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Differences in Root Nitrogen Uptake
Between Tropical Lowland
Rainforests and Oil Palm Plantations
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Comarsion Gl lowland ropical mindorasts 1o imansshy forbiized agicuiumal Endum
aysterra Bch Ed of palm [Ela'z quinesnsis| pleniationg leeda 1o changes i nkrooen
{ M} iy, A b h soil microbial-dreen W dwoarnics e Been lergeby shedied, Hwerole of
s plant & o migor compored in N eptaka has mrely been congidered, We addmess fhis
@ap by compenng e root B contents and uptake I lowland rainforeste widh that in ol
paim plankations on Sumatra, Pdonesia, To this aim, we apclied ™*N-labeled ammoniim
1o imtact sol, messuned 1he "N recowsry insol and oots, and caicubited tha root ek
M upiske efficency for 10 days after tabel spplication W found that roct B coments wera
by o Hird highee i the mirforest than ol paln plantations. However, "™ iptake
efficiency was similar in the two systems, This finding sugpests that lower M cantents in ol
piEtm roote were lkely cesad by plant intemal utlzation of the abaorbed M (8., N eaxport
e druit Burches) than by ke abilty b taka up Mirom e sol, "M recavery in rools ks
pnmadly ceven by the Bmount of root blomeas, which wes higher in ol peim plentation
ihen ranioeet The ol paims umveled a high capacity io acguine W, offering ihe posabiliy
of mbancing astainsilo placdation managamant by reducng M ferliize spplication,

B yvorha: W Lkl ¢ Matplun W P , o sl repe. od paim, imn el leame doneai

INTRODUCTION

Conswgraka 6 Trapical raialerols 1 2ok crop menpculiurs s E_l-l'll.ril]!f Inereasivgg (Liefres ot al
ZUHMG Cortey, 2 Hansen et al . 20000 inggering neral development and ofien snpraving the living
stanchorels of the smallbadiber Tarmers dFder o al., 20070 The womamic benelis have, however.
eekipical rade-olfs vach a5 negathve vonsogueices Tor biogeochemdcal cpcdis of carbon sk
nitragen {M} and everiully Earth's dimate {Drescher et sl 2006; Gillome et al., HHEL

Trapical spdk generally have lange pools of ovailable B owith high Meoycling rwtes [ Hedin et al.
LML Rainforest converson o crop mopaculisres ovalves deanng, draning, and burming arst
1!1=rd1:.'. decreaees sail ferctility {Diechen et al. 30045 Brnghurst snd lordan, 200 % Canllaumee et al
21} Sl W dynamics, which deternine the anian of plast-vaibble M, may change wmder the
rafiibores Irnslfornstion. For examgle, w Sulowesd, conversion of the kwer moitang [omests bs
curnlbelds resallid n the slewdenan of W eycling by devrmsiog the gross M minemlization asl
turnever mbés ol antmemibm {MH '} aod miceobial B pack {Core el fl, 2SR
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Tor alllewiane thar sadl M-supplyiog capadty far high crop vields,
the adkfition of M fertilizers & comonon practice in the tropical cah
i spsberi {Alen el al . 2005 Kolowka et al. 2005), O of the
nperdd produtive and widespread dropical miinlonesd Couversion
spsdenns is ail pam plintations (PAC, 20181 (8 palm fertiteatiog
myplves both economic (46 i 35% of the total plintation cost
Pardim et ul. 200 andl ecodogical costs {enhanced N leaching and
nitrants padede embalons w ihe amesphere, DHalich oo 6, 3017
Hiader e nl, 201 7; Hewittad al,, 2008 Vel g 1 o, 2000k Fara
reduction of the high M fenilization costs, a comprchensie
imiderstanding of sl N cpding in this conversion system
18 regquired.

