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ABSTRACT

Field experiment, determining in-situ and laboratory simulated experiment
were conducted to study the seasonal dynamics of soil respiration flux,
soil microbia carbon (SMBC), and dissolved organic carbon (DOC) in
agricultural soil. The impact factors such as temperature, precipitation,
and biomass, were also analyzed. The results showed that soil respiration
rate increased rapidly after May and reached the maximum in July to
September. There was a significantly positive correlation between
respiration rate and soil temperature (p<0.01). The seasonal variation of
SMBC had greater coefficient variance, 27.1% and 18.7% for 2004 and
2005, respectively (p<0.001). SMBC content was lower in May,
subsequently increased rapidly and SMBC content was 774-842 mg/kg in
June to September. DOC content was highest in May, subsequently
decreased, and declined to the lowest in July. From August to September,
the DOC content increased rapidly to the highest value (177. 2 mg/kg) in
September, and declined subsequently. Correlation analysis showed that
there were significantly negative correlation between DOC and SMBC, 5
cm soil temperature and soil respiration. However, it correlated positively
with biomass. There was significant negative correlation between SMBC
content and 5 cm soil temperature. © 2014 Trade ScienceInc. - INDIA
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INTRODUCTION

Soil microorganismsnot only participateinthe cy-
clic processof soil dements(e.g. carbon and nitrogen)
and soil minerdization, but also play animportant lead-
ingrolein thedecomposition and conversion of organic
mattersaswell asthe conversion and supply of nutri-
ents. Thesoil microbia biomasscarbon (SMBC) andy-
gsisof important Sgnificanceto studieson soil carbon
cycle, soil carbon baance and chemica and biochemi-

cal characteristicsof soil'*2. Dissolved organic carbon
(DOC) participates various soil processesastheim-
portant basisof carbon cycleinterrestrial ecosystem
and can affect thebiological activity of soil asthemain
energy source of soil microorganisms®4. BothDOC
and SMBC are influenced by the amount of carbon
sourceand other environmental factors. Thedynamics
of theseinfluencing factorswill changetheamount and
composition of DOC and activate microorganisms, thus
influencing the carbon and nitrogen cyclein ecosys-
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tem>¢, Although there are abundant researches about
theeffect of land utilization and fertilization practiceon
soil organic carbon, only afew researcheson the dy-
namic processof DOC and SMIBC have been reported
yet. Thispaper mainly discussed the seasona variation
andinfluencing factorsof DOC and SMBC.

MATIRIALSAND METHODS

Theresearch arealocatesin theHonghe Farmland
(133°31'E, 47°35'N) in Tongjiang City, Hellongjiang
Province, where covers large-scaed wetlands-re-
claimed farmlands for soybean and corn all the year
round. With an elevation of 55-65m, it enjoystemper-
ate continental monsoon climateand hasan annua av-
erage temperature of 1.9°C (-21°C in January and
22°CinJduly). Themean annual precipitation varies
between 550-600 mm. It hasabout 125 frost-free days.
Themain wetlands are perennial waterlogged Carex
lasiocapa swamp and seasonal waterlogged Doyeuxia
augustifolia wetlands. The main wetland vegetation
includes Carex lasiocapa, Carex meyeriana and
Doyeuxia augustifolia.

Three4mx4 m sample plots were selected in the
research area. Four earth columns (diameter: 20 mm,
height: 10 cm) were collected from each sample plot
on every 15" from May ~ October of 2011 and 2012.
After carried back to | aboratory, these collected col-
umnswereredistributed and mixed and then screened
by 3mm screen. Later, they werestoredin refrigerator
for test. The soil CO, flux wastested in situ. Soil tem-
perature was recorded automatically by temperature
sensing probeburied onwetland surfaceand 5cm depth.
Preci pitation was observed by automatic meteorol ogi-
cal station. Aboveground biomass and standing litter
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weretested by harvest method.

