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Abstract: Nitrogen is an important factor limiting the productivity of terrestrial ecosystems. We used the method of
spatiotemporal substitution and Pinus massoniana woodlands with different restoration history lengths as the research subject.
In order to understand the effects of Dicranopteris dichotoma on nitrogen fixation during the vegetation restoration process,
we measured the stable isotope "N, the nitrogen content of different components, and the ratios of different components of
nitrogen to total nitrogen in the topsoil between D. dichotoma soil (WD) and non-D. dichotoma soil (ND). The results
showed that Dicranopteris dichotoma coverage increased the total nitrogen ( TN ) content of the topsoil in all Pinus

massoniana woodlands. The 8N values of WD were significantly decreased, from 33.8% to 83.1%, compared with those of
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ND (P<0.05). With the increase of restoration time, the 8N value of WD significantly decreased, while the 8N value of
ND did not significantly change ( P>0.05). The average contents of microbial biomass nitrogen ( MBN) , dissolved organic
nitrogen (DON) , and ammonium nitrogen (NH;-N) of WD were significantly higher than those of the ND under different
restoration years (P<0.05), but the content of nitrate nitrogen ( NO;-N) had the complete opposite trend ( P<0.05). With
the increase in the duration of restoration, the contents of MBN, DON, and NH} in topsoil increased, while NO;-N content
decreased. The ratios of different components of nitrogen to total nitrogen were in the following order; MBN>NH;-N>DON>
NO;-N. Correlation analysis showed that the 8 N values of topsoil had highly significant positive correlations with the
content of NO;-N, and highly significant negative correlations with the others ( P<0.01). Thus, compared with ND,
Dicranopteris dichotoma coverage was helpful in improving the contents of TN, MBN, DON, and NH;-N in topsoil and
reducing the risk of nitrate leaching loss during the vegetation restoration process, and promoted the retention and

accumulation of soil nitrogen, which was beneficial to the restoration of the degraded red soil ecosystem.

Key Words: vegelation restoration; Dicranopteris dichotoma ; nitrogen fixation; "N stable isotope; eroded red soil
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L RERAEAIR L 2 R AL % T ELARL ) I VT 3 Ao AR 2R 4 0 R R 5 0y o 49 e A2 TR AR R 5
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1.1 R IXHEA

RS IX A AR o i B 7T B ) FH 4 (25°33'—25°48'N, 116°18—116°31'E) |, #Ek 300—500 m, %
DX Jig v BT 2 KU, AR 3R 17.5—18.8°C AR 27K & 1700 mm, A2 F-¥25 & i 1403 mm, ¥ H
HERFIA] 1924.6 h, - TEFEI 260 d, oy MR8 A o 44T 5 SR AR, (H B SR AR B R v R, IR AT B
FEPAN T AAE A0 S A ( Pinus massoniana ) FIWKAZARR 35 WK M 8% LA 15 ( Dicranopteris dichotoma) i ¥, +
Hoh PRI AL B A & B LT, DUk 55, JE m Jy AR AR DX 2 4 A J2 R, B B EE 5L
AR 22 W 225 AN A S FBUR SR , Y] FEBRURE W K R T 1 il tl 3, A0 7 55 5%l 20 42 80 4FAR
1) 15%—35% &= 2 HET1 65%—91%
1.2 FEHBIEE SAE SR AE

FIFH B 2 AR A 12, 7 LR 2T 342 1o DX A A e 2 T AT T BT R B T 3R A 8 R XA AR R R

http ; //www.ecologica.cn



19 P A5 AR G vp OB AR P L SR ALy B ST 3

AE PR 1Y T R AR M A R MR 52 2R 91, 40 1 - AR B (fRTAR YO) WK 12 4510 T R AA R ( AT FR Y12) K
5230 AR E A MG ( FTFR Y30) o Jor Y12 F1 Y30 JATRETI K 4 A 2R B R IR, AR S
YO JAR—E, BEbIEEAEIILE 1,

2014 4F 5 A AE™ R MR AL FOR R AR (YO Y12 ,Y30) A By REAA R I 15 5 PR 3 . f7 BY
I (WD) 5 Z MR R AE R R ERHL(ND) o 7ERRA S AR AT 35 X B 3 1> 20 mx
20 m AARIERE L, VR Of B8 20 R 35 A0 B ()R DA 1 R 26 A 40 1) JC 5 B 5 AR T R R MV E A S
R, A BRI R AR A B b SE PR R 1 i, RS T 10 m®

