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ABSTRACT

Coffee productions should have environmental values such as providing high soil microbial diversity while producing
high yield.To examine that purposes, two experimental plots were constucted at benchmark€sitsaewiation

and Sustainable Management of Belows@®rd Biodiversity(CSM-BGBD), in Sumberjaya Subdistridgi/est
Lampung, Indonesia, during 2007-20I9pes of caofee agro-ecosystem to be examined weoéea canephora

with shade trees dbliricidia sepium Erythrina sububramsMichelia champacaand no shaddwo plots were
constructed at 5-years-¢eé and 15-years-ciaie. Diversity of soil bacteria was determined based on Der

printing of total soil bacteria using Ribosomal ligenic Spacehnalysis (RISA) methodlhe results showed that:

(1) For mature cdée (15 years old), shade-grownfeaf agro-ecosystems had higher soil bacterial diversity than
those of no shade dek agro-ecosystem, (2) Shadedfeefagro-ecosystems were able to conserve soil bacterial
diversity better than no-shade fadf agro-ecosystem. Soilgamic C and total litter biomass had positivieetfon

soil bacterial diversity(3) Types of agro-ecosystem significantlyeaited the bean yield of 15 yearsfeef Cofee
agro-ecosystems shaded by legume trees had higher yield than those of non-legume shade and neeshade cof
agro-ecosystem, (4) Shannore&@Ver indices of soil bacterial diversity together with weed biomass and N content
of coffee leaf had positive f&fct on cofee bean yield.
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INTRODUCTION to be considered to develop of sustainable agro-
ecosystem (Shennan 2008).

Sustainable agro-ecosystem is becoming Bacterial community is very diverse and

important issue on cfife production that could be Prédominant in soil. Moreovesoil bacteria plays
achieved by soil conservation and biodiversity @ important role on ecosystem services such as

conservation (Conservation International 2001). nutrient cycle and biological N fixation (Rao 2007).
Biodiversity as a part of ecological aspect coversMethods to understand the link between soil
both aboveground and belowground biodiversity bacterial diversity and ecosystem func_tlons are
There are strong interaction between aboveground'€ded to be develop to address question of how

and belowground communities (H al. 2008). diversity influences function. Molecukrased
Plant diversity and soil microbial communities methods have been developed to study soil bacterial

including bacterial diversity are linked. Plant diversity to overcome problems associated with

communities govern ecosystems function including "on-culturable soil bacteria (Kirkt al 2004).
structure and function of soil microbe. Such Reécently method of extracting total bacterial
relationship might be driven by plant biomass and c0mmunity DNA from fresh soil is applied to
productivity (Liuet al 2008; Lamtet al 2011). perform DNA fingerprinting (Hest al 2012).
Moreover biodiversity including soil bacteria Planting shade trees are the main measurement

diversity is highly related to agro-ecosystem fOr Soil conservation in céde agro-ecosystems
functioning Moonen and Barberi 2008). beside constructing terrace that is onlfeetives
Biodiversity andagro-ecosystem functioning also 1" the first couple of years in reducing soil loss

have impact on stability of agro-ecosystem that needAgus 201; Bernas 201). Shade trees of legume
in partucilar have an ecological function such as

litter fall production, N fixation, reducing soil
J Trop Soils, \l. 17, No. 2, 2012: 181-187 erosion, utilizing nutrient from deep soil, and
ISSN 0852-257X improving soil biological processesqing 1990).
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The objective of this study was to assesteeof
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the middle up the sample trees (Snoeck and Lambot

agro-ecosystems based on shade tree systems tha004).

would sustain soil bacterial diversity and produced
high yield of cofee bean.

MATERIALSAND METHODS

Sudy Site and Plot

Bacterial Analysis

Molecular analysis was conducted to measure
soil bacterial diversityDNA finger printing of total
soil bacteria was done by extracting soil samples
(Gaboret al 2002) using FastDNA Kit for Sail

