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SUMMARY
Arbuscular mycorrhizal (AM) fungi may have a majolerm P nutrition of crops in
Lombok, where fertiliser use is low. As a start to ustdnding this role, AMF dynamics
were monitored from the 1999 non-rice season to the et d999/2000 rice season at
32 sites including dryland systems with no rice, upland &od,flooded systems with one
or two rice crops per year in the rotation. Ovefalr systems, root colonisation was
greater in vertisol (22.3% of roots) than in regosol (9.584) possibly due to lower Bray-
1 P content of the vertisol (6.2 versus 13.7 mg)kgColonisation was poor in flooded rice
(3.1-5.1%), but at the same sampling times it was betigsland rice (10.6-13.4%) and in
non-rice crops growing in dryland systems (13.8-17.0%). €ffber, the low colonisation
in flooded rice appeared to be the result of flooding, metice itself. Flooding also
reduced transparent spore numbers, but sufficient inocajipeared to survive flooding
for plants in the following non-rice season to belwelonised (19-33%) regardless of

system. These non-flooded crops appear to replenish dpBtE propagules.
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INTRODUCTION

Most soils used to produce ric®rfyza sativa L.) in Asia are deficient in phosphorus (P),
and P fertiliser is needed for high yields (De Dattal., 1990). In Lombok, and elsewhere
in Indonesia, fertiliser use on rice has fallen sitheelndonesian economic crisis in 1998
that led to increased fertiliser prices. Farmers imhok (West Nusa Tenggara province)
applied an average of 2.1 kg P'in 1999 compared with 4.7 kg hin 1997 (Diperta Tk.!
NTB, 1999). With average rice yields of 4 £'hR inputs in fertiliser are well below
exports in grain. Although some P fertiliser is usedl@rded rice in Lombok, no fertiliser
is applied to non-rice crops following rice. Non-ricegs are normally grown as rainfed
secondary food crops in the dry season, when irrigatater and/or rainfall are scarce and
farmers are reluctant to invest in fertiliser.

In the absence of adequate P fertiliser, effective Abiosis has the potential to
help crops access more soil P (Solaiman and Hirata, 20®&ra and Karasawa, 2001)
and achieve higher yields. Integrating AM symbiosis artapping systems appears to
provide an alternative means of maintaining yield whitkiogng external P inputs
(Miyasaka and Habte, 2001).

There is some evidence from the Philippines that AMF @djauls decline under
flooded rice but increase again under the following mam mungbean crops (ll&yal.
1987). In Lombok, Indonesia, Parman (personal commuomateported that inoculation
with AMF spores increased root colonisation, spore prodydiarmptake and yield of non-
rice crops (maize, soybean and mungbean) planted iratadfollowing “Gora” rice (i.e.
dry sown then flooded). This work provided indirect evidencealepletion of AMF
inoculum during flooded rice and demonstrated the berfAd/F inoculation for non-

rice crops.



Given the evidence that AMF are important in crops whestdiser-P inputs are
limited, that flooded rice may deplete AMF inoculunsail, and that AMF inoculation
improves the performance of non-rice crops in rotatigh vice, it follows that greater
understanding of AMF dynamics in rice-based cropping systenesgjuired. Lombok
provided an ideal situation in which to study AMF dynamicfbd-crop production
systems, because five broad types of systems are prhutitich vary greatly in cropping
intensity, the presence of rice and alternative ciopise rotation, and the use of irrigation.
Four of these systems are found on the two majorygmktused in food-crop systems; the
regosols, which dominate in western Lombok, and thesadstiwhich dominate in the
south and southeast. Although rice is the preferredinropgated areas, the local
government enforces prescribed rotations to avoid a recerdrpest and disease
outbreaks that occurred in 1970s and 1980s. It is this thahulets the repeatability of
the four broad systems compared in this paper.

A field survey was conducted in Lombok over two cropping@esgscovering non-
rice and rice-based cropping systems and the two maityges. The aim was to quantify
the dynamics of AMF colonisation in roots and sponaipers in soil, and so provide a

foundation for further studies to enhance the role of AMfce-based cropping systems.

