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Abstract: Rocky desertification is serious in karst areas in southwest China, with low vegetation coverage and poor soil. As
an important ecological management measure, vegetation restoration plays an extremely important role in improving the
availability of soil nutrients, increasing biodiversity, and improving the ecological environment. In this study, four types of

site (the pure plantation of Dalbergia odorifera; the pure plantation of Acricarpus fraxinifolius; the mixed plantation of
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D. odorifera and A. fraxinifolius; the adjacent natural weed field as the control) in Mashan, Guangxi were selected as the
research objects after 8 years of vegetation restoration. The effects of introducing N,-fixing tree species ( D. odorifera and
A. fraxinifolius) and their planting patterns on the soil phosphorus transformation and availability in rocky desertification
mountainous regions were discussed. The results showed that; (1) the contents of soil organic matter ( SOM ) , nitrate
nitrogen (NO;-N) , available phosphorus ( AP ), soil microbial biomass carbon (MBC), soil microbial biomass nitrogen
(MBN) , and soil microbial biomass phosphorus ( MBP) in the mixed plantation of D. odorifera and A. fraxinifolius were
significantly higher than those of the control ( P<0.05). The total phosphorus (TP) of the mixed plantation of D. odorifera
and A. fraxinifolius, the pure plantation of A. fraxinifolius and the pure plantation of D. odorifera could be easily transformed
into AP than control, among which the mixed plantation of D. odorifera and A. fraxinifolius had the best effect. (2) The
results of correlation analysis showed that NH;-N, NO;-N, and MBN had significant linear positive correlation with AP
respectively (P<0.05), while MBN and MBP had extremely significant linear positive correlation ( P<0.01). (3) After
introducing D. odorifera and A. fraxinifolius, the soil inorganic phosphorus fractions in all sites changed, and the contents of
various inorganic phosphorus in the mixed plantation of D. odorifera and A. fraxinifolius and the pure plantation of
A. fraxinifolius increased significantly (P<0.05). (4) Finally, the redundancy analysis ( RDA) indicated that MBP,
SOM, and MBN would be the main factors affecting the changes of soil inorganic phosphorus fractions ( P<0.05). Overall,
D. odorifera and A. fraxinifolius could improve soil nutrient and phosphorus availability in rocky desertification mountain
regions to a certain extent, among which the mixed planting pattern ( the mixed plantation of D. odorifera and
A. fraxinifolius) had the most significant effect. The purpose of the study could provide theoretical basis and practical

support for the application of N,—fixing tree species in the ecological restoration and reconstruction of rocky desertification.

Key Words: N,-fixing tree species; rocky desertification; phosphorus availability; inorganic phosphorus fraction;

vegetation restoration
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(Acrocarpus fraxinifolius Wight ex Arn. In Mag. ) #EA T3 MIR 0, 70 B HE T B A #AE 464K ( The pure plantation of
Dalbergia odorifera) TR ARZLEHK (The pure plantation of Acricarpus fraxinifolius ) FIEF BEAE/ TR AR (The
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B AR TR AR SRR A SR TR ARTR AR ) | X2 P B o 37 M2 8 43 531 4% B — 1> 400 m?(20 mx20 m)
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Table 1 Basic situation of the experiment plot

S W ZIREE s R . Sr= [ TR
e i EEE gy B W B I
o1 Tee

Si S Altitude/ Soil DBH/¢

ie types titude/m thickness/cm or e (#k/hm?) o hight /m (m*/hm?)
% H& Control 290—310 30—40 AKE NA NA NA NA

K B AR .

290—31 —4 ) 485+17 7.9+0.4 .6+0. 2.50.

The pure plantation of dalbergia odorifera 90310 30—40 ARE 85+ 90 8.620.6 5203
TR ALK
The pure plantation of acricarpus 290—310 30—40 VY 455+17 7.4+0.5 9.4+0.5 2.2+0.3
fraxinifolius

Rof o T/ TOUR AR 32 Pk
The mixed plantation of dalbergia odorifera ~ 290—310 30—40 AR+t 465+19 7.8+0.4 10.1+0.6 2.4+0.3

and Acricarpus fraxinifolius

SD . %R Density;DBH:H@@:< Diameter at breast height;BA;W%%ﬁﬁfH Basal area. %ﬁﬁ%=¥ﬂ]{ﬁiﬁ?7ﬁi§é,n=5

