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ABSTRACT

The aim of the study is to determine the seasonal changes in sand soil microbial biomass carbon (C)
and nitrogen (N) and to identify the pattern of sand soil microbial biomass of four vegetation types in
the Mu Us Sandland in northwestern China. Four types of psammophyte plots were established in a
desert botanical garden. Soil samples were collected at the depths of 0-10, 10-20 and 20-40 cm,
before the 10" of each month, from April to October 2015. The microbial biomass C (MBC) and microbial
biomass N (MBN) concentrations were determined using chloroform fumigation extraction. The
concentration of MBC did not show consistent patterns as the soil depth increased from 0-10 cm to 20-
40 cm, although it was higher in the top layer than in the other layers in some stands (p<0.05). There
was also a consistent pattern in different soil layers. All of the top layers showed similar changes from
August to October. The MBN concentration in the middle layer was maximal in April, which experiences
different types of vegetation, and was significantly higher in the Pinus sylvestris L. var. mongholica
Litv and Salix cheilophila stands (p<0.05). Seasonal changes in desert soil MBC and MBN concentrations
were obvious in the top soail layer. The peak MBC and MBN concentrations occurred during different

seasons, with MBN higher during the colder months.

INTRODUCTION

Soil is a fundamental component of most ecosystems. It
supports plant growth by modul ating the flow of water, en-
ergy and nutrients. Energy flow and nutrient cycling are
affected by microbial biomass, which is an essential com-
ponent of the soil. Microbia biomass not only influences
the transformation of organic matter in soil, butitisalsoan
important source of soil nutrients (Zhou et al. 2001).

Soil microbial biomass is defined as the total biomass
with avolumelessthan 5 x 10* m3, which doesnot include
living plants (Jenkinsons & Ladd 1981). It is the active
portion of soil organic matter and the most dynamic factor
in soil. Soil microbial biomass generally include microbial
biomass carbon (MBC), microbial biomass nitrogen (MBN),
microbial biomass phosphorus, and microbial biomass
sulfur. Among these microbial biomass sources, the con-
centrations of MBC and MBN tend to be relatively more
stableand account for 1-5% and 2-6% of thetota soil Cand
N contents, respectively. Globally, total soil MBC accounts
for approximately 1.4% of the world’s soil organic C con-
tent, but it contributes significantly to the global C cycle
(Wardle1992).

Understanding the patterns of changein MBC and MBN
contentsisimportant; yet, according to numerous previous
studies, it is difficult to determine how changesin soil mi-
crobia biomassareregulated (Devi & Y adava 2006, Edwards
et al. 2006). In general, the patterns of regulation differ ac-
cording to climate. Changes in soil biomass are relatively
low in the summer and high in the winter in tropical and
subtropical regions. This patternisvery different in transi-
tion areas (Zhou et a. 2006). These differences have been
evaluatedin terms of whether moisture and temperature di-
rectly affect the soil microbial biomass. Additional patterns
were identified in other studies that focused on seasonal
changesin soil microbial biomass(Lipsonet al. 1999, Basu
etal. 1991, Yang & Insam 1991, Luizo et al. 1998, Singh et
al. 1989, Raghubanshi et a. 1990, Barbhuiya et al. 2004,
Vinisaet a. 2005). The majority of these studieswere con-
ducted in areas of abundant rainfall, but only a few were
conducted in sandy soil in arid and semi-arid regions with
extreme water deficits.

In addition to climate, Richards et al. (2010) and
Malchair et al. (2009) found that changes in tree species
and composition potentially affect soil organic matter
quantity and dynamics, along with microsite conditions.
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Furthermore, dehydrogenase activity and metabolic
guotients do not show the same patterns among different
vegetation types (Pereira et al. 2011). The vegetation type
might influence the soil microbial biomass composition.