MATERIALS AND METHODS
Description of farming systems
Food-crop production systems in Lombok are either rdidfgland or wetland
systems. Rainfed/dryland systems are further differextittr the purposes of this paper
by the inclusion of upland rice in the rotation. Thusrefer to ‘dryland’ cropping systems

which have a variety of crops but no upland rice, and ‘@plsystems that are rainfed but



include one rice crop per year during the rainy season.ntpiee is grown on sloping,
un-terraced lands at elevations less than 500 m abavewsd. Wetland systems are either
rainfed lowland, which is flooded during the rainy seasoriGara” rice, or irrigated.

Gora rice is grown only on the vertisols of centrairibmk and therefore is not considered
further in this paper. Inirrigated systems, paddy (flapdiee is grown either once (‘once-
rice’ system) or twice (‘twice-rice’ system) duringethainy season, followed by one or two
non-rice food crops during the dry season. lIrrigatedsaasacropped three times per year,
but rainfed/dryland systems may be cropped only once or,twitle weeds growing

between crops during the driest months before theraext season.

Design of field survey and site selection

AMF were monitored three times, on two soil types (sejovertisol), for four
farming systems (Dryland, Upland rice, Once-rice, Twice). Fields were sampled
between August 1999 and April 2000, covering two crop seasdrestiriies were selected
to follow AMF population dynamics from Time 1, the dry fAAce) cropping season of
1999, to Time 2, the subsequent wet (rice) season of the 1999/20680anqearly growth
of rice crop), and Time 3 (maturity or harvest of rice)

For each system in each soil type, four represeptaiies were surveyed (system
replicates). The sites in the regosol soil weratied in two districts of West Lombok
Regency, while those on vertisol soil were in twdraits of Central Lombok Regency. At
each site, five replicates of field samples (sitdicafes) were taken at every sampling
time, at random from a diagonal transect acrossealeeted field, the location of each
transect being randomly chosen for each sampling tlEaeh site was a farm operated by

one farmer.



Farmers were randomly selected from a list of poteatiaborators supplied by
the local Agricultural Field Extension Officers (“PBLWho know the general cropping
history of fields operated by farmers they work withteSwere finally selected following
a survey conducted with the local PPL to check croppingrpatbetween rice and non-
rice crops in the previous four years. Field samplingliracbthe local PPL. The sites are
described in Table 1 (regosol) and Tablgértisol).

Insert Tables1 & 2 about here
Sampling and sample processing

Each of the five field samples was taken from topso#0 cm x 20 cm and up to
15 cm depth to include plant roots and rhizosphere soil. The froot each field sample
were separated from the soil for inspection of AMFoo@ation after staining in the
laboratory using a modified clearing and staining procedure Bamdrettet al. (1996).

The soil was air-dried and sieved using a 2-mm mesh siewpdoe counting and soil
analysis. AMF colonisation and spore numbers were dieghfrom each site replicate.
Soil chemical analyses were performed on the bulketetes of each site.

Spores were extracted from soil using a wet sieving arehtiag procedure
modified from Brundretet al. (1996), by wet sieving 20g air-dried soil for each site
replicate. The data are reported as spore number grarayen-dried soil (after conversion
using moisture content of the air-dried soil samplds$je sieves used had opening sizes of

38, 105 and 75Qm, respectively, from bottom to top.

Variables and measurement
The variables measured were AMF colonisation in the fatsops (or weeds)

sampled from the field, number of spores extracted oirsamples, and soil properties



including pH in water, organic carbon using the Walkley-Blaekhod, and extractable P
using the Bray-1 method. Soil pH was measured at eagtliegrtime while the others
were only at sampling Time 1. These soil chemicalysesl were performed by the Soil
Biology and Chemistry Laboratory, Faculty of Agricuétwat the University of Mataram,
Lombok.

AMF colonisation was measured as percentage length ofotmtised in each root
fragment observed under a compound microscope at 100x neagjoifi, by putting 10-15
stained root fragments in a parallel position on a dedsgl&rom 25 to 150 root
fragments were observed per site replicate dependitigedotal stained root fragments
obtained. The percentage of root colonisation for thiadpde was obtained by averaging
the percentage length of root colonised from all root feagsimeasured for that sample.