1.3 TESHFE

- HERR A A 5 kS R T G 0 R AR AT ) BEAT Y BREGHT i AR 105°C LT &
H 5, MRG0 A A Sk 39 pH (R pH HHIAE (K =1:2.5,w/v) s HIEA PR
(SOM) KA K, Cr,0,-H,S0, S ALk 5 ; +3EA A (TN) R AHHLIRE 205 2 & & FRBUHE S T 10 ¢ T A9 ff
+, 241 50 mL CaCLiFWE (0.01 mol/L) &5, 7 Ui 8 4 Hr A 1l s H 2 A A (NHE-N) FIAHAS A (NO5-N)
S, HHERBE(TP) R ABERTY B, AP L k2 Y s ALEE (AP) R 0.5 mol/L Y NaHCO,
VR 30 min, SR 5 R FHABRDL L ki '

SRR Wy BRI (MBC  MBN Il MBP ) 5% FH G0 B 25 142 U . MBC #1 MBN ] K,S0,(0.5
mol/L) #24& , SR 5 Fl TOC/TN [A] 20 Hr X ( Multi N/C 3100) il 5, MBP JH NaHCO, (0.5 mol/L) i24%, SR %
AP eI E R,

A1 TR - HETCHLBR T 25 73 PR T AP0 N85 25 400 1 7 0242 40 6 9%, Ca,-P SR NaHCO, (0. 25
mol/L) =24 ; Cag-P 2Kk H NH,0Ac (0. 5 mol/L) 242 ;Ca,-P KH 1/2 H,80,(0. 5 mol/L) 24 ; Al-P 5k JH NH,F
(0. 5 mol/L) 242 ;Fe-P % NaOH(0. 1 mol/L) + Na,CO,(0. 1 mol/L)iZ$¢;0-P, XFRH & A0, R R
H1(0. 3 mol/L) +i% WA+ NaOH (0. 5 mol/L) =42, A HLHE = M- ToHLEE
1.4 HdEabr

AT R 3805 22 15 16 R 20 ( Phosphorus activation coefficient , fij FR PAC) e ffif & 115 2 HA SE
Hrp PAC MR .

pac= — 2L 00% (1)
TP x 1000

A, AP HEE (mg/kg) s TP N B (g/kg) o
i FH SPSS 24.0 AR EICHE T BRI 2R 5 25 7341 (one-way ANOVA) SR HIfRe /N b 3 25 5-3: (LSD) th#cy
{l 22 8] (1 2% SAERE | B MK Rk E N P<0.05, KM Canoco 4.5 f A [EI AR5 19 + & TCH LB 2H 43 Fn + 33
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PERHATICAY T (RDA) . RA SigmaPlot 10.0 #1722/,
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LA X 5 A B R R A TR E 8 4FJ5 ,SOM \NO;-N (AP MBC MBN #il MBP & &% 45K
Ak, Horp | R TR AR ASAR  TH SR A SR [ 7 B R 4l AR 1Y) SOM. 55 22 5 % EURH LL 20 1) S & 1 m 1
53.7% .53.5% 1 49.9% (P<0.05) , F&FEAE/ TR ATRASH - HERY NOS-N 7 12 5 W A v 18 4l MR X AT L
BB EH T 85.8%H1 86.9% (P<0.05) , TR AAIAK R NOS-N & 5 [ 7 1548 4l ARG BR AR e 55
Sy R R T 58.7% M 59.6% (P<0.05) , FEFE M/ TR ARSI AP & & TR AR 4l bR | [ B A 4l
ARFIXT FEAE M 23 5] S E AN T 62.3% ,154.7% 1 197.2% ( P<0.05) , TR AR AR 138 AP & 12 [ [ A i
IMRFIXS BEAE b 53] 8 2B 44 00 57.0% F1 83.2% (P<0.05) , 55X BEFEHUAR L | R B0ARL TRUR TR ZShk  BUR A
SlARRN R AT B R IR -4 MBC & 0 Bl B35 35 T 21.8% .16.6% 11 16.9% (P<0.05) , FEF#HE/ TR A
TRACHRAY 145 MBN 75 it 5 TOUR A ZHAK | 5 7 2 M8 A0 AORT X0 HRASE b A B 3823 0] b 35 4 s 1 12.9%,17.9% Fl
17.6% (P<0.05) . FEF &R/ TRARASHRN) MBP 75 i HT0USR A Slipk | 95 7 2 A AR T 6T HE R b 43 1) B8 35
KN 37.4% ,150.5%F1 175.9% ( P<0.05) , TR A LAY 1458 MBP 5 i bR SR AlARORGT BRURE b 43 1] 5 3
WY 82.4%7F1 100.9% ( P<0.05) (£ 2) .

