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Abstract: The rate of soil nitrogen mineralization can determine the supply capacity of available nitrogen in forest soil, but
it is not yet fully understood in the succession process of secondary forests on the Loess Plateau. This study selected nine
plant communities from five succession stages ( herbaceous community stage, shrub community stage, pioneer forests
community stage, mixed forest stage and climax forest community stage) in the secondary succession forest area of

Huanglong Mountain area on the Loess Plateau as sample lands. The soil nitrogen mineralization rate was measured, and the
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soil physicochemical properties, litter nutrient characteristics, soil enzyme activities and their impact on nitrogen
mineralization were analyzed. The results revealed a continuous accumulation of soil organic carbon and nitrogen with the
progression of succession, and the soil nitrate and ammonium nitrogen contents also gradually increased. Litter nutrients and
soil enzyme activities changed significantly along with succession. The soil nitrification rate increased by 71.73% from the
herbaceous community stage to climax forest community stage, while the ammonification rate remained negative and
continued to increase negatively with succession. The soil net mineralization rate increased from (0.16+0.06) mg kg™ d™' in
the herbaceous community stage to (0.31+0.08) mg kg™' d™" in the mixed forest stage, but decreased from the mixed forest
to the climax forest community stage. Soil physicochemical properties ( path coefficient =0.530) and enzyme activities ( path
coefficient—0.268 ) influenced the rate of nitrogen mineralization directly. The effect of litter nutrients on the nitrogen
mineralization rate stemmed from both direct influence ( path coefficient —0.283) and indirect effect through the regulation
of soil physicochemical properties and enzyme activities ( path coefficient —0.315). These results can contribute to our
understanding of the soil nitrogen cycle during vegetation succession on the Loess Plateau, and help with the sustainable

forest management.

Key Words: nitrogen mineralization; secondary forest; succession; enzyme activity; the Loess Plateau
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1 #REFFE

L1 R XL

AR5 X AL T o D S 11 B D A <22 i R LLARIX (109°38'—110°12'E, 35°28'—36°02'N) , 4K
1000—1300 m, J& Bl 47 =30 i 5 2 52U Al AR 2 Ul 10.6°C AR B FK i 611.8 mm, [ 7K 32
BAEPTE 7—9 7, B3N IKAE L M IX O 8 8 I R AR 1 — BRI IR U AR X, bty PEAE A A 2 il
P& FE AR JHAS ( Pinus tabulaeformis ) BRANIL A AR ( Quercus liaotungensis ) MR 24 3 g L0 T 2 AR M 75 S 1Y
FHH FAME( Betula platyphylla) #K 1147 ( Populus davidiana ) Bk 3 1) S6 58 T ATE & 1887 1 o E K BV 2L
£ ¥ JI L (Rosa xanthina Lindl) %IT ( Elaeagnus pungens) SARLF ( Lespedeza bicolor) %,
1.2 BT AR

R A AF 5 XA B T A R B AR ) A 5 A A R R I — BN RE ATV (HC) EAR TV (SC, B B
TEIN) SEBETRARRE (PC AL IHEMR LA AR ) TR ASARARAF TS (MC, A4 P HE— L RARIR SR | 1L - 10 2R
BRIBASHR , LLAZ — AR SEAR) FTRARAARAE 7% ( CC, AT IMAAMRFNL AR BRAK ) 2 5 AN B iy 9 P s 25 Al
WEATIRGY  FEHBIEEACRRAE W3R 1, R D REVE AN BE BT b A5 AR BB BS7E 3 km N ( LMRIEAURES A —E0O 1Y
ProEREHD 3 B B REHL YL E 3 4 20 mx20 m AOBRIERE )T F T RAE R AL

B AR IR T PR TR IS A SRS AR RR AR RTR AR AR BR AR TRASHRIAR e BE %% B 3 )
LI RIR PRI AR TP IS LR R

S EFAMRE AR AR TAETE 2021 4F 8 H ) IFE, T4 T45 0 2 Ja (LA DR R0 IR 5 ) JS 7E A
FETT R H TR R Bk AR 0—10 em (19 RIERE IR G55 2 mm G5 A 4°C UK & VA ] 5250 2
[F] I PERE DT N BEBLIESEE 5 4> 25 emx25 em BYRETT  SRAEH PR M B P v 1 , i 0] 52 36 % 7 65°C HE T )5 I
FRIr o
1.3 A0 s AR E

