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3 PHRCEE ZREMERE, K 400715)

W E: MR RE LER X D AN (Pinus massoniana) \EAMKE T 138 NLO HEBUMAEMBE IR BT s m, mEE KT
SLHURIAT SR X AS R R A2 B B AR L (RO, A2 10, 20, 30 45 AN N TARFIKARAR) A GT 3T 4, SR FH AL+ ik
VOSSR, S SO R A 3 NH-N | NOs-N R RGO, RS IR 07 000 NLO R Zo 15 sh AR . 451
FW, R AR D EAMAR T AL AR LA NH-N 3, MR AARLL NOs-N b 35 HLBEE R A2 AE R A3, +39 NHL-N
NO;-N Ik i S, A FRIBIK R B BocH +4 N,O IR &, H NL,O AR R 5 sl fb s | e a iR A
HRN AR B E EAACOCER, M TIE NO WIS I REAE B R AR BRI i st #h . RS REN], 4l Rmx
R E AT AR WN0)126 . HHHE NHi-N . NOs-N kiR I R B R B AT B 28 . 4 I Ak I 25 bhom
WPRA ST RRER R, il BE A R RN, B ISR X 1 R CRAE DB
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Seasonal Dynamic Characteristics of Soil Nitrogen Loss Along Restoration Ages of Pinus

massoniana Plantations in Red Soils Erosion Regions in Southern China

LIU Zheng"?, LI Yicheng®, HU Yalin'"

(1 Forest Ecology and Stable Isotope Centre, Forestry College, Fujian Agriculture and Forestry University, Fuzhou 350002,
China; 2 Three-North Shelterbelt Program Bureau, National Forestry and Grassland Administration of China, Yinchuan
750001, China; 3 School of Horticulture and Landscape, Southwest University, Chongging 400715, China)

Abstract: To evaluate the seasonal dynamic effects of Pinus massoniana vegetation restoration on soil N,O emissions and
nitrogen leaching losses in red soil erosion regions in southern China, this study focused on different stages of vegetation
recovery (bare land, 10, 20, and 30-year-old Pinus massoniana plantations, and natural secondary forest) in typical red soil
erosion areas in Changting County, Fujian Province. Field devices for collecting soil leachate solutions were used to monitor NH,-N and
NO;-N leaching losses in different forest soils. Laboratory incubation methods were also employed to observe the seasonal
dynamic characteristics of N,O emissions. The results showed that soil inorganic N leaching was mainly in the form of soil NH;-N
in forest land at different vegetation restoration years, while NO3-N was the main form in the natural forest. Moreover, the
leaching losses of NH,-N and NOs-N tended to increase with increasing vegetation restoration years. N,O was mainly absorbed
by forest soils across different vegetation restoration stages, and the N,O emission rate was positively correlated with soil net
nitrification, net ammonification and net N mineralization rates. N,O absorption by various forest soils showed an increasing
trend with increasing recovery years. These findings indicated that vegetation restoration in southern red soil erosion areas
reduced gaseous nitrogen (N,O) losses, but the leaching loss of NH;-N and NO3-N was not effectively reduced by vegetation

recovery. In the future, it should continue to strengthen the protection and sustainable construction of forest vegetation, avoid
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excessive artificial exploitation and destruction, and gradually restore the water and fertilizer conservation function of forest areas.

