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Response of soil ciliate to diammonium phosphate addition in alpine meadow of southern
Gansu, Northwest China. NING Ying-zhi'*, WANG Ting-ting', WU Wei-ning', CHEN Ling-
yun', DU Guo-zhen® (' College of Life Sciences, Northwest Normal University, Lanzhou 730070,
China; *College of Life Sciences, Lanzhou University, Lanzhou 730000, China).

Abstract; In typical alpine meadow of southern Gansu Province, five sampling sites by fertilizer
diammonium phosphate ( DAP) addition ranging from 0 g + m™ to 120 g + m ™ were set in order to
examine the response of soil ciliate communities to different concentrations of DAP. An investigation
on the abundance and species richness of soil ciliates was carried out by non-flooded Petri dish, ob-
servation in vivo and three-level ten-fold dilution methods. Soil physicochemical factors including
soil water content, pH value, contents of soil total nitrogen, total phosphorus and organic carbon at
different sites were also measured. It was found that there was a total of 129 species belonging to 9
classes, 17 orders, 31 families and 46 genera. Lower species richness and diversity but higher
ciliate abundance were observed in the soils with higher concentrations of DAP compared with the
control. The dominant group Haptorida was substituted by Colpodida from the control to the soils
with the increase of fertilizer application. The results of redundancy analysis indicated that the gradi-
ent changes of total phosphorus, soil temperature and water content were the main driving factors for
the change of soil ciliate community distribution.

Key words: community structure ; alpine meadow; fertilization; redundancy analysis.
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torida ) SHPEHERE, A 26 B, L PR EEHY 20.2%
& H ( Sporadotrichida ) 25 F, & ¥ Fp & £ 19
19.4% , KA FIEHE, 1 0 H (Nassulida ) Fl/N g H
( Microthoracida) 4% 1 #, A7 UWAHE, 5 ¥rFh S8
1.6% ;i WAERFA 5 H (Heterotrichida) | Ji#fbdL H
( Euplotida) \HEE H ( Stichotrichida) FEAE H H ( Uro-
stylida) Il £F H ( Armophorida) . ' J& H ( Colpodi-
da) 5 H ( Cyrtolophosidida) | i % H ( Prorodonti-
da) WL H (Pleuronematida ) ¥& {5 H ( Philaslasteri-
da) VUM H ( Tetrahymenida) | [ % H ( Sessilida ) F
2% gt H ( Chlamydodontida) %5 13 2% &t 5 W fb
HUI1 58.9%.
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Table 1 Environmental factors in various sampling sites (mean+SE, n=5)

i H Y Jiti A & Fertilization rate (g- m’z)
Item Season 0 30 60 920 120
5 % Spring 3.40+0.04a 3.30+0.02b 3.10£0.04¢ 2.80+0.02b 3.15+0.02bc
Temperature X Summer 17.30+0.20a 15.20+0.05b 13.60+0.20b 10.00+0.20b 14.02+0.20b
() K Autumn 9.10+0.21ab 8.70+0.04ab 7.40+0.06a 6.50+0.12b 7.93+0.03ab
% Winter 2.20+0.02a 2.00+0.02b 2.00+0.03b 1.80+0.01b 2.00+0.02b
SEF Average 8.00+3.45a 7.30+3.01a 6.53+2.63a 5.28+1.87a 6.78+2.74a
Tk # Spring 28.54+1.80a 30.84+2.14a 30.54+1.68a 31.07+2.48a 29.26+2.76a
Water content B Summer 32.23+1.50a 34.09+1.19a 33.73+1.85a 35.62+0.36a 33.25+1.59a
(%) K Autumn 33.71+2.13a 32.78+3.01a 33.65+0.87a 31.24+2.50a 33.42+3.29a
2 Winter 26.88+4.66a 31.86+2.11a 28.48+2.68a 26.83+1.54a 26.72+1.24a
S Average 30.34+1.58a 32.39+0.69a 31.60+1.28a 31.19+1.79a 30.66+1.63a
pH % Spring 6.89+0.04a 6.90+0.03a 6.84+0.03a 6.85+0.04a 6.81+0.02a
X Summer 6.90+0.04ab 7.02+0.05a 6.91+0.03ab 6.91+0.05ab 6.88+0.06b
K Autumn 6.85+0.05b 6.92+0.04ab 6.90+0.02ab 6.94+0.02ab 6.98+0.02a
4 Winter 6.97+0.00ab 6.98+0.01ab 6.98+0.01ab 6.94+0.03b 6.98+0.01a
S Average 6.90+0.03a 6.96+0.03a 6.91+0.03a 6.91+0.02a 6.91+0.04a
BA % Spring - - - - -
Total nitrogen H Summer - - - - -
(g-kg™") K Autumn 2.27+0.05d 2.91+0.07b 3.29+0.07a 2.81+0.02bc 2.72+0.03¢
4 Winter - - - - -
JoN % Spring - - - - -
Total phosphorus X Summer - - - - -
(g-kg™") K Autumn 0.72+0.05d 0.96+0.08¢ 1.24+0.02b 1.29+0.01ab 1.41+0.03a
4 Winter - - - - -
ALK # Spring - - - - B
Organic carbon X Summer - - - - -
(g-kg™h) K Autumn 0.13+0.01¢ 0.17+0.01ab 0.19+0.01a 0.16+0.01ab 0.16+0.01be
£ Winter - - - - -