The research was based on survey and(Biomedical, USA)To extract DNAof bacteria, it

experimental plot of céée agro-ecosystems, was
conducted at benchmark @fonservation and
Sustainable Management of Belowasnd
Biodiversity (CSM-BGBD), in Sumberjaya Sub-
district, West Lampung, Indonesia, situateds4
— 510’ S and 10415’ — 10420’ E. Types of cofee
agro-ecosystem to be examined wéreffea
canephorawith shade trees dgliricidia sepium
Erythrina sububramsMichelia champacaand
without shade tredwo plots consisted of 5 years
old and 15 years old defk trees were established.
The experiment used a randomized completely
block design (RCBD) with three replications.
Coffee trees were spaced at 2 m and shade trees
were spaced at¥4 m. Manual weeding was done
4 times a year while pruning was 2 times a yNar
pesticide was applied. In experimental plot 1, shrub
was cleared and Robusta & seedlings were
planted with four shade treatments as mentione
above. Size of experiment plot 1 was 0.48 ha
consisted of 12 unit plots of 40 nfrertilizer dose
of 75-25-50 NPK was applied. Plot 2 was a mature
Robusta cdee field of 15 years old with the same

types of shade trees. Size of experimental plot 2

was 2.4 ha consisted of 12 unit plots of 0.2 ha
Fertilizer of NPK was applied 150-50-100.

Productivity, Soil and Plant Analysis

Productivity consisted of cf#fe yield and litter
biomass production. Ctde productivity was

took 0.5 g soil samples and then followed the
manufactureis protocol. Homogenization was
done using Fast Prep 24 MP (Biomedical, USA) at
the speed of 6.0 m séfor 40 sec. Prior to PCR,
the DNA was further purified by using GeneClean
Kit (Biomedical, USA).

To analyze soil bacterial diversitgnethod of
Ribosomal Integenic SpacefAnalysis (RISA) was
done by using forward primer 1400F (5>
TGYACACACCGCCCGT<3' and reverse primer
23sR (5> GGGTTBCCCCATCRG <3'(Borneman
andTriplett 1997) The integenic spacer region on
bacteria DNA was amplified in 20 il PCR mixtures
of 10 il Mega-Mix-Blue (Microzone, UK), 6 il
sterile distilled waterl il each ofL406F and 23sR
primer (25 pmoil I1), 2 il DNA (25 ngi I'Y). DNA
was anplified in a GeneAmp PCR System 9700
(Biosystems, USA) as follows: denaturation of

OIDNA at 9%C for 5 min; 30 cycles of denaturation

(95°C for 1 min), annealing (3@ for 45 sec), and
elongation (72C for 1 min 30 sec) with final
elongation time of 7 min at 7@.

The PCR products were analyzed in 8%
Polyacrilamide Gel ElectrophoreseAEE). To
make the gel, it took 5.3 ml of 30% acrilamide, 12.5
ml destilate wate2 mITBE 10X, 180 ml 109APS
and 20i | TEMED. Then 9i | PCR products were
loaded on polyacrilamide gels in IMAE buffer.
Electrophoreses were run with a constant voltage
of 100V for 6 hours.

calculated based on the yield of fresh bean per ploData Analysis

(Haggaret al 2011). Biomass production (dry
weight) was determined based on the production
of litter fall, pruning of cdiee and shade trees, and
weed biomass. Litter fall was sampled using 3 litter
traps of 1X2 m wide per plo¥Weed biomass was
harvested every 3 months before weeding,
on quadrant of 1X1m wide (Evizat al. 2009a).

At each plots, soils sample were sampled composit(aO

at 0-20 cm depth to analyzeganic C content
(Walkley and Black), total N (Kjeldahl), and
diversity of total soil bacteria (RISATo analyze

N content, leaves were sampled from the third and
the fourth pairs of leaves from branches located in

basec\iNere calculated based on formula @&eal 2008):

Intensity of AGE bands as representation of
Operationalfaxonomic Unit (OTU) (Cetecioglet
al. 2009) were quantified bjxdobe Photoshop
software. Using software of Biodiversifynalysis
Package, Shannon@&ver diversity indices (H’)

H’ = - O pi(Inpi) where pi = n/N, n = intensity of
TU, N = total intensity of OTU.

Analysis of variance and Duncan Multiple
RangeTest was carried out to tesfexft of type of
agro-ecosystems on soil bacterial divers#yil
organic C, total N, weed biomass, N content of
coffee leaf, and cdée bean yield by using SAS
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software. Regression analysis and t-test wereStatus of soil oganic C in 5-years-ctde agro-
performed using SPSS softwakariables of soil  ecosystems was high (3.16%) while in 15-years-
organic C, total N, weed biomass, and total litter coffee was moderate (2.45%) according to Balai
biomass were regressed with soil bacterial diversity PenelitianTanah (2005). tatus of soil N was low
Variables of soil bacterial diversjtyeed biomass, both in 5-years and 15-years-éeé agro-

