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Abstract: [ Objective ] Soil extracellular enzymes, as the catalysts of soil biochemical reactions, directly drive soil element
cycling and energy flow processes and play indispensable roles in the biogeochemical cycling of carbon, nitrogen, and
phosphorus in desert ecosystems. Winter snow is a key climatic factor regulating soil element cycling. Soil extracellular enzyme
activities respond sensitively to the changes in winter snow cover and the relatively stable hydrothermal conditions highly alter
soil extracellular enzyme activities under the winter snow cover. Thus, changes in the winter snow cover will trigger fluctuations
in soil extracellular enzyme activities, significantly influencing the nutrient cycling processes in desert ecosystems which are
water-scarce and nutrient-poor. [ Method ] In order to investigate the effects of winter snow cover changes and arbuscular
mycorrhiza (AM) fungi on soil enzyme activities in the Gurbantunggut Desert under the background of a “warm and humid” trend,
we conducted a long-term field experiment simulating winter snow cover changes and in situ inhibition of AM fungal activities
with a split-area randomized block experimental design. The following treatments were adopted; for the primary zone, the control
(40 mm water increase, W) and an AM-inhibition treatment (40 mm water increase with the addition of benomyl, BW); for the
subplot zone, including three levels, 100% snow cover increase (+S), natural snowfall (CK), and 100% snow cover decrease (-S).
Soil samples were collected from 0-10 and 10-20 cm soil layers, soil physicochemical properties, and soil enzyme activities which
are related to soil carbon, nitrogen, and phosphorus cycling were determined to uncover the effects of AM fungi on soil enzyme
activities and microbial metabolism limitation under the background of winter snow cover changes in the desert ecosystem.
[ Result ] (1) AM fungi significantly increased the aboveground net primary productivity of plant community, decreased the
content of soil available phosphorus and ammonium nitrogen, but increased the content of soil organic carbon. The activities of
soil enzymes related to soil carbon, nitrogen, and phosphorus cyclings were decreased under the natural snow cover and increased
snow cover in the AM fungi treatments. In contrast, AM fungi treatments increased the activities of soil enzymes which are
related to the soil carbon and nitrogen cyclings under decreased snow cover. (2) Based on the vector analyses, our results
indicated that soil microbial activities were co-limited by soil carbon and phosphorus in desert ecosystems. Furthermore, we
found that AM fungi decreased soil microbial carbon limitation under the natural snow cover and increased snow cover treatments,
but there was no consistent pattern in the effects of AM fungi on soil microbial carbon and phosphorus limitation under the
decreased snow cover treatment. [ Conclusion ] AM fungi play an important role in promoting plant available phosphorus and
ammonium nitrogen uptake, enhance soil enzyme activities which are related to soil carbon and nitrogen cyclings, and alleviate
soil microbial carbon limitation in desert soils under the background of winter snow cover changes. Importantly, our results
revealed the effects of winter snow cover changes and AM fungi on soil extracellular enzyme activities and soil microbial
metabolism limitation. This contribution will provide a reference in the understanding of belowground ecological processes and
feedbacks, and a scientific basis for the protection and ecological restoration constructions for desert ecosystems in the future.

Key words: Winter snow cover changes; Arbuscular mycorrhiza fungi; Soil extracellular enzymes; Enzyme stoichiometry
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H: W XTHE; BW: AMAMEIAREE; +S: BN, CK: AT -S: Bl ; #**+F/mR P<0.001; **3F/mR P<0.01; *
Fx P<0.05, *UE W BW ZREEEZES, NEFERLERSS, CK, S ZMEB#EEZESR, TMH. Note: W: Control; BW: AM

inhibition treatment; +S: Increase in snowpack; CK: Natural snowfall; —S: Decrease in snowpack; *** denotes P<0.001; ** denotes P<0.01;

* denotes P<0.05, * stands for significant difference between W and BW, and the lowercase letters stand for significant difference between

+S, CK, and-S, The same as below.
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AMF: Significant effect of AM fungi factor; S: Significant effect
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Fig. 2 Effect of different treatments on net primary productivity of
plant communities
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Effect of different treatments on soil spore density and mycelium density in different soil layers
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Table 1 Main effect analysis of soil physicochemical properties under different treatments

