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Abstract: Vegetation restoration has a significant impact on the physical and chemical properties of soil, and can improve
soil organic carbon and total nitrogen. Soil soluble nitrogen pools have a major impact on the usually very small but rapidly
cycling nitrogen pools such as NH;-N. Therefore, they will possibly play an important role in the nitrogen transformation
pathways and plant uptake. However, the response of soil soluble nitrogen to different vegetation restoration patterns in the
Loess Hilly Region of China is still poorly understood. We studied the distribution of soil soluble nitrogen in soil layers at
depths of 0—30 cm under five conversion lands: Robinia pseudoacacia ( RP ), Caragana korshinskii ( CK), R.
pseudoacacia and Platycladus orientalis mixed forest (RP+PO) , R. pseudoacacia and Prunus davidiana mixed forest (RP +

PD) , and abandoned farmland ( AF) , which have been converted from slope farmland ( SF) for 15 years in the Loess Hilly
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Region. Contents of soil soluble organic nitrogen (SON), ammonium nitrogen ( NH;-N), and nitrate nitrogen ( NO;-N) ,
and their densities and ratio to total nitrogen were determined to investigate the availability of soil nitrogen. Results show
that the average contents of SON, NH;-N, and NO;-N of vegetation recovery lands was significantly higher than that of the
slope farmland in the 0—30 cm soil layer (P < 0.05). Compared with other vegetation recovery lands, the SON and NO;-N
improvement trend was better for RP and CK in the 0—30 cm soil layer, whereas RP + PD vegetation recovery lands
exhibited the most NH-N growth. After long —term vegetation recovery, the density of soil soluble nitrogen was also
improved. Compared with SF, the SON rates increased in the 0—30 cm soil layer in the following order; CK (262.2%) >
RP (232.8%) > RP + PD, RP + PO (average increase rate was 34.5%) > AF (-21.5%). The density of NO;-N in the
0—30 c¢m soil layer improved from 7.9 to 182.8% in the following order; CK > RP > RP + PD > AF > RP + PO. However,
the maximum increase rate of NH;-N density was seen in RP + PD, whereas the minimum increase rate was seen in AF.
Moreover, the ratio of SON and NO;-N to total nitrogen in RP was increased by 2.4 and 0.6, respectively, the ratio of NH; -
N to total nitrogen in RP + PD has increased by 1, as compared to SF. The soil SON was not affected by soil depth,
whereas the NO,-N and NH,-N content decreased with soil depth in the profiles. Further, based on correlation and
regression analyses, we found that the soil soluble nitrogen was affected by soil organic matter, total nitrogen, and microbial
biomass carbon and nitrogen. However, among these factors, microbial biomass was more sensitive than the others, and
microbial nitrogen had a higher influence than microbial carbon. From another perspective, the NO;-N content was sensitive
to changes in soil organic matter, total nitrogen, and microbial biomass carbon and nitrogen in long —term vegetation
recovery. These findings demonstrate that vegetation recovery can improve the content, density, and proportion of soil
soluble nitrogen, and increase the availability of soil nitrogen. It was also observed that converting SF to RP and CK forests

is an efficient method of nitrogen activation in the Loess Hilly Region of China.

Key Words: vegetation restoration; soluble organic nitrogen; ammonium nitrogen ; nitrate nitrogen
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BB KRR PEF T IR, A TR A0 8.8°C AP MK i 505.3 mm, THRIE 1,48 4% I IR 2305,
6 h, JoHill 158 d,4F SRS R 552.6 kJ/em®, USRI MR B 4 IR I ARIX, ¥E4R 1010—1400 m, LIELL
B BB E RS O 2 SR 95% . FEASS AU JE T R AT 7 I b ] T 5 R D I 1 AR AR
L JT e P AL R ) A AR IR IG5 X, 2 DX St IR AR AR AR LUK R AT A [ B8 F AR AR HEARHE
FRARIR SR FERER SR S ISR Ry AR, Zoad 248 N TAE RIS S BORK TR FR2R R BRAF R I, 2
B 2 0 A SR BN
1.2 FEMBEEIRS R