N leaf content, and total litter biomass were ecosystems. Based on t-test, weed biomass of 5-
regressed with céée bean yieldTo compare years-cofee (9.0 Mg) was higher than those of 15-
variables between 5-years-ted and 15-years- years-cofee agro-ecosystems (4.9 Mg) but total

coffee agro-ecosystem, t-test was carried out. litter biomass (weed, litter fall, and pruning litter)
was relatively similar (.5 Mg for 5-years-céée

RESULTSAND DISCUSSION and 1.4 for 15-years-céée agro-ecosystems).
Based on Duncas’test, types of ctde agro-
Soil Bacterial Diversity ecosystems did not havefedt on soil oganic C,

total N, and total litter both in 5-years and 15-years-

Types of calee agro-ecosystem influenced soil oo (Taple 2). Souzat al (2012) reported that
bacterial diversity which is shown by the profile of soil omganic C and total N in shaded (agroforest)

DNA bands (Figure 1)Table 1 showed diversity o,gee systems did not dfr significantly from full-
indices of total bacteria DNA extracted from soil ¢, cofee after 13 years of experiment.

samples from dﬁ?rer\t agro-ecosystems based on Regression analysis result showed that soil
Shannon-Waver indicesTypes of agro-ecosystem o uanic ¢ and total litter biomass (litter fall, ted

did not afect soil bacterial diversity of 5-years- 54 shade tree pruning residues, and weed biomass)
coffee. On the contrarytypes of agro-ecosystem

significantly afected soil bacterial diversity of 15-
years-cofee. Shaded ctde agro-ecosystems had
higher soil bacterial diversity than those of no shade
coffee agro-ecosystem. Result of both Duncan and

Table 1. Diversity indices of soil bacteria from
coffee agro-ecosystems.

Shannon-Weaver indices

contrast test showed that bacteria diversity from soil e agro- diversity (H")

of legume Gliricidia andErythrina) shade cdée ecosystems 5-years- 15-years-

agro-ecosystems were not significantlyfeliént coffee coffee

with those of non-leguméMichellia) coffee agro- No shade 260a 233b

ecosystem. Gliricidia shade 2.74 a 2.76 a
Erythrina shade 2.73a 2.86a

Variables Effect on Soil Bacterial Diversity Michelia shade 276 a 290 a

_ As soil degompo§e80|l b_aCte”al COMMUNItY  Note: Means followed by the same letter in a column are not
is related to soil @anic C. soil N. and litter inout.  significantly diferent using Duncas’test at & $%.
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Figure 1. Profile soil bacterial diversity based on Db&hds (A= 15-years-cdée with C, D, G
K = Michelia, Erythrina, Gliricidia, no shade tree, B = 5-years-cofee with Km, Gm,
Dm, Cm = no shadé&liricidia, Erythrina, Michelia shade tree).
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Table 2. Soil aganic C ad total N, weed and total litter biomass offeefagro-ecosystems.

AQro-ecosvstems Organic C Total N Weed biomass Total litter biomass
’ Y (%) (%) (Mg ha'y™) (Mg ha'y™)
5-year s-coffee
No shade 3.10a 0.24 a 9.64 a 11.76 a
Gliricidia shade 3.10a 0.24 a 8.81b 11.20 a
Erythrina shade 3.15a 0.26 a 9.01 ab 11.77 a
Michelia shade 3.30a 0.24 a 8.55b 1143 a
15-year s-coffee
No shade 240a 0.24a 6.93 a 10.38 a
Gliricidia shade 243 a 0.24 a 444 Db 10.92 a
Erythrina shade 251a 0.25a 4.33b 12.25a
Michelia shade 2.46 a 0.22 a 3.79b 12.10 a
t calculated (significancy)* 8.43 0.41 7.35 1.40
(0.00) (0.69) (0.00) (0.89)

Note: Means followed by the same letter in a column are not significanfiyyedif ushg Duncars test at & = 5%
Comparing 5-years-cfee with 15-years-céée.