R2 TRIFEMFER T EEARM R

Table 2 Basic soil properties of different site types

o oL P A WA B AR
Site 1 - SOM/ TN/ NH}-N/ NO3-N/ TP/ AP/
ite types
(g/'kg) (g/’kg) (mg/kg) (mg/kg) (g/kg) (mg/kg)
X} H8 Control 39.8+3.9b 4.5+0.9a 14.3+2.1a 18.3£2.1b 0.3+0.0a 6.1+0.6¢
S Y
b SURLALIE . . . 59.6+3.8a 4.3+0.3a 15.9+1.8a 18.4+0.8b 0.3+0.1a 7.1+0.7¢
The pure plantation of Dalbergia odorifera
TR A 4ibR
The pure plantation of Acricarpus 61.0+4.6a 4.7+0.6a 15.9+1.4a 29.2+2.5a 0.3+0.0a 11.1£1.3b
fraxinifolius
[ L VAT S TR
The mixed plantation of dalbergia 61.1+4.1a 4.3+0.5a 18.4+2.1a 34.2+3.7a 0.3+0.1a 18.0+2.6a
odorifera and acricarpus fraxinifolius
ot > AHLBE MeEWER  RUEER AR
R A
Site t Po/ pH MBC/ MBN/ MBP/
ite types
" (mg/kg) (me/kg) (me/kg) (me/kg)
X HE Control 268.5+8.3a 7.7£0.3a 306.9+15.5b 50.6+0.8b 12.3x1.1c
vk
e S LA . . . 262.2%9.1a 7.5£0.1a 358.9+13.9a 50.5+1.6b 13.6+0.9¢
The pure plantation of Dalbergia odorifera
TR ALK
The pure plantation of Acricarpus 255.5£9.5a 7.6+0.2a 357.8+5.6a 52.8+1.4b 24.7+1.9b

fraxinifolius

R AR SRR TR AR S R
The mixed plantation of dalbergia 243.1+5.5a 7.0+0.2a 373.9+10.4a 59.6+1.3a 33.9x1.4a
odorifera and acricarpus fraxinifolius
SOM . A HLJF Soil organic matter; TN ; 2% Total nitrogen ; NHZ N. A% Ammonium nitrogen ; NO3-N; A A Nitrate nitrogen; TP M Total
phosphorus ; AP ; AR Available phosphorus; Po: AL Organic phosphorus ; MBC A % Soil microbial biomass carbon ; MBN : ff{4: #) & & Soil
microbial biomass nitrogen; MBP ; f(4: % £ Soil microbial biomass phosphorus; [RIFIAS[Fl/NG - REFR R IZIEARE A [RIAE b H) 2 [0] 25 7 3 (P<
0.05) , BHls = P BB bR ER ,n =5
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2.2 [ e R AT AL LU SO TR 25 A 5602 8] 56 2 B 2
TIEBER IR B(PAC) | B+ 90A R0 5 4= i

HYLLA, R 2R TR BRI A AL HE. PAC KT ¥ a
2RI AT SR, B, B S u
WRSORI T, IR 2 MR T A it Ak o A i, PPl 1 7T i =
SR PAC<2.0% , 1 P4 B RB b | T SR AR i A A gé ) i
P B TR AR SR PAC H19>2.00, 451 B2 o
1.9%,2.5% ,3.8%M 6.7%. #MERMMIIIAGRE §2 | . -
RARFE A BAL I X LS BE HOA RekE P LR AR T R H
J7 SRR A (P<0.05) . =
M 2 7] LI H NH;-N NO;-N . MBN FI AP 435 cK PD PA M
LS M T A G 06 2 (P<0.05) ,MBN 5 MBP 2 % i PRI Site ypes
FLRPEIEAE LR (P<0.01) 11 TN 5 TP F1 AP 1% E1 FE#MEI R PAC T
/% Z: ﬁ% ( P>0.0 5) . Fig.1 The changes of PAC in different site types
2.3 AU RN A L X 5 e HLRS 44 1 PAC; 13w Z 15 1L %X Phosphorus activation coefficient; CK ; %} 1
Al Control; PD: [ & #{ #8 4l #k The pure plantation of Dalbergia

odorifera; PA. T X K 4l #k The pure plantation of Acricarpus
HE‘ lg 3 ﬂ%ﬂ s F%ﬁi%\:*g/]ﬁ%ji‘{ﬁgﬁcj?k \]ﬁ%*gﬁ)ﬁ‘ Sraxinifolius; MP ;7 #5180 AR A IR MK The mixed plantation of

