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6XEPLWWHG'HFHPEHU5HYLVHG-XQH$FFHSWHG6HSWHPEHU

$EVWUDFWAustroeupatorium inulifolium has become a noxious
LQYDGHU H[SDQGLQJ LWV SRSXODWLRQV LQ D YDULHW\ RI KDELWDWV LQ
the mid-country of Sri Lanka. Highly degraded man-made
grasslands dominated by Cymbopogon nardus in the Knuckles
Conservation Area (KCA) have shown a high vulnerability for
A. inulifolium spread. The present study was aimed at assessing
the ability of A. inulifolium to alter soil nutrient turnover
through changes in quality and quantity of litter inputs DQG
decomposition rates. Two grassland communities were selected
based on the extent of A. inulifolium invasion viz., less-invaded
(LIG) and highly-invaded (HIG). The surface litter and standing
OLWWHUELRPDVVZDVTXDQWL¿HGXVLQJUDQGRPO\SODFHGP2 and
P2TXDGUDWVUHVSHFWLYHO\$Qin situ litterbag experiment
was conducted using air-dried A. inulifolium and C. nardus
litter separately and as a mixture to estimate decomposition
rates and nutrient release patterns. The surface and standing
OLWWHU ELRPDVV ZHUH VLJQL¿FDQWO\ KLJKHU DW S   DQG
UHVSHFWLYHO\ LQ+,*WKDQLQ/,*ZLWKA. inulifolium
FRQWULEXWLQJ VLJQL¿FDQWO\ DW S    WR WKH VWDQGLQJ OLWWHU
biomass in both communities. A. inulifolium litter decayed
and released nutrients rapidly than that of C. nardus. The
¿QGLQJV RI WKH VWXG\ VXJJHVW WKDW A. inulifolium invasion has
the potential to increase the soil nutrient status through its
KLJKQXWULHQW OLWWHU LQSXWV UDSLG GHFRPSRVLWLRQ DQG QXWULHQW
release patterns. The results demonstrated the positive impact
of A. inulifoliumLQYDVLRQRQWKHVHQXWULHQWVWDUYHGJUDVVODQGV
while highlighting the potential role of invasive species in
DOWHULQJ HFRV\VWHP IXQFWLRQV HVSHFLDOO\ ZKHQ WKH\ FRORQLVH
degraded habitats.
.H\ZRUGV'HFRPSRVLWLRQGHJUDGHGJUDVVODQGVOLWWHULQSXWV
OLWWHUTXDOLW\QXWULHQWUHOHDVHSDWWHUQV6UL/DQND
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INTRODUCTION
Inputs of plant litter and WKHLU TXDQWLW\ TXDOLW\ and
decomposition rates play key roles in maintaining soil
fertility status and nutrient cycling processes in natural
ecosystems (Berg et al  :LHGHU et al  
Invasive plants generally produce more litter due to their
rapid growth and release nutrients more quickly compared
WRQDWLYHSODQWV =KDQJet al LQÀXHQFLQJQRWRQO\
the soil nutrients but also other properties such as soil
PRLVWXUHPLFURELRWDDQGsoil structure (Malinich et al
2017). The mixing of litter of invasive plant species with
that of native species may also modify litter dynamics in
soil =KDQJet al 
Any change to plant communities that would occur
following a single species becoming dominant alters
the litter decomposition rates. Litter of different species
belonging to different functional groups exert varying
effects on soil SURSHUWLHV =KDQJ et al   WKURXJK
their ability to change the microenvironment including
soil temperature (Parton et al   WKH GHFRPSRVHU
coPPXQLW\ =KDQJ et al   decomposition
rates (=KDQJet al6KLet al and competition
for resources (Adair et al The spread of invaders
KDVWKHSRWHQWLDOWRDOWHUVRLOPRLVWXUHWHPSHUDWXUHDQG
QLFKH DYDLODELOLW\ RYHU WLPH HYHQWXDOO\ LQÀXHQFLQJ WKH
decomposer communities (Bassett et al0DGDZDOD
2014).6RPHSODQWVSHFL¿FIDFWRUVsuch asKLJKVSHFL¿F

