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Abstract. Arbuscular mycorhizal fungi (AMF) produce a glycofein (glomalin) important for soil
structure, fertility and therefore plant nutritivhich can be used to evaluate the impact of aguicll
practices on soil quality across many land usessyst In the present study, its influence was ingated

on soil fertility and aggregation in 3 differeninth use systems of the humid forest zone of southern
Cameroon. Soils were sampled at 10 cm depth froom&®e forest, 03 fallow and 03 continuous
growing fields systems at Metet (South Cameroonjtlie determination of easily extractable glomalin
(EEG), total glomalin (TG), carbon (C), nitrogen)@&hd soil water stable aggregate of 1-2 mm diamete
(WSA;omm)- Results showed that both EEG and TG concentratfignificantly decreased (P < 0.01)
from the forest to the growing field, via the fallesystem. The rate of EEG decrease was 29.82 % and
38.35 % in the fallow and the growing field systeampared to the forest system, respectively. For TG
the decrease rate was 16.65 % to 46.04 % for flmnvfand the growing field system compare to the
forest system respectively; while C, N, and orgamiatter (OM) did not changed significantly. The
proportion of C, N and OM were 93.6 %, 88.3 %, 9% Tor the growing field system compared to the
forest system respectively. The WSA decreased from the forest to fallow and growimgdfisystems,
with respective rates of 19.69% and 32.81 %. There high positive correlation between C, N and EEG
(r*= 0.76, 0.55; P < 0.01), suggesting the possibleliGation of glomalin to soil stock of C and N.
Likewise, the high positive correlation between @@ WSA_omm (= 0.64, P < 0.01), C and TG &
0.84, P < 0.05), OM and WSAmm (= 0.57, P < 0.01) as well as OM and T&<r0.88, P < 0.01)
suggests that glomalin, C and N may contributehéoformation of WSA,nm and thereby promote the
build up of soil structure. These results highlitite view that glomalin can be used as an indicaftsoil
fertility in this region and should be consideraasriteria when define agricultural managementegias.
Keywords. glomalin, soil stable aggregate, arbuscular mycaahifungi, soil fertility

Introduction

The conversion of natural ecosystems to agricuisikmown to cause large losses of
soil organic carbon, but these losses also deperitlage and cropping practices (Ogle
and al., 2005; Bayer and al., 2006; Dolan and28l06). The decrease of soil fertility
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from the native and stable system (forest) to thetable system (growing field)
generally observed during this conversion leadht decrease of crop production in
tropical zones. This is mostly due to the mineati® of organic matter and the
modification of the cropping system. The abilitysaill to enable adequate crop yield in
this system is perceived as depending on the durati the fallow (Guillemin, 1956;
Beets, 1990). Traditionally, the productivity inetlropical zones relies on combining
long fallows and specific cropping systems, whetgrient demands of crops are
covered through weathering, biological symbiodie hitrogen fixation for legumes and
arbuscular mycorhizal fungi (AMF). Over several legcof cropping, the cultivation
practices lead to the modification of soil biolagiand physicochemical properties. An
example includes destruction of soil aggregatestigodarly those of 1 to 2 mm
diameters which are very sensitive to short lemgttiurbationgKemper and Rosenau,
1986). For a few decades, increasing populatiorsidemn the humid forest regions
such as southern Cameroon and the subsequent smgredemand for food forced
farmers to shorten fallow duration, hence jeopandizhe sustainability of this farming
system (Eyasu and Scoones, 1998). This situatiaele@ates soil exploitation by
farmers and, thereby increasing land degradatich @creasing food production.
Consequently, farmers permanently seek new and fectiee areas to improve their
food production. This continuous destruction of finest promotes climate change, lost
of biodiversity and thereby, raising environmemgaiblems. Therefore, there is need to
promote safer methods such as use of plant symlsiotsexample, AMF, a widespread
plant symbiont with multiple influences on terredtplant communities and ecosystem
processes, can contribute to slow down yield deereaver many crop cycles by
maintaining soil structure (RIillig, 2004). This Isecause they have a variety of
ecological functions, such as improvement of reé&yi immobile nutrients uptake by
the plant (Smith and Read, 1997; Feng ahd2002), protection of plant roots from
pathogens (Newsham amdl, 1995; Declerck andl., 2002) and alleviation of plant
abiotic strees such as drought and aluminium thxi@othe andal., 2001). Research
on ecological composition and functions of AMF coomties has mostly been
conducted in temperate soils (Helgason ahd998; Oehl andl., 2003) and generally
indicate higher AMF diversity in forest than in mgidtural soils (Helgason andl.,
1998; Alguacil andal., 2008). The role of AMF for plant nutrition and peotion is now
well established elsewhere in the world. Its robes soil aggregation, an important
physical property of soil, have recently receivecreéased attention but remain not well
elucidated, especially in tropical soils (RilligdaiMummey, 2006). This increased
attention has been accelerated by the discoveryhef soil glycoprotein named
glomalin-related soil protein (glomalin in this map (Wright andal., 1996; Rillig,
2004), anN-linked glycoprotein (Wright and Upadhyaya, 199B)e description of this
protein was intensified by its sequencing and tbeeg that code for it (Gadkar and
Rillig, 2006). Glomalin is present in soils in appiable amount, persistent and
generally associated with the insoluble humus arenal fractions in soils (Wright and
Upadhyaya 1996). The amount of carbon (C) and gemo(N) in glomalin in tropical
soils has been measured as 37% and 4%, respectigphgsenting 3 and 5% of soil
carbon and nitrogen pools, respectively (Lovelookl al., 2004). With its adhesive
properties, this soil glycoprotein act by joiningd soil particles to generate aggregates
that are very important for soil aeration and dagim (Wright and Upadhyaya, 1996).
The correlation between soil aggregation, glomabncentration and land use is well
established in many ecological regions across tleldwbut to the best of our
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knowledge, there is no data related to the hunudi¢al region of Africa up to dates.

