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The responses of soil protozoan communities to Quercus aquifolioides:
recovery after cutting and growing season dynamics

Lingjuan Li*2, Qinli Xiong"??, Kaiwen Pan*", Lin Zhang""

1 Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041

2 University of Chinese Academy of Sciences, Beijing 100049

3 College of Life Sciences, Sichuan University, Chengdu 610064

Abstract: The eastern Qinghai-Tibet Plateau is fragile but offers important ecological services. Because of
frequent cutting, local biodiversity is seriously threatened. This makes ecological recovery from logging be-
come a research hot spot. Protozoa as a biological indicator in ecological restoration plays an important role.
In this paper, we selected four types of Quercus aquifolioides forests (mature stands, clearcuts for secondary
growth aged 20 years, 10 years and 1 year) to study the alteration of soil physicochemical properties and
protozoa quantity along different months during growing season. The main results showed that: (1) The
amount of flagellates in the second growth forests within 10 years (193 ind./g dry soil) and within 1 year (164
ind./g dry soil) were significantly higher than that in the mature stands (22 ind./g dry soil), while the amount
of amoebae was the most in the second growth forest within 1 year (600 ind./g dry soil). Ciliate quantities in-
creased gradually along with the recovery after clearcuts. (2) Protozoa community quantities first showed a
significant increase and then decrease with months during the growing season, the abundance of flagellates
reach a peak in July, the amount of amoebae was largest in August and ciliate abundance was much greater in
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the other three months than June. (3) The amount of protozoa closely related to soil physicochemical proper-
ties. The amount of flagellates were positively significantly correlated to pH (P = 0.019), ciliate quantity was
positively correlated with amino nitrogen (P = 0.002) and C/N ratio (P = 0.022), and amoebae quantity was
negatively correlated with nitrate nitrogen (P = 0.008) and C/N ratio (P = 0.016). The results suggested a
great fluctuation of protozoa communities in the growing season affected by soil physicochemical properties.
Ciliates communities showed a positive response, while flagellate and amoebae showed a negative response,
to the recovery of Quercus aquifolioides forest after cutting.
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AP TR H 2 2 B AR S H R RE (T2
FyLH 25, 1996; Yang et al., 2002; Usher et al.,
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Table 1 General situations of Quercus aquifolioides forests in Xiaojin, Sichuan Province, China

4bFH Treatment Wi Slope (°)

R Altitude (m)

HEMTEE Shrub canopy coverage M E Shrub height (m)

&
Eﬁf stand (O) 23+3 3,280
%'ﬁiﬁznd forest (T) 2343 3,265
%%rlfeiind forest (N) 23£3 3,270
fky%stind forest (R) 2343 3,250

0.92+0.06° 4.13+0.27%
0.84+0.05° 2.45+0.19°
0.76 +0.05"° 1.98+0.23°
0.02+0.00° 0.08 +0.03¢

P ESIP AR F R RER R
Different letters in each column indicate significant difference (P < 0.05).
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Table 2 Means of soil physicochemical properties and phospholipid fatty acid (PLFA)

