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Effects of primary forest conversion on content of nitrogen components and

enzyme activities in a red soil derived from slate
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Abstract: To explore how primary forest conversion affects soil nitrogen (N) fractions, this study selected a primary evergreen
broad-leaved forest and a converted Cunninghamia lanceolata plantation, an orchard ( Citrus reticulata or Actinidia chinensis) , a
sloping cropland, and a paddy with similar geographical background conditions and clear land use history in northwestern Hunan.
The physicochemical and biochemical properties of 0—20 cm soil layer were analyzed to study the responses of N fraction content and
the related enzyme activities in the red soil derived from slate to the primary forest conversion. Primary forest conversion significantly
reduced nitrogen components, associated enzyme and protein content by 15.83% to 87.36%, 20.04% to 39.15% and 30.97% to
66.18% in the red soil derived from slate. The soil dissolved organic N, microbial biomass N, and nitrate N showed higher response
ratios than the total N in soil, sensitively indicating the short-term changes of total N in the red soil derived from slate. The primary
forest conversion to plantation showed lower reductions in content of N fractions and activities of associated enzymes in the red soil
derived from slate than the primary forest conversion to other land use types, demonstrating the preservation of soil N content and the
stabilization of associated enzymes. The conversion of primary forest to other land uses led to a decreasing trend in the content of N
fractions and activities of related enzymes in the red soil derived from slate, suggesting the negative effect of primary forest
conversion on soil health.

Key words: primary forest conversion; red soil derived from slate; soil active N; land use type; nutrient availability ; red-soil hilly

region; enzyme activities
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Table 1  Basic physicochemical properties of 0—20 cm soil layer in the experimental sites

A 7 T pH (& IR T AR

Land use type SBD/(g-cm™) pH value SOC content/(g-kg™') TP content/(g-kg™') AP content/(mg-kg™")
JEURMK Primary forest 1.02+0.06b 4.68+0.36b 54.79+6.76a 1.17£0.15a 9.17+1.53ab
A TH Plantation 1.26+0.12a 4.80+0.73b 52.07+4.93a 0.44+0.25bc 8.37£1.57b
SR Orchard 1.23+0.01ab 4.68+0.38b 18.39+6.74¢ 0.28+0.07¢ 7.66+4.08b
Yk Sloping cropland 1.15+0.11ab 5.41+0.26a 18.99+6.32¢ 0.51+0.14be 12.89+1.32a
/K H Paddy 1.14+0.31ab 5.45+0.16a 31.78+1.99b 0.63+0.07b 13.39+2.20a

. SBD.LMEAHE; SOC. HHEAHLER; TP. i, AP AXWE; R FEebrk2z; FFEARE A F/NG FHR R AE L
WA X Z A7 B3 22 5% (P<0.05), Note: SBD. soil buck density; SOC. soil organic carbon; TP. total phosphorus; AP. available
phosphorus; data in the table are means + standard deviation; different lowercase letters in the same column indicate significant differences between

different land use types (P<0.05).
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B3 B30 mx30 m FEHE, FHEHL N BELEEN 9~ 15 ANIURE L, SREERS, JeBlR LaeRm S,
H N H 8 (B 3.5 em) , RAE 0~20 em T)2 4, B[R — PR BT O AR AT, T < e
IPIRZY 500 g HAEREAREE RS B LR RN, WA, BT REM Py, — I R A AR
WA, BEATERE . S, 23l 2.00, 0.25, 0.15 mm FLERAIE O, S8 A bR BUAL B BRAGEE AL, 2
SrERITEEEIAE, DA RIS YRR s O — T AR 2.00 mm FLEERY R Je 0T, TRATE VR 4 <C
VKFEN, T s v S PR A 4 SRR 04 Wi AL (microbial biomass nitrogen, MBN) 5t A9 & .
1.3 TEERMNZE