2015 6 H, THF5E Xk £ER HRAEBR 0 15 A 19 JI AR ( Robinia pseudoacacia; RP) | ¥7 2% ( Caragana
Korshinskii ; CK) )RR ) AE TR A AR ( Robinia pseudoacacia , Plarycladus orientalis; RP +PO) | B L Bk TR 32 AR
( Robinia pseudoacacia , Prunus davidiana ; RP+PD) 2 #5875 #l ( Abandoned Farmland ; AF) , M 5 A g ¥k 2 41
(7] sf LA SR AT 3 B 1l ( Slop Farmland ; SF) VE X B, SRAE I S8 38 A48 7 X — B, L8 5 A B B 2R A
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Table 1 Description of investigated plots

Wl A/ NS
B A Slone 0| WEE/(°)  W/m W/ % (g/em?) Kk % pH HARIE
Site types p Aspect Slope Altitude Cover Bulk Clay (H,0) Understory
position X
density plant
R4 CK L ] 18 1258 80 1.20£0.10  3.83£0.34  8.40:0.04 MR HHTHE, FH2
fIML RP i 13 18 1291 80 1.24+0.11  4.42+0.29  8.45x0.06 B#K, (¥R B
FIBLOATESS RP+PO b ] 15 1236 40 1.20£0.06  3.25x0.16  8.49:0.06  4kiTiE MR
FIRLILIBRESE RP+PD H 2B 15 1201 70 1.21x0.07  3.36:0.26  8.52+0.03  B354E BFFE
FEEH AT i B 18 1191 90 1.15£0.05 428022  8.50+0.04 35 UK, bEHGE
Wbk SF i 2B 20 1214 — 1.1820.15  4.38+0.24  8.52+0.04 7%
F#4k Caragana korshinskii ( CK) ; Jil# Robinia pseudoacacia (RP) ; FIBEMIAHIRZ R. pseudoacacia and Platycladus orientalis mixed forest (RP+PO) ; IS ILIBEIR A R.

pseudoacacia and Prunus davidiana mixed forest( RP+PD) ; it i abandoned farmland ( AF) ; Bl slope farmland (SF) , BB 534K Poa sphondylodes ; 11 Bothriochloa
ischaemum ; W& ¥ Setaria viridis ; AT Artemisia sacrorum ; 7 % Dracocephalum moldavica ; 5% 46 Dendranthema indicum ; %¢ %)% Ampelopsis sinica; 3¢ % Fagopyrum

esculentum s £ NFEA FIBRUEDR

®2 TREHRHBREEXNAZFNENERAEY C/N

Table 2 Litter biomass and C/N in forest lands with different vegetation restorations

A Fr o LA AR+ A TR + LBk Tic b Hh
Litter CK RP RP+PO RP+PD AF
TRV o

E/ﬁ%i%ﬂl ) 0.22+0.07 1.13+0.36 0.73+0.31 0.68+0.18 0.12+0.03
Litter biomass/ (t/hm*)

%Y C/N

Ak 15.02+0.48 20.64+0.67 32.55+0.34 19.20+0.18 54.83+2.82

Litter biomass C/N

3 pH HIJC COKIREEIA (UKt 1:1) pH FHEIE ; U8 v ) A2 Wi ok LT AR B EE I R LT 4
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R0 R P EE B TR B A I AR Rl E e 0 A 5 SE W i Y R A EE 25 0.5 mol/L K, SO, 1283 5 1]
PERE N K, S0, B 425 FHEL G E BN E ; S A B EM KCHREE, Wi h 70 G & ; T A LA
SR S LA,

1.3 HdEabr

- B NT R R A 43 P S R T AR — i R Y 2 R T P R AL A i B i, AT AR R IR ARG

XA [R) 4 J2 3R A o3 % LA T

S, =C, xp, xD, x100(1)
K, S, N | 2 ATV R B (kg/hm?®) 5 C, op, DAY IR i J2 Lt Al s A A A A
(mg/kg) FIEATE (g/em’)  LEEE (em) . 0—30 em 1 J2 0] M A4 50 9% 1 W) 4% )2 + 3R 4 0 %
Z A,