izt JOBL] 6H 7H 8H 9H
Index Treatment June July August September
+ 357K Z Soil moisture (%) o 48.58 + 3.70 37.38+2.83 39.59 + 2.03 52.67 +4.19
T 45.26 +£1.37 33.19+231 3755+ 245 4759 +£2.48
N 39.01+4.01 33.06 £ 3.60 29.26 + 2.76 42.12 + 2,58
R 39.43+1.07 31.64 +0.58 38.16 +0.27 47.40 £ 0.47
pH (0} 4.25+4.25 445+ 4.45 5.13+5.13 492 +4.92
T 486 +0.13 482 +0.13 5.08 £0.10 458 +0.16
N 5.69 + 0.29 5.33+0.16 5.54 +0.08 5.27+0.28
R 5.03 +0.36 5.22+0.31 6.23+0.12 6.99 + 0.16
#eZ&5 % Amino nitrogen (mg/kg) 0 13.09+1.13 4.30+0.42 9.55 +0.54 34.18+2.96
T 10.63 +1.15 13.13+0.97 10.75+1.16 40.75 £ 1.77
N 3.59+0.80 954+1.14 6.91+£0.81 1220+1.71
R 451+0.11 0.23+0.10 4.14+0.19 4.82+0.27
M % Nitrate nitrogen (mg/kg) 0 25.96 + 1.45 3.14 +0.68 29.26 +2.62 11.91 + 2.56
T 31.27 +3.78 11.23+2.94 36.21 +2.01 22.27 +4.61
N 30.59 + 2.40 9.05+1.37 13.12+2.25 43.11+£3.32
R 20.06 + 2.61 6.11+1.19 33.39+232 52.12+2.11
4% Total N (g/kg) 0 6.08 +£0.09 5.00 + 0.07 4.55 +0.08 5.89+0.11
T 4.58 +0.04 4.07 £0.02 4.43 £0.03 4.50 £ 0.03
N 3.80£0.04 3.52+£0.05 3.87£0.03 3.99+£0.03
R 4.79 +0.02 4.78 +0.01 5.37+£0.01 5.62 £0.01
4B Total C (g/kg) o} 82.27 £ 1.65 64.99 +1.11 55.52 +1.32 78.49 +2.03
T 59.33+0.58 51.77 £0.37 56.66 + 0.42 54.73 £ 0.27
N 42.44 £ 0.55 40.11 £ 0.75 43.27 £0.45 42.82 £0.51
R 39.88+0.17 40.95 +0.08 44.06 + 0.06 49.79 £ 0.09
k%t CIN ratio o] 13.23 £ 0.80 12.78 £0.52 12.50 +2.28 12.88 £ 0.79
T 12.94 +0.20 12.71+0.42 12.77 £0.33 12.18 £0.36
N 11.10+£0.24 11.15+£0.63 11.12+0.28 10.64 £0.74
R 8.32£0.03 8.58 £0.09 8.21+0.11 8.86 £ 0.08
+HEE Soil temperature (C) o} 11.78 £1.03 13.58 £1.07 11.75+1.37 9.64 £1.22
T 11.57 +1.10 1346+ 1.14 11.88 +1.39 9.76 + 1.18
N 11.85+1.11 13.68 £1.15 11.69 + 1.39 9.59+1.19
R 12.15+1.13 14.67 +1.21 12.83 +1.35 10.55+1.44
T NG NG 105 6 SR AE IR A A T A ) 0 12.87 £2.95 9.87+0.73 7.60 +0.83 514 +0.32
Phospholipid fatty acid (PLFA) T 4.46 £ 0.63 9.08 +1.28 5.18 + 0.56 5.04 + 0.55
(nmol/g) N 9.75+2.04 12.50 £ 1.30 4.84 +1.02 3.70+0.49
R 8.44 £ 0.40 8.35+1.15 9.55+1.45 478 £0.44
HAEA T FRFRL

The meanings of O, T, N, and R are the same as those in Table 1.

RYUNT G AR BT m sy, R e HEREAAKFEREATEE BRI A,
IR LVFEMIBAET H & Bk, 218, O W, BT R T 238 21 571 (13.85°C)

TS B AEA R A B AR 2 B S PR T a3, AR A [ Pk AR 1) = SRR A A 2%
JE AR PR AN 52 20 4F (AR M AEQ H A A AT I B (K2, 3). JFUAIR LIRS KA T N51.72%, &
iAW, AR R SlEEKRFNE  FaTEMREN. pHIENM KR, BEH KRR K
WA (JRAGMRERSL), AR IS T REE I B, KR 204F (MRt (4.84) i 2 K 1K
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Table 3 ANOVA of soil physicochemical properties

Eizga i Hbr AbFx H 4y
Index Treatment Month Treatment x Month
F P F P F 3

Fr7KZ Soil moisture 4.267 0.029 6.186 0.029 0.686 0.578
pH{H 25.600 0.000 40.044 0.000 34.024 0.000
B 2% Amino nitrogen 959.806 0.000 261.049 0.000 45.771 0.000
7% Nitrate nitrogen 1,337.074 0.000 20.403 0.001 14.887 0.000
4% Total N 437.802 0.000 3.700 0.020 1.711 0.122
4:fjk Total C 214.283 0.000 0.017 0.898 0.659 0.593
%L CIN ratio 28.127 0.000 0.555 0.471 0.362 0.781
TR ¥ Soil temperature 8.174 0.000 94.545 0.000 0.404 0.751
BUEMMH(5.87). HEREREE, RINKE 1000 - _
204F > JEL A P> TR AL 04> PR 14 T A I 7 ik 00 =E F

