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Effect of water and N treatment on meso- and micro-fauna
communities in soil of desert steppe

MEI Li*, HONG Mei*",ZHAO Bayinnamula®,DE Haishan*, HUO Lixia*, LIU Pengfei*

(a College of Grassland s Resources and Environment ,b Inner Mongolia Key Laboratory of Soil

Quality and Nutrient Resources , Inner Mongolia Agricultural University , Hohhot, Inner Mongolia 010011, China)

Abstract:[Objective] This study investigated the effects of water and nitrogen treatment on soil meso-
and micro-fauna communities in desert steppe to understand the ecological responses of desert steppe to
global change. [Method]) During growing season in 2014 ,the effects of control (CK,natural rainfall) ,rain-
fall removal (R) ,water addition (W) ,N addition (N),rainfall removal and nitrogen (R+N) ,and water ad-
dition and nitrogen (WN) on meso- and micro-fauna communities in soil of the Stipa brevi flora desert
steppe of Siziwang Banner,Inner Mongolia were studied. [Result) In Stipa brevi flora desert steppe,a total
of 333 079.5 ind/m* were captured,and they were classified into 4 phyla,10 orders and 47 families. Collem-
bola, Arachnida and Insecta were the major groups. The communities were dominated by Neanoridae and
Isotomidae. The communities mainly consisted of dominant and common groups. Water addition and water
addition combined with N addition stimulated the density of soil meso-fauna in desert steppe while rainfall

removal and rainfall removal combined with N addition reduced individual density of soil fauna. The inter-
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action between water and nitrogen had positive effect on soil fauna individual density,except for group rich-

ness. Soil meso- and micro-fauna communities in Stzipa brevi flora desert steppe had surface clustering fea-

ture,and individual number at 0—10 cm in all treatments was significantly higher than in 10—20 cm (P<C

0. 05). [Conclusion) The density of meso- and micro-fauna is more sensitive than group richness with in-

creasing precipitation and N deposition in future.

Key words: soil meso- and micro-fauna communities; water and nitrogen (N)treatment;Stipa brevi flo-

ra desert steppe
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Table 1 Community composition and density of soil fauna under water and nitrogen treatment