KWWSVRUFLGRUJ)
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OHDI DUHD UDSLG JURZWK UDWH KLJK SURGXFWLYLW\ DQG
elevated leaf nutrient concentrations are also considered
as crucial factors in increasing the rate of decomposition
DQGQXWULHQWUHOHDVHSDWWHUQ $OOLVRQ 9LWRXVHN 
,QDGGLWLRQOLJQLQFRQWHQWof plant litterOLJQLQnitrogen
UDWLR carbon:nitrogen UDWLR SK\VLFDO WRXJKQHVV DQG
polyphenol content are also known contributing factors
(Pe´rez-Harguindeguy et al  &RT et al., 2010).
High quality litter (nutrient-rich litter) inputs together
with rapid decomposition rates could affect the nutrient
cycling process in an ecosystem (Kueffer et al., 
Chau et al., 2013). Since lastGHFDGHAustroeupatorium
inulifolium (.XQWK  50 .LQJ  + 5RE has been
invading Cymbopogon nardus (L.) Rendle. dominated
grasslands in the Central Highlands of Sri Lanka.
The Cymbopogon-dominated grasslands seem to
show the highest vulnerability for this invasion compared
to other land use types in the region. The present study
TXDQWL¿HGand comparedWKHOLWWHULQSXWVGHFRPSRVLWLRQ
rates and nutrient-release patterns following invasion
of Cymbopogon-dominated grasslands. The study
hypothesised that A. inulifolium invasion shows the
potential to alter the litter dynamics of Cymbopogondominated grasslands through increases in nutrient-rich
litter inputs that decay and release nutrients faster than
that of nutrient-poor Cymbopogon litter.
METHODOLOGY
Study sites
The study was carried out in C. nardus-dominated
grasslands in the Knuckles Conservation Area (KCA)
LQWKH:HW=RQHRI&HQWUDO6UL/DQND7KHPHDQDQQXDO
precipitation and temperature of the KCA were ±
 PP DQG ± & UHVSHFWLYHO\ 7KH JUDVVODQGV
were once tea plantations and later abandoned due to
ORZ SURGXFWLYLW\ approximately 30 years ago :LWK
WLPHWKHDEDQGRQHGWHDSODQWDWLRQVKDYHEHHQFRQYHUWHG
into highly degraded C. naruds-dominated grasslands.
+RZHYHU GHVSLWH WKH UHDG\ DYDLODELOLW\ RI D ULFK VHHG
source from nearby lower montane forest remnants
the grasslands remained as it is for the last few decades
with no signs of natural regeneration. The lack of soil
QXWULHQWV KLJK FRPSHWLWLRQ IURP WKH JUDVV PDWUL[ DQG
IUHTXHQW ¿UH LQFLGHQFHV could have arrested its natural
succession (Gunaratne et al 
Six representative sites (three from each) were
UDQGRPO\ VHOHFWHG IURP WZR JUDVVODQG FRPPXQLWLHV
highly-invaded (HIG) and less-invaded (LIG) grasslands.
LIG were dominated by C. nardus while the HIG were
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GRPLQDWHGE\WKHLQYDVLYHVKUXEA. inulifolium. The HIG
and LIG were categorised based on the stem density and
SODQW FRYHU   YDOXHV RI A. inulifolium in respective
