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Effects of oasis expansion regimes on ecosystem function and dominant
functional groups of soil biota in arid regions
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Abstract: Rapid human populations growth in inland arid regions of northwestern China has resulted in rapid
oasis expansion, mainly through transforming natural grasslands to arable land, afforested forest and shrub
plantations. However, little is known about how different oasis expansion regimes affect soil biodiversity and
ecosystem function. In this study, we measured the abundance of nine dominant functional groups of soil
biota across multiple trophic levels, including soil macrofauna (oligochaetes, ants, predatory arthropods and
herbivorous insects), soil mesofauna decomposers (Oribatida and Collembola) and soil microbial decomposers
(bacteria and fungi) in natural grasslands (NG), arable lands (AL), tree (Populus gansuensis) plantations (TP)
and shrub (Haloxylon ammodendron) plantations (SP). The study was performed in Zhangye Oasis in the
middle reaches of the Heihe River Basin in northwestern China. We measured the contents of soil organic
carbon (SOC), total nitrogen (TN) and total phosphorus (TP), as well as the activities of four soil enzymes
(catalase, urease, sucrase and phosphatase). The results showed the following important findings. First, the
land conversion of NG to SP significantly lowered the abundance of Oribatida and herbivorous insects, while
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increasing the abundance of Collembola, predatory mites and fungal OTU numbers. However, converting
NG to TP significantly increased the abundance of predatory arthropods, herbivorous insects, Collembola,
Oribatida, predatory mites and numbers of both bacterial OTUs and fungal OTUs, whereas converting NG to
AL significantly increased the abundance of all the above plus oligochaetes. Second, converting NG to either
TP or SP significantly enhanced SOC and TN stocks, whereas converting NG to AL significantly enhanced
the above plus TP stocks. Finally, converting NG to either SP, TP or AL significantly enhanced the activities
of catalase, urease, sucrase and phosphatase, but these four soil enzymes show significantly higher activity in
AL and TP sites with irrigation than in SP sites without irrigation. Our results suggest that different oasis
expansion regimes significantly and differentially affect the structure and diversity of the desert soil food
web, which in turn, cascades down to ecosystem functioning. Understanding the responses of both different
soil food web components and of different ecological function variables to changes in land use and management
level is essential for developing novel and more effective strategies for oasis ecosystem management in arid
regions worldwide. Overall, this study provided key insights into the assessment of the functional stability of
the oasis ecosystem.
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Fig. 1 The effects of converting natural grasslands (NG) to shrub plantations (SP), tree plantations (TP) and arable lands (AL) on
the density and relative abundance of oligochaetes, Formicidae, predatory arthropods and herbivorous insects. Means (= SE) with
different capital letters indicate significant difference in the density of different groups between habitats (P < 0.05), means (= SE)
with different lower-case letters indicate significant difference in the relative abundance of different groups between habitats (P < 0.05).
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Fig. 2 The effects of converting natural grasslands (NG) to shrub plantations (SP), tree plantations (TP) and arable lands (AL) on
the density and relative abundance of Collembola, Oribatida and predatory mites. Means (+ SE) with different capital letters indicate
significant difference in the density of different groups between habitats (P < 0.05), means (+ SE) with different lower-case letters
indicate significant difference in the relative abundance of different groups between habitats (P < 0.05).
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Fig. 3 The effects of converting natural grasslands (NG) to shrub plantations (SP), tree plantations (TP), and arable lands (AL) on
the OTUs of bacteria and fungi as well as the ratio of bacteria and fungi. Means (+ SE) with different letters indicate significant dif-
ferences between habitats (P < 0.05).
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Fig. 4 The effects of converting natural grasslands (NG) to shrub plantations (SP), tree plantations (TP) and arable lands (AL) on
the soil organic carbon (SOC), total nitrogen (TN) and total phosphorus (TP) stocks. Means (+ SE) with different letters indicate
significant differences between habitats (P < 0.05).
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Fig. 5 The effects of converting natural grasslands (NG) to shrub plantations (SP), tree plantations (TP) and arable lands (AL) on
the activities of soil catalase, urease, sucrase and phosphatase. Means (+ SE) with different letters indicate significant difference be-
tween habitats (P < 0.05).
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Fig. 6 The responses of nine dominant soil organism groups to changes in environmental factors. Pearson’s correlations between
the diversity of nine dominant soil organism groups and eight environmental variables such as soil moisture content (SMC), soil pH,
soil electrical conductivity (EC), soil organic carbon (SOC), total nitrogen (TN), total phosphorus (TP), aboveground herbaceous
biomass (AHP), and herbaceous species richness (HSR). The overall effect of the eight selected environmental variables on variation
in nine dominant soil organism groups was determined by multiple regression analyses. *** P < 0.001, ** P < 0.01, * P<0.05, + P <
0.1,n.s.P>0.1.
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FAVEAE RN T IERRN, (A IR SE 11X 34> ) fig
FREERT L W ia B BRI A ARe ). MR, #
AR b 48 3 73 B I 3G D0 oo - A A 1 R R
WA IR A AR RN T RN, (R i B
X2 TR AT L S e ) A AR TR S . X
— &5 B FFLIUSE (2006) FE AR AL R R I — AN E
KA F e 57 - 438 5 il i PR 55 R B A AT A A
Owojori%s(2009) 7% F4 JE 75 -1 44 (Western Cape) T &
() ARk AN 2Pt 05 Xof 25 A i 7 () BHF 9 A o 3X
PRI FE 50 o, SRS Bk HOR i | o 7 £ 358
S EM ARG T HAEHENER. B2, A
TR RS B TR s 7R
Wi, SR EERETHEN M, % 7R T
FERAE AR — BE AT 5 1) IR A A AR, X 25
IR R .

