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Abstract. Soil extracellular enzymes are vital indicators of microbial activity and nutrient cycling and
significantly influence soil organic matter (SOM) decomposition. Climate and soil resources contribute to
the variations of enzyme activities and, thus, regulate the SOM decomposition. This study investigates the
activities of carbon (C), nitrogen (N), and phosphorus (P) acquisition enzymes across different soil depths
(0—15 and 15-30 cm) and environmental gradients in Mongolia. Soil samples were collected from 26 sites,
with contrasting precipitation and temperature levels, and SOM contents. Our results revealed overall high-
er activities of C- and P-acquiring enzymes and lower activities (1.9-561.4 and 25.4-536.3 nmol g' h')
of N-acquiring enzymes (6.07-146.2 nmol g' h'). The enzyme activities were significantly higher in the
0-15 cm layer at most sampling sites. Correlation analyses revealed strong positive effects of mean annual
precipitation (MAP) (Pearson r= 0.76; 0.95) and negative effects of mean annual temperature (MAT) (r=
-0.65; -0.61) on C- and P-acquiring enzyme activities at both soil depths, whereas N-acquiring enzyme
activity was significantly influenced by climate only in the 0—15 cm layer. Soil resources (SOM and TN)
were positively correlated (r= 0.41-0.93) with the enzyme activities. The results indicate that soil microbial
communities might be investing more resources in C and P acquisition in Mongolian steppes. Both climate
and soil resources influence the enzyme activities, but the relative contributions of MAT and MAP to the
variations in the enzyme activities were highest in 0—15 cm and 15-30 cm layers, respectively. Overall, the
results imply that predicted warming and changes in precipitation patterns could affect the SOM stock in
SOM-rich areas in Mongolia, especially in topsoils.
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Introduction

Soil microorganisms produce a variety of extracel-
lular enzymes that play a key role in decomposition of
soil organic matter (SOM) [1], [2], serving as mediators
of soil nutrient mineralization and cycling processes [3].
The decomposition of SOM provides energy and nutri-
ents for microbial growth and metabolism. Certain extra-
cellular enzymes that mediate SOM decomposition rep-
resent a large portion of measurable enzyme activities in
soil. These enzymes target the most abundant polymers
containing carbon (C), nitrogen (N), and phosphorus
(P) in the environment [4] and are categorized as C-ac-

quiring (such as B-glucosidase), N-acquiring (such as
leucine aminopeptidase and N-acetylglucoseaminidase)
and P-acquiring (such as acid phosphatase) enzymes [5].
These enzymes break down polymeric compounds into
assimilable molecules. For example, phosphatases sol-
ubilize phosphorus complexes bound with cations, en-
hancing nutrient availability for plant uptake, especially
in soils with high acidity and phosphorus deficiency [3],
[6].

Climatic factors, particularly temperature and pre-
cipitation, are crucial drivers of soil organic matter
(SOM) dynamic, with net primary productivity in many
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water-limited regions linked to precipitation. Humid
conditions promote the formation and stabilization of
SOM, while higher temperature increase microbial de-
composition rates, often resulting in reduced SOM under

warmer environments [7]. Yet, climate change is expect-
ed to influence SOM turnover rates due to altered pre-
cipitation patterns, i.e., more extreme dry and wet peri-
ods [8], [9], [10]. Altered precipitation has been shown

to affect soil enzyme activities, which can subsequently
influence nutrient availability and biogeochemical cycles
[11]. Thus, research on soil enzyme activities, involved
in the acquisition of carbon and essential nutrients by soil
microbial communities across environmental gradients
may provide an improved understanding of the climate
and edaphic factors governing SOM decomposition in re-
sponse to changing climate.

In Mongolia, Bayarmaa and Purev studied several
soil enzyme activities involved in C, N and P-cycling in
wheat and rapeseed farmlands. Their research suggested
that land use changes, such as converting natural lands to
agricultural use, may change the enzymes essential for
SOM dynamics and nutrient cycling [12]. While signif-
icant progress has been made globally in understanding
how soil enzymes are regulated by climate and soil prop-
erties, research on soil enzymes in Mongolia is sparse,
particularly concerning their regulations under contrast-
ing climate and soil resources.

Here, we aim to compare the activities of four hydro-
lytic enzymes involved in SOM decomposition and ac-
quisition of C, N and P to explore how climate and soil
variables influence these enzyme activities across envi-
ronmental gradients in Mongolia. We analyzed two soil
depths, as depth significantly influences SOM turnover
due to notable differences in substrate quality, soil prop-
erties, and microbial diversity [13]. Since soil enzyme ac-
tivities serve as a proxy for SOM decomposition [6], our
research will shed light on current SOM decomposition
patterns across distinct environmental and soil resource
gradients in Mongolia.

Materials and methods
Soil sampling sites and sampling design

To investigate the effect of precipitation and tempera-
ture on soil enzyme activities, we collected soil samples
from twenty-six sites along climatic gradients in Mongo-
lia in June 2022 (Fig. 1). The mean annual precipitation
(MAP), in these areas ranges from 44 to 353 mm, while
the mean annual temperature (MAT) varies from -5.96°C
to 5.78°C. The sampling locations include 8 sites in the

forest steppe, 9 sites in the steppe, and 9 sites in the desert
and desert steppe zones.

We used the five-point sampling method for soil sam-
pling. At each sampling site, we established a 100 m?
plot, within which, five subplots of 1 m? were marked.
At each subplot, five cores were collected from the cen-
ter and each corner using 5 mm corer and separated into
two different depths: 0—15 cm (topsoil) and 15-30 cm
(subsoil). Five cores from each subplot were mixed in a
sterile container to create one composite sample [13]. The
composite samples were stored at -80°C before enzyme
assays. Prior to analysis, the soil samples were sieved
through a 2 mm screen.

Climate and soil physico-chemical properties

Each sampling site’s historical precipitation and tem-
perature data (2012-2021) were obtained from WorldClim
(v2.1 https://www.worldclim.org/). Soil moisture (SMC)

was determined by measuring the weight difference be-
fore and after drying at 105 °C until reaching a constant
weight. The dry soil was then used to determine soil or-
ganic matter (SOM) using the loss-on-ignition method
[14]. Soil pH was determined in a 1:5 soil-to- CaCl, (0.1
M) suspension. Total nitrogen (TN) was measured using
the Kjeldahl method [15]. Soil available phosphorus (aP)
was analyzed using the Machigin’s method [16].