Epdl M processes hinge oo plast ared sall microbial components,
anl the ammpetitive imterctioos hebwon them (0asenmipan o o
H15) Tropiod rainfored. converskm in ol palm plandstions albers
bl il anderobdal compuaniies [Sahowr of gl 2015 Schmder
e al. 1017 Berkelimann o al. 2008; Beindaann ot al,, 200%) and
plant diversity (Hembald er al. 2007), Althaugh sail W
iemmslpermation processes and microbil Epanics {Allen @ al
H015), as well & N loss pathways (Ehstich = oal, 2007 Flesker
rbale, J017) have bezn shediad inthds comversion sysiens, the abdity
o ks s lake gy B o rernabned enkncwn: Flant W pocquisition
T st iveestigatal gither in oeprical raimdonsn (Houlions o 6l
Hh;- Hedin o ol 30060 e i ol patm platitie ps {Pandon el ol
ke and references Brereind, bnn comprralive stmhes of plant M
iptake umder cmilar climate @ndibons aed sodl types in the
rairaforest il palin comversion spsien we misingg

lambi regiom. 2o Sumatrs {Erdemiesia) represents, besides other
Louthest Asian fegicos, o hetapet of ocmversion of i
kbl rainkorests inta off palm phantations (Meitinen g al.
000 1; e wtal 104 Diislich BURL, 200 7). Dl pallm & & highly
productive (ks el ol 2005 and sesouroe-deimaidivg specic:
[Parclin et al, 30361 N inpads throogh mirsal ferilestion differ
herbween the smalhoklers and the Lirge agrosisdustrsl plantations,
bl im bl cases, they ane coomisnly exomsve (Waoitie <
Hi1%} Iy thee smallhodder plantabions in famhd, the average is i
W oha ' oy with a masshe variatos of = [50% Bebiein
Bintations lodin ot al, 2017, Woiltker o ul. (318} reparted
i average of 166 by M he™ year™! in the smlholder plastations
sl Diarrssen al 42009 reprorted 260 kg N b year 15 a lange
plantativn while the demand of a pladation produwcing 50 inms
fresh irult Ennches per year has been reported & 129 kg M ha”
wir " (M el al, 19991 Supphasentu@the reurm of empty frui
brurschses 1o Uk plamiativns may bring, 77 o 238 kg N ha~" year !
[l o al, 20616k Less than 1% of the seallbokers e angi
fertilizers (W onithes of ., 20 1A),

We corsdocteid our stucdy n loam wcrisod sods Harapan ares
an Sienated, Hidosiesla), whers il rnlr!u: wiliilde M pmﬂh
aenpunt aboet 4 mg W kg ' sed (measwred o o depth of 5 om)
witlh nin if i b r e il palm planitations and eselasd
radnfonests (ALl & al, JH5), Mearly 75% of the soluble M ped
was present o WL § Al et al, 200 %), The mineralizabtion rates
of aborat 4 1005 migg M g™ sl din™ " and imndolifistion rates of
a2 ko 3 mg B ke Y sodl day ! alse did not vary beiween farest
i plamtation soils (Alles o al., 2005, However, despite similar

Ferfiy i P Boonae | ey Ioiiivrmn oig

.

Mg Lidnkes in Ronkomel oo 04 P

W evadabifity, the roots froan reinforets exhibited by abaoe 500
higher M contents than ol palm roobs (Sahner eal, 2H5). S
Mk, 1l Peasoes for these dlifferenoes are nikiwasm, Mlanit ability (=
ke mp M depensds on differences in pool mocphelngical Traits,
such as the nember of roat tips and root tp vitalisy, and
issocistion with cifferent microfaal symbionis {Fema et al.
018 Pena ool Polle, 2004), The indemsive mamagemend i the
plantations pegauvely affecis all these aspects (Sahner
it al, I015k

The gral of this stufy was to compare M optake of mised
ealnforest roats with rosts in ol palm plantatbons, W
hypothesized thai root B contents . are bower n ofl palm than
rainforest roobs becouse mindorest oots kave higher uptake
ificieney and (s, acguine mare ™ than ol palme roans
Abermabively, we Bypothesized that higher romd mase inood
palins plamstions than in famforeds reelts in feduced N
caitents when both ool aystem have stmilar B ooptake
efficiercies. To test these hypotheses, we applisd **N.labelst
WHL " b it soil and teaced tee dynamics of flse M-laked in soi
amidf roots. We measured bow muoch from the imitial W inpuet ws
recovered im the soll and ropts in dowlasd rainberests and ol
st prlantations aod estimated rool uptake efichency as Uhe talie
of peewely acquined B in rssls per nesdy avaibable N om thaesail, A0
atalys wens cormluctid s the sone plots, where previously ihe
sl characteristics, sodl W ansformation processes, aml
macralrial dymamics {ATen o ol 20115), as well a5 mot trails
[Eiowaka e al., 2015 Sadiaer @ gl 2015), lave been repusrhil

