”' h™") 1592.30+36.31bA 1814.46+7.11aA 1651.14+31.06aA 1379.05+61.01bA
BG/(nmol g7 h™1) 1188.40+26.48aA 1027.85+64.1aA 400.43+28.31aA 506.11+44.87aA
POX/(nmol g”' h™!) 54.28+2.33aA 62.81£16.75aA 46.08+5.78aA 47.99+6.43aA
PER/(nmol g™! h™") 780.37+13.57aA 520.96+27.43bA 281.27+14aA 285.38+26.34aA

e pH 4.66+0.08aA 4.68+0.10aA 4.85+0.03aA 4.80+0.04aA

Dry season SOC/ (g/kg) 39.54+3.42aA 39.50+7.85aA 22.13+0.64aA 23.57+2.04aA
TN/ (g/kg) 2.48+0.14aA 2.40+0.24aA 1.59+0.03aA 1.61+0.10aA
C/N ratio 15.93+0.66aA 16.15+1.61aA 13.98+0.26aA 14.66+1.07aA
DOC/ (mg/kg) 2541.40+201.16aA 1007.20+40.15bA 1528.30+88.90aA 950.97+143.30bA
DON/ (mg/kg) 27.58+2.34aA 23.15+2.60aA 33.88+2.90aB 27.31+2.00aB

NAG/(nmol g' h™")
LAP/(nmol g™ h™!)
BG/(nmol g7 h7")

POX/(nmol g™ ' h™!)
PER/(nmol g™' h™!)

580.77+82.17aA
975.73+30.42aB
548.93+92.74aB
34.4+1.47aB
221.91+23.94aB

529.30+98.54aA
886.2+144.03aB
461.79+50.74aA
30.02+2.38aA
198.79+28.55aB

294.45+52.44aA
703.23+42.29aB
283.04+31.91aA
27.96+1.01aB
109.36+7.96aB

291.21+33.65aA
724.16+68.32aB
315.81+82.87aA
25.80+3.78aB
125.52+20.92aB

SOC: +HEA HLEK Soil organic carbon; TN : 4% Total nitrogen; C/N i/ & LA C/N ratio; DOC . 7] P76 HLAK Soluble organic carbon; DON . 1] %
PEA HLA Soluble organic nitrogen; NAG; N-Z. Ik-7 25 M 77 B N-acetyl-glucosidase ; LAP ; 25 4 i Leucine-amino-peptidase ; BG ; B-7 25 ¥ 77 B B-
glucosidase ; POX ; By & AL Phenoloxidase ; PER ; 3 EALMIE Peroxidase ; Al [F] 1 )2 MZETT , AF/NG F 1878 Ab Bl /] 22 5 1 3 ( P<0.05) ; A A 1
JE AL R TR RS i R 2 2 [ 22 7 i % (P<0.05)

2.2 THERAN N ARG 4 it R Aok B T I T ) )3

JNFE 3 0T LI H s AR | A 2R R e A [ AR B SR DR B 2 0—10 em t
JE A Wy R e AR L B R T 45.85% (P<0.05) o PRV AR T, T ZEBR B AR AR DR Z 4, oA de bity
7 AN [ R 118 AR AT 5 5725 40 O R 0 7 7 /R A T S P e 0 T T o 2 Dk T A B I AL, U 5 3
10—20 em +EBHEMH EFE AR B WD T 26.83% (P<0.05) . ELFH IS 7 R A1 AR T AR L i 1
FIVRE W R 147 Wit 2 - J2 TR B 18 I 17 6K, 40 B R T 0 R s i L350 i 2 2 TR B A i g
2.3 SRS TR SR T ST s 1 i 1

b AN N T AR R0 b DA+ AR VE oA 3 (181 3) o sk Ach 145 6 R P A = J2 09 18 R fb
RYEFAREE(P>0.05) , M % B M FEL 2017 45 12 A—2018 4E 1 A 0—10 cm +JZ & Ak ik R i 25
J(P<0.05) ,ff 2018 4F 3—5 J 0—10 em /2 ¥l A8 2 i 350/ ( P<0.05) .
2.4 HHOSELHR S AT | G P i R TR R I R 1 G R

