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Seasonal dynamics of soil nitrogen availability and microbial biomass carbon,
nitrogen along restoration ages of Pinus massoniana plantations in red soils

erosion region at southern China
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Abstract; To evaluate the seasonal dynamics of how vegetation restoration in red soil erosion areas of southern China affects
soil nitrogen availability, this study focused on different stages of vegetation recovery in typical red soil erosion areas in
Changting county, Fujian province ( bare land, 10, 20, and 30-year-old Pinus massoniana plantations, and natural
secondary forest). Soil samples from the surface layer (0—10 cm) were collected across four seasons to compare the
seasonal dynamic characteristics of soil ammonium nitrogen ( NH;-N), nitrate nitrogen ( NO;-N), inorganic nitrogen
(SIN) , dissolved organic nitrogen ( DON) , nitrogen mineralization rate, microbial biomass carbon ( MBC) and microbial

biomass nitrogen (MBN) contents during vegetation restoration. The results showed that the contents of soil NH;-N, NO;-
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N, SIN, DON, MBC and MBN did not significantly improve with vegetation restoration, and there were still significant gaps
between Pinus massoniana plantations and zonal natural secondary forests. Soil nitrogen mineralization was mainly shown as
ammonification, with weak nitrification. Soil inorganic N was primarily in the form of NH-N, and the content of NO;-N was
lower. From summer to autumn, soil net nitrogen mineralization values in Pinus massoniana plantations were highest, but
they were lower in spring. This indicates that the supply of available soil nitrogen was not balanced. There were highly
significant positive correlations between MBC, MBN, and inorganic N components and DON, effectively indicating soil
nutrient changes during vegetation restoration. The study implied that soil nutrient restoration was a relatively slow process at
southern red soil erosion, with N nutrient supply limitations in the middle and later stages of vegetation restoration. Thus, in
the future, we should strengthen vegetation restoration and management to enhance forest productivity and stability, such as

employing mixed—species planting models, and applying seasonal N fertilizers according to N requirements.

Key Words: red soil erosion region; vegetation restoration; Pinus massoniana plantation; nitrogen mineralization rate;

microbial biomass
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Table 1 Correlations between the content of soil NO3-N, NH;-N, SIN, DON, MBC, MBN and the rate of soil net nitrification, net

ammonium, net N mineralization

e RUEY BUE® st mEle ARl

MER - BER AR pnm wEm ewiE @k mR L
A% NO3-N 1
HEAS A NHE-N 0.608** 1
TEHLA SIN 0.802**  0.962"* 1
A A HLA DON 0.495**  0.266**  0.371** 1
AP A= Wy MBC 0.632**  0.562**  0.640**  0.672*" 1
A A YA MBN 0.267**  0.190"*  0.235"*  0.473**  0.607** 1
Fii AL # Net nitrification rate 0.531°*  0.474**  0.539** 0365  0.650**  0.545** 1
HE L% Net ammonium rate 0.290** -0.026 0.080 0.277**  0.282""  0.200**  0.481** 1
RN EHZ net N mineralization rate 0.466**  0.239"* 0341 0.367*"  0.527*"  0.424"*  0.839"*  0.880*" 1

SIN: Inorganic nitrogen; DON: Dissolved organic nitrogenMBC: microbial biomass carbonMBN: microbial biomass nitrogen;  * 37~ H ¢ R 50 7E

0.017KF b 3%

4 g

FEANRIZEST , RARAR NH-N NO;-N SIN 7 it ¥ i 2 5 T 5 AN A TS [ & [y Bobkth, , B AS [FIK 2
B Bobih H3E SIN s o R, 13 C N 2 BIESR 0 i E B T 43, R D Y A 7 ) i B A
HF, e A S S R B B A5 Y Tk BT S5 IR 45 A — 2, R BRI K £ R0 X RS N T bk
WA 2 & 33 )G, K2 C N SR WG IN 44.3%—788.6% 24.7%—267.4% , FLJE R 0] & i T A gk
A2 J5 b B R TE 2 FUAK T R B RE S I8/ D AR 5 S 1 382 R 1R 42k, SR, AN R B Bt S AR T
MEHE C N FEIF LR EZES, KRR D EFR T RAR R AL C N & I, 7Em 408K =20k
X 5 AN A TMAE B 52 1 P b - S48 NRE 7 5 0L N A S RS2 B4R T

