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Abstract: The responses of soil ciliate communities to the returning of cropland to forest were
investigated to examine whether ciliates can be used to evaluate the effects of ecological restoration.
Four sampling sites were selected with three different returned forest types and an abandoned
land as control in Hui County of Longnan City Gansu Province China. At each site the com—
munity characteristics of soil ciliates and vegetation along with physical and chemical parameters
of the soil were analyzed. Ciliates were isolated from the soil using nonHlooded Petri dish meth—
od and in vivo observation. Enumeration was carried out using direct-culture counting method. A
total of 127 soil ciliate species belonging to 9 classes 18 orders 28 families and 47 genera were
identified. The species richness density and species diversity index of soil ciliates in the ecolo—
gically restored sites were significantly higher than those of the control site. The dominant group
changed from Colpodida in control site to Sporadotrichida in ecologically restored sites indicating
that soil ciliate communities tended to complicate with the progress of the returning cropland to
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forest project. Soil ciliate community characteristics were closely related to vegetation type. Soil
water content organic matter content total nitrogen content and electrical conductivity were the
dominant factors affecting soil ciliate community composition. After returning cropland to forest

the vegetation gradually recovered

soil physical-chemical factors changed and soil ciliate com—

munities showed positive response to the restoration of ecological environment. These findings sug—
gest that ciliate community composition can be used as an indicator for the successful restoration
of cropland to forest.
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Table 1 Parameters of plant community in sampling sites C A
(ing-g™) B
A 0.80 300.2 65 0.70 0.55 2.92 o N
B 0.75 248.4 65 0.53 0.62 2.19
C 0.85 366.8 73 0.79 0.43 3.09 ¢
( P>0.05)
. A B o
sepium) : A B c
65 60.75% (P>0.05)
A ( Fragaria oriental- pH 6.7~7.0
is) ( Lysimachia christinae) B °
( Anemone cathayensis) o 2.3
1 3 . 2.3.1 3
C 127 V18
> A > B 28 47 .
. 3 78 61.14%;
36 28.35%
A B
2.2 N N
2 0 3
( P<0.05) 4
A.B C CK. C A
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Table 2 Physicochemical factors in sampling sites
pH
(%) () (%) (pS*em™) (%) (%) (%) (%) (mgeke™)  (mgekg™)  (mgke™)
A 1849+1.17a 10.20:041h  4730:2.23a  6.99:0.09a 124.20:5.02a 3.52¢0.17a  2.33£0.05h  0.07:0.01h  020:0.01a 84.26:9.71ab 9.1240.64 ab  21.33£2.31 b
B 18.27:0.71a  13.00¢1.14a 41.73+1.67h  6.88:0.06a 123.89:3.53a 3.16:0.06h  2.48£0.06a  0.09:0.01a  0.20:0.01a 90.62:26.28 ab 24.7144.15a  27.38:1.25a
C 1949¢1.03a  13.80:0.73a  46.92¢1.57a  7.08:0.02a 134.18£10.86a 3.78£0.10a  2.31:0.01h  0.06£0.00h  0.2120.01a 140.69:691a 1827+437a 1727112}
(K 18.15:0.64 2 13.10:0.71a 40.23t1.22b  6.95:0.28a 122.92+11.15a 2.14£0.14¢  2.28:0.04h  0.06:0.00bh  0.190.01a 120.1924.99a 17.70+4.48a  19.10:2.09 b
A 18.62:0.82a 23.60:0.75¢ 51.67¢3.50a  6.75:0.15a 130.46:4.56 ab 4.16£0.17h  2.46:0.09a  0.09:0.01a  0200.01a 75.03£3.59h 13.79:0.82b  12.38:0.82 b
B 1852¢1.18a  25.20:0.34h  57.74£396a  6.77:0.10a 125.59¢4.39h  3.82:021h  2.69:0.10a  0.10:0.00a  0.20:0.00a  69.02£15.99h 27.28¢7.20a  17.98£3.02
C 2045¢1.31a  22.00£035d  57.17:2.19a  6.79:0.05a 144.40:1.93a 5.05:0.22a  2.34:0.04ab  0.07£0.00b  0.22:0.03a 173.31£14.55a 28.21£3.60a  18.85:2.85b
(K 18.32:042a 27.00:0.57a 45.46:1.93b  6.92:020a 125.26:9.65h 2.63:0.44 ¢  2.39:0.09ab  0.06:0.00h  0.19:0.00a 89.91:221h 14.47:0.90h  29.25:2.28a
A 23.05+2.07a  19.10:0.87h  52.00+2.41a  6.89:0.07a 141.95:2.01 ab 6.80:0.08h  2.17¢0.03a  0.08:0.01h  0.21:0.01a 48.89+222hc 8.25:0.77h  18.96+2.66 ab
B 21.38:0.88a  20.00¢0.71h  57.78+2.83a  6.90:0.11a 134.27:8.54b 5.3120.06¢c  229:0.09a  0.10:0.00a  0.21:0.01a 66.84£10.87 b 28.06+4.45a  23.88+2.36a
C 23.05¢4.12a  17.40£043 he 57.53:+4.78a  6.80:0.10a 162.90:3.85a 7.80:0.19a  1.98:0.04 b  0.07:0.00h  0.23:0.03a 149.87:4.66a 18.90+3.88a  27.57:1.92a
(K 2051£2.36a  23.30:025a  46.31:1.28h  6.96:0.10a 130.78:11.00 b 2.76£0.12d  2.10:0.01ab  0.06£0.00h  0.19:0.01a 7273:3.56b 15.49:2.04h  1227:1.20 ¢
A 1681£0.54a  6.70:020h  53.68:2.71a  6.80:0.09a 123.90:5.07a 328:0.10a  2.70:0.05a  0.08£0.01h  0.20:0.01a 60.53+1.48b 10.30£1.06ah  20.77¢4.32a
B 16.38:040 2  7.50:0.16a  56.96+1.62a  6.95:0.09a 123424042 3.11£0.09a  2.75:0.09a  0.10£0.01a  0.20:0.01a 85.40:19.42b 36.00£9.27a  19.5240.55 a
C 1721:046 2  6.40:0.19h  55.1820.62a  6.79:0.11a 133.76:8.54a 3.73£041a  2.40:0.05ab 0.07:000h  022:¢0.01a 165.90+17.21 a 24.65:5.61a  11.06:0.94 b
CK 15.070.25h  6.70:0.12h  50.90¢2.56a  6.97:0.10a 120.69:6.62a 2.06£020b  2.57:0.04a  0.06:0.00bh  0.19¢0.01 ab 135.16+12.08 a 2021+4.76a  11.60:0.94 b
A 19.240.83 ab  14.90:041 ¢ 51.16+1.70ab  6.860.04 0 130.13:2.70h  4.44£0.09h  2.42:0.03b  0.08¢0.01bh  0.210.00a 67.18:1.93 ¢ 10.37:030h  18.36£1.82a
B 18.64+0.31 ah  16.43:0.38 b 53.55¢1.30ab  6.87:0.05a 126.79:2.85h 3.85£0.07¢  2.55¢0.08a  0.10:0.00a  0.20:0.01a 77.97+16.64 be 29.0145.89a  22.19+1.58 a
C 20.07£0.95a  14.90:029 ¢ 54.20:141ab  6.86:0.06a 143.81:4.16a 5.09:0.13a 226001 ¢  0.07£0.00he  0.22:0.02a 157.4427.56a 22.51:4.04ab 18.69:0.59 a
CK 18.01£043 b 17.53:0.12a  45.73£1.36h  6.95:0.09a 12491:544h  240:0.11d  2.33£0.03he  0.06:0.00¢  0.19¢0.00a 104.50£420h 16.9742.35h  18.05¢1.48 a
+ ( SE) 0.05 0.05
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Table 3 Community composition of soil ciliates in sampling
sites
A 8 14 20 31 60 ( Sporadotrichida) 21 ;
( Haptorida) 11
B 8§ 13 19 30 56 ( Sporadotrichida) 22 ;
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C 8§ 14 20 35 75 ( Sporadotrichida) 25
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Fig.2 Community composition of soil ciliates in sampling
sites
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2.17;  :2.03) 4
CK ( :1.55; :1.63; :1.70; :1.50)
CK o
A ( :0.96; :0.94; :0.95;
0.96) .B ( :0.95; :0.92; :0.95; :0.94)
C ( :0.97; :0.95; :0.96; :0.96)
CK ( :0.94; :0.91; :0.93; :0.93)
( P>0.05) .
4 CK
( :0.24; :0.24; :0.21; :0.25) C
( :0.14; :0.13; :0.14; :0.15)
( P<0.05)
( P<0.05) o
C/P
( P<0.05) o
2.4
2.4.1 Pearson
4
Pearson
4
( Pearson )