Extracellular enzyme assays

Activities of a C-acquiring enzyme (p-glucosidase
(BG)), two N-acquiring enzymes (leucine aminopepti-
dase (LAP) and N-acetylglucoseaminidase (NAG)), and
a P-acquiring enzyme (acid phosphatase (AP)) were de-
termined using a colorimetric method [17]. The substrates
used were p-nitrophenyl (p-NP)-B-glucopyranoside,
p-NP-N-acetyl-B-D-glycosaminide, =~ p-NP-phosphate,
and L-Leucine-p-nitroanilide (Sigma-Aldrich Co. Ltd).
The activity assays were conducted in 96-well micro-
plates using the chromogenic substrates. Briefly, 2.5 g of
fresh soil was suspended in 10 ml of 50 mM acetate buf-
fer by vortexing for 2 minutes. Then, the soil suspension
and solution were mixed in 8-strip tubes and incubated at
27°C for 3 hours. Blanks (buffer + soil suspension) and
negative controls (buffer + substrate) were included for
each sample. After a brief centrifugation (30 seconds),
150 pl of the supernatant was taken, and absorbance was
measured at 405 nm optical density. The concentration
of the released products was calculated using respective
calibration curves and enzyme activity was expressed as
nanomoles of substrates converted by per gram of dry
soil samples per hour (nmol g h).
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Statistical analysis

All statistical analyses were performed in R (Version
4.2.1). A two-way ANOVA was performed to analyze the
differences in enzyme activities across sampling sites
and depths. Pearson correlation analysis, utilizing the
“corrplot” package, evaluated the relationships between
enzyme activities and soil and climate variables. Linear
regression analysis was performed, using the /m function,
to test the effects of climate and soil variables on the en-
zyme activities. Hierarchical variation partitioning was
carried out using the “rdacca.hp” package. Figures were
created using R (Version 4.2.1) and GraphPad Prism 10.0
(GraphPad Software, Inc).

Results

Patterns of soil extracellular enzyme activities across
the sampling sites and soil depths

The activities of a C-acquiring enzyme (BG), two
N-acquiring enzymes (LAP and NAG), and a P-acquiring
enzyme (AP) significantly across different sampling sites
and soil depths (Fig. 2; Table 1). Yet, sampling depths
had smaller contributions in the variation of the enzyme
activities in relative to that of sampling sites (Table 1).
As illustrated in Figure 2, BG and AP activities were
the highest, while the combined activities of NAG and
LAP (NAG+LAP) were lowest across the sampling sites.
Generally, the enzyme activities were higher in samples
collected from the 0—15 cm layer than that in the 15-30
cm layer.

Relationships between soil extracellular enzyme activ-
ities and environmental variables

Pearson correlation analysis revealed significant rela-
tionships among the enzyme activities, climate, and soil
properties (Fig. 3).

MAP positively influenced BG and AP activities at
both soil depths (Fig. 3; Fig. 4A, C), and NAG+LAP ac-
tivity was influenced by MAP only at a soil depth of 0-15
cm (Fig. 3; Fig. 4B). The impact of MAP was strongest
on AP and weakest on NAG+LAP activity, as indicated
by R? value 0 0.90 and 0.81 for AP, compared to 0.27 and
0.09 for N-acquiring enzymes (Fig. 4B, C).

In contrast to MAP, MAT negatively influenced the
activities of BG and AP at both soil depths, as well as
NAG+HLAP in 0-15 cm layer (Fig. 3). Linear regression
analysis revealed that the relationships between MAT and
the enzyme activities were weaker than those observed
with MAP, as indicated by R? ranging from 0.24 to 0.42
for the 0—15 cm soil layer and from 0.14 to 0.31 for the

15-30 cm layer. Additionally, R* values for the relation-
ships between MAT and the enzyme activities were high-
er in the 0—15 cm layer relative to the 15-30 cm layer
(Fig. 4D-F).

The negative effect of soil pH was significant on BG
activity in the 0—15 cm layer and AP activity at both
depths. Soil aP did not show significant correlations with
the enzyme activities, except a positive correlation with
AP activity at the 0-15 cm layer. Positive correlations
were found between the enzyme activities and SMC,
SOM, and TN in both soil depths (Fig. 3).

Regression analysis of SOM and BG and that for
MAP and BG provided similar R? values at the 0—15 cm
layer (0.60 and 0.58). However, at the 15-30 cm layer,
SOM appeared to exert a stronger influence on BG in rel-
ative to MAP (Fig. 4A, G). The effect of SOM content
was strong on NAG+LAP activity at the 0-15 cm layer
(R*=0.87) and weak on NAG+LAP activity at 15-30 cm
layer (R*=0.37) (Fig. 4H). This sharp difference was not
observed for BG and AP between the two soil depths.

We performed a variation partitioning analysis to
compare the relative contributions of climate and soil
variables on the enzyme activities. The response vari-
ables were the four enzyme activities, while MAT, MAP,
soil pH, and SOM were selected as the explanatory vari-
ables. The results indicated that climate had a stronger
effect on the enzyme activities compared to soil pH and
SOM. Specifically, the relative contribution of MAT was
highest in the 0-15 cm layer, while the contribution of
MAP was highest in the 15-30 cm layer (Fig. 5).

Discussion

Our results demonstrate significant variations in soil
enzyme activities across different sampling sites and soil
depths, particularly in response to climate factors (MAP
and MAT). The resource allocation theory suggests that
the relative investment in the production of each nutri-
ent-acquiring enzymes reflect the nutrient demands of
microorganisms [18], [19]. Along the precipitation gra-
dient, the activities of C- and P-acquiring enzymes were
higher in relative to N-acquiring enzymes suggesting that
microbial communities could be investing more resourc-
es for in C and P acquisition, especially in regions with
higher precipitation. Besides climate, soil enzyme activi-
ties are often associated with the changes in soil resource
availability [20]. Previous research has shown that C-
and P-acquiring enzyme activities were associated with
increased litter decomposition and inputs of soluble or-
ganic constituents [21], [22]. In our study, higher enzyme
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activities at the 0—15 cm layer can be attributed to the fact
that SOM level is higher in this soil layer compared to
the 15-30 cm layer. Moreover, microbial activity tends to
decrease with soil depth [23]. On the Mongolian Plateau,
soil microbial biomass and bacteria:fungi ratio, as well as
C and N mineralization rates, decreased with soil depth
and aridity [24].