VLWHV,Q+,*WKHVWHPGHQVLW\ZDVDSSUR[LPDWHO\SHU
m2 with a plantFRYHUYDOXHRI!ZKLOHLQ/,*WKH
stem density was 7 per m2 with a plant cover value of
The slope of the study sites varied from 20–
4XDQWL¿FDWLRQRIVXUIDFHOLWWHUDQGVWDQGLQJOLWWHU
Six plots representing two different habitat categories
(HIG and LIG) were selected within an area of 6 km2.
The surface litter was collected down to the mineral soil
LQWHUIDFHIURPWZRUDQGRPO\SODFHGP2 wooden
quadrats per plot totaling 6 litter samples per habitat
category. The litter samples were weighed after ovenGULHGDWࡈ &WRDFRQVWDQWZHLJKW6WDQGLQJOLWWHUZDV
TXDQWL¿HGXVLQJWZRUDQGRPO\SODFHGP2 quadrats
in each LIG and HIG plots. The vegetation was clipped
WRWKHJURXQGOHYHODQGWKHFOLSSLQJVZHUHGULHGDW&
to a constant weight and weighed. The litter samples
were sorted into Austroeupatorium and Cymbopogon
to estimate their relative contributions towards the total
standing litter biomass.
In situOLWWHUGHFRPSRVLWLRQH[SHULPHQW
An in situ litterbag experiment was conducted using
recently senesced foliage of A. inulifolium and C. nardus
to measure their decomposition rates and nutrient release
patterns separately as well as in mixtures. Litterbags
 FP2) were made out of 2 mm black nylon mesh
material. Recently senesced foliage was collected
IURP WKH ¿HOG DLUGULHG FXW LQWR  FP SLHFHV DQG
homogenised before adding 10 g into each litter bag (in
OLWWHU PL[WXUHV  J OLWWHU IURP HDFK VSHFLHV $ WRWDO RI
OLWWHUEDJV HDFKIRUA. inulifolium and C. nardus
VHSDUDWHO\ DQG  DV D PL[WXUH RI ERWK VSHFLHV  ZHUH
randomly distributed in LIG and HIG. The litter bags
were placed in a manner that they had direct contact with
the soil surface. From each habitat category (LIG and
+,* WZHOYHOLWWHUEDJV IURPHDFKVSHFLHVDQGIURP
WKHPL[WXUH ZHUHUHWULHYHGDWUHJXODUWLPHLQWHUYDOVviz.,
         GD\V 7KH FROOHFWHG
OLWWHU EDJV ZHUH ZHLJKHG DIWHU RYHQGU\LQJ DW  &
IRUDERXWK %HIRUHRYHQGU\LQJWKHOLWWHUVDPSOHV
were cleaned manually to remove sand particles and
other debris as much as possible. The litter samples at
178 days were not included in the analysis due to the lack
of litter material. The litter samples were analysed for
WRWDOFDUERQ & QLWURJHQ 1 DQGSKRVSKRUXV 3 7RWDO
carbon was measured using the wet oxidation method
with potassium dichromate and total nitrogen using
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Kjeldahl technique. Total phosphorus was measured by a
colourimetric method after the samples were digested in
.MHOGDKOR[LGDWLRQ $QGHUVRQ ,QJUDP 
The mass loss of litter samples was estimated in terms of
PDVVUHPDLQLQJ  ZLWKWKHKHOSRIHTXDWLRQ  
0DVVUHPDLQLQJ   0t / M0î