Table 4 Relationships between species and environmental

(P<0.01) (P<
0.01) ;
( P<0.01)
( P<0.05) ( P<0.05);
( P<0.05) ;
pH (P<
0.05) ;
(P>0.05) , N .
2.4.2
5 Canoco 5.0
( RDA)
0.939  0.032
1 93.9% 2
3.2% 97.1% 2
RDA
o 1 N N
pH-
o 2

12 RDA

5
Table 5 Correlation coefficients between environmental
factors with ordination axes of RDA

factors using Pearson’ s correlation coefficients 1 2
0.8187 0.3715
0.3717 0.3553
0.436 0.42 0.364 -0.148 0.407 0.5018 ~0.2358
0.913%*  0.790™*  0.695** -0.649** 0.262 pH _0.5467 -0.0129
0.433 0.563°  0.463 -0.463 0.014 0.9060 0.1354
0.162 0.274 0.275 -0.262 0.004 0.8550 o4l
0.236 0.085 0.063 -0.081 0.116 0,901 02436

-0.118  -0.021 0.029 -0.006  -0.007

—0.702*% % -0.576"  -0.533" 0.521°  -0.22 ~0.6231 ~0.3304
0.792% % 0.870%*  0.856**  -0.803**  0.185 0.2338 ~0.3329
0.024  -0.008  0.008  -0.086  0.168 0.0197 0.7085
0.962%*  0.900**  0.831** -0.800**  0.294 -0.0378 -0.2939
pH —0.575°  -059"  -0472 0346 -0.043 0.0373 0.0645
0.949% % 0.934**  0.804** -0.772**  0.258 0.9390 0.0320
0.9930 0.9190

* %:  0.01 ( ) pE0.05 ( ) e

93.9 97.1




1704

38

-1.0

210

6 -

Fig.6 RDA analysis ordination showing relationships be—

tween species composition and physicochemical factors

T: s WG ; OM:

TK: ; TN: ; TP:
VE ; SD:

D:

2.5

Cluster

; SC: ; SP:

y AP:  AK: » AN:

; H: ; SN:

MDS

T
L1 BRI EL

HEIH 5T HESE B
___{::ﬁ%z#ﬁ%ﬁ

HHPIYIFIEL

SR M EIER
T

R ELEE 22 e

— AL AR S

LR

0.4 0.3 0.2
i

0.1 0

2D Stress:0.01

i

i A

SEETES s

SERRSEHEEEEE
=

O}dD *X + 06 H4p
SO EREBESENES
P

TEREmE
|

7
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