Key words: Red soil erosion region; Vegetation restoration; Pinus massoniana plantation; Nitrogen leaching; N,O

RAEMBENFNESRERIEHN 3 AEH
Bz —, WFERAEERAN N,O. N, S8 4K
(A HE TSR K of il 98 bk 2R o, 4 45
N,O HEBUR R BRI — D HE SRR AR 1 N0
HERCFF I 2 B RO A ER 1% 4P, Hili T
N,O ELA 296 1%5~310 %5 A3 150 PVt £ 32 5 . 1k
Hh, ERHT HLIX 5 RSB S =0 %, RO B
HEBEK, WA KRR NO>-N. NH,-N 45 - 38475
RIEH 2R )Z g ak 2 PRl A= S R 4, i (454
WA K S 2 SR R A5 i o R A R
W BN HEAE ) EER AR WA
AR HE R A M PR ) 22 T R AE S RS A
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A GLBUR A I LU 1) w5 B FE A, 7RI XTI J 1 R
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T AL, BE N EEE N IR E YT R AR
AR, R N,O HERRIEAL . il bt 2 &
RE M= A OB BF X By £ HE AR X A
Bk, UAEWRTFRE T — R 515 T kb - e 40 4
Ji . SRt AN RE ) . A IR A R
TR AR MR AR O A s Y SR, E R
W BGHT R AR HE TR A BR 5 A IR I IS A
5K 22 1) A7 ] ol S0 1 AR 75 24, 5 1) 2 S D Ao
NI 6 48 7~ - 398 RIS R R RO A 5T AR X D, BR
il T X R 41 49 4R ok DX B PR AR A A v SR R R
BLHT AR .

RGN T i FE 7 4L R XN R 2 AR R 5
AR NLO HERCFI R = 1 PR FRIE , ARBESE
SR MR A O s gE ke, B A A I AN [
PR S AE PR + 48 NH,-N | NOs-N i i Sk 15
IR IR LN NLO HEMCH 2 274 sl A4
fiE , 38 2 o3 B A VR AR A BRI 2R AR A Y A B X
IR TR SRR, R K VT KRRk
X PR S AE A R IR A R R s i ML, LA
PR RN BN VT 7K 4 3 R A R 52 DX AR AR £
BN R E DhRe e (L He FE R TR

1 MRS

1.1 HAREER

F 5 DXL T A El 48 e T 7T BT B (250
33'N~25°48'N, 116°18'E~116°31'E), S f@# & ¥
P 2 KU S0, ARF XA 18.1 °C, A7
/K EE 1710 mm, 4E-F3478% & 1403 mm, 440
Fail 260 d, P HBEEC 1925 h, =10 C FUR
4 100~4 650 CU*, +HEAAY LI 1132 B 1) ok
A XA R BT BUNLTE | Rtk argeh &, ik
ErEE R, TR 2 . TR R A
T, 2 DX 1 S R A B T IR, R
FHo™E A MR bR A, 20 tHhad 80 AEARE, K
7T M DX Bl ST J RS 1 4 b b A w2 IR B, T
B UL S VA (Pinus massoniana Lamb.) A 3 AN [R] K
SLAF BRI T AR,
1.2 #HMiEESHERRE

RIS T 2017 4F 6 A AERTT BT AR IR O |
Ik 10 B ST R A A R A AR HL(BL) . 10 AFAE T
AN TAHR(PM10), 20 4EA4E DM A THK(PM20). 30
AR T RS N T AR (PM30) LA K b 45 P K 4R W 4R Ak
(NF)&E 5 P2 BURMAE R R G, 4 SIAEAS [R] 25 R bR
NIE 3420 m x 20 m AR, AHAIF: MR 24
1 km, BESEREE N IR S SRy R
e AR B, R RO K T A
40, 30, 6 cm, HEFEREHR 50 cm. BT
201749 A, 2017412 H ., 201843 H . 2018 4F
6 H A1, FAE S 20 4 ki R A 2% B PO Uk v
W, I R8T URF N R IR AE o [ R B DY
L8 (EZ 6 cm)FEHLETE 7~8 4 0~10 cm £ )2+
58, [F)—FE L 3R A — A LIRS R AE
FERPr R, HF RS AT LE R A N,O
HERLHE R AT RE o A+ AR P R WL 1,
1.3 #HmAESIERNE
1.3.1  FHEMAW NOS-N Il NH,-N WG Bk,
T HERIE R Z 0.45 pm SRR MRS U S, FIA
BT AR (ICS1100 %, Dionex, %) E kiAW
NO; BHE T NH BB T . BB ik m 5
3 ASRS-4mm, P A KOH % (25 mmol/L); FH
BT MRS TonpacCS16, WRYE A H A iR /K %%
(32 mmol/L),
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953 XBCRE 7 )7 13 i XA [RI PRS2 AR R FE A bR 3% NLO HERCHI ZUMIA 2235 R R AE 607
R TIREAIR R
Table 1  Soil physicochemical properties of sample plots