Enhanced soil moisture from increased precipitation
can stimulate microbial activity and productivity [25],
[26]. This suggests that wetter conditions not only in-
crease enzyme activities but also potentially enhance car-
bon cycling and nutrient availability. Our results showed
that the elevated activities of C- and P-acquiring enzymes
with increasing MAP, which aligns with increased SOM
levels (r=0.61). On the other hand, higher activities of C-
and P-acquiring enzymes could indicate SOM is a major
C and P source, leading to a higher decomposition rate
in SOM-rich sites in our study. A global meta-analysis
on SOC measurement suggested SOC loss is higher in
SOC-rich soils [27]. Furthermore, higher temperature is
typically linked to increased microbial activity and soil
respiration [22], with warming often stimulating hydro-
lytic enzyme activities [10]. Our results indicated nega-
tive correlations between the enzyme activities and MAT.
This trend can be explained by decreased SOM content
and MAP level with rising MAT (r = (-0.52)). It implies
that the current rate of SOM decomposition in SOM-rich
and high-precipitation regions in Mongolia could be con-
strained by low temperatures. In contrast, in warmer and
SOM-poor areas, drought may reduce microbial activity
[22].

Linear regression analysis indicated that MAP and
SOM were stronger predictors of enzyme activities than
MAT in our study area, particularly for C- and P- acquir-
ing enzymes (Fig. 4). For N-acquiring enzymes, SOM
appears to be a more significant predictor in the 0-15 cm
soil layer, suggesting that SOM chemistry, in addition to
its content, may influence the activities of these enzymes.
However, variation partitioning analysis showed that
the top contributors to the variations in enzyme activi-
ties were MAT in the 0—15 cm soil layer and MAP in the
15-30 cm layer. This suggests that the effect of MAT in
subsoil might be muted. The results are consistent with a
previous finding that warming leads to more significant
losses of SOC in topsoil compared to subsoil, particularly
in SOC-rich soils located at high latitude [27]. Enzyme
activities increased with warming and elevated precipita-
tion [22]. Thus, our findings suggest that predicted warm-
ing could further enhance SOM decomposition in SOM-

rich areas in Mongolia, particularly in topsoils.
Conclusions

Our findings indicate that enzyme activities involved
in C, N, P acquisition, are strongly associated with cli-
mate and soil resource availability and C- and P-acquir-
ing enzyme activities are higher than that of N-acquiring
enzyme activities. MAT and MAP explained the most
variations of the enzyme activities in topsoil and subsoil,
respectively, suggesting environmental control on soil
microbial activities could differ along vertical gradients
of soils. The observed increase in soil enzyme activities
with increasing SOM and MAP levels and decreasing
MAT levels imply that projected warming could neg-
atively impact SOM stock in Mongolia, especially in
SOM-rich areas.
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Fig.1. Soil sampling sites

Table 1. Two-way ANOVA results showing the variations of C-, N-, and P-acquiring enzyme activities across the sampling sites
and depths.

BG NAG+LAP AP
F ratio 4.8 3.55 10.8
Site p value <0.0001 0.001 <0.0001
0,
% of 70.2 70.4 94.8
total variation
F ratio 26.62 12.23 24.6
Depth p value <0.0001 0.001 <0.0001
0,
o of 15.5 9.7 8.6

total variation

BG, B-glucosidase;

LAP, leucine aminopeptidase;
NAG, N-acetylglucoseaminidase;
AP, acid phosphatase;
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Fig.2. A heatmap, illustrating the activities of C-, N- and P-acquiring enzymes. The enzyme activities measured at two different
soil depths are arranged in increasing order of mean annual precipitation (MAP). The darker the cell color indicate higher enzyme

activity levels. BG, NAG+LAP, and AP represent C-acquiring enzyme, N-acquiring enzymes, P-acquiring enzyme, respectively.
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Fig. 3. Pearson correlation plot shows the relationships between the enzyme activities and environmental variables at two different
soil depths (0—15 cm and 15-30 cm). MAP, mean annual precipitation; MAT, mean annual temperature; SOM, soil organic matter;
SMC, soil moisture content; pH; soil pH; soil aP, soil available phosphorus; soil TN, soil total nitrogen; Only significant correla-

tions (p<0.05) are displayed.
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Fig. 4. Linear regression analysis of C-, N- and P-acquiring enzymes in relation to MAP (A-C), MAT (D-F), and SOM (G-I). The
MAP, mean annual precipitation; MAT, mean annual temperature; SOM, soil organic matter.
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Fig. 5. Variation partltlonlng analy51s shows the 1nd1V1dual contributions of soil and environmental variables on C, N and P-ac-
quiring enzyme activities in two different soil depths. A. 0-15 cm and B. 15-30 cm. MAP, mean annual precipitation; MAT, mean
annual temperature; pH, soil pH; SOM, soil organic matter.
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C, N, P-bIH 3praJaraa oposiior XepCHUil JH3UMHUAH UIIBXUUT YYP aMbCTaJibIH
rpaJiMeHThIH Aaryy CyiaJicaH yp AYH