[RF AN A 7B e 22 5 i3 ( P<0.05) Different letters in the same row meant significant difference at 0.05 level. T [A] The same below.
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Fig.2 Community composition of soil ciliates in various sam-
pling sites.

W,: 0 g (NH,),HPO, - m™2; W,: 30 g (NH,),HPO, - m™2; W,:
60 g (NH,),HPO, - m™>; W,: 90 g (NH,),HPO, - m™?; W, 120 ¢
(NH,),HPO, - m~2. F[A] The same below. I . @38 H Chlamy-
dodontida; I ; [E% H Sessilida; Il PUEEH Tetrahymenida; IV . Fg{5
H Philaslasterida; V ; WL H Pleuronematida; VI ; A% H Prorodonti-
da; VI: %¥FH Cyrtolophosidida; V. ¥ H Colpodida; IX . /i H
Microthoracida; X : # 11 H Nassulida; XI: 3% B Haptorida; XI: i
#FH Armophorida; XII: EBA:H H Urostylida; XIV: #FE H Sporado-
trichida; XV : $E®E H Stichotrichida; XVI. {i#1h H H Euplotida;
XVI; 5EH Heterotrichida.

R TE W B B 9 E3ERE.

Wo W, W, W, W & HE A r X (B IE A A
WWH) S EXRF (EH JHMMRE HEBH B
EH RBHERE AL H) 09 A8 5 5 R 0.3333,
0.3824,0.5484 ,0.4545 ,0.8095, {4 522 TH 5 (14 34
Wi Wt NE A5 B T AR X B i 3 i, 2R AF £
AR Bt i b
2. 2.2 fRHFh RF 45 ZE S A AL BEAE R BT
X5 s B PRI SR A B B R & ( Colpoda) A FH
KU/NBEIE H( Colpoda minima)  #3:R'& ¥ HL ( Col-
poda patella) ¥ "5 IE H ( Colpoda steini) F1+ 'S
JEHL( Colpoda edaphoni ) TE B34k B B Ay A F

it , e/ NEE TR 4 A 270 B9 25 A A 3R 2 1
PR, 22T 0 d( Spathidium lucidum ) 1674 2 FIFk 2=
A4 MAEF (W, W, W, W) B 1 A
(W) AR 3 A FE (W, W, W) HERE
PR A UL B U 0y — LE RS A SE T R I Y
AR T FEI N )