B 20 i, Community composition

AR /(H « m™?) Density

#W Classis H Order F} Family CK R w N R+N WN il Total
K £ ok Rk 509. 3 509. 3 509. 3 1527.9 2037.2 2037.2 7130.1
Entomobryidae (0. 98) (1.37) .77 (2.48) (6.90) (2.35) (2.14)
3 ok 1018.6 509. 3 2037.2 1018.6 1527.9 3565.1 9 676.6
Onychiuridae (1.96) (1.37) (3.08) (1.65) (5.17) (4.12) (2.9
figh ok Bk 1527.9 2037.2 4074.4 2546.5 1018.6 2037.2 13 241.7
Tomoceridae (2.94) (5.48) (6.16) (4.13) (3.45) (2.35) (3.98)
e dk Rl 10185.9 9 676.6 9676.6 8148.7 3055.8 11204.5 51 948.2
Neanridae (19.61)  (26.03)  (14.62)  (13.22)  (10.34)  (12.94)  (15.60)
il 2 2K s H Bk B 2 546.5 509. 3 1018.6 5602.3 2037.2 4583.7 16 297.5
Collembola Collembola Poduridae (4.90) (1.37) (1.54) (9.09) (6.90) (5.30) (4.89)
Bk 1A dok Rl 1018.6 1527.9 3055.8 3565.1 4583.7 9676.6 25 464.8
Hypogastruridae (1. 96) (9.59) (4.62) (5.79) (15.52) (11.18) (7.65)
[ stk 1018.7 2037.2 2037.2 2037.2 2037.2 509. 3 9 676. 6
Sminthuridae (1.96) (5.48) (3.08) (3.31) (6.90) (0.59) (2.91)
BRI 10 695.2 4583.7 5602.3 45837 3565.1 7639.4 36669.3
Isotomidae (20.59)  (12.33)  (8.46) (7.44)  (12.07)  (8.82)  (1l.0D
5 ff ok R 1018.6 1018.6 2546.5 3 055.8 B 41583.7 12223.1
Zetorchestidae (1. 96) (2.74) (3.85) (4.96) (5.29) (3.67)
o5 5 R 1018.6 509. 3 1018.6  2546.5 B B 5093
Trombidiidae (1.96) (1.37) (1.54) (4.13) (1.53)
¥ 5 s - 1018.6 2037.2 1018.6 1018.6 509. 3 5 602. 3
Cryptognathidae (2.74) (3.08) (1.65) (3.45) (0.59) (1. 68)
R 6 A 2037.2 1018.6 1018.6 o - 509. 3 4583.7
Anystidae (3.92) (2.74) (1.54) (0.59) (1.38)
R R _ _ 509. 3 _ 509. 3 1527.9  2546.5
Wi - Tydeidae 0.77) (1.72) (1.76) (0.76)
IR TE 49 AT B L 250 05 ) B B 509. 3 1527.9 B 509. 3 2 546.5
Arachnida Acarina - Cunaxidae 0.77) (2.48) (0.59) (0.76)
Prostigmata % 3 I _ 1018.6 1527.9 1527.9 1018.6 2037.2 7130.1
Pygmephoridae (2.74) . 31) (2.48) (3.45) (2.35) (2.140)
Wk - 1018.6 509. 3 2 546. 1018.6 _ _ 5093
Bdellidae (1.96) (1.37) (3.85 > (1.65) (1.53)
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& 1(&) Contiued table 1
B2 i, Community composition KB /(H « m2) Density
44 Classis H Order Bl Family CK R w N R+N WN it Total
B £ 195 7 509. 3 1527.9 509.3 509.3 1527.9  4583.7
Tarsonemus (0.98) (2.3 (0. 83) (1.72) (1.76) (1. 38)
M- 5 509. 3 B B 509. 3 B 509.3  1527.9
s H - Tetranychidae (0.98) (0. 83) (0.59) (0. 46)
HITT I B ol 8 s B 1018.6 N 1018.6 509. 3 509. 3 - 3055.8
Acarina- Microdispidae (1.96) (1. 54) (0. 83) (1.72) (0.92)
Prostigmata St/ R R 1018.6 -~ 1527.9 -~ o B 2 546.5
Xenocaligonellidae (1. 96) (2.3 (0.76)
0% £ i o B B B 509. 3 B B 509. 3
Teneriffidae (0.83) (0.15)