HREARMY 5K T7 NAE], MRy sk AR g5k
J7 2R G0 7RI AT ) 9 A 24 T e SR I L
B, B 5K 7 A0 B v B R g R T
SR B RANE, Ty A i 75 7 O & 1815 Je sh A
FLE s T RIIN. . X—45 R 5wl N G T
FX A S 7T TARA — 3. 9140, Lig¥(2013) &3
N4 R IR St V58 Lt AR g E R S R T R
Bk B AR BRI EE . LigF(2015) KK R
SRV B I AR R AR 2 R T R A )
AN A TR FE X SR TR T S e iR S, A
AP LK 2R, 1 HA2pHIR (> 8.5)
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FIsEARE 3% (Liu et al, 2017). ZEMP dkidfEd +
HEpHI A o UL gl TR . H AR, AR
Fo R IpH I B A4 iy 1 A0 B R LB R OTUs, A
FE B OTUsH) 5 - 3EpH 2 535 7 ¢, 15 B pH
B AR5 T A M B V% A2 40 AH OC (Del gado-Baquerizo
etal, 2017).

ST N TRRERMAR, BT A LH
PR IFI A A 9 2 E R 3, B g 1 3%
KA R Bk BB SR, FRIC 7 R
S EMpHIE, MM ALY ST, KIS
BiE 7 — A RIFIMEL, 237 LIEZ I DRERHE
& 1 i 2 $2 5 (Nielsen et al, 2010; Koellner &
Geyer, 2013). ATTHIAHIC M 46 RSCHE BiR S ie .
WAL, AT KN T ARk 5 4k AR EC U 75 4
PRUEH SRR, N AR bR b B A 1 R o B
VRESTREAL, X553 /R-BTAm ) HE
(2013)7E 357 55 F2 B 43 N A X AT 15 25 (2012) FE N 5 7y
BHURICTD BT F A R — 3, ) R s R
= R 2B RS Y SR B, TR AR VK S A
TR BRI AR ST R, X T B R ARk g A
MEME R RS T REAS., N TR
P OTUSAR T4 I AR 855, 35 B A4 B LU 4B 1) A2 4L
W BE 5 LR IE I )52 T a5 1) 2 1R Y A (PR S
5, 2010). AHK TR, FrAtFE R OM L H5 T
RERHM R S LHOK &8, . BN SRE
BEIEMK, M5 IEpHEF B 5 % 2 B2 A
Ko HH T HAD A 5T X AH B 9T A R+ 2% B
KZEFF. ETRX D AEAFH FZ IR H T
IR R R R LIRS A . R
% FE AN R 2 A d L AR A R 7, T s e
3y AL FE (Brockett et al, 2010; Darby et al,
2011; Nielsen & Ball, 2015; Tripathi et al, 2017). &2,
N TR AR KR 208 7RI, 1R
45K 4 A R AT B N T 92K a5 AR W i) o R
MR A B[] 8 5 40 0 K i 2 ot B AN () e 2 S Wi
TR e e R, B T S sk AR