i pH R 25 R A BB NH,-N NO;-N  FAMAHIA A% iR
(g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg)  (mglke) (mghkg)  (mg/(kgd)) (mg/(kgd))
BL 3.90 1.24+0.31 0.10+0.03 0.05+0.00 2.52+0.51 3.3240.15  1.54+0.36 2.52+0.51 0.03+£0.00  0.01+0.00
PMI10 4.04 6.33+1.09 0.27+0.07 0.06+0.03 4.02+0.66 7.02+0.72  1.95+0.11 4.02+0.66 0.01+0.00  —0.01+0.00
PM20 4.02 6.14+1.64 0.28+0.06 0.07+0.02 5.29+1.19 5.44+0.31 2.29+0.11 5.29+1.19 0.02+0.00 —0.01+0.00
PM30 4.07 12.00£2.18  0.45+0.09 0.10+0.02 7.24+0.29 5.36+0.27  1.83+0.07 7.24+0.29 0.03+£0.00  —0.01+0.00
NF 392 13.13+0.24  0.85+0.05 0.13+0.02 9.31+£1.49  16.16+1.49 11.42+1.72 9.31+1.49 0.11£0.01  0.12+0.00

HHEHIA T NO;-N . NH,-N BRI H AN
A=C x L/1000/0.12 (1)
A 4 AR NOs-N Hl NHi-N (4 S5
(mg/m%); C H NO; Fl NH; ¥ (ug/mL), Hrh

CNO; =4.050 8xC,+0.112 6, CNHZ =6.626 2xC,—0.703,

O UE T S AR RS B R 238, Co 28 NOs
FINH, WEREE; LoAME AR (mL); 0.12 F+
S8 Tk I A AT B 25 1 B (m)
132 18 N,O HERGHRMG R I FME  H
fif 498500 2 mm i, AFAISIBRAGTE Y . IR . AR
ZRF. FREL S50 g Ze At R FRBUS 1 LT
PO, REAFEHL 3 NE R L A RIS KCRIE Y 2 H
[EFREK I 60%, SRJ5 &SRS DR TR H AL,
PRUF RN G- S RAT, B F 25 °C fHIREESRA0 M 8%
7 14.d, HTIE -5 N,O HEBGHE R A A0 bk
R AR, R 2 d AbFEEE IR R
BIKAY, HArBITFEE 1,3, 7, 14 R FRASBEENE

TEARRE N REERT, BUE TR, A 1h, ff
NS RANE B2 S Fe RS o M, FIG R 8%
HEEFE, 7 BIE 20 mL SARRESAE R ¢ I ZIRE
o TE25°C M FHEIEEFE 1 h, I 20 mL <
o FIFHSM GRS HE GC-2014, Shimadzu, H
A SR N,O B, FERIA AR 1
N,O HEjlea =2

F = MIVyxP/PyxTo/ TxH*dC/dxmr/m ()
K. Foy I N,O HEUE % (ng/(kgh)); M oAAAE
Y JEE IR I H: (g/mol) s Vo SAARHEIR A T B9 AR EE IR 4
$1(22.41 L/mol); Ty, Py ARAEIRA T 2= KM 4% iR
FER)MAE(kPa); P ORAERT SR (kPa); T ARAE
I A X TR EE (K) s C, ol ¢ I 208 N SRR IR & L
W (ppm) 5 dC,/d, Fm LI A ] P4 355 72 9 SR A vk
FEAAL, IEEFRRHE, TUEFRRI; H AR
B FR L IBEA S B (em); r AEEFEEAR (em);
m AT 4 i (kg). T3 N,O HEBH AR R 4 YRS
R