7N i g R 1018.6 509. 3 1527.9 1527.9 o 1527.9 6 111.6
Hermanniella (1.96) (1.37) (2.3 (2.48) (1.76) (1.83)
Jo 2 H R _ B - 509. 3 - 1018.6 1527.9
Eremaeidae (0. 83) (1.18) (0.46)
B I R 509. 3 509. 3 1018.6 - 509. 3 1527.9 4 074.4
Haplozetidae (0.98) (1.37) (1. 54) (1.72) (1.76) (1.22)
i H - LR 6 AR 3 565.1 2 037.2 4074.4 3 565.1 509. 3 5093 18 844
A gl v © Trhypochthoniidae (6. 86) (5.48) (6.15) (5.79) (1.72) (5.88) (5.66)
WRIE 49 Acarina- |- % B R 509. 3 509. 3 B B 1527.9 1018.6 3565.1
Arachnida Oribatida Epilohmanniidae (0. 98) (1.37) (5.17) (1.18) (1.07)
He g R B B 3055.8 1018.6 B 2546.5 6 620.9
Camissiidae (4.62) (1.65) (2.9 (1.99)
W30 B AR 1 018. 6 B 1527.9 B B 1018.6  3565.1
Astegistidae (1.96) (2.3D) (1.18) (1.07)
S F g B B B 509. 3 B B 509. 3
Gustaviidae (0. 80) (0.15)
B! — 509. 3 B 1018.6  509.3  2037.2 4074.4
Epicriidae (1.37) (1.65) (1.65) (2.35) (1.22)
A ! 1018.6 B 1018.6  509.3 B B 2 546.5
Phytoseiidae (1.96) (1.54) (0. 83) (0.76)
g - JE 5 5 ol B B - - - 1018.6 1018.6
FE W H Pachylaelapidae (1.18) (0.3D)
Acarina - 2 R} 1018.6 1018.6  509.3 1527.9 B 1527.9 56023
mesostigmata Parasitidae (1.96) 2.7 0.77) (2.48) (1.76) (1.68)
25 2 W Rl 509. 3 509. 3 o 509. 3 1018.6 509. 3 3 055.8
Ameroseiidae (0.98) (1.37) (0. 83) (3.45) (0.59) (0.92)
2 i B B B 509. 3 B 509.3  1018.6
Uropodidae (0. 83) (0.59) (0.31)
BB 1018.6 509. 3 1018.6 509. 3 o 2037.2 5093
Rhinotermitidae (1.96) (1.37) (1.54) (0. 83) (2.35) (1.53)
s H KB R} 509. 3 B 2037.2  1527.9 B 1018.6 5093
Isoptera Kalotermitidae (0.98) (3.08) (2.48) (1.18) (1.53)
R 509. 3 7 7 - B 1018.6  1527.9
Termitidae (0.98) (1. 18 (0. 46)
ZEMH ] SR 1018.6 o 509. 3 o 509. 3 2037.2 4074.4
Thysanoptera Phlaeothripidae (1.96) €0.77) (1.72) (2.35) (1.22)
2L R 509. 3 509. 3 2 037.2 - 509. 3 2037.2 5602.3
Ptiliidae (0.98) (1.40) (3.08) (1.72) (2.35) (1.68)
e . £ AR o - - 509. 3 - 2037.2 2 546.5
Insecta ‘%M H Carabidae (0. 83) (2.35) (0.76)
Coleoptera
o R B 1018.6 1018.6 - B 509.3 2 546.5
Elatcridae 2.70 (1.54) (0.59) (0.76)
Ko gy Rl _ - 509. 3 509. 3 - 509. 3 1527.9
Staphylinidae 0.77) (0.83) (0.5 (0. 46)
BB 2R 509. 3 B B 1018.6 B 1018.6 2 546.5
Hemiptera Enicocephalidae (0.98) (1.65) (1.18) (0.76)
X H AR 509. 3 - -~ 1018.6 - 1018.6  2546.5
Diptera Eriococcinae (0.98) (1.65) (1.18) (0.76)
N H R 1018.6 1018.6 2 546.5 3565.1 509. 3 1018.6 9 676.6
Hymenoptera Formica (1.96) (2.70) (3.85) (5.79) (1.72) (1.18) (2.9D)
& a5 i H TRt 5% n Bk 509. 3 B B B 509. 3 1018.6
Chilopoda Geophilomorpha Oryidae (0.98) (1.72) (0.31)
AR RE/(H « m™?2) Density 51948.2 37 178.6 66 208.5 61 624.8 29 539.2 86 580.3 333079.5
RBEH Group number 33 25 33 35 22 39 47