B (R ALY N AE 13 2 (soil buck density, SBD) . pH {H. T3 HLEK (soil organic
carbon, SOC) . 4% (total nitrogen, TN) . B fi# %( (available nitrogen, AN) . MBN. %% 7% % ( ammonium
nitrogen, NH;-N) . 575 & ( nitrate nitrogen, NO;-N) . 48 (total phosphorus, TP) . 43X #% (available
phosphorus, AP) frig, TIEEMEMEA HLA (dissolved organic nitrogen, DON) & il id 25 F/KEH:, iR
BTN E . B SAIYA-CORK er al' ™ Ay 73210 5E B-N- £ ok 42 3 75 1 1 ( B-N-acetylglucosaminidase ,
NAG) Fil5E & IR & FE K (leucine aminopeptidase, LAP) 936G PE, £ 3 Fr B IR 1812 #2 (autoclaved citrate
extractable, ACE)#H & & R HATBE R IR, 2 PGS Bk 5 F 0 X £ 8 H (easily extracted
glomalin-related soil protein, EE-GRSP) Fl 53Kk %2 % % AH ¢ - € 8 11 (total glomalin-related soil protein,
T-GRSP) R AT RN MR, 5 s i th kil
1.4 FUELEBSHH

K0 SPSS 27.0 #AFHE A IEIRAR I - BCRIARfE 22, HIEA PR R 7 2293 7 (one-way ANOVA) L 5
Fib -t R 5 2 e T 22 Sk, Origin 2024 BPFVE B, 598 020 43 60 Tl 6 8 D67 PR 2 495 1 i
B (R) AT .

Q0,-0,

R/% =

A Q WX AAAR) 1y LA TEbs s Q, U t M Dy S0y L LT
2 HREHMH

2.1 FEiaHiERsT TERAS SEMNEN

A LA AR R A 2 mE 1 s, AR A 70T, 148 TN, DON, MBN il AN
TENA 1.4~4.5 g-kg™' | 30.7~122.9 mg-kg™' | 27.1~117.3 mg-kg ' Fl 81.0~322.2 mg-kg™' . SHEIHM
A, AT, SR, B K B 38 TN 5 & 55 5 BE K 24.69% . 69.54% . 47.00% Fi1 38.88%
(P<0.05), 54 TN S 8200, GG, AT, SR, 38k AUk H 350 DON & &5 5
[%AE 32.38% ., 75.00% . 67.53% Fl1 57.84% ; MBN £ 543 5 FEAK 15.83% . 87.36% . 76.91% il 51.40%
SRpE 38 TN, DON, MBN M9 SRR RS, 1 H 88T AN TARRIKH (P<0.05) . SEEMAHLL, A
TR, SR BHFHORIK I AN S BIEAIR 22.12% . 69.60% . 74.87% F 25.20%, H 25 8%
(P<0.05); 5 AN T A He, SR G A B+ 58 AN & &2 B BRI 60.96% . 67.74%, H 225 W%
(P<0.05), 3 NH;-N &5~ 21.2~47.6 mg-kg™", Sl | S#kb AR H A 3 NH;-N &5 R iR
AR 46.69% . 55.39% Fl 50.94%, H 25 8% (P<0.05), H A TR FEAK 42.18% , 51.61% Fil
46.78% , HZESWE(P<0.05), JRIGHMAA TARLEE NH;-N R EZES ., AREmAHT,
HENO;-N &84 2.3~10.2 mg-kg™", AT HAKH L3 NO;-N &AL T I, RS, IR
UMK AR 69.24% 1 77.21% , HZE5 B3 (P<0.05) 5 5 HHEHA AL 73 & A2 AR p 2, SR b A
kb 15 NOS-N S 5 IE B & 2 5

%100 (1)
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Figure 1  Content of soil N fractions under various land use types

22 [EiEMEERY T IE R A S e F R

ANTR] 3 A O 3 R A o i R A S R LB T 0.08% ~8.85% (£ 2), o,
A A S LIRS B O] ( Cyounm ) BB/, JEIR MRS R B J5, B3 Cppy oy IR/
58.96% , 1M C o m MEES R 5 (5 B2 R S B Y O (Cyypnny ) 7091 235 5K 108.70% 1 85.05%
(P<0.05), VL] HHEAXRRE A MU ZUF AL G M O A, R 3ER R LA R, 5
JEAEMAH L, SR A A DL B i R RS A B (Coonny )  TRAEWAE DA S S
FHEAR G T H B (g ) AR 20 B2 7 2 BB Y LA (C oy ) 2000 0 3B B/ 1N 40.99%
57.09% 1 53.20% ( P<0.05) , FCREIEY & T 3% TN S iy ReiE, W13 AN I MBN 7 2816 A] DL
JEHLEE 7R IR M A BB S IR RE R AR, K 13 C o HEJR IR MRS 32.86% , 5 B 7K H 14 35 7K
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Table 2 Proportions of soil active N fractions in TN under different land use types