For spore data, both transparent (viable) and black (dead®s were counted. All
spores that were still transparent with colour varyiogn hyaline to dark brown were
categorised as transparent spores. They were assotediable because, when cracked
open, they revealed translucent contents that coatragth the black and dry contents of
the so-called black spores that were assumed to be dead.

The techniques applied in counting the spores extraagddoil and captured on
stamp-gridded filter papers using vacuum filtering were diffebetween the two spore
fractions obtained. Spores from the sieving-fraction ofib®%ere counted on the entire
area of the filter papers while those from the sievinagtfon of 3gim were counted using

a sub-sampling technigue developed using regression analysis.



Data analysis

The survey design had four factors (time, soil typenilag system and site) that
could potentially be included in an analysis. Howevertearsean was calculated from the
five site replicates, and these site mean data weckassreplicates in a 3-Way ANOVA
with times, soil type and farming system as fixed, ortimadj factors. When pre-analysed
using Minitab 13 for Windows, all data were found to be radiydistributed based on the
Kolmogorov-Smirnov test, or they became normallyrdbated with homogeneous
variances after being transformed, based on the F-esawft Fowlert al. (1998).
Analysis of variance (ANOVA) was undertaken using Staasfor Windows. For the
presentation of mean values and standard errors, daoueas based on Riley (2001).

Based on the pre-analyses, site mean data wereotnawesf into hyperbolic arcsine
[Asinh(x+0.5)] for root colonisation, Ln(x) for transparepore number, and Ln(x+1.3)
for extractable P. Percentage black-to-total sporesadideed transformation. Soil pH
and organic C data were not normally distributed, but thek+test showed homogeneous
variances between samples. Therefore, accordingviteFet al. (1998), analysis of

variance was also valid on these soil properties.

RESULTS
Soil properties
The ANOVA (not shown) of soil pH, which was analysgedach sampling time,
revealed significantp<0.05) main effects for soils and systems and a sigmifi;mteraction
between soil and system, but only at sampling 2 whichalviige stage of early rice growth
in the systems with rice. Regosol soils had lowethgth the vertisol soils overall (6.04

versus 6.62p<0.05), but the difference between the soil typesmapsag 2 was greatest in



the twice-rice system where pH in regosol was 5.03@$€) and the vertisol was 6.61
(s.e. 0.18) (Table 3).
Insert Table 3 about here

Available P and organic C, measured only at sampling timeelreported in Table
4. Over all systems, vertisol soil had significariy0.05) lower concentrations of
available P (6.2 mg ng than regosol soil (13.7 mg Ry The available P concentrations
varied amongst system-soil combinations in the rang@e5of 18.0 mg k§. There was no
difference in the concentration of organic C (2.49 %egosol and 2.43 % in vertisol soil).

Insert Table 4 about here

AMF variables: colonisation, transparent spore numbers, percentage black (dead) spores

Based on the ANOVA (not shown), the main effectsaftype and sampling time
were significant §<0.05) for AMF colonisation and transparent spore numbleitstihat
of farming system was significant for the three AMFiables. The interaction between
soil type and farming system was significant only for AbdHonisation and transparent
spore number, whilst the interaction between soil g time was significant only for
transparent spore number. The farming system by santphiegnteraction was
significant only for AMF colonisation. There was significant three-way interaction for
the AMF variables measured. Thus, levels of AMF colomisah plant roots and total
transparent spore numbers in soil showed similar regsoio differences in soil types,
farming systems, and sampling times, except for the sod*and system*time
interactions, in which colonisation and transparentepehowed the opposite responses.

The percentage of roots colonised in vertisol soil wgkdrithan in regosol soil in
all farming systems, with the difference in mean caation (22.3%versus 9.5%, or

transformed values of 3.11 and 2.44 in Table 5) being staliigtsegnificant (p<0.05).