The objectives of this study were to determine the
seasonal changes in the sand soil MBC and MBN and to
identify the patterns of sand soil microbial biomassin four
vegetation types in Mu Us Sandland, NW China. The
nutrient concentrations at different soil depths were also
investigated.

MATERIALS AND METHODS

Experimental site and soil sampling: Thisstudy was con-
ducted in southeastern Mu Us Sandland, Yulin, Shaanxi
Province (109°12'E, 38°26'N). This area has a temperate
semi-arid continental monsoon climate, with an average
temperature of 7.8-8.6°C. Annual rainfall is 250-440 mm,
with highest levels from July to September. Rain and heat
occur during the same period in this area. Drought in the
spring and winter isoften combined withintense sandstorms.

Four types of psammophyte plant plotswere established
in a desert botanical garden (Pinus sylvestris L. var.
mongholica Litv, Pinus tabulaeformis Carr., Salix
cheilophila and Caragana microphylla Lam). Each plot
was 20 x 20m, with three replicates. Mean canopy coverage
was 55-83%. Mean stand densitiesin the arbor were 670 N
hatand 1220 N ha?. Soil samples were simultaneously col-
lected at depths of 0-10, 10-20, and 20-40 cm, before the
10" of each month from April to October. Therewasnorain
for 5d. Therewere 12 plots and 252 soil samplesin total.

Each sample wasdivided into two parts. One part wasair
dried and passed through a2 mm sievefor analysis of avail-
able phosphorus (AP), avail able potassum (AK), and avail -
ablenitrogen (AN), and the remaining sub-samplewas passed
through a 0.25 mm sieve for analysis of soil total nitrogen
(TN), total potassium (TK) and total phosphorus(TP). The
other part was stored at 4°C in the dark to measurethe con-
tents of MBC and MBN. The MBC concentration was de-
termined using chloroform fumigation extraction (Vance et
al. 1987). Fresh soil was adjusted to 55% of the water-hold-
ing capacity, pre-cultured at 25°C for 7 d, and then fumi-
gated for 1 d with al cohol-free chloroform (CHCI,) vapors.
Soluble C inthe 0.5 M K,SO, extracts was then measured
using aliquid TOC analyzer. The MBCandMBN contents
were cal culated using theformulasMBC=E /K . _.and MBN=
E/K ., where E(E,) is the difference between C(N) ex-
tracted from the fumigated and non-fumigated samples, K .
=0.45, and K =0.54.

Statistical analyss: The effects of vegetation type and soil
horizon on soil properties, MBC, MBN, MBC/MBN and
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MBC/soil organic carbon (Corg) were tested by one-way
analysis of variance and Turkey’s multiple range test, us-
ing SPSS 18.0. Differences wereregarded assignificant at
p<0.05.

RESULTS

Soil nutrients: Soil nutrient propertiesare stable over long
periods, except in cases of fertilization and prescribed burn-
ing (Mugaddas et al. 2015), which could influence the con-
tentsof MBC and MBN. Asaresult, itis necessary to char-
acterize the study areain terms of nutrient composition.

Soil nutrient concentrations in different layers, under
four kinds of vegetation, are shown in Fig. 1. Nutrient con-
tent was higher inthe organic layer and lower in the deeper
layers, indicating that the major nutrient pool for the four
vegetation typeswasin the top soil layer. Thisissimilar to
the results of other studies conducted on different types of
forest. Accumulation of the macronutrients was evident in
the surfacelayer, which had significantly higher levelscom-
pared with macronutrients at other depths, with the excep-
tion of APunder P. sylvestrisstands (p<0.05). Thelevels of
all available nutrients were almost two-fold higher at 0-10
cm than at 20-40 cm. In addition, N concentrations were
higher in the top layer of C. microphylla stands than for
other vegetation types, with 0.04 £ 0.01% TN and 48.55 +
6.95 mg/kg AN. In the P. tabulaeformis stands, nutrient
concentrations were stable among the three soil layers, and
TN, TPand TK concentrationswere more stable compared
with those in other vegetation types. The nutrient concen-
trations at the 20-40 cm layer were close or dightly higher
under shrub vegetation, than under arbor vegetation. The
differences among macronutrients were not significant
among the vegetation typesat 10-20 cm, expect for APIin S
cheilophila stands.