AL FRLH B PEF TR XS W B3 T
A i F HUE 1l (Spirostomum sp.) | 31 3l BUEG H
( Engelmanniella mobilis ) . W 2§ 2% & . ( Oxytricha
chlorelligera) .~ Bt JE i & . ( Urosoma karini) Fl/)
BIE B W B PLFAF R - 3% W % L ( Blepharisma hya-
linum) /INEIE B 5B R BEIRAR L ( Cycli-
dium muscicola ) FIAEWERHE B ( Chilodonella aplana-
ta) s W, ’IPLFFN N o ANETE L WL A PE A - 4R
RE W (Oxytricha lanceolata) AR B IE AN IE
HO W IR RFR A . 52 70 1 08 B E HLU( Colpoda
cucullus) FER'EIE R /NEIE BTG IE B H ( Col-
poda colpidiopsis ) .
2.2. 3 AR AR 21 FhEF B AR BT A R AR
AHEBL, ) AR, &2 R R SR 16.3% , 71
AN 1 Fh (Euplotes sp.1) i 3 B R HL ]
B W (Histriculus similis) |7 & W18 58 B ( Sterkiella
cavicola)) VT2 5 1 M ( Gonostomum affine) | &4 F&
H( Uroleptus caudatus ) . 7% W 71 11 4 ( Spathidium
scalpriforme) 5 J1 11 W& J1 H W ( Spathidium cau-
datum) \J] 7] 1 8 ( Spathidium spathula) | %1% % 1
H( Trachelophyllum pusillum) 15 "B # /NEIE
B HHEEE 351 BB B ( Colpoda henneguyi) |
TR 1T 3L ( Holophrya simplex ) | JAE B 4% HU ( Cycli-
dium citrullus) N Bt H B ( Glaucoma scintillans ) ¥
JE4 L (Vorticella cupifera) | 580 ML ( Vorticella picta)
FIEAHE H ( Chilodonella capucina) . % B& Hp R4 Ff
A 3R, AR RS 2.3% , 430 A Tié 1
J& 1 Fh A SRR 1 1L ( Pseudoholophrya terricola ) F1
KA JE 1 FF ( Dileptus sp.) . it BE AL BE A 4 G Fh
24 Fifr, o5 21 B HUP R OSRORY 18.6%. 7353 D i i A
Ji5E HU ( Cyrtohymena australis ) 7K ¢ 55 11 H, ( Steinia
sphagnicola) ARt & L ( Urosoma acuminata) | I
R B H ( Urosoma macrostyla) A B R Fé 1 ( Uroso-
ma caudata) KB 25 W ( Caudiholosticha sylvati-
ca) FH O HJE 1 A ( Enchelys sp.) . 97 )& J1 10 H
( Spathidium extensum) . JJ 11 HUJ& 1 # ( Spathidium
sp.1) AR HUE 1 1 ( Bilamellophrya sp.) AR EIE
H B B ( Colpoda simulans) | FIE B K EIE
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HUE 1 Fi( Colpoda sp.2) \'EIEHUE 1 Fh ( Colpoda sp.
W 8L B ( Paracolpoda steini) | 57 £ &L 1T H
( Platyophrya vorax ) {5 # 11 H ( Holophrya sulcata) |
R HUSE 1 ( Prorodon sp.1) | 156 |5 18 Ji& 88 ( Sath-
rophilus ovatus) PIE4P B (Vorticella campanula) .\
B (Vorticella octava ) F1ETE &L B ( Chilodonella
cucullulus) .
2.2.4 YRIoM A TGRS 4 AR
LRI (R 2) A4 W, YR F 6 A
105 Fifr, (54 Fh ALK 81.0% 5 W, (W, FI W, 43 il A
87.89 A1 85 Fi, 3-3ill i My Fh L EL Y 67.4% 69.0% Al

64.3% ; W, 2F E YR i/ A 68 B, 5 W Fh S 20
52.7%. 11U 43 M 22 B, Bl 25 it A 8 110 188 00 45 A a1 &1
EAHYFEE TR FIH 5N y=-0.253x+
102.00 (R*=0.83,P<0.05).