MATERIALS AND METHODS
Study Site and Experimental Set-Up

This stsdy was conducted in the Marapan kindscape (fami
Prostinge. Sumabta, Indomesial, The msvm snooal lemperaton:
during the perioed 1991-2011 was 267 £ 02%, and the mean
wrmml predpitation was 1,288 & 381 mme {Drescher ot al. 2018l
Itegrabed solar rvadtanad (o e sime period was 3512+ L8 (M)
m? day ") MASA Prediction of 'Workdwide Erergy Resource
(MPWERE itps:power Jarg s post), The sl dype i loam
acirsnl with aclay comterd of 26+ 3 and 33 = 4%, and pH valise
of 4.5 = Lk and 45 = 0] @ the rainfores and ail padm plnttion
oy, pespodtively {ASen 1 ol 015G The ol patm pholz wiern:
locatend i spmalthelder plantatians with 12 o 19 year-old mmees: The
e ibefiddly s 658 & 26 tees ! s the mainfces, and 180 4 L
treess i~ it plantatioos (Rendoild o al, 550 7] The plots i the
i faitlisien aen die dodntal L!,l e of b
i, Bumsersceae spp., Diplerocarpeoeae spp., Fabacsw spp.
(amonplem spp, Rlyrtaose spp, Maquinm spp. Merterandie sp.
ansd - Sforea spp. {Remnbodd e 6l 20 7L

The ol palos plantatines were fertlized twis dmes per pear,
amce i the rainy and once i the dry desson. The mast
vy wed ferilizers wire e compound WPE, potassnim
dborice, mnd wrea The fervdizer acddin@ was 350 kg NPR-
fertifizer ha ™' year™ tht resulbed inbo 5 kg M ha ™ year™, W ky
P b " year ™ amd 73 kg K la' opear?, The understony was

Feteior, TDEH] Voluma 1) | Adiche 2




Edy o

cotitredied by herbicides (GEramegone and Roundupl, which wen:
applied twice a year at an average rate of 3 o5 L herhicide ha '
vear ' (Allien ¢t ab, 20055 Both the mulrlen apphication amd
wived conbral wer canducied imside o Grde with e 3 m i
wrawnd each palm base, The inbemrows were treated wiih
herbickles and ferilzers orce & year. Pruning ook place twice
1 year, and the harvesting freqeency was 1 days. The research
plists were esalslished inthe Frame of the collabonarive peseardy
oertler “Eeolopical amd Secio-wonamic Functiong of Tropical
Lonalamed Rainfisres: Transfomaation Systems™ {EFFar TS, hitpsfhewar
i gt tiginchite re@dl, The pheis are kcalwed o the rainfonst
loare plots, HEL HFY, and HEL and of padm plartations {core plois,
HIOZ, HORS, arsd FIOM) ot o distasce of at bast 15 km esch oy
arwrtier { Talsle 1} Fach ot was S0 x 30 m aneld comlained (e 55
5 m suhplots, B whach duree {abvays the a, by o, simaied of least 1%
it it esch Erovm st ber s n pled bavood in Figare 510 wery el
for this experimmenl The sebplots were ol fad postions. masdomly
assigreed o the beginming of plot stsblshment. The plot desigm and
phat histomy are described in Dirscber of 6l {20014),

"N Labeling

In eck subplot, of equal distarces, for a prease delimitstion of
satide bt Lilbwling apeplication spots. five sl {1 cim hewglil)
PV hshes of 5 cm diameter wene placed om the spil. The wnil
babding ovsurred bevide vl pedm circke o the ol pakm plasiations
abaztt | froume the troe sbenk Sirmikehe, i the forest sibpdots, large
trees were cheery, anid the bibeling was conducted ahout 1m frsm
the trunk. The undastony was molded in the forest and not present
n the oil puln plantation. The beling selutinn was sdded nto the
PV b ddimited-aied aind deggred anbo U soil Tl libeding
sihition comsistd of 40 ml of 10 mM “NHO 9% N CK
[sotopes; Lewestershire, United Kingdom) cormgeonding bo 1.2 mg
U applied onoa sedl are of 1096 m”. This amount representod
L% i the forest and W% in the sl pairn plantstions. from the il
MH,* pord {caloulations afier A%en o al, X15), Ta enmre sufficent
srrichment by 3 ininienal MH, S pood alieration, we sl Saiom®
U {Evidson o al, 19900 T4 o o, 2000} The irrigatin. conditians
were chastn after pre-tests with diferenl volines of Brilliast Hus
FCF solwtion {150 g ['. SERVA Elecirophocess GribH,
Hadahery, Gemany, acoornding to We e al, 2001}, The Brilliant
Bluse FOF silubiem wiss Cragisabd i o a dlegsth of swoud 10 om sfler M4 b
by & very smmall horssantal spresl

