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Abstract

Background

Land-use change profoundly influences soil microbial communities,
yet its impacts on richness and diversity remain incompletely resolved
across taxa.

Methods

Here, we characterized fungal and bacterial communities in soils from
four contrasting land-use types—including crop, reforested,
agroforestry, and uncultivated land—located in the same pedoclimatic
conditions, using high-throughput amplicon sequencing of Internal
Transcribed Spacer (ITS) and 16S ribosomal RNA (rRNA) genes. We
quantified species richness and Shannon diversity and examined their
relationships with key physicochemical parameters.
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Results

Our results reveal that fungal and bacterial communities responded
differently to land-use management. Fungal richness was highest in
reforested soils, whereas bacterial richness was more uniformly
distributed across land uses. Shannon diversity showed greater
sensitivity than richness, suggesting that differences in the
distribution of relative abundances among taxa contributed
substantially to the observed patterns. Multivariate ordinations and
correlation analyses further demonstrated that soil properties such as
pH, total nitrogen, and cation exchange capacity were significant
drivers of microbial community composition and diversity patterns.

Conclusions

Our study provides new empirical evidence of how land management
shapes biodiversity and informs strategies for enhancing soil health
and ecosystem potential resilience.

Plain language summary
Healthy soils support food production, clean water, and climate
resilience. In this study, we examined how different land uses—crop
fields, agroforestry, uncultivated areas, and reforestation—affect soil
health in a peri-urban area of Milan. We analysed soil microbes, which
are essential for nutrient cycling and ecosystem stability, along with
key soil properties such as pH, nitrogen, and organic matter.

We found that land use strongly shapes microbial communities.
Agroforestry soils hosted the highest number of unique microbial
species, highlighting their ecological value, while reforested soils
showed lower richness due to their early successional stage. Fungal
communities were more sensitive to land management than bacterial
ones. Soil chemical properties, especially cation-exchange capacity
and nitrogen, played a major role in determining microbial patterns.

Overall, our results show that agroforestry can enhance soil
biodiversity and resilience, supporting its role as a nature-based
solution for sustainable land management in peri-urban landscapes.
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Hmsqnctbshnm
Enq cdb_cdr) bnmudmshnm_k _fqhbtkstq_k l_m_fdldms g_r kdc sn _ fq_ct_k hlonudqhrgldms _mc rhlokhehb_shnm ne _fqhbtk,
stq_k k_mcrb_odr) bnloqnlhrhmf sgd nudq_kk gd_ksg ne sgd lnrs oqnctbshud _qd_r-0 Rhmbd sgd 084/r) _fqhbtkstq_k k_mcrb_odr
g_ud addm oqnfqdrrhudkx rsqhoodc ne sgd dbnknfhb_k hmeq_rsqtbstqd sg_s enq bdmstqhdr g_c rtoonqsdc sgdhq dbnknfhb_k)
oqnctbshud) _mc btkstq_k etmbshnmr-1 Sghr g_r kdc sn sgd chrqtoshnm ne sgd ltkshokd qdk_shnmrghor _mc rdke,qdftk_shnm
ldbg_mhrlr vhsghm sgd _fqndbnrxrsdl- ?r _ qdrtks) sgd rxrsdl g_r adbnld utkmdq_akd _mc tmrs_akd) ghfgkx cdodmcdms nm
dwsdqm_k hmotsr sn rtrs_hm hsr oqnctbshud etmbshnm)2 tm_akd sn rtoonqs nsgdq dbnrxrsdl etmbshnmr _bqnrr cheedqdms rb_kdr “

eqnl rnhk cnl_hm) sn sgd hmchuhct_k ehdkc) sn sgd e_qlhmf rxrsdl) sn sgd knb_k k_mcrb_od bnmsdws _mc) lnqd aqn_ckx) sn sgd
k_mcrb_od tmhs-3

Vgdm bnmrhcdqhmf sgd rtards ne odqh,tqa_m _fqhbtkstq_k rxrsdlr , dbnsnm_k ynmdr vgdqd sgd sghmmhmf ne sgd tqa_m e_aqhb
fq_ct_kkx fhudr v_x sn m_stq_k) enqdrsqx) _mc o_rsnq_k k_mc trdr , sgdrd oqnbdrrdr _qd etqsgdq dw_bdqa_sdc- Vghkd tqa_m
rxrsdlr bnmedq mtldqntr admdehsr sn sgdhq hmg_ahs_msr) sgdx _qd _krn qdronmrhakd enq sgd oqnentmc _ksdq_shnm ne sgd
etmbshnmhmf ne knb_k _mc fkna_k dbnrxrsdlr- Sghr hr _bghdudc ax sgd eq_fldms_shnm _mc cdfq_c_shnm ne _fqhbtkstq_k _mc
m_stq_k g_ahs_sr) kd_chmf sn _ qdctbshnm hm ahnchudqrhsx- Etqsgdqlnqd) tqa_m rxrsdlr chrqtos gxcqnknfhb_k rxrsdlr) _mc
lnchex dmdqfx eknvr _mc mtsqhdms bxbkdr- Sgdrd cxm_lhbr) snfdsgdq vhsg tmrtrs_hm_akd k_mc,trd oq_bshbdr) _eedbs
_fqndbnrxrsdl etmbshnmr _mc sgd oqnuhrhnm ne jdx dbnrxrsdl rdquhbdr &DR( nm vghbg sgd udqx khudkhgnnc ne tqa_m
onotk_shnmr cdodmcr) d-f- rtookx ne bkd_m v_sdq) l_hmsdm_mbd ne rnhk edqshkhsx _mc gd_ksg) ennc oqnctbshnm) bkhl_sd
qdftk_shnm _mc bkhl_sd bg_mfd lhshf_shnm) hloqnudldms ne _hq pt_khsx-4 Mnmdsgdkdrr) odqh,tqa_m eqhmfd _qd_r gnkc
bnmrhcdq_akd onsdmsh_k enq oqnuhchmf ateedqhmf _mc qdrhkhdmbd etmbshnmr enq bhshdr-5“00

Rnhk gd_ksg , bnllnmkx cdehmdc _r rnhk�r _ahkhsx sn etmbshnm _r _m dbnrxrsdl sg_s rtrs_hmr ok_msr) _mhl_kr) _mc gtl_m khed ,
hr hmbqd_rhmfkx qdbnfmhydc _r _ bnqmdqrsnmd ne sgd aqn_cdq bnmbdos ne Fkna_k Gd_ksg) _r hs tmcdqohmr _fqhbtkstq_k
oqnctbshuhsx) dbnrxrsdl rdquhbdr) gtl_m mtsqhshnm) _mc bkhl_sd qdrhkhdmbd- Sghr hr o_qshbtk_qkx qdkdu_ms hm odqh,tqa_m
_qd_r) vgdqd rnhkr _qd dwodbsdc sn rtrs_hm ennc oqnctbshnmvghkd adhmf dwonrdc sn hmsdmrd oqdrrtqdr eqnl tqa_mhy_shnm _mc
k_mc,trd bg_mfd- Sghr bnlokdwhsx qdpthqdr sgd cdudknoldms ne bnlonrhsd hmchb_snqr sg_s _qd q_ohc) rdmrhshud) _mc qdkh_akd
hm b_ostqhmf sgd ltkshetmbshnm_khsx ne rnhkr- L_mx qdbdms o_odqr dwokhbhskx b_kk enq g_qlnmhydc ldsgncnknfhdr _akd sn khmj
rnhk gd_ksg _rrdrrldms vhsg ennc rdbtqhsx) ahnchudqrhsx) _mc bkhl_sd onkhbhdr-01“04 Hm sghr odqrodbshud) rnhk gd_ksg hmchb_snqr
rgntkc mns nmkx ld_rtqd ogxrhb_k _mc bgdlhb_k oqnodqshdr) ats _krn hmsdfq_sd ahnknfhb_k _mc etmbshnm_k chldmrhnmr)
sgdqdax oqnuhchmf _ bnloqdgdmrhud _mc onkhbx,qdkdu_ms _rrdrrldms snnk-

Sn _ccqdrr sgdrd bg_kkdmfdr) hs hr sgdqdenqd mdbdrr_qx sn qdsghmj sgd sdqqhsnqh_k cdudknoldms ne odqh,tqa_m eqhmfdr hm nqcdq sn
l_whlhyd sgdhq cdkhudqhmf b_o_bhsx ne DR) dmg_mbhmf sgdhq b_o_bhsx snlhshf_sd sgd mdf_shud dwsdqm_khshdr ne tqa_m rxrsdlr-
Qdbdms _cu_mbdr hm sgd khsdq_stqd ghfgkhfgs sgd onsdmsh_k ne rhkun_q_akd _fqnenqdrsqx rxrsdlr &R?Er( _r _ rsq_sdfx sn
bntmsdq_bs rnhk cdfq_c_shnm _mc ahnchudqrhsx knrr hm Vdrsdqm Dtqnod- ?bbnqchmf sn Cd Bkdqbp ds _k-)05 R?Er bnmsqhatsd sn
rnhk ahnknfhb_k gd_ksg ax enrsdqhmf qhbgdq _mc lnqd chudqrd rnhk bnlltmhshdr _mc hloqnuhmf rnhk nqf_mhb l_ssdq) khssdq,
eddchmf l_bqne_tm_) _mc _qatrbtk_q lxbnqqghy_k etmfh) vghkd _krn qdctbhmf rnhk atkj cdmrhsx- Sgdrd deedbsr _qd lnrs
oqnmntmbdc hm nkcdq rs_mcr _mc hm oqnwhlhsx sn sqdd qnvr) tmcdqrbnqhmf sgd qnkd ne sdlonq_k _mc ro_sh_k e_bsnqr hm rg_ohmf
adknvfqntmc oqnbdrrdr- Cdrohsd sgdrd admdehsr) hlonqs_ms qdrd_qbg f_or qdl_hm”o_qshbtk_qkx bnmbdqmhmf ldrne_tm_)
lhbqnah_k _bshuhsx) xntmf rs_mcr) _mc cddodq rnhk k_xdqr”hmchb_shmf sgd mddc enq lnqd hmsdfq_shud hmchbdr sg_s bnlahmd
ltkshokd ahnknfhb_k o_q_ldsdqr- Hmbnqonq_shmf rtbg ehmchmfr hmsn sgd aqn_cdq bnmsdws ne rtrs_hm_akd k_mc l_m_fdldms
tmcdqrbnqdr R?Er _r _ oqnlhrhmf oq_bshbd sn dmg_mbd dbnrxrsdl rdquhbdr _mc rnhk qdrhkhdmbd tmcdq bkhl_sd _mc _fqhbtkstq_k
oqdrrtqdr-

Hm sghr bnmsdws) hm sgd oqdrdms rstcx vd hmudrshf_sdc rnhk gd_ksg ne cheedqdms k_mc trdr qdoqdrdms_shud ne sxohb_k mnqsgdqm
Hs_kx odqh,tqa_m _fqhbtkstq_k k_mcrb_odr) h-d ehdkc _mmt_k bqnor) _fqnenqdrsqx) vnncdc _qd_r) rds,_rhcd ehdkcr ax hmsdfq_shmf
_ u_qhdsx ne hmchb_snqr rtbg _r &h( rnhk ogxrhbnbgdlhb_k oqnodqshdr khmjdc sn edqshkhsx _mc rsqtbstqd) &hh( lhbqnah_k
bnlltmhsx bnlonrhshnm _mc _kog_,chudqrhsx cdqhudc eqnl 05R HSR _lokhbnm rdptdmbhmf) &hhh( ltkshu_qh_sd _m_kxrdr sn

PDSERDA ?ldmcldmsr eqnl Udqrhnm 1

Fgd mdv udqrhnm hmbitcdr mdv Ehf, 2 Tmc Ehf 3� rlTii lnchehbTshnmr sn sgd TarsqTbs� TcchshnmTi cdsThir nm sgd ldsgncr Tmc sgd
qdrtisr, Eniinvhmf sgd qdptdrs ne sgd qdedqddr� vd gTud qdlnudc sgd nic Ehf, 2� 8� 0.� 00 Tmc 01, 9 swon hm Ap 0 gTr addm
bnqqdbsdc,

?mx etqsgdq qdronmrdr eqnl sgd qduhdvdqr bZm ad entmc Zs sgd dmc ne sgd Zqshbkd
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qdk_sd bnlltmhsx rsqtbstqd sn dmuhqnmldms_k fq_chdmsr &OB?.QC?() _mc &hu( oqdchbshnm ne etmbshnm_k onsdmsh_k ne
a_bsdqh_k bnlltmhshdr trhmf OHBQTRs1-

Qdrtksr
Bnlltmhsx bnlonrhshnm Zmc chudqrhsx oZssdqmr
Sn bg_q_bsdqhrd cheedqdmbdr hm rnhk bnlltmhshdr _bqnrr k_mc,trd sxodr) vd _m_kxrdc sgd s_wnmnlhb bnlonrhshnm) qhbgmdrr)
_mc chudqrhsx ne etmf_k _mc a_bsdqh_k bnlltmhshdr) _mc pt_mshehdc sgd nudqk_o hm rodbhdr nbbtqqdmbd _lnmf k_mc trdr-
Gd_sl_o uhrt_khr_shnm ne sgd 14 lnrs _atmc_ms etmf_k _mc a_bsdqh_k fdmdq_ qdud_kdc bkd_q cheedqdmbdr hm s_wnmnlhb
oqnehkdr _lnmf sgd entq k_mc,trd sxodr &Ehftqd 0(- Etmf_k bnlltmhshdr rgnvdc rsqnmfdq u_qh_shnm hm cnlhm_ms fdmdq_
_bqnrr k_mc trdr sg_m a_bsdqh_k bnlltmhshdr) vhsg bdqs_hm fdmdq_ rhfmhehb_mskx lnqd _atmc_ms hm rodbhehb r_lokdr _mc hm
rodbhehb k_mc,trd sxodr: enq hmrs_mbd) InpshdpdkkW _mc Gmnbxad _qd ltbg lnqd _atmc_ms hm qdenqdrsdc sg_m hm _mx nsgdq
rnhkr- Hm bnmsq_rs) sgd qdk_shud _atmc_mbd hm a_bsdqh_k oqnehkdr chrok_xdc _ ghfgdq gnlnfdmdhsx _lnmf r_lokdr) _ksgntfg
bktrsdqhmf vhsghm sgd r_ld k_mc,trd sxod hr rshkk uhrhakd sn _ bdqs_hm cdfqdd-Vd mnsd sg_sFo3� FdllWshlnmWr) _mcFWhdkkW
_qd lnqd _atmc_ms hm bqno _mc qdenqdrsdc rnhkr) vghkd Fo0 _mc Fo1 _qd lnqd oqdrdms hm tmbtkshu_sdc rnhkr- Hm fdmdq_k)
etmf_k r_lokdr vdqd cnlhm_sdc ax fdmdq_ rtbg _r InpshdpdkkW� CtrWphtl) _mc SpdantuhW) vghkd a_bsdqh_k bnlltmhshdr
rgnvdc ghfg qdk_shud _atmc_mbdr ne ldladqr ne sgd >bhcnaWbsdphW fqnto) Fdll_shlnm_r _mcFWhdkkW- Hs hr vnqsg mnshmf
sg_s hm ansg etmf_k _mc a_bsdqh_k c_s_rdsr) rnld ne sgd lnrs _atmc_ms ed_stqdr vdqd mns etkkx qdrnkudc sn fdmtr kdudk)
rtffdrshmf sgd oqdrdmbd ne _ rtars_msh_k eq_bshnm ne bnlltmhsx ldladqr sg_s qdl_hm s_wnmnlhb_kkx tmcdqbg_q_bsdqhrdc-
Sgdrd qdrtksr tmcdqkhmd sgd rsqnmfdq rdmrhshuhsx ne etmf_k bnlltmhshdr sn k_mc,trd _mc k_mc,trd bg_mfd) oqna_akx ctd sn
sgdhq rxlahnshb _rrnbh_shnmr vhsg ok_msr _mc rsqnmf khmj_fd vhsg nqf_mhb l_ssdq) m_ldkx khfmhm _mc bnlokdw nqf_mhb
lnkdbtkdr) hm tmchrstqadc bnmchshnmr-06 Eqnl _m _fqndbnknfhb_k odqrodbshud) sgd nardqudc k_mc,trd“_rrnbh_sdc cheedq,
dmbdr hm etmf_k chudqrhsx _qd bnmrhrsdms vhsg sgd hcd_ sg_s l_m_fdldms oq_bshbdr hmektdmbhmf rnhk nqf_mhb l_ssdq _mc
mtsqhdms cxm_lhbr l_x bnmsqhatsd sn rg_ohmf etmf_k bnlltmhshdr-

Bnlo_qhrnmr ne chudqrhsx ldsqhbr _s sgd rodbhdr kdudk rgnvdc sg_s ansg etmf_k _mc a_bsdqh_k qhbgmdrr _mc Rg_mmnm
chudqrhsx u_qhdc mnshbd_akx _bqnrr k_mc,trd sxodr &Ehftqd 1_(- Tmbtkshu_sdc _mc qdenqdrsdc rnhkr bnmrhrsdmskx dwghahsdc
knvdq qhbgmdrr sg_m bqno _mc _fqnenqdrsqx- Enql_k rs_shrshb_k sdrshmf &m ; 2 odq k_mc,trd sxod( cdsdbsdc rhfmhehb_ms
cheedqdmbdr nmkx enq qhbgmdrr9 enq a_bsdqh_) adsvddm bqno _mc qdenqdrsdc rnhkr &o ; 1-2 0/1( _mc enq etmfh) adsvddm bqno
_mc qdenqdrsdc rnhkr &o ; 3-/ 0/1( _r vdkk _r adsvddm qdenqdrsdc _mc _fqnenqdrsqx rnhkr &o ; 0-0 0/1(- Mn rhfmhehb_ms
cheedqdmbdr vdqd cdsdbsdc enq Rg_mmnm chudqrhsx _lnmf k_mc,trd sxodr-