 

where M0 = initial mass (g) and Mt = mass (g) at time t.
The decomposition rate constant (k) was calculated from
the decay curve using equation (2).
ln [M0 / Mt@ NîW

 

where M0= mass (g) of litter at time 0 and Mt = mass (g)
of litter at time t.
The percentage of nutrients remaining in decomposing
litter (E) at different times of retrieval was also
determined using equation (3).
E = [Mtî&t / M0 î&0@î

  

ZKHUH00LVWKHLQLWLDOPDVV J &0 is the initial nutrient
concentration (mg g-1 0t is the oven-dry mass at time t

and CtLVWKHQXWULHQWFRQFHQWUDWLRQDWWLPHW =KDRet al
2013).
Descriptive statistics were carried out using
Microsoft Excel version 10.1. All statistical analyses
were performed using Minitab® 17.1.0 statistical
SDFNDJH7KHOHYHORIVLJQL¿FDQFHIRUVWDWLVWLFDOWHVWVZDV
S,QLWLDOOLWWHUFKHPLVWU\GDWD FDUERQQLWURJHQ
phosphorus and their respective ratios) were statistically
analysed using one way ANOVA and mean separations
were done using Tukey’s family error rate. Repeated
PHDVXUHV $129$ ZDV XVHG WR WHVW WKH VLJQL¿FDQW
differences in litter PDVV UHPDLQLQJ   YDOXHV LQ WKH
litter bag experiment between different treatments (LIG/
HIG and Aus/Cym/Mix) ZKHUH WLPH LV WUHDWHG DV D
factor. Repeated measures ANOVA was also used to test
the differences in mass loss and nutrient concentrations
during the course of the incubation period. Species
(Austroeupatorium/Cymbopogon  KDELWDW +,* DQG
LIG) and time (incubation period) were considered
DV ¿[HG IDFWRUV $ WHVW *UXEE¶V WHVW DW   OHYHO RI
VLJQL¿FDQFH ZDVSHUIRUPHGWRORFDWHDQ\RXWOLHUVLQWKH
dataset. The outliers were removed before carrying out
the statistical analyses. Mean separations for repeated
measures ANOVA were also carried out using Tukey’s
family error rate.
ϮϬ



)LJXUH

a) Surface litter biomass (g per sq. m) and b) above ground total biomass (g per sq. m) in less-invaded grassland (LIG) and highlyLQYDGHG JUDVVODQG +,*  KDELWDWV 'LIIHUHQW OHWWHUV LQGLFDWH VLJQL¿FDQW GLIIHUHQFHV VXUIDFH OLWWHU ELRPDVV $129$ )  
S DERYHJURXQGWRWDOELRPDVV$129$) S  9HUWLFDOEDUVUHSUHVHQWVWDQGDUGHUURURIWKHPHDQ 6(0 
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/LWWHUORDGLQJ
7KHVXUIDFHDQGVWDQGLQJOLWWHUELRPDVVZHUHVLJQL¿FDQWO\
higher in HIG than in LIG (surface litter biomass:
$129$ )   S   WRWDO DERYH JURXQG
ELRPDVV $129$ )   S   Figure 1).
A. inulifolium FRQWULEXWHG VLJQL¿FDQWO\ WR WKH VWDQGLQJ
ELRPDVV LQ ERWK KDELWDWV    +,*    /,* 
compared to that of C. nardus +,*/,* 
(Figure 2). Different plant traits show varying effects
on their respective ecosystems (Hobbie et al 
Knapp et al    7KH SUHVHQW ¿QGLQJV VKRZ WKDW
A. inulifolium LQYDVLRQ FRQWULEXWHG VLJQL¿FDQWO\ WR WKH
OLWWHU ORDGLQJ LQ WKHVH JUDVVODQGV IXUWKHU SURYLQJ WKH
positive role of the invasive shrub. Litter accumulation
in grasslands is more noticeable in areas with higher
VWDQGLQJ DERYHJURXQG ELRPDVV :DQJ  ;X  
A. inulifolium FRQWULEXWHG VLJQL¿FDQWO\ WR WKH VWDQGLQJ
biomass and surface litter in both less- and highly-invaded
areas of the grasslands. The rapid growth of A. inulifolium
KDVVLJQL¿FDQWO\LQFUHDVHGWKHOLWWHULQSXWVHYHQLQ/,*
where C. nardus dominates the vegetation. Higher litter
inputs mean higher addition of nutrients to the soil. A
recent study also reported a higher accumulation of litter
in Californian grasslands invaded by Avena fatua and
Elymus caput-medusaeVXJJHVWLQJORQJWHUPFKDQJHVLQ
litter dynamics (Mariotte et al 1RWRQO\WKHVRLO