TABLE 1 | Mo csdewn s 12 Mool Dilsikrgy 1 DilaH magsin et ot
=TT ]SS

Pt Lol Lyps Lkl Lengfidle Bl |l

HFe R ekl EOEN4E]" EvErols” T4m
L= SLIFFTIZR" E SR remes Bl'm
HPE  Parirmd BEFITIDAT EWEoTT Tim
H2 i paimpiadabm S DEICAT E SO 62 m
HOO - O pdimplerinion B 0ES1 078" E SRR AED" 5im
HOA Oidveidakn  ECf9TIZE" EECeE 148 3 i

TV | O 0 AT o Sl B TR T R T R el
AnTEITTT
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Collection of Soil and Roots and Biomass
Datermination
Adber label applicatian, the sod was cnllecied using & metal sad
oocer of 5 om diameter and 10 cm depthe Ome of the fee sod
cores. per subjskod was exiracted nmediately befode applicaios
of the labeliog solution (L0 b, The otlwer soll coris were
codlected a1 0L06 (4 k). 10, 3dh and 100 dave after labed
ppplication, In tetal, we collected 1850 samples {90 per
raintarzst, %0 per oil palm plastation plats), with 9 replicates
PET Hee podant

Withinn 4 h after cabection, the samples were transporied in
cidlel theerms Bewes o the fadd ldwdwioey. The CEE WElE
tmtimickatehy welglad 1 regiaer e fresh umass, Sobsequently,
the rooks wwore mamually eoBectod from the seil cores, rinsed wwith
distilledt wates, separated inbo fne and earse nools, amd waghed
The rosts with a diameeter of less than I mm were regamded as fine
noots {Vagd @t al,, 1983} In the oll pim, theee ronts belang s
ity mosts {REED of 105-1,5 imim diameter and quaterisey {RIVE
raaits aof 205 mem dameter (Perds, 1956 Jounlan amd Rey,
15870, Here, wae diinsd roofs of dismeters = 2 nim md cosrse s

Fine rocls were inspecied for tctomycorrhizal specific
drwctures [(ie, rood tip fongal mamle) or mirogen-fExing
nadules, nnder o compound microscope. Mone of those
strusctures was found Al oot Hps were clasdfBed o Hving ot
dead and counded sccordingly, as desorbed by Pera et al, (3010101
andd Selsner & wl (2015],

Sanmples alsodl, fime rosds, and coaree peets were dried at 4570
fore 5 days il weighsedl Lo rogister dhe ey Bermss,

Bonn alymsity was calulated based sm the volume of Lhe
colbecied sail core {156 q:m]:l s

paiad iy !rl.lrnun-;]

" 1 =
Buod demsty (g omi | = f e

The soll relabive water content {EWC) s calodlated
et il watpht — dey soll iedighl )
fresh ol werngh

The coot dip dlensivy was calenlwted s U ounber of rool tigs
per wnitvalmne, roet bp vitality as the percertaye af living rool

tipss from the atal b of ool tigs

RUT (%)= w LG

Determination of @arbon, Total N, and "N
Dy sl sl e sl s eounied fe o e poeidir iy bl
il (M0, Retech, Hian, Germanyh Abquan ol sl e
P, el carwe root s wens weighed Dn din capsudes with a size off
.9 mm for root sasples and 599 mm for said (IVA
Analyeepiecknik ek, Meerbusch, Germany}

The armumts of “F, total M, 2md O in Bme roal, coarse Teal, and
il samipldes wers messursd ot e Kompetrmereninem for Stk
Botapes (KOG], Giigingen Univensiiy ), aiog an clemental smlbyzer
B 1108, Fioes, Rochino, Iaby) coupled 10 6 isotope ratio mass
spectmmeter (Dt Plus, Therme Fianigm MAT GmbH, Bremen,
apingt the internatiomal sandands USGS 41 (67N, - 47600}
far "™, were meazured after gach tenth sample

b oy TOER | Woturma 11 | Adiche
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The ratio of ™ K" wes calculated as-