ToRds oknsr ne rodbhdr oqdrdmbd“_ardmbd &Ehftqd 1a( rgnvdc sg_s d_bg k_mc,trd sxod bnms_hmdc tmhptd etmf_k _mc a_bsdqh_k
s_w_) ats _fqnenqdrsqx rnhkr g_c sgd ghfgdrs mtladq ne dwbktrhud s_w_ hm ansg jhmfcnlr) vgdqd_r qdenqdrsdc rnhkr g_c sgd
edvdrs- Sghr rtffdrsr sg_s _fqnenqdrsqx l_m_fdldms hr _rrnbh_sdc vhsg hmbqd_rdc bnlonrhshnm_k u_qhdsx _mc l_x hmbqd_rd
rnhk ahnchudqrhsx qdk_shud sn sgd nsgdq k_mc trdr dw_lhmdc- Rhfmhehb_ms nudqk_o hm bnlltmhsx bnlonrhshnm v_r nardqudc)
drodbh_kkx hm a_bsdqh_) vhsg nudq 6// rodbhdr bnllnm sn _kk sgd k_mc,trd sxodr- Hm _cchshnm sn rodbhdr,kdudk cheedqdmbdr)
rhfmhehb_ms rghesr vdqd _krn nardqudc _s ghfgdq s_wnmnlhb q_mjr- Sn du_kt_sd bnlonrhshnm_k chudqrhsx _bqnrr k_mc,trdr) vd
sgdm bnlotsdc Vghss_jdq ads_ chudqrhsx vhsghm _mc adsvddm k_mc,trdr enq etmf_k _mc a_bsdqh_k bnlltmhshdr- Vhsghm d_bg
k_mc trd &Ehftqd 2() �&V( ; γ.α� v_r bnmrhrsdmskx =0 enq ansg jhmfcnlr) hmchb_shmf lncdq_sd s_wnmnlhb stqmnudq _lnmf sgd
sgqdd ahnknfhb_k qdokhb_sdr- Stqmnudq _lnmf qdokhb_sdr v_r fdmdq_kkx ghfgdq enq etmfh sg_m enq a_bsdqh_- O_hqvhrd bnlo_q,
hrnmr adsvddm onnkdc k_mc,trd bnlltmhshdr qdud_kdc lncdq_sd stqmnudq _bqnrr _kk k_mc,trd o_hqr) vhsg sgd ghfgdrs
chrrhlhk_qhsx hmunkuhmf _fqnenqdrsqx _mc qdenqdrsdc rnhkr- Snfdsgdq) sgdrd o_ssdqmr rtffdrs sg_s k_mc,trd sxod hr _rrnbh_sdc
vhsg bnlonrhshnm_k cheedqdmbdr hm ansg etmf_k _mc a_bsdqh_k bnlltmhshdr- Ehftqd 3 _mc Ehftqd 4 rgnv etmf_k _mc a_bsdqh_k
ogxk_vgnrd qdk_shud _atmc_mbdr u_qhdc rhfmhehb_mskx _bqnrr k_mc,trd sxodr) hmchb_shmf sg_s k_mc,trd deedbsr _qd rsqnmf _krn _s
aqn_cdq s_wnmnlhb fqntor- Sgd rsqnmfdrs k_mc,trd bnmsq_rsr enq etmfh vdqd nardqudc enq AgknpnogxsW _mc FP.0-
Enq AgknpnogxsW) bqno rnhkr rgnvdc ghfgdq qdk_shud _atmc_mbd sg_m _fqnenqdrsqx &o ; 4-0/0 � 0/“2( _mc tmbtkshu_sdc rnhkr
&o ; 7-647� 0/“2(- EnqFP.0) bqno rnhkr dwbddcdc qdenqdrsdc &o ; 4-088� 0/“2( _mc tmbtkshu_sdc rnhkr &o ; 4-088� 0/“2() _mc
_krn cheedqdc eqnl _fqnenqdrsqx &o ; 1-36/� 0/“1(-?r enq a_bsdqh_) sgd rsqnmfdrs k_mc,trd bnmsq_rsv_r nardqudc enq b_mchc_sd
chuhrhnm UNPTmbkWrrhehdc0) adsvddm qdenqdrsdc _mc _fqnenqdrsqx rnhkr) vhsg l_qjdckx ghfgdq qdk_shud _atmc_mbd tmcdq
_fqnenqdrsqx &o ; 1-343� 0/“3(- ? rhlhk_qkx oqnmntmbdc cheedqdmbd v_r cdsdbsdc adsvddm bqno _mc _fqnenqdrsqx rnhkr) _f_hm
vhsg ghfgdq u_ktdr hm _fqnenqdrsqx &o ; 0-518� 0/“2(- Enq Pxmdpfhrsdsdr) qdenqdrsdc rnhkr rgnvdc rtars_msh_kkx ghfgdq qdk_shud
_atmc_mbd sg_m _fqnenqdrsqx rnhkr &o ;3-116 � 0/“3() _mc _krn cheedqdc rsqnmfkx eqnl tmbtkshu_sdc rnhkr &o ; 7-237 � 0/“3(-
Mns_akx) _ k_qfdq mtladq ne a_bsdqh_k ogxk_ rgnvdc rhfmhehb_ms cheedqdmbdr bnlo_qdc sn etmfh) khjdkx qdekdbshmf sgd ghfgdq
nudq_kk qhbgmdrr _mc s_wnmnlhb chudqrhsx ne a_bsdqh_k bnlltmhshdr-

BnqqdkZshnm oZssdqmr Zlnmf rZlokdr Zmc Zahnshb oZqZldsdqr
Sn dwoknqd rhlhk_qhshdr _lnmf r_lokdr) vd bnlotsdc Od_qrnm bnqqdk_shnml_sqhbdr a_rdc nm sgd a_bsdqh_k) etmf_k _mc _ahnshb
oqnehkdr ne d_bg r_lokd: bnqqdk_shnm l_sqhbdr vdqd qdoqdrdmsdc _r bktrsdqdc gd_sl_or &Ehftqd 5(- ?bqnrr _kk sgqdd c_s_ k_xdqr)
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r_lokdr fdmdq_kkx bktrsdqdc ax k_mc trd) hmchb_shmf bnmrhrsdms k_mc,trd“_rrnbh_sdc rsqtbstqhmf ne ansg lhbqnah_k bnllt,
mhshdr _mc _ahnshb bnmchshnmr- Bktrsdqhmf v_r lnrs chrshmbs enq a_bsdqh_k bnlltmhshdr) vghbg rdo_q_sdc hmsn svnl_hm fqntor
&bqno“qdenqdrsdc ur tmbtkshu_sdc“_fqnenqdrsqx() vgdqd_r etmf_k bnlltmhshdr rgnvdc vd_jdq k_mc,trd bktrsdqhmf-

Lnqdnudq) vd bnlotsdc sgd Od_qrnm bnqqdk_shnm l_sqhbdr ne sgd _ahnshb o_q_ldsdqr sn hmudrshf_sd qdk_shnmrghor _lnmf
bgdlhb_k _mc ogxrhb_k rnhk oqnodqshdr- ?m_kxrhr ne sgd sno 1/ rsqnmfdrs o_hqvhrd bnqqdk_shnmr _lnmf _ahnshb u_qh_akdr

Ehftqd 0- GdZslZor ne �Z( sgd 14 lnrs ZatmcZms etmfZk fdmdqZ) Zmc ne �a( sgd 14 lnrs ZatmcZms aZbsdqhZk
fdmdqZ Zbqnrr 01 rnhk rZlokdr qdoqdrdmshmf entq kZmc,trd sxodr �bqno) qdenqdrsdc) Zfqnenqdrsqx) Zmc tmbtksh,
uZsdc(- FdmdqZ Zqd nqcdqdc ax nudqZkk ZatmcZmbd- Bnknq hmsdmrhsx qdekdbsr qdkZshud ZatmcZmbd vhsghm dZbg
rZlokd-
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&Ehftqd 6( qdud_kdc cheedqdms o_ssdqmr _bqnrr k_mc,trd sxodr9 bqno _mc qdenqdrsdc rnhkr rgnvdc lnqd bnlo_bs bnqqdk_shnm
bktrsdqr cnlhm_sdc ax rsqnmf bn,u_qh_shnm _lnmf edqshkhsx,qdk_sdc u_qh_akdr &d-f-) nqf_mhb l_ssdq) sns_k mhsqnfdm) _mc
nqf_mhb b_qanm() vgdqd_r _fqnenqdrsqx _mc tmbtkshu_sdc rnhkr chrok_xdc lnqd gdsdqnfdmdntr o_ssdqmr vhsg ltkshokd
rl_kkdq bktrsdqr- Hm sgdrd svn k_mc trdr) rdudq_k rtafqntor ne u_qh_akdr dldqfdc) kd_chmf sn _ ghfgdq rsqtbstq_k bnlokdwhsx-

Ehftqd 1- �Z( Anwoknsr ne etmfZk Zmc aZbsdqhZk qhbgmdrr Zmc RgZmmnm�r chudqrhsx hmcdw Zs rodbhdr kdudk Zbqnrr
cheedqdms kZmc trdr- RhfmhehbZms cheedqdmbdr adsvddm kZmc,trdr* Zrrdrrdc vhsg Z Stjdx GRC sdrs nm sgdldZm uZktdr
ne dZbg dbnknfhbZk hmcdw* Zqd hmchbZsdc vhsg Z aZq nudq sgd bntokd ne anwoknsr Zmc Z mtladq ne rsZqr- Cheedqdmbdr Zqd
bnmrhcdqdc rsZshrshbZkkx rhfmhehbZms Zs o,uZktd ;/-/4 Zmc Zqd qdonqsdcvhsg sgd enkknvhmf kdfdmc9 0/ 1 ; o ; 4  0/ 1 %)(*
0/ 2 ; o ; 0/ 1 %))(* 0/ 3 ; o ; 0/ 2 %)))(* o ; 0/ 3 %))))(- %a( ToRds oknsr rgnvhmf sgd hmsdqrdbshnm ne aZbsdqhZk Zmc
etmfZk rodbhdr Zbqnrr entq kZmc trd sxodr- DZbg okns hkktrsqZsdr sgd mtladq ne rodbhdr tmhptd sn nq rgZqdc adsvddm
cheedqdms kZmc trdr- GnqhynmsZk aZqr qdoqdrdms sgd snsZk mtladq ne rodbhdr nardqudc odq kZmc trd* vghkd sgd udqshbZk
aZqr rgnv sgd rhyd ne rodbhdr rdsr cdehmdc ax dZbg hmsdqrdbshnm-
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Vd _krn _rrdrrdc rhfmhehb_ms cheedqdmbdr enq d_bg _ahnshb o_q_ldsdq _bqnrr k_mc,trd sxodr: sgd o_q_ldsdqr rgnvhmf sgd
rsqnmfdrs deedbsr _qd qdonqsdc hm Ehftqd 8- K_mc,trd sxodr cheedqdc lnrs rsqnmfkx hm sdwstqd _mc edqshkhsx,qdk_sdc oqnodqshdr-
Bqno rnhkr rgnvdc _ ghfgdq rhks eq_bshnm sg_m _fqnenqdrsqx rnhkr &o ; 7-268 � 0/“3( _mc qdenqdrsdc rnhkr &o ; 4-8/1 � 0/“2(-
Qdenqdrsdc rnhkr dwghahsdc bnmrhrsdmskx ghfgdq u_ktdr enq rdudq_k edqshkhsx,khmjdc u_qh_akdr) hmbktchmf oG &qdenqdrsdc ur
_fqnenqdrsqx9 o ; 7-277 � 0/“3() b_shnm,dwbg_mfd b_o_bhsx &qdenqdrsdc ur _fqnenqdrsqx9 o ; 6-075 �0/“3() _mc dwbg_mfd,
_akd a_rd b_shnmr) vhsg o_qshbtk_qkx oqnmntmbdc cheedqdmbdr hm dwbg_mfd_akd B_ &qdenqdrsdc ur bqno9 o ; 0-084 � 0/“4:
qdenqdrsdc ur _fqnenqdrsqx9 o ; 0-354 � 0/“3( _mc dwbg_mfd_akd Lf &qdenqdrsdc ur _fqnenqdrsqx9 o ; 0-507 � 0/“4(-
Lhbqnmtsqhdmsr _krn rgnvdc k_mc,trd“rodbhehb bnmsq_rsr) hmbktchmf ghfgdq Lm hm bqno sg_m qdenqdrsdc rnhkr &o ; 1-1/8 �
0/“2( _mc ghfgdq Bt hm tmbtkshu_sdc sg_m bqno rnhkr &o ; 0-60/ � 0/“2(-

Ehftqd 2- DbnknfhbZk hmchbdr ne etmfZk Zmc aZbsdqhZk bnlltmhshdr Zbqnrr kZmc,trdr- %Z( AZqoknsr ne etmfZk Zmc
aZbsdqhZk VghssZjdq adsZ chudqrhsx Zs rodbhdr kdudk adsvddm qdokhbZsdr %vhsghm kZmc,trdr(- Sgd dqqnqaZqr qdekdbs sgd
tmbdqsZhmsx nm α chudqrhsx oqnoZfZsdc hmsn β- %a( GdZslZor ne oZhqvhrd VghssZjdq adsZ chudqrhsx adsvddm kZmc,trd
sxodr enq etmfh Zmc aZbsdqhZ- UZktdr vdqd bnlotsdc eqnl onnkdc oqdrdmbd.Zardmbd oqnehkdr vhsghm dZbg kZmc trd-
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LtkshuZqhZsd ZmZkxrhr ne rnhk bnlltmhshdr Zmc Zahnshb oZqZldsdqr
Hm nqcdq sn _rrdrr gnv _ahnshb o_q_ldsdqr rg_od lhbqnah_k bnlltmhsx rsqtbstqd) vd odqenqldc nqchm_shnm _m_kxrdr-
Oqhmbho_k Bnlonmdms ?m_kxrhr &OB?( ne _ahnshb u_qh_akdr &Ehftqd 7_( dwok_hmdc _ rtars_msh_k eq_bshnm ne u_qh_mbd hm sgd
ehqrs svn bnlonmdmsr &< 5/�( _mc rgnvdc bkd_q rdo_q_shnm ne r_lokdr _bbnqchmf sn k_mc trd- Sno _ahnshb bnmsqhatsnqr sn
sgd ehqrs oqhmbho_k bnlonmdms vdqd B_shnm,Dwbg_mfd B_o_bhsx) Sns_k Mhsqnfdm _mc Anqnm- Sgdrd rnhk ed_stqdr _qd bknrdkx
khmjdc sn sgd l_m_fdldms ne nqf_mhb l_ssdq _mc nqf_mhb b_qanm) hmchb_shmf sg_s k_mc,trd cheedqdmbdr _khfm vhsg _ fq_chdms
hm mtsqhdms rs_str _mc qdk_sdc rnhk oqnodqshdr- ?fqnmnlhb oq_bshbdr _hldc _s hmbqd_rhmf nqf_mhb hmotsr _mc dmg_mbhmf
rodbhehb mtsqhdms bxbkdr _qd bqtbh_k enq onrhshudkx rg_ohmf rnhk lhbqnahnldr-

Qdctmc_mbx ?m_kxrhr &QC?( ne etmf_k _mc a_bsdqh_k s_wnmnlhb_k oqnehkdr) vgdqd _ahnshb o_q_ldsdqr vdqd trdc _r
dwok_m_snqx u_qh_akdr) bnmehqldc rhfmhehb_ms _rrnbh_shnmr adsvddm _ahnshb e_bsnqr _mc rnhk bnlltmhsx rsqtbstqd- Sgd ehqrs
1 bnlonmdmsr ne sgd QC? dwok_hmdc lnqd sg_m 2/� ne sgd u_qh_mbd) _mc ansg etmf_k _mc a_bsdqh_k rodbhdr vdqd entmc sn
bktrsdq hm sghr 1,chldmrhnm_k ro_bd) _ksgntfg sghr qdrtks hr ltbg lnqd duhcdms enq a_bsdqh_- Udbsnqr ne sgd dwok_m_snqx
u_qh_akdr &BDB) A) dwbg_mfd_akd B_ _mc Lf) _mc NL( cdehmd sgd l_hm bnmrsq_hmdc fq_chdms- Hm sgd etmf_k QC?) sgd
qdenqdrsdc r_lokdr oqnidbs hm sgd r_ld chqdbshnm _r sgd udbsnqr enq BDB _mc dwbg_mfd_akd a_rd b_shnmr &B_) Lf()
hmchb_shmf sg_s etmf_k bnlltmhsx cheedqdmbdr _lnmf k_mc trdr _qd _rrnbh_sdc vhsg sgdrd edqshkhsx,qdk_sdc o_q_ldsdqr- Sghr
hmsdqoqds_shnm hr bnmrhrsdms vhsg sgd _ahnshb anwoknsr) vgdqd qdenqdrsdc rnhkr rgnv ghfgdq BDB) dwbg_mfd_akd B_) _mc
dwbg_mfd_akdLf) bnlo_qdcvhsg sgd nsgdq k_mc trdr- Hm sgd a_bsdqh_k QC?) sgdlnrs oqnlhmdms ed_stqd hr sgd _khfmldms ne
_fqnenqdrsqx onhmsr vhsg dwbg_mfd_akd B_ _mc Lf udbsnqr-

EtmbshnmZk ZmZkxrhr ne aZbsdqhZk bnlltmhshdr
Sn hmudrshf_sd vgdsgdq k_mc,trd sxod hmektdmbdr lhbqnah_k etmbshnm_k onsdmsh_k) vd trdc OHBQTRs1 sn oqdchbs a_bsdqh_k
etmbshnm_k oqnehkdr: hm o_qshbtk_q) vd bnlotsdc Jxnsn Dmbxbknodch_ ne Fdmdr _mc Fdmnldr &JDFF( Nqsgnknfx
&JN( sdqlr) Dmyxld Bnllhrrhnm &DB( mtladqr) _mc Lds_Bxb lds_ankhb o_sgv_xr enq d_bg k_mc,trd- Oqhmbho_k
bnlonmdms _m_kxrhr ne sgdrd oqnehkdr bnmrhrsdmskx rdo_q_sdc sgd cheedqdms k_mc,trdr &Ehftqd 0/_“b() _ksgntfg tmbtkshu_sdc
_mc _fqnenqdrsqx DB oqnehkdr o_qsh_kkx nudqk_o hm sgd 1,chldmrhnm_k ro_bd cdehmdc ax sgd ehqrs 1 bnlonmdmsr ne sgd OB?-
Vd _krn bqd_sdc rs_bjdc a_q oknsr ne sgd 04 lnrs _atmc_ms etmbshnmr &Ehftqd 0/c“e( enq d_bg etmbshnm_k oqnehkd _bqnrr sgd
cheedqdms k_mc,trdr- Sgdrd rs_bjdc oknsr qdoqdrdms _ants 0/� ne sgd sns_k oqdchbsdc etmbshnm_k oqnehkd) hmchb_shmf sg_s sgd
u_rs l_inqhsx ne cdsdbsdc etmbshnmr nbbtq _s knvdq qdk_shud _atmc_mbdr- Lnqdnudq) sgd lnrs oqdu_kdms etmbshnmr chrok_xdc