Colonisation was highest in all systems at samplimg tl, i.e. during the dry, non-rice
season (Table 5). The subsequent decline in colonisa#isrsimilar for the two soil types,
with no significant interaction between soil type aathpling time p>0.05). With respect
to differences in colonisation between farming systéhgsmost notable effect was the
interaction p<0.05) between system and sampling time. The declinglamisation over
time was greater in the flooded lowland systems (onu@twice-rice) than in the rainfed
systems (dryland and upland), with this interaction beigigifstant <0.05). The greatest
decline was between times 1 and 2, which was the t@m$itm the non-rice season to
the beginning of the subsequent rice season. Although uptenidad the poorest
colonisation at sampling time 1, it suffered the leadtiction in colonisation over time.
Insert Table 5 and about here

Mean transparent spore numbers were significantlyenign vertisol soil compared
with regosol soil (19.%ersus 15.4 sporesgsoil, or the transformed values of 2@t sus
2.62 in Table 6). Among the systems, the number of tra@spspores was on average
highest in the dryland system (24.2 sporésand lowest in the twice-rice system (13.2
spores g). In relation to sampling time, transparent spore®wmsst abundant at
sampling time 1 (22.9 spored)gand least so at time 3 (12.0 sporek g

Insert Table 6 about here

When the means for transparent spore numbers wesidered according to the
soil-system interaction (Table 6), the means weretgsea the upland rice system on
vertisol soil (28.5 spores’yand the dryland system on regosol and vertisol (25.0, 23.4
spores g, respectively) (Table 6), each of which is rainfed. Bleest figures were in the

flooded, twice-rice systems on the vertisol (17.2 spgfe¢sind regosol (9.2 spored)g
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From the trend in transparent spore numbers averagedystems (Figure 1), the
lowest transparent spore numbers were during samplingo8tarsoil types. The vertisol
had higher transparent spore counts than the regosoleal { but there was a strong
interaction between soil type and sampling time. Téréisol suffered a big reduction in
transparent spores in the transition from the preatiop to the beginning of the
subsequent rice crop.

Insert Figure 1 near here

The averages of percentage black-to-total spores are fg@se able 7. Unlike
the other two AMF variables, with the percentage of btactotal spores the only
significant effect was that of farming system, wheeedtyland system had the highest
mean (69.5%) and the twice-rice system the lowest (57.8%)h of the irrigated lowland
rice systems (once- and twice-rice) had substant@ier percentages of black-to-total
spores than the rainfed systems (dryland and upland rimnss)s The percentage of
black-to-total spores appeared to increase with samplingaltineugh the main effect of
time was not statistically significant. When compamswere made within each farming
system, the increase in percentage black spores witwasespecially marked in the
twice-rice system from sampling 2 to sampling 3.

Insert Table 7 about here
DISCUSSION

Across 32 sites sampled in this study, soil P (Brayshgentrations ranged from 3-
18 mg kg'. Regosol soils on average had higher P concentratiansvertisols (13.7mg
kg vs 6.2 mg kg'), with the highest P being in regosols used for uplared(i& mg kd).
Olsen and Sommers (1982) classified soils as very low [@8)(3-7), medium (7-20) and

high (>20 mg kg) for Bray-1 P. On this basis, most soils in Lombaluld be classified
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as low in available P. From this, and the fact titide: P fertiliser is used on Lombok, it
seems that AMF could play an important role in P tiatrj especially in the vertisol soils.

The most obvious difference in AMF colonisation anagparent spore numbers
amongst the 32 sites was between soil types. Bothisalion and transparent spore
numbers were on average higher in vertisol than regodol This may be related to
differences in available P concentrations in the ddibny researchers have reported that
AMF colonisation is reduced by higher plant-available Rceatration (e.g. de Miranda
and Harris, 1994). Soil P concentration was related ivedyato colonisation at sampling
time 1 by the exponential equation:

Y = 69.975819%%  (r? = 0.512,p<0.05),
where Y and X were soil-system means of colonisaimhavailable P, respectively.

The differences in colonisation and spore count betweinypes might also be
related to soil texture and structure. The vertisdlisdigh in clay and strongly
aggregated, whilst the regosol is sandier and less twmedtared. Land and Schonbeck
(1991) found higher colonisation in a clay vertisol soihpared with silty sand.

Apart from the effect of soil type, colonisation arahsparent spore numbers also
varied between the four farming systems. These systéfased markedly in the intensity
of annual flooding and rice cropping. At the first séingptime, which was at the end of a
season when soil is not flooded and only non-rice coopgeeds were growing, sites in the
upland system had the lowest colonisation (19.1%). Themigtatus of upland regosol
soils (18 mg kg) may have been a factor in this result, tending to redoicaisation on
this soil type and lower the average colonisation aftglgrowing in the two soils. Low
colonisation at upland sites at the first sampling msg bé related to the plants sampled.