[P ST B0, FEANTR) 27T, 46 A A 0 N S ¥ = 2200 NHG-N B 08 £, B S B A T Akt 1
NH;-N /7 Fois T RRMR, [FRE DI A Rl A 52 )5 38 NH,-N (7 JEHL N s, H Bl & A8 B ik
SLISHIRIAE AN, 38 NO;-N/NH;-N 2 RS sy i i o & Bk 11 2 R A A Tobk £ 458 NH;-N
7 SIN Y H B 35 5 1 NOS-N &g Bemf 25 X g Jr 2048 X 2 R A PR 48 N % Ak 1 52 v 2 B e Pk 52
AR g N TR LS ER R L R P — T T B 40 X MR gy 2T K £ R R IR IX, 14
rhal B L AT A NOS-N B B B 38 bk v i i 2 15 ) B NOS-N i ok S il A4 B 77 4 B ¥ R B9 AU N
RO g — T ] RE SR A AR A S R G2 R A AR A A % S N RSB T G A R i £ R el
FERRCE, H 50 R DL NH-N R0 DRIt R W, i+ 0 A0 BT nE R A, 76 75 43 (B = RS R 8
M 1) T NH-NPY 5 RERAMAR LL , P M B AR X 4 5352 4 B T R e AIG, 0 T 2 A B AR KT,
AR 2 B b AR AT BRI 1 1 T VR E ML i A 5 NH-N #5408 NOS-N sl e ety N
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A A R G AR R NHE-N 19 H Fe V85 WL Sk A4 38 b A %L N R kA, LIFERFST R, 2+
HE pH KT 6.0 BFAlfb R i 2 F M 7EMRT pH 5.0 B AT LUK Zm A3 TR A £ 3R A A il S5 i
FGE R R R AR A A K2 - SRR P A R R S R 2 S B SRR AL R R AR
ARMGE X 430 pH (KT 4,57 SEARSRERYE , 25 i Ak 40 18 B9 A= 1, DA A - S Ak A Y R ik
TR0 A PR A A0 N &5 A NH-N B0 3

AW IR, £5 PR A 1438 NH-N NO;-N SIN F i 2 R 3 B0 B I 0 25 S AR RRE , H R SR Mk A8 4k
e 8 B S KT ARV B B S R A N TR, 45 bR 133 NH;-N & 2 ) SIN & 76 9 H il 8 AR E, B
NH;-N 3 47 SIN FEeBilm s, HIEFE TR F(7—9 H) SR Pl A ook i 48 NHG-N, B K #5%
PGB IR RVE ] . NH I A FE 2 S84 SIN &8 o by FRRAR 2 SR, B2 MoK + 4
NH;-N WA FHBEAR, LR 95 P08 7% K, A5 4 Ak £ 38 NH-N _SIN A1 DON &8 7F 12 H ik 2IE(H , I 7E
B TAER R BEMROREZ IR AR K, 1458 NH-N Al SIN & B WA, SR, & AR R B B 5 A AN Tk 4%
NO;-N & & 23k 317F 6 A i Bl s E, R R v g2 i R T , 138 N o fe sk, 5
N T I NH-N, 8011 NOS-N i i B 14

+ 3% SIN FERIET HHEAHLAED (Lt 72, 3% N A Akl R ] R F5 /R 13 N AR g™, A&
WEFE R, 58 N A0 2 A 30 2 fh o 8 R BT , 25 PRI 4 A il AL R 28 3 R AIK . 1T UL, AR XS AR AR
3 N B R LR ER R T, P eSO X A R R SRR A OB N T AR R N T ARG
R —EA5E1e, R R E AL E gt 2d N 07275 9 H 2 12 H 0y B AL F & ARE, M
NH;-N \NO;-N Fl SIN & i 15 21 5 = {5 1T BE S R A i I U 4 A 4 22 12 stk A ORHIR DT, % 38 30 N 3200 T
WA PG, 358 SIN (R0 2 LA AP I , A% N 243 N 3R EE f i Rt IR, AP 98 & BE, it
ARV B B S B i N T AR 8 B (b R A (L R0 A B35 25 7, vl e e th TR 45 31—  7E
MR 5 W, IR A B AR A AL N AR 2% (A5 50 P 0 A K 32 31— R EE R PR, 0 A 7K T wE
DIAETE  EE R, YETLg R ph XN A 7 A LR R SR T I, T B U B RN TR —
ARAF B, 42 25 L8 g dAfF PR IR UK AR AR, B hin 3035 20 S B R0 2E 7 0y AR e W Rh 2 RE 1R | A E 3
WAL R AT

