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Abstract: Soil ciliates are some of the most complex and highly differentiated soil unicellular eukaryotes and play an
important role in soil ecosystems. The species richness and individual abundance of soil ciliates, and their unique cell
structures and physiological characteristics means that soil ciliate communities are highly sensitive to environmental
conditions and therefore can be used as bioindicators in natural and human-influenced soil ecosystems.

In order to understand the response of soil ciliate communities to the soil environmental changes after the
implementation of the Conversion of Cropland to Forest and Grassland Program, from March to September 2010, the

community characteristics of soil ciliates in five sampling sites ( Platycladus orientalis forests) at different stages of
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restoration, together with a control sampling site (a wild grass slope). The sites were located in Wudu District, Longnan
City, and were studied using the non-flooded petri dish method, observation in vivo, protargol impregnation, and Foissner’s
counting method. A total of 71 soil ciliate species were identified in this study, which belonged to 3 classes, 10 orders, 22
families, and 29 genera. Hierarchical cluster analysis showed significant differences in the distribution of soil ciliate species
among the soils collected from forests at different restoration stages. Furthermore, the analysis indicated that as restoration
progressed , the composition of soil ciliate species became more and more complex. The diversity of soil ciliate species in the
soil samples collected from the restoration sites were all higher than that in the control soil sample. Multiple linear regression
analysis revealed that there was a significant correlation between the ciliate species number and restoration stage (y= 2.714
x°-10.820 x + 28.400, R*= 0.940), and that there was an increase in the number of ciliate species as the restoration
progressed. A statistical analysis of the number of the soil ciliate species showed a gradual succession of dominant soil ciliate
groups over the course of ecological restoration. The dominant soil ciliate group Colpodida in earlier restoration soils was
substituted by Hypotrichida in later restoration soils.

In this study, the soil environmental conditions including pH, soil temperature, soil water content, soil available
phosphorus, available potassium, ammonium nitrogen, organic matter, and organic carbon in different soil samples were
also investigated using potentiometric determination, angle stem earth thermometer, high-temperature drying, Olsen’s
method, sodium tetraphenylboron turbidimetry, indophenol blue colorimetry, and hydration heat-photoelectric colorimetry,
respectively. The results of physicochemical analysis of the soil samples suggested that soil quality improved during the
conversion from cropland to forestland. Bivariate correlation analysis showed that soil organic matter and ammonium nitrogen
had the most important influence on soil ciliate community diversity. Finally, the redundancy analysis results suggested that
the variation between soil ciliate communities had a significant correlation with changes to soil environmental conditions
during the conversion from cropland to forestland. Therefore, the soil ciliates could be considered as indicator organisms for

assessing the effects of ecological restoration after conversion of cropland to forest.

Key Words: Conversion of cropland to forest; Ecological restoration; Soil ciliate communities; Ecological response;

Platycladus ortentalis Forest; Redundancy analysis
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Table 1 The soil environmental factors in various sampling sites

. AR . R R AR GiINo EERiIR

B BN S S S A LR .
Sampling Restoration pH Soil Water Available Available Ammonium Organic Organic
it ’ (E4)  temperature/ tent/ % phosphorus/  potassium/ nitrogen/ matter/ carbon/

sites ears content/ %

g (C) (g/kg) (g/'kg) (g/'kg) (g/'kg) (g/'kg)

I 0 6.89 13.00 3.52 0.006 0.355 0.00315 2.438 10.71

I 3 6.93 9.90 1.37 0.007 0.462 0.00245 2.967 13.04

1 5 6.87 10.05 5.51 0.008 0.472 0.00270 3.036 13.34

v 7 7.53 17.00 2.64 0.005 0.343 0.00330 2.806 12.33

A% 8 6.90 19.00 3.24 0.005 0.373 0.00375 4.554 20.01

VI 10 6.89 11.00 9.01 0.038 0.492 0.00410 8.648 38.00
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Fig. 2 Cluster analysis dendrogram of the soil environmental
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Hypotrichida) , iX-WL LA, B IRABFEARA 2t AR AL BRAYIE K| T HERIE SR AR 15 31 3