:1‘I|un|rd“':|—[{ﬁl}a-l- M = 10K

- E: ; 1 J R T E

whete "N peliers ts il Bferetics in "N enei b | et the

samphe and sbnwphweric My as saslond (Retandand = HBRGTRS)
The sbunidance of "“Minthe sample before {atom® "8, 1}

i after lebeling [som® ‘sﬂmnlb wire usad tis defernuine

newdy takien up "N in the sanples an AFE [aiom® excess):

APE N = atom W Ny - atom %' N, o

Tadetermine the comtent ol "M (g | doy wikin the sample
we calcudi o

& APEUN

I“PL:

L

W0 ks

wivere Msample represents the content of fotad B iz g-1 dry mass}
n the semple

The relavive poot uptake efiden o for "N was determiped =
the rativ af the totd ameunt of ™M in the roois present in the

babsel el sail waluns aed the 1otal amount of "B in die labebed sail
fafter Lang o al, 2007}

Mgk et ey {9

[T Y T P —
R £ | P
"1 uptake efficiency vas detamined 4 h after bd application.
YN recovery was-determined ax

it o brierniea |
L will

[P
|_":'\..\______ L LR
13

nﬂn]irﬂ-&usludummunaflimguﬂnnﬂhdmmeml

&b
| P 2 R o --_w_| Sl

Data Analyses

Satistical analyses were performed wing 1230 O Devkepnient
Ciore Teann 2008} Whin pecessary 100 el assimptiong: of
nermality amd homoscebesticty af nesilizals, data were square-
ronbe or Ioganthmtrarsdormed. Ta test o significant effeds of the
lamid-use system: on reat baomass and moecpholagy. sall
characteristics, and plant M concentratices and aptake eficiency,
[ETTER T ATWA Wi pldfj.lrlllﬂ uslizg T T ik PAaden aisl
Shiwclar-Hill, 20091 The axlagendent two-sample e post b
Tukey test, nplemanted in the “mudcomp” package Al lothom
et al, DR wos weed dor moliple comparisone ol reatment
mesns, Bepested mesures analysis of wmmance was conduced 1o
determine whether the amount of "M in the soil and roots varied
wiih ihe land-ume spstern and saompaling time painis, The iriied-
effiects maoddd desoribing e nepentel measures analEe wis
il it v "rebine” pruchage | Mrateine o alo 20071 The take ik
ace i flve diflerences botween the sample bcaviong in phots, the
s e was included as o nimdoen variable i the madel, The
{emypsirad sutecorrelabion strocmere of aoder ooe (Zour o1 al, 2000}
was modeled within kevels of the somplieg names, wsing e awin-
coireldicn funclines (ACF) plol of restisabe In the tables and

Ferfiy i P Boonae | ey Ioiiivrmn oig
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fipenes data are shown ag nbeads ¢ standard erpers (5Es)
Differences were comdernd significant at P < 005

RESULTS

Soil and Root Characteristics

Irv the il pabtm plhnditions, the sl bad o higher blk density
{1 = (] ) ] Bt it ccrmibent than b fierest ]i-'lb (1"« QUHEL,
Tahle 1). The firse mot onsass and the smmberaf rict bps peroil
vodume were 35 asd 20 times, respoctivedy, higher m the ol
plartatkars e b the Foreds (P < 0005 Table 20, However, the
rocd viuality amd rata of the number of vial met tips te fine roo
hkrmass wiere spgmifcmily kower o the i palm plastatons in
copartioi wls fonest plots (P = 001; Tabebe 1), The cosrse poob
hearmass i ot vary with the lasd - me spstem (F o= Do)

N Status and "N Recovery in Seil and
Root Biomass
Sail M condeats were simibar in the two land use systems (P =
(L1, with valwes. mnging from 1.5 0 20 mg N g wil dir
weight (Figure 1) Thie M condeats bosh in fine anid coarse moots
wire by ame-lhind lewer as tlee il palm plistations than i e
lorests (1 < G0, Figine L