ST MR R I, A AR o 15 (27.92
mo/kg), R ERAK, {X17.57 mg/kg. &E. &
Tk S IR e AR M de sy, 49 ) 95.38 glkg #1170.03
g/kg. MR 1O AR L AR M 3 P S L B S LE -3
H812.73, BE & TIKE LEMI(8.49). T HERE
TEVK R VFE MRt B =1, 912.55°C.
22 FEEPHNHB=ETK

HiE R, AR ARE REEEAE KFEAR
B, BAARIUNET S e R R (E L) . o,
¥R eS8 H AR i 2 (K1a). 27 B B R AR FM
A —EL, SRR A KRR IR T
J& BEAR T = a5, R 204 FN LA I AR L AE8 H
%, MIKEL10ERMARITET A #iE &% (K
1b). PRIE H 5 R AR SR R 4y, TEAE K ZE
BACERIANT. 8. OHMERT6H, H, &
GERR I ST B s i # (B Le)

JIE RN ARAR S T3 R 2R R B
) B S B B 3 0 24.56% . 5.14% F
70.31%. —RJF A ZEA R MRt £l 22 7 B
F(EL). Hrb, i RERE 109 A S R 2,
193N gt o PRIZ LOAF AN LA AR M (1) §E 6 th 3=
3 T KR 204 Fl JE ah R (B 1a) . AR E R HE
Wik D, WEVER AR SR 5>, 144 g T
do BEE VKT RGN, AR R 2, Bk
204 Mt Ik #3549 T 1 (El1b) . A& HU7E AR
AR 5 H B TR T my, W LEMR R R 2
600N gt B A Pk S TR RS o, PR e R E

=y
(=1
<
]
&

B B3 7H iy A
8H August
400 EZ3 o1 September I

B
A
50+_ AB BC
40
30 (e
20 |
10
0 : T :

|1
|1} T

o
=]

i B b H i
Flagellate individuals (ind./g dry soil)

NN

£ th 4
Ciliate individuals (ind./g dry soil)

2100
= C
2 2000 | A
2 1900 |-
=
=0 1800 |

2 2 1700 B

. 600 |
500
400
300
200 |

0 T N R

Bl SKEFRLEREIVHEETL. FTRREFH
RRTEM AR EEREE, LEKSERL
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Table 4 Correlations between physicochemical properties of soils and abundance of soil protozoa
T KA pH AR AR K ER3 WA MRS Em P2
Soil moisture Amino Nitrate Total N Total C C/N Flagellates ~ Ciliates ~ Amoebas

nitrogen nitrogen ratio

pH -0.040

¥ A% Amino nitrogen  0.465** —0.341**

THAS% Nitrate nitrogen  0.401** 0.481** -0.107

4% Total N 0.387** 0.124  0.149 0.127

4xfjk Total C 0.389** —-0.196 0.349**  -0.015 0.834**

% CIN ratio 0.249* —0.482** 0.394**  -0.114 0.130 0.639**

#iT Ht Flagellates -0.304* 0.293* -0.172 0.001  -0.027 -0.154 -0.218

#Z-EH Ciliates 0.057 -0.113 0.388**  -0.125 0.127 0.271* 0.286* -0.040

PRIE HL Amoebas —0.405** 0.084  -0.229 -0.328** -0.026 -0.183  -0.300* 0.145 -0.103

JRAESY) Protozoa —0.472** 0.193  -0.253* -0.281* -0.029 -0.211  -0.337* 0.554*  -0.067 0.904*

* P<0.05, ** P<0.01.

BEREAG, TEMHK I 204E 5, i P 208191
&, 54FF BB AE R (Bl Lc).
23 TEBUMRSEEFVREOEXES

PearsonfH G AT IR R B, AW ¥ + 1%
EKEEWBEETAREP < 0.001), 5HSEP =
0.044). FHAE(P = 0.025) A (P = 0.007) 2 &
FOM, MRS RS KR EEZ AR
(P=0.015), LpH{E 2 & ¥ IEMAHIE(P =0.019). 4
B ESESREWEE EAHXEP = 0.002), 54
(P = 0.030) FIAR & EL(P = 0.022) &£ B # 1IEAHxR. A
SRS /KEEP = 0.001)FIRAE (P = 0.008)
EWEE AR, H5EEP = 0.016) % &3 A
K(F4).