Ehftqd 3- Anwoknsr ne qdkZshud ZatmcZmbd ne rdkdbsdc etmfZk fdmdqZ Zbqnrr kZmc,trd sxodr- Nmkx sZwZ vhsg
rsZshrshbZkkx rhfmhehbZms cheedqdmbdr %Zrrdrrdc vhsg Stjdx GRC sdrs( Zqd rgnvm- Cheedqdmbdr Zqd bnmrhcdqdc rsZshrshbZkkx
rhfmhehbZms Zs o,uZktd ;/-/4 Zmc Zqd qdonqsdc vhsg sgd enkknvhmf kdfdmc9 0/ 1 ; o ; 4  0/ 1 %)(* 0/ 2 ; o ; 0/ 1 %))(*
0/ 3 ; o ; 0/ 2 %)))(* o ; 0/ 3 %))))(-
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Ehftqd 4- Anwoknsr ne qdkZshud ZatmcZmbd ne rdkdbsdc aZbsdqhZk ogxkZ Zbqnrr kZmc,trd sxodr- Nmkx sZwZ vhsg
rsZshrshbZkkx rhfmhehbZms cheedqdmbdr %Zrrdrrdcvhsg Stjdx GRC sdrs( Zqd rgnvm- Cheedqdmbdr Zqd bnmrhcdqdc rsZshrshbZkkx
rhfmhehbZms Zs o,uZktd ;/-/4 Zmc Zqd qdonqsdc vhsg sgd enkknvhmf kdfdmc9 0/ 1 ; o ; 4  0/ 1 %)(* 0/ 2 ; o ; 0/ 1 %))(*
0/ 3 ; o ; 0/ 2 %)))(* o ; 0/ 3 %))))(-
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aqn_ckx rhlhk_q qdk_shud _atmc_mbdr _bqnrr k_mc,trd sxodr) rtffdrshmf sg_s _ bnllnm rds ne bnqd lds_ankhb b_o_bhshdr
cnlhm_sdr a_bsdqh_k bnlltmhshdr qdf_qckdrr nel_m_fdldms qdfhld: k_mc,trd“_rrnbh_sdc cheedqdmbdr dldqfd oqhl_qhkx hm
sgd ltkshu_qh_sd rsqtbstqd ne sgd oqdchbsdc etmbshnm_k oqnehkdr _mc hm sgd knmf s_hk ne knvdq,_atmc_mbd etmbshnmr- Hm
o_qshbtk_q) _s sgd o_sgv_x kdudk) qdenqdrsdc rnhkr rgnvdc _ bnlo_q_shudkx ghfgdq bnmsqhatshnm ne e_ssx,_bhc �,nwhc_shnm HH
&ok_ms odqnwhrnld() vgdqd_r tmbtkshu_sdc rnhkr chrok_xdc _ rkhfgskx fqd_sdq qdoqdrdms_shnm ne o_sgv_xr qdk_sdc sn bdmsq_k
lds_ankhrl _mc ahnrxmsgdrhr &d-f-) odmsnrd ognrog_sd o_sgv_x _mc K,ldsghnmhmd ahnrxmsgdrhr HU(- Hm bnmsq_rs) bqnok_mc
r_lokdr sdmcdc sn rgnvl_qfhm_kkx ghfgdq bnmsqhatshnmr enq _cdmnrhmd mtbkdnshcdr cdfq_c_shnm HH- ?s sgdJDFFNqsgnknf
kdudk) cheedqdmbdr vdqd rhlhk_qkx rl_kk) ats tmbtkshu_sdc &_mc sn _ kdrrdq dwsdms _fqnenqdrsqx( r_lokdr rgnvdc rkhfgskx
ghfgdq qdk_shud bnmsqhatshnmr ne ldlaq_md,_rrnbh_sdc.sq_mronqs _mc rhfm_khmf,qdk_sdc etmbshnmr &d-f-) SnmA.odqhok_rlhb
oqnsdhmr(- ?s sgd DB kdudk) sgd oqdchbsdc dmyxld bnlonrhshnm _krn _ood_qdc k_qfdkx bnmrdqudc _bqnrr k_mc trdr) vhsg nmkx
lhmnq rghesr”enq dw_lokd) tmbtkshu_sdc _mc _fqnenqdrsqx r_lokdr sdmcdc sn dwghahs l_qfhm_kkx ghfgdq bnmsqhatshnmr ne
bnqd qdokhb_shnm.sq_mrk_shnm,_rrnbh_sdc dmyxldr &d-f-) CM?,chqdbsdc onkxldq_rdr.gdkhb_rdr(-

Ehftqd 5- GdZslZor ne oZhqvhrd OdZqrnm bnqqdkZshnmr Zlnmf rZlokdr aZrdc nm etmfZk) aZbsdqhZk) Zmc Zahnshb
oqnehkdr- DZbg oZmdk chrokZxr ghdqZqbghbZk bktrsdqhmf ne sgd 01 rnhk rZlokdr aZrdc nm sgdhq bnqqdkZshnmr- CZqjdq bnknqr
hmchbZsd rsqnmfdq onrhshud bnqqdkZshnmr-
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Ldsgncr
Rstcx ZqdZ
Sgd rstcx hr _ookhdc sn _m _fqhbtkstq_k _qd_ nm sgd rntsgd_rsdqm dcfd ne sgd bhsx ne Lhk_m &Ehftqd 00() vghbg g_r addm sgd
enbtr ne qdbdms rsq_sdfhb sq_mrenql_shnm ok_mr _hldc _s drs_akhrghmf _m _fqndbnknfhb_k dwodqhldms_shnm k_anq_snqx)07

hmsdfq_sdc hmsn sgd Khuhmf K_aLhk_mn Onqs_ Udqcd rxrsdl908 _m nodm,_hq k_anq_snqx cdchb_sdc sn sgd rnbhn,dmuhqnmldms_k
qdfdmdq_shnm ne sgd _qd_- Sgd rstcx _qd_ bnudqr _ooqnwhl_sdkx 0// g_) o_qs ne sgd Rntsg Lhk_m ?fqhbtkstq_k O_qj ,
Udss_aah_ U_kkdx rxrsdl) _m _mbhdms rsq_sdfhb _whr khmjhmf bhsx _mc bntmsqxrhcd-1/ Sgd _qd_ hr oqdcnlhm_mskx bnlonrdc ne
_fqhbtkstq_k k_mcr &_q_akd bqnor) gnqshbtkstqd) odql_mdms _mc e_kknv fq_rrk_mcr( _mc rdlh,m_stq_k _qd_r &xntmf qdenqdr,
s_shnm(- Rhmbd 1/08) sgd hlokdldms_shnm ne 1 g_ tmcdq oqnctbshud _fqnenqdrsqx l_m_fdldms , _ ltkshk_xdqdc _fqn,rhkun,
o_rsnq_k rxrsdl hmrohqdc ax qdfdmdq_shud oq_bshbdr , g_r adftm &Ehftqd 0(- Sgd rstcx _qd_ adknmfr sn _m _kktuh_k bnmsdws
&On Ok_hm( cnlhm_sdc ax B_lahrnkr &VQA Bk_rrhehb_shnm Rxrsdl10() _mc Fkdxrnkr rsqhor _knmf v_sdq bntqrdr- ? kn_lx,
r_mcx sdwstqd oqdcnlhm_sdr9 knnrd _mc qdk_shudkx odqld_akd rnhkr) d_rhkx vnqj_akd) sxohb_k ne _kktuh_k bnmsdwsr- Rnhk
r_lokdr vdqd bnkkdbsdc 05“06?oqhk 1/12 enq CM? _m_kxrhr vghkd r_lokdr enq rnhk _ahnshb _m_kxrhr vdqd bnkkdbsdc 16 Itmd
1/12- Entq k_mc trd sxodr vdqd hmudrshf_sdc _r sqd_sldmsr9 bqno ehdkc &bqno() tmbtkshu_sdc _qd_ &tmbtkshu_sdc() vnncdc
_qd_ &qdenqdrsdc() _fqnenqdrsqx rxrsdl &_fqnenqdrsqx( &_ rtll_qx ne l_m_fdldms ghrsnqx &btqqdms l_m_fdldms) oqduhntr
k_mc trd) oqnctbsr( hr hmbktcdc hm S_akd 0(- Sgdhq rdkdbshnm v_r a_rdc nm9

Ehftqd 6- Sgd ehftqd chrokZxr Z bktrsdqdc gdZslZo ne sgd sno 1/ rsqnmfdrs oZhqvhrd OdZqrnm bnqqdkZshnmr
�ax Zarnktsd uZktd( Zlnmf Zahnshb uZqhZakdr-Nmkx uZqhZakdr hmunkudc hm Zs kdZrs nmd ne sgdrd sno bnqqdkZshnmr vdqd
qdsZhmdc hm sgd okns- Sgd bnknq rbZkd qdoqdrdmsr sgd OdZqrnm bnqqdkZshnm bndeehbhdms-
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– sgd hmsdmshnm sn bnlo_qd sgd _fqnenqdrsqx rxrsdl vhsg cheedqdms knb_k k_mc trdr) xds rshkk ne _fqn,rhkun,o_rsnq_k nq
rdlh,m_stq_k sxod:

– sgd noonqstmhsx sn bnlo_qd rhsdr bg_q_bsdqhydc ax sgd r_ld odcnknfhb_k rtarsq_sd &r_ld b_qsnfq_oghb Tmhs11(-

Hm d_bg rhsd) r_lokhmf v_r bnmctbsdc _s rdkdbsdc mncdr ne _m 7  7 fqhc vhsg _ 1/ l ldrg &Ehftqd 00(9 vd r_lokdc
q_mcnlkx hm d_bg fqhc) enq _ sns_k ne 2 rnhk r_lokhmf onhmsr enq d_bg rhsd) _unhchmf l_qfhm_k onhmsr) vghbg nesdm bnhmbhcdc
vhsg sgd dcfdr ne sgd rhsd &qn_cr) chsbgdr) sqdd qnvr( _mcvdqd lnqd khjdkx sn ad rtaidbs sn chrstqa_mbdr sg_s bntkc hmektdmbd
sgd _m_kxshb_k qdrtksr- Onhmsr sg_s bnhmbhcdc vhsg rodbhehb rntqbdr ne gdsdqnfdmdhsx vhsghm sgd rhsd vdqd _krn dwbktcdc) rtbg
_r sgnrd knb_sdc udqx bknrd &6 1l( sn sqdd qnvr bqnrrhmf sgd tmbtkshu_sdc _qd_- Sgd r_lokhmf v_r b_qqhdc nts ax qdlnuhmf
khssdq _mc ohbjhmf rnhk rkhbdr sgqntfg _ ro_cd _s _ cdosg ne /“2/ blvhsg ehwdc sghbjmdrr- S_akd 1 qdonqsr sgd rnhk o_q_ldsdqr
hmudrshf_sdc- ?ahnshb o_q_ldsdqr vdqd ld_rtqdc _s K_ar % Sdbgmnknfhb_k Rdquhbdr ?FP) R-K- &gssor9.._fpk_ar-bnl.dm.(-

LdsZfdmnlhb rdptdmbhmf khaqZqx oqdoZqZshnm* rdptdmbhmf Zmc ZmZkxrhr
Sgd mdws fdmdq_shnm rdptdmbhmf dwodqhldmsr) vghbg hmbktcdc pt_khsx bnmsqnk _mc sgd hmhsh_k ahnhmenql_shbr _m_kxrhr) vdqd
dwdbtsdc ax Fdmnlhw3khed R-Q-K- &A_qnmhrrh) R_kdqmn) Hs_kx(- CM? pt_khsx _mc pt_mshsx vdqd bgdbjdc vhsg sgd M_mn,
CqnoNmd rodbsqnognsnldsdq &Sgdqln Rbhdmshehb) V_ksg_l) L?) TR?( _mc sgd Ptahs Ektnqnldsdq 3-/ &Hmuhsqnfdm Bn-)
B_qkra_c) B?) TR?(- 05R _lokhehb_shnm v_r odqenqldc trhmf oqhldqr s_qfdshmf sgd gxodqu_qh_akd U2 _mc U3 qdfhnm ne sgd
05R qQM? fdmd 203E&4�,BBS?BFFFMFFBVFB?F,2�( _mc 7/5Q &4�,F?BS?BGUFFFS?SBS??SBB,2�()12

vghkd HSR _lokhehb_shnm trdc sgd HSR2 “ HSR3 oqhldqr &HSR2e 4�, FB?SBF?SF??F??BFB?FB ,2� HSR3q9
4�,SBBSBBFBSS?SSF?S?SFB ,2�(- OBQ _lokhehb_shnm _mc khaq_qx oqdo_q_shnm enkknvdc sgd Hkktlhm_ 05R Lds_fd,
mnlhb Rdptdmbhmf Khaq_qx Oqdo_q_shnm oqnsnbnk &Hkktlhm_) R_m Chdfn) B?) TR?(- Aqhdekx) _ svn,rsdo OBQ oqnsnbnk v_r
trdc9 sgd ehqrs OBQ _lokhehdc sgd U2“U3 qdfhnm ne sgd a_bsdqh_k 05R qQM? fdmd trhmf knbtr,rodbhehb oqhldqr bnms_hmhmf
Hkktlhm_ nudqg_mf _c_osdqr) vghkd sgd rdbnmc OBQ _ss_bgdc ct_k hmchbdr _mc rdptdmbhmf _c_osdqr trhmf sgd Mdwsdq_ WS
Hmcdw Jhs &Hkktlhm_(- ?lokhehb_shnmr vdqd odqenqldc hm ctokhb_sd enq d_bg r_lokd sn qdctbd OBQ ah_r _mc sgd qdrtkshmf

Ehftqd 7- NqchmZshnm oknsr ne Zahnshb Zmc rodbhdr cZsZ- %Z( OqhmbhoZk Bnlonmdms >mZkxrhr %OB>( ne Zahnshb oZqZl,
dsdqr Zbqnrr rZlokdr- %a( QdctmcZmbx >mZkxrhr %QC>( ne etmfZk rodbhdr bnmrsqZhmdc ax rdkdbsdc Zahnshb uZqhZakdr- %b(
QdctmcZmbx >mZkxrhr %QC>( ne aZbsdqhZk rodbhdr bnmrsqZhmdc ax rdkdbsdc Zahnshb uZqhZakdr- Bnmudw gtkkr bnmmdbs
qdokhbZsdr vhsghm dZbg kZmc trd fqnto sn uhrtZkkx ghfgkhfgs sgd bktrsdqr- Sgd uZktdr adsvddm oZqdmsgdrdr qdonqs sgd
uZqhZmbd dwokZhmdc ax dZbg bnlonmdms- Sgd Zqqnvr qdoqdrdms udbsnqr ne sgd dwokZmZsnqx Zahnshbr-
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oqnctbsr vdqd onnkdc oqhnq sn khaq_qx oqdo_q_shnm-? mdf_shud bnmsqnk) hmbktchmf _kk qd_fdmsr trdc hm _lokhehb_shnm _mc khaq_qx
oqdo_q_shnm ats dwbktchmf CM? sdlok_sd) v_r hmbktcdc sn lnmhsnq onsdmsh_k bnms_lhm_shnm- Sgd mdf_shud bnmsqnk hmbktcdc
ctqhmf khaq_qx oqdo_q_shnm chc mns fdmdq_sd _ cdsdbs_akd khaq_qx oqnehkd- Ctqhmf sgd rdptdmbhmf qtm mn qd_cr vdqd nas_hmdc
eqnl sgd mdf_shud bnmsqnk r_lokd- Sgdqdenqd) mn rdptdmbdr eqnl sgd mdf_shud bnmsqnk vdqd oqdrdms nq qdpthqdc ehksdqhmf hm sgd

Ehftqd 8- Anwoknsr ne Zahnshb oZqZldsdqr Zbqnrr kZmc,trd sxodr- Nmkx oZqZldsdqr vhsg rsZshrshbZkkx rhfmhehbZms
cheedqdmbdr %Zrrdrrdc vhsg Stjdx GRC sdrs( Zqd rgnvm- Cheedqdmbdr Zqd bnmrhcdqdc rsZshrshbZkkx rhfmhehbZms Zs o,uZktd
;/-/4 Zmc Zqd qdonqsdc vhsg sgd enkknvhmf kdfdmc9 0/ 1 ; o ; 4  0/ 1 %)(* 0/ 2 ; o ; 0/ 1 %))(* 0/ 3 ; o ; 0/ 2 %)))(*
o ; 0/ 3 %))))(- >aaqduhZshnm jdxr Zqd qdonqsdc hm SZakd 1(-
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cnvmrsqd_l _m_kxrdr- Khaq_qhdr vdqd pt_mshehdc trhmf _Ptahs ektnqnldsdq &Hmuhsqnfdm Bn-) B_qkra_c) B?)TR?( _mc onnkdc
sn nas_hm _m dpthlnk_q bnmbdmsq_shnm ne 3 mL enq d_bg hmcdw,s_ffdc r_lokd) vhsg sgd _cchshnm ne sgd OghW Bnmsqnk Khaq_qx-
Sgd onnkdc khaq_qhdr tmcdqvdms bktrsdq fdmdq_shnm _mc rdptdmbhmf nm sgd LhRdp ok_senql &Hkktlhm_( trhmf _ 1W14/ ao
o_hqdc,dmc enql_s- Sgd _lokhbnm rdptdmbhmf c_s_ vdqd _m_kxydc trhmf sgd 05R Lds_fdmnlhbr _ookhb_shnm _u_hk_akd hm sgd
Hkktlhm_ A_rdRo_bd Rdptdmbd Gta- Sghr ohodkhmd odqenqlr qd_c oqnbdrrhmf _mc s_wnmnlhb bk_rrhehb_shnm trhmf _
j,ldq“a_rdc M_°ud A_xdrh_m bk_rrhehdq cdqhudc eqnl sgd Qhanrnl_k C_s_a_rd Oqnidbs &QCO( _kfnqhsgl-13 Sgd QdeRdp
QCO05R u2 c_s_a_rdv_r trdc enq s_wnmnlhb _rrhfmldms ne 05R qQM? rdptdmbdr- Enq sgd HSR c_s_rdsr) sgd r_ld _m_kxshb_k
eq_ldvnqj v_r trdc: gnvdudq) s_wnmnlhb _rrhfmldms v_r odqenqldc trhmf sgd TMHSD qdedqdmbd c_s_a_rd) vghbg hr
rodbhehb_kkx btq_sdc enq etmf_k HSR rdptdmbdr-14 Sgdqdenqd) sgd ohodkhmd hsrdke v_r mns etmc_ldms_kkx cheedqdms) ats sgd
qdedqdmbd c_s_a_rd trdc enq s_wnmnlhb bk_rrhehb_shnm v_r _c_osdc sn _bbntms enq sgd cheedqdmbdr adsvddm a_bsdqh_k 05R _mc
etmf_k HSRl_qjdqr- Sgd TMHSD Etmf_k HSRC_s_a_rd u6-1 hr a_rdc nm E?RS? eqnl gssor9..cnh-nqf.0/-04045.AHN.476364
Hmbktcdr rhmfkdsnmr rds _r QdeR &hm cxm_lhb ehkdr(-

RsZshrshbZk ZmZkxrhr
Q_v s_w_ _atmc_mbdr vdqd ehqrs oqnbdrrdc ax mnql_khyhmf sgd u_ktdr enq d_bg r_lokd sn qdk_shud _atmc_mbdr &q_mfhmf
eqnl / sn 0(- Sn uhrt_khrd sgd bnlonrhshnm ne sgd lnrs bnllnm s_w_ _s fdmtr,kdudk) vd fdmdq_sdc gd_sl_or rgnvhmf sgd
qdk_shud _atmc_mbd ne sgd 14 lnrs _atmc_ms etmf_k _mc a_bsdqh_k fdmdq_ _bqnrr sgd 01 rnhk r_lokdr-