B0y RHAERL I 20 g (LA 31) A 300 mi 53R AN 25 2 17K 2 K 1K R 50% , 3 5
B (PRUEESEK) BT 25°CRERIEFRA D ISR 3 do SRATPRE A PR 15 1388 5 /K 2y die K H R 45
KR 40% SRFE AT 28 d Y IERKG IR, BSR40 2 d FTIF3 FBRGE < 30 min, JRIRY RIS /KE
TEIERIE SR 0 d F128 d 7RSSR 10 g T 3ERE RO B0 T 2 mol/L 1Y KCL A WERAE 1 h, B0 5
E R IRACU UE M E TIETCHLA (S AMESR) &, FHE IR DI S A A S A ) & & 250
IR RB T R AR AR A R, HHRARIT .

NitR = ( [NO3-NJ ;= [NO;-N] ;) /At (1)
AmmR=( [NHZ'N]M_[NHZ'N]L‘)/Al (2)
MinR=(N,,-N.) /At (3)

2, NitR ,AmmR Fl MinR 4351 37R 384 L% 5 AL HOR A A0 L 3% (mg kg™ d7') 5[ NO3-NT,,,
HI[NO;-N ] 3l 3 m i3 e A 37 AT AS 205 B (mg/kg) 5 [ NHG-N T, [ NHE-N ] 20 52 7m 15 57 Ja Fi 57
WS i (mey/kg) 3N, IV, 4091 P I B2 B L A B D 26 625 8 A 2
mg/kg) ;At NEEFEREL(A) o
1.4 HeEdstre

F3FEA HLIK (Soil organic carbon, SOC) F1{# 7% ¥4 HLEK ( Litters organic carbon , LOC ) 2K FH T 5% iR £ -1k i
PR AN %2 5 + 3 Y504 A (Total nitrogen, TN ) £8 A iR — i AR s A Mk S0 &5 R 4 A 3hiEl
RN (BUCHI, K375, %) M5E ; 138 I8 7% 9 455 ( Total phosphorus, TP ) 28Rt ik - i IR ol i 4 1L &
TG RSP TR E 1A ( Available phosphorus, AP ) Z80ik iR S 6M 1= #2 J5 >k FH AR B Pt H (A k
W 5E 5 A A A (Nitrate nitrogen, NO;-N) Fl1E4 75 % ( Ammonium nitrogen, NH}-N) 2 ALHNR 25 70 312k H 406
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VG v FIBE W s L6k I 5 5 3% pH SR pH 31 (/K B 2.5:1) 22, -3 1 553K (Electrical conductance,
EC) SR HIHL T30 5E

I R 96 LR DO RERE AT I A , RN TR AL S R s A5 1 ik, 4 B-1, 4R A b
HHE(BG) \B-1,4-N-L Bt S AT (NAG) FNBRIERERR G (ALP ) P72 7351 LA 4- HY 3 - HE I Pt - B- D - e
%5 B 1 ( 4-MUB-B-D-glucopyranoside ) | 4-H J& < JE [ %-B-D-0lk M i B B2 # ( 4-MUB-Nacetyl-B-D-
glucosaminide ) Fl 4-H B JE BB R T (4-MUB-phosphate ) 7 JiC#) , B P B0 24 nmol g7 h™',
1.5 Bl

fie R AR UM 2k b mT A SR AE b 32 7% 43 BRI B 00 & MR b (EEA ) SR R £l
feIE TR TR AR .

EEA,, =InBG/InNAG (4)
EEA,, =InBG/InALP (5)
EEA,, =InNAG/ALP (6)

fiti Ak 2 Y 1 K BE (Vector length, VIL) T[] £ BE ( Vector angle, VA) 54202 IR .
VL=[ (InBG/InNAG)*+(1nBG/InALP)*]"? (7)
VA =Degrees| ATAN2 (InBG/InALP ,InBG/InLAP) ] (8)

2UH : Degrees S i BE R bR, ATAN2 D9 SOEVIRR R, VL K, 7n C BRI ; VA<45°Hl VA>45° 535 3%
7 N BRI ER P FR ] A AR BT e 125 752 B A BIR ) B

FRorIH i R B IR LG . A EEE AT IE YA 0 5, SR 9K R 5 22 73 #7125 (one—way ANOVA) 73 #r 4
PREAR R VR (B Y 25 53, 76 P=0.05 /K F R LSD LT 25 Ak, R Mantel test 23047 Al d5e /> —
Fe [n] I AF 5 ( Partial Least Squares Regression Model)Eﬁ%iﬁ%ﬁﬁf’fhﬁ%*ﬂ:tigfﬁ’ﬂﬁ‘ﬁﬁﬁ JHIE Y IR S)
PEZ IR R o SR R ARAF(VA.3.1) #EATEAE 0T, SR Origin 2019 BPFL: AT,