SARRE SRS, BUE B IR N 4 4%, A
2 mol/L KCI R . =4V w : m 85 D1 h,
g A4 A shiE Wi ks 2B (Smartchem 200,
AMS Alliance, ¥ )4 NOs-N |, NH,-N F i,
FEHHE R IR I R & AL S AL R B 1k
R HHEARPDY . AR R = FR 5 Y
NH; -N ¥ JE 35 F2 AT 80 NHL-N W)/ 35 K8+
Fil AL R =355 1Y NOs-N # FE—E5FRHT ) NOs-N
W FRREL, EHOR R R =375 W 5
R FE S50 0 T U B )/ 7 A
1.4 HEZITHW

fii 1] SPSS 22.0 B #ATEHRGE 0T, RATE
SN XU T 2250 B1( repeated measures ANOVA)
o 2 By B . 2R B A2 BAE R A B8
NH;-N FI NO3-N ¥ | 3 N,O HEfls % |+ 04
TSR | s L R AN A R A R, SR B
IRIMESE T, b HHER R AR | b |
HRE LR A NH,-N . NO3-N |, EHLEUMA R & N,O
HEBCHR BIAH SN . SR Origin 2017 #7414

2 HERE4SWH

2.1 AEE#HVRE M 1% NH,-N 1 NO;-N kA

EETIHE

M TR A6 B A #R 3R K BE J1i 22 , 72 BF 41
4 YIURE S AR A BRI T, 45 3 B A X 4R
FRFIPREE 10, 20, 30 4F 5 AN Tk 135 NH,-N Fl
NOs-N ki =B

HEL R 52 9 B 1 2 W 355 M 43 NHL-N il
NO;-N #KIF & (P<0.05), HAFTEM & TRk & i B x
ZAT A HAEH(P<0.01)(F 2) 0 FKIRMFIA )P &2 4FBR
R A N TR S AL i R 8 A7 2 2
5, RERMRLL NO3-N R, HEHE 5 LA
MY 93.32%; T RN TAKL NHA-N B, 4
FIETHLE BT 75.79%(GR 3). FEE B A T Ak
PR AERRIE N, SRR NH-N, NOs-N g
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MR BN, M10, M20, M30 A [EZRE
A b S W A 43 0l 728.67 . 1 574.38.
3 200.88 mL , NH,-N ¥ i 5% - {83 51 4 17.98
36.67. 66.68 mg/m*, NO5-N iz i 4 i - ¥ {43 51
4 3.39, 10.60, 17.02 mg/m*, 7£ 6—9 A1 9—12 A
W], PM30 43 NH,-N ¥ ik B35 & T PMI0
1 PM20; SRT 12 A Z=KAE 3 A, PM20 14
NH, -N IR I 2% 28 35 v 1 oAbl

R [RI M i -3 NHL-N il NO3-N kiAo S 447
TEW] 5 (7515 M SIS FEAE . PM10 A1 PM20 13 NH,-N
WA 12 ABRREI HM3—6 AR E ST
6—9 A F19—12 H ;1 PM30 1 NF 77160 e i HLAEE,
o NF 13 NH,-N #1 NO3-N i i 26 T 78 3—6
H kB AL .
22 TENOHMERFFHE

PRI A B B A 21 2 2 i 3 NLO HEMGH
R, HAFE 5 MR B B < 2 58 HLAE I (P<0.01)
F2). 1E 9 Ay, #iHh, REWRE SRS EMAT
MRFIR SRR A3 N,O ¥RIU AR, H PM30 133
N,O fEi# & B & & T BL, PM10, PM20 FI NF
(P<0.05, Bl 1), AW, fE3 H. 6 Af 12 4, Ald]
it 3 NL,O BRI IBCIRES , Hh R [k &2 45
B Ih AN N T AR5 NLO WG R 4 8 35 o T by
P RIRFR(P<0.05)