Bl 3 5w, 7E 70% A UMK 45 FE S8 o
3N, W, 5 WO N 1A, W, 5 W ok 14, W, a7 Ak
1 1. ANOSIM 4341 s, A [R] it RE A o5 1% 1 1 2
T AR B F R (R =0.59,P=0.001) . %I
W Fl W, R 3 A AR AR, T 5 W R W AH S W, S5
b A2 25 S5 A5 A 1 A it A K R T R 2 i T £
ERYFE AR,

x2 BRESIEAEHSH

Table 2 Distribution of soil ciliates in various sampling sites

Yy HZ Spring EZ Summer 2 Autumn K2 Winter
Species Wo W, W, Wy W, W, W, W, W, W, W, W, W, W W, W, W, W, Wy W,
75 % Blepharisma hyalinum 1 1 1 1 1 0 0 0 1 1 0 0 1 1 0 0

BARE B Blepharisma steini

i5E A% H. Blepharisma lateritium

Ji€ 1 HUE 1 A Spirostomum sp.
AU N Euplotes muscicola

EHEUF N Euplotes muscorum

W NHUE 1 Euplotes sp. 1

Wi b HUE 1 P Euplotes sp.2

15 31 B B Engelmanniella mobilis
TLHi U 1 FF Wallackia sp.

AEHE 1 Fh Keronopsis sp.

KBk Halteria grandinella
BN B Cyrtohymena australis
BEEE I Cyriohymena muscorum
RAE WL Cyrtohymena candens

UEN B W Histriculus similis

7 A= B B Notohymena selvatica
INRFEH Oxytricha minor

Wik 22 W, Oxytricha granulifera

BB FT2R B W Oxytricha hymenostoma
FMRRBH Oxytricha lanceolata
FKIARIIRE B Oxytricha longigranulosa
28R W Oxytricha chlorelligera
REHE 1 F Oxytricha sp.
EHEHE 5 B Sterkiella histriomuscorum
JJE T 5 B Sterkiella cavicola

DU AT 70 B Sterkiella quadrinucleatus
Wil vE HUE 1 FP Sterkiella sp.

IKEETE 11 1 Steinia sphagnicola

RELF R Urosoma acuminata
[ 7 2 B Urosoma macrostyla

H R R R H Urosoma caudata

FHiJe R R Urosoma karini

WI5# 58 11 H Gonostomum strenuum

T ZEFE 1 H Gonostomum. affine

FE 1 HUR 1 FF Gonostomum sp.
45 HL Caudiholosticha sylvatica
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Table 2 Continued

Yy Fh HZ= Spring HZ Summer #Z= Autumn &2 Winter
Species W, W, W, W; W, Wo W, W, Wy W, W, W, W, Wy W, W, W, W, W3 W,

L4 H Holosticha viridis 0 1 0 0 0 0 0O 0 1 1 1 0 1 0

BREFI L Holosticha sylvatica

25| )& 1 Flt Holosticha sp.1

25| HUE 1 FP Holosticha sp.2

FEJE FE H Uroleptus caudatus
SR I Uroleptus dispar

EEEIS R W Uroleptus muscorum

KEM:H Urostyla grandis

KAk . Metopus hasei

Nk B Metopus es

A Sk B Metopus gibbus

LR O ML Chaenea teres

18] B4R T L Enchelys simplex

RHAHUE 1 Bl Enchelys sp.

Bl A= FUURR 1 W Pseudoholophrya terricola

HHUE 1 F Bryophyllum sp.

E#ET] O Spathidium muscicola

FERET] 0 Spathidium scalpriforme

2271100 W Spathidium lucidum

& 7] 01 Spathidium caudatum

J171 1 H Spathidium spathula

£ TJ 11 H Spathidium procerum

YR TI 0 W Spathidium extensum

KR JJ 0 8L Spathidium longicaudatum

FEJI 1T HL Spathidium claviforme

JIEHUE 1 Spathidium sp.1

TIH HUE 1 Ff Spathidium sp.2

IR B Dileptus monilatus

F KB Dileptus amphileptoides

B IS Dileptus alpinus

I A Dileptus conspicuous

KHHJE 1 M Dileptus sp.

XA HUE 1 B Bilamellophrya sp.