As such, we aimed at examining the influence oé&ehdifferent land uses on soill
glomalin, C, N concentration and soil aggregatéibta in the humid forest zone of

southern Cameroon, and understanding the conwibudi these parameters to the
formation of aggregate and soil structure.

Materials and methods
Site description and sampling

The study was carried out in three land used systeahuding 03 forests, 03 fallows
and 03 growing fields. The 3 plots of forest systewere abandoned for at least 40
years and, are predominantly covered by 03 threeiap includingCombretodendron
macrocarpum (Recythidaceae) Piptadeniastrum africanum (Mimosaceae) and
Disternonanthus benthamiany€esalpiniaceae)The three plots of fallow systems
were abandoned by farmers for 5 years. Each othitee fallows plots was covered by
wild species of plants dominated by the c@iromonaela odoratat the beginning of
this work. The growing fields were under a mixedpging system since two
consecutive years. For the first years, each moeived two cycles of groundnuts
(Arachis hypogernand maize4{ea maykintercropped with cassavilénioc esculenta
and plantain bananaM(isa sp.) plant. The year after, farmers stopped pignti
groundnuts and maize and follow the growth of cgssmd banana until harvest. It is
important to note that in this zone, farmer did nstially use mineral fertiliser during
the agricultural activity. A raison for that is laerse fertiliser is too expensive locally.
The study fields are located at Metet, 100 km fithin capital of Cameroon (Yaoundé)
(38°51” 324 N, 94 47” 941 W) at 540 m above sea level. There areyXeasons per
year alternating with 2 rainy seasons. The meamuangrecipitation and temperature
are 1500 mm and 246, respectively. The area is characterised by I[fiticasoils,
classified mainly as typic kandiudult soil (Koutikad al. 2004). Soil were collected
from O to 10 cm depth following a cross linking gliam at 9 points per subplots. Each
individual plot per three lands used systems cOvkeha and was divided in 16 subplots
of 5 x 10 nf. The location of each subplot was randomly chdseorder to cover
representatively the entire plot. Samples were fi@nx 3 subplots under each plot that
make 48 samples per individual land use system. dhecollected samples were
carefully mixed per individual subplot and driedrabm temperature (2&) in the
laboratory for analysis. Data from forest, fallowdagrowing field systems plots was
designed at the onset (mean of 48 subplots).