FKHPLVWU\EXWRWKHUPLFURFOLPDWLFSDUDPHWHUVLQFOXGLQJ
WKH UHGXFWLRQ RI VXQOLJKW UHDFKLQJ WKH JURXQG OHYHO
increase in soil moisture and decrease in soil temperature
ÀXFWXDWLRQV FDQ EH DIIHFWHG E\ WKH LQFUHDVH RI KLJK
TXDOLW\OLWWHULQSXWVIROORZLQJLQYDVLRQV :DQJ 5XDQ
0RQWDQHet al:DUUHQet al0HGLQD
Villar et al   6XFK FKDQJHV LQ WKH PLFURKDELWDW
may sometimes affect the co-occurring native species
QHJDWLYHO\ :DUUHQet al0DULRWWHet al 

Standing biomass (g per sq.m)

RESULTS AND DISCUSSION

Habitat category

)LJXUH

Average contribution of A. inulifolium and C. nardus
plants (g per sq. m) in less-invaded grassland (LIG)
and highly-invaded grassland (HIG) habitats. Different
OHWWHUVLQGLFDWHVLJQL¿FDQWGLIIHUHQFHV */0) 
p = 0.000). Vertical bars indicate standard error of mean
(SEM) values.

/LWWHUTXDOLW\
7KHOLWWHUTXDOLW\YDULHGVLJQL¿FDQWO\EHWZHHQVSHFLHVDQG
WKHLUPL[WXUHV 7DEOH 1LWURJHQZDVVLJQL¿FDQWO\KLJKHU
in A. inulifolium and in litter mixtures (Austroeupatorium
+ Cymbopogon) compared to C. nardus only. C. nardus
OLWWHUVKRZHGVLJQL¿FDQWO\KLJKHU&1DQG&13UDWLRV
compared to other two litter types (A. inulifolium only
and Austroeupatorium + Cymbopogon)ZLWKWKHORZHVW
C:N recorded in Austroeupatorium. Invasive plants
are known to produce high quality litter than that of
native species due to their rapid growth rates (Orwin
et al 3UHYLRXVVWXGLHVKDYHVKRZQHYLGHQFHVWR
support that shrub invasions alter not only the existing

7DEOH 1 7KH FKHPLFDO FRPSRVLWLRQ  VWDQGDUG HUURU RI PHDQ  DQG WKHLU UHVSHFWLYH UDWLRV RI A. inulifolium (Austro  C. nardus
(Cymbo.) and mixed litter (Austro + Cymbo) samples used in the in situ litter decomposition experiment. Different superscript
OHWWHUVLQGLFDWHVLJQL¿FDQWGLIIHUHQFHVEHWZHHQVSHFLHVIRUHDFKFKHPLFDOSDUDPHWHU

6SHFLHV

7RWDO&  

7RWDO1  

7RWDO3 ȝJJ 
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&3

&13
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0L[HGOLWWHU
/HYHORIVLJQL¿FDQFH

b
ab
a


a
b
a


a
a
a
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c
a
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a
a
a
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6LJQL¿FDQWGLIIHUHQFHVDUHLQGLFDWHGDVS

March 2019

S

S DQGQRWVLJQL¿FDQWQV

Journal of the National Science Foundation of Sri Lanka 47(1)