KA EHA H Enchelyodon longinucleatus

YLILAE I I Trachelophyllum pusillum

R - Trachelophyllum chilense

LA I Trachelophyllum sigmoides

{48 11 1 Nassula gracilis

Fli g 1 Drepanomonas obtusa

WA B IE I Colpoda steini

18 B 2 1 Colpoda cucullus

FR'E I W Colpoda patella

Rk B H Colpoda inflata

/NEIE L Colpoda minima

BB H Colpoda simulans

BIE BT B Colpoda reniformis

FHEEIE H Colpoda edaphoni

HIEBIEH Colpoda colpidiopsis

TIE'EIEH Colpoda henneguyi

RI5BIH Colpoda orientalis

% dUE 1 Colpoda sp.1

BIEHUE 1 Fh Colpoda sp.2

Y HUE 1 b Colpoda sp.3
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Table 2 Continued

Yy Fh HZ= Spring HZ Summer #Z= Autumn &2 Winter
Species Wo W, W, Wy W, W, W, W, Wy W, W, W, W, Wy W, W, W, W, W3 W,

HI 4R 1 Colpoda sp.4 0 1 0 1 0 0O 0 0 0 1
B HJ&E 1 # Colpoda sp.5

KAEIRHL Cyrtolophosis elongata

KIEIRHL Cyrtolophosis major

WA HUE 1 F Cyrtolophosis sp.

IAMRIUAEIR HL Pseudocyriolophosis alpestris
K AR W Platyophrya macrostoma
TR T Platyophrya vorax

YRR B Holophrya sulcata

TR #R 10 HL Holophrya simplex

JE#R 11 L Holophrya atra

27 B Plagiocampa mutabilis
BTG B Prorodon teres

Wi MU 1 b Prorodon sp.1

R4 BUE 1 Fh Prorodon sp.2

JUEBEAS I Cyclidium citrullus
EREPEAS . Cyclidium muscicola

KR 4 g Cyclidium oblongum

i B A4S B Cyelidium glaucoma
BV B Sathrophilus muscorum

1 [ 1 J65 1, Sathrophilus ovatus
ik LT . Cohnilemebus fusiformis

WESE BEET H. Cohnilemebus vexillarius
INBEH W Glaucoma scintillans

B IEBEH B Glaucoma reniformis

K EHE B Glaucoma macrostoma

% [EIH;"@LE Tetmhymenu rostrata

ZIE URE H, Tetrahymena pyriformis
BB HL Vorticella campanula

PIE B B Vorticella cupifera

WP Vorticella picta

J\EHH Vorticella octava

TR RME L Chilodonella cucullulus
HAVE B Chilodonella capucina
EUFERE L Chilodonella aplanata

R EHE L Chilodonella uncinata

EL 4k AHE H Chilodonella bavariensis
& HE 1 P Chilodonella sp.

PHPLEVE HUR 1 Pseudochilodonopsis sp. 1 0 1 0

3t Total 48 42 40 35 38 56 38 35 35
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Fig.3 Cluster and MDS analysis on species distribution of soil ciliates in various sampling sites.
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Fig.4 Species number, density and species diversity index in

various sampling sites.
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6~ 10 FHZEAAE A, AR HE S5 1 F02f 2 HEP Sl
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KX RDA 2540 STk e 7e 22 5, Horb Bk
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&3 RDA RIEFRETEMHE
Table 3 Explained scale of RDA before selection of envi-
ronment variables

BTN T

Environmental

RDA LA i HE51 (H
Ordination value of RDA simplified model

factor F P

S Total phosphorus 23.20 0.002
1R JE Temperature 8.70 0.010
27K & Water content 4.61 0.046
B Total nitrogen 1.75 0.214
H ALK Organic carbon 1.66 0.230
pH 0.15 0.776
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Table 4 Correlation coefficients of environmental variables
with axes

PN T 1 i 2

Environmental factor Axis 1 Axis 2
S5 Total phosphorus 0.7611 -0.4257
IR Temperature 0.5713 0.5595
2K Water content 0.4560 0.3259
Y SEREE I T AR S 0.965 0.702
Species-environment correlation

ZI1E 4 Cumulative percentage 89.4 91.4

2 Axis 2

_1.0 . . )
-1.0 -0.5 0 0.5 1.0

31 Axis 1

5 WFh-IREAHHOCR M RDA HET Al

Fig.5 RDA diagram of species-environment relationships.
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it i AT 2 O 384 111 4% 22 454 4. Samipling site with the addition of fertilizer
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