Barcaiixan Xurmmrmaa'(©, Xanmaa OroyxaH'(®, XXambancypsn BASPMAAZ(D),
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Xypaanryii. XepcHUil 3H3UM Hb XOPCHUN OWYMI OMETHHH YIUT aXKWyUiaraa, IIAM TIKIDJIUHH HATIITHIH
SPIIITHHH YyXan WHAWKaTop Oaiixaac rajHa XOpPCHHUN OpPraHWK HATIUIAIH 3aIpajiblH TOJIBUUT WIITIIIAT.
XepcHUH 3SH3MM Hb YYp aMbCTallblH HOJOOHI MAAP3T Tyl YYp aMmbCral eepwIeraexe]] OpraHuK
HATAIYYOUHH 331pajl X3PX3H HOIeeJIoXHHT cy1Iax 00J0MK OJIroor. DH? 30pHIroop Oug Xyp TyHaaac
00JIOH TemIiepaTyphlH suiraaTaii 26 1prasc, xepcHuit xoép eep ryH (0—15 cm Gomor 15-30 cm)-33c
myriyyical maxkua Hyypereperd (C), azort (N), ¢pochop (P)-bH 3prantsa oponmaor JepBeH SH3UMUIH
umBxuir cymias. Cynanraaraap C 6010H P- bIH 3pranTaa oponor 3H3uMARH nadBx (1.9-561.4 6a 25.4—
536.3 amouts 1! 1r!), N-BIH 3prasTan OpoIIIIor SH3UMHUNAH HA3BX (6.07—146.2 HMois 1! 11!)-35¢ XapbIanryi
eHJOp, XopcHUA 0—15 cM T'YHI WABX Hb HAMAITIK OaitHa. XepcHuil xo€p ryHuit anp amuan He C, P-bH
SPIaNITH OPOJIIOT SH3UMHUHWH WASBX OJIOH KWIMHH AyHI@X Xyp TyHajac (Iaalinpg Xyp TyHaaac Iix)-
tait separ (ITupcon r= 0.76; 0.95) xapuH OJOH KWIHHH AyHAAXK TeMIepaTyp (LaalIn TeMIIepaTyp IIX)-
Tait ceper xamaapantaii (r= -0.65; -0.61) Gaifraa 3y# TOrToN WIP3B. N-BIH 3PTANTII OPOIIAOT SH3UMUITH
HIPBXUIH XyBBA XopcHU 0—15 cM-HIH TYHI J39PXTAH MKW 3YH TOTTOJN TOAOPXOMIOrAcoH 601 15-30
CM-H{H TYHIl Yyp aMbCTAJIBIH HOJO© WIPITYH. XapuH XOPCHHU OpPTaHUK HATARI, HUUT a30T Hb OYX
SH3UMHUUH UIPBXTAH depar (r= 0.41-0.93) xamaapanraii OaifHa. Yyp aMbcrai, XepCHHI OpraHUK HITIAI
SH3UMHUWH HUIIBXA]I HOJeelnk Oaiiraa 6omoBu 0-15 cMm-uitH TyHI Temmeparyp, 15-30 cM-uifH TYHI Xyp
TYHa/IaCHbI HOJIe® XapblLaHI'yi eHxep Oaiiraa yp IyH rapiaa. Darasp yp AYHID3C Xapaxaj TeMIeparyp
O0JIOH Xyp TyHaJaCHBI ©6pYJIeNT Hb MOHIOJI OPHBI XyBbJl OPTaHUK HATUIRP Oasiar OYCHHH XepCHUH
OpTaHMK HOTUIMIH HOeIe] (SIaHTysa OHreH XepCHUH OHI'eH JaBXapraja) cepreep HeJIeesrK 0om30mryi
GaiiHa.

Tyaxyyp yr: B-niroko3uaasa, Xyuusuir ¢pocdarasa, e aMuHONeNTrHAa3a, N-ale THIITTIOKO3aMHH I 1a3a,
XOPCHUH 3H3UM

XymsH aBca 2024.10.04; xanan Toxuonnyyncan 2024.12.02; 3eBmeepcen 2024.12.30
© 2024 3oxuoru(x). CC BY-NC 4.0 nuuens.

Opumni Hb C-uitH 3pranTa opomyior f-mmoko3upasa, N-

. . BIH OPIaATd OpOJIIOr JICWIMH aMHHOIENTHAA3a
XepcHmil Owumin OWMETPH HB XOPCHUH OpraHHWK

o . . 0os0oH  N-aleTWIIIOKO3aMHia3a, P-bIH  3pranTag
HOTJUIMAH 3a7pal]] dyXald YYparTdid Tepen OypuilH

susmvyymii  srapyyazar [1], [2]. Marscisnp opomyior Xyuwundr (ocdaraza rom [4], [5]. Darasp

. . SH3UMUHH YHITWIMID TONUMEp HATIUIYYD 3alIpaH
XOPCHUAN OpPTaHUK HATIUIMHT 3a/IaH ©ceiT, OOIHCHIH

. . Owum1 OuetsH, Oycaj OpraHM3M amIuriaXx OOJOMKTOMN
COJIMJILIOOH/I00 Iaap/yiaratail SHEpru, UM TIKIIIUIH

. . SHTUHH HATUTYYA YYcHD. JKumman6on, docdaraza Hb
HOIUIAP XaHraHa. MiiMaac 5ArIsp 9H3UM XOpCHUIT UM

N . (hochoprlH KOMIUIEKCHIT 3aJailkK XepceHI (GocopbiH
TXKIDJI, OPTaHUK HOATMIMHAH SPIAATIA dyXall YYpIrTdi

opomiyor [3]. XepceHn 351031 TOXHOIIIOT, HYYPCTOperd gyczlar x3vn63pm1r chr30233p6ypraManz[ AT AAx
(C), azotr (N), dochop (P) Oyxuii mojaumep HAITITHNHH OTIOMKHHT HIMOTAYYHO [3], [6].

3ajjpajg OpPONIIOT 3H3UMYYAI3C TYII3MAJT CyAJaragar Yyp ambCcrainblH XY4HH 3YHIIC, SUTaHTysia TEMIepaTyp
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00JIOH Xyp TyHaJac Hb XOPCHUI OPraHUK HATIIUNHH
OUHAMUKT dyxan yyparmit. Tyxainbam, Xyp TyHamac
Xs3raapiuaraMan Oyc HyTarT SKOCHCTEMHHH aHXJIard
OYT33MK Hb YHMHTIIp Xsi3raapiarjjar. Yuirisr HeX1emn
Hb OpPTraHHUK HATIDJ YYCIX, TOTTBOPIKUXO TOXHPOMKTOMN
001 eHIep TeMIlepaTyp Hb OpPTaHUK HOITIRI OWYHI
[7].

Yyp ambCranblH €6puiIedT Hb Xyp TyHamac Oyyx 3yi

OMeTH?Ip 3aapax MpPOLECCHIr  HIMAIAYYIAIT
TOTTIIBIT ©OPWIOH (XAT Xyypau, YHHIiIdr yerdd 60iox)
SH3UMHUMH HJIBXSJ HOJIOeJICHeep XOpCHUH OpraHuK
HOTITUIH 3a1pai]i HOJIeeJIeX OOJOMKTON X3MI3H OJIOH
cynnaauny y3caH [8], [9], [10]. Xyp TyHanacHbI TOPUMBIT
eepwiex TYypHIMIATAAp XOPCHUH SH3UMHUIH HIAIBXI
rapax eepujieiiT, UM THPKIIUNHH HATIJIUHH XYPTIIMK
00JIOH OHMOTCOXHUMUIH J3pIaNTdA HOJeelnK Oailraar
torroocoH [11]. Witmd3c, xepcHuid Owvmia OuCTHUIN
oymrammumiia C, N, P-bIH X3parmpsr XaHraxana dyxai
YYPIIToi XOPCHUM SH3UMUUH WABXUUI Yyp ambCrai
0OJIOH XOpCHHMH XYYMH 3YWICHHH suraatail HOXION]
CyAJlax Hb OPTaHMK HATIMNH 3a1pajij Yyp aMbCralIbiH
©OPUJIONITHIH Y3YYJI9X HOJIOOT TOI'TOOX, OWIT0X0/1 dyXall
a4 X0JI00TI0JITOH IOM.