Glomalin analysis

Glomalin was extracted from 1 g of dry soil per giob using the method described
by Wright and Updahyaya in 1998. In this assay, f&otions of glomalin were made:
easily extractable glomalin (EEG), this is the Ilgsdeposited glomalin fraction which
can informed on the rate of the molecules releassoil and, the total glomalin (TG),
this is the total stock of glomalin in soil, i.enet mixture of EEG and the residual
fraction of the molecules. For each sample, the BE&Gion was obtained with 20 mM
citrate buffer, pH 7.0 at 129C for 30 min. The residual fraction was thereafter
extracted with 50 mM citrate buffer; pH 8.0 at 1°%21in rounds of 60 min. Extraction
continued until the supernatant showed none of rigebrown colour typical of
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glomalin. At the end of extraction, extracts froatk cycle were mixednd the mixture
was centrifuged (5 000 x g, 4 °C, 10 min) to remtwe remaining soil particles. The
amount of glomalin in the supernatant was deterchibg the Bradford dye-binding
assay with bovine serum albumin as the standardgf\vand Upadhyaya, 1998) and
expressed as mg/g of soil. The TG was deduced dyi@u of EEG and the residual
fraction.

Soail carbon, nitrogen and organic matter analysis

Soil samples were previously crushed in a mortdorbeused for analysis. Soill
carbon and nitrogen content were analysed in thke Geemistry Laboratory of the
International Institute of Tropical Agriculture TIA) at Yaoundé, Cameroon. Organic C
was determined by chromic acid digestion followed pectrophotometric
measurement according to the procedure describéldanes (1984). Total N was
determined using the wet acid digestion as destriipe Buondonno anal. (1995)
followed by colorimetric titration according to thgrocedure described by Anderson
and Ingram (1993). Organic matter (OM) was gendr&tem the C amount using the
factor 1.724 as describe by Walkley and Black (J98&sults of C, N and OM were
expressed as % of the individual element compatieetanitial mass of soil.

Soil aggregate stability analysis

This part of study focused on macro-aggregates2iiim diameter, since Kemper
and Rosenau (1986) reported that such aggregatessemsitive to short term
management and treatment of soils (below 2 ye@h®tefore, all soils were pre-sieved
to retain material < 2 mm and, stored as air-dsaohples until analysis. Replicate 4 g
samples of soil aggregates per subplot were madtéy capillary action for 10 min.
Water stability of aggregates was then measureld avivet-sieving method described
by Kemper and Rosenau (1986). The percentage of WWSAwas calculated using the
mass of aggregated soil remaining after wet siegimd) the total mass of aggregates at
the beginning of the experiment. The initial andafi weights of aggregates were
corrected for the weight of coarse particles udimg formula: final weight = initial
weight — coarse particles weight. Coarse partialesfraction of soil contained in the
last sieve after the manipulation.

Statistical analysis

Results were analysed using the SigmaStat 2.03vaadt Differences among
parameters in different fields were tested by oag-ANOVA after the equivalent test
of variance was satisfied, and comparisons amoransmeere made with the Student-
Newman-Keuls test. A P value of < 0.05 was considisignificant. Pearson correlation
was used to appreciate the correlation betweeditfeent parameters. Correlation was
considered significant at the 0.01 levels.
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Results
Variation of glomalin concentration

The concentration of the EEG and TG in the top dDlayer of soil varied from
10.56 + 0.98 mg/g to 6.51 + 0.84 mg/g for EEG abdbT + 1.36mg/g to 8.45 + 1.14
mg/g for TG from forest to the growing field respeely (Table ). Concentration
comparison of the EEG fraction of glomalin showeghiicant difference between
forest system compared to the fallow systems aaddimtinuous growing field system
(F =5.387; P<0.05) but no difference between the fallow anddbetinuous growing
field system. The TG showed significant differermetween the forest system, the
fallow systems and the continuous cropped fieldesys (F= 21.296;P < 0.0%. The
rate of EEG decrease in the fallow systems andcéméinuous growing field systems
was 29.82 % and 38.35 % respectively comparededdiest systems. The rate of TG
decrease in the fallow systems and the continuoasigg field systems is 16.65 % and
46.07 %, respectively, compared to the forest aysiéhe proportion of EEG fraction is
67.38 %, 56.73 %, and 77.04 % of TG respectivelyhm forest systems, the fallow
systems and the continuous growing field systemnggesting that the turnover rate of
EEG in the growing field system is high comparethit of the two other fields.