Weeds mostly dominated the upland regosol sites at theofisempling 1 (no crops



12

because of the dry season), while on the twice-risgerys half the sites had leguminous
crops. Sites in the dryland system mostly had cag#éaaihot esculenta Crantz) and
legumes, and those sites with cassava had the higleestragmber during sampling 1.
Many reports show that crop species affect colonisatmmhspore production by AM fungi
(Arihara and Karasawa, 2001).

Sampling times 2 and 3 were in the rainy season, whicicided with the rice
season in three of the farming systems. The irrigagsttms (once-rice and twice-rice)
had low colonisation, with less than 5% of roots beingmieed. Both the upland and
particularly the dryland farming systems had substantggfiater colonisation at both
sampling times. The poor colonisation of flooded rice apgkeabe related directly to the
flooded conditions (llagt al., 1987; Solaiman and Hirata, 1995, 1997) rather than any
effect of the rice host, since rice was effectivatyonised in the upland system. lkgtcl.
(1987) suggested that lower numbers of infective AMF propagulgce-rice rotations
compared with rice-corn-mungbean rotations in the Philggwas due to prolonged
inundation during the wet season rice. Although uplandwa&e more extensively
colonised than rice in either of the flooded systemisntgation was poorer than any non-
rice crop at sampling 1 (as noted above), or at any tirtleeidryland system. This
relatively low level of colonisation compared witlops in other non-flooded conditions
could reflect the high soil P in this system, as previodisicussed, rather than any possible
negative effect of the rice host.

Despite clear evidence for low colonisation in floodied,rthe field survey could
not conclusively differentiate between the effecl@dding on colonisation and that of the
host. However, Solaiman and Hirata (1997) found thatulaion withGlomus sp. in a

wet (flooded) nursery resulted in all seedlings beingriséa at about 22% at
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transplanting, compared with about 55% in a dry nursehys Shows that rice is a host for
the AM fungi, even if flooding reduces colonisation.ahother experiment, inoculation
with Glomus sp. resulted in about 5% colonisation in continuouslyded potsrersus

about 34% colonisation in non-flooded pots at 60 days afeatiisg (Solaiman and Hirata,
1995). Thus it seems almost certain that the poor cotamsaf flooded rice in this field
survey is related to the flooded conditions, rather tharrice host, as llag al. (1987) and
Solaiman and Hirata (1995, 1997) have suggested.

In the field, infection may be low during flooded condisdbecause oxygen tension
in the bulk soil is low. However, flooded rice craps/genise and acidify their
rhizosphere (Hinsinger, 2001). Acidification was detectatiertwice-rice system on
vertisol soil in this study. It is possible that onglested species or isolates that are
adapted to low pH are able to start infection in the hcasphere.

Transparent spore numbers declined with sampling timeelegtthe non-rice (dry)
season and the subsequent rice season, especially wpsmare flooded (the once- and
twice-rice systems). llag al. (1987) and Solaiman and Hirata (1995, 1997) similarly
reported that flooded rice reduced the numbers of infeptivpagules in soil. There was
also a tendency for the percentage of black, dead sparesdase during flooded
conditions in the twice-rice system between samgiifthe early stage of rice crop) and
sampling 3 (maturity), although the data are quite varialBleoding may increase spore
mortality, a factor worth further investigation.

In addition to any effect of flooding, all irrigated ssts are puddled before
transplanting rice, requiring intensive tillage that mamdge the hyphal network of AM
fungi built up during the preceding non-rice crops. Howete seedlings in puddle rice

had comparable colonisation to seedlings in upland rice.
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Despite the poor colonisation of roots in flooded ribe,reduced number of
transparent spores during flooded conditions, and a pessdrkease in dead spores, it does
not follow that subsequent crops in the rotation willessarily be poorly colonised.
Although sampling did not continue until the next crophm cycle, it is significant that, at
the end of the previous cropping cycle (sampling time 1graps were extensively
colonised. This included non-flooded crops following flooded.riWhilst continuous
flooded rice may seriously deplete inoculum levels ih g@appears that sufficient viable
inoculum survives at least two cycles of flooded rigestdbsequent non-rice crops to
colonise. These non-rice crops then have the poténtiabuild inoculum levels.