Mamnait opHbl cy/ulaauu) ynaaH Oyyaad, parichblH
Tapuananruitn Tanbaitn xepcenn C, N, P-bIH apranTog
OpOJIIIOT X3 XO3/PH SH3UMUHH WABXMUT CyralicaH
[12]. XepcHuil SH3UMHUIH UAIBX3] yyp aMbcran 0oJIoH
XOPCHUH INWHX 4YaHap XIPX3H HeJees[er Taaaap
TDIXANR Jasiap UX?3p Cymammk Oaifiraa 0oioBd MoHrom
OPHBI XyBB/I 9H) TaJIbIH CyJlajiraa XoBop OaiiHa.

OHaxyy cynanraaraap oun C, N, P-piH spraaraa
OpOJIIOT J16pBOH JH3UMHUHH HIIBX3I Yyp aMmbCrai
0O0JIOH XOPCHUI XYUHH 3YHJIC XOPXIH HOJeeIDK Oalraar
CyJUIaXbII' 30pHJI00. XOpCHUN eep eep T'yHI OpraHuK
HATJUIAIH YaHap, XOPCHUH MIUHXK YaHap, OMImI OMeTHHI
ONMOH saH3 Oaiiman suraarait Gadimar [13] yump Oupg
XOPCHUHN 3H3UMUNH UIIBXUNT XOPCHUN XOEp eep TYH]
TOAOPXOMIITI00. XOPCHUM SH3UMHUNH HUJIBX Hb OPTaHUK
HATUTAAH 3apajiblH TOIBUUT WITTHAAT Ty [6] OumgHUi
cypaiaraa MOHTOJ OpHBI Yyp aMbCTalblH suIraartai
HOXIeJ OYXUH IPIYYASA OpraHuK HATIHHH 3a1pajibiH
TONBUIT TOAPYYIIaxa dyXall MIIIIJUIHHT OUil OOITOHO.

MarepuaJ, apra 3yii
XepcHM 133K LYIJIYYJICaH 3arBap, I3ryyA

Xepcuwmii mr3xkuir 2022 onbl 06 cap yyp aMbCTaIbIH
sIraaTail HeXmen Oyxwid 26 1[PrIsc IyriayylcaH 0a
3Ar33P33¢ 8 Hb OUT X33p, 9 Hb X33p, 9 Hb [IOJIOPXOr X33p 0a

nenuitH O0ycaa xamaapd Oaiican (1-p 3ypar). Lpryyaniia
OJIOH >KMJIMHH AyHIaX Xyp TyHagac 44 mm-33¢ 353 MM

XYPTDJ1, XapuH OJIOH KWJIMHH TyHIaX Temrepatyp -5.96
°C -33¢ 5.78 °C Oaiican.

JIPokuiT OyrTYWH apraap myriyyjican 0a Ipr Tyc
oypt 100 m? Tanbait 6alTyymk, TandaitH qotop Hb 1 M?
XOMXKIITIHN TaBaH 9/ TajlOalir COHroX TeBeec 0O0JOH
nepBeH Oyianraac m33x a4, 0—15 cm 6omon 15-30 cm
Xx0€p eep I'yYHJ XyBaacaH. Har HUIIMAI 199K YYCTIXUITH
TYJL 1371 Tanbaii Oypanc aBcaH TaBaH JPKUUT XOJILCOH
[13].
OMHO 2 MM-M{H [IUTIIYYPISP MIATIIMK OdJIICIH.

Jooxkuiir -80°C-1 xaAramk, TYypHIMIAT XHHXIIC

Yyp amberajibiH M3/133J13J1, X0PCHUI (PU3MK-XMMMIH
IIHHZK YaHap

WorldClim v2.1,
caiTaac JIPMK LYTAyyJlcaH LPTYYAUWH Xyp TyHazac,
(2012-2021)
Xepcuuii unidruiir 105°C-a xataax, OpraHuK HITAJTUIH
Xyypai 550°C-
T WAaTaaXx YJIIOLUIMAT XOMXKUX OJKUHTUHAH —apraap

https://www.worldclim.org/

TEMIIEPAaTYPbIH  MBI33JUTHHAT aBcaH.

aryyJlaMKuir — xaTaacaH XOPCHUUTr
TogopxoiicoH [14]. Xepcunii pH-niir xepc 6o0on 0.1 M
CaCl,-piu 1:5 xapblaaraii cycren3s i NOTEHMOMETPHIH
[15],

xeaesreeHT (ochopeir Maunrnnuii apraap [16] Tyc Tyc

apraap, HUHT a3oTbir KbenppamuiiH apraap

TOJOPXOMIICOH.
XepcHHUI IH3UMHUIH HAIBX TOJAOPXO0HI0X

C-uita sprantan opodmgor B-mrokosuaaza (B-glu-
cosidase (BG)), N-pIH 3pranTdg OpOIIIOT JEHIINH

(LAP))
6a N-aunermnnioko3amununaza (N-acetylglucoseam-

amuaonentuaaza (leucine aminopeptidase
inidase (NAG)), Oomon P-siH »pranTdx  opommgor
xyumwnr ¢pocdarasa (acid phosphatase (AP)) snzumuiin
wieBxuir Jackson Hap (2013)-bIH IPOTOKOJIBIH Jaryy
KOJIOPHUMETpPUIH apraap TomopxoiicoH [17]. MHMxm3
p-HUTpOoeHMT Oa p-HUTPOAHWIMHUK Oymdr Oyxuid
XpOMOTeH CyOCcTpaTyynbIl —amuriacaH. OH3UMHIH
UIPBXUAT 1 Tp Xyypall XepceH 13X SH3UMMHMH HAT LArT
YYCr2XK Oyi OYTIITIIXYYHHHA X3MXKIIIp (HMOIL T

