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Responses of Meso-micro Soil Arthropod Communities to Different Amounts of Organic

Fertilizer Applied in Black Soil Area in Northeast China

WU Zhendan', WANG Wendong?, MA Shangfei’, ZHAO Wuyingga*, HONG Mei'*"

(1 College of Grassland, Resources and Environment, Inner Mongolia Agricultural University, Hohhot 010018, China; 2
Hulunbuir Agricultural Technology Extension Center, Hulunbuir, Inner Mongolia 021000, China; 3 Institute of Grassland
Research, Chinese Academy of Agricultural Sciences, Hohhot 010010, China; 4 Ulan Hot Agricultural Technology Extension
Center, Ulan Hot, Inner Mongolia 137400, China; 5 Inner Mongolia Key Laboratory of Soil Quality and Nutrient Resources,
Key Laboratory of Agricultural Ecological Security and Green Development at Universities of Inner Mongolia Autonomous
Region, Hohhot 010018, China)

Abstract: To examine the effects of varying organic fertilizer application rates on meso-micro soil arthropod communities in
cultivated black soil areas, while maintaining a constant rate of inorganic fertilizer application, the experiment was carried out at
the Agricultural Science and Technology Demonstration Park of Zhalaite Banner, Xing’an Meng, Inner Mongolia, from June to
September of 2018 and 2019. Four levels of fertilizer application were tested: no fertilizer of control, low organic fertilizer rate of
15 000 kg/hm?, medium organic fertilizer rate of 30 000 kg/hm? and high organic fertilizer rate of 45 000 kg/hm?”. The results
showed that: 1) A total of 509 786 meso-micro soil arthropods were captured, belonging to 66 taxa in 12 orders, and both

Pygmephoridae and Isotomidae were the dominant species under the four fertilizer amounts, accounting for 45.90%—-59.52% and
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12.36%—-21.66% of the total number of individuals, respectively; 2) A consistent positive response was found in the population of
meso-micro soil arthropods to organic fertilizer application, both in terms of quantity and across different soil layers. Notably, the
high organic fertilizer rate treatment significantly enhanced the development of meso-micro soil arthropod communities,
suggesting it as the optimal fertilization rate; 3) The analysis of monthly dynamics showed that the combination of optimal
hydrothermal conditions and the application of organic fertilizer in July and August had a synergistic positive effect on soil fauna.
Pygmephoridae, Isotomidae and Phytoseiidae were identified as indicators of the positive effects of two-year organic fertilizer
application on meso-micro soil arthropod communities, while Staphylinidae and Quadroppiidae served as indicators of negative
impacts; 4) Redundancy analysis highlighted organic matter, bulk density, available potassium in 2018, and available phosphorus
and buck density in 2019 as the primary factors influencing soil fauna community composition. Overall, applying organic
fertilizer not only enhances soil quality in black soil areas but also improves the structure of meso-micro soil arthropod

communities, creating a favorable habitat for these organisms.

Key words: Meso-micro soil fauna; Organic fertilizer; Community composition; Monthly dynamics
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Table I Changes of soil physicochemical properties under different application amounts of organic fertilizer

GRS | pH OM (g/kg) AP (mg/kg) AK (mg/kg) TN (g/kg)  NH;-N (mg/kg) NOs-N (mg/kg) BD (g/em’)
2018 T1 8.47+0.06a 39.87+0.25a 26.58+3.85a 171.90+6.13b 2.06+0.10a 2.71+029a 20.72+0.84c 131+0.02a
T2 839+0.04a 4036+0.69a 31.58+6.30a 183.89+12.82ab 2.18+0.10a 3.82+027a 21.58+0.73bc 1.16=£0.02b

T3 836+0.12a 43.72+1.36a 40.86 +6.17a 201.32+19.38ab 2.13+£0.07a
T4 831+0.04a 4491 +2.84a 42.25+4.62a 246.88+12.74a 2.36+0.07a
2019 T1 8.22.£0.04a38.77+0.34b 27.93+6.07b 187.04+691Db
T2 8.18+0.02ab44.48 +2.28a 32.23+£3.64b 190.67+1697b 2.28+0.05 be
T3 8.17+0.05ab44.97 £ 0.26 a 47.87 £ 2.09 ab 234.03 +24.05 ab 2.43 +0.09 ab
T4 8.13+0.05b 4531+0.20267.32+1095a 294.70£9.90a