had positive déct on soil bacterial diversity &ble 1.4,
3). It indicated that soil ganic C and litter input 1.2 .
are important for bacteria growth including i 2
diversity Evizalet al (2009b) reported that ¢kfrent S 1.0 M
types of cafee agro-ecosystem producedeliént ;-‘EU 0.8 ¢
composition of litterBohlen (2006) reported the '@ M
changes in plant communities would be follow _c;u’ 0.64 .
by changes of litter composition and by change: = ¢ 4] y =0.81 +0.99
soil microbe diversity 2 R?2=0.41
Figure 2 showed regression between total lit — 9
biomass and soil bacterial diversitytter produced 0 . . . . .
by coffee agro-ecosystems reached 10-13 Mg 2.2 2.3 2.4 25 2.6 2.7

ha per yearSoil bacterial diversity increased wit
the increasing of litter productivit€ontinues litter
supply from agro-ecosystems stands are importan
for conserving soil bacterial diversityoung-
Mathewset al (2010) reported that type of agro-
ecosistem décted soil bacterial diversity due to
different biomass productivity

In total litter (Mg ha yr?)

Figure 2. Regression between soil bacterial diversity
and litter biomass

research finding showed that 15-yearsfeetrees
with legume trees agro-ecosystems were likely to
have higher leaf N content than those of no shade
coffee and non-legume shade tad agro-
ecosystem. N leaf content of 5-yearsfeeftrees
were not significantly dferent (Table 4). Coleman
andwWhitman (2005) stated that there were linkages
between ecosystem processes and plant diversity

Coffee Productivity and Soil Bacterial Diver sity

N leaf analysis is important to identify
deficiencies that determine deé growth and
production (Snoeck and Lambot 2004)his

Table 3. Regression of soil bacterial diversity of@efagro-ecosystems.

Variable Coefficient t calculated Significancy
Constant 0.63 1.04 0.31

Soil organic C (%) 0.26* 1.84 0.08
Soil total N (%) -2.05 -1.05 0.31
Weed biomass (Mg Hayear") -0.04 -1.55 0.14
Total litter biomass (Mg hyear') 0.18* 4.28 0.00

F calculated (significancy) 5.49 (0.004)

R® 0.54

Note: * Significantat a5% and **at 40.1%.
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Table 4. N content of cfge leaf.

Leaf N (%) Leaf N (%)

Coffee agro-ecosystems 5-years-coffee Status 15-years-coffee Status

No shade 234 a Suboptimum 1.86c¢c Deficient
Gliricidia shade 2.73a Optimum 3.12a Luxurious
Erythrina shade 273 a Optimum 2.59 ab Optimum
Michelia shade 251a Optimum 2.07 bc Suboptimum
Mean 2.58 Optimum 241 Optimum

t calculated 1.13

(significancy)* (0.28)

Note Means followed by the same letter in a column are not significanterelift using Duncag’test at a = 5%tatus of
coffee N content according to Snoeck and Lambot (2004): deficient (< 2%), optimum (2.5-3%), luxurious (> 3.5%). *
Comparing 5-years-cfife with 15-years-céée.

Table 5. Cdkee bean yield of diérent agro-ecosystems.

Coffee bean yield (kg Fa

Coffee agro-ecosystems

5-years-coffee 15-years-coffee
No shade 13215a 641.0c
Gliricidia shade 1534.3 a 822.4b
Erythrina shade 1584.1 a 961.5a
Michelia shade 1405.3 a 512.1¢c
t calculated (significancy)* 9.11 (0.00)

Note: Means followed by the same letter in a column are not significantgrelift using Duncags’test
at & = 5%* Comparing 5-years-ctde with 15-years-céde.

The functional traits of plants such as nitrogen- |eaf had positive éct on cofee productivity Soil
fixing symbionts, are generally strong drivers of pacterial diversity including decomposer and LNB
ecosystem processes. Snoetél (2000) reported  plays an important role on ecosystems functioning
an evidence of the transfer of nitrogen which wasgych as C cycle and N cycle that have positifecef
fixed by legume trees to det trees. on land productivity (Barrios 2007).