') WIDPXUAICOH.
CTaTHCTHK aHAJIN3

Craructuk anamu3sir R mporpamm (Version 4.2.1)
amuriad TYAIPTrIB. JIP3K MyriyyscaH IPryya O00moH
TYH33C XamaapcaH 3H3UMHWH WIPBXUIH siraar two-
way ANOVA, sH3uMHHH HIPBX, Xepc OOJOH yyp
aMbCTabIH XYYHMH 3YWJIC XOOPOHIBIH XaMaapibil
IIupcon xoppensLMiH apreir allWriaH Maaracad. Yyp
ambcraj OOJIOH XOpPCHUH XY4MH 3YHJICHUAH SH3UMUIH
HI9BXA]L Y3YYJI9X HOJeer IIyraMaH Perpecc, Xy4uH 3y
Tyc OypwiiH XapblaHryii Hemeer hierarchical variation
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partition aHanmu3 ammriaH anracad. [ paduxyyasir R
(Version 4.2.1) 6omon GraphPad Prism 10.0 (GraphPad
Software, Inc) ammrnan Oaiiryysncas.

Cynanraansl yp AyH
XoepcHMI X0€p I'YH J3X JH3UMMITH HIIBX

C-mitH »pronTdn opommnor BG, N-plH 3prantaa
opomunor LAP 6a NAG, P-siH sproarmsa opomimior
AP

SH3UMHUWH WIPBX 39K IYTIyyJCaH IPT OOJIOH TYHIIC

SH3UMHUNH MJPBXUUAT  TOAOPXOWUIIOXOJ  3Ar33p
Xamaapu sraarai 6ais (2-p 3ypar; 1-p xycHorT). a9k
LYTJIyyJIcaH IPTYYATIH Xaphllyynaxaj XepCHUH I'YHI3C

xamaapcat suraa 6ara GaifHa (1-p XycHATT).

2-p 3ypart xapyyincHaap NAG ©6omon LAP-uita
HUMIO03p WIPBXTAIH Xapblyynaxanx BG Ooson AP-biH
UJIPBX XapblaHrydl eHmep OaifHa. MXdHX TOXMONIOMN,
0—15 cM-uifH TYH?3C mMyTayyicad mxun 15-30 cMm-uitH
TYH93C LYTIIYYyJCaH JIPIKTIA Xapbllyynaxasl dH3UMHIAH
WJIPBX WYY OHzep OaiiHa.

XepcHuii 3H3UMMITH MI3BX 0a Xyp33J3H Oyl OpUYHBI
XY4HH 3YHJICHIH XamaapaJl

Koppensuuiin aHanuzaap SH3UMHMMH HI3BX YyYp
ambCraj, XOpCHHH IIMHXK YaHApTal MIIATADXYHI
xamaapanTai 000X Hb WDpPCdH (3-p 3ypar). Xyp
TyHamac Hb BG 6010H AP -bIH HIPBXTH XepcHUi X0&p
TYHJT )b aJIMH Hb 9€paT XaMaapanTaii 6aiina (3-p 3ypar;
4A, B-p 3ypar). Xapud NAG+LAP -bIH u19BXUIH XyBb]
9H? xamaapai 3eBxeH 0—15 cMm-uitH TYHI wpy OaifHa
(3-p 3ypar; 4b-p 3ypar). Xyp TyHangacHsl Henee AP
sH3UMI xaMruitH xyurdi (R=0.90) xapun NAG+LAP
SH3UMHIH XyBBI ¢y (R>=0.27 6a 0.09) Gaiina (4b, B-p
3ypar).

Temneparyp Hb xepcuuit xoép rynn BG Goxon AP
SH3MMUITH MJIPBXTIH 2epar Xxamaapanrail Oaifraa Oon
NAG+LAP-p1H XyBpA TeMIIEpaTypblH HOJIOO® XOPCHHA
0—15 cMm-uitH TYHA a4 XOImOOTmonTod Oailiraa yp AyH
rapnaa (3-p 3ypar). lllyraman perpeccuiin yp QyHID3C
Y3B3J1, TEMIEparyp 0OJIOH H3UMHIH UABX XOOPOH/IBIH
Xamaapajl Hb Xyp TyHaJgac OOJIOH SH3MMHUHH HI3BX
XOOpPOHJIBIH XamaapajiTail xapellyynaxaja cyn Oaifraar
xepcuuit 0—15 cm-uite ryEa R? ytra 0.2-0.42, 15-30
cM-uiiH TYHI 0.14-0.31 x00poH X3:103:133:k% Oaiiraaraac
xapk OomHO. MeH, TemmepaTyp 0a SH3UMHWH HIPBX
X00poHABIH Xamaapan 0-15 cm-wite rysa (15-30 cwm-
WIH TYHT?H Xapbllyyinaxal) XapbLaHTyd eHmep OaifHa
(4I'-E-p 3ypar).

Xepcuuii pH 0-15 cm-uiin rynn BG, xapus xepchuit
x0€p ryHI AP -bIH HIPBXD] copreep HeJeeik OaifHa.

Xepcuuit xenenreeHT ¢Gochop Hb 0-15 cM-uiH TYHJ
AP-pIH WIPBXTOH 2epar Xamaapanrtaih Oaiiraa 001
Oycaa TOXHOIAONI SH3UMHUHH HIPBXTIA MIIATIAIXYHI]
xXamaapan y3yy/moryd. XapuH XepcHMH XOE€p TyH]
9H3UMUKH UIPBX 00JIOH XOPCHUHN YUHUT, OPTraHUK HATIDI,
HUUT a30TBIH XOOPOHZ 3epar Xamaapan wnpidd (3-p

3ypar).

Opranuk HIraa 6a Xyp TyHajgacHbl BG-bH nadBxoa
y3yyinx Henee 0—15 cMm-uiin ryn oiipoioo (R2yrryyn
0.60 6a 0.58) Gaiican 6om 15-30 cM-WifH TYHII OpraHHUK
HATUIMIH Hejlee Xyp TyHajgacTall XapbllyynaxaJ HIyy
XY4TOH nimspu 6aiina (4A, E-p 3ypar). OpraHuk H3NITHIH
Hoenee 0-15 cm-uitn ryna NAG+HLAP -biH uaoBxaa
xamruidH ux (R?=0.87), xapun 15-30 cM-uiiH ryH] MOH
NAG+LAP -b1H n13BX51 XaMIuitH 0ara HeJ1ee Y3YYJICOH
(R*=0.37) (4K-p 3ypar).