2 FEEHBREMN RS HIE NH-N. NO:-N &
B N0 HIBURRU KSR . #iEL. 8T LERE
EMNENHT
Table 2 Repeated measures ANOVA on soil leaching NH;-N and
NO:;-N, N,O emission rate, net ammonification, net nitrification, net
nitrogen mineralization rate in different revegetation stages and
seasons

24 AN FIH B F P
NH;-N ki IR BB 3 190.83 0.000
4y 3 28.54 0.000

PR IZ B B < 2245 9 75.73 0.000

NO;-N i IRE B 3 117.32 0.000
4y 3 4.76 0.035

PRIZ B B < 2245 9 4.39 0.002

N.O HEGH# . A KB 4 44.11 0.000
4y 3 375.92 0.000

IR B B2 12 30.20 0.000

HR R TRE B Bt 4 27.16 0.000
4y 3 345.01 0.000

IR B Bex 2= 12 31.64 0.000

HHii iR RE B Bt 4 123.06 0.000
4y 3 51.82 0.000

IRE BB 12 5.01 0.000

R EE KA 4 168.40 0.000
4y 3 360.08 0.000

IR B B2 12 49.68 0.000

%3 FEMEHEEMEETIE NH,-N. NO:-N #iaZETH RN E (mg/m?)

Table 3 Seasonal accumulations of soil NHX—N, NO;-N in different vegetation restoration stages

) RIEE PM10 PM20 PM30 NF
2017 4 6—9 A NH;-N 5.07+0.77Cc 9.18+0.14Dc 101.58+7.29Aa 56.82+9.83ABb
NO;-N 0.33£0.01Dd 0.65+0.01Bc 22.66+0.74Ab 798.64+70.41 ABa
2017 4 9—12 A NH;-N 10.08+0.04Bb 14.65+0.20Cb 66.04+2.23Ba 73.85+4.03Aa
NO;-N 5.88+0.28Bd 11.87+1.16Ac 24.72+5.55Ab 1023.99+7.47Aa
2017 4F 12 A— NH;-N 24.01£0.22Ac 101.61+1.99Aa 59.88+4.89Bb 54.21 + 1.58Bb
2018 43 A NO;-N 8.23£0.10Ab 12.72+£1.29Ab 17.330.16Bb 1024.95+74.36Aa
2018 4 3—6 F NH;-N 24.85+0.42Ac 21.24+1.31Bc 39.23+0.21Ca 33.51+2.31Cb
NO;-N 1.83+0.09Cb 17.18+4.30Ab 23.36+5.34Ab 367.99+72.70Ba

T RPEHR ATV IME S RMER (n=3); [FIFIEER RS T EEA R 2R [ — ZUB AR 2215 18] 22 53 8.3 (P<0.05),  [RATEUR/ NE 545k

AN [R) R AN [ AB BV B2 B B 1] 22 5 . 25 (P<0.05)

AR MCHE 38 NoO HEORTIR A3 262515 3 A8
3, YR 12 A 18 N,O WGE R e kK, Bl
JEBHEAL, & 9 H 44 N,O RINHER . 5KK
ARAH EL , B AR [RGB A R 5 BB A A T AR 14 N,O
HETiS 5 W A T % B i TR
23 TERTUERRFTIHE