329+034a 2659+1.57ab 1.17+0.01 ab
3.55+0.09a 2823+1.50a 1.19+£0.05b
2.09+0.03¢c 259+£043a 2234+1.50c 134+0.02a
4.50+044a 2399+0.65bc 1.29+0.01a

4.22+0.76 a
3.57+0.06 a

35.17+548ab 1.27+0.01a

2.68+0.10 a 4541+197a 1.15+0.04b

T R RISIARNG TR R R — AR 03 A 7] b 2 2 18] 25 5 1. 3% (P<0.05), R Al
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5.0, Origin 2021 #1 Sigmaplot 12.5, & Canoco 5.0
HATTUARHT(RDA), AL 2018—2019 4Frp/NE +
BB SBIE R WS A% S LIRS 7
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o FIH RiET vegan Ay g Em i i 2 (PRC), 4
B 2018—2019 4= /INE + IS Wy P S BE R 3 UL
TR A HLIE it FH 2 %) 3 25 e 1
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R R RZ, 54 H 108, & EMEE
7.60%; T1ALPEN 8% WERER D, L3 H 8FF, &
SR 4.29%. J5 IR (Laelapidae) . #8221 R}
(Phytoseiidae) . H{ 7 1 £l (Zerconidae) . B HI i F}
(Oppiidae) . VY2 H 4L (Quadroppiidae) 1 iz &8 HH &}
(Staphylinidae)?F 4 FiiaAt & T35 05 WISHE, L8
IR (Microdispidae) 7E T4 AbEE R 25 UWLSHE , 56 2 i
#F(Ameroseiidae) {7 jiti, A HLAE 25 44 T A L2
. MAZRRELL T1 AT R 82, 15 10 H 44
B, bk T2 kb3, o9 H 25 B Bl HERE
(Astegistidae) , H.3 H iHl(Haplozetidae) , 270 Hl i