3 g
3.1 AR EANE) 1R S At B b M0 4 J A S B % HHE

FE)E AR g, MRl B0, W
& R BT B 43 03] 0 24.56%  5.14%
70.31%, 5 i X F g A s R B A
i PR B BAH AL B 2 R R 25, 1998) 03X i FE 5y
WP HIX, AR R R R N SR R R AR
SR b S, TR AR S
ARy B (7 N AR 2, 1998).

AR AR TR S AR B AR A R TE R R MR
%, T HIAEKE L AR . X 5 R WA AL
7R (2007 )55 - 33757 Ji Sh P aE v O T 9T 25 SR AH AL, 3L
H B v B A AE TV B B AV AR Tk

S LAFFILOSE 1) 1L vy Ll MR AR 3 8 5 P B i
Z, HIkELERd, R RHEEE . Xn]
Re A2 BT ZE R E I, 1 & Ll BRARAT P BE L/,
MR HEEE, AN B KRR, VR BRI 2
BRI T 7R I EYRE B AR VE IR, AT
A KRB (R, 2009). ez, BEEHURIA AL
O SR P 3 B RS PR = A M B R RS
FEVIR Ak, Ta) 42 Hh {2 3E KR A 4E K (Clarholm,
1985). P& BAE MR A i S RIS, R A
PAT A ERUGH R A A BB 4 i 7 B M K

gERMHERD, HHAYRR R, 1ERE
BB TE P ) AL AN BT R (7 B2 LR E
1996) . Tk 204 Mt - b i AF E R B E B = T
PE R, 5 IR AR AR BT (Kl 1b), 2 B AR R
B TREMBBAR T ERMAERK. X5H
IR RE VG 4 UG - BT B UG A A5 Tk 52 e B (1) F
—3, BONS B RBR A R E, EWRE YN
BEVR A R TR B, B RS 0, R 451
TR, ARSI R AT AR e R (7 B2
%5, 2011). ST JEAE BN B FH SRR AE AR 1 fl
IR+ 3 3R B 1148 1k (Foissner, 1997), £F& fRal T
REMEAE A N LLBRAR R SDIR WL (R 4 7~ 2R, BT
TR T
32 HKFIEFEENVRENTIFE

Ji AR Bl i A A K R B A N S D 1
(L), X EES A B AR FRR RORT B SRR
FAPCRIEIRAE . pHIE . EYRIESE) A K (Ingham et
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al., 1985). 7Eix—Xik, 6 H MW NEKE, 5§
LY EMTIREAE L, BEmi. 7. 8
H MY POERA K, KER R WA TE)
oy FR S REAE B e A i v, A B TR AR
B ZE(Renn et al., 2012), Mifi A JEA S H 1L
TR EY. AT, NE G BRSSP A
YT AR K R N5 b s, HRIETHIE
FPEAE (A CRR), 5IRANEE M BB
A3 FEWERMEVMNREDMRME T EE
(B R (MR 2 5 FARIE AR, 2003), AT 805 A
L/ NNEAG Sy

HACRE, WE REETET ik 8 (H 5 & 5
0 (ElLe), STHAEMRARLEFH AL, SRER
RS BRI KSR E AEYI(F = 0939, P =
0.010), 5 AdIFIGuptta(2006) I} 7T 45 5 — . i
B RS A PG (K1), 52 dAEL, T
OO AR KRR B AR A (1 e A7 AE — 58 B E P 4F
B RN K FHEZRH N, H7. 8. 9OH &
% T6H (El1b), X7 Ge252 B4 & R EVRIE
Wi, B RIRE(2012) W AL R W], AFEh SRR, W
RBFAEHE S ERR, X aESELdBRE
BAERKHEN N, M-SR, AR REEES
WA J ST el 2>
33 IMETEWRFNTIEFERNEFENT L

AICHRE N, HHEEE. KoLl &k
RS SR R B A SO R A S B (R R Y
FRIEAR, 2003) . 7H T3 femr, HAEJR S
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