P-fertiliser is not used on non-rice crops in Lomb&kven this, and that drying
flooded soil for growing non-rice crops in rotation in@es P sorption and reduces P
availability for non-rice crops (Brandon and Mikkels&879) and that available soil P was
low at many sites, it can be expected that non-riepwill suffer from P deficiency.
Thus, AM association is likely to be very important fiee non-rice rotation crops to
achieve relatively high yields.

Although non-rice crops in the dry season were sat@fificcolonised in this
study, they were only observed late in their developniém high levels of colonisation in
the non-rice season may have resulted from a rapid bp late in the season due to
reinfection by runner hyphae. If so, this could explain Wayman (personal
communication) found in Lombok that inoculation with AMpores increased root
colonisation, spore production, P uptake and yield of nmnaiops (maize, soybean and
mungbean) planted after rice. Further work is needektermine if crops in the non-rice
season are infected early enough to benefit from theiassm. They may behave

principally as a host to rebuild inoculum depleted bydiag.
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In rice, AMF are known to improve nutrient uptake (Sokmn and Hirata, 1995,
1997), although it is commonly thought that rice is reldyiveresponsive to P-fertiliser
because of its ability to solubilize fixed phosphateséndoil from the non-labile pool
(Hinsinger, 2001). However, with soil P concentratioesd so low in some soils on
Lombok (e.g. 2.5 mg Kyin twice-rice systems on vertisol soil), and witinsistently poor
colonisation of flooded rice by AMF, there is a stronggbility that rice is also deficient

in P.

CONCLUSIONS

Colonisation and transparent spore numbers were genkigttigr in vertisol than
regosol soils, possibly due to the lower available P eatnation in the vertisols. With
respect to AMF dynamics, this field survey has shownribatseedlings are well-
colonised soon after transplanting under flooded comsifibut subsequent colonisation
and transparent spore numbers are reduced by prolonged flodithe effect of flooding
on transparent spore numbers, which provides the inodolulater crops, appeared to be
greater in cropping systems which include two rice cropygearcompared with one.
Non-rice crops in the rotation were well colonised, appear to play an important role in
cropping systems by restoring AMF populations that have bgdetdd by flooded rice.

Future research should establish if non-rice cropsvimiig flooded rice benefit
from the AM association found in this survey. Thismsedikely, given that the available P
was very low at most of the sites sampled, and thatgliflooded rice soil for growing
non-rice rotation crops reduces P availability to subsdquemrice crops. However,
experiments are needed to establish if the colonisafioon-rice crops, from the depleted

inoculum source following flooded rice, develops suffitherarly for the crops to benefit
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from the association. These studies should measurensespto both AMF inoculation and
P fertiliser. Research is also needed to determinmifienum inoculum level after flooded
rice that is required to give sufficient colonisation dgrihe non-rice season, as well as to
determine what crops are best to increase AMF populagibesflooded rice.

With respect to rice, further studies are needed tordete if AMF inoculation
of flooded rice in the field can improve nutrient uptakd gield when inadequate P-

fertiliser has been used on soils with low P.
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Table 1. Field conditions of the sites on regosol d@b&h sampling time.