2 HREHSH

2.1 [ BY B A A B ANV T IR AR

ANV B B A S BRI SRR VR P 5 o B iR R R AR T B AR (P<0.05, 26 2) . HLr bl v
BAEBR ARG, 3G PLaR A AN AR A B A 2 e T i S AT T s i R B AR A TR 7% > e i
RETE STRATREVE STE AR BETE > A REVE (P<0.05) 5 THE N:P C:N Fl C: P 43 51 B 25 15 85 4F R A 438 i 52 S AR
Th ST AR AN sh B kA (P<0.05,5£ 2)

PR 4 SR 4 Wl o X o R A B A 14 0 e B I S RRAIG, SR RIS 2 B T e OB S (P<
0.05) , 5HARFEIEH L, B BEREY M 2R/ 2 Ea i BT T 163.80% ,254.54% , JR7EY) C:N,
C: PR AR B I SE B AICJE 1 m (P<0.05) o JAVE WA HILAR & A NP b AN B3 (R 2) .

2.2 N[ B B A HEEGE TEARRAE

L T A R P G T i SR AR R R T R AR AR, MR AR [ B B TR R o B, 18 NAG
ALP B35 2091 58 25300 T 130.57% 308.76% ( P<0.05) ; + 3 BG i 7 M HEAS B B 1) 1R 52 bRy BEZ Wi 1
I, B BN TRREYS B B T3 T (P<0.05, 18 1), B IE R, 14 BEEA 256 FTHE TR
EEA, EEA B 5T a3 T iEvE L3 EEA, (EEA (B FAR T RABBL(P<0.05, & 1), BRIE W1
FORB BN TR Y VL 0 B0 T I E B A, A A O B 1 VA YR T 45° LBl R AR B 138
M N (P<0.05, 18 1) ,

2.3 AFEER B R AR LR

ANRIE S B B S A AL R RS R B R (8] 2) o BEGER R, RN I R

BN s AR TR o B B TR AR B B, B3N T 71.73% (P<0.05, 18 2) , £ B Br B3 s bl Ry
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J A, WA BETE BT B -0.32 mg kg™ d™' BRAR RN T ARAMRBEE B BE 1 -0.55 mg kg™ d7'(P<0.05,2), +
B R A R AT IS [ B R IR AS AR R B B S N T 73.96% , (H 3 T 9 AR AR 75 By BEA BT AIG
(P<0.05,/82),

®2 TREHRENRIBEAERMBAZYRSAETURERFTESH

Table 2 Changes in soil physicochemical properties and nutrient content of litter during different vegetation succession stages

SARE e CHTRAERE WSS TS

Herbaceous HARE . Pioneer forests Mixed forests Climax forests F P

community Shrub community community community community
pH 8.41+0.04a 8.22+0.08b 8.21+0.18b 8.22+0.09b 8.20+0.09b 1.759 0.173
EC/(S/m) 9.03+0.26b 10.88+0.56ab 11.49+0.55a 10.31+0.66ab 11.72+2.43a 2.543 0.068
SOC/(g/kg) 11.23+0.03¢ 18.08+0.57b 21.84+0.6a 16.93+1.60b 21.65+1.22a 48.195 <0.001
TP ./ (¢/ke) 0.53+0.02ab 0.55+0.00a 0.51+0.02ab 0.52+0.07ab 0.48+0.04b 1.422 0.260
TN,/ (g/kg) 1.91+0.11ab 1.60+0.25h 1.95+0.74ab 2.21+1.45ab 3.39£0.33a 2.357 0.085
NO3-N/(mg/kg) 1.33+0.80c 2.13+0.16b 2.50+0.39b 2.07+0.10b 3.39£0.47a 8.612 <0.001
NH;-N/(mg/kg) 11.48+2.12¢ 13.55+0.34bc 16.17+0.68ab 15.63+2.09ab 18.87+1.31a 5.430 0.003
AP /(mg/kg) 6.77+0.89ab 4.90+0.82b 5.66+1.37h 6.29+0.96ab 8.13+1.45a 4.274 0.010
C:N. 6.88+0.41b 13.49+2.10ab 14.82+4.90a 12.38+5.48ab 7.51£0.82b 3.113 0.036
C:P g 55.02+2.62¢ 84.57+3.23b 109.79+5.19a 85.90+£12.75b  118.20£12.47a 21.949 <0.001
NP, 8.03+0.64b 6.41£0.95¢ 8.33+2.85h 9.30+5.39b 15.87+2.06a 4.496 0.008
LOC/(g/kg) 415.07+16.14a  409.64£14.68a  420.46+23.16a  411.27£22.92a  412.03+25.49a 0.166 0.954
TP e’ (e/kg) 0.22+0.02b 0.74+0.06a 0.78+0.05a 0.73£0.23a 0.62+0.17a 5.992 0.002
TN}/ (¢/kg) 3.84+0.84b 9.65+0.18a 10.13£1.93a 10.11£2.29a 8.65£1.95a 5.853 0.002
C:Nisger 134.77+40.34a 49.53+1.83b 50.35+10.39b 51.12£16.23b 59.30+17.00b 10.423 <0.001
C:Pyy, 4899.21+732.78a 1438.45+167.32b  1406.05+157.24b  1662.56+657.13b  1893.04+655.57h 19.443 <0.001
NP 37.85+5.23a 28.96+2.27h 28.97+5.52b 31.89+4.13ab 31.47+2.27ab 2.132 0.111