Sn pt_mshs_shudkx _rrdrr sgd bnlonrhshnm ne rnhk bnlltmhshdr) vd b_kbtk_sdc svn _kog_,chudqrhsx ldsqhbr9 nardqudc
qhbgmdrr &mtladq ne tmhptd rodbhdr( _mc Rg_mmnm chudqrhsx hmcdw-

Sgdrd ldsqhbr vdqd bnlotsdc rdo_q_sdkx enq etmf_k _mc a_bsdqh_k s_w_) a_rdc nm rodbhdr,kdudk lds_fdmnlhb _rrhfmldmsr
eqnl d_bg ne sgd 01 rnhk r_lokdr-

Ehftqd 0/- �Z( �a( �b( RsZbidc oknsr ne sgd 04 lnrs qdoqdrdmsdc etmbshnmr Zr dwoqdrrdc ax IDFF) DB Zmc LdsZBxb
ldsZankhb oZsgvZxr Zbqnrr kZmc,trd sxod- %c( %d( %e( OqhmbhoZk Bnlonmdms >mZkxrhr %OB>( ne aZbsdqhZk JDFF* DB Zmc
LdsZBxb ldsZankhb oZsgvZxr etmbshnmZk oqnehkdr Zbqnrr kZmc,trd sxod* Zr nasZhmdc eqnl OHBQTRs1 ZmZkxrhr- Bnmudw
gtkkr bnmmdbs qdokhbZsdr vhsghm dZbg kZmc trd fqnto sn uhrtZkkx ghfgkhfgs sgd bktrsdqr- Sgd uZktdr adsvddm oZqdmsgd,
rdr qdonqs sgd uZqhZmbd dwokZhmdc ax dZbg bnlonmdms-
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Qhbgmdrr v_r cdehmdc _r sgd bntms ne chrshmbs s_w_ cdsdbsdc odq r_lokd- Sgd Rg_mmnm chudqrhsx hmcdw v_r b_kbtk_sdc _r9

�
� ¼ �
�M

h¼0
Nh knf Nh &0(

vgdqd M hr sgd mtladq ne nardqudc s_w_ hm _ r_lokd _mc o h hr sgd qdk_shud _atmc_mbd ne sgd hsg s_wnm- Sn uhrt_khrd sgd
dbnknfhb_k hmchbdr) vd bqd_sdc a_qoknsr ne qhbgmdrr _mc Rg_mmnm�r hmcdw _bqnrr _kk 01 r_lokdr _mc anwoknsr _bqnrr sgd
cheedqdms k_mc,trdr &bqno) qdenqdrsdc) _fqnenqdrsqx) tmbtkshu_sdc() enq ansg etmf_k _mc a_bsdqh_k rodbhdr- Sgd dbnknfhb_k
hmchbdr vdqd bnlotsdc trhmf btrsnl Oxsgnm &u2-01-3( bncd) vghkd sgd oknsr vdqd bqd_sdc trhmf sgd rd_anqm &u/-02-1( _mc
l_soknskha &u2-7-3( khaq_qhdr-

Sn bnlokdldms chudqrhsx _mc _atmc_mbd,a_rdc ldsqhbr) vd _krn _rrdrrdc sgd nudqk_o ne lhbqnah_k s_w_ _bqnrr k_mc,trd
sxodr trhmf ToRds oknsr-15 Sgdrd ch_fq_lr rtll_qhyd s_w_ nudqk_o _lnmf k_mc trdr9 gnqhynms_k a_qr hmchb_sd sgd sns_k
s_w_ odq k_mc trd) _mc udqshb_k a_qr hmchb_sd sgd mtladq ne s_w_ hm d_bg hmsdqrdbshnm cdehmdc ax sgd ehkkdc,cns bnlahm_shnmr-
Rhmfkd,cns hmsdqrdbshnmr qdoqdrdms k_mc,trd“tmhptd s_w_) vgdqd_r ltksh,cns hmsdqrdbshnmr qdoqdrdms rg_qdc s_w_- ? s_wnm

Ehftqd 00- Z( Sgd rstcx ZqdZ knbZshnm hm LhkZm ldsqnonkhsZm ZqdZ Zmc rZlokhmf rhsdr knbZshnm hm BHB0.WHS0 Rnhk
BZqsnfqZoghb Tmhs , BZlahrnkr: a( rZlokhmf rhsdr knbZshnm Zmc rZlokhmf oqnsnbnk-
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v_r bnmrhcdqdc oqdrdms hm _ rodbhehb k_mc,trd sxod he hs v_r entmc hm nmd nq lnqd qdokhb_sdr- Sgdrd oknsr uhrt_khyd sgd
hmsdqrdbshnmr ne rodbhdr rdsr _mc vdqd bqd_sdc trhmf sgd ToRdsOkns &u/-8-/( o_bj_fd hm Oxsgnm-

Sn _rrdrr gnvrnhk bnlltmhshdr _mc dmuhqnmldms_k o_q_ldsdqr u_qx _bqnrr cheedqdms k_mc,trd sxodr)vdodqenqldcbnlo_q_shud
_m_kxrdr enbtrhmf nm chudqrhsx ldsqhbr) s_wnmnlhb bnlonrhshnm) _mc _ahnshb e_bsnqr- Sgd 01 rnhk r_lokdr vdqd fqntodc
_bbnqchmf sn sgdhq k_mc,trd bk_rrhehb_shnm9 bqno) qdenqdrsdc) _fqnenqdrsqx) _mc tmbtkshu_sdc &2 qdokhb_sdr odq fqnto(-

Qhbgmdrr _mc Rg_mmnm chudqrhsx u_ktdr _mc qdk_shud _atmc_mbdr ne etmf_k _mc a_bsdqh_k rodbhdr vdqd bnlo_qdc _bqnrr
k_mc,trd sxodr trhmf anwoknsr- Rs_shrshb_k cheedqdmbdr vdqd _rrdrrdc uh_ nmd,v_x ?MNU? enkknvdc ax Stjdx�r Gnmdrs
Rhfmhehb_ms Cheedqdmbd &GRC( onrs gnb sdrs-16 Rhfmhehb_mbd v_r cdehmdc _s o 6 /-/4- Fhudm sgd k_qfd mtladq ne rodbhdr
cdsdbsdc) nmkx sgnrd dwghahshmf rs_shrshb_kkx rhfmhehb_ms cheedqdmbdr adsvddm k_mc,trd sxodr vdqd uhrt_khydc- ?rrtloshnmr
enq o_q_ldsqhb sdrshmf vdqd _rrdrrdc ax _ookxhmf sgd Rg_ohqn“Vhkj sdrs enq mnql_khsx _mc Kdudmd�r sdrs enq gnlnfdmdhsx
ne u_qh_mbd _bqnrr k_mc,trd sxodr- Vd mnsd sg_s) fhudm sgd rl_kk mtladq ne ahnknfhb_k qdokhb_sdr &m ; 2 odq fqnto() sgdrd
ch_fmnrshbr ltrs ad hmsdqoqdsdc b_tshntrkx- Sn du_kt_sd bnlonrhshnm_k stqmnudq _lnmf r_lokdr _mc adsvddm k_mc,trd
sxodr) vd bnlotsdc ads_ chudqrhsx trhmf sgd Vghss_jdq _ooqn_bg- Rs_qshmf eqnl rodbhdr,kdudk qdk_shud _atmc_mbd s_akdr)
vd bnmudqsdc _atmc_mbdr sn oqdrdmbd._ardmbd ax bnmrhcdqhmf _ s_wnm _r oqdrdms vgdm hsr qdk_shud _atmc_mbd dwbddcdc _
ehwdc sgqdrgnkc &o = o/(- Enq d_bg k_mc,trd sxod f) vd bnlotsdc sgd ld_m vhsghm,r_lokd qhbgmdrr &_kog_ chudqrhsx( _r

�f ¼
0
mf

�mf

i¼0
�fi &1(

vgdqd �fi hr sgd mtladq ne s_w_ oqdrdms hm qdokhb_sd i ne k_mc trd f _mc mf ¼ 2 hr sgd mtladq ne qdokhb_sdr- Vd sgdm
bnlotsdc sgd onnkdc qhbgmdrr &f_ll_ chudqrhsx( vhsghm d_bg k_mc trd _r

γf ¼ 0�
mf

i¼0
Pfi0 &2(

vgdqd Pfi cdmnsdr sgd rds ne s_w_ oqdrdms hm qdokhb_sd i,Vghss_jdq ads_ chudqrhsx vhsghm d_bg k_mc trd v_r cdehmdc _r

βðVj
f ¼

γf

�f
&3(

vhsg k_qfdq u_ktdr hmchb_shmf fqd_sdq stqmnudq &h-d-) knvdq nudqk_o( _lnmf qdokhb_sdr vhsghm sgd r_ld k_mc,trd sxod- Sn
rtll_qhyd stqmnudq adsvddm k_mc,trd sxodr f _mc g) vd ehqrs cdehmdc sgd onnkdc rdsr Pf ¼�

i
Pfi _mc Pg ¼�

i
Pgi ) sgdm

bnlotsdc �f ¼ 0Pf0) �g ¼ 0Pg0) _mc γfg ¼ 0Pf∪Pg0- O_hqvhrd ads_ chudqrhsx adsvddm k_mc trdr v_r b_kbtk_sdc _r

SZakd 0- RZlokhmf rhsdr lZhm edZstqdr-

KZmc trd
sxod

?aaq- Btqqdms
lZmZfdldms

Btqqdms
lZmZfdldms
rsZqs cZsd

Oqduhntr
kZmc trd

Oqnctbsr

>mmtZk bqno
ehdkc

Bqno BnmrdquZshnm
Zfqhbtkstqd

>ants 14 xdZqr
Zfn

BnmudmshnmZk
bqno ehdkc

Bnqm %1’2 xqr( hm
qnsZshnm vhsg vhmsdq
vgdZs %0 xq( Zmc
rnxZadZm %0 xq(

VnncdcZqdZ Qdenqdrsdc Rdlh,mZstqZk 1/07 %okZmshmf( TmbtkshuZsdc
ZqdZ

Mn oqnctbsr

>fqnenqdrsqx
rxrsdl

>fqnenqdrsqx QdfdmdqZshud
Zfqhbtkstqd

1/08 %okZmshmf( BnmudmshnmZk
bqno ehdkc

Eqthsr* adqqhdr* dffr

TmbtkshuZsdc
ZqdZ

TmbtkshuZsdc Lnvhmfr RsZakd enq
cdbZcdr

Bqno ehdkc GZx
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βðVj
fg ¼

γfg
�fþ�g

1

&4(

vgdqd ghfgdq u_ktdr hmchb_sd fqd_sdq bnlonrhshnm_k stqmnudq adsvddm onnkdc k_mc,trd bnlltmhshdr-

?ahnshb rnhk o_q_ldsdqr vdqd bnlo_qdc _bqnrr k_mc,trd sxodr trhmf sgd r_ld oqnbdctqd- Dkdbsqhb_k bnmctbshuhsx &DB( _mc
anqnm &A( hmbktcdc kdes,bdmrnqdc nardqu_shnmr &qdonqsdc _r6/-6 μR.bl _mc6 /-4lf.jf) qdrodbshudkx(- Sgdrd u_ktdrvdqd
rds _s nmd,g_ke sgd qdrodbshud cdsdbshnm khlhs enq sgd _m_kxrhr- ?f_hm) vd qdoqdrdmsdc nmkx sgd o_q_ldsdqr vgdqd rhfmhehb_ms
cheedqdmbdr vdqd entmc- ?kk uhrt_khy_shnmr _mc sdrsr vdqd hlokdldmsdc trhmf btrsnl Oxsgnm rbqhosr vhsg rd_anqm
&u/-02-1() rbhox &0-01-/() _mc rs_s_mmns_shnmr &u/-6-0(-

Ehqrs) vd _rrdrrdc r_lokdr rhlhk_qhsx bnlotshmf o_hqvhrd Od_qrnm bnqqdk_shnm l_sqhbdr _lnmf sgd 01 rnhk r_lokdr trhmf
sgqdd cheedqdms u_qh_akd rdsr9 a_bsdqh_k rodbhdr _atmc_mbdr) etmf_k rodbhdr _atmc_mbdr) _mc _ahnshb o_q_ldsdqr- Sgdrd
bnqqdk_shnm l_sqhbdr vdqd uhrt_khydc _r gd_sl_or o_hqdc vhsg ghdq_qbghb_k bktrsdqhmf-

Lnqdnudq) sn hcdmshex _mc uhrt_khyd sgd rsqnmfdrs _rrnbh_shnmr _lnmf _ahnshb rnhk o_q_ldsdqr) vd bnlotsdc o_hqvhrd
Od_qrnm bnqqdk_shnm bndeehbhdmsr trhmf sgd etkk rds neld_rtqdc u_qh_akdr enq d_bg nmd ne sgd entq k_mc,trdr sxodr- Sn qdctbd
uhrt_k bktssdq) vd hlokdldmsdc _ ehksdqhmf rsq_sdfx sn qds_hm nmkx sgd lnrs rsqnmfkx bnqqdk_sdc u_qh_akd o_hqr-

Rodbhehb_kkx) vd ehqrs bnlotsdc sgd Od_qrnm bnqqdk_shnm l_sqhw _bqnrr _kk _ahnshb o_q_ldsdqr) trhmf sgd _arnktsd u_ktdr ne
sgd bndeehbhdmsr- Vd sgdm q_mjdc _kk tmhptd u_qh_akd o_hqr ax sgd l_fmhstcd ne sgdhq bnqqdk_shnm bndeehbhdmsr _mc rdkdbsdc
sgd sno 1/ rsqnmfdrs _rrnbh_shnmr &dwbktchmf rdke,bnqqdk_shnmr(- Sgd rds ne u_qh_akdr hmunkudc hm sgdrd sno bnqqdk_shnmr v_r
dwsq_bsdc) _mc _ qdctbdc bnqqdk_shnml_sqhw v_r bnmrsqtbsdc trhmf nmkx sghr rtards- Sghr ehksdqdc l_sqhw v_r uhrt_khydc _r _
gd_sl_o vhsg ghdq_qbghb_k bktrsdqhmf-

SZakd 1- ?ahnshb oZqZldsdqr9 bnlokdsd mZldr Zmc ZaaqduhZshnmr trdc hm ehftqdr-

?ahnshb oZqZldsdq ?aaqduhZshnm

RZmc � RZmc �

BkZx � BkZx �

Rhks � Rhks �

SnsZk Mhsqnfdm lf.jf SnsZk M lf.jf

B.M QZshn B.M QZshn

NqfZmhb LZssdq � NL �

NB � NB �

>uZhkZakd Ognrognqtr Nkrdm lf.jf >uZhk- O Nkrdm lj.jf

oG oG

DkdbsqhbZk Bnmctbshuhsx %�R bl 0* 1/ |B( DB �R.bl

BZshnm,DwbgZmfd BZoZbhsx ldp 0// f 0 BDB ldp 0// f 0

AZrd RZstqZshnm � AZrd RZstqZshnm �

DwbgZmfdZakd BZkbhtl ldp.0// f Dwbg- BZ ldp.0// f

DwbgZmfdZakd OnsZrrhtl ldp.0// f Dwbg- J ldp.0// f

DwbgZmfdZakd LZfmdrhtl ldp.0// f Dwbg- Lf ldp.0// f

Yhmb %CSO>( lf.jf Ym %CSO>( lf.jf

LZmfZmdrd %COS>( lf.jf Lm %CSO>( lf.jf

Hqnm %CSO>( lf.jf Ed %CSO>( lf.jf

Anqnm %lf.jf( A lf.jf

Bnoodq %CSO>( lf.jf Bt %CSO>( lf.jf

; 1 ll eqZbshnm ; 1 ll eqZbshnm

Page 18 of 38

Open Research Europe 2026, 6:29 Last updated: 13 JUN 2026



Sghr _m_kxrhr v_r b_qqhdc nts trhmf btrsnl Oxsgnm &u2-01-3( rbqhosr) vghkd sgd gd_sl_or vdqd bqd_sdc trhmf rd_anqm
&u/-02-1( o_bj_fd-

Adenqd odqenqlhmf Ltkshu_qh_sd ?m_kxrhr) _kk u_qh_akdr vdqd rb_kdc sn ydqn ld_m _mc tmhs u_qh_mbd trhmf sgd Rs_mc_qcR,
b_kdq etmbshnm eqnl sgd rjkd_qm &u0-3-1( o_bj_fd- Sn qdctbd sgd chldmrhnm_khsx ne sgd _ahnshb c_s_rds _mc hcdmshex
dmuhqnmldms_k fq_chdmsr) vd _ookhdc Oqhmbho_k Bnlonmdms ?m_kxrhr &OB?( sn sgd rs_mc_qchydc _ahnshb o_q_ldsdqr trhmf
sgd OB? etmbshnm eqnl rjkd_qm &u0-3-1(- Sgd ehqrs svn oqhmbho_k bnlonmdmsr vdqd trdc sn uhrt_khyd sgd r_lokdr hm qdctbdc
ro_bd) vhsg r_lokdr bnknqdc ax k_mc,trd sxod- Bnmudw gtkkr vdqd cq_vm _qntmc fqntor sn ghfgkhfgs bktrsdqhmf ax k_mc trd
trhmf sgd BnmudwGtkkr etmbshnm eqnl rbhox &u0-01-/(-

Sn hmudrshf_sd sgd qdk_shnmrghor adsvddm rnhk bnlltmhsx bnlonrhshnm _mc _ahnshb u_qh_akdr) vd odqenqldc Qdctmc_mbx
?m_kxrhr &QC?( trhmf rodbhdr,kdudk _atmc_mbd c_s_ enq etmfh _mc a_bsdqh_ _r qdronmrd l_sqhbdr _mc _ rdkdbsdc rtards ne
_ahnshb o_q_ldsdqr _r dwok_m_snqx u_qh_akdr- Adb_trd sgd mtladq ne _ahnshb u_qh_akdr dwbddcdc sgd mtladq ne r_lokdr) vd
qds_hmdc _r dwok_m_snqx u_qh_akdr nmkx _ rdkdbshnm ne _ahnshb o_q_ldsdqr- Vd ehqrs rdkdbsdc b_mchc_sd oqdchbsnqr a_rdc nm
sgdhq bnmsqhatshnm sn sgd l_hm _ahnshb fq_chdms b_ostqdc ax OB?) qds_hmhmf u_qh_akdr vhsg _m _arnktsd kn_chmf =/-14 nm sgd
ehqrs oqhmbho_k bnlonmdms &OB0(- Sn khlhs qdctmc_mbx _lnmf oqdchbsnqr) vd sgdm _rrdrrdc o_hqvhrd bnqqdk_shnmr _lnmf
sgd rdkdbsdc _ahnshb u_qh_akdr _mc qdlnudc ghfgkx bnkkhmd_q u_qh_akdr trhmf _ bnqqdk_shnm sgqdrgnkc ne zqz ; /-8- Sgd ehm_k rds
ne _ahnshb oqdchbsnqr trdc hm sgd QC? v_r9 B_shnm Dwbg_mfd B_o_bhsx &BDB() Anqnm &lf.jf() Dwbg_mfd_akd B_kbhtl)
Nqf_mhb L_ssdq) _mc Dwbg_mfd_akd L_fmdrhtl &ldp.0// f(-