Site Farming

Crop and field conditions for each sampling time

System Time 1 Time 2 Time 3

1 Dryland Peanut, maize, 5wk Peanut, 2wk Peanut, maturity

2 Dryland Cassava, 4wk Cassava, vegetative Cassavajtynatur

3 Dryland Cassava, 3wk Cassava, vegetative Weeds

4 Dryland Cassava, 8wk Cassava, maturity Weeds

5 Upland rice Weeds, rice ratoon, Rice, upland, 2wk Rice, upland, maturity
cassava

6 Upland rice Weeds, rice ratoon, Rice, upland, 2wk Rice, upland, maturity
pigeon-pea

7 Upland rice Weeds/maize near Rice, upland, near  Rice, upland, maturity
flowering flowering

8 Upland rice Weeds, maize stubble, Rice, upland, near  Rice, upland, maturity
cowpea flowering

9 Once-rice  Maize 1wk of emergencdrice, flooded, 3 WAT Rice, grain-filling
(direct-seeded after corn)

10 Once-rice Weeds, small chilli, Rice, flooded, 3 WAT Rice, grain-filling
harvest commenced

11 Once-rice Tobacco, start leaf harvest Rice, floo8&MAT Rice, maturity

12 Once-rice Tobacco, start leaf harvest Rice, floo8&MAT Rice, maturity

13 Twice-rice Peanut, 4wk Rice, flooded, 4 WAT Rice, just/bsted

14 Twice-rice Tomato (1wk), rice ratoon Rice, flooded, 2&W Rice, grain-filling

15 Twice-rice Peanut, maturity Rice, flooded, 6 WAT Rizbbkle

16 Twice-rice Peanut, maturity Rice, flooded, 2 WAT Rjast harvested

Note: WAT = weeks after transplanting.
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Table 2. Field conditions of the sites on vertisol abiéach sampling time.

Site Farming Crop and field conditions for each sampling time
system Time 1 Time 2 Time 3

17 Dryland Cassava, 8wk Soybean, 3wk Soybean, just
harvested

18 Dryland  Peanut/chilli, 5wk Soybean, 3wk Peanut, 1wk

19 Dryland  Weeds, fallow Soybean, 3wk Soybean, just
harvested

20 Dryland  Cassava, 12wk Soybean/Peanut, 3wk ex-Soybean, weeds

21 Upland ricelVeeds, fallow Upland rice, 3wk Upland rice, just
harvested

22 Upland riceéSweet-potato, weeds Upland rice, 3wk Upland rice, just
harvested

23 Upland ricelVeeds, fallow Upland rice, 3wk Upland rice, just
harvested

24 Upland ricelVeeds, fallow Upland rice, 3wk Upland rice, just
harvested

25 Once-rice Rice-ratoon, Cowpea 2wk Rice, flooded, 4 WAT eRuwaturity

26 Once-rice Peanut, 8wk Rice, flooded, 4 WAT Rice, justdwsted

27 Once-rice Soybean, 8wk Rice, flooded, 4 WAT Rice, maturit

28 Once-rice Soybean, 7wk Rice, flooded, 3 WAT Rice, maturit

29
30
31

32

Twice-rice Soybean, 10wk
Twice-rice Soybean, 10wk

Twice-rice Rice ratoon, fallow not

flooded

Twice-rice Rice ratoon, fallow not

flooded

Rice, flooded, 4 WAT Rice, hestvested
Rice, flooded, 4 WAT Rice, hestvested

Rice, flooded, 5 WAT Rice, just harvested

Rice, flooded, 3 WAT Rice, just harvested

Note: WAT = weeks after transplanting.
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Table 3. Mean soil pH &te.) in water at sampling time 2 for each combinatisod type
and farming system in Lombok.

Farming systems

Soil type : _ S— Mean®
Dryland Upland rice Once-rice Twice-rice

Regosol 6.34 (0.23) 6.51 (0.16) 6.27 (0.12) 5.03 (0.50)6.04 (0.20)

Vertisol 6.73 (0.22) 6.76 (0.30) 6.40 (0.20) 6.61 (0.18) 6.62 (0.11)

Y The main effects of soil type and system and thééraction were significanp€0.05).
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Table 4. Available soil P and organic carbon for eachlzoation of soil type and farming
system at sampling time 1 in Lombok. Values for P aama of transformed (lo¢x+1.3]
+s.e.) data and means of the back-transformed data @h bol

Farming systems M
Dryland Upland rice Once-rice Twice-rice

Soil type

Available P (untransformed data, mg P kg™ soil)
Regosol 1.53 (0.09)13.4 1.62 (0.16)18.0 1.40 (0.16)10.3 1.44 (0.20)13.2 1.51 (0.07)13.7
Vertisol 1.03 (0.16) 3.4 1.31(0.24)10.1 1.35(0.16) 8.7 1.05(0.04) 2.5 1.18 (0.08) 6.2

Organic C (%)
Regosol 2.00 (0.48) 1.93 (0.18) 3.29 (0.21) 2.76 (0.85) 2.49 (0.27)
Vertisol 1.67 (0.08) 3.00 (1.42) 2.11 (0.41) 2.95 (0.23) 2.43 (0.36)

Y The main effect of soil type for available P wasigant (p<0.05).