A. inulifolium invasion alters litter dynamics

vegetation in grasslands but also the edaphic properties
DQG HFRV\VWHP IXQFWLRQV 0F/DUHQ  7XUNLQJWRQ
2011). The present study suggested that high inputs of
quality litter following A. inulifolium invasion seems to
alter the nutrient turnover rates in these highly-invaded
grasslands. Montane et al. (2013) also noted that a shrub
invasion has increased litter inputs in grasslands with the
potential of altering the decomposition patterns through
litter mixing.
/LWWHUGHFRPSRVLWLRQUDWHV
,QDOOOLWWHUW\SHVOLWWHUGHFRPSRVLWLRQZDVUDSLGLQLWLDOO\
DQGWKHQIROORZHGE\DPXFKVORZHUSDFH+RZHYHUA.
inulifolium litter decomposed more rapidly throughout
the incubation period than that of C. nardus where
the latter showed comparatively slow decay rates in
ERWK KDELWDWV ZLWK D   PDVV ORVV UHFRUGHG DIWHU
approximately 14 days (Figure 3). The present study
has supported the fact that A. inulifolium invasion has
WKH SRWHQWLDO WR LQÀXHQFH WKH OLWWHU G\QDPLFV WKXV WKH
soil nutrient status may alter due to the increase in litter
inputs and rapid decay in grasslands once dominated by
C. nardus. +RZHYHU WKH OLWWHU GHFRPSRVLWLRQ UDWHV GLG
not vary much between the two habitat categories. Litter
decomposition is an important process in nutrient cycles
WKDWFRQWUROVVRLOIHUWLOLW\WKXVDIIHFWLQJWKHFRPPXQLW\
FRPSRVLWLRQ DQG QHW SULPDU\ SURGXFWLRQ 7KURRS 
$UFKHU   7KH UHVXOWV VKRZHG WKDW A. inulifolium
litter decomposed and released nutrients relatively faster
than that of C. nardus,QVXSSRUWSUHYLRXVVWXGLHVKDYH

)LJXUH
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also shown that litter of invasive species decomposes
IDVWHUWKDQWKHQDWLYHFRXQWHUSDUWV $OOLVRQ 9LWRXVHN
 %ODLU  6WRZDVVHU   /LWWHU PL[LQJ HYHQWV
following invasions seem to alter the decay and nutrient
release rates in ecosystems. The study also indicated that
decay followed by nutrient release could be somewhat
UDSLGLQ+,*WKDQLQ/,*VXJJHVWLQJSHUKDSVDFKDQJH
of decomposer communities following shrub invasion.
Previous studies have demonstrated that litter mixing
PD\ DOWHU WKH PLFURELDO FRPPXQLW\ WKXV FRQWULEXWLQJ
SRVLWLYHO\ LQ OLWWHU GHFRPSRVLWLRQ $OOLVRQ  9LWRXVHN
 $VKWRQ et al  %ODLU  6WRZDVVHU 
Chapman et al   7KH LQYDVLYH VSHFLHV Berberis
thunbergii and Microstegium vimineum show the
potential to alter soil microbial communities in forest
soils (Kourtev et al   7KH OHDIUHODWHG WUDLWV RI
invasive plants can play a major role in deciding the
structure and functions of invaded communities (Goya
et al*RGR\et al $SUHYLRXVVWXG\FDUULHG
out in the same grasslands at KCA noted an increase in
the population of arbuscular mycorrhizal fungi (AMF)
following the invasion of A. inulifolium 0DGDZDOD
2014). Alteration of the soil microbial population and
their functions may facilitate the growth of the invader
over other co-occurring native species (Freschet et al
.DUXQDUDWQH 0DGDZDOD +HQFHLQYDVLYH
litter and their mixing ability seem to show the potential
to alter the microbial composition and increase their
IXQFWLRQV HYHQWXDOO\ FRQWULEXWLQJ WR KLJK QXWULHQW
turnover in these highly invaded grasslands.
Ϯϭ


Decomposition rate (k) of A. inulifolium and C. nardus in a litter decomposition experiment under less-invaded grassland (LIG)
and highly-invaded grassland (HIG) habitats. Vertical bars represent standard error of the mean (SEM).
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1XWULHQWUHOHDVHSDWWHUQV
5HSHDWHG PHDVXUHV $129$ LQGLFDWHG D VLJQL¿FDQW
interaction effect between the time and species (once
nested within habitats) in litter samples and their mixtures
7DEOH :KHQVSHFLHVQHVWHGLQKDELWDWVWKHUHPDLQLQJ
PDVV1DQG3VLJQL¿FDQWO\GLIIHUHGDPRQJVSHFLHV7KH
results also showed that A. inulifolium litter released
nutrients more rapidly compared to that of C. nardus.
This rapid decay and subsequent release of nutrients
FDQ PDNH D VLJQL¿FDQW LPSDFW RQ WKHVH RWKHUZLVH
nutrient-starved grasslands (Gunaratne et al  .
Higher N content in litter may promote decomposition
7DEOH:

(Cornwell et al   (GDSKLF SURSHUWLHV LQ LQYDGHG
habitats including higher levels of inorganic N (Kourtev
et al  0DFN et al   DQG KLJKHU UDWHV RI 1
PLQHUDOLVDWLRQDQGQLWUL¿FDWLRQ (YDQVet al0DFN
et al   PD\ LQYROYH LQ IDFLOLWDWLQJ GHFRPSRVLWLRQ
rates. The present study indicated that the release of N
and P in A. inulifolium accelerates at the latter stage of
the decaying process. Nitrogen and phosphorus in litter
FDQDFFXPXODWHGXULQJGHFRPSRVLWLRQKHQFHSURYLGLQJ
nutrients for the decomposer communities. A. inulifolium
leaf litter may consist of easily degradable organic
compounds thereby releasing nutrients relatively rapidly
than its co-occurring C. nardus.

Repeated measures ANOVA results for A. inulifolium C. nardus and their mixtures in two habitats [less-invaded (LIG)
DQGKLJKO\LQYDGHGJUDVVODQGV +,* @DIWHUGD\VRIin situ incubation period

Habitat
Species (Sp)
7LPH 7 
6S +DELWDW 
6S +DELWDW 7

df

Mass remaining
F

p

df

Remaining N
F

p

df

Remaining P
F

p

1
2




1.27
8.28




0.262ns
0.000***
***
***
***


2

4
20


0.94

23.44
2.98

ns
0.391 ns
***
0.000***
0.000***

1


4


17.73


13.9


0.000***
ns
***
0.000***
**

6LJQL¿FDQWGLIIHUHQFHVDUHLQGLFDWHGDVS***S**DQGS*

7DEOH 3 'HFD\ UDWH SHU GD\V  PDVV DQG QXWULHQWV QLWURJHQ DQG SKRVSKRUXV  UHPDLQLQJ DV D SHUFHQWDJH  VWDQGDUG HUURU RI PHDQ  LQ
leaf litter of A. inulifolium (Aus)C. nardus (Cym) and their mixture (Mix) in less-invaded grassland (LIG) and highly-invaded
grassland (HIG) habitats after 112 days of in situ incubation period
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0L[




'HFD\UDWH SHUGD\V 

0DVVUHPDLQLQJ

1

3

&1

&3

13

+,*
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+,*
/,*
+,*
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a
a
c
d
b
b

c
c
a
a
b
b

ab
b
b
a
ab
b

a
c
a
ab
a
bc

bc
c
a
bc
b
a

cd
d
ab
a
bc
a

bc
c
c
a
bc
ab

DifferentVXSHUVFULSWOHWWHUVLQGLFDWHVLJQL¿FDQWGLIIHUHQFHVEHWZHHQKDELWDWV9DOXHVDUHJLYHQDVPHDQSHUFHQWDJHRIGU\ZHLJKW Q  

The nutrient release patterns of single-species litter
samples (A. inulifolium and C. nardus) and their
PL[WXUHV GLG QRW YDU\ VLJQL¿FDQWO\ DPRQJ WKH KDELWDWV
/,*DQG+,* 7DEOH)LJXUH 7KHHOHPHQWDOUDWLRV
of C:N and C:P in A. inulifolium litter have also shown
a rapid decline over time than that of C. nardus and
mixed litter with no differences between LIG and HIG
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)LJXUH 7KH&3UDWLRLQC. nardus litter demonstrated
a slower decline over time in both habitats compared to
A. inulifolium and mixed-leaf litter. A relatively higher
C content in C. nardus litter indicated a slower decay
compared to other litter types. C. nardus also showed a
relatively slow release of nutrients during decomposition
compared to A. inulifolium. The nutrient release patterns
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release of C compared to C. nardus DQG PL[HG OLWWHU
while A. inulifolium showed ϮϮ
a rapid immobilisation
of nutrients (P and N) with no noticeable differences

of litter samples showed somewhat different trends
EHWZHHQ KDELWDW W\SHV EXW QRW VLJQL¿FDQWO\ )LJXUH 
Table 3). A. inulifolium showed a comparatively
faster