Soil respiration wastested in situin Li-6400-09
soil respiratory chamber. DOC test: 1) put 20g (dry
weight) fresh soil into aconical flask with 60mL dis-
tilled water for 30min vibration leaching under room
temperature; 2) centrifuge by using high-speed centri-
fuge and screen the supernatant liquor by 0.45um filter
membrane; 3) usethe Shimadzu TOC-V CPH appara-
tus to test the DOC concentration in the leachatel”.
MBC was tested by chloroform fumigation- K.,SO,
extraction. Fumigation sample and non-fumigation
samplewereleached and extracted with0.5M K_SO,
for 30min. The carbon concentration in the leachate
wastested by Shimadzu TOC-V _,, apparatus. Next,
theMBC wasca culated from thefollowing formula:

MBC =Ec/0.38

whereMBC isthemicrobia biomasscarbonand Ecis
thetested organic carbon difference between thefumi-
gation sampleand non-fumigation sample.

Therelationship between SMBC/DOC and thein-
fluencing factorswasanayzed through Pearson corre-
lation analysisof SPSS13.0.

RESULTSANDANALYSIS

Soil temperature curves at 5cm depth during the
growing seasonin 2011 and 2012 showed asingle pesk
(end of July ~ beginning of August) without significant
difference(Fgure1a). Thetotd precipitationsfromMay
~ October in 2011 and 2012 were 326.6mm and 395.7
mm, respectively. In 2011, May received the maximum
precipitation, followed by July but lessin rest months.
In 2012, the maximum precipitation wasin July, fol-
lowed by August. No significant precipitation difference
wasfound between 2011 and 2012 (Figure 1b).
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Crop (soybean) issowed at the end of May, ger-
minated at the beginning of June, grew quickly from
July toAugust and achieved themaximum aboveground
biomass at the end of August. However, the
aboveground biomass began to decrease in Septem-
ber duetotheleaf falling. No significant difference of
aboveground biomass between the growing seasons of
2011 and 2012 was discovered (Figure 2). Root bio-
mass varied basicaly samewith theaboveground bio-
mass, but far |essthan the aboveground biomass.
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Figure2: Seasonal changeof crop biomass

With theincrease of soil temperature, soil respira
tory rateincreases quickly, especidly from Juneto Sep-
tember (Figure 3). Although soil respiration reachedthe
peak at different monthsin 2011 (August) and 2012
(July), no significant difference of soil respiration was
found (p>0.05). A significant positive correlation be-
tween soil respiration and soil temperature (5cm) was
observed (p<0.01). SMBC changed significantly dur-
ing the growing season (Figure 3). Thevariable coeffi-
cientsof 2011 and 2012 were 27.1% and 18.7%, re-
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Figure3: Seasonal changeof soil respiratory rateand SMBC
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spectively (p<0.001). SMBC wasvery low on May,
2011, but increased quickly later, reaching 774-842
mg/kg from Juneto September. SMBC from Juneto
September remained basically stable. SMIBC duringthe
growing seasons of 2011 and 2012 varied same
(p>0.05).

During thegrowing season of 2011 and 2012, DOC
in surface soil ranged from 111.6-202. 2mg/kg and
121.8-194.5 mg/kg respectively, averaging at 153.0
and 159.1 mg/kg respectively and the variabl e coeffi-
cientsvaued 25.2% and 15.4% respectively (p<0.001).
Thisindicatesthe obvious seasonal change of DOC
(Figure 4). DOC reached the peak on May, but de-
creased from Juneto July (minimum, 111.6 mg/kg).
However, itincreased quickly from August to Septem-
ber (177. 2 mg/kg), but decreased again, reaching an-
other low level. DOC in surface soil varied samein
2012 and 2011 (p>0.05).
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Figure 4 : Seasonal change of DOC

Accordingto theresearch results, temperature, pre-
cipitation and microbid activity areinadequateto ex-
plainthehighDOC on May. We believethat the high
DOC on May ismainly caused by freeze-thaw action.
Microorganismsdied in winter can rel ease abundant
DOC and freeze-thaw action can facilitate the decom-
position of organic detritusand minerdization of Cand
N[8—10].