AL PR Origin 7.5 F1 SPSS 17.0 14, A RIS S+ 2 AL 2R A A e
Prict AT TEA VLA S A A A S i f1%% R One-way ANOVA #1722 7041, 25 7 i 3 (P<0.05)
K0 Duncan ARG, 59 A0 38T 7 AU 405 HERRAR M 3 R Bl A 9 e i R 1 5 2 SR FHAH D 4347 1 [
H453#T

2 HREHS

2.1 HHERE AU RA R A AL

3 BRI E X 0—30 em HIESA G A RIGEM , A FEFEHLN HIEA A & w25 B, b Dy
St A5 0.50 g/ke, FIMRILIBRIR 2 SHEHLEA , 240 0.27 o/ke; BIRRMIFITR S T 50 b JHIRE 3 vk B 1k
AR TG B 5 22 5 O 0.35 g/ke; SHFHBAR H e 4 A A A R AR B9 $E S, B IR N 16.0%—
103.4% . J34b IR A )2 G 2 AR, Horb 0—10 em 12 2R & oK, 210
53.7%—135.5% ,10—20 cm F120—30 em LA BTN E 2T, TGP S AR T4 (6.51
g/ke) ST HHL FIREMIARTRAC (SR 5.65 g/ke) >R ILIBRIRAS IR (SF-20 4.31 ¢/kg) >HEHL(3.59 ¢/
kg) ,AHECHFHE 5 PR AR SRS B B n T I A LT & i, S R 20.0%—81.5% , Hih DIAy 253 R i
o AR BRI AS IR AR, S 40, BRktb b | Bt 2R e ALT & B A,

®3 FREHERHREEX TEAVR SENMENERTTLHE

Table 3 Soil organic matter, total nitrogen, microbial biomass carbon and nitrogen in forest lands with different vegetation restorations

FE Hi 2 100 42 Total nitrogen/ ( g/kg) A KL Organic matter/ ( g/kg)

Site types 0—10 cm 10—20 ¢m 20—30 cm 0—10 cm 10—20 cm 20—30 cm
Fr4k CK 0.59+0.02A 0.51+0.01A 0.42+0.02A 7.63+0.34A 6.75+0.26A 5.1420.24A
JiIRE RP 0.42+0.01BC 0.29+0.02C 0.21+0.03C 5.8320.09C 4.07+0.07CD 3.0120.12D
FEEMIFEIRSE RP+PO 0.45+0.04B 0.41+0.01B 0.31+0.02B 6.89+0.20B 5.74+0.11B 4.23+0.06B
FIRELLIAEIRAS RP+PD 0.38+0.04C 0.26+0.05C 0.21+0.02C 5.6720.25C 4.34+0.13C 2.9420.07D
TEBHL AF 0.39+0.05BC 0.37+0.01B 0.28+0.01B 6.77+0.19B 5.90+0.17B 4.36+0.26B
Wbk SF 0.25+0.03D 0.27+0.01C 0.22+0.02C 3.56+0.14D 3.86+0.28D 3.3320.11C
REHi 20 ¥ ¥y Microbial biomass nitrogen/ ( mg/kg) ML 1R Microbial biomass carbon/ ( mg/kg)
Site types 0—10 cm 10—20 cm 20—30 cm 0—10 cm 10—20 cm 20—30 cm
¥4 CK 63.77£6.16AB  27.26+6.48BC 16.63£2.36C 159.13214.91C  32.75+10.65D 105.14£6.53A
FIKE RP 61.92+2.89B 41.0126.15A 28.85+1.95B 243.72+14.89B  107.55+7.83AB 54.34+3.75C
FIRLATIESE RP+PO 50.67+8.27C 32.00+1.55B 37.70+1.55A 271.41+16.02AB 107.78+1.12AB 87.46+9.65B
JIRELLLBEIE AZ RP+PD 72.90+3.84A 26.68+2.44BC 16.79+3.79C 289.93+31.00A  114.69+6.09A 69.64=12.79C
JeH L AF 45.41+1.47C 22.36+1.58C 13.67£0.43C 172.30£15.62C  84.41x21.22BC 56.17+3.40C
Wik SF 12.96+1.33D 8.20+0.33D 4.53+0.52D 64.52+2.75D 63.95+2.24C 34.50+3.59D