Soil microbial biomass carbon and N: Soil microbial
biomass C and N in different layers, under four kinds of
vegetation, are shownin Figs. 2 and 3. Microbial biomassC
represents the living component of organic matter in soils,
indicative of the size and diversity of the soil microbial
community. The concentration of MBC was not consistent
among the depths, as it decreased from 0-10 cm to 20-40
cm. The MBC concentration in the top layer was greater
than that in other layersin some stands (p<0.05). TheMBC
concentration in the top layer under shrub stands showed a
bimodal change during the growing season. The highest
concentrationsin thislayer under the C. microphyllaand S
cheilophila standswere 310.40 + 21.20 and 372.08 + 37.49
mg/kg, with the first peaks appearing in June and May, re-
spectively. The MBC content in arbor stands showed simi-
lar patterns, which were a parabola shape in the 0-10 and
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Fig.1: Soil nutrient concentrations in different layers.

10-20 cm layers. The extreme value occurred in July inthe
P. sylvestris stands, and in August in the S. cheilophila
stands.

The MBC content in the top layer under shrub stands
was higher than that under arbor stands during the colder
months, but thisdifference disappeared with increasing soil
depth. There were no consistent patterns among the stands,
although the MBC concentration of P. tabulaeformis plots
was more stable than that of other vegetation plots. The
variation in MBC content in the top layer was more obvi-
ousthan that in other layers.

The concentration patternsof MBN differed from those
of MBC. All top layers showed similar changes from Au-
gust to October. The MBN concentration of the middle layer
reached its maximum in April under al vegetation types,
and it was significantly higher in P. sylvestris and S.
cheilophila plots (p<0.05). The MBN content did not show
aconsistent pattern according to month in the deep layers
among the stands. However, from August to October, there
were no significant differences among the plots. Prior to
that period, the change in MBN content was not related to
vegetation type or soil depth, although the coefficient of
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Fig. 2: Soil microbial biomass carbon and nitrogen under different vegetation types. a P. sylvestris, b: P. tabulaeformis, c: C. microphylla,
d: S cheilophila. 1: microbial biomass nitrogen (mg/kg); 2: microbial biomass carbon (mg/kg).
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Fig. 3: Soil microbial biomass carbon and nitrogen at different depths. a: 0-10 cm, b: 10-20 cm, 20-40 cm. 1: microbial biomass nitrogen
(mg/kg); 2: microbial biomass carbon (mg/kg)

variation was much higher than that in autumn and de-
creased slowly with soil depth.

Cmic/Corg order of the four stands soil wastotally dif-
ferent, there isno consistent result between the depth of the
soil and the time series. MBC/MBN showed no obvious
difference or change pattern between stands or between soil
depths. Thisismainly dueto theinconsistent trend of MBC
and MBN during the growing season and the small propor-
tion of fungi in the soil, whichishard to bereflected by the
MBC/MBN even with seasonal changes (Fig 4).

DISCUSSION

MBC and MBN concentrations: The highest MBC
concentration in the present study was 682.83 £ 28.02

mg/kg, which was much lessthan that reported by Vance et
al. (1987) and Henrot & Robertson (1994) in various
temperate and tropical forest soils. In addition, the MBC
concentration was not comparable to the minimum MBC
concentration reported by Arunachalam (2000) in
subtropical forests (978-2088 mg/kg). Soil MBN
concentrationsranged from 0.80 + 0.25t0 31.75+ 2.03 mg/
kg, which were significantly lower than the concentrations
reported in Taiwan (48-275 mg/kg) and Germany (317-2116
mg/kg), but comparable to those in evergreen (42-242 mg/
kg) and broad-leaved deciduous forest soils (132-240 mg/
kg) (Diaz-Ravinaet al. 1988, Joergensen et al. 1995). The
disparity is attributed to the poor nutrient status of sandy
soils, even though some shrubs have the Azorhizobium