Table 5. Root colonisation with AMF in each combinatiosaf type and farming system,
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and sampling time and farming system, in Lonthokalues are means &te.) of
transformed data for colonisation (%) (hyperbolic arcpr®.5]),and means of
untransformed data imold

Soil or Farming system

tslr?]r:?.:_')n g Dryland Upland rice Once-rice Twice-rice Mean
Regosol | 3.05 (0.22)5.2|2.19 (0.18) 5.3|2.05 (0.23) 6.9|2.84 (0.30)10.5|2.44 (0.13) 9.5
Vertisol | 3.64 (0.22p7.2|3.42 (0.2123.4|2.83 (0.423.0|2.57 (0.32)15.5|3.11 (0.16)22.3
T1 3.92 (0.25B2.7|3.07 (0.32)19.1 | 3.71 (0.40)136.7 | 3.61 (0.35)30.6 |3.58 (0.17)29.8
T2 3.02 (0.31)17.0|2.57 (0.4113.4|1.60 (0.21) 3.1|1.85 (0.21) 3.7|2.26 (0.17) 9.3
T3 3.09 (0.21)13.8|2.77 (0.24)10.6 | 2.01 (0.23) 5.1|2.11 (0.18) 4.6/2.50 (0.13) 85

Y The main effects of soil type, farming system and siagpime, and the interactions
between farming system and soil type and farming syatehtime, were significant

(p<0.05).
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Table 6. Transparent spore numbers in each combindtgmil dype and farming system,
or sampling time and farming system, in LomboR/alues are the means $+€.) of spore
number/g soil (logtransformed), and means of untransformed dabalih

Soil or Farming system

tsir?]rgl(o.ll_')n g Dryland Upland rice Once-rice Twice-rice Mean
Regosol | 3.04 (0.195.0|2.53 (0.20)16.1 | 2.80 (0.1418.2|2.10 (0.16) 9.2|2.44 (0.13) 9.5
Vertisol | 3.07 (0.12p3.4|3.25 (0.14852.69 (0.21)19.2 | 2.65 (0.19)17.2 |3.11 (0.16)22.3

Mean | 3.05 (0.1124.2|2.89 (0.14R2.3|2.74 (0.13)18.7 | 2.37 (0.14)13.2

T1 3.06 (0.24p5.4| 3.09 (0.30)28.0 | 3.24 (0.1919.0 | 2.59 (0.35)18.5 |3.00 (0.145.2
T2 3.18 (0.16p6.5|2.89 (0.27)22.8 | 2.68 (0.16)15.8 | 2.52 (0.13)13.1 |2.82 (0.10)19.6
T3 2.92 (0.16p0.6|2.69 (0.15)16.0|2.31 (0.18)11.3 | 2.01 (0.14) 8.0|2.48 (0.1014.0

D All main effects, and the interactions between tygié and farming system and soil type
and sampling time were significaq<Q.05). The interaction between farming systems
and sampling time was not significaptQ.05).
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Table 7. Means_(s:e.) of percentage of black-to-total spores in each cotmnaf soil
type and farming system, or sampling time and farming systeLombok..

Farming systems
Dryland Upland rice Once-rice  Twice-rice
Soil type? Regosol  68.7 (2.11) 68.4 (2.50) 59.4 (4.98) 58.0 (2.79) 63.6 (1.75)
Vertisol 70.3 (1.90) 66.1(2.18) 62.1(2.51) 56.6(3.60) 63.8(1.47)

Mean

Mean  69.5(1.40) 67.3(1.64) 60.8 (2.74) 57.3 (2.23)

Sampling T1 67.6 (2.80) 66.2 (3.43) 60.1(5.07) 54.6(2.49) 62.1(1.94)
time T2 69.5 (2.42) 66.9 (2.27) 62.4(6.16) 54.0(3.86) 63.2 (2.18)
T3 71.4 (2.14) 68.8(3.02) 59.7 (3.10) 63.4 (4.47) 65.8 (1.76)

Y The only significant effect was that of farming syst@sD0.05).
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List of Figures

Figure 1. Means of transparent spore number acrossisgrtipies, between soil types
(-=- regosol=# vertisol), with —se for regosol and +se for vertisol.
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