M3 4 Pion, HHEG R AR N- 2 -0 45 05 1 B A7 AR D 2 TR D6 OC R (P<0.01) , H 34 il Tk R
5 EEEKE SR VAR N-CIE- A5 0T | B- A0 A A 19 AT o A 0T | L R R
17 2 B 200 T L T LRI U T2 LU YA S AR 6 06 2R (P<0.05) |, 38 B Ak 38 5 5 BAR M I3 (s W i F R
TEARFIAR IR Y JC 8 E M 2E L R (P>0.05)
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Table 3 Responses of soil microbial biomass and community PLFAs to throughfall reduction in P. massoniana plantation

Ay B 0—10 cm 10—20 cm

Season Parameter L RS IR PMC o AN b3 PMT o AT PMC o AN 3 PMT

(S MBC/ (mg/kg) 173.10£40.51aA 80.36+10.77aA 148.96+75.01aA 74.73£19.21aA

Wet season ~ MBN/(mg/kg) 57.42£13.22aA 51.23+11.82aA 29.68+8.24aA 27.8+15.90aA
MBC/MBN ratio 3.01+0.01aB 1.63+0.14bA 5.89+0.37aA 4.46+3.63aA
Bacterial PLFAs/(mol % ) 57.16£1.49aA 54.69+1.64aA 58.96+0.42aA 58.29+0.65aA
Fungal PLFAs/(mol %) 12.11+0.70a A 13.20+1.30aA 9.50+0.37aA 9.74£0.70a A
Bacteria/Fungi ratio 4.77£0.41aA 4.24+0.52aA 6.22+0.23aA 6.06+0.51aA
AMF PLFAs/(mol %) 1.63+0.14aA 1.36+0.03aA 1.51+0.06aA 1.18+0.02aA

B MBC/ (mg/kg) 162.90+41.41aA 191.16+65.43aA 162.20+90.22aA 146.91+£29.11aA

Dry season ~ MBN/(mg/kg) 9.03+1.76aB 11.46+6.48aA 16.20+0.92aA 20.29+7.11aA
MBC/MBN ratio 17.66+1.35aA 18.07+9.83aA 10.74+6.40aA 12.70+8.25aA
Bacterial PLFAs/ (mol % ) 58.47£0.36aA 57.56x1.07aA 59.60+1.28aA 55.97+0.69aA
Fungal PLFAs/(mol %) 11.85+£0.31aA 11.96+0.53aA 10.19+0.48aA 9.47+0.16aA
Bacteria/Fungi ratio 4.94£0.15aA 4.84+0.31aA 5.89+0.40aA 5.92+0.15aA
AMF PLFAs/(mol %) 1.96+0.09aA 1.59+0.10aA 1.64+0.08aA 1.20+0.01bA

MBC ; {34 W B Microbial biomass carbon ; MBN : {4 #) 5 2 Microbial biomass nitrogen;MBC/MBN:1;&?‘2%;%//51 H Microbial biomass C/N;
Bacterial PLFAs ; 2l B 10 I U R ; Fungal PLFAs ; ECIE {8 RIS W72 ; Bacteria/ Fungi ratio ; 4 & 1L B 160 F1JG 7 R LE ; AMF PLFAs : DVBE 12 AR 2L B 1
FIRIIRR  #1R) )2 AT R R/ING F R R A L2 (7] 22 53 1 35 ( P<0.05) AR £ 2 AL B RIR K E 8 38R 297 Z ] 25 57 1 3% (P<0.05)

R4 DEMAIRIEETASEUER BEMEMBREMHEARXR

Table 4 Correlation coefficients of soil net mineralization on soil properties, microbial biomass and community composition in P. massoniana