R B AR 138 Ca,-P &S5 XF MBEEHIAN L5 Dalbergia odorifera and Acricarpus fraxinifolius ; RIFl/ING FHHE 2%
B AR E 203.6% ,230.0% 11 105.4% (P<0.05) ;[ I1RE(P<0.05) Bl = T HaAREDR 0 =5
B/ TR AR A PR TR AR SR ) 158 Ca,-P F it L
R BOME AR I 53 1) S 25 4 e 47.8% 11 60.7% (P<0.05) . R i AE/ TUR ARIR AR -3 Cag-P & 2 L TH
AR AEARANXT BERE b3 591 5 2 42 75 28.8% M1 27.8% (P<0.05) ; TR AR LAY + 3 Cay-P &5 Mo 7 i f 4l
RFIN RERE 1l 501 8 25184 0 30.6% F11 29.5% (P< 0.05) , B B/ TR AT SRR TSR AR LR 1Y) 12358 Ca-
P 1 500 BERE A LU 43531 Sk 2 2 49.0% F1 38.2% (P<0.05) 5 SR, 3 i [ U FobR 43 ( B B0/ TR R
TR, TR AR SRR BB AR ) 19 T Ca,-P SR ZH2ZRARE (P>0.05), FEHEME/ TURA
TSR 138 AL-P 5 i HU R B SR AN, REAE 153 551 Sl 25 15 T 760.7% 1 872.6% ( P<0.05) ; AR A4l
Y 138 AL-P 5 i LU AR B SRR X REAE 1 73 301 18 25 42 55 599.4% 11 690.4% (P<0.05) . B BOHE/ THUR K
TR SR + 58 Fe-P 5 £ LU A R SRR R b 23 01) 1 3582 %5 91.9% F1 116.3% (P<0.05) 5 TRUR AR 4k
[ 1358 Fe-P 75 i LU 57 SR AHOPRORINT HEAE b 53 01 Bk 25 2 55 80.19% 11 103.1% (P<0.05) , P& B M/ TR A
TRASHRAY 1358 O-P 5 5 L TSR A Gl bk | 8 7 5 80 i PRI X FRAE b A EE 3 1) J 2 38 161.2% , 218. 6% Fl
517.0% (P<0.05) ; A AR LAY + 58 O-P 7 it LU R A v R0 2l AROFI X0 HERE b AH B 43 301 Sk 38 184 i 46.19% il
136.2% (P<0.05) ; %} BEKE L 5 (A ALK AY 13 O-P S EBEA £ (P>0.05), Hit, 4 Fhbksr 4 LIk
WS R/NFEI N Ca,-P>0-P>Al-P>Fe-P> Ca,-P >Ca,-P
2.4 TIETCHUBEL 5 T SRR B AE G

DL A TOHLBE 2 53 R RS o | AR O R AR S AT TR /0T (RDA) | S5 2R 3R A B TR i 18
() 7 A AR BRI R R T IO /A 1Y 88% (3% 3, R RER = 200 () R ) | Tl e 52
FERIE B 56 & B, MBP SOM 1 MBN J& 3K 8l +- 88 TCHLBEZH 43 & A5 A8 A 1) e B R 7 (P<0.05) |, 43 Sl e B¢
T TR 5y A ALY 74% (P=0.002, F=51.60) ,5%( P=0.006,F=4.10) fl 4% (P=0.012,F=3.31) (£
3) . TE RDA HEF B8R I 55— 2t o 55 TR AR ShbORD o A A TOR ARV S MR A3, 565 = S et ot
W55 o8 A AR MR TSR AR Sl bR 20T, 2 B 1 R 1) 5 ) A 35 1 ek 28 = 3 TE LI 2 o0 1 2H B, L TSR A 4
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Fig.2 The relationship between phosphorus and nitrogen in various forms of soil
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Fig.3 Effects of different N,—fixing species and planting patterns on inorganic phosphorus fractions in topsoil in karst areas
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Table 3 The marginal and conditional effects of forward selection through Redundancy analysis

RS bR SR » .
Factor Marginal effect Conditional effect
MBP 0.741 0.74 0.002 ** 51.60
SOM 0.394 0.05 0.006 ** 4.10
MBN 0.242 0.04 0.012* 3.31
MBC 0.234 0.01 0.230 1.41
pH 0.230 0.02 0.242 1.40
NH;-N 0.185 0.01 0.296 1.24
NO3-N 0.231 0.01 0.562 0.69

# P<0.05, * = P<0.01
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