Table 1. Easily extractable glomalin (EEG), total gloma(iiG), soil carbon, nitrogen and
organic matter concentration in the three studiaadd use types

Lg”s?e;se EEG (mg/g) (n:;g) C (%) N (%) CIN (OO /'(\)’; WoRYe
Forest 10.56(0.98) | 15.67(1.36) | 1.56(0.02} | 0.150(0.01) | 10.46(0.07) | 2.68 | 64.75(1.36)
Fallow | 07.41(1.73) | 13.06(2.32) | 1.52(0.03} | 0.138(0.00) | 11.0P(0.15) | 2.62 | 52.0(4.95)
Field 06.51(0.84) | 08.45(1.14) | 1.46(0.05) | 0.129(0.019 | 11.3P(0.03) | 2.5% | 43.5(0.73)

Results are expressed as the means (SD); Valuewédl by a different letter differ significantly amg
land-use types (P < 0.05; n=3*16, student Newmahl kest). EEG = easily extractable glomalin;
TG=total glomalin; WSA,,.=water stable aggregates of 1 to 2mm diameter; ®oca N=nitrogen;
OM=organic matter.

Variation of C, N and organic matter

The concentration of C, N and organic matter inttdpel0 cm layer of soil decreases
from the forest system to the continuously growimedd system (Table 1). The C/N
ratio was found to increase from the forest systenthe continuous growing field
system. The rate of decrease of C in the contingyawing field system is 6.4 %
compare to the forest system. The rate of decrebdkin the fallow system and the
continuous growing field is 8% and 14% respectivebynpared to the forest system.
The rate of decrease of OM in the fallow system #rel continuous growing field
system is 2.23 % and 6.34 % respectively compardidet forest system. Comparison of
percentage showed significant difference betweesstosystem and fallow system for
the following parameters N and C/N while no sigrafit difference was observed
between the fallow system and the forest systentfand OM.

To gain some understanding on the link betweerict@ fraction of glomalin, C and
N concentration, we plotted C and N versus EE@Ure 1a and h Result showed a
positive correlation between EEG, C and N withdee&ermination coefficients = 0.76
and 0.55 respectively.
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TG versus OM as well as C were also plotted tosastiee link between TG and
organic matter, TG and C in soil of the three défé land used systemBigure 2a and
b). Results also showed a positive correlation betwthe TG and the soil OM and C
concentration in the three land used systems. Bbermination coefficients weré =
0.88 and 0.84 respectively.
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Figure 1. Relationship between carbon and EEG (a), nitrogeth BEG (b) in three land use
systems of the humid forest of the South regi@uaaferoon (forest, fallow, field) P < 0.01)
(student Newman Kuhl test)

Variation of water stable aggregate

The percentage of WSA nmin the top 10 cm layer of soil decreased fromfirest
system (64.75 %) to the continuous growing fieldteyn (43.5 %), via the fallow
system (52.0 %) (Table 1). The rate of WS4 decrease in the fallow and the
continuously growing field system is 19.69% and3832%, respectively compare to the
forest system. Comparison percentage of WSAm showed significant difference
between the forest system, the fallow system aadctimtinuous growing field system
(F = 33,105; P < 0.001). The TG fraction also datesl positively with OM ¢ = 0.57
(Figure 38 and WSA omm (> = 0.64) Eigure 3.