FERAFEH B (AR S em) $ie S RIBENLZ 25 (15 A4 H0—10 em +2 0 HHOIHR G, BRI
43tk A ATV T, Y [ SE G E R A R AR R AR T 2 mm WREJE AL 2 mm RGBS 2
mm - SEGF AT e - ERE S FE I B A KT, TR TR IR0 0.149 mm HHEGH A7 T80 [ EH4S HT
TR A PE BRI A (R 2) o 53— F A SE RIAE T4 11 [ B8 IR 4°C B VKA Ak T+
BERT A HUA R E A R mOT AR I E
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Table 1 Basic information of experiment plots
. IRELT i . . I
WSz IR i DTt FHI T < i
Restorati ) Governance Dominant M height/ M DBH/ Stem density/ Slope/(°)
estoration year history species ean Blg m ean cm ( *Z{/hmz) ope
YO TR e DR+ 2.0 3.1 1741 19
Y12 2002 4E3AH R+ TR 3 7.0 7.4 3341 8
Y30 1984 4438 RN+ F 13.7 14.0 1433 11

YO0 K4 F # Without vegetation restoration; Y12, 12 AE A B K 5 Hh vegetation restoration for 12 years; Y30:30 AE A Wk VR A vegetation

restoration for 30 years

F2 RELEE(0—10 om) ERENLIER
Table 2 Basic physicochemical properties of top soils (0—10 cm)

e g

PR AFFR Jb Total carbon/ Total . bk g IR RhoBL
Restoration year Treatment ) phosphorus/ b Sand/ % Slit/ % Clay/ %
(g/kg)

(g/kg)
YO A #RH ND 1.51+0.10 0.20+0.02 5.00+0.05 43.23+0.14 37.85+0.14 18.92+0.21
TEHAE W WD 6.10+1.02 0.30+0.04 4.78+0.10 43.28+0.15 33.85+0.07 22.88+0.12
Y12 M #RH ND 6.66+0.98 0.32+0.03 4.71+0.01 31.42+0.72 39.06+0.11 29.53+0.77
T W WD 9.91+0.19 0.50+0.07 4.46+0.08 46.93+0.21 31.26+0.27 21.65+0.48
Y30 M #RH ND 4.55+0.61 0.31+0.05 4.96+0.09 43.09+0.46 29.83+0.77 27.07+0.31
THE T WD 11.70+0.40 0.40+0.05 4.72+0.05 58.03+0.16 19.78+0.35 20.99+0.21

MT#H non-D. dichotoma (ND) ; T=H G with D. dichotoma (WD)

1.3 5 J7 ik R Ak 3

F Atk A R R A T E 5B (Elementar Vario MAX, Hanau, Germany) Il % ; 1 3% 4
W5 & H HC10,-H, SO, T4 A AR, 1 % 223 8 43 B 4% ( Skalar San++, Delft, Holland ) %€ ; 13 pH {H>%
FBCES M pH THIE , LK 1 2 2.5 4 e Rk 4 il H 4 8k 42 53 B R 48 (SEDIMAT 4- 12, UGT, Berlin,
Germany ) %€ ; A= WA W8 ECR T FE A - B2 7% 0.5 mol/L K, SO, iR il EA VLA 23 T /KR 5 H
LRI BN A TSN A 5 B A A AN A AU KCL 248, 2L 8h 43 Fr 300 5 3 87 N BRI F A2 [R5 28 L o
JESHT{L(MAT 253, Thermo Scientific, Mdash, USA){IRE ; P FE M [ A= iR ML AR IR 052 .

JFAE B i Excel 2013 $RPFFEAT G0 A0 FE, FIFH SPSS 19.0 Bk PF#EAT BN 7 22430 UK 205 220047
Fl Pearson A/, R Origin 9.0 I E A2 EE . KR A P4 B e hnifE 2%
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AR T R, (FE T Y12 108 2 [ A PRAZERE Restoradion year

