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Abstract; To better understand the changes in soil conditions after agriculture use ceases, we measured and analyzed the
changes in three components—soil microbial quantity, soil microbial biomass, and soil enzyme activity—in sample sites
where farming had been discontinued for different periods (1, 2, 3, 4,5, 8, 15, 24 and 31 years) , in the lower Shiyang

River area. By using the data, the correlations between the three components were also studied in 2012. The three
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components, respectively, contained 1) bacteria, fungi, and actinomycetes; 2) microbial biomass carbon, microbial
biomass nitrogen, and microbial biomass phosphorus; and 3) catalase, sucrase, urease, and phosphatase. Synchronic space
investigation was adopted instead of diachronic temporal investigation. Results showed that bacteria were the most abundant
of the three soil microorganisms in the nine soil samples taken 31 years after farming ceased, followed by actinomycetes and
fungi. Overall, the maximum weighted average of the three soil microbial quantities all occurred in the first 8 years after
farming ceased. The quantity of soil microbial biomass carbon initially decreased with increasing time since farming ceased.
It gradually increased starting in the 4" year and reached the peak in the 24" year, after which it became stable. The soil
microbial biomass nitrogen appeared to increase with time. After the maximum weighted average in the 4" year, there was a
steady reduction with large significant differences in soil microbial biomass nitrogen among soil sites of various ages. The
weighted average soil microbial biomass phosphorus increased at the same pace as nitrogen at the beginning of the soil
restoration period. The biomass phosphorus level climaxed at the 8" year, after which it tended to decline gradually before
finally stabilizing. The general trend of soil enzyme activity decreased, but with fluctuations, with increasing soil succession
age. Moreover, soil microbial quantity, soil microbial biomass, and soil enzyme activity declined dramatically in all
restoration ages with soil depth from 0 to 10 ¢cm, 10 to 20 ¢cm, and 20—30 to 30—40 cm. In addition, the surface soil
microbial biomass and soil enzyme activity were the largest among the four soil levels. The changes in soil microbial
quantity, soil microbial biomass, and soil enzyme activity were extremely slow. In addition, an interactive process and a
feedback response between the three components was observed. Highly significant correlations were found, especially
between fungi and actinomycetes, microbial biomass nitrogen and sucrase, actinomycetes and catalase and sucrase,
microbial biomass carbon and phosphatase, microbial biomass nitrogen and urease, and microbial biomass phosphorus and
sucrose. To summarize, we noted an improvement in the soil conditions in the initial 45 years after ceasing agricultural

practice, followed by a declining trend in soil fertility.

Key Words: lower Shiyang River; former agricultural land; soil microbes; soil enzyme activity
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Table 1 The status of sample sites at different ages since restoration

IRFFAERR G (274 REVE L FH
Age BCFF/a Latitude and longititude Altitude/m Dominant plants population
. 103°36'03"E 1304 R+ WA+ T2
39°03'28"N Chenopodium album+Convolvulus arvensis+Echinopilon divaricatum
5 103°36'09"E 1303 TR HIAT R BT
39°03'25"N Sonchus oleraceus+Lepidium apetalum+Peganum nigellastrum
3 103°35'58"E 1297 TP 2 + R A B+ IR T
39°02'39"N Acroptilon repens+Halogeton glomeratu +Peganum nigellastrum
103°36'09"E N - .
LOS O Y +
4 39902/36"N 1305 I IEE + I8 DU Peganum nigellastrum+Peganum harmala
5 103°36'13"E 1304 T+ ANAT 3+ Eh AR
39°02'34"N Lyctum ruthenicum+Lepidium apetalum+Halogeton glomeratus
g 103°36/34"E 1304 TIMIAC +ER A R B
39°02'34"N Lycium ruthenicum+Halogeton glomeratus+Peganum harmala
5 103°37'02"E 1304 SRR+ BB+ A
39°01'44"N Lycium ruthenicum+Peganum nigellastrum+Halogeton glomeratus
" 103°37'54"E 1306 TMUAC +ERTUR+ 2T 8
39°02'54"N Lycium ruthenicum+Kalidium foliatum+Reaumuria soongoria
103°37'02"E e
31 39901/45"N 1306 AL +ER TUR Lycium ruthenicum+Kalidium foliatum
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Table 2 The quantity of soil microorganism in sample sites at different ages since restoration