REERE FREFIR ) — 2 AR EREHAE P<0.05 K225 B3 ; £ AREA RITRELR
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BT 19.5%, WL REBVK A Al RGN A 3 G T R e LR R R SRR T 0B A S R AR R R
R

WME 1 PR AN AR A ] IR S A S AR W 25 5, S AR L YA R R AR B A 3, 0—
10 em + 2 fiF§ A5 0 B B0 i R BN A 45 > AR > SR AR 1L Bk TR 52 > S b > SR AR A AT VR 22, IR AE 7. 1% —
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Fig.1 Content of soil soluble nitrogen in forest lands with different vegetation restorations
¥5% Caragana korshinskii( CK) ; KR Robinia pseudoacacia( RP) ; RIMEMIAIIREZE R. pseudoacacia and Platycladus orientalis mixed forest( RP+PO) ;
FIRELLBEIRAZ R. pseudoacacia and Prunus davidiana mixed forest( RP+PD) ; FiE Bl abandoned farmland ( AF) ; ## slope farmland ( SF) , A [HHY
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Yot 285 R T R i A v DRI LU R TR S S WA 110.3% M e K, T FE e /N 2.6% , FL U= HIAR |
Fr £ FURIBR AR AS , HI MR 43500 K 75.4% 28.2%H1 16.3% , Al UL, 3% + B X 0—30 em 3 b ml s PE A 4H
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Fig.2 Density of soil soluble nitrogen in forest lands with different vegetation restorations
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& 3 Al%0,0—30 em HIERETEAHLA LAY 6.98%—23.43% , H A [A) AR Bl 1k 5 4% 3 ) 38 m] v vk
AAE G 2R LIRS . SPEAE L AR R B2 1 RIS A LA S 2 A L], SRR Iy
SRR s, AR R 235.5% , HLUORAT 550 118.7% , IR ILBKIR S Ty 47.7% , AR AR M AR S 37 5 At 2 5
TR EAE A LA R A S I RIR B R F K, 6 MR 0—30 em HIEHEHAA L 2RI
Bil4b T 0.62%—1.10% , A Ee B, (CRIBE A7 2% FRIASE LB TR 38 — e e Pk R A S 3 4t v 17 R A A A
RG] BEE S8 63.7% 33.8%F1 10.8% , 1 FIRRMIAGTE S A 6 PR AL X ENW A T 33.2% , 7350, 45+
Hirh 0—30 em THIEESE G SEN BN T 0.33%—1.04% , {5 58 HuAH L, A 048 F0 )R8 1L Ak VR A2 1 38 2k
DA G AEN HHIA FTiRes , BARR IR 51 36.4% 1 98.7% , B Mgk E i S L B E AR,
2.5 AT AL S H A LT | A BRI UAE W) e AU Ak U

6 PRI, 3 A 2 00 E A AL 4 A P e e A PV T R A3 B A DG M o BT 2 SR 5k
4 iR AR S EA AV UED A YRR WA OC (P<0.01) s W PEA HLAS 2 A 0
R (P<0.01) , 5+ PR A W B HE (P<0.05) S AR S HUE YA B,

XF0—30 em +)2 AL AR YA S AT A A B VR — 20 mE AT (B 4) 252
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Fig.3 Ratio of soil soluble nitrogen to total nitrogen in forest lands with different vegetation restorations

X SRS 2R AR e A SE YRR A SO O B R I A S IE A e R (P<
0.01) , &2k ihLk R* 4371k 0.436 .0.563 .0.174 F1 0.467 ; Al AYEA HLA STHE WA 2 58 IELPER G 6
Z(R*=0.082;P<0.05) ; #AAFTH B HHAEY &R Y Bk B E FLMEMHXKER (R =0.094,0.112;
P<0.05) .

F4 TETAMGASCESTIERINR 2R MEVER REYEBRZ B HHEXES
Table 4 Correlation coefficients of Soil organic matter, total nitrogen, microbial biomass carbon and nitrogen in forest lands with different

vegetation restorations

FHX R R AR EA LA [ ESE AR
Correlation coefficients Soluble organic nitrogen Nitrate nitrogen Ammonium nitrogen
2% Total nitrogen 0.450** 0.750 ** 0.026

A WL Organic matter 0.242 0.660 ** -0.025
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