+ I TR ISR B R RS R Y EL ] Proportions of soil active N fractions in TN/ %

Land use type CNO}-N/TN CNHI-N/TN Chonmy Cipn/my C vy
JEAARAK Primary forest 0.23+0.10b 1.07+0.09b 2.83+0.85a 2.68+0.57a 7.35+1.63a
AT #K Plantation 0.10+0.05b 1.34+0.33ab 2.50+0.31ab 3.04+0.76a 7.74+2.02a
HLE Orchard 0.48+0.19a 1.98+0.66a 2.32+0.41ab 1.10+0.08b 7.51+£1.84a
W HFHb Sloping cropland 0.31+0.18ab 0.89+0.16b 1.67+0.06h 1.15+£0.21b 3.44+0.47h
7K H Paddy 0.08+0.03b 0.86+0.19h 1.90+0.21b 2.12+0.53a 8.85+1.38a

VE: RNV G ARR/NG R R AR A 7 R Z [ 7R B 3 22 % (P<0.05) . Note: different lowercase letters in the same column

indicate significant differences between different land use types (P<0.05).
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Figure 2 Soil enzyme activity and protein content under various land use types
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Figure 3 Correlation coefficients of soil physicochemical properties with soil N and protein content
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Figure 4 Response ratios of soil N fractions and enzyme activities to the primary forest conversion
3 itig

KB DR Z N i e A S R gifee, HIEAPIRMARFE ., A, RGBT
RN TAR, B SR HAERIN AT, O SR SR i w5 R 2 R AR Wk iz
IERHEMA TALE RN, AR T LAV RMA R ARBFE, BRI AAE 5 30 1 5
PERA TGS TR, FRIEWEE, Mk, MERMEYIfEE | EY IR RA Y5
Bigd, HHEA MU A LT AT AR IR AR M S I M R AL A B R 2 —, K
14 TN, DON, MBN F1 AN &34 T, FIRER& R T/KH HEERIWEK, B ARREE, 14 pH
H(5.5) W& m THRE(4.7), AFT HEARORAE; WO, 0 BN Y R A K S a4
RAFR S0, MMiER e MBN Fr it Tl /K 40 A AT L4 DON i, SEOUK H +3E DON &ty
R, NTARS AR NH-N SRR E 2R, X SEHm &S e oh W HGH K A% ( Castanopsis
carlesii ) & SRR ARFN TARBIRF LS RIEA — 2, SR, AN TAREHE NOS-N & & B E T IRamk, ]
R T i G il 2 W, 4 NOJ-N #5475 il ey, R UG AR 4 oy N MRS, + 3 NOS-N iF
ERIE,

JRIAME N TAR RIEREE R & i RIS R S e 25 5 M HR G AR5 TR
TR PR IE AR XD, X R TMARX A R T LIER R, R R AN TR 58
YT R B | S AR SR, T EAZ R Y5 W0 SO i B A LGS W (BT W B R
fig), LHEAPUAMARBRARXT E & 51 Cy oI, 13 Cyppon MIEER, RN



% 6 1] BNz, A JRURARE O Je ST LT R A oy i S W P R R R - 577 -

FIEPI NH-N B A0 T, X5 AR X A B 5045 102 SR — 50, I i,
Covrn s Cumyr IBEIE IS & F 3 TN & RLREIE, Bk, +38 AN R MBN & &t ] DLUSR b8 7R S ia Ak
R R YRS IR R ST AR, SRR R, I Cypy D, T Cyg oy A Cprpm
RO, JRP AT BE R, el A B e ( Ao B . i AE ) B IR L e R, BRI S W R
MBN 4, [a] SR bel s i B (1% RN it A 7T B3 o+ e RS AL VE A, e H A DL R BHLE A1k,
Jr v SR bl 1 NH-N 1 NOS-N &0