LAY BHFFFR Age since restoration/a

Soil microorganism 1 2 3 4 5 8 15 24 31
T Bacterium / (10° cfu/g) 11.49 1.54 2.12 4.27 2.04 7.12 0.75 3.83 2.46
FH# Fungus/(10° cfu/g) 0.49 0.62 1.28 2.33 0.94 0.69 0.60 1.29 0.57
LR Actinomyces/ (10° cfu/g) 0.75 1.05 1.08 4.41 1.32 5.81 0.71 2.65 1.57
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Fig.2 The quantitative distribution of soil microorganism in various soil layers at different ages since restoration
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Table 3 The soil microbial biomass in the sample sites at different ages since restoration

TS Y A Y BHFHEFR Age since restoration/a
Soil micribial biomass 1 2 3 4 5 8 15 24 31
A I SMBC/ ( mg/kg) 412.76 369.23 177.79 320.79 298.67 594.51 268.49 629.88 600.97
AR SMBN/ (mg/kg) 111.55 90.24 139.07 183.73 95.66 88.17 79.92 103.97 104.72
WA Il SMBP/ ( mg/kg) 82.23 78.94 111.14 110.80 120.22 121.12 113.19 90.23 77.68
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a2 100000 11&250 200.00
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Fig.3 The soil microbial biomass distribution in different soil layers at different ages since restoration
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Fig.4 The soil enzyme distribution in different soil layers at different ages since restoration
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Table 4 The data of soil enzyme activity in the sample sites at different ages since restoration

+ e IEPFAERR Age since restoration/a

Soil enzyme 1 2 3 4 5 8 15 24 31
i E AL A Catalase/[ mL/(g.20min) ] 0.97 1.03 0.94 1.02 0.98 1.01 1.01 0.99 0.97
JIfA Urease/[ mg/ (g.d) ] 0.43 0.44 0.35 0.44 0.42 0.21 0.12 0.21 0.19
WEWEER Sucrase/[ mg/(g.d) ] 8.61 9.02 12.23 16.51 9.14 12.06 16.03 10.48 9.81
WA Phosphatase/ [ mg/ (g.d) ] 2.93 2.51 1.42 2.66 3.17 3.17 2.39 2.72 2.42
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WA, B 24 a Hi5E A REB BN BB Y B A 5 TIEAE YA Y i AR I YA 1) B R A8 1 e R B S
1) 4 a, UiWTRHE 4 a B, RIENE /KPR 3 TSR dr RS BRAE 5 a i, SO BB BE 3 a BHGARDE , AT RE SR
B G — R AR ARED A 5% B BE 4 a 3, B 5 —AF AP SR AL B 15 ( Medicago sativa L.) , H
A - MR AR VE 2 P8 )X ( Citrullus lanatus) 18] 75 ( Foeniculumvulgare) Hi A€ ( Gossypiumspp ) 55 , iX — 41y
L, IEGF SR G ARMEY) AT Lk B RIS U IR AR - ST O B R 5 1B B RS — AR R B R AE )
A EVINOCR ; TIEHA YA Y B INECE Y 0 R AR TR R B S 1) 5—8 a (HEATE, 1B 3 a
F 15 a WIRIFRAE A {H 110 mg/kg 5 120 mg/kg b H8) , Ui B L S0 W A ) 2 AR B B B 52 i)
AN, AT RE SR R B E R RS R B 2, 0T LA SR R A A 2 B AR B R R A S - A
MR REZF KRN, JLFARZ A RAETRRG AR 20 AR R R frE— 2 AT,