Temneparyp, Xyp TyHazac, xepcHud pH, opranuk

HOTJUIMMH ~ XOPCHUH  SH3UMMHMH — MJPBXDI  Y3YYJIDX
variation partition aHaiu3aap
pH ©a

Xapbllyylaxaj yyp aMmbCral Hb OH3UMHHH HJDBX3]

XapbLAHI'yld HeJjeer
manraxajg —XepCHHH OpPTraHMK  HITJPITIH
niyy HeseeTdH Oaiina. TonpyynOan, TemmepaTypbiH
XapblaHTyi HeJiee xepcHuil 0—15 cM-uiiH I'yHa XaMIUitH
ux Oalican 0oyl Xyp TyHaJacHbl XapbLaHTydl HeJee
xepcHui 15-30 cM-uiiH T'yHI XaMruiH ux Oaiina (5-p
3ypar).

X3JIyyJnr

bunnuii cynanraanel yp AyH MOHron opHbl yyp
aMbCrajl, XOPCHUH YP)KWII IIMMA3p sIraatail upryyanita
XOPCHUI DSH3UMHIH HIPBX3A Xyp TyHamac OOJI0H
TEMIIEpaTyp HWX33X3H HeJeesK Oaifraar xapyyJuiaa.
TYYHYISH SH3UMHNAH HIPBX3 YYP aMbCTIbIH Y3YYIIX
HOJIO® XOPCHHUI TYHI3C Xamaapy suiraaraii Oaiiraa
Oeree[ TeMIiepaTyphIH XapbllaHTyit Hoeo 0—15 cMm-nitH
TYHJ, XapuH Xyp TyHaJacHbI XapbLaHryil Hemee 15-30
CM-HH T'YH] 6H1ep 0aliB.

XepcHUI 3H3UMUIH UAIBX Yyp aMbcrajaac rajHa
XOPCHUH MMM TIXKI3JUNH HACUIMKAH — aryyJaMmkrai
xonboortor Oaiimar [18]. CrexmomeTpuitH oHON ECOOp
Ouuma OMeTHHMH OYJIrdMIdN  XIPATLPIT AIEMEHTHUT
AIIMATIIAXBIH TYJ MIaapaaraax SH3UMUNT HEAIDKYYIIX
mpoLeccT wiyy 3Hepru 3apuyyngar [19], [20]. buanuii
cynanraansl yp ayHrasp C 6a P-siH sprantan opodior
9H3UMUUH HMIPBX N-BIH 3pI3AT3[ OPOJILIOT 3H3UMTIH
XapbllyyJaxaa wiyy eHaep Oaiiraa Hb TyXailH XepcHUI
oyt Ouersna N-tait xapbiyyiaxan C, P-biH X3parip»
eHep Oaiiraar MiTrax OaifHa.

Men Oycax cymmaaunbiH yp nyHr»»p C 6a P-pm
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SPrAATII OPOJIYIOT 3H3MMHUNH HWABX Hb YpramiblH
3ampan, yycnmar
XaHTaMXXTal  XO0JI00OTOW  eepwIeriuer

YILIAT T H OpPraHuK  HATIJIUNH
000X Hb
TorToorjcon OaiiHa [21], [22]. bunHuii cypanraans! yp
oyHa, xepcHuit 15-30 cM-uitH TYHT?# Xapbllyynaxan
0—15 cM-mifH TYHI SH3UMHUIH WIPBX OHIep Oaiiraa Hb
XOPCHHI OPraHMK HATJIMIH aryyiamiK eH1ep Oairaarait
X0J1000TON Oaiix maramantail. Heree Tamaac XxepcHwHiA
TYHpPYY Owumn OWeTHWi yitnm axwuraraa Oyyppaartai
[23].

MOHTOJIBIH TATII OHIOPIOTT XOPCHUN OWUYWIT OMETHHIMA

X00ooTOl  Oalx  GOJOMKTOM Cyraaun
6ruomacc, 6akrepu 6a MeereHupuiiH xapsiaa, C 6a N-pIH
IPADCHKUX XYpJ XOPCHUH TYH, XyypaluinTraac xamaapd

Oyypaar G0JIOXBIT TOTTOOCOH Oaiaar [24].

Xyp TyHazac, OpraHuK HAT/RJ, TEMIEpaTyp OuIHUN
CyJalraaHbl IPTYYA IPX XOPCHUH SH3UMHUIH HIIBXOI,
sumanrysia C 0a P-bIH 3pranTda oposimaor SH3UMUITH
HUIPBXOJ WIYY XYUTOH HOJeeJnk Oaiiraa Hb perpecCHitH
aHANM3BIH Yp AYHIIAC Xaparaax OaitHa (4-p 3ypar).
Xyp TyHagac HXCIXdA XOPCHUM YMHTIIII HAIMATIK
OWuna OMETHUH MIPBX, OYTIIMXK HAIMAITAIRT [25], [26].
Bumamii cynanraansl yp IyHT?3C Xapaxaa Xyp TyHamac
HAIMAITIPXOA C Ga P-bIH 3pranTs oposor SH3UMHNAH
WUJIPBX HAMAITIPXUUH 39pAridd, OpPraHuK HATIJIUNH
aryymavx HOMITIK (1=0.61) 6aitHa. C 6a P-b1H 3pranTog
OPOJIIIOT SH3UMUIH UJIPBX XapbllaHTYyHl eHmep Oaifraa
Hb Onumn OuvetHuit C 6a P-bIH 9X YYCBID HB TOIAYYy
XOPCHHN OpTraHUK HATIRN Oaiik OOJOXBIT WIITTIHD.
Oepeep X037, XOPCOHJ OPTaHMK HATIMKAH 3aipal
HUX293p sABarnax Oarx 00JB0MTYHT XapyyiDk OaifHa.

Heree Tanaac, enep remnepaTyp Hb OWUHI OHETHUIH
[22].
Temneparyp HAIMAIIIPXA THAPOJIUTHK SH3UMUNH HI3BX

WI9BX, XOPCHUH aMbCralbIl  HAIMATAYYIIAT
mMoIrer [10]. Xapur OugHuil cymanraa SH3UMHNH
nAPBX OOJIOH TEMIIEpaTyPbIH XOOPOH] COper xamaapai
Oaifraar xapyyJuiaa. YYHHHT TeMIEpaTyp HAIMAIAIXI/
Xyp TYHaJacCHbl XOMXK?I3, YYHHUI Jaraaj OpraHuk
HATUIAIH aryynamk (r=-0.52) Oyypu Oaifraaraii Xon6oH

Tainbapiax OoHO.