ϮϮ








Ϯϯ

Ϯϯ



)LJXUH

5HPDLQLQJRUJDQLFFDUERQ  QLWURJHQ  DQGSKRVSKRUXV  GXULQJWKHLQFXEDWLRQSHULRGRIOLWWHUGHFRPSRVLWLRQVWXG\
of A. inulifolium and C. nardus litter in less-invaded grassland (LIG) and highly-invaded grassland (HIG) habitats. Vertical
bars represent standard error of the mean (SEM).
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between habitat categories (Figure 4). The decomposition
UDWHVRIOHDIOLWWHUDUHODUJHO\LQÀXHQFHGE\OLWWHUQXWULHQW
OHYHOVDQGWKHLUUDWLRV .DUEHUJ 7KHSUHVHQWVWXG\
observed a rapid decline of nutrients and their ratios in
A. inulifolium during the incubation period. The litter

)LJXUH
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decomposition rates are positively correlated with the
LQLWLDO1FRQFHQWUDWLRQVRIOLWWHUDQGQHJDWLYHO\ZLWKWKH
initial C:N and C:P ratios (Karberg et al 'XULQJ
HDUO\VWDJHVRIGHFRPSRVLWLRQWKH&1UDWLRFDQEHWKH
EHVW SUHGLFWRU RI PDVV ORVV DQG 1 UHOHDVH ZKLOHϮϰ
OLJQLQ


5HPDLQLQJ FDUERQQLWURJHQ &1  FDUERQSKRVSKRUXV &3  DQG QLWURJHQSKRVSKRUXV 13  UDWLRV RI
A. inulifolium and C. nardus in litter decomposition experiment under less-invaded grassland (LIG) and
highly-invaded grassland (HIG) habitats. Vertical bars represent standard error of the mean (SEM).
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EHFRPLQJLQFUHDVLQJO\VLJQL¿FDQWGXULQJWKHODWWHUVWDJHV
(Heal et al ,QDSSURYDOWKHGHFRPSRVLWLRQUDWH
of A. inulifolium increased with the decreasing C:N
ratio. The reduction of C:N ratios over time in both
A. inulifolium and C. nardus suggested relatively rapid
respiration and immobilisation of N. Litter with low
&1 UDWLR EXW UHODWLYHO\ ULFK LQ 1 LV UHDGLO\ GHJUDGHG
by fungi and bacteria than litter having higher C:N ratios
(Mack et al%ODLUet al 7KHLQFUHDVHVLQ
nutrient contents observed during the initial stages of
decomposition are possibly due to the immobilisation of
nutrients by the microbes (Kourtev et al 6LPLODU
observations were also noted in the present study.
CONCLUSIONS
Austroeupatorium inulifolium invasion of grasslands
previously dominated by Cymbopogon nardus has
shown the potential to alter nutrient dynamics in these
nutrient-starved man-made ecosystems. A. inulifolium
litter has shown the ability to decompose and release
nutrients faster than that of C. nardus. The invasion has
also increased the nutrient-richOLWWHULQSXWVVLJQL¿FDQWO\
Litter mixing following the invasion has also accelerated
the decomposition rates and nutrient release patterns.
The study concludes that A. inulifolium invasion has
the potential to increase the soil fertility status in these
degraded grassland communities over time. Enhanced
edaphic properties together with improved microhabitat conditions may eventually trigger the arrested
natural succession in these grasslands. The present study
further supports the general notion that invasions can be
productive when it occurs in nutrient-starved habitats.
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