TE SRR b A Wy s il 5 O B S TR R i ng - SRR W LR W R sl kA TR R B, 0—
10 em + 2R 4 )2 B MHEY D ARG, B2 D3 S AR ED BT
WA T AU R . E2O i T IR E A D a iR R T v G A 5T, A LB B, TR B SRR
PEFIE SR RAF, B e A A AR BR, 6 322 1 e o A i i 1o
3.3 - BEREE R AR AL

X9 AFEHAH HLEL BB 2 a 09 498 v it AL S5 DRI 035 P e o | T REAR T 5 W MR AT P S o s IR A
4 a (1) T P REORE NG DR EEG VAR, o A S S W IR NG M R b 1B 5 a 9 S P BRI TS R A0,
WEREE PERL S , 1o Ak S 5 DR IS P a b PR, AR 25 R A D REARAE BB 2 a (9 SRR 1R H,0, 89
H RN R AR T IS RS YIROK AR S EAL BB 4 a 09 LHERVURR B R BB 5 a 19 A A
TINTRA BUBE A B R . Sk, DUFp 1SRG 0 I ACE Y08 1) B RAE TR R B E AT 5 a, X2 H T, 8
B 1—5 a BEERGACRINIE 1L, 3G DU & AR DG B A 7> - i 7 P 1B Bk 4—S a )5
AR ESAE AR AR AP S TR DR B B 00 T M D BB R e, AR R AR
PR 55 D it % 1 R R AT, RER I 5 1R B4 PR 2 I L0 Al 2 AR DG FHOC RO 53.4% 5 IR 5 1R B4R
PR B A S 25 i AR DG AHOC RBGA B 86.2% X Ut WY - SBE i T 12 FH R R AE 1 52 X - BENE I RO 2 AT 47
(1, RIS IR AF 4—5 a J5 AR HIEAAEAR R (A 3R IE ) 52 TR R4 0 X — Bt B
JEE 5 - SR AR i 9 S o ) S TR S B ST e X 2 R R 4 4R
TR RRAL, T AR S KU Ak, A AR — H SR WA Bk, IR BF 4—5 a
PEFE S AT S R S B A

FEHIEZER b B SR 3 o D b S  E PEE WN , [R) I A B 0—10 em 2 R BETE AR 4
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JZ ARGV A BRI ], AR G SO H RS SRR AL ZRaAE R E Y ETA A 1
il e S A AR AT AR — 2 FURAT ol T 39 i e SRAC T Bz, U 3R 2 AT A0 B A S i RS
Jot, Y LSRR E S A K SRZ TR SR A RE IR R4, — EB BB R , oA Wy e e A 1 ARG R, il 3
JEB LSRG PR G . WP X RANE, F AR BRI T R | B R A, K
WD, SR L AT, S I, A BRI A R ek 2, BRI T SRR W ) T T 2l A i RE
3 TS R LR AR A L PR A 2 0 IR I IR T REAR , 107 EL, )2 R PR
BRSNS

AT 2 IO L IEREG T P 5 L S AL R A B L 2 AN T BT A AN E
T AR AN . B R E T B S TRATHI L R A 57, E BRI IX 1 AR BT AR ]
MAA
3.4 HIERCEYECE Y R R R R DG

XA AR T R B L SRR W R TR R L S PEREA T AR S T A SR R 5 P, b
SRR W 5 SRR W A W i 2 R BOAR OGRS R s | R W AR W B R R A 2 B IEAHOC (P<
0.05) ; HIEHAEY A RS =R IERE YO B B IEASE 5 B R B AR 3 IE A 5E (P<0.01)
HIRARBGREN T 90% VA b5 T IRGEY LY 05 A0 22 2 28 DOMIOG | S5 ZR BT &2 W 35 IE AL G (P<0.05) ,
HHEREITREMLHE,

x5 HiERZEMEXE
Table 5 Correlation analysis among various indicators

[/ Gt 7/ B - G

" " N o e . ik ey N
7N AT HH i Eq K A R Lﬁﬂi’g i e TREWE Al WL
Ttem Bacterium  Fungus  Actinomyces Microbial =~ Microbial — Microbial C t ) Urease Sucrase Phosphatase