+J2 ISt MR EC)  HOUBE AP/ BAENHL-N/  RZASZ NOSN/ A HEAHLEE SOC/
Soil layer Treatment pil (pS-em™) (gkg!) (gkg!) (gkg!) (gkg™")
0~10 AMF 0.87 0.13 0.65 P<0.001 0.27 P<0.001
cm S 0.69 0.31 0.11 0.70 0.06 0.17
AMF x S 0.72 P<0.05 0.54 P<0.05 0.32 P<0.05
10~20 AMF 0.51 P<0.05 0.66 P<0.05 0.27 0.70
cm S 0.80 0.11 P<0.001 0.23 0.60 0.39
AMF x S 0.78 0.29 0.08 P<0.05 0.83 0.07

[ EC: MR, AP: HAKHE; NH,-N: #48%; NO-N: WA%; SOC: MM AMF: AM EURN T 10 B M0 ;
S: MERFHEEEEN; AMFxS: AM HEMAENAEEM ., FF., Note: EC: Conductivity; AP: Quick-acting phosphorus;
NH:-N: Ammonium nitrogen; NO,-N: Nitrate nitrogen; SOC: Soil organic carbon; AMF: Significance effect of AM fungi factor; S:

Significance effect of snow factor; AMF x S: Interaction effect of AM fungi and snow. The same as below

F2 AELEMAELELIEBELIEREME

Table 2 Effect of different treatments on soil physicochemical properties in different soil horizons

+ 2 b3 MR EC/)  HKEE AP/ BASE NH-N/  RSANO-N/ S P SOC/
Soil layer Treatment Pl (pS.cm™) (gkg") (gkg") (gkeg) (gkeg)
0~10 cm w +S 8.0+0.04Aa  202+11.17Aa 7.6+0.37Ba 1.4+£0.05Bb 50.7+1.2Aa 2.5+0.11Aa

CK 8.0£0.04Aa 174+2.95Bb 7.6£0.43Aa 1.7+£0.09Aa 50.5£2.41Aa 1.8+£0.15Ab
-S 8.0£0.04Aa 199+5.89Aab 8.6£0.09Aa 1.6+0.09Bab 54.3+1.09Aa 2.0+0.22Aab
BW +S 7.9+0.1Aa 186+8.86Aa 8.2+0.22Aa 2.5+0.14Aa 50.6+£1.41Ab 1.7+0.2Ba
CK 8.0£0.07Aa 189+4.71Aa 7.7+£0.1Aa 2.0+0.23Aa 54.6+£0.32Aa 1.8+0.05Aa
=S 8.0£0.06Aa 168+7.99Ba 8.3£0.55Aa 2.0+0.14Aa 54.54£0.75Aa 1.7+£0.02Aa
10~20 cm w +S 8.0+£0.02Aa 159+4.98Ab 7.5£0.43Aa 1.7£0.09Aab 62.7£0.3Aa 1.1+0.12Bb
CK 7.9+0.06Aa 166+5.62Aab 8.5+0.39Aa 2.0+0.08Aa 62.7+£0.26Aa 1.4+0.1Aa
=S 7.9+0.04Aa 180+£5.17Aa 5.8£0.57Ab 1.5£0.09Ab 63.1£0.2Aa 1.1+£0.2Aa
BW +S 8..0£0.08Aa 173+4.6Aa 7.7£0.18Aa 1.5£0.1Aa 62.6+£0.24Aa 1.4+0.03Aa
CK 8.0+£0.07Aa 194+£10.9Aa 7.24+0.3Bab 1.5+0.09Ba 62.5+0.34Aa 1.2+0.05Ab
-S 7.9+0.03Aa 183+8.23Aa 6.4+0.36Ab 1.6£0.11Aa 62.6£0.21Aa 1.2+0.05Ab

E: We XM BW: AM fMifl4b3; +s. RTEM; CK: AARMES; -S: HEREL; KEFAX W 5 BW ZRE B
XF (P<0.05), NEFRARFS, CK, -S ZIHM B EMRER (P<0.05), FKPHUE AR MR 2 . Note: W: Control; BW:
AM inhibition treatment; +S: Increase in snowpack; CK: Natural snowfall; —S: Decrease in snowpack; Capital letters represent significant
differences between W and BW ( P<0.05 ), and lower case letters represent significant differences between +S, CK, and —S( P<0.05 ). Values

in the table are means + standard deviation.
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Fig. 3 Effects of different treatments on enzyme activities related to soil carbon, nitrogen and phosphorus cycles
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Fig. 4 Analysis of differences in the limitation of soil microbial metabolism by different treatments in different soil horizons
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