Discussion

Both EEG and TG has been evaluated in three diffdemd use types in this study,
representative of the various field systems inhtbmid forest zone of the south region
of Cameroon. The concentration of EEG and TG sicanitly decreased from the forest
system to fallow system and then growing field sgstin each system individually, the
concentration of glomalin is higher than the amoain2 mg/g of soil found in Texas
soil (Wright and Upadhyaya, 1998). However, onlg toncentration of glomalin in the
forest and fallow system is higher than 11.24 mgggorted in the assessment of
mycorhizal parameters for the 1-2mm size class oiif aggregates in green house
experiment (Rillig and al., 2005). Further study AMF diversity is necessary to
understand whether new strains able to improveptbduction of glomalin exist in the
soil of this region. Nevertheless, the decreasglmhalin concentration from the forest
to fallow and then growing field systems is in adamce with the observation of
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Bedini and al., (2006) who note the decrease omglm concentration from native
forest to native grassland and to continuous mdhaeumaize field but in temperate
region. The concentration of the EEG fraction adaied to the most freshly deposited
fraction by AMF through hyphae is not significantifferent between the fallow and
the continuous growing field system. Previous sthdg shown that soil disturbance
decrease AMF population (Hamel and al., 1994; Daadl al., 2000) with disruption of
mycelia network. This might directly result to tHecrease of glomalin synthesis and
deposition in soil. Similar observation were mageRlllig and al., 2003 when study the
less similar system (agriculture and afforestettifieThis glycoprotein constitutes one
of the many ways plants used to restore carbomitqBriver andal., 2005; Zhu and
Miller, 2003). In general, AMF are highly sensitite cropping (Miller and Lodge,
1997; Rillig, 2004), mainly because of the mechahdisturbances by tillage (Wright
and al., 1999; Wright and Anderson, 2000; KabirO20 The difference in TG
concentration across the different system study banattributed to the rate of
disturbance from the forest system to the contisugrowing field system, affecting
AMF populations (Helgason amal., 1998, Alguacil andal., 2008). Across the three
systems study, there is a positive correlation betwthe EEG fraction of glomalin,
carbon and nitrogen concentratiorn=(0.76, 0.55; P < 0.01){gure 1la and h This
positive correlation might explain the implicatioh this protein to the restoration of
soil stock of C and N because glomalin molecules rande with a relatively high
proportion of C and N atoms.
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Figure 2. Relationship between carbon and TG (a), TG and mirgmatter (b) in three land use
type of the humid forest of the South region of €an (forest, fallow, field) P < 0.01 (student
Newman Kuhl test)

The comparison of TG soil concentration with C poolthe 03 different systems
show a positive correlation between the two pararset= 0.84 P < 0.01Rigure 23.
This observation is in accordance with those frotheo studies showing strong
correlation between TG and C pool in natural arlthvaied soils (Rillig, 2003; Nichols
and Wright, 2005). The observation suggested aildessimilar rate of deposition and
decomposition dynamics of the carbon and TG in soil

We found no significant difference in OM betweem tbrest system and the fallow
system. However there is a significant differeneéneen the above two systems and
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the continuous growing field systems. This obséowasupport the idea that reduce soill
tilage practices minimize soil disturbance and rétase soil organic matter
comparatively to the conventionally plowed soilsfter, 1992; Franzluebbers and al.,
1999).

y=0,0054x+1,7433 1g )70:2813%2,1826
2,15 Rre=0,5735 1 R*=0,6463 .
—_ . 16 -
o\o 2,10 7 * *
- < . 141 .
— i (=]
g 2,05 . > 12 | -
© N é [
€ 2,00 7 . o forest £ 104
L A ® A
c 1,95 - « fallow E 81 .
o)) i . > 64 & forest
5 1,90 - a growing field o
A = = fallow
1,85 w w 5 4 growing field
0 50 100 o
iter stable agregates (% 20 40 60 80
(a) greg (%) (b)
rater stable agregates (%)

Figure 3. Relationship between water stable aggregates of2itm diameter (WSAy) and
organic matter (OM) (a), TG and WSAm(b) in three land used type of the humid foreshef
South region of Cameroon (forest, fallow, fieldk B.01 (student Newman Kuhl test)