plantation
$47 Parameter P Al R i A R AR b
NAR NNR NMR
pH 0.413 -0.283 0.285
+ 325 /KA Soil water content -0.099 0.377** 0.051
B A NH;-N -0.207 0.349" -0.045
T A4 NO3-N -0.024 0.457** 0.162
FHEH ML Soil organic carbon -0.060 0.382 0.080
A Total nitrogen 0.019 0.408 0.165
/A C/N ratio -0.205 0.305 -0.087
A HLER Soluble organic carbon 0.108 -0.039 0.076
AL A MLA Soluble organic nitrogen -0.402 -0.062 -0.404
WL YT BR Microbial biomass carbon 0.164 -0.053 0.131
{1 A Microbial biomass nitrogen 0.052 0.258 0.174
PR/ 2 L Microbial biomass C/N 0.130 -0.250 0.007
N- -1 4 B F7 B N-acetyl-glucosidase -0.488** 0.663 ** -0.233
# M1 Leucine-amino-peptidase -0.395 0.188 -0.343
B- A HETF I B-glucosidase -0.361 0.513* -0.156
P S8 AL B Phenoloxidase -0.249 0.475* -0.057
i A ALY Peroxidase -0.25 0.733** 0.031
YN B 1 FIR IR Bacterial PLFAs 0.192 -0.570 ** -0.027
FUR I RIS R Fungal PLFAs -0.220 0.714** 0.049
R/ EL R A AT W R LE Bacteria/Fungi ratio 0.265 -0.694 " 0.003
AR AR FL R R TR AME PLFAs 0.213 0.206 0.265

s Fl s A3 FEIRAE 0.05 AT 0.01 /K- F 1) .35 2% 5 ; NAR: Net ammonification rate; NNR: Net nitrification rate; NMR: Net mineralization rate
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Fig.3 Responses of net ammonification rate ( NAR ), net nitrification rate ( NNR ) and net mineralization rate ( NMR ) to

throughfallreduction
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Xs>Xy> X, B 3985 7K B 10 52 0 A5 B2 B O, -0 2 W 1 T L 40 T T I R i 07 TR L R LT e e g D 7R 114 552
uﬁﬁzo
3 iTig
3.1 PR b R A AR L B SO A5 e

G S R A N TR R it B L U A R 32, X 5 SRR 2 DI AR 56 SR AN A TR+

HE pH 1E 4.02—4.88 2 [i] , R RRTE L4 AR TR A MR, S5 05 1 A et SR oAbt X
FREE R 2, BEK U HAE 0 K SR OO R e B A Wy fe 2 A8 Tt + 38R Tl 7 AR 52
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M o212 AR 2 M I S 8 2018 4F 3 H 30 H 10—20 em LRSS EREE BIERIN T 29% (P<
0.05) , f5aA8 0 5 B S 509 [ R tho A5 21 Al A5 U0k B AE R AR 8 8 X T RE S R R USRI A 6, FFBW
VD X B R A N TR e A R RV EUR 8 R A R A S i 38R X AT e SR R R K KR
P 38 P i S el A e AR (A K R AU AN IR AR I - AR AR Y 3K E Homyak S
RIS FP AR BRIESE , il & B K D80 I R T B b B A/ | I BL7E 3 S /K B RARET , RO i 2k )
FACHE RS T  SRE ZE R 4 pH B AR AR K AU F BN ZE 10—20 em +)2 pH B3
B (P<0.05) , Dk 4.21 T REF] 4. 135100 245X 18 pH S Ry A &, RICH 5 pH(4.75) B &K T
(4.13) Wi pH BAKA] BB 1 R 55 FLAD R 247 ¢ IR TR ), HHEER I VR | CO, RIZZ#etE IR S 7 &k
A kAR | R R e A pH O

T T/ S 3 A A TR S A R AE 2017 4F 12 H—2018 4F 1 A LB B A s iy 4, X Al
A2 N 2 R B S PR P A 45 21, I B G3  Hh BE SR 2 A Y Bk RS S i R R | - K 4y
BB, R SN, TR R AR A R | FIR 2 B BT R Y B a3
RN T A 0—10 em 42 RS ILH R B 00 (P<0.05) ,iX 5 Chen 2512 Jdi /b 5L 2R [k 45 8] (O 4535 —
RS S AT HOMR S W 30915 5] + e b s R A 258 R —80, — il T 3—5 A R HESKE
T HE PSR R TRARAKCE ( 2) B nT (R B R e B 3] TR ARVE R S — i
BRI T B A R R B R A I X A AN TR g A R i Ak
SR TC I 2 R, 3K T B DR R Bl A K Ak T R S A YR AR BT IR B R K 4 A AU A T AR, e T
e D AN RS AT G, Chen 45" WIS & B0 58358 W /0 X6 21 Ml TR - 5985 il Al sk R A 8 355 i), (5L
SERZEATR A+ 2 125 AR
3.2 RN A R A R AR AL B R 2 A R