WK A2 B RN 2 AR Ak B 25 5% )+ 85 2 Ak

B AR SRR, HAEE W KR
B HAR(P<0.01, $£2). 9 Afy, K&K
AR R AR B = TS A R AR R D R
AN TAHAR(P<0.01, & 2A), 112 ARKIE3 H. 6
AE5SAFRE TR DR AT AR R E2ES, A%
AN TR 52 A R 2 R A N TR 380 b TR (] 35 TG
W2 A TR bR N 9 H BIRAE 3
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Fig.l Soil N,O emission rates at different vegetation recovery stages
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Fig.2 Rates of soil net ammonification, net nitrification, and net N mineralization in different plantations after 14 days of incubation
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F4 HIESEWERR, SHER, SEFTLERM NH-N HEE . NO-N AR, THEWEE. N0 HuEREX
Table 4 Correlations between rates of soil net ammonification, net nitrification, net N mineralization and NHI—N accumulation, NO3;-N
accumulation, N,O emission rate

BEAER BRI AT EECE NHN AR NOS-N ik i

THLEM R NLO HEflH %

A 1

FHiE Al AR 0.382" 1
AR LR 0.920" 0.714™ 1
NH.-N g -0.382" -0.167 -0.320"
NO;-N i = 0.055 0.237 0.132
TEHLR I 0.025 0.220 0.105
N,O HE# % 0.366" 0.176" 0.352"

0.240 1
0.311° 0.997" 1
-0.302" -0.233 —0.251 1

e R/ o+ 2 HRIERIRAHSENES P<0.05 AT P<0.01 {23 K.

B NH,-N., NO-N &, O, ffiRpikid, 34
TEPEFN R B PPIR L AERY) 4 N,O FE AR+
e S 5T AR R RS A AR e A RO
TP  R 28 R Y 2R,
it ELSY A LR RO AGAE P . AT R B, 25 R
13 N,O ¥F 9 HRINHEBCIRE, 12 H .3 Af6
A RBUNISCIRES . AT N E NI TR, 4B B
FRER—8, LSS 2 N0 HERCRIRZ I
RS 22 5 (0 B AR T R S 3BTRS RN 3 KR 1728
ko 9 Ay, Bok&EhHRBKER, HHESKERE
B, SRR, RN T N,O HesER,
TR R B, ISR, AR R
AW, NLO HEROR A . 730 EPF s A R o
IKAT TN AR TE T I 0w AR, B T
FIETCHLE(NOS-N Fl NH,-N) &, M Al Ak 40 6 1 s
TS AL AN P AL TR A R VIR, T4 T N,O
FIHEBGE R . R, ABFatfid, 9 A4 Ty
ARACH B, 4830 2 7E O RUR S, Fn
T, RGPS, R T AU, e
T HRES S, IR IR SRR
SR AU N0 JEAHROE . w12 A6y,
H A AR, %o 55 50 5 SR A A ELARAE 3 7k
55 3 HM 6 A FraYpusEA: K & E B, Xt
IR WSOR FH R R, BRAS T HAns AL AR s 1k
iR M A5 39 NLO 3l B LA 3
ARG, WK 30 AF RS N TR +
B NLO WRMSCORITRE G B34 8 3 o T Al bR, R AR
R4 NLO WIS R ARAR B 5 AR A PR A2 A B 11 3
T, A4 NLO WG 3Rk I f 5 R
TP — e R s T R A AR
WD T REBRAMBI . KRR EHE N,O Wt
WARAL, RTREIE B RARME GE T2 RS, H K
B 1o, RIZ H IR T AR DR AR T 1 A AR

A, AR N,O W o R [FRE, R R
LT A: W4 - ARG R, AR
F48 N,O i RN WISCIRE:, BHHE N,O 1“7
MIFER, H NoO MM 24 v R R S 55 e il (4 2E
K2 nTRESERERI R T RIS KR, ek T 14
FEDSA AL N IR LB RIAN CH, MHERL, I
B Z (1 NLO 1E Ry HiL 32 AR I B T #E

[, 48 NOs-N fEAfE/E Y, Ha
5 N,O HEUR Z RIFFE S B M A R P,
ARWFFEH, PRI N,O HEGH R S5 ik
R A R AT TE A O OE R (P<
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