TE 55 B o5 BRSO S o — RN K LR A Y R A F P R R

Note: The member in bracket is the ratio to total density. “—”indicates that this group was not found.
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Fig. 1

Effect of water and N treatment on soil meso- and micro-fauna communities
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Fig. 2 Change in density and group richness of soil meso- and micro-fauna under water and nitrogen treatment
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2.5 KEEFHTITERESHWTK F CK 4bFE(P<C0.05), W A F I A LR & &

Hi 2 AT B Ah 1SR A% 1R T e I A i A o
A8 T RN 5800 SR R T BRI . KR AL
HARPEN RS R AL pH LB K R B R
W RATREZ, NOHMEESATERES

B E e T CK A (P<C0. 05) . R+ N 4b # 5 2 R AI%
TR G R(P<<0.05), WN AL B 2425 T b
MR AEY R LW A H R AR T B A Y LR
SR FRFN N AbFE G E FRAL T M B A,

X2 KEEHTLIERESHHNTWL
Table 2 Environmental parameters under water and N treatment on soil
. i EA R/ N A/
ESRE - , , ;
b 3 BER/ AL/ EHEGOKRL/ Y BB % (kg + hm ) (kg + hm?)
. (mg » kg™ 1) (g kg ) pH e . -
Treatment x Soil moisture Coverage Above-ground Below-ground
NH{ -N OM . .
biomass biomass
CK 2.404+0.26 bc  23.6840.84 bc 8.23+0.06 a 3.334+0.12 be 15.83+1.21 b 1836.47+88.34 b 34.18+3.88 be
R 2.3340.30 bed 22.054+0.79 ¢d 8.2340.07 a 2.78%+0.13 cd 15.13£0.72 b 1339.07494.38 ¢ 27.284+7.21 ¢
W 2.06-£0.09 cd 25.9140.24 a 8.27+0.09a 2.944+0.27 bed 15.7540.87 b 2 214.934+76.60 a 51.0747.29 ab
N 4.56+0.36 a 25.3440.73 ab  8.17£0.10a 3.424+0.18 ab 16.0040.70 b 1476.20+104.38 ¢ 37.95+8. 88 abc
R+N 1.5040.10 d 20.7740.39 d 8.42+0.04a 2.61+0.10d 13.75+0.82 b 1763.80+94.42 b 23.93+2.44 ¢
WN 3.16+0.18 b 26.06£0.06a  7.7840.21'b 3.9340.24 a 18.6740.27 a 2098.75£74.26 a 57.33+6.83 a

TE < [ 81 00 o AN ) /NG 7 B 2 b B ) A A 3% 2 S (P<<0. 05)

Note: Different lowercase letters indicate significant difference among treatments (P<Z0. 05).

2.6 RNBILEHYBESIEFOMEREE
R4 < 1

DR A A A R R R0 T /N - S 5 )
Aiv B9 AR LB, 20 B 1 vh /NI A S Sl W B T R A
T EIAE N T LA LA OGRS LR 3.
HIZE 3 AL AT H 2R S s S R R 23 IE
R K AR (P<C0. 05) s BTV H LV H A 1A%
JE M2 RE R 5 B 3 PR O TR G
AT T H AR BE AN RS A i R B
E N ETEN PN RAS RN YR I E S

5 b A A B R SO AR AR R S
TR R A R B AL 5 A VLR A
B B b A A AR e
R A s BT KR SR B H 5 H AT
W H A M T B R A SR OG A AT H AN
T A AR - A B L A A O s I
AAE BE MRS pH 2 B AR KRR (P <
0.05). HIEn] UL /NI + Sl ¥y 5 i AR A7 3R 85 Y
A E R KR

3 KEREFHTLIEGYHEEELIEFRSIMEHSENBEXE
Table 3 Correlations between soil fauna community and vegetation as well as soil nutrients under water and N treatment
LY B=N Y TR=N
Hbi KR AR AR kR gk JULEPE R
. \ pH . ; < Above-ground Below-ground
Item Animal group NH; -N OM Soil moisture  Coverage . .
biomass biomass
# 2 H Collembola 0.316 6 0.455 0" * —0.575 7" 0.422 1* 0.471 7"~ 0.409 8* 0.547 1%~
Atk Hii <1 T3F H Prostigmata 0.246 5  0.367 8" —0.0601  —0.0225 0.086 5 0.320 4 0.387 1*
w7 F g 7. H Oribatida 0.216 7 0.651 5"~ —0.440 2"~ 0.357 7" 0.327 0 0.479 3** 0.391 9"
Density =
EPWH]E.D 0.328 5 0.077 5 —0.169 8 0.339 6" 0.4599** —0.016 1 0.179 6
Mtaesostigma
#i 2 H Collembola 0.189 3 0.222 4 —0.218 8 0.124 2 0.118 0 0.242 1 0.272°5
KPR Hi LI T3F B Prostigmata 0.3179  0.357 7~ —0.0931  —0.2795 0.050 6 0.229 5 0.448 57~
Group 5% . H Oribatida 0.095 6 0.393 7" —0.329 7" 0.086 7 0.365 8* 0.442 0* * 0.268 7
number L=
EPW,JW.EI 0.3582* 0.1255 —0.188 3 0.400 8* 0.4832** —0.010 6 0.212 0
Mtaesostigma

T * FREFBFE(P<0.05); x x RRZERWEH(P<0.01),

Note: * indicates significant difference (P<C0. 05)
39 i

MR R X /N TR Y B R RN
e IR SRR E TR 22 ) AN T

3.1

; *  x indicates extremely significant difference (P<Z0.01).
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AR AR LI, RA KR HAER T /R
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RAE . L B i IS 5K 45 R v /N B - 5 5 ) A
Th (152 T 5SS A B L K GRS L (G i R Ak
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P 55 B R A i BRAR T 38 pH (AL W )
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