I WA BB B TR 2 — i R e R L R E A E M S R G
TR B B A A WXt K o B A AU AR AR 3 R A W T P R A L R R AR
Ren 26 BF5E e WALE AR /K KT 600 mm B Hb DX B AU 5 R A U0 A W) B AR Homyak %‘%Bﬂ K
PRAE AT 4R KUk AR/ IN—8 43 BsF Bl 2k 9 A e 4 T 724 B K U 423 100% B, B A 0 24 4 e B 3 Uk
A AHFFE A YN AR BE D T e A WA e U e AR L, X5 1 e AR RS AR P R B X
LR I RS B A 45 T — B, PTRE TR K A A G 0 ) B R 3 T SR ke I A v R P A A2
T, DA A5 A 9 B A A AR RS R AIR, E A B A 3R W K R AR AR R R - R AR W R A
RGP mE s HOGR e T AR g, EE W S 8 A T AR 10—20 em + )2 MR AR ELR
TR A IR S 250 /L 26.83% ((P<0.05) , it 41 B RIT L B 1 A0 i U7 1 T S 25 2 i), 6 B 200 o3 0 HG A B 7 5 AR
R JEC AT A L EL A 1 P 4 R R P B ST (409 3 VR SRS, DR T 5 O e A A2 e 3kt 6 B - 4
A PR TE TP (RS [R) S RET - HE 300 38 R e R A X ) 78 Ak PT RE A AN ) B9 B2 7, 1717 T 2% 550 375 R K /0 S A o L L
BRI A MR TR RT3 G B R ), X 15 SR AR 400 Chen 251 OB ST 4538 — 30, A IF 5T R W LE T
2 A - MR R R — RE YU A S e s s e A R O A S ad MoK AR ] IR A B e
T a5 I/ S50/ T LT N T T | DA MR B B A R T R D EL R A P L, R =2 PR R i s T
Y BA | L PR AN I PRTAR R AR RIS D7 R, 7T B A2 3] - VR T B AR AL RR B SR IS () S A [R)ARS Fobt 4 52 g, (s 45
HEARFREERAN

IR — A EA R R S T A AR, S S AR B S M S
RES B R R UIHDE T Ko S AR A E RS R R Y AR ST U K
MZE 0—10 em 12 EALDIEEF 10—20 cm 1 )2 8 H S PE B E AR (P<0.05) , i1 T 2b 43385 /K i PR il
T RJEDIEIY Y 3% 5 Sardans 25 BIFT A5 1 8 1 BTG B 9 S KR AT/ N S5 e — B, SR,
W F BN ZE 0—10 om B B 10—20 cm + )2 N-2, b4 0 BTG M 0 2 FH 5 (P<0.05) , X 525 I 42
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ST BRI ST A5 SARL, 1T B8 P T 4 43 0l T 22 1 R AT o R AN R A i K A e B T, AR T
& TS E R BTG R S A 2R R B A TR — 2B RS UE B X R R R T B R (P>
0.05) , AT HE FH T RIS X B Faiili , B s e N i 140 1 387K 25 0 oA 303 BR ) 7K S, DAL RIS 1 oA b 3 R
3.3 HHOSEW L ER S AT | G W i R TR TR 1 R 1 G R

IR R LR | GRS A VLR S RSN E YA, B2 B A YRR L
BRI P B BB R ) RIS R, 3 K R R R A R i e KA AR B, T O%EAE  T
A A3 M A5 3] 4 38 5 /K R U ML R A B N T, TR R R R SRR
YA BT BR A G A B3, VA 3 R L R S W RAF RS B4 SR, BHOeEd RS
N- 2 Tk - 25 W i A7 AE A S35 1A AH 6 56 B (P<0.01) | T30 il A 3R R 5 N- 2 Tk -7 2 0 1 il . B -7 28 Y
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L IEMSC, S A B M AR R L AR AR AR R M B S R R OO A, S R B
M - 395K A pH AT PR BILAR | ik SR T T | N- £ Tt - 4 W T i | 2 1 T R DS TR AR R 6 i
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