T HERGOR S R . AL, BEOCRIEIS, BRI Shxt HAE S R TIRRRERY  RIR A R
e, +HE NAG F1 LAP J M RIFFEAL, X 0685 ARG AR R AITE ) A4 56, )
RAMPTE YRR TR, WD ) e W BEVE SR E ) Ay A AL . IR, IR I PR AIG  EmE
B BB HURK 3 ACE S S E W IR AR, M s, RS MR L S B AL
JE A R AR O SRR T R ACE B AW A ML R, BB A R b 1 3 T-GRSP SRR S
He vk AR B TIARSE P JRAR AR S SR A R, K AR R, A EIOK, LB
A, BREURZ N - 396 A TR T T I 5 SR A - 396 EU T GRSP BRI ™, SR A 40 o e R I v
BEIEARE, BCath— 2 Uh W J A AR 40 3 3 e A W B I TG e D - U i S A AR B

- SRR A3 R T A X BB AT 8 i S RS AN ], SRR 0 R 0 (Y R B P 1Y
Wi 7 FUABE R AG, FW] HE R AL & o 2 18R - e fa e S AR s ., B R R,
WP A A e A A B B R VR . SRR AR 4y S+ R A =0, 4 DON & it i i)
N7 HE X R TF TN 28 A 7 e 46 %5 {8, 3% NOS-N Al MBN 255 (4 07 He 4 XHE AR X 3k, %6
i +4% DON, NO;-N F1l MBN % S AEE fUBHdE /R 3 TN S a8k, JRIAARE Mk Ak M, +
HE ACE 25 (& B0 B AR MR S A i 7 FUAE R T TN 5 A R 07 U (i, 1R £ ACE 28 1% 12t g g UK
HbFE 7R SRR AR R B K S 48 TN S8 fk, b4h, 148 DON I ACE 28 A & 12 % P9 I e 55
fares, X HEIRE, AR, 85 T N,

JE b R 5 35 0 R A B A DG Tl T M SR R BRI 3, R R IR ) iR Mk, A T A RS
il R R S PR A SR s, RE HIRRVEDIRE, A E TGl U AR e - AU
PO, RARYEAE TR, HIEREM AR R, HNEYPEANA, IS R E AU A
B Ik bR S, WG IS g R BRI A R I AR A S, TS A AL | RO Rk
Al S ERIE oL, O R HEA HLEUE D, FESEbRA o, RIAREE EIARARME ., HER
VEVI TR R MIAE AR, LRI, IR, PR A KR
4 #Hig

TR Ay R e S I 7 € 27 TN B N 3 N 131 N I w3 = E 7 v T S oo O 0 < O
Hi, HHETN, DON. AN Al MBN & R W8 R AR, JOPF o Rk B+ 48 LAP M5 P Al ACE 8 H 7 k3
TERRAC, JRIAMELEE TR, H R & BRI, Al 3 R 2 A T O A7+ 4
Ao IR A3 FURH SRS 1 114 v 7 R RO S L AR 4 J 1) R O =X, TR R MR S b b A
JKH, R S R TG A e By L AR A T BRI AR R N, A TR R R R AR R E .
DON, NO;-N FIl MBN % %] R b M e 46 e R ORS8RI sk A8 4, TR R MR s
R S R R R AR, 52O R R e R, TR R IR AR e S+
Rk,

52 0k
[1] HUA FY, BRUIJNZEEL L. A, MELI P, et al. The biodiversity and ecosystem service contributions and trade-offs of forest

restoration approaches[ J]. Science, 2022, 376(6 595) : 839-844.

[2] PENDRILL F, GARDNER T A, MEYFROIDT P, et al. Disentangling the numbers behind agriculture-driven tropical

deforestation| J]. Science, 2022, 377(6 611): eabm9 267.

[3] xbs, FEN, BRiA, % WHH Rt AR IR DR R m [ ]]. a2k, 2024,
44(9) . 3 636-3 647.