Types of agro-ecosystems did ndeaf cofee Weeds play an ambiguous role onfeefagro-
beanyield of 5-years-cdee. It was the second ecosystems productivitijlo doubt, weeds compete
harvest with high yield of céée bean which was jth coffee tree on watenutrient, and space that
1.32 Mg hd for no shade céée and 1.56 Mg ha can decrease dek bean yield. If weed is controlled
for shaded cdée. On the contraryypes of agro-  properly coffee yield might not decreaséet weeds
ecosystems significantlyfetted the bean yield of  produce root exudates and biomass that increase
15-years-cdee. Cofee agro-ecosystems shaded by soij| pacteria activities and soil ganic C.This
legume trees had higher yield than those of non-research finding showed that weed biomass, leaf N
legume shade and no shaddfeefagro-ecosystem.  content, and soil bacterial diversity were important
Between legume tes, cofee agro-ecosystem indicator of cofee productivity
shaded b§rythrinahad higher yield than thosé o Using t-test it resulted that for no shadefeef
coffee agro-ecosystem shaded@yricidia (Table  5gr0-ecosystem, 15-years-tad had lower soil
5). Evizalet al (2009a) reported that legume shade p5cterial diversity than those of 5-yearsfeef
trees in cdiee agro-ecosystems provided ecosystempgwever for shade cdée agro-ecosystems (shaded
services such as N fixation by legume nodulating by legume or non-legume trees), soil bacterial
bag:teria (LNB) and leaf fa_ll _dynamic that important diversity of 15-years-ctde were not significantly
to improve cofiee productivity _ different with those of 5-years- det agro-

Table 6 shows regression analysis off@ef  ecosystems @ble 7).This finding indicated that
productivity with some variables including N ¢haded cdee agro-ecosystems conserved soil

content of cdee leaf and soil bacterial diversity p5cteria diversity better than no shaddemfgro-
Shannon-Waver indices of soil bacterial diversity ecosystem.

together with weed biomass and N content dieepf
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Tabel 6. Regression of deé yield and soil bacterial diversity

Variables Coefficient t calculated Significancy
Constant 6.34 1.19 0.25
Soil bacterial diversity 1.03* 2.16 0.04
Weed biomass (kg/ha) 0.75** 7.22 0.00

N leaf content (%) 0.96** 4.15 0.00
Total litter biomass (kg/ha/year) -0.84 -1.41 0.17

F calculated (significancy) 19.48 (0.00)

R® 0.80

Note: * Significantat 5% and **at 40.1%.

Table 7. Soil bacterial diversity of 15-yearsteef ~ and N content of céée leaf had positive fct on

compared to 5-years-det. coffee bean yield.

Coffee agro- L ACKKOWLEDGEMENTS

ecosystems t calculated Significancy

No shade -2.80 0.05* The authors wish to thank Conservation and

Gliricidia shade -0.97 0.39 Sustainable Management of Below-Ground

Erythrina shade 0.83 0.45 Biodiversity (CSM-BGBD) Project in Indonesia

Michelia shade 0.62 0.57 and Lembaga Pengabdian pada Masyarakat (LPPM)
Gadjah Mada University for facilities and funding

Note: * Significantat a5%.
support.
Shade trees of ciafe agro-ecosystems have an
important role on biodiversity conservation
(Conservation International 2001). Moreqwsrade Aqus E 201 Envi tal and sustainability
trees are key factor of sustainablefeefplantation ~ 94 = <-4 EviFohmental and sustainablity 1SSues
. of Indonesian agriculturel Litbang Pert30 (4):
(Vaastet al 2005).This research results showed 140-147

that cofee agro-ecosystems shaded by legume re€gajai PenelitiariTanah. 2005Analisis Kimia Anah,

had higher yield and conserved soil bacteria TanamanAir, dan PupukBadan Litbang Pertanian.
diversity. It also indicated that legume shadede®f Bogor (In Indonesian).

could conserved belowground biodiversity without Barrios E. 2007. Soil biota, ecosystem services and land
decreasing cdée yield compare to nonlegume productivity Ecol Econ64: 269-285.

shaded cdée, as suggested by Borkhatagtaal Bernas SM. 201 Effect of cofee pulp compost and
(2012). terrace on soil erosion, runfaid nutrient loss from

coffee plantation in Lahat Regen&outh Sumatra.
J Trop Soils16 (2): 161-167. doi10.5400/
jts.201.16.2.161

. Bohlen PJ. 2006. Biological invasion: Linking the
In the soil of 15-years-cfife agro-ecosystems, aboveground and belowground consequerfas.
shaded cdée had higher soil bacterial diversity than Soil Ecol 32: 1-5.

those of no-shade defe. Shaded céde agro-  Borkhataria R, JACollazo, MJ Groom and Jordan-
ecosystems were able to conserve soil bacterial  Garcia. 2012. Shade-grown &eé in Puerto Rico:
diversity better than no-shade ¢eé¢ agro- Opportunities to preserve biodiversity while
ecosystem. Soil ganic C and total litter biomass reinvigorating a struggling agricultural commodity
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biomass) had positive fefct on soil bacterial Borneman J and EWitiplett. 1997. Molecular microbial
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