WEER YOMTHESMEZ SRS ERE, 1 FE%GSERRETE N E

MR 213 45 (3 3) . [FEE, FTEFT A FERL A 28 Fig.1 8" N values of top soil in forest lands with different
52 P R T AT DU R e B iy vesetaton restorations
%fﬂﬁ%ﬁ%ﬂ%ﬁ&E%%TM?ﬁi&( P < 005) é]\%u YO ARIGFRHL Without vegetation restoration; Y1212 SFEAH#{ Pk & 3
. o ’ vegetation restoration for 12 years; Y30:30 4E A # K Z Hi vegetation
= 161.9%—305.6% ,38.6%—80.4% 1 81.8%—115.3%
(323) 5 MER)Z T3 A il A5 A0 1 WA J, 5 3078 55
4 4 5 EUAR T BRI AIG 43.5%—T74.5% (P<0.05) (3 3) ., BHERE ARSI, RIZ L RBUEY AR A
AP LGUR B 25 2 B S B 4 (3R 3) , Y12,Y30 9 3 M (412 A9 3% it — B 25 T YO0 (P<
0.05) ; M AHAZ & & W2 FREHE, YO MISSA ST/ R EE & T YI2 f1 Y30 (P<0.05),

VRS2 BRIV 5 28 R0 e LW (] B8 52 B P 302 A A= i S TV P BIL L 2 R T
B3, RIZ LIRS AL R AR FR AN 5 28 1 2 () P4 I A b 25 22 S | K 02 4 PRI 8 5 26 2
A HEAE IR E R (R 4),

restoration for 30 years

®3 REIBEFRRABSERASTSE

Table 3 Nitrogen content of different components in top soil

e A R £ fﬁﬁi%i%iﬁ ﬁ{gﬁﬁmﬁﬂ ’fﬁ?f%k ﬁ#l?SﬁEL
Restoration Qb3 Total Microbial biomass Dissolved organic Ammonium Nitrate
Treatment nitrogen/ nitrogen/ nitrogen/ nitrogen/ nitrogen/
o (¢/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
YO M #RHL ND 0.27+0.01Bb 1.72+0.32Bb 0.83+0.03Bb 2.12+0.15Bb 0.69+0.12Aa
T HAE L WD 0.51£0.10Ba 4.52+1.10Ba 1.15+£0.03Ba 4.57+0.89Ba 0.23+0.05Ab
Y12 MR ND 0.49+0.10Aa 2.32+0.72Bb 1.46+0.16Ab 5.15+0.90Ab 0.4620.13Ba
A S WD 0.57+0.04Ba 9.39+2.96Ba 2.57£0.15Aa 9.37+0.19Aa 0.12+0.03Bb
Y30 MF#RHE ND 0.34+0.07Bb 13.36+3.16Ab 1.59+0.14Ab 5.53+1.28Ab 0.23+0.05Ca
A S WD 0.73+£0.06Aa 38.94+6.77Aa 2.86+0.33Aa 10.59+0.95Aa 0.13+0.03Bb

AR TR [ — Ak B [P A2 A BR8] 22 53 0. 35 5 ARG AR [R] — RO AR IR AN [R A B ) 22 57 2. 3% (P<0.05)

2.3 ORI E S BT S

RIZHHEY A A T HA PLAUR S A 2 00 LR Y12 B AR AR b v 7 56 b 1
R TN T AE YO FI Y30 Zh A ARHE i VA 3 25 55 A A R o A R BL ) D e A ) P R A B 1)
I AN AR 4 gt A 55 b 0 IR TR R B P SR A PR o 1 R T b RURR R B SR ) A )
R TEER LA RS SR L2 TS SR S AR BN R T REER (R S) , — M,
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AT 5 MR BR AN [F] 20 3 R0 SR R IMER YO < 3 A A ) i RS B S A S P A ILE S A AL
Hop A YA YR ELBIEE YO R Y 12 TR MR A 35 25 5 I AE Y30 Zh AR P i 9 A= W B R
el YO 23 9 B3R T 5.94 .6.18 135 (3 5,P<0.05) , I B35 3 TSR L Hl . Al g LA b4 a
FLBIR T 0.5% , BEVK 2 BRI A K, LR EZDESE N T, 5 S A 6k 0.77%—
1.71% , ME AR G 220 L BIARAL, Y 0.02%—0.25% 2 [H]

F4 TRABEERMEBESXENRELIERAARSRASNINERAESH

Table 4 Two way ANONA of nitrogen content of different components in top soil to restoration year and cover type