- 578 - ZE 3 ST A I %45 %

[4]
[5]
(6]
(7]
(8]
(9]
[10]
(11]

[12]
[13]

[14]

[15]
[16]

[17]
[18]

[19]
[20]

[21]

[22]

[23]
[24]
[25]

[26]

MAZL, XUW ], CHEN Y M, et al. A study of the influence of the type of land use on the enzymatic activity of soils in
southwestern China[ J]. Forests, 2024, 15(4). 581.
BAE, RESEHR, R, AR WEITRE A A DA [ A P 2R e S SRR A AR SRR e [0 ] R A
AR, 2021, 32(4) . 1383-1392.
ARYL, DA, IR, A SRR A AN R R RO 3 AT SR AR P R B R A s [0 ] KR
YRR 58T, 2022, 31(7): 1503-1 513.
BICHE, WL, SRR, AR ORI 5 SO0 g0 T ek A A A RE e ()], A ARk, 2024, 43(6) -
1 720-1 727.
2N, TARE, ZEn, . BCRAR AR TA BAEY) - EE BUE A R RIS AR R [T ], A
FAR, 2025, 45(1): 112-127.
GRANDY A S, DALY A B, BOWLES T M, et al. The nitrogen gap in soil health concepts and fertility measurements|[ J].
Soil Biology and Biochemistry, 2022, 175. 108 856.

HARRR, BEUTHR, ARSI, GF. MR AR AIEGAL AT AR IE X AR AR A R [ )] ARAR S PREE AR, 2024,
44(3) . 225-232.

XIAO H C, SHENG H, ZHANG L N, et al. How does land-use change alter soil microbial diversity, composition, and
network in subtropical China?[J]. Catena, 2023, 231. 107 335.

i, RELO AR M. dEET, EROERRL R, 2000.

SAIYA-CORK K R, SINSABAUGH R L, ZAK D R. The effects of long term nitrogen deposition on extracellular enzyme
activity in an Acer saccharum forest soil[ J]. Soil Biology and Biochemistry, 2002, 34(9):. 1 309-1 315.

WRIGHT S F, UPADHYAYA A. A survey of soils for aggregate stability and glomalin, a glycoprotein produced by hyphae
of arbuscular mycorrhizal fungi[ J]. Plant and Soil, 1998, 198(1): 97-107.

TR, HAER, B, AF WP ey B R LA SRR [T ], K EOREEIESE, 2024, 31(6): 336-343.
SHENG H, ZHOU P, ZHANG Y Z, et al. Loss of labile organic carbon from subsoil due to land-use changes in subtropical
Chinal[ J]. Soil Biology and Biochemistry, 2015, 88. 148-157.

WA, TUHZE, SRMBAS, AF. K ITESCRPE S R EY A AR [ T]. £HER, 2018, 55(1): 182-193.

F I, AR, K, AR AR T SO R Ak bR SRR R R (D], MOl RRE, 2021, 57(4)
24-31.

PRIRAE, BB, (%00, B EIRAR AL SR [1]. AR, 2004, 23(5): 126-133.

HFEAR, #halfh, ®&AR, A PORE AR A DX SR+ A T - SRR R R S [ ], P R R S A, 2022,
38(33): 89-96.

XNPE, M, Xedn, . EPRIORE LA IO U R AL, BEE M R E [ 1]. AR AS AR, 2019,
39(12): 4 376-4 389.

MEN X X, BAO Y, WU M H, et al. Soil enzyme activities responded differently to short-term litter input manipulation
under coniferous and broad-leaved forests in the subalpine area of Southwest China[ J]. Forest Ecology and Management,
2023, 546:. 121 360.

BRI, G, TEN, . ST A T DALk 3R A LB AR TR 1], A,
2024, 44(7): 2 919-2 930.

REFLL, FRAF, aCHE. VU g v ST R Ml DX 1 RS N AR L e G TG LA GRSP & b ARAE 0BT [ 1], BT A7,
2024(11): 51-58.

WAk, ZRakiy, B2, 45 SRS AR RIIEXRR AR RAMEN T RAERKMZM[T]. KRR
5%, 2023, 30(3): 188-194.

CHEN H H, LI X C, HU F, et al. Soil nitrous oxide emissions following crop residue addition; a meta-analysis [ J].
Global Change Biology, 2013, 19(10): 2 956-2 964.

(A, RAE)