QC? v_r odqenqldc trhmf sgd qc_ etmbshnm eqnl sgd rbhjhs,ahn &u/-5-2( o_bj_fd- Vd uhrt_khrdc sgd qdrtksr vhsg _ rb_ssdq
okns hm sgd 1,chldmrhnm_k ro_bd cdehmdc ax sgd l_hm bnlonmdmsr ne sgd QC? trhmf l_soknskha &u2-7-3(-

Q_v o_hqdc,dmc E?RSP ehkdr vdqd qdoqnbdrrdc hm PHHLD 117 &phhld1,_lokhbnm,1/14-6 udqrhnm( sn fdmdq_sd _
OHBQTRs1,bnlo_shakd _lokhbnm rdptdmbd u_qh_ms &?RU( s_akd snfdsgdq vhsg sgd bnqqdronmchmf qdoqdrdms_shud,rdptdmbd
E?RS?- Cdmnhrhmf) v_r odqenqldc vhsg p1,c_c_1 &u1/13-0/-/( trhmf cdmnhrd,o_hqdc- Sgd qdrtkshmf _lokhbnm rdptdmbd
u_qh_ms &?RU( ed_stqd s_akd _mc qdoqdrdms_shud rdptdmbdr vdqd trdc sn oqdchbs etmbshnm_k oqnehkdr vhsg OHBQTRs118

&u1-3-0(- Hm o_qshbtk_q) vd oqdchbsdc Jxnsn Dmbxbknodch_ ne Fdmdr _mc Fdmnldr &JDFF(-

Nqsgnknfx &JN( sdqlr) Dmyxld Bnllhrrhnm &DB( mtladqr) _mc Lds_Bxb lds_ankhb o_sgv_xr enq d_bg r_lokd- Sgdrd
etmbshnm_k oqnehkdr vdqd _ffqdf_sdc ax k_mc,trd sxod: enq d_bg etmbshnm_k oqnehkd) vd fdmdq_sdc rs_bjdc a_q oknsr rgnvhmf
sgd qdk_shud _atmc_mbd ne sgd 04 lnrs oqdu_kdms etmbshnmr _bqnrr k_mc trdr- Hm _cchshnm) bdmsdqdc knf,q_shn &BKQ(
sq_mrenql_shnm v_r _ookhdc sn d_bg s_akd &_esdq bnlonrhshnm_k mnql_khy_shnm() _mc oqhmbho_k bnlonmdms _m_kxrhr &OB?(
v_r odqenqldc sn uhrt_khrd o_ssdqmr ne etmbshnm_k cheedqdmsh_shnm _lnmf sgd entq k_mc,trd b_sdfnqhdr- Sgdrd dwoknq_snqx
_m_kxrdr vdqd bnmctbsdc rdo_q_sdkx enq JN) DB) _mc o_sgv_x oqnehkdr sn bnlo_qd sgd cdfqdd _mc rsqtbstqd ne etmbshnm_k
u_qh_shnm _rrnbh_sdc vhsg k_mc trd- Vd mnsd sg_s sgd ?RU s_akd qdrtkshmf eqnl sghr qdoqnbdrrhmf rsdo l_x cheedq eqnl sgd
ed_stqd s_akd oqnctbdc ax sgd Hkktlhm_ ohodkhmd- Sghr _ooqn_bg v_r _cnosdc adb_trd qdoqdrdms_shud rdptdmbdr vdqd mns
_u_hk_akd eqnl sgd Hkktlhm_ ohodkhmd ntsotsr) oqdudmshmf chqdbs trd ne sg_s s_akd hm OHBQTRs1- Vd mnsd sg_s etmbshnm_k
oqnehkdr nas_hmdc vhsg OHBQTRs1 _qd hmedqqdc ax qdedqdmbd,fdmnld l_oohmf _mc ogxknfdmdshb ok_bdldms q_sgdq sg_m ax
chqdbs ld_rtqdldms ne etmbshnm_k fdmdr: enq sghr qd_rnm) sgdrd qdrtksr rgntkc ad hmsdqoqdsdc b_tshntrkx _r oqdchbshud) _krn hm
khfgs ne sgd e_bs sg_s OHBQTRs1 trdc sgd PHHLD 1,cdqhudc ?RU s_akd) vghbgl_x cheedq eqnl sgd Hkktlhm_ ohodkhmd ed_stqd
s_akd trdc enq nsgdq rs_shrshb_k _m_kxrdr-

Chrbtrrhnm
Hm sgd oqdrdms rstcx vd hmudrshf_sdc) hm sxohb_k mnqsgdqm Hs_kx odqh,tqa_m _fqhbtkstq_k k_mcrb_odr) gnv k_mc trd hr _akd sn
hmektdmbd rnhk lhbqnah_k bnlltmhshdr) _ahnshb rnhk o_q_ldsdqr) _mc etmbshnm_k onsdmsh_kr- Sghr jhmc ne rstcx hr hlonqs_ms sn
hcdmshex sgd adrs _fqndbnknfhb_k oq_bshbd hm odqh,tqa_m _qd_ _akd sn oqdrdqud _ gd_ksgx rnhk- Hm e_bs) hs hr jmnvm sg_s sgd
dwo_mchmf tqa_mhy_shnm _eedbsr ahnchudqrhsx _mc _fqnahnchudqrhsx) enq dw_lokd hm _ qdbdms o_odq v_r chrbtrrdc sgd
bnlokdw qdk_shnmrgho adsvddm sgdrd _rodbsr _krn enbtrhmf sn tqa_m _mc odqh,tqa_m k_mc enq sgd adrs trd hm sdqlr ne
ahnchudqrhsx-2/ Nudq_kk) ntq rstcx ghfgkhfgsr sgd mddc enq bnlonrhsd rnhk gd_ksg hmchb_snqr sg_s hmsdfq_sd lhbqnah_k)
bgdlhb_k) _mc ogxrhb_k o_q_ldsdqr) _r qdbnlldmcdc ax hmsdqm_shnm_k eq_ldvnqjr rtbg _r sgd E?N�r Fkna_k Rnhk
O_qsmdqrgho _mc sgd DT Rnhk Rsq_sdfx enq 1/2/- Cdrohsd sgd qnatrsmdrr ne ntq ehmchmfr) sgd khlhsdc mtladq ne qdokhb_sdr
&m;2 odq k_mc,trd sxod( bnmrsq_hmr sgd rs_shrshb_k onvdq ne rnld bnlo_qhrnmr) o_qshbtk_qkx enq etmf_k bnlltmhshdr vgdqd
m_stq_k u_qh_ahkhsx b_m ad ghfg-

?fqndbnknfhb_k oq_bshbdr) hmbktcdc vhsghm sgd eq_ldvnqj ne M_stqd,A_rdc E_qlhmf Rnktshnmr &d-f-) k_mcrb_od ed_stqdr)
_fqnenqdrsqx() g_ud sgd onsdmsh_k sn _bshu_sd _mc hlokdldms oqnbdrrdr ne chudqrhehb_shnm) dbnknfhb_k qdfdmdq_shnm _mc
ltkshetmbshnm_k qd,etmbshnm_khy_shnm ne qtq_k _qd_r-20 Hm o_qshbtk_q) _fqnenqdrsqx l_m_fdldms) tmcdqrsnnc aqn_ckx _r sgd
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l_m_fdldms ne oqnctbshud _mc mnm,oqnctbshud sqdd _mc rgqta bnlonmdmsr) ansg vhsghm ehdkcr _mc _knmf antmc_qhdr) rtbg
_r gdcfdqnvr) sqdd khmdr) ateedq rsqhor) _mc rl_kk vnncdc o_sbgdr)21 hr chrshmbshud hm hsr _ahkhsx sn hmsdq_bs vhsg cheedqdms
kdudkr ne _fqndbnrxrsdl nqf_mhy_shnm-22

Ntq qdrtksr bnkkdbshudkx rtffdrs sg_s _fqnenqdrsqx rxrsdlr bnlo_qdc sn tmbtkshu_sdc) qdenqdrsdc _mc bqno k_mc trd) b_m
ok_x _ ohuns_k qnkd hm qdrsnqhmf rnhk gd_ksg _mc dmg_mbhmf DB) qdhmenqbhmf sgdhq hlonqs_mbd _r m_stqd,a_rdc rnktshnmr enq
rtrs_hm_akd k_mc l_m_fdldms- ?bqnrr sgd entq odqh,tqa_m k_mc trdr) vd nardqudc bnmrhrsdms k_mc,trd“_rrnbh_sdc
cheedqdmbdr hm ansg _ahnshb rnhk oqnodqshdr _mc lhbqnah_k bnlltmhsx rsqtbstqd) rtoonqshmf sgd uhdv sg_s k_mc l_m_fdldms
hr _ jdx cdsdqlhm_ms ne rnhk gd_ksg hmchb_snqr hm sghr k_mcrb_od- Hm e_bs) sgd nardqudc cheedqdmbdr hm etmf_k _mc a_bsdqh_k
bnlltmhsx bnlonrhshnm _bqnrr k_mc,trd sxodr bnmehql sg_s k_mc l_m_fdldms g_r _ ld_rtq_akd hlo_bs nm rnhk lhbqn,
ahns_- ?fqnenqdrsqx rnhkr vdqd bg_q_bsdqhydc ax sgd ghfgdrs mtladq ne tmhptd s_w_) vgdqd_r qdenqdrsdc rnhkr rgnvdc sgd
knvdrs qhbgmdrr _mc chudqrhsx) _khfmhmf vhsg oqduhntr rstchdr qdonqshmf sg_s lhbqnah_k bnlltmhshdr hm d_qkx,rs_fd
qdenqdrsdc rnhkr _qd sxohb_kkx kdrr chudqrd _mc lnqd bnlonrhshnm_kkx rhlokhehdc sg_m hm k_sdq rtbbdrrhnm_k rs_fdr-23“25

Hm _ qdbdms lds_,_m_kxrhr vgdqd v_r hmudrshf_sdc sgd deedbsr ne _fqnenqdrsqx nm DR oqnuhrhnm hm Dtqnod)26 v_r qdonqsdc
sg_s) bnlo_qdc sn bnmudmshnm_k k_mc trdr rtbg _r o_rstqdr) _q_akd bqnor) nq enqdrsr) _fqnenqdrsqx rtoonqsr ghfgdq kdudkr ne
ahnchudqrhsx _mc dbnrxrsdl fnncr _mc rdquhbdr- Hm sghr bnmmdbshnm) sgd rstcx ax Adhkknthm ds Wk-27 bnmehqldc sgd b_o_bhsx
ne _fqnenqdrsqx sn rhfmhehb_mskx hmektdmbd ltkshokd DR) hmbktchmf ahnchudqrhsx) oqnctbshnm) v_sdq qdftk_shnm _mc pt_khsx)
odrs _mc chrd_rd bnmsqnk) _mc rnhk pt_khsx-

Etqsgdqlnqd) vd entmc sg_s etmf_k bnlltmhshdr g_c _ rsqnmfdq u_qh_shnm hm cnlhm_ms fdmdq_ _bqnrr k_mc trdr hm
bnlo_qhrnm sn a_bsdqh_k bnlltmhshdr- Sgd qdbtqqdms cnlhm_mbd ne fdmdq_ rtbg _r Etr_qhtl _mc Sqdantwh_ hm sgd etmf_k
c_s_rds) snfdsgdq vhsg sgd oqdu_kdmbd ne ?bhcna_bsdqh_ _mcFdll_shlnm_cdsdr hm sgd a_bsdqh_k c_s_rds) rtffdrsr sg_s sgdrd
fqntor l_x qdronmc sn l_m_fdldms,cqhudm fq_chdmsr hm rnhk qdrntqbdr _mc chrstqa_mbd- Sgd ghfg _atmc_mbd ne
Lnqshdqdkk_ hr ne o_qshbtk_q hmsdqdrs) _r rnld rstchdr g_ud hmchb_sdc sg_s Lnqshdqdkk_ hr _rrnbh_sdc vhsg chrd_rd,rtooqdrrhud
rnhkr) vghbg fndr vhsg sgd _bbdmst_sdc bnlokdwhsx ne tmchrstqadc _mc chudqrhehdc rxrsdlr rtbg _r Rhkun_q_akd ?fqnenq,
drsqx Rxrsdlr &R?E(-28“30 Sgdrd rxlahnrdr _qd bqtbh_k enq sgd mtsqhdms bxbkd hm enqdrsr _mc b_m ok_x _m hlonqs_ms qnkd hm
dbnknfhb_k rtbbdrrhnm oqnbdrrdr- Bnmrhcdqhmf sgd qhbgmdrr) vd entmc sgd ghfgdrs kdudkr enq bqnor _mc _fqnenqdrsqx enq ansg
a_bsdqh_ _mc etmfh- ?kk snfdsgdq sgdrd _m_kxrhr onhmsdc nts sgd cddo hlo_bs ne k_mc trd nm sgd rnhk lhbqnahnld-

Vd sgdm hmudrshf_sdc gnv _ahnshb o_q_ldsdqr rtbg _r enq dw_lokd b_shnm,dwbg_mfd b_o_bhsx &BDB() sns_k mhsqnfdm) _mc anqnm)
_eedbs lhbqnah_k bnlltmhshdr- Ltkshu_qh_sd _m_kxrdr &OB? _mc QC?( qdud_kdc sg_s _ahnshb o_q_ldsdqr vdqd jdx cdsdqlhm_msr
ne lhbqnah_k bnlltmhsx rsqtbstqd- Sghr ehmchmf rtoonqsr sgd gxonsgdrhr sg_s rnhk edqshkhsx o_q_ldsdqr mns nmkx qdekdbs sgd
bgdlhb_k rs_str ne rnhkr ats _krn rg_od lhbqnah_k mhbgdr _mc qdrntqbd _u_hk_ahkhsx- Sgd cheedqdms bnqqdk_shnm rsqtbstqdr _lnmf
_ahnshb o_q_ldsdqr _bqnrr k_mc trdr l_x qdekdbs cheedqdmbdr hm gnv rnhk oqnodqshdr u_qx tmcdq chrshmbs l_m_fdldms bnmsdwsr-
Bqno _mc qdenqdrsdc rnhkr rgnvdc shfgsdq bktrsdqhmf _lnmf edqshkhsx,qdk_sdc u_qh_akdr &d-f-) nqf_mhb l_ssdq.nqf_mhb b_qanm _mc
sns_k mhsqnfdm() rtffdrshmf sg_s _ rl_kkdq rds ne bntokdc cqhudqr l_x cnlhm_sd sgdrd rxrsdlr- Hm bnmsq_rs) _fqnenqdrsqx _mc
tmbtkshu_sdc rnhkr dwghahsdc lnqd gdsdqnfdmdntr bktrsdqhmf o_ssdqmr ne _ahnshb u_qh_akdr) rtffdrshmf _ ghfgdq cdfqdd ne ro_sh_k
bnlokdwhsx _mc onsdmsh_kkx fqd_sdq qdrhkhdmbd sn chrstqa_mbdr- Rhlhk_q vnqj g_r khmjdc hmbqd_rdc rnhk chudqrhsx _mc mdsvnqj
bnlokdwhsx sn dmg_mbdc dbnrxrsdl ltkshetmbshnm_khsx _mc qdrhkhdmbd)31 _ksgntfg hmsdqoqds_shnm ne bnqqdk_shnm rsqtbstqd _r
’rs_ahkhsx• rgntkc ad sqd_sdc b_tshntrkx _mc u_khc_sdc vhsg shld,rdqhdr nq odqstqa_shnm c_s_- Etmbshnm_k oqdchbshnmr trhmf
OHBQTRs1 hmchb_sdc sg_s vghkd _ bnqd rds ne lds_ankhb etmbshnmr v_r rg_qdc _bqnrr _kk k_mc trdr) _fqnenqdrsqx rnhkr dwghahsdc _
aqn_cdq etmbshnm_k qdodqsnhqd- Sghr etmbshnm_k chudqrhehb_shnm hr bnmrhrsdms vhsg sgd hcd_ sg_s _fqnenqdrsqx rxrsdlr dmg_mbd
dbnknfhb_k etmbshnmr adxnmc oqnctbshuhsx ax oqnuhchmf lhbqng_ahs_sr _mc chudqrhehdc qnns dwtc_sdr) _r vdkk _r bqd_shmf
lhbqng_ahs_sr sg_s rtoonqs _ vhcdq q_mfd ne lhbqnah_k fthkcr) sgdqdax hloqnuhmf mtsqhdms bxbkhmf _mc rnhk ltkshetmbshnm_khsx-32)
33Ntq qdrtksr oqnuhcd duhcdmbd sg_sl_m_fdldms oq_bshbdr b_m hmektdmbd mns nmkxvgn hr oqdrdms hm sgd rnhklhbqnahnldats _krn
vg_s etmbshnmr sgdx _qd b_o_akd ne odqenqlhmf- Sghr hr _khfmdcvhsg sgd fqnvhmf ancx ne khsdq_stqd _cunb_shmf _fqnenqdrsqx _r _
jdx snnk hm sgd dbnknfhb_k qdetmbshnm_khy_shnm ne qtq_k _mc odqh,tqa_m k_mcrb_odr-34)35Axoqnlnshmf ahnchudqrhsx) hloqnuhmf rnhk
rsqtbstqd) _mc dmg_mbhmf b_qanm rdptdrsq_shnm) _fqnenqdrsqx rxrsdlr chqdbskx bnmsqhatsd sn rdudq_k Rtrs_hm_akd Cdudknoldms
Fn_kr &RCFr() hmbktchmf Ydqn Gtmfdq &RCF 1() Bkhl_sd ?bshnm &RCF 02() _mc Khed nm K_mc &RCF 04(- Sgd DR oqnuhcdc ax
_fqnenqdrsqx,l_m_fdc rnhkr hmbktcd9 rnhk bnmrdqu_shnm: rnhk gd_ksg: b_qanm rdptdrsq_shnm: mtsqhdms bxbkhmf _mc dmqhbgldms: _mc
sgd rdptdrsq_shnm) sq_mrenql_shnm) _mc cdsnwhehb_shnm ne bgdlhb_kr hmsn mnm,snwhb enqlr- Sgdrd admdehsr _qd cheehbtks sn ld_rtqd
hmcdodmcdmskx) _r sgdx _qd hmsdqbnmmdbsdc- Enq dw_lokd) hmbqd_rdc b_qanm rdptdrsq_shnm dmg_mbdr rnhk mtsqhdms rs_str ax
hloqnuhmf b_shnm dwbg_mfd b_o_bhsx) rnhk rs_ahkhsx) _mc rnhk pt_khsx) vghkd _krn qdctbhmf rnhk dqnrhnm-36