25 HEYEYERA AR BASR iR
PSS Total :t Microbial biomass Dissolved organic Ammonium Nitrate
Factors otal nifrogen nitrogen nitrogen nitrogen nitrogen
F P F P F P F P ¥ P
W2 AF-PR Restoration year  7.649 0.007 85.774 0.000 89.206 0.000 54.729 0.000 20.054 0.000
527 Cover type 48.017 0.000 56.732 0.000 124.308 0.000 98.273 0.000 66.947 0.000
IRIZ A B e 2 T
Restoration year X 6.636 0.110 19.869 0.000 13.257 0.001 3.816 0.052 7.915 0.006
Cover type
x5 REIBETRASRGBRAILLH
Table 5 Ratio of different components of nitrogen to total nitrogen in top soil
e A fhg HAEYEY A A HLA AR A
. Microbial biomass Dissolved organic Ammonium . o
Restoration year Treatment . . . Nitrate nitrogen/%
nitrogen/ % nitrogen/ % nitrogen/ %
YO M #HL ND 0.63+0.13Ba 0.30+0.02Aa 0.77+£0.03Aa 0.25+0.04Aa
TEHE I WD 0.91+0.27Ba 0.23+0.06Ba 0.95+0.42Ba 0.05+0.00Ab
Y12 T #R4 ND 0.48+0.09Bb 0.3120.07Ab 1.08+0.17Ab 0.09+0.01Ba
TCHE T WD 1.63+0.42Ba 0.45+0.02Aa 1.65+0.13Aa 0.02+0.00Bb
Y30 MR #R3HE ND 3.90+0.57Aa 0.48+0.13Aa 1.71+0.77Aa 0.07+0.02Ba
T WD 5.40£1.32Aa 0.39+0.06Aa 1.46+0.18ABa 0.02+0.00Bb

2.4 FEAFEMVRS HESEESAGHRIR

FETH SN S 2E AW AYRER AR SR RN R E AR, SMERE
W ERIEARCR (£ 6) , IS N (HAEE—E R I R IR A DR O, el WL R 9
A AT TEA LR LA RS B, rTRE A A T LR R MR . NSRS B2 POtk 1
IR T RE SR, AT L PR

*6 RETEINEESHSAIEXR

Table 6 Relationship between nitrogen forms and soil 8'°N values in top soil

. (D@ ER ey A LA AR e
2R o ) . i AR
. Microbial biomass Dissolved organic Ammonium . .
Total nitrogen . . i Nitrate nitrogen
nitrogen nitrogen nitrogen
3N -0.779 " -0.703 " -0.808 " -0.828 " 0.705"*

#x FR IR Z AR FH AL (P<0.01) 5n=18

3 e

AR E AR 2R (87N 2 ph R A S A R S 401 2k o R I ) D, R ) 42 e ol 2B 25 R AL R
PEFRARRAE , [F) -t AE % R DAL 2 25 R GE iy Al o, HL O BB 20 2 PR A2 28 R 8 B AR 25 19 98 7 48
BRI MDCHESE R, 1 8N 1 A S UM PR R AR S A A AR DG 2 L4 8PN
(B, Y R IR PR R GTBTT L, % LSRR ORGP , AR A N [ 7 2 O SG T 0o b o 1 S i A6/ P
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MRS, FEEHEREN G ARO[ A B 1% 5 R AR F3 35 HURAR N i 32 )2 AR A7
RIHFFE o & B, AR A PR 2 18] 5 A ARAR T #2218 8 N (A2 7 A W3 (3 3 MR AR FRART #1
) 8N ¥ m Fro i s (8] 1) |, X 3R 51 JE T M AF T R b U0 PR A AN R G
2 ARSI LV SIE I TR Bl 2 VK 5 A B, 25 307 55 2 )22 301 8N (B S 35 R IR (&
1), R R B AR AEBR I I, -3 b /B e i/ | IR AU A R RE D i

FEARAR A S A v, H ) 3 o 0 9 IR 2R 40 I ol SRR AR R, e IR R A AT ZEAR A
B KO AR BR A3, S5 AR S b2 e R R S B 30 4R (Y30) I, T
FRE AR R R TR T ML (2 3) , ORFE 15308 35080 1 Hh R AL ZEY) RN - 58 v 25 A5 i
P PR R, AR R AR T B AR . ST R b, o i T oo 0 55 B K IR R
WA, I T g e A A MUAR A, [FIEE pR AR R AR TR, R E R TR SR T T R Y
Y TR T A e TR = T I AU S i (3R 3) , A T R 2 - P W U 2 A
A E YRR (R 3)  MUEY AR R A S SR LR R (R 5) o X BT R R R AR R A
TAMARAR LA B A AR A5 S A 0 A B i T AR X AT 9 A D K AT B T ek 4 A )
Ao Es, M HEREYEY R A S R a2 568 B A& BERAR, 180 H LS A i
R AE RN Foik, I AR MO L RRE  ARBF S ARG 4 SR R H A TR
BUAR A A YR RIS 8N HA W W EF WA KR (F6) , RUILBM I b b T oA K Af
PRI SRS B, ML T AS RGP R R WL,