biomass C  biomass N biomass P atalase
P Bacterium 1 -0.019 0.022 0.079 0.223 -0.348" -0.159 0.398 " -0.208 0.276
FIE Fungus 1 0.517** -0.276 0.907**  0.325 0.159 0.392" 0.571**  -0.156
L Actinomyces 1 0.417" 0.323 0.409 " 0.472**  0.058 0.515**  0.414"
B )
Microbial biomass C 1 -0.362 0.323 0.113 0.308 0.266 0.481 = *
A=Y . .
Microbial biomass N 1 0.112 0.111  0.474 0.393 0.28
Ay el .
Microbial biomass P 1 0.071 0.077 0.562 0.107
A A ‘
RLL LR I 0.111 0369°  0.442°
Catalase
JIR B Urease 1 -0.322 0.175
TEHE Sucrase 1 -0.174
PR Phosphatase 1.000

# FRBEMI(P<0.05), = = FRWEEMK(P<0.01)

A Mg SRR 2 IR AR DGR 4 SR R I, AN T S IR AL 2 IE ARG (P<0.05) T S5 HE =
T A MR JC 25 0 RH OGP 5 EC 5 REA Al S A B 3 IE A DG (P<0.01) , 5 IRl 52 2 3 IEAH G (P<0.05) , 1 5 3
AL STt R 1R il G . 35 A D 5 TICER TAT 5 ot AR A S R T S M B 3 T R DG (P<0.01) |, 5 B Rl 2 I
1EAHE(P<0.05) .

I A Y S A R A AE DGR 2 SRR, R e S R I A I A B TE A OG (P<
0.01) , 15 HAy = Al I ik 25 B AH DG ; 3 W A S IR 2 A Bk 2 TEAH DG (P<0.01) |, 5 REA il 522 I 35 1F
FHIE(P<0.05) , T -5 3 SR Ak SR AN B R I S22 6 A O 5 S 2B e 35 TR ity 22 300 W I 3 1E M G (P<0.01) | TG
5 H Ay = A OC W3 A e
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SIRIMA Y Z 8] A HR 5 O R S IE ARG (P<0.01) B Z VAR BEAT 38 AR S ; A= 4y i
B R e B A A e - R R B TR O (P<0.05) | oA 22 [l J0 S 35 AR S 5 DU b g 41
WM 22 ) A e 4 S R R A R T 2 LA 2 3 1 IR AT G (P <0.05) |, LA 4% - il =2 (] G . 35 A

TIRGUE YR | IR Y A Y R S T IR E SROIROL, = H A R bR RS
EAEAC SR B A T KO AR R A A R A e R T 2 ) A [ R
AUARSENE . Rl B S TR A i R R T S R A SRR U Y R S R
PR S S IR, (R P i S R P A AR S 2 A S, AR e | ol Wy S A X+ 3R
SRIFAL R R AR Y B = 2 B IR R B R, R T L SR R A A 3 1Y LE A G
(P<0.05) , FWIHAE W 08 7 M A R G 0 230 1 S Bl 0 A i R0 5 O 0 1P 2 W 2 38 LE A OG (P <
0.01) , X W] L3R A7 702 — S8 [ SURUAE ), IR A0 ke £ 8 X L 3B SR 18172 | AT A iRt 1),
P 1 MRS P, SO LSO LA, S 0 W RSO % A B - S AR W R W R, R Y RO 3
PL—TEHLS R AL — A R

AR AR LI IR T LG8 B A, 40 AR SRR AR 31 a B BRI S AR, IR P L
RV R LR 2 R U AR R RO R R B b, 1B 4 a B, LIRS
A HERE T ACHIBE) T b RAS . TSR YR | IR E W A Y ik R B S SRS MR R 0
MR AR, 9 0 22 [ R A RN [ AR B A A OGP . 1B B 4—5 a 4R, RIEAOAE D 2 R R, Nk, 1B 8t
4—>5 a Ji, LB A RO AL TE BUR SCHE 05
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