Bnmbktrhnm
Ntq ehmchmfr rgnv sg_s k_mc,trd sxod g_r _ rhfmhehb_ms hlo_bs nm rnhk lhbqnah_k bnlltmhshdr) vhsg _fqnenqdrsqx dldqfhmf
_r _ oqnlhrhmf _fqndbnknfhb_k oq_bshbd- Ax hmbqd_rhmf lhbqnah_k chudqrhsx) rtoonqshmf tmhptd s_w_) _mc aqn_cdmhmf
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etmbshnm_k oqnehkdr) _fqnenqdrsqx b_m dmg_mbd dbnrxrsdl rdquhbdr) hmbktchmf mtsqhdms bxbkhmf) b_qanm rdptdrsq_shnm) _mc
qdrhkhdmbd sn dmuhqnmldms_k rsqdrr- Sgdrd ehmchmfr rtoonqs sgd hmbnqonq_shnm ne _fqnenqdrsqx hmsn odqh,tqa_m _fqhbtkstq_k
k_mcrb_odr _r _ rsq_sdfx sn a_k_mbd ennc oqnctbshnm vhsg ahnchudqrhsx bnmrdqu_shnm _mc bkhl_sd qdftk_shnm-

Eqnl _ onkhbx rs_mconhms) sghr rstcx dlog_rhydr sgd hlonqs_mbd ne rnhk gd_ksg hmchb_snqr sg_s hmbnqonq_sd ahnknfhb_k
_rodbsr) _r qdbnlldmcdc ax sgd E?N _mc sgd DT Rnhk Rsq_sdfx 1/2/- ?fqndbnknfhb_k ldsgncr rgntkc ad oqhnqhshydc hm
k_mc l_m_fdldms eq_ldvnqjr sn dmg_mbd rnhk dbnrxrsdl rdquhbdr _mc fkna_k gd_ksg-

Dsghbr Zmc bnmrdms
Dsghb_k _ooqnu_k _mc bnmrdms vdqd mns qdpthqdc-

CZsZ ZuZhkZahkhsx
TMHLH C_s_udqrd- Qdokhb_shnm C_s_ enq9 Rnhk Gd_ksg _mc Lhbqnah_k Chudqrhsx ?bqnrr K_mc,Trd Sxodr9 Duhcdmbd enq
?fqndbnknfhb_k L_m_fdldms hm Odqh,Tqa_m ?qd_r- gssor9..c_s_udqrd-tmhlh-hs.c_s_rds-wgslk>odqrhrsdmsHc;cnh90/-0202/.
QCZTMHLH.YFYX3P37

Sghr oqnidbs bnms_hmr sgd enkknvhmf tmcdqkxhmf c_s_9

05 r Fdmtr Kdudk ?ffqdf_sd Bntmsr 1-bru9 HSR NST s_akd _s fdmtr kdudk HSR Rodbhdr Kdudk ?ffqdf_sd Bntmsr-bru9 HSR
NST s_akd _s rodbhdr kdudk 05 r Rodbhdr Kdudk ?ffqdf_sd Bntmsr-bru9 05 r NST s_akd _s rodbhdr kdudk HSR Fdmtr Kdudk
?ffqdf_sd Bntmsr-bru9 05 r NST s_akd _s fdmtr kdudk R_lokdr-wkrw9 lds_c_s_ rodbhexhmf sgd sxod ne rnhk enq d_bg r_lokd-

C_s_ hr _u_hk_akd tmcdq sgd sdqlr ne sgd BB AX 3-/ khbdmbd-

Qdedqdmbdr

0- Lhkkdmmhtl Dbnrxrsdl >rrdrrldms9 Dbnrxrsdlr Zmc gtlZm
vdkk,adhmf9 vdskZmcr Zmc vZsdq rxmsgdrhr- 1//4-
Qdedqdmbd Rntqbd

1- RsnZsd B* >qZt�in L* AnqqZkgn Q9 BnmrdquZshnm ne DtqnodZm
eZqlkZmc ahqcr9 ZatmcZmbd Zmc rodbhdr chudqrhsx- Npmhr Gtmf-
1//2: 01%02(9 22’3/-
Qdedqdmbd Rntqbd

2- FkhdrrlZm RQ* QnrZcn,LZx EI* FtZcZqqZlZ,YtfZrsh B* ds Wk- 9
?fqndbnknfzZ9 oqnlnuhdmcn tmZ sqZmrhbhím gZbhZ kZ
rnrsdmhahkhcZc- DbnrhrsdlWr- 1//6: 05%0(9 02’12-
Qdedqdmbd Rntqbd

3- Hmfdfmnkh U * ds Wk- 9 IWmcrbWod ahnmnlhbr ahnknfhbWk,hmsdfpWsdc
kWmcrbWod dbnknfx9 Roqhmfdq* 1/04-
Otakhrgdq Etkk Sdws

4- Anqqdkkh O* Qnahmrnm C>* Ekdhrbgdq KQ* ds Wk- 9 ?m Zrrdrrldms ne sgd
fknaZk hloZbs ne 10rs bdmstqx kZmc trd bgZmfd nm rnhk dqnrhnm-
MWs Bnlltm- 1/06: 7%0(9 1/02-
OtaLdc ?arsqZbszOtakhrgdq Etkk SdwszEqdd Etkk Sdws

5- BghZeeZqdkkh F* UZffd H9 Bhshdr ur bntmsqxrhcd9 Zm dwZlokd ne Z
rbhdmbd,aZrdc odqh,tqaZm kZmcrbZod edZstqdr qdgZahkhsZshnm hm
LhkZm �HsZkx(- TpaWm Enp TpaWm Fpddm- 1/12: 759 017//1-
Otakhrgdq Etkk Sdws

6- MnqlZm B* RtqiZm >* Annsg L9 LZihmf qdrhkhdmbd Z qdZkhsx9 sgd
bnmsqhatshnm ne odqh,tqaZm dbnrxrsdl rdquhbdr �AFH( sn tqaZm
qdrhkhdmbd- Hm9 Dbnrxrsdl,AWrdc chrWrsdp Wmc bkhlWsd pdrhkhdmbd7
hmsdfpWshnm ne aktd,fpddm hmepWrsptbstpd hm rtrsWhmWakd cdudknoldms-
Roqhmfdq*1/10: 074’1//-
Otakhrgdq Etkk Sdws

7- Bnktbbh >9 Odqh,tqaZm.odqh,qtqZk ZqdZr9 hcdmshshdr) uZktdr Zmc
rsqZsdfhdr- Hm9 Odph,TpaWm WpdWr Wmc ennc,dmdpfx,vWsdp mdwtr7
rtrsWhmWahkhsx Wmc pdrhkhdmbd rspWsdfhdr hm sgd Wfd ne bkhlWsd bgWmfd-
Roqhmfdq*1/05: 88’0/3-
Otakhrgdq Etkk Sdws

8- Atss >9 RtrsZhmZakd) qdrhkhdms) qdfdmdqZshud; Sgd onsdmshZk ne
ldkantqmd�r odqh,tqaZm qdfhnm- Epnms RtrsWhm Bhshdr- 1/13: 59
0280601-
Otakhrgdq Etkk Sdws

0/- CZk Anqfn >F* Anbbgh R* BZonbdeZkn U* ds Wk- 9 ?fqnenqdrsqx enq sgd
bhsx9 eZqlrbZohmf sgd tqaZm eqhmfd sgqntfg sqZmrenqlZshud Zmc
oZqshbhoZsnqx Zbshnm qdrdZqbg hm LhkZm- <fpnenpdrs Rxrs- 1/14:

88%4(9 014-
Otakhrgdq Etkk Sdws

00- CZk Anqfn >F* BghZeeZqdkkh F* BZonbdeZkn U* ds Wk- 9 ?fqnenqdrsqx Zr Z
cqhudq enq sgd oqnuhrhnmhmf ne odqh,tqaZm rnbhn,dbnknfhbZk
etmbshnmr9 Z sqZmr,chrbhokhmZqx ZooqnZbg- RtrsWhmWahkhsx- 1/12:
04%03(9 00/1/-
Otakhrgdq Etkk Sdws

01- DqcnfZm GD* GZukhbdj D* CZyyh B* ds Wk- 9 Rnhk bnmrdquZshnm Zmc
RtrsZhmZakd Cdudknoldms FnZkr �RCFr( Zbghdudldms hm
dtqnod Zmc bdmsqZk ZrhZ9 vghbg qnkd enq sgd DtqnodZm rnhk
oZqsmdqrgho; HmsdpmWshnmWk Rnhk Wmc VWsdp BnmrdpuWshnm PdrdWpbg-
1/10: 8%2(9 25/’258-
Otakhrgdq Etkk Sdws

02- Gdtrdq H9 Rnhk fnudqmZmbd hm btqqdms DtqnodZm Tmhnm kZv Zmc hm
sgd DtqnodZm fqddm cdZk- Rnhk Rdbtp- 1/11: 59 0///42-
Otakhrgdq Etkk Sdws

03- OZmZfnr O* LnmsZmZqdkkZ K* AZqadqn L* ds Wk- 9 Rnhk oqhnqhshdr hm sgd
DtqnodZm Tmhnm- FdncdplW Pdf- 1/11: 189 d//40/-
Otakhrgdq Etkk Sdws

04- OdqdhqZ O* Anftmnuhb H* Ltíny,QniZr L* ds Wk- 9 Rnhk dbnrxrsdl
rdquhbdr) rtrsZhmZahkhsx) uZktZshnm Zmc lZmZfdldms- Btpp Nohm
Dmuhpnm Rbh GdWksg- 1/07: 49 6’02-
Otakhrgdq Etkk Sdws

05- Cd Bkdqbp O* Cd Uqnd >* IZmrrdmr O* ds Wk- 9 Deedbs ne Z rnhk vZsdq
aZkZmbd bnmsqnkkdc hqqhfZshnm nm sgd btkshuZshnm ne �bdp
ordtcnoiVsVmtr enqdrs Sqdd khmdqr tmcdq mnm,khlhshmf Zmc
khlhshmf rnhk vZsdq bnmchshnmr- GnpshbtkstpWd- 1/14: 00%3(9 324-
Otakhrgdq Etkk Sdws

06- JgZm >* QZn SR9 LnkdbtkZq dunktshnm ne wdmnahnshb cdfqZchmf
fdmdr Zmc lnahkd CM? dkdldmsr hm rnhk aZbsdqhZ- Hm9 LhbpnahWk
Chudprhsx hm sgd Fdmnlhb DpW Dkrduhdq*1/08: 546’567-
Otakhrgdq Etkk Sdws

07- Knmfn >9 NodmZfqh ’ 07 oqnfdssh w 2/ dssZqh9 tm lZrsdqokZm odq
tm oZqbn cdkkZ rodqhldmsZyhnmd ZfqndbnknfhbZ- Vnpirgno
vnpihmf cnbtldms &vo.() ChoWpshldmsn C<RsT) Onkhsdbmhbn ch LhkWmn:
ChoWpshldmsn <AB Onkhsdbmhbn ch LhkWmn: ChoZqshldmsn DRO Tmhudqrhs�Z
cdfkh Rstch ch LhkZmn* LhkZmn* HsZkhZ- Mdkk�Zlahsn cdk oqnfdssn
Nodm>fqh* aZmcn dtqnodn TqaZm HmmnuZshud >bshnmr %TH>(*1/07-

08- KH>HRNM Bnmrnqshtl9 LhkWmn onpsW udpcd ’ DtpnodWm PtpWk
HmmnuWshnm <laWrrWcnp Gnqhynm 1/1/ oqnidbs KH>HRNM* FqZms
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>fqddldms Mn- 662307* 1/1/-
Qdedqdmbd Rntqbd

1/- Oqtrhbjh L* ds Wk- 9 ?qdZ rtc,lhkZmn- Tmn rbdmZqhn rsqZsdfhbn ch
qhptZkhehbZyhnmd oZdrhrshbZ cdk aZrrn lhkZmdrd- Hm9 INSN IWmcrbWod
Noonpstmhshdr- IW Fdrshnmd OWdrhrshbW cdkkd SpWrenplWyhnmh SdpphsnphWkh-
Bnlokdrrhs�W SdpphsnphWkd d UWknphyyWyhnmd cdk OWdrWffhn- Drodqhdmyd Z
Bnmeqnmsn hm KnlaZqchZ* Qdfhnmd KnlaZqchZ*1//5: 41’81-

10- BnrsZmshmh D* CZyyh B9 0888: Vnpkc Pdedpdmbd AWrd enp Rnhk Pdrntpbdr-
AWrd ch phedphldmsn lnmchWkd odp kd phrnprd odcnknfhbgd9 BQ>,>AO-
Qdedqdmbd Rntqbd

11- DQR>E9 QdfhnmZk rnhk cZsZaZrd KnrZm- 1//7-
Qdedqdmbd Rntqbd

12- Jkhmcvnqsg >* Oqtdrrd D* Rbgvddq S* ds Wk-9 DuZktZshnm ne fdmdqZk 05r
qhanrnlZk QM? fdmd OBQ oqhldqr enq bkZrrhbZk Zmc mdws,
fdmdqZshnm rdptdmbhmf,aZrdc chudqrhsx rstchdr-Mtbkdhb <bhcr Pdr-
1/02: 30%0(9 d0-
Otakhrgdq Etkk Sdws

13- VZmf P* FZqqhsx FL* Shdcid IL* ds Wk-9MZhud aZxdrhZm bkZrrhehdq enq
qZohc Zrrhfmldms ne qqmZ rdptdmbdr hmsn sgd mdv aZbsdqhZk
sZwnmnlx- <ookhdc Wmc dmuhpnmldmsWk lhbpnahnknfx- 1//6: 62%05(9
4150’4156-
OtaLdc ?arsqZbszOtakhrgdq Etkk SdwszEqdd Etkk Sdws

14- JókiZkf T* Mhkrrnm QG* >aZqdmjnu J* ds Wk- 9 SnvZqcr Z tmhehdc
oZqZchfl enq rdptdmbd,aZrdc hcdmshehbZshnm ne etmfh- Lnk Dbnk-
1/02: 119 4160’4166-
OtaLdc ?arsqZbszOtakhrgdq Etkk Sdws

15- Kdw >* Fdgkdmanqf M* Rsqnadks G* ds Wk- 9 Tords9 uhrtZkhyZshnm ne
hmsdqrdbshmf rdsr- HDDD SpWmr Uhr Bnlots FpWog- 1/03: 1/%01(9
0872’0881-
Otakhrgdq Etkk SdwszEqdd Etkk Sdws

16- Stjdx IV9 BnloZqhmf hmchuhctZk ldZmr hm sgd ZmZkxrhr ne
uZqhZmbd- Ahnldsphbr- 0838: 4%1(9 88’003-
OtaLdc ?arsqZbszOtakhrgdq Etkk Sdws

17- Ankxdm D* Qhcdnts IQ* Chkknm LQ* ds Wk- 9 Qdoqnctbhakd) hmsdqZbshud)
rbZkZakd Zmc dwsdmrhakd lhbqnahnld cZsZ rbhdmbd trhmf PHHLD 1-
MWs Ahnsdbgmnk- 1/08: 26%7(9 741’746-
Otakhrgdq Etkk SdwszEqdd Etkk Sdws

18- CntfkZr FL* LZeedh UI* YZmdudkc IQ* ds Wk- 9 OHBQTRs1 enq oqdchbshnm
ne ldsZfdmnld etmbshnmr- MWs Ahnsdbgmnk- 1/1/: 27%5(9 574’577-
Otakhrgdq Etkk SdwszEqdd Etkk Sdws

2/- Yhlldqdq JR* CtuZkk BR* IZdmhbjd DB* ds Wk- 9 TqaZmhyZshnm Zmc
Zfqnahnchudqrhsx9 kdudqZfhmf Z idx mdwtr enq rtrsZhmZakd
cdudknoldms- Nmd DWpsg- 1/10: 3%00(9 0446’0457-
Otakhrgdq Etkk Sdws

20- Vdydk >* Fnqhr L* Aqthk I* ds Wk- 9 BgZkkdmfdr Zmc Zbshnm onhmsr sn
Zlokhex Zfqndbnknfx hm Dtqnod- RtrsWhmWahkhsx- 1/07: 0/%4(9 0487-
Otakhrgdq Etkk Sdws

21- RZmshZfn,EqdhiZmdr II* LnrptdqZ,KnrZcZ LQ* Qnhr,CéZy L* ds Wk- 9
FknaZk Zmc DtqnodZm onkhbhdr sn enrsdq ZfqhbtkstqZk
rtrsZhmZahkhsx9 Zfqnenqdrsqx- <fpnenpdrs Rxrs- 1/10: 84%4(9 664’68/-
Otakhrgdq Etkk Sdws

22- LnmsZfmhmh E* Ehdqqn R9 Etmbshnmr ne Zfqnenqdrsqx rxrsdlr Zr
ahnchudqrhsx HrkZmcr hm oqnctbshud kZmcrbZodr- Hm9 Ahnchudprhsx
HrkWmcr7 RspWsdfhdr enp BnmrdpuWshnm hm GtlWm,cnlhmWsdc
Dmuhpnmldmsr- Roqhmfdq*1/11: 78’005-
Otakhrgdq Etkk Sdws

23- Jnmf V* Vdh W* Vt X* ds Wk- 9 ?eenqdrsZshnm bZm knvdq lhbqnahZk
chudqrhsx Zmc etmbshnmZkhsx hm cddo rnhk kZxdqr hm Z rdlhZqhc
qdfhnm- Fkna BgWmf Ahnk- 1/11: 17%1/(9 5/75’50/0-
OtaLdc ?arsqZbszOtakhrgdq Etkk Sdws

24- Adtkd K* UZtodk >* LnqZm,QncZr UD9 ?atmcZmbd) chudqrhsx) Zmc
etmbshnm ne rnhk lhbqnnqfZmhrlr hm sdlodqZsd Zkkdx,bqnoohmf
Zfqnenqdrsqx rxrsdlr9 Z qduhdv- LhbpnnpfWmhrlr- 1/11:
0/%2(9 505-
OtaLdc ?arsqZbszOtakhrgdq Etkk SdwszEqdd Etkk Sdws

25- Cd Bkdqbj B* >mcqhZmZqhrnZ JR* KZrrnhr K* ds Wk- 9 RhkunZqZakd
Zfqnenqdrsqx rxrsdlr Zr oqnlhrhmf oqZbshbdr enq hloqnuhmf rnhk
ahnknfhbZk gdZksg9 qdbdms ZcuZmbdr Zmc etstqd bgZkkdmfdr hm
Vdrsdqm DtqnodZm qdfhnm- Rnhk Trd LWmWfd- 1/14: 30%2(9 d6/0/3-
Otakhrgdq Etkk Sdws

26- SnqqZkaZ L* EZfdqgnkl M* Atqfdrr OI* ds Wk- 9 Cn DtqnodZm
Zfqnenqdrsqx rxrsdlr dmgZmbd ahnchudqrhsx Zmc dbnrxrsdl
rdquhbdr; ? ldsZ,ZmZkxrhr- <fphbtkstpd) dbnrxrsdlr � dmuhpnmldms-
1/05: 12/9 04/’050-
Otakhrgdq Etkk Sdws

27- Adhkknthm C* Adm,>qh S* LZk|yhdtw D* ds Wk- 9 Onrhshud ats uZqhZakd
deedbsr ne bqno chudqrhehbZshnm nm ahnchudqrhsx Zmc dbnrxrsdl
rdquhbdr- Fkna BgWmf Ahnk- 1/10: 16%08(9 3586’360/-
OtaLdc ?arsqZbszOtakhrgdq Etkk Sdws