'moban Mera-aHamu3blH  yp JAYHID3C  Xapaxaj
TemIiepaTyp OOJIOH Xyp TYHA/IaC UXCAX TycaM SH3UMUIH
HIPBX HAMITAIOT [22] OONOBY MIIXUIH Aymaapail Hb
OpPraHMK HATIIIP Oasyiar OYCHHH OHIOH XOpCoH JIX
OpraHMK HOIMJIMHH ajjarfaij WIyy XY4YTdH HeJeeink
Oaitna [27]. YyH93C AyrHdX37 MOHTON OpHBI XYBBI
XapbIIaHTyH JIyJIaaH, OPTaHUK HATIUIH aryysjaamK
Oarataii Oyc HyTarr OWYMI OWETHHA WIIBXHUUAT
Xyypalmmmn Xs3raapiax 0aix O0JOMKTOH oM. XapuH

OpPraHMK HAIJUIMHH aryyjiaM)k eHAepTdH, Xyp TyHazac

XapbIAHTyH MXT3 Oyc HYTTYYABIH XOPCHHUI OpPraHuk
HITIUIMIH  3agpan  Oara TemmepaTyp (XYHT?H)-BIH

HOJIeereep Xs3raapiariax OaifHa.
JAyrusar

C, N, P-pIH 2praarsg oponyior >H3UMHUH HIIBX
yyp ambcran OOJIOH XOPCHHH OpraHuK HATIMHH
aryyJamKTai HATT XaMmaapanrtail 6aifHa. Temmepatyp Hb
xepcHUAN oHreH X3¢arT (0—15 cM-uifH TYHI) SH3UMHIH
UA2BX3J XaMTUIH Xy4Tdi Hejeeslerd Xy4uH 3YHI
Oaiican 00J XOpCHUH TYH pPYY TeMIepaTypblH HOJIOO
Oyypu, XapHH Xyp TyHaJacHBI HOJI®® HIMAIIK OaifHa.
VYyp ambCrajblH ©0p4IeNTIIH X0JI000TOHroop Haarma
IyJlaapax, Xyp TyHaJacHBI XdM)K3? 6epuernex Hb
MoHron OpHBI XyBbJ] OPTaHUK HATIIIP Oastmar OycuitH
XOPCHHI OpraHMK HOITJUIMHH Heel (sUIaHrysia ©HI'eH
XOPCHHI OHIeH JaBXapraj), TOITBOPTOH Oaimany

cepreep HeneeInk Oom3omTYi OaifHa.
Tanapxan

OHaxYY cynanraa Hb OJIOH yJICHIH IIHHKIAX YXAaHbI
OalryymnaryyasiH Xoia000HbBI CaHXYYKHITTIH “ANSO-
CR-PP-2021-09” nyraaprail TOCIHIH HAT X3CIT IOM.
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1-p 3ypar. XepcHuil 133K LyDITyyJICaH IATYYIUIT Xyp TyHaJaCHBI IPaJUSHTBIH 3yparT TAMIBIIICIH Oaiina.

1-p xyesart. C, N, P-bIH 3prantda Opoior SH3UMUANH HIIBXUHH J99XK LYTJIyyJICaH IPTyyA OOJOH XOpCHHUH TyH?IC
xamaapcad suraar two-way ANOVA amuriad manracad yp AyH

BG NAG+LAP AP
JICEY S F—xapbmaa 4.8 3.55 10.8
LyTIyyncan
OTYYA p-ytra <0.0001 0.001 <0.0001
Huiit Bapuansi % 70.2 70.4 94.8
F—xapbIiaa 26.62 12.23 24.6
Xopcuuii ryn p-yrra <0.0001 0.001 <0.0001
Huiir Bapuaupiza % 15.5 9.7 8.6

BG: B-nmroko3unasza

LAP: Jleiiniua aMUHOIIENITHIa3a
NAG: N-aneTuinioko3amMuaas3a
AP: Xyummar docdarasza
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2-p 3ypar. C, N, P-bIH 3prairan oponmyior SH3UMHHH WASBXUHT XapbllyyicaH Oaifgan. XepcHuil Xo€p eep I'yH 13X YH3UMHIH
HISBXUHT OJIOH JKHIIMHH TyHAQK Xyp TYHaZacHBI HOMOAIIIX Japaaiuiaap OaipiyynaB. OHre Hb TYH 0aiix TycaM SH3UMHIH HIPBX
OHJIOp MATUIT UITIHH).
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3-p 3ypar. XepcHuii 3H3UMHUIH HI3BX OOJIOH XYP33JI9H Oyi OpUYHBI XyBbCATYAbIH XOOPOHIBIH XaMaapisIr [Inpconb! koppensuuiita
aHaJM3aap LIajaracaH yp AYHT XxepcHui xoép eep ryHp (0—15 cMm 6a 15-30 cm) xapyynas. Xyp TyHaaac, OJOH KHUIMHH TyHIaX
Xyp TyHazac; Temneparyp, OJOH XWIMHH TyHAaX Temieparyp; OpraHuk HITI3J, XOpCHUN OpraHuK HATIAN; UMHT, XepcHHi
yniruiin aryynamx; pH; xepcuuii pH; Xenenreent docdop, xepcuuit xenenreent docdop; Huiit a30t, xepcHuil HUHT a30T;
36BX6H CTATUCTUKUIH a4 Xondoraon oyxuit xamaapain (p<0.05)-bIr Xapyynas.
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4-p 3ypar. Xyp tyHanac (A-B), remneparyp (I'-E) 60mon xepcruii opranux Haraain (E-3)-uita C, N 6a P-bIH 5prantsa oposior
SH3UMYYIHUUH HIPBX3]] Y3YYJIDX HOJIOOT IIyraMaH PEerpecCHiiH aHaIn3aap Mairacad yp AyH.
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5-p 3ypar. XepcHuil S3H3UMHUHH WIB3BX3L XOpc 6a Xyp3IdisH Oyil OpuHbI XYYHMH 3YWINHH XapblLaHTyH HOJIeer XepCHUH X0&p ryH[
xapyyJcas Oaitnan. A. 0-15 cm; b. 15-30 cm.
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