AT A HLA (DON) 2 R HEA R N M BB S, AU R385 Y KPR EA N R 2L,
i HLAt S N & Ao R v oS vl sl i SRt 5 ), AiFsE A5, DON 5 NH;-N NO;-N SIN #1 TN 2 [a] #4771
FHREIEMCRKR, M TFHERORRSRETTEME, ol DAY SR, Br DL — I E A A8 1k, 75— S AR
kA AR AR B AP AR SR AR 11 DON it i, &5 AR RIWK R B BE 5 R A A TR e 38 (R e
B (10mg/kg Z247) , HA5#RHAH b 22 S PR 00 AN 833X nT 6B J& IR S Bl 5 R Pk B AT FR B9 3R 5, JF A
i A U E TR MR BB VS R RS, T EOR R R AR A AR T 2018
6 A s SIARME , X T RE 2 N HHEmT M N 415007 B8 ) il 5 AR B VK A2 00 AR 15 31 ol 3 3R T, HLI A
R TR TR0, AR o 1 R B A T, 3 W i s N Ab o3 i 3 R 28 DON AE Ay 2 >4 Y T AN B 77
FE, T £ 3 DON FH B3 RAT R 5 Bb A, 3855 7K SR 1 AS A T - 8 A 0 9 A 4, DA TG I - il 1%
P, 30 3968 R AR I DL BHAS DON B~ FIA R 6 2= 8 A AHIF ST X I8 A s , e b4 s 1 3% fk
AEIE T N T - SR S A AR B A, BN T 3 N BRI R AR XS F DON T, A A 6
RN BRI HRCRE w4 Rk 9 A A 12 H £ DON i iim .,

MBN £ AR N 45 Hh el BRI Ry, &2 i H 3P A ML N m BHLES N F AL n e s oy, He
TSI G R B ZR AR 1 N RIEIRS A L3R N 2 bR e 0 ARWFgE s, 1 MBC MBN Z [l 77
BN W IEA DGR , R MBN MBC 1E R AE W38 bnist B PR PE ) [alRE, 35 RO 260 A b il 4 Ak
H SR E X U FE IR HY , H3E MBC &5 +3E MBN & B2 R ER EH LR, H - HEW 5 AN A
PUBR RN AL K & i 0 M1 5C, 26 MBC \MBN — %E R _E A I FHE /8 3R 0o > ) 7E 2017 49 A |
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2018 413 A 6 A, KIRAR L MBN 25 i 24 (25 w8 T8RRI [R1 K= B Be o R A L AK (P<0.01) |, il fE 2
DR R RARMRAR AR A JEE 17, - R AR SR TR IR, MR AR o I MR 5 U v W o0 ik 4 R i ok T N E &
MRBIER" o LAk I A AL T AR AR BE B 0, %) 138 N R SR R, BRI N 3253504,
FEAR LI E Y R, AR, 78 2017 4F 12 J, RARR LI MBN 3 22 SRR [RIWR A B B Eh A L TAROR (i
#(P>0.05) , ATRESE PN e B BOR I E APRHIIY , A2 R 20, 0f 13 N SR AR oRIEAR I AR B 9% )2 A 3 AR
1932 L3 MBN ffifF 5 R4/ T 5 RIABRZ I 2205,

5 #ig

L5 ERTFER, M U7 LUK AR ik X AR MRAR B 52 2 A 08 R A S 2 A T b M R AR R A
AR RS i e rp SR OIS T — A et i) A, 3K R I SRR SR IR B2 E A b S T g
FAE LSRR BEN AR HPIRDL . IR A AR KA R & ARV R 245 25 57 | 2K ISR R
B R R R EEER IO R R A RS , B A AU 2L NH-N &, &
HENOS-N & R AR, A SR AN AN, D, 45 W 4R S N58 X6 7K 4 4= 1 DX A AR Bk O 5 iR B, R
W N R PR K ek XA SRS A BIER | T RRARARI 2278 RS B Tt 5 24 4% Z= 8 At AT, TR SR B
R S R A AR, I M IR R 25 TR0, B AR TR X R MR A 7 ) AR E P, IR a2 -
SR R AR B R BETH AR MR AR 25 R G AR I 55 D RE
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