28- Rhkdr I>* UdqZ >* CéZy,Kñody L* ds Wk- 9 KZmc,trd,Zmc bkhlZsd,
ldchZsdc uZqhZshnmr hm rnhk aZbsdqhZk Zmc etmfZk ahnlZrr Zbqnrr
Dtqnod Zmc sgdhq cqhuhmf eZbsnqr- FdncdplW- 1/12: 3239 005363-
Otakhrgdq Etkk Sdws

3/- Jhl GR* Kdd RG* In GX* ds Wk- 9 Chudqrhsx Zmc bnlonrhshnm ne rnhk
�becnaVbsdpeV Zmc IpnsdnaVbsdpeV bnlltmhshdr Zr Z aZbsdqhZk
hmchbZsnq ne oZrs kZmc,trd bgZmfd eqnl enqdrs sn eZqlkZmc- Rbh
SnsWk Dmuhpnm- 1/10: 6869 037833-
Otakhrgdq Etkk Sdws

30- FnrrmdqLL* Kdvhmrngm SL* JZgk S* ds Wk-9 KZmc,trd hmsdmrhehbZshnm
bZtrdr ltkshsqnoghb gnlnfdmhyZshnm ne fqZrrkZmc
bnlltmhshdr- MWstpd- 1/05: 43/%6521(9 155’158-
OtaLdc ?arsqZbszOtakhrgdq Etkk Sdws

31- Bgdm V* VZmf I* Bgdm W* ds Wk-9 Rnhk lhbqnahZk mdsvnqi bnlokdwhsx
oqdchbsr dbnrxrsdl etmbshnm Zknmf dkduZshnm fqZchdmsr nm sgd
shadsZm okZsdZt- Rnhk Ahnknfx Wmc Ahnbgdlhrspx- 1/11: 0619 0/7655-
Otakhrgdq Etkk Sdws

32- TkkZg R* GZm W* >kh H* ds Wk- 9 DbnknfhbZk hloZbsr ne chudqrhehdc
Zfqnenqdrsqx nm rnhk mtsqhdmsr Zmc aZbsdqhZk bnlltmhshdr hm
oemtr lVrrnmeVmV okZmsZshnmr hm sgd rntsgdqm rtasqnohbr-
HmctrsphWk Bpnor Wmc Opnctbsr- 1/13: 111%OZqs 3(9 008822-
Otakhrgdq Etkk Sdws

33- Rnkhudqdr R* UZm Cdq OkZr E* LZmmhmf O* ds Wk- 9 Ahnchudqrhsx Zs
ltkshokd sqnoghb kdudkr hr mddcdc enq dbnrxrsdl
ltkshetmbshnmZkhsx- MWstpd- 1/05: 425%6506(9 345’348-
Otakhrgdq Etkk Sdws

34- BZrskd RD* Lhkkdq CB* Ldqsdm M* ds Wk- 9 Duhcdmbd enq sgd hloZbsr ne
Zfqnenqdrsqx nm dbnrxrsdl rdquhbdr Zmc gtlZm vdkk,adhmf hm
ghfg,hmbnld bntmsqhdr9 Z rxrsdlZshb lZo- Dmuhpnm Duhc- 1/11:
00%0(9 0/-
OtaLdc ?arsqZbszOtakhrgdq Etkk SdwszEqdd Etkk Sdws

35- Inrd R9 ?fqnenqdrsqx enq dbnrxrsdl rdquhbdr Zmc dmuhqnmldmsZk
admdehsr9 Zm nudquhdv- <fpnenpdrs Rxrs- 1//8: 65%0(9 0’0/-
Otakhrgdq Etkk Sdws

36- TcZvZssZ QO* QZmjnsg KL* Inrd R9 ?fqnenqdrsqx Zmc ahnchudqrhsx-
RtrsWhmWahkhsx- 1/08: 00%0/(9 1768-
Otakhrgdq Etkk Sdws

37- QdokhbZshnm CZsZ Enq9 Rnhk GdZksg Zmc LhbqnahZk Chudqrhsx >bqnrr
KZmc,Trd Sxodr9 Duhcdmbd enq >fqndbnknfhbZk LZmZfdldms hm Odqh,
TqaZm >qdZr-
Qdedqdmbd Rntqbd
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In the manuscript “Soil health and microbial diversity across land-use types: Evidence of
agroecological management in peri-urban areas”, the authors aimed to determine how land-use
type, and therefore the associated management, impacted soil health using “different indicators”
across peri-urban landscapes typical to northern Italy, including a crop field, uncultivated area,
reforested land, and agroforestry site. Three soil samples were collected per site during a single
collection to examine abiotic soil properties, and bacterial and fungal communities using amplicon
sequencing. Based on the study, the authors concluded that land-use type significantly impacts
soil microbial communities and that agroforestry may help increase or preserve diversity in
agricultural land. The authors also said that the study provides mechanistic insight into how land
management shapes biodiversity and informs strategies for improving overall soil health.

While the authors conducted an interesting study, it was difficult to assess the robustness due to
insufficient detail in the materials and methods, especially regarding sequencing depth and data
processing. The sample size also limits the study's power. There were also several conclusions
drawn on the impact of abiotic properties and soil microbial communities, with few actual
correlations done between the two datasets. The number of figures could also be reduced, with
many showing very similar information. Additionally, the introduction set the manuscript up to
focus on soil health, yet the results did not necessarily follow that theme. Pointing out more on the
differences between sites that would support that a certain land-use type may be “healthier”
because you found, for example, more beneficial soil taxa or increased carbon/OM compared to
more managed lands, would help better frame the story.

Comments by section:
Abstract

P. 1: Suggest changing “—such as” in the methods part of the abstract to “including” since
that is the full list of land-use types used, not just several examples.

○
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P. 2: Evenness is mentioned in the results section of the abstract, while the conclusion
drawn makes sense, it would be better to actually calculate evenness as one of your alpha-
diversity metrics.

○

P. 2: In the results section of the abstract, while it was found that the abiotic factors pH,
nitrogen, and CEC differed with land-use type, no correlations were made to the microbial
communities. It was almost done with the RDA, but the vectors showing the abiotic factors
were not included in the plot.

○

P. 2: I would change the word “mechanistic” as the study did not show a mechanism but an
association or correlation.

○

P. 2: Suggest changing “resilience” to “potential resilience” as this was not examined in this
study.

○

Introduction:
P. 4: The last sentence of the first paragraph in the introduction is too long, making it hard
to follow. Break it up into two sentences.

○

P. 4: In this sentence, “When considering the subset of peri-urban agricultural systems,
these processes are further exacerbated.” I suggest moving the peri-urban fringe definition
to the beginning of the paragraph, closer to where this term is introduced.

○

P. 4: Need to define “soil health” as the definition is not always consistent. It also quickly
moves on to the importance of soil health as a whole, but it would help to mention its
particular relevance to peri-urban areas, which was the topic of the previous paragraph.

○

P. 4: “According to 16,..” Should be changed to “author’s name and colleagues” followed by
the citation.

○

P. 4: “contest” needs to be changed to “context” in the last paragraph of the introduction.○

P. 4: The description of the study could be improved in the last paragraph. These “different
indicators” need to be explained more, especially if the authors are suggesting they can be
used in other studies as indicators of soil health.

○

Methods:
The overall organization of the data analysis of the methods is a bit confusing. It makes
more sense to break your methods into sequence analysis and statistical analysis, rather
than a section for each test.

○

I do not understand the reasoning behind using the “Illumina 16S Metagenomics pipeline”
in one section, then, in another section, saying the data was processed again using “QIIME
2.” Only one should be used as they will produce different OTU/ASV tables. No link or
reference to the Illumina pipeline was provided, so I was unable to see how the methods
compared.

○

Why not perform beta-diversity analysis? This would be a better comparison of diversity
differences across sites as it takes into account the community structure/taxa at each site.

○

The methods need to be checked for tense usage. Often using the present tense when
needing to use the past tense when describing tests and sampling.

○

P. 11: Add a sentence making it clear that the management history is presented in Table 1. I
was looking for it in the text because it wasn’t clear that I could find it in the table.

○

P. 11: Confused on why four quadrants were established and one sampling point was
established in each, but only 3 samples were taken.

○

P. 11: When were the samples collected? Include the year and the month at least. This is
important since it is said some land uses were established in 2019, so it is helpful to know
how long since the establishment of the site where samples were taken.

○

P. 14: There is no information given on how soil parameters were measured. Either cite
other papers that have this information, or, if they were sent somewhere, include the

○
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location and the link so readers can find the methods there.
P. 14: Change “DNA quality control checks” to “DNA quality and quantity were checked”
since the Nanodrop is generally for quality and Qubit for quantity.

○

P. 14: Add the specific 16S primers (e.g., 314F and 806R).○

P. 14: Add a link or citation where the specific PCR protocol can be found. I also
recommended including a short summary, such as whether it was done in replicates, in two
steps, etc.

○

P. 14: Add a link or citation for the “16S Metagenomic pipeline”. Was there a different
pipeline for the ITS, or was it adapted at all for differences between ITS and 16S reads?

○

P. 14: The database versions used are dated. Ideally, should use more recent releases of
both databases.

○

P. 14: It is mentioned that negative controls were included. Were any sequences found in
the negative controls, and if so, include how they were accounted for in the data.

○

P. 14: While using relative abundance normalization for the data is fine, information should
be included on the average sequencing depth for each dataset, and if there was a cutoff on
the minimum number of sequences considered usable for a sample. Given soil diversity,
sequencing depth can be important.

○

P. 15: It should be mentioned that the metrics used are both alpha-diversity metrics.○

P. 15: Does the “16S Metagenomic pipeline” produce OTUs or ASVs? It is generally just
referred to as species-level assignments in the methods.

○

P. 16: For the UpSet plots, was a taxa considered to be present in both land uses if it was
present in just one of the replicates or more?

○

P. 16: Was the data checked for normality and homogeneity of variance before determining
that a parametric test (ANOVA) was the right choice? If so, include that in the methods.

○

P. 18: Was there a correlation coefficient cutoff value to be considered “strongly” correlated?○

P. 19: Did you consider the correlation between the abiotic factors when doing your RDA?
Also, need to add the vectors of the abiotic factors to the RDA so readers can see which
factors were associated with each land-use type.

○

P. 19: Please add a statement about the use of PICRUSt, such as, “however, these
predictions are based on reference genomes and do not represent direct measurements of
functional genes. Therefore, results should be interpreted cautiously,” considering its
limitations.

○

Results
For the results, my main comments would be to reduce the number of figures to make the
message more concise. For example, the alpha-diversity metrics are shown by field with box
plots (Fig. 2), then by replicate (Fig. 3). Unless a main point is within site variation, then
Figure 3 is not needed. The same for showing heatmaps of the top 20 correlations between
abiotic factors, then showing heatmaps with all variables.

○

In the results text, there needs to be a stronger focus on the differences between land uses
to convey that converting to certain land-use types may improve “soil health,” as seen by
increases in diversity, richness, OM, etc., to match the story set out in the introduction.

○

P. 4: When saying “significantly” in terms of results, it can be helpful to put the p-value in
parentheses after it, especially since the method is after the results, where significance is
defined. I recommended this for the whole results section.

○

P. 4: “certain genera significantly more abundant in specific samples and in specific land-use
types”, which ones especially on a land-use base comparisons?

○

P. 4: The genera “Mortierella, Fusarium, and Trebouxia” need to be italicized.○
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P. 4: I do not think this conclusion is supported because no differences in relative
abundance were explained between sites in the text and no differences in organic inputs
have been presented yet, “From an agroecological point of view, this results clearly
demonstrate the role of agronomical management that enhance soil organic inputs (e.g.,
manure, green mulch, compost application, agroforestry litterfall) in sustaining fungal
diversity.”

○

P. 4-5: For the differences in alpha-diversity metrics, state if they were significant, not just
noticeable. The statement about replicating following it makes it sound like you would have
found significant values if you had more replicates, which is not necessarily true. Consider
rewording or removing that statement.

○

P. 5: Fungi is a kingdom, not a domain.○

P. 5-6: “Such diversification contributes to ecosystem resilience and multifunctionality, which
are essential for effective biological pest control.” A statement like this is better for the
discussion, so you can show that other studies have shown this. Otherwise, it appears to be
an unsupported claim in the results.

○

P. 6: Again, explain the differences in what taxa you saw that were significantly different
between land uses. The figure captions also says genera instead of phyla. It would also
make more sense to talk about the differences in phyla (Fig. 4/5) before talking about the
genera (Fig. 1).

○

P. 6: What is meant by “bacterial and fungal profiles”? Do you mean the special-level
abundance tables? This information on what went into the tables needs to be included in
the Figure 6 caption. Based on the coefficient gradient for your heatmap, I also cannot tell if
it includes negative correlations. I number at the bottom of the gradient needs to be
included.

○

P. 7: The conclusions on soil stability based on abiotic variable correlation need to be moved
to the discussion, so examples that support this can be cited. It would also be a good place
to discuss how the management specific to the crop and reforested sites can lead to shared
drivers of these properties.

○

P. 8: Redundant/highly correlated variables can impact a PCA and RDA. It would be useful to
include details in the figures' captions and in the methods section on how this was handled,
since strong correlations between factors were shown in Figure 7.

○

P. 8: Discussing the differences in abiotic factors between land uses (Fig. 13), which help
show what factors shift under the different management and may help support the PCA
results below, showing that there are differences in soil factors by land use.

○

P. 8: I believe I mentioned this before, but all the abiotic vectors are in the RDA, so you can
discuss which factors were associated with different land uses.

○

P. 9: For the functional differences, again explain the important differences between land
use. Did you see a loss or gain of a certain function with land use?

○

Discussion
Overall, the discussion needs to focus more on how the results presented were caused by
differences in land use and how the management practices associated with those land uses
may have shaped them. This then needs to be brought back to the idea of soil health.
Currently, it is not focusing enough on the differences between land uses, and again, it just
says there were broad differences between land uses.

○

Altogether, the authors present an interesting study on how land use type may influence soil
microbial diversity and overall soil health in a peri-urban landscape. However, significant revisions
are needed to improve the clarity, robustness, and alignment between the stated objectives and
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the results. The authors should provide more detail in the Materials and Methods section on
sequencing data and management practices for each land-use type. The number of figures should
be reduced, and the order of figures reconsidered to group similar topics (e.g., keep all relative
abundance differences together). The results and discussion should focus more on differences
between land-use types, mentioning specific differences and how management practices
influence soil properties and microbial communities to support claims about soil health. Lastly,
moderate claims about mechanisms and resilience to better align with the data presented.

Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and does the work have academic merit?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
No

If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Soil microbial ecology, nitrogen cycling, and agricultural systems

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Author Response 25 Mar 2026

Caterina La Porta

REVIEWER #2
Reviewer: In the manuscript “Soil health and microbial diversity across land-use types:
Evidence of agroecological management in peri-urban areas”, the authors aimed to
determine how land-use type, and therefore the associated management, impacted soil
health using “different indicators” across peri-urban landscapes typical to northern Italy,
including a crop field, uncultivated area, reforested land, and agroforestry site. Three soil
samples were collected per site during a single collection to examine abiotic soil properties,
and bacterial and fungal communities using amplicon sequencing. Based on the study, the
authors concluded that land-use type significantly impacts soil microbial communities and
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that agroforestry may help increase or preserve diversity in agricultural land. The authors
also said that the study provides mechanistic insight into how land management shapes
biodiversity and informs strategies for improving overall soil health.

While the authors conducted an interesting study, it was difficult to assess the robustness
due to insufficient detail in the materials and methods, especially regarding sequencing
depth and data processing. The sample size also limits the study's power. There were also
several conclusions drawn on the impact of abiotic properties and soil microbial
communities, with few actual correlations done between the two datasets. The number of
figures could also be reduced, with many showing very similar information. Additionally, the
introduction set the manuscript up to focus on soil health, yet the results did not necessarily
follow that theme. Pointing out more on the differences between sites that would support
that a certain land-use type may be “healthier” because you found, for example, more
beneficial soil taxa or increased carbon/OM compared to more managed lands, would help
better frame the story.
Answer:We thank the review for her comments. We have now revised the manuscript
accordingly.
Comments by section:

Reviewer: Abstract P. 1: Suggest changing “—such as” in the methods part of the abstract
to “including” since that is the full list of land-use types used, not just several examples.
Answer: Done

----- Reviewer: Abstract P. 2: Evenness is mentioned in the results section of the abstract,
while the conclusion drawn makes sense, it would be better to actually calculate evenness
as one of your alpha-diversity metrics.
Answer:We changed accordingly

----- Reviewer: Abstract P. 2: In the results section of the abstract, while it was found that
the abiotic factors pH, nitrogen, and CEC differed with land-use type, no correlations were
made to the microbial communities. It was almost done with the RDA, but the vectors
showing the abiotic factors were not included in the plot.
Answer:We agree with the referee. We revised the RDA analysis and the plots (Fig. 6)
updated to include the abiotic vectors, so the associations between land-use clustering and
the main abiotic gradients are now explicit.

---------- Reviewer: Abstract P. 2: I would change the word “mechanistic” as the study did not
show a mechanism but an association or correlation.
Answer: Changed accordingly.

----------- Reviewer Abstract P. 2: Suggest changing “resilience” to “potential resilience” as
this was not examined in this study.
Answer: Done

---------------- Reviewer: Introduction: P. 4: The last sentence of the first paragraph in the
introduction is too long, making it hard to follow. Break it up into two sentences.
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Answer: Done

----------------- Reviewer: Introduction P. 4: In this sentence, “When considering the subset of
peri-urban agricultural systems, these processes are further exacerbated.” I suggest moving
the peri-urban fringe definition to the beginning of the paragraph, closer to where this term
is introduced.
Answer: Done -

---------------- Reviewer: Introduction P. 4: Need to define “soil health” as the definition is not
always consistent. It also quickly moves on to the importance of soil health as a whole, but it
would help to mention its particular relevance to peri-urban areas, which was the topic of
the previous paragraph.
Answer:We revised the paragraph by adding a definition of soil health and a sentence that
directly mentions its importance to peri-urban areas (page 3).

------------------ Reviewer: P. 4: “According to 16,..” Should be changed to “author’s name and
colleagues” followed by the citation.
Answer: Done

-------------------- Reviewer: P. 4: “contest” needs to be changed to “context” in the last
paragraph of the introduction.
Answer: Done

Reviewer: P. 4: The description of the study could be improved in the last paragraph. These
“different indicators” need to be explained more, especially if the authors are suggesting
they can be used in other studies as indicators of soil health.
Answer:We revised the manuscript as suggested by the referee.

-------------------- Reviewer: Methods: The overall organization of the data analysis of the
methods is a bit confusing. It makes more sense to break your methods into sequence
analysis and statistical analysis, rather than a section for each test.
Answer:We modified and renamed the sections as suggested by the referee.