The comparison of the TG soil concentration with €M in the 03 systems studied
showed a positive correlation with ¥ 0.88 P < 0.01Rigure 2. This observation
support the view that AMF contribute directly to GMsoil by the production of extra
radical hyphae (Miller and Kling, 2000; Johnson ad 2002), and indirectly by
enhancing plant growth (Varma, 1998). The direcysvased by AMF to regulate OM
could be the production of the protein glomalinaimelative high concentration in soil
through hyphae. This is in accordance with findifgem many other studies in
temperate and tropical zones of America. For examph a comparison of 12 acidic
soils of tropical and temperate zone in America, TG was strongly correlated with
soil C the essential atoms found in OM & 0.84; Wright and Upadhyaya, 1996).
Across 37 soils representing a variety of soil sypad management practices of tropical
and temperate zone in America,% soil C was coedlaith the TG = 0.82 and soil
N also; Wright and Upadhyaya, 1998). The positiegelation of the TG with soil C
supports the view that glomalin can be useful asraitive indicator of soil C changes
observed during land use practices in the humidstozone of the tropical region as
proposed Rillig (2003) in his study in America. IBaling this finding, it is clear that
TG substantially contributes to total soil C andpbbls in the humid forest zone of
central Africa precisely in the south region of Gaoon. This affirmation was
previously proposed by Rillig aral., 2001; Lovelock andl., 2004 when they realise
that 3 to 5% of total soil carbon is conserved he glycoprotein glomalin in both
tropical and temperate climates of America.

The water stable aggregate of 1-2 mm diameter (\WS4w), significantly decrease
from the forest system to the fallow system anddbatinuously growing field system
(Table ). This is in accordance with the finding of Lavaald al. 2009 who showed that
small macro aggregates (0.25-2mm diameter) is tigter forest ecosystem, follow by
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native vegetation and arable cropping respectiirefhe sup humid tropical region of
Nigeria. Also Beare and al., (1994) demonstrated ¢hltivation of soils will lower the
structural stability relative to the no tillage IsoNevertheless, biological factors
contribute to join soil particles together and asry sensitive to soil perturbations.
Among the biological factors, AMF has been crediteth a special importance (Rillig
and Mumey, 2006), attributed to a physical effeictanetwork around soil particles,
together with the hyphal production of significamhounts of the glycoprotein glomalin
which cement soil component (Wright and Upadhyay298; Rillig andal., 2002,
Nichols and Wright, 2005). In this study, the comgzn of the TG, OM and the WSA
omm Showed positive correlation between TG, OM with A¥Smm) (Fig 3a, and b with

r> = 0.64, and 0.57 respectively. An explanation fais tobservation is that tillage
practice breakdown existing aggregates destroyedthF net work, decrease glomalin
deposition and organic matter in soil resultinghe decrease of aggregates formation
precisely those of 1-2mm diameters very sensitivedil perturbation of short periods.
This observation support the view of Wright and2@07 in her work on glomalin in
aggregate size classes from three different farnspstems that there is a large
proportion of glomalin (GRSP) associated with aggte fraction of 0.5 to 2mm in not
tillage soil (similar to forest system in this spiccompare to continuous tillage soil
(similar to continuous growing field in this studyhis observation might point out the
great contribution of glomalin and OM to the buiid of soil structure and highlight the
glue like properties previously attributed to gldimand a fraction of organic matter in
the soil aggregate formations (Wright aad 2007). The relative high concentration of
the glomalin in the forest systems compare to thers systems support the view that
glomalin deposited in soil can stay for a very ldimge up to 42 years, and could
represent a reasonable large influx of soil orgamatter, possibly on the order of 10 to
100 grams of C/fper year (Kathleen and Katie, 2007).

Conclusion

The prevalent of forest system may have createdgaifisant increase in the
glomalin concentration, carbon nitrogen and wat&able aggregates of 1-2mm
diameter. The fallow system may have also createsigaificant increase of these
parameters. The turnover rates of glomalin in thevng field system seem to be
higher than the forest and fallow system. Fallowcfice greatly contributes to the
reconstitution of the soil by increasing glomalomcentration which may have join soil
particle of 1-2mm. This can be supported by thehhpgsitive correlation between
glomalin concentration, OM and W$%Anm. Soil glomalin concentration should be an
important criteria when build up agricultural maeagent strategies in this region.
Information on AMF diversity will greatly contribatto understand the relative high
concentration of glomalin in the forest system, liingh turnover rate of this protein in
the growing field system and help to build up a retkategy to manage yield decrease
in this region.
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