TS AR AS A S RN IR AR MR, B A AR, g AR
PREAEBRZ )0 b iR e T e L S AR P A A b BRI S A ST B R TS AT = (£ 3), il
S VG BN AN ) RS ZRAR AT 5 B0 50 25 2 %o B £ AU AR VR A PR B AT 58 L B K 4 22 45 2 A AR i
INTF R AZMRBIBEGE, L RARR IR EUN PR F BRI, X FEEH TEA R E AT,
Sy 55 F A B F A 11 9 A AT 5 Ml I e A W B, G k32 SRS AR R S A B, A A R
BHES T, XE LB B s o 8 0 SR B, FLAR 8 20 Bk ik s 40k, RAE R E R A 5RA
UL (YO) AHEL MK AZ 12 4F(Y12) F 30 4F(Y30) 1Y E R A PROMTT 25 308 55 B H 159% 43 3113 in 2 90% i1 85%
(£ 7). YI2 F1 Y30 ERAAMHD 123 AR Yl 3 5 T YO (%7, P<0.01) 4352 YO 1Y 22.68 ,18.95 £,
T AR R R RN, oS 5 AR MR T AR R TR X SRR S B R
FABRRR T 7K 3 26 7, MR A1 [ 437 28 208 S B (e IRl AR S TR R R B s g ) P, + 3 i i
N B R AIe P NERMAE S RGP AR T, s R N &4 s A 55 B 3G ] DLk 5 R i
MM TR EFRAR G D HIRA R R IR, 7= RN #0fk, TR, oA RE 4 i A K 3 i+ e
TS A SRS TCHUA, TR S ICHL AR A P B 2 BT UL, 1T 0 3 S AE 0 10 1 Vs 40 ke
PRAE SR P O/ P AR N B R R R0 T A 3P i g i i &, KK T AR A S 240 +
R R MR e iy 8UN (HAMK, ST RRMA b, o 38 56 B (00 38 in A Bh 020 2 R A AR 4 v 2
FIWRA IS, 13 8N (EZ WAL, Mo T 3 AU ek

x7 THMELEWE

Table 7 Aboveground biomass of D.dichotoma

— A A THASE AR
PR AR TS IR R .
. ! Aboveground D.dichotoma Total D.dichotoma
Restoration year Coverage/ % Heigh/cm X ) . . R
biomass/ ( g/m”) nitrogen/ ( g/kg) nitrogen/ ( mg/m” )
YO 15 23 39.1+17.7B 8.9+0.87A 348.2+157.2C
YI2 90 71 887.3£34.1A 8.0+0.52A 7098.6+£273.0A
Y30 85 59 741.6+£140.3A 7.4+1.39A 5488.1+1037.9B

RIS R RS R s IR A2 AF BRI 22 5 .35 (P < 0.05)
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4 £t

CIRIR R X T BAAMOR RV E AR (YO Y12, Y30) 15 H 7 35 1 % 2 138 8N (A W 3 I T HAR T #it i,
TR T MR )2 1 81N (A A K 5 AT BRI i 2 R AR I AR T R b A [ A PR R 22 1 8PN (E A
Ze5t, ALUL U SRR T O A PARRRE ST, T ELREE W B IR SRR RE ) s S
TR 52 AF B R 5 Eh%ﬁ&?ﬁ}lﬁ%ﬁ%ﬁi&%ﬂﬁﬁiﬂﬁ o N T R 2 IR MEY E R R TR
PEA PR MBS ZR SR R TSRS, 2IKE 30 4Ei, A A v /05 22000 e fl s, Hkoe
BRI, AU 7 Bt/ U B AE T A MR K &2 2k Bt v - B ) S AU AR R pT R R, 49
HIARER . RIZLHE N HEMEREW B ENIEH KRR, SHAEA 20 B E N fAHE R, &H
S AS S ARG, A U o0 b 5, v et ) T R R A O
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