K2 BELTEFERFEAN

Table 2 The community composition of soil ciliates in various sampling sites

T 4 H B & i PSRRI

Sampling sites  Classes ~ Orders  Families Genera  Species  Dominant and subdominant groups

I 3 5 8 10 17 #0 H (Nassulida) 6 Ff; 5 H (Colpodida) F1FE H (Hypotrichida) £ 4 Fl:
I 3 8 13 14 22 B H ( Colpodida) J& £F H ( Scuticociliatida ) #1F & H ( Hypotrichida ) 4% 4 F
m 3 7 12 14 23 B H ( Colpodida) 7 F; =& H (Hypotrichida) 5 Fft

I\ 3 8 14 16 27 ¥ JE H (Colpodida) 6 ;=& H (Hypotrichida) 5 F

\Y 3 8 15 20 36 7 H (Hypotrichida) 13 ;¥ H ( Colpodida) 7 F

VI 3 10 22 29 65 & H (Hypotrichida) 19 Fift; ¥ JE H ( Colpodida) 10 Ff

2.2.3 L FR

HE 2 RSP R EEAR N 5 B S RN UCR Y £ B R R AR, BAORTE R i me B 0« (1)
T PR T N Y )T LB T HUE ((Paracolpoda ) FE T HUE ( Colpoda ) N2 (40 #5481 15
Paracolpoda steini ,JEIK'E I HL Colpoda inflata , f8 18 & ¥ HL Colpoda cucullus F1'EIR'E ¥ HL Colpoda reniformis
S5 ) FE IR HE s A 3R, e bk 3 00 T SRR B AR T S 7 50T BRORE ORI A IR R e 38 S AR s K
13K 1L ( Leptopharynx eurostoma ) FEVR 2 0 2 Hh 5 ARG 11—V S FE S 3 UL #F; FAE B R L (Urosoma
macrostyla ) TEVKIZJG IR V -5 H1 VI SR G EEF , (2) X BRE SOL SR B — | B 1R S 47 PR B SiE
K BT SRS Z BRI HAERN F-XPREM T BAMIE( FR A B A Urosoma caudata, H EFRTE B
Oxytrichia nuscorum , VU il & 4 B HU Cyrtohymena tetracirrata , ¥R 22 B . Oxytricha granulifera , M 2% 2R & H
Oxytricha chlorelligera , 2% 598 J& U Uroleptus dispar , &£ 77 & BT 22 A B Euplotes affinis 55 ) BT o Lb 4]
R,
2.2.4  JARPAIREA B

A 5 LT B RAEFTA RS, AR 2T RN SR 7.04 %, 3 SRR R dL K&
Skt L ( Drepanomonas sphagni) \EL4EJENERME B ( Chilodonella barvariensis) £ #HE H ( Chilodonella uncinata)
A HU( Holosticha sigmoidea) ; X BEFE S HREA R A 1 A 54 B AR SEN 1.41 % K EFE S
FEAMA 14 B S4B RYRSEDY 19.72 %, BEE W AEBRAIE I , FeA R 2 02 HH iy
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BRI BRI R R Z AR BOLIE 5. AT LLE 1 Sk B SR o R R s D o 17
IS IR VI SAE SR B w65 B, TN Z SRR A A HILBON 3 I A S A K R B R
FHISAT A0 s Finlay %5l Beaver 27 (AT 73 A1 36 W 41 & HO ) Rl Al RE 55 75 A B I3 Jin 220 FEABF 5T 1
50 B RO DL AR, IR Bl B /D s 78 T—V1 SRS RE s A BT 8O A S S R & it B i T v, W
LAGISESUEDIIN

T B R AL 1 S X R AUAR, 2 70 ind. /g MAAMIKE VI F BT A IRE 3 4R 11 5
RSN 733 ind. /g {H 2Rl YR IR 1] 1 SE A 2 B2 e gl K02 5 4R 8 4Ry T 51 V S RE s E
BT FE, 7399 80 ind. /g F1 200 ind./g; ARV 10 4FH9 VI S HE G B BLER LT, 3357 ind./g.
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Fig. 5 The species number (A) ,abundance(B) and species diversity index (C) in various sampling sites