EC. 132 5% Soil electrical (:()nduetance;SOC;i%ﬁ*ﬂﬁ?}% Soil organic carbon;LOC:vﬁ%%ﬁﬂﬁi}% Litter organic carbon; NO;—Ni%ﬁﬁﬁ/ﬁ Soil nitrate nitrogen ;
NH;-N: 13425 & Soil ammonium nitrogen ; AP ; - 33 %% Soil available phosphorus ; TP ; 2 Total phosphorus; TN ; 2% Total nitrogen; £ T F5 4 soil 7 346 Hx,
litters 7R VS YIHER ; 7] — 1T EUE G AR AN RIS B B2 1] 22 57 1038 (P<0.05) AR BE 3678 22 S 8 i 3 5 3R S A -1 (B i i

24 HHARVEES L JRE YRR E R R

T Mantel test ZMAT Y45 S22 I, FEAH0ER I AR b 3R ALk 26 5 R 2 808 hn 38 1 35 A O ; Bt e
R P AR AR AR 2 EURI B M E R PRI I ( P<0.05) |, 15 R VE PR o de bR G R 1Y
AN E  RHOR bR Az 2 A LR ISR AR S 5 NAG  ALP S M A 15 W 5% o K Ho L
AR ( P<0.05, 8 3) .

T i /N3 [l A RY Y 3 A 25 SR 3R B, SRR T JR V% 1 3% o0 R I 1 0 A R IR 3 A
BFEF BN -0.605 ,~0.589 H1-0.268(P<0.05, [&] 4) . Herp - SR A P BRI 5 0 A AL A AL
TR AR (AR BB 9 -0.530 F1-0.268 , P<0.05) |, i 8 7% ¥ 3% 43 7E 11 32 52 0 B0 AL FRAE (B8 4%
F%0-0.283,P<0.05) Ay [F] A, I8 38 10 24022 - SR SAL A BRI P ([R]422 3842 R AN -0.315, P<0.05) XT A0 1k
FEAE R (E 4) .

3 it
3.1 AS[EIEER G BEVE SR o A R SRy BENE I S L A R AR
R R T R 3 R B T I ) i) e LR B M3 S b ARG v i 2 e R

PERE MBI P A DL S A AN 3 (5 Wi B S s AR, S U CoN R CP YRR
(K1), S5EURTHEIT, HEvE R LD AR AR PR A 7 1 b B R A 20 e AR B T A v i 4L
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Fig.1 Changes of soil enzyme activities and their stoichiometric ratios in different succession stages

HC . F ARV Herbaceous community stage ; SC: #EARFETE Shrub community stage ; PC: 5EEMAETE Pioneer forests community stage ; MC ; IR SEMRAE
7% Mixed forests community stage ; CC : TR FETE BB Climax forests community stage ; 7 F I 7 A [F) 8 R R [A] 3 B B BL 22 7] 25 57 .3 ( P<O.
05) AR T3R8 22 508 .3 5 1T R 5l S e b i

T b 2
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Fig.2 Changes in soil nitrification rate, ammonification rate, and net nitrogen mineralization rate during different succession stages
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