Nature Environment and Pollution Technology @ Vol. 16, No. 4, 2017
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Fig. 4: The changes in microbial biomass carbon (MBC)/microbial biomass nitrogen (MBN) and MBC/soil organic carbon (Curg) per month.
a Pinus sylvestris L. var. mongholica Litv., b: Pinus tabulaeformis Carr., ¢: Caragana microphylla Lam., d: Salix cheilophila.
1: MBC/MBN, 2: MBC/Curg

Dreyfus bacteria. The other responsible factor is erosion,
which effectively decreases the depth of the soil layer
(Ravindran & Yang 2014). The higher MBC and MBN
contentsin the top layer, compared with the other two soil
layers, were likely the result of an increased supply of

resources, such as soil organic matter, more diverse organic
matter input, and associated processes (Xu 2013).

Numerous studies have shown that the MBC and MBN
contentsare generally rel ated to the soil organic matter con-
tentin forest soils(Yang et al. 2006, Kujur et al. 2012). The
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higher MBC and MBN contentsin the surface layersthanin
the deeper layersis due to their positive correlations with
organic matter content and oxygen availability (Idol et al.
2002). It can be concluded that differences in substrate
guantities among vegetation types contribute to the differ-
ences in MBC and MBN concentrations. Organic matter
content influences the concentrations of MBC and MBN,
asdo the soil moisture and temperature, which arerelatedto
nutrient availability.

Seasonal changesin MBC and MBN: TheMBC and MBN
contents of the four evaluated vegetation types exhibited
different patterns of variation according to season. MBC
was significantly higher in late summer and early autumn.
Saratchandra et al. (1984) and Singh et al. (1989) reported a
similar phenomenon in tropical dry deciduous forests. An
increase in MBN content can last from July to October. The
reason for the low values in the spring may be due to low
microorganism activity and dow rates of litter decomposi -
tion, characteristic of dry, cool periods(Devi & Y adava 2006).
Itisuncertainif N application can significantly reduce MBC
and MBN contents and decrease the MBC/MBN ratio.

The effect of N application might explain the results of
thisstudy. Treseder (2008) and Rudrappaet al. (2006) came
to an opposite conclusion, in that vegetation types became
more pronounced as the rainfall amount decreased. Those
results were not consistent with this study, suggesting the
need for further studies.

In the present study, the MBC/MBN ratio did not show
monthly variations, but it was higher in shrubs than in ar-
bors. Although the MBC/MBN ratio isunstable, it is often
used to describe the structure and state of the microbial
community. A high MBC/MBN ratio indicates a high pro-
portion of fungi inthe microbial biomass, whilealow value
suggesting a high proportion of bacteria in the microbial
populations (Joergensen et al. 1995). Bacteriawere predomi-
nant, despite high variable coefficients of variation in this
study compared with those from other studies (Paul & Clark
1996 and Ravindran & Yang 2006).

Soil microbia entropy could reflect the proportion of
occupied active soil organic Cand reveal differencesin soil
fertility. Specific climate conditions prevented making de-
finitive conclusions in this study. The intense rainfall and
dramatic differences in temperature in sandy soil obscured
theinfluence of vegetation on microbial entropy. Additional
studies should be performed, but over smaller time scalesto
control climate factorsbetter.

CONCLUSIONS

Seasonal changes in desert soil MBC and MBN contents
were obviousin the top soil layer. The peaksin MBN and
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MBC contents occurred during different seasons, withMBN
content being high in colder months. There were no signifi-
cant differences among vegetation types. Thus, the results
from the present study support further studies on soil micro-
bial biomass changes, focusing on soil moisture and tem-
perature in sandy soils.
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