F}(Anderemacoidae) . B i H 1L (Mycobatidae) il
#ET-F14) 1 (Empididae larvae) & T1 AbFE T A 095
AR, W H IR (Camisiidae) | fift H 555 B} (Nothridae) |
% Wk B} (Tomoceridae) F i 1B (Vespidae)& T3 AbRH
T R ZSRE, AR FH Rhagidiidae) ML R
Hi(Cantharidae larvae)J& T4 ZbF A 1R A SR,
22 ARAEWNEEAE TN TETEIME
&9 10 R B = Bh HFHE
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JN(P<0.05), HAF R [E] /N 4 58755 B sl s AR5
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AN it P R R K A b 2 AR Ak, (H Bl 5 it I A B 4 3
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E B IR (Macrochelidae) . 13 W R Camisiidae) M i
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Table 2 Community compositions of meso-micro soil arthropods under different application amounts of organic fertilizer
et A%
ictiid
H B T1 T2 T3 T4 it
AR H R Microdispidae 249(0.27) 249(0.25) 830(0.60) 1909(1.06) 3237 (0.63)
Prostigmata gz et mt pyomephoridac 42 745(45.90) 56 191 (57.08) 73 870 (53.42) 107 153(59.52) 279 959 (54.91)
%%} Trombidiidae 332(0.36)  332(0.34) 332 (0.24) 415 (0.23) 1 411(0.28)
KARIHERE Anystidae 83 (0.09) 83 (0.05) 166 (0.03)
FWE#l Erythraeidae 166 (0.18) 249 (0.25) 581 (0.42) 83 (0.05) 1079 (0.20)
&Rl Cheylrtidae Pr 166 (0.18) 166 (0.06) 249 (0.14) 498 (0.18)
BRI AL Cryptognathidae 166 (0.18) 83 (0.08) 83 (0.06) 83 (0.05) 415 (0.08)
#EIA Rhagidiidae 166 (0.09) 166 (0.03)
J& %A} Scutacaridae 249(0.27) 664 (0.67) 581 (0.42) 664 (0.37) 2158 (0.42)
/NEEIERL Caligonellidae 83(0.09) 83 (0.02)
[ 5 iRl Teneriffidae 83 (0.09) 83 (0.02)
FRIIWH DRl Laelapidae 3320(3.57) 4067 (4.13) 5810(4.20) 5063 (2.81) 18260 (3.58)
Mesostigmata 45 giept Ameroseiidae 332(0.36)  1992(2.02) 1909 (1.38) 3 071(1.71) 7304 (1.43)
FZ|ERL Epicriidae 166 (0.12) 415 (0.23) 581 (0.11)
|5 iRl Macrochelidae 166 (0.18) 83 (0.08) 498 (0.36) 83 (0.05) 830 (0.16)
ARl Parasitidae 2075(2.23)  332(0.34)  4233(3.06) 4648 (2.58) 11288 (2.21)
JE 7%} Pachylaelapidae 581(0.62) 996 (1.01) 1494 (1.08) 249 (0.14) 3320 (0.65)
FLERE Eviphididae 332 (0.24) 249 (0.14) 581 (0.11)
K2Rl Phytoseiidae 1660(1.78) 4067 (4.13) 6059 (4.38) 7636 (4.24) 19422 (3.18)
HCHERL Zerconidae 996(1.07) 1079 (1.10)  7885(5.70) 6059 (3.37) 16019 (3.14)
B R Uropodidae 166 (0.17) 83 (0.06) 166 (0.09) 415 (0.08)
HEWEFL Veigaiidae 83 (0.09) 83 (0.02)
FE4ERL Ascidae 83 (0.09) 166 (0.17) 747 (0.54) 332(0.18) 1 328 (0.26)
HIBEWH  HHMF Malaconothridae 83 (0.17) 83 (0.02)
Oribatida 4 et Brachychthoniidae 83 (0.09) 83 (0.02)
B 3r i RL - Astegistidae 83 (0.09) 83 (0.02)
BEH iRl Zetorchestidae 166 (0.18) 83 (0.17) 415 (0.30) 498 (0.28)  1162(0.23)
B IR Oppiidae 2822 (3.03) 2490(2.53) 1411(1.02) 3403 (1.89) 10126 (1.99)
DY H %L Quadroppiidae 4233 (445) 6142(6.24) 3818(2.76) 1826(1.01) 16019 (3.14)
|2 %l Epilohmanniidae 83 (0.09) 83 (0.17) 166 (0.03)
H I gRL Camisiidae 83 (0.06) 83 (0.02)
#H R Hypochthoniidae 332 (0.36) 83 (0.06) 415 (0.08)
KILHF R Galumnellidae 249 (0.27) 83 (0.17) 249 (0.18) 581 (0.11)
A3 H R Haplozetidae 83 (0.09) 83 (0.02)
i %7} Nothridae 332 (0.34) 332 (0.07)
i F g} Liacaridae 830 (0.89)  249(0.25)  1162(0.84) 249 (0.14) 2490 (0.49)
ALAR F 8%} Trhypochthonius 166 (0.18) 83 (0.08) 83 (0.06) 332 (0.07)
Y H IRl Eremulidae 166 (0.18) 332 (0.34) 415 (0.30) 166 (0.09) 1079 (0.21)
T ER AL Damacolidae 166 (0.18) 249 (0.14) 415 (0.08)
75 2 H Rl Eremobelbidae 83 (0.09) 166 (0.09) 249 (0.05)
WAL Carabodidae 498 (0.53) 83 (0.06) 581 (0.11)
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H B T1 T2 T3 T4 it
Mg E  FH R Banksinomidae S 1079 (1.16) 166 (0.17) 581(0.42)  2407(1.34)  4233(0.83)
Oribatida  Z VP B#} Anderemacoidae S 83 (0.09) 83 (0.02)