Ladtued app licativen riewml ol v differvencis in s YN enrichansit
betswevn the two land-we systems (37 = 1635, P < 0001
Figure 2A} In the rainbresis soil APE"N wa aboul 00%
throughaut the time course of 1 days after bibel application. In
the oll palm pludatioes, APEN was inttially fwice as high (2%}
wnsd dechimed fo (1% 10 'days after leb ching (Pigure 2 4] Dafferences
i the |]'|-'.|1:|m||.?h al sodl "M endihimes werr also evident whios
enccidiring W necovery, Four haurs (006 dayh after the kibed
application, 708 of e appdiod "I wis recovered in e soil i ihe
oil ‘palen plantations, while it Gorests 36% . were nitrigvial
Figure 3). In all but the last (1D days) hervest afer labelng,
inkal " recovery wis kigher i al palm plantaians han i foress
Pigure 1). Ten daysafier libeling, "M pscovery was similarin both
Lus b s syt et vt s U peciovery declined inoll palins snd was
sttt i Al Fomest

Plamt uptake of ML oocurred immedividly after the kbl
application inbodk ndowe sypstemns (Pguee 28], The mean value
af revovered "M in the mots aomss all harvests, Bllosing the

TARLE 2 | Sod v mot chemrivemtic e m Hys o b st s s ol
DT dnnLsnm A

Fepbwior ey QF ppkn
fil Duide i By iy ) (clhw A58 & L7 u B
Gl waker (35 gkt DAY 1BEd: BN m
Fire resod ey g < PRI BN AT u WEF L
oo ol by by 1 TH=0a3 s AR «0Ma
Aool B dlerety umbe om - | R sE Ralas ] | TG
Pt g im0 B Gl a 27RL MAS i a
Pl Dt Tl iTaifidae frej | L8 w 04 B [ — T Tt ]

WCHCO IS Pl PO Dol ] DDA 07 BERWOCT 810 3400 0RO Edoaring s
Dor-aw s & BE N =at

WRICHET T M D3t TUFPET O BRAOOE I8 B 0 sO0L Dhomugs
DSyl Irasr D BN AR SRS RN PO | AR OOR EnATEe! I el
s s
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=N E
13 - 1 I 1. ot kot
3 | R e T
10 <

Bl Firwa nodta

Cioarsn ool

FRIAME 1 | Pt O C-Orec i b D b sesl, Tl noclE, ol O sonsky
O o] ey el e n i Tl o Y. Daln e e e 1) SATTe
Sxsliardud| LNy @ T den sl DO Ol e and e o 5E e 0
L - ey il v el i by el 1. =P JU000, HS el
st

labeling, was more than dobie o the ol palm plastatons ()
than in fress (2.4%. Figmre 3. Heawever, the fine roots ool palm
plantatinns amd raimforests showed different kinetics of "N uptake
Ut = 2007, 1t = CUH00; Figure 280, Ln eehisfovel oo, a stvong ' H
trarichememt was [msd witlin 1 day with a lurther slisw monsee
within the 1ies 19 days after labsling (Figure 2B}, In the wl palin
roecils, the manmuem 1 enrchment oocrred % days afer I.:leil:g_.
and wfterwards, dhe ™N enrchment shonisi 8 declining rend
| Figure 2B).

A slpiificait U enrkchment in the coarse bisols was apjmareil
3 sl 110 s after ldbel apphication in ail palm plantatioss aod
i rainforests, respectively (Figam 200 APE™N wae mot
sipniie amtly differént between the land-use type. The
significant tempon] ncrese in coame roats {3° = 3675, P <
(L0 Flgmee 20 that was pot observed in Gne roods or =al
mdicates the wansport of labelst B in the plant

[he relatrve ront '8 uplake efidency shawal no difersncs &
"N uptake aficiency betwoers ol pale and rainforest mosls (P =
0875; Fgare 45

DISCUSSION

In this study, we measursd beaw much from the soll -applied
BIEL" - v ek wp by rosds and caboulated plast W uplake
effeciency in o frogecal Inwdend rainfocest-od palm plantatios
conversiom suwlen, We louisd that botal B oonients were lomwer
i il b than ramborse roots, We demonsteated in this study
Uit thie irsectcniem Bohisd thewe Rndinge i nod 4 diffennce in
ool W ugptake efficiency fior MH, "N botiveen ail paln and
rainfarest rosits. This resolt i surprising sisce ront viahity and
namber of oot fips per root biomass were higher i the
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minforests ein ail pale plamtions, Meaveower, amather sty
in the same experimental aren reperied moere healthy roots sod
higher colomization raies by mvcorthieal Pengi Sl ol al,
n =), which e bemahelal for B pciquisitie {1 odge @ al 2005
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|'|I'\-|.|_J:\-| !:I].. INL, §is e Daret dliis ail |!|:l.|:|:|:l. ]::Il:'ILl:Iiul:u. A
possibl: explanation for gor wsespecied result might be that
fisresl poaste may endire 4 straper micrabial competiticn foe ]
upiake than oil paim roots in maeged seds, For example, a
decrease in root competitneness for B eptake at the adhastage of
sl nticrobses i the fores as comgrared with plantation has beasy
repaarted in o0 Bormeos lowdlaed rainfarest transdormation system
[Hamihon e al., Jla) Mitrogen mmpddlized by the microdbial
conmmanity. may temporarily eedice soil Woavaildbility for the