------------------------------- Reviewer: Methods: I do not understand the reasoning behind using
the “Illumina 16S Metagenomics pipeline” in one section, then, in another section, saying
the data was processed again using “QIIME 2.” Only one should be used as they will produce
different OTU/ASV tables. No link or reference to the Illumina pipeline was provided, so I
was unable to see how the methods compared.
Answer: PICRUSt2 requires not only a species abundance table but also the corresponding
FASTA file of representative sequences. The output we received from the Illumina 16S
Metagenomics workflow consisted of taxonomic abundance summaries and raw FASTQ
files, but it did not include a representative-sequence FASTA associated with the
OTU/feature identifiers. For this reason, we reprocessed the raw FASTQ files in QIIME 2 to
infer ASVs and the corresponding representative sequences FASTA. These QIIME 2 outputs
were the inputs used for PICRUSt2. We have revised the Methods to clarify this rationale.
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---------------------------------- Reviewer: Methods:Why not perform beta-diversity analysis? This
would be a better comparison of diversity differences across sites as it takes into account
the community structure/taxa at each site.
Answer:We thank the referee for the suggestion. We have now included a new figure with
beta-diversity analysis, a description in the Method section, the results and discussion
sections.

------------------------- Reviewer: Methods The methods need to be checked for tense usage.
Often using the present tense when needing to use the past tense when describing tests
and sampling.
Answer: Done

------------------------ Reviewer: Methods P. 11: Add a sentence making it clear that the
management history is presented in Table 1. I was looking for it in the text because it wasn’t
clear that I could find it in the table.
Answer: Done

------------------------- Reviewer: Methods P. 11: Confused on why four quadrants were
established and one sampling point was established in each, but only 3 samples were taken.
Answer: The referee is right, the method was not clear. We analysed three samples
randomly for each point. We corrected this point now at page 8.

------------------------------------ Reviewer: Methods P. 11: When were the samples collected?
Include the year and the month at least. This is important since it is said some land uses
were established in 2019, so it is helpful to know how long since the establishment of the
site where samples were taken.
Answer: We have now added this information in Study Area of Methods section (page 8).

-------------------------------- Reviewer:Methods P. 14: There is no information given on how soil
parameters were measured. Either cite other papers that have this information, or, if they
were sent somewhere, include the location and the link so readers can find the methods
there.
Answer:We have now included this information in the Methods’ section (page 8).

-------------------------- Reviewer:Methods P. 14: Change “DNA quality control checks” to “DNA
quality and quantity were checked” since the Nanodrop is generally for quality and Qubit for
quantity.
Answer: Done

--------------------- Reviewer:Methods P. 14: Add the specific 16S primers (e.g., 314F and 806R).
Answer: Done.

------------------ Reviewer:Methods P. 14: Add a link or citation where the specific PCR protocol
can be found. I also recommended including a short summary, such as whether it was done
in replicates, in two steps, etc.
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Answer: Done

------------------- Reviewer:Methods P. 14: Add a link or citation for the “16S Metagenomic
pipeline”. Was there a different pipeline for the ITS, or was it adapted at all for differences
between ITS and 16S reads?
Answer: Done -

------------------- Reviewer:Method P. 14: The database versions used are dated. Ideally,
should use more recent releases of both databases.
Answer: The amplicon sequencing data were analyzed using the 16S Metagenomics
application available in the Illumina BaseSpace Sequence Hub. This pipeline performs read
processing and taxonomic classification using a k-mer–based Naïve Bayesian classifier
derived from the Ribosomal Database Project (RDP) algorithm (Wang et al., 2007). The
taxonomic assignment for 16S rRNA sequences was performed using the RefSeq RDP 16S v3
database. For the ITS datasets, the same analytical framework was used; however,
taxonomic assignment was performed using the UNITE reference database, which is
specifically curated for fungal ITS sequences (Kõljalg et al., 2013). Therefore, the pipeline
itself was not fundamentally different, but the reference database used for taxonomic
classification was adapted to account for the differences between bacterial 16S and fungal
ITS markers. We now added this part in the Methods section.

--------------------- Reviewer:Methods P. 14: It is mentioned that negative controls were
included. Were any sequences found in the negative controls, and if so, include how they
were accounted for in the data.
Answer: The negative control included during library preparation did not generate a
detectable library profile. During the sequencing run no reads were obtained from the
negative control sample. Therefore, no sequences from the negative control were present
or required filtering in the downstream analyses. We now added this part in the Methods
section.

-------------------- Reviewer:Methods P. 14: While using relative abundance normalization for
the data is fine, information should be included on the average sequencing depth for each
dataset, and if there was a cutoff on the minimum number of sequences considered usable
for a sample. Given soil diversity, sequencing depth can be important.
Answer: The average sequencing depth across samples was approximately 40,000 reads
per sample. For quality control purposes, we considered ~10,000 reads per sample as the
minimum threshold required for a sample to be included in the downstream analyses. This
threshold was selected to ensure sufficient sequencing depth for reliable microbial
community profiling, while minimizing potential biases associated with low-coverage
samples. Similar thresholds have been widely used in microbiome studies to ensure
adequate representation of microbial diversity and to improve the robustness of
comparative analyses.

-------------------- Reviewer:Methods P. 15: It should be mentioned that the metrics used are
both alpha-diversity metrics.
Answer: Done
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--------------------- Reviewer: P. 15: Does the “16S Metagenomic pipeline” produce OTUs or
ASVs? It is generally just referred to as species-level assignments in the methods.
Answer: The Illumina BaseSpace 16S Metagenomics pipeline does not generate OTUs or
ASVs. Instead, it performs direct taxonomic classification of reads using a k-mer–based
Naïve Bayesian classifier derived from the Ribosomal Database Project (RDP) algorithm.
Each read is assigned directly to the most probable taxonomic level based on the reference
database, and the output is therefore reported as taxonomic profiles rather than OTU or
ASV tables.

------------------- Reviewer:Methods P. 16: For the UpSet plots, was a taxa considered to be
present in both land uses if it was present in just one of the replicates or more?
Answer: We agree with the referee and we have now clarified this point in the manuscript
in the Methods section (Statistical Analysis on page 10).

------------------------ Reviewer:Methods P. 16: Was the data checked for normality and
homogeneity of variance before determining that a parametric test (ANOVA) was the right
choice? If so, include that in the methods.
Answer: We checked normality across land-uses applying the Shapiro–Wilk test and
homogeneity of variance using Levene’s test. However, due to the small number of
replicates, we acknowledge that the results of these tests should be interpreted cautiously.
We included these details in the Methods section.

------------------------ Reviewer:Methods P. 18: Was there a correlation coefficient cutoff value
to be considered “strongly” correlated?
Answer: We did not apply a correlation coefficient threshold. “Strongest” correlations were
defined operationally for visualization purposes as the top 20 variable pairs ranked by
absolute Pearson’s r within each land-use type. This filtering was used to reduce visual
clutter and highlight the most important associations in the heatmap, rather than to assert
a clear definition of “strong” correlation.

---------------------- Reviewer:Methods P. 19: Did you consider the correlation between the
abiotic factors when doing your RDA? Also, need to add the vectors of the abiotic factors to
the RDA so readers can see which factors were associated with each land-use type.
Answer:We have now assessed collinearity among the abiotic predictors and repeated the
RDA after removing redundant variables using a pairwise-correlation threshold (|r| = 0.9),
retaining only predictors below this threshold. The resulting ordination was highly similar to
the original analysis, indicating that our conclusions are robust to predictor
multicollinearity. We have now added this procedure to the Methods section. We also added
vectors of the retained abiotic parameters to the RDA plots.

---------------------------- Reviewer:Methods P. 19: Please add a statement about the use of
PICRUSt, such as, “however, these predictions are based on reference genomes and do not
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represent direct measurements of functional genes. Therefore, results should be
interpreted cautiously,” considering its limitations.
Answer: Done

--------------------- Reviewer: Results For the results, my main comments would be to reduce
the number of figures to make the message more concise. For example, the alpha-diversity
metrics are shown by field with box plots (Fig. 2), then by replicate (Fig. 3). Unless a main
point is within site variation, then Figure 3 is not needed. The same for showing heatmaps
of the top 20 correlations between abiotic factors, then showing heatmaps with all
variables.
Answer:We agree with the referee and we have now moved Fig.3 in the supplementary
together with Fig.9, 10, 11 and 12.

---------------------- Reviewer: Results In the results text, there needs to be a stronger focus on
the differences between land uses to convey that converting to certain land-use types may
improve “soil health,” as seen by increases in diversity, richness, OM, etc., to match the story
set out in the introduction.
Answer:We revised the Results section as suggested by the referee.

----------------------- Reviewer: Results P. 4: When saying “significantly” in terms of results, it can
be helpful to put the p-value in parentheses after it, especially since the method is after the
results, where significance is defined. I recommended this for the whole results section.
Answer: Done

------------------------ Reviewer: Results P. 4: “certain genera significantly more abundant in
specific samples and in specific land-use types”, which ones especially on a land-use base
comparisons?
Answer:We expanded those sentences by clearly specifying some of the observed
patterns.

---------------------- Reviewer: Results P. 4: The genera “Mortierella, Fusarium, and Trebouxia”
need to be italicized.
Answer: Done -

----------------------- Reviewer: Results P. 4: I do not think this conclusion is supported because
no differences in relative abundance were explained between sites in the text and no
differences in organic inputs have been presented yet, “From an agroecological point of
view, this results clearly demonstrate the role of agronomical management that enhance
soil organic inputs (e.g., manure, green mulch, compost application, agroforestry litterfall)
in sustaining fungal diversity.”
Answer:We have revised this statement to avoid implying a mechanistic explanation and
we moderate our statement by substituting the expression ‘this results clearly
demonstrate…’ with ‘the results are consistent with the idea that…’
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------------------------------- Reviewer: Results P. 4-5: For the differences in alpha-diversity
metrics, state if they were significant, not just noticeable. The statement about replicating
following it makes it sound like you would have found significant values if you had more
replicates, which is not necessarily true. Consider rewording or removing that statement.
Answer:We agree. We have revised the text to explicitly state which alpha-diversity
comparisons were statistically significant and removed wording regarding replication-size.
We now describe the observed patterns descriptively and report significance only when
supported by the statistical tests.

---------------------------- Reviewer: Results P. 5: Fungi is a kingdom, not a domain.
Answer: Fixed

------------------------ Reviewer: Results P. 5-6: “Such diversification contributes to ecosystem
resilience and multifunctionality, which are essential for effective biological pest control.” A
statement like this is better for the discussion, so you can show that other studies have
shown this. Otherwise, it appears to be an unsupported claim in the results.
Answer: This sentence has been removed.

--------------------------- Reviewer: Results P. 6: Again, explain the differences in what taxa you
saw that were significantly different between land uses. The figure captions also say genera
instead of phyla. It would also make more sense to talk about the differences in phyla (Fig.
4/5) before talking about the genera (Fig. 1).
Answer:We corrected accordingly

------------------------------ Reviewer: Results P. 6: What is meant by “bacterial and fungal
profiles”? Do you mean the special-level abundance tables? This information on what went
into the tables needs to be included in the Figure 6 caption. Based on the coefficient
gradient for your heatmap, I also cannot tell if it includes negative correlations. I number at
the bottom of the gradient needs to be included.
Answer:We corrected accordingly.

-------------------------- Reviewer: Results P. 7: The conclusions on soil stability based on abiotic
variable correlation need to be moved to the discussion, so examples that support this can
be cited. It would also be a good place to discuss how the management specific to the crop
and reforested sites can lead to shared drivers of these properties.
Answer:We corrected accordingly.

------------------- Reviewer: Results P. 8: Redundant/highly correlated variables can impact a
PCA and RDA. It would be useful to include details in the figures' captions and in the
methods section on how this was handled, since strong correlations between factors were
shown in Figure 7.
Answer:We corrected accordingly
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---------------------- Reviewer: Results P. 8: Discussing the differences in abiotic factors between
land uses (Fig. 13), which help show what factors shift under the different management and
may help support the PCA results below, showing that there are differences in soil factors
by land use.
Answer:We corrected accordingly.

----------------------- Reviewer: Results P. 8: I believe I mentioned this before, but all the abiotic
vectors are in the RDA, so you can discuss which factors were associated with different land
uses.
Answer:We have now described the associations between vectors of explanatory abiotics
and different land-uses in the Results section where RDA is discussed.

-------------------- Reviewer: Results P. 9: For the functional differences, again explain the
important differences between land use. Did you see a loss or gain of a certain function with
land use?
Answer:We added a paragraph describing some examples of functionalities that were
comparatively more present in a land-use compared to the others, for all three categories of
functions.

------------------- Review Discussion Overall, the discussion needs to focus more on how the
results presented were caused by differences in land use and how the management
practices associated with those land uses may have shaped them. This then needs to be
brought back to the idea of soil health. Currently, it is not focusing enough on the
differences between land uses, and again, it just says there were broad differences between
land uses.
Answer:We have substantially revised the Discussion to highlight land-use contrasts and to
interpret observed patterns in terms of land-use–associated management contexts.
Moreover, we moved interpretive statements (e.g., implications of abiotic correlation
structure and diversification benefits) from Results to Discussion, as suggested. Relevant
citations have been added in support of interpretations regarding diversification, ecosystem
multifunctionality, and pest-suppressive agroecosystems.

---------------------- Review Discussion Altogether, the authors present an interesting study on
how land use type may influence soil microbial diversity and overall soil health in a peri-
urban landscape. However, significant revisions are needed to improve the clarity,
robustness, and alignment between the stated objectives and the results. The authors
should provide more detail in the Materials and Methods section on sequencing data and
management practices for each land-use type. The number of figures should be reduced,
and the order of figures reconsidered to group similar topics (e.g., keep all relative
abundance differences together). The results and discussion should focus more on
differences between land-use types, mentioning specific differences and how management
practices influence soil properties and microbial communities to support claims about soil
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health. Lastly, moderate claims about mechanisms and resilience to better align with the
data presented.
Answer:We thank the reviewer for the very useful and detailed comments. We have now
extensively revised the manuscript incorporating all the suggestions.

Competing Interests: No competing interests were disclosed.

Reviewer Report 24 February 2026
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© 2026 Azad S. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Shefali Azad
1 Archbold Biological Station, Lake Placid, Florida, USA
2 Archbold Biological Station, Lake Placid, Florida, USA
3 Archbold Biological Station, Lake Placid, Florida, USA

This study is conceptually strong and analytically rich and tackles a timely ecological issue. That is,
the relationships between microbial diversity, soil health, and land use, which ultimately informs
the ecological trade-offs of land management.
The methods section was very detailed and allows for replication by other parties. Is it a decision
of the journal to have results before methods? I was confused by this layout, but it did create an
interesting reading/interpreting experience. The relatively low #replicates does complicate the
interpretation of statistical results, given that soil microbial communities are patchy on a finer
scale - I was glad to see that this was addressed at the end of the discussion, but perhaps it could
be shifted to earlier in the discussion to add context. In general - what are the results saying about
beta diversity of the land use types, considering sample size?
I appreciated the variety of statistical analysis and visualizations. In particular I think the UpSet
diagram could be better explained - I had not encountered this before and it revealed a lot of
information, but it took external searching to understand it.
Minor note, this line seemed incomplete: "Agroforestry soils were characterized by the highest
number of unique taxa, whereas reforested soils showed the lowest richness and diversity,
aligning with previous studies that highlight the early successional stage of reforestation systems"
- aligning with previous studies that highlight what about the early successional stage?
This line: "The predominance of Mortierella, Fusarium, and Trebouxia in fungal communities, as
well as the dominance of Acidobacteria and Gemmatimonadetes in bacterial communities,
underscores the potential of these taxa as bioindicators of soil health and management intensity."
- is not necessarily a leap, but perhaps a functional extrapolation? Does presence signal relative
soil health if widespread across land-use types, and through what mechanisms? (Mortierella
unpacking excluded).

Is the work clearly and accurately presented and does it cite the current literature?
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Yes

Is the study design appropriate and does the work have academic merit?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Agroecology, biotechnology, data management, statistical analysis (wildlife
biology focus).

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Author Response 25 Mar 2026

Caterina La Porta

REVIEWER #1

Reviewer: This study is conceptually strong and analytically rich and tackles a timely
ecological issue. That is, the relationships between microbial diversity, soil health, and land
use, which ultimately informs the ecological trade-offs of land management.
Answer:We sincerely thank the reviewer for the careful and thoughtful evaluation of our
manuscript and for recognizing its conceptual strength and analytical richness. We address
each comment below and describe the revisions implemented in the updated manuscript. --

Reviewer: The methods section was very detailed and allows for replication by other
parties. Is it a decision of the journal to have results before methods? I was confused by this
layout, but it did create an interesting reading/interpreting experience.
Answer:We thank the reviewer for highlighting this point. The structure follows the Open
Research Europe article template, which allows flexibility in manuscript organization. In our
case, we adopted a Results-first structure to foreground the empirical findings before
detailing methodological procedures.

-- Reviewer: The relatively low #replicates does complicate the interpretation of statistical
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results, given that soil microbial communities are patchy on a finer scale - I was glad to see
that this was addressed at the end of the discussion, but perhaps it could be shifted to
earlier in the discussion to add context.
Answer:We fully agree that soil microbial communities exhibit fine-scale spatial
heterogeneity, and the limited number of biological replicates constrains statistical power.
In the revised manuscript, we have moved the discussion of replication limits earlier in the
Discussion section on page 19, accordingly.

-- Reviewer #1: In general - what are the results saying about beta diversity of the land use
types, considering sample size?
Answer:We thank the referee for the suggestion. We have now included beta-analysis and
added the description in the Methods, Results and Discussion sections

---- Reviewer: I appreciated the variety of statistical analysis and visualizations. In particular
I think the UpSet diagram could be better explained - I had not encountered this before and
it revealed a lot of information, but it took external searching to understand it.
Answer:We have added a brief explanation to the Methods section of the manuscript
describing how to interpret the UpSet diagram (set sizes, intersection sizes, and how
intersections correspond to shared vs. land-use–specific taxa) on page 9.

--- Reviewer:Minor note, this line seemed incomplete: "Agroforestry soils were
characterized by the highest number of unique taxa, whereas reforested soils showed the
lowest richness and diversity, aligning with previous studies that highlight the early
successional stage of reforestation systems" - aligning with previous studies that highlight
what about the early successional stage?
Answer: Our intent was to indicate that the comparatively lower richness and diversity in
reforested soils is consistent with previous studies reporting that early successional
reforestation systems often host simpler, less diverse microbial communities. We have
revised the sentence accordingly on page 13.

---- Reviewer #1: This line: "The predominance of Mortierella, Fusarium, and Trebouxia in
fungal communities, as well as the dominance of Acidobacteria and Gemmatimonadetes in
bacterial communities, underscores the potential of these taxa as bioindicators of soil
health and management intensity." - is not necessarily a leap, but perhaps a functional
extrapolation? Does presence signal relative soil health if widespread across land-use types,
and through what mechanisms? (Mortierella unpacking excluded).
Answer:We agree with the referee and we have now changed the sentence accordingly on
page 13.
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