PR AR B H %L Mycobatidae S 166 (0.18) 166 (0.03)
JE ik E S35 Wk A} Tsotomidae O 20169 (21.66) 13612 (13.83) 17 098(12.36) 27 390 (15.21) 78 269 (15.35)
Poduromorpha Bk k£l Hypogastruridae (0] 83 (0.08) 166 (0.09) 249 (0.05)
PE Wk Bl Neanuridae o 83 (0.09) 1328 (1.35) 1494 (1.08) 498 (0.28) 3403 (0.67)
5 Wk &l Sminthuridae Ph 83 (0.09) 83 (0.02)
£ 47 Wk H Entomobryidae
fi kBl Tomoceridae (o) 83 (0.06) 83 (0.02)
WA MR RL4 . Elateridae larvae Ph 83 (0.09) 83 (0.08) 166 (0.12) 332 (0.07)
Coleoptera [l FH B} 4 Bt Staphylinidae larvae Ph 249 (0.27) 332 (0.24) 249 (0.14) 830 (0.16)
Fe# F R}l Staphylinidae Ph  5727(6.15) 2158(2.19) 3901 (2.82) 2739(1.52) 14525(2.85)
R R4 d Ptiliidae larvae S 83 (0.09) 83 (0.05) 166 (0.03)
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Fig.2 Changes in the number of individuals and taxa of meso-micro soil arthropods under different application amounts of organic fertilizer
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Fig. 3 Dynamic changes of individual number and taxa of meso-micro soil arthropods in different application amounts of organic fertilizer
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Fig. 5 Dynamic changes of community diversity of meso-micro soil arthropods under different application amounts of organic fertilizer
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Table 3 ANOVA of major groups, function groups and ecological indexes of meso-micro soil arthropods under different sampling time and
organic fertilizer amounts

1ekr df KAL) df 5 HLAL G FH
2018 4F 2019 4F 2018 4F 2019 4
F P F P F P F P
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Margalef 5 %¢ 32155  0.163 0201 0893 3 0.76 0.544 0.41 0.75
Simpson &% 32524 0.123  0.231 0.872 3 11.104"  0.002 1.882 0.203
Shannon-Wiener %1 3  2.87  0.096 0.182 0906 3  7.374"  0.008 1.699 0.236
e Frpr | 0 RIRRAE P<0.05. P<0.01 K520 103
1.0 2.0
........... T1 :
201 845'3 ° T MlCl.‘O‘;iﬂlSpldﬂe
00 T3 . glx)npel:os:ildae
— v—- T4 Q.0F e ] .Iszael?lpyllqaed‘; ............................................
0.5¢ ‘ Qll?gdgo;;idZe
o ° Parasitidac
. Phytosciidac
i3 —2.0f :
% . Isotomidae
] 40t
-0.5} §
—-6.0F :
f Pygmephoridac
-1.0 . . : . -8.0 :
1.0 -
@ pygmephoridac
2019 :
i 6.0r :
i 401
hrad
=
S :
20rF ¢ Isotomidae
: Staphylinidae
- Oppiid:
-0.5r . Pll:)l')los:ieidae
Pachylaelapidae
0.0F e kadlapidae
: . Laclapidae (Banksinomidae)
1 O ) ) ) ) - Quadroppiidac
o 6 7 8 9 Constant

A
(Microdispidae: B WEEl; Oppiidac: B H Al ; Ameroseiidae: SE4ZEE} ; Laelapidae: JiiFE}; Staphylinidae: B&## A} ; Quadroppiidae:
PUPEH iR} Parasitidae: P74§%}; Phytoseiidae: FHZZUEE; Isotomidae: %575 WkEl; Pygmephoridae: #&3iiFRl; Zerconidae: A /CHiEl;
Pachylaelapidae: JEJ5##}; Banksinomidae: FFHEERL, T [FH)
6 AREIBNAIEAET P/ TIETEE ah 498 7% 3T 0 A9 3 Mo 57 gh 2%

Fig. 6 Principal response curves of meso-micro soil arthropods community changes under different application amounts of organic fertilizer
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Fig. 7 Redundancy analysis of individual number of major groups of meso-micro soil arthropods and soil environment 2018—2019
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