The DOC from Juneto October issignificantly cor-
related with MBC, soil temperature (5cm), soil respi-
ration, root biomass and aboveground biomass
(TABLE 1), but hasno significant correl ation with av-
erage monthly precipitation. SMBC issgnificantly cor-
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TABLE 1: Person correlation coefficient between DOC and influencingfactors

MBC  Soil temperature (5cm)

Soil respiration  Aboveground biomass Root biomass Precipitation

DOC -0.68* -0.75*
p 060 0.98

-0.72*
0.93

0.97**
0.97

0.90**
0.98

0.23
0.72

Note: *p<0.1, **p<0.05; p is the probability of 1 Sample K-S Test data subjecting to normal distribution

TABLE 2: Person correlation coefficient between SM BC and influencing factors

MBC Soil temper atur e (5¢cm) Sail respiration Aboveground biomass Root biomass
SMBC  -0.68* 0.70* 0.53 0.39 0.45
p 0.96 0.98 0.93 0.97 0.98

Note: *p<0.1, **p<0.05; p is the probability of 1 Sample K-S Test data subjecting to normal distribution

related with DOC and soil temperature (5¢cm) (TABLE
2), but hasno significant correl ationwith soil tempera-
ture, average monthly precipitation, organic carbon
content and aboveground biomass.

CONCLUSIONAND DISCUSSION

Both DOC content and compogtioninsurfacefarm-
land soil present obvious seasond changes. During the
recent biologica process, solublemicrobia products,
organic carbon consumption and plant photosynthates
(e.g. standing littersand root exudates) can influence
the seasonal change of DOC significantly. On May,
farmlandsremain uncultivated and low temperature
causes|ow microbial activity and less organism pro-
duction or consumption, thehighDOCismainly caused
by freeze-thaw action rather than microbia activity.

In theresearch area, crops (soybean) is sowed at
the end of May, germinate at the beginning of June,
grow quickly during July to August, and achievethe
maximum aboveground biomass and root biomass at
theend of August. Therefore, DOC in surface soil in-
creases quickly during August ~ September, reaching
the peak on September. Thisis correlated with the
amount of plant photosynthates(e.g. sandinglittersand
root exudates). The DOC in surfacefarmland soil is
significantly positively correlated with root biomass,
which confirmsthe effect of root exudatesto certain
extent. Kalbitz et a. reported that theleaching prod-
uctsof litters, root exudates of plants, leaching of accu-
mulated solid organic carbonin soil, solublemicrobia
productsand microbia consumptionwill affect the sea:
sonal changeof DOC. Yano et a.™ andKaiser et al .14
also believed that root exudates play animportant role

in DOC change. Deep research on the dynamics of
root exudates, especially changesin ecosystem, has
important significance to deep our understanding on
carbon dynamicg*Y.

DOC changeissgnificantly corrdated withMBC,
soil temperature (5cm) and soil respiration. Tempera-
tureinfluencesDOC indirectly through microbid activ-
ity!*¥. Soil respiration and MBC aretwoimportant in-
dicatorsof soil microbid activity. DOCissgnificantly
negatively correlated with soil temperature (5cm) and
soil respiration, indicating that microbid activityisan
important influencing factor of generation, consumption
and composition changesof DOC. Higher microbia
activity increases solublemicrobid products, thusin-
creasing DOC accordingly™*4. Ontheother hand, higher
microbia activity can facilitatethe biodegradation and
minerdization of DOC, which not only decreasesDOC,
but al so changesthe composition of DOCHS.,

DOC issignificantly negatively correlated with
MBC, indicating the slower DOC growth by soluble
microbid products compared to DOC consumption by
microorganisms. Such higher DOC consumption than
DOC productionwill activate microorganisms, thusfur-
ther decreasing DOC. In this paper, dthoughthereare
lessaboveground and root biomassand fewer root exu-
datesfrom Juneto July, soil microbid activity increases
quickly dueto the higher soil temperature, thusaccel -
erating DOC consumption by microorganismswhile
DOC production remained basically same. Webelieve
thisisthemain reason of DOC reduction from Juneto
July. Although Quallsreported that precipitation can
decreaseDOCin surfacesoil Sgnificantly through leach-
ing migration*®, we found no significant correlation
between DOC in surface soil and preci pitation.
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