K MR R BASHE I ARE) | RISy
A4k, NI e - e R A

WL o, HEARHUAI AR g 5Kk 77 FE BEAN [F]
MRS T AR E AR, A
gk 5 AT Z e & 7 LA LR 6% R A=,
MRS 7 IR XS RERY, AR

T2y ok o7 308 3 A 22 57 Hh g v - 398 ik 2 1o
AV IR IR SRR L RAE . ok, FATIE
RIL, =P N TP 5k 77 NOEAHE . AR 1A
k) E e m 7 LS E ARG RN, R
Tl P T P g DV P, R A A PR PR A A AR 1
38t V75 1 ) 04 R B N o TR, X 5 IRy
FIR 28055 A 58 2% A 1 205 A R (Hu et al, 2016) » 2
Frokad iy, LS. AR KBRS R S
e A I R AR R — 2, W RIX
LR AR A R Z 5 e A ) A L T RE, B
ITA REAE IR S R h I M . 3MPA
T2y 5k 77 3T B G MR A 6 535 0 /Y
K AR T Rk A, W, A E ST RER
FERE R 2 PR S . fEARET R IX, BhH i,
YU P A B B RS RGN A S KRR IRV ML
PAH 4y, TR AR R B IR B A o B R
(Li et al, 2013, 2014). 4w Al B A2 W) 9 o) filk 5
(Delgado-Baquerizo et al, 2016), 1Bk H AN 2 vk 2%
I3 fi# 3 (Siepel & Maaskamp, 1994; Rusek, 1998; De
Groot et al, 2016), 5252 H B4y fif 4 Fn 354k
B LA (5 5%, 2007), EAIELIEG YR
()50 i~ Tk GV A 2 CELFE A i e o R R 8 e e ot
T R A RO B 1) A 25 A FH (Whitford & Parker,
1989; De Vries et al, 2013; i & & A5, 2014;
Guan et al, 2018). F3EW5E, Bk, W, g0% K
[iEie VS EZ SR ERINETT = ¥ b dmne: R K7/ il
filp AR AL TR B 2P i I U T R IR B I
g, FATHAHIC B85 R SCRF DL B e, 3R
IREL, HEEaE VIR, B itE. BitEEkafh L
SR 1 5 B AT R O R L 35 T e 2 (PR R 2 i
FERZEWIEMHKK R HRET, BokiEk 2 1 5mmt
FURRMLIIEE R LA S S AES REY)
A [B) A7 7E 5 25 1) IEAH ¢ (Nielsen et al, 2011; De
Vries et al, 2013; Bardgett & van der Putten, 2014;
Wagg et al, 2014).

4 wRSRE

TR X SR 5K R ZU R 7 AE A IR,
BEMW T AR AR RS ThRE, Wah T
TR E R AT SR, AR TR
FRER T . MR AR, B kR,
PRI A LR R OTUs, X H AR KB L B3 5
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