2.3 HHELF B R BEERHES B A EE R T AR G

i 1 SPSS 16.0 Ge i3RI B2 AFBR (45 A ) 28 - SFRBE DA 1 ( Bk, A AU B 2 L s A il A e
RUFRS i) TN B MR FAESE (RN T BE R 2RV 850 MR IR & | AT — 028 B AR DGR 73 AT, 45
R 3, FHSCHESHT WoR WA RS R AR R | B A AU Rl 22 1 35 i IE A OG (P<0.05) s WA SR il =2
FEPEFE RS 5 A DL 0 25 A TEAHOC (P<0.01) ; ZHEPEFE 805 0 52 AR PRI B A8 AU 10 2 0 IE A DG (P<
0.05) , 1fij 5 SO 5t d 3 () TAUAH DG (P<0.05) 5 358 5 BSOSO S I 35 1 IEAH G (P<0.01) , S5 HLIT 2 18 2 1Y
TEAASE(P<0.05) , AT DLAE A A5 i) A ERREE R v WF2F B R O BEVR S I R B e 4 S R B A MU & &

®3 TEAEAFEHESHS TRREETFHEXES T (ERFEXEREY)

Table 3 Correlations between the community characteristic parameters of soil ciliates and the soil environmental factors ( Pearson’s correlation

coefficient)
Ei=tan L7k F Wb Z B R R
Index Species number Abundance Species diversity index
1R EAFBR Restoration years 0.829 0.656 0.837 *
43 Soil temperature - 0.011 - 0.227 0.073
P 7K Water content - 0.432 - 0.199 - 0.501
pH i pH value - 0.420 - 0.331 - 0.412
FAHUF i Organic matter content 0.989 ** 0.880* 0.964 ™
£ 25 %4 Ammonia nitrogen content 0.813" 0.617 0.843 "
AW Available phosphorus content 0.911* 0.933 ** -0.834"
R Available potassium content 0.457 0.481 0.425

# Fe78 0.05 K- EAYAISEHE * Correlation at the 0.05 level ; * * 378 0.01 K FAYAHSEYE * * Correlation at the 0.01 level.
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FIF Canoco for Windows 4.5 X + 3 4F F d Al +- HEFAEE R F 474047, 75 3] — 48 RDA HEFE (K 6) , |
AT A R 53 2 0.388 F10.207 , BITA R SRR 38.8 %1 59.5 % , 1 IELFE RBEAN S -
EAEE R FHEF b B8 1 HEF SRS 2 HEP ) fAH G R 5 1.000, 7T WL HEFF RERCATF M S i+ 827 HURn
AR T, H3LF B BRI R A i b, T IR IRk (R 4) o 5 1 HEP 3 (Axis 1)5@?
SAERR Sk ANUR S S AR A e R G, S pH R A, H S ANURS
%m%%ﬁ%ﬁ;@%ﬁ%@%%&&%@%%mzo%zmﬁﬁwhmmﬁiﬁiﬁm%o

F4 TEREEFSHFRNEXRBSTEEMFERY TS TIERERFHHEXGE
Table 4 Correlation coefficients between the soil environmental factors and ordination axes of RDA , eigenvalue for RDA axis and ciliate species-

soil correlation

£ S—HerEh AT B Herh S DUHET A
Index Axis 1 Axis 2 Axis 3 Axis 4
52 4EBR Restoration years 0.8212 0.0054 -0.2383 0.1021
+3& Soil temperature 0.0166 0.5727 -0.2732 ~0.5434
K Water content 0.7541 0.0400 -0.3131 0.4430
pH {ii pH value -0.2233 -0.3355 -0.6614 -0.3802
FHHLF & 1 Organic matter content 0.9873 -0.0487 -0.0338 0.0548
i A% Ammonia nitrogen content 0.8076 0.3748 -0.3503 -0.2903
I Available phosphorus content 0.8749 -0.2649 -0.1274 0.1375
LB Available potassium content 0.4641 -0.4396 0.3804 0.6449
FFIF(H Eigenvalue 0.3880 0.2070 0.1730 0.1260
Wb 5 R85 K7 B9 M 9 Ciliate species-soil correlation 1.000 1.000 1.000 1.000
Z31H 43 e Cumulative percentage 38.800 59.500 76.800 89.400
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