Faiens i Pl Goanos | s i diormn oop

Bl Uk in Rordoreet mews T Poiy

plant, but immeobilicad N ocan becaise wgain avalalde in the
rhiznsphere due o macnobis] turmmver (Ciroenigen of ol G
This mechamsm may (mprove phani M ooutston wder ling
erme It might be present i the rajotorest, where plast-
associated micrabial communities are usially shundant, well
idapted, and sishle { Brundren and Tederson 2008), i contrast
tir ol palms the sodl compmesity sZifted from benehcal b
pathogen fungl {ekingnn e 3l 2009 Avother explamaios
i onir findangs s dbat, alibosgh the soll mrineral W pood @&
dominated by B Alen et al, 200 5, im the maxed raisdosrests
panials acces varioos otler W opacls el mimimalee W oaprake
from a sole source {Le. NELMN] an compared with
nuonocultures. This is betause the high plant diversity oin give
e 1 i complementanily im N owesoweree-ime i keeping
with individwal prefererces and shilfties tn take up B {Ashios
él-al. 00 Bouwdscs) ¢4 al., 2002 Richards of ul., 3010 Wang
arnid Belackie, 2001 L Plants vary in their strabéples (o acquire N
froms ghe sl [Wemelt et al, 205} For esample, there are
spcivs, which take up M o either R0, NH ar aovioe acids,
wocess Mogources ot diferent soil depthe {Boodsocg ef al, 3013
Britto and Kronewcker, JH3; Wamg and Mackoe, 20 1k oo axe
ansed bl with M fiziigg prokaryidis and myecerhisal furgi for N

supply [Brendren ars] Taléroo, 2018k
Ol palms are biglhdy prodictive species forming am extensive
rinel syuberm (Lanmmacde el all, 199%80; Melsm eal, 20040 Higherroot

himimass m od palmplantations than e rairdorests kas often been
::pn'u.l.nd [{AE ﬂud!.-. Wialita et sl 2006 Kedomsha o sl 201
Guilbeme et al, IHA) Higher ot densaty reiuled in the
ershaiseed recovery al tle added 31 Henwewer, ihe lisidal "N
pevavery in i exgerimenial ol valime was aka higher in the
plantation than im the forest. The resson was prohahly that the
el sl ws bess compact and had a hagher water com et 1lzan
the plandatian sodl leacing this initially 10 0 Broader spread of
the label {Castellann et al . 2003 Ta scoommndate far the
differences in "W wvaibabifity in sol we detenmined upake
efficiencies fur '"M of vd palm and forest roods. Motably, noe
sgnilivam iferencs witv deteaed This sl supprs sar
alternative hypethesis, peand at the beginming of this stwdy that
at mimilar N uplake efficiency amd higher bdomass praductivay,
that P4 cxnstent af ol palin noals i oo D that OF mixed Gonest
rams. As 4 conseqeence, the "N endchmemt {APE} of the od
patm oeds was higher than that of fooest roots.

The "N eorichment {APE} provides information on the
ipnamies af the kabel during the tme coers of ihe experimen
s the ool ke sl vhe **W Gabed declined, whdeh coudd be due 1o
plami uptake ansd fast M iranefomation by nitrifiaition (Arsdd
el al, 2008, Kachler o ol 2(H04) The nitnfcadan rale inaor phots
w19 iy Kol andl i (allen el al, 05k This, the NEL'
applizd here was probabdy nitrified iy short tme and subjectal te
ks fhrough Saching or demirficaion §Posckan, 1593 Al
ot ul., 200 Enidder 44 al., 200401 Based oty ifferen inetics for N
thvenamics imoil patm ane forest soil, we would hove 1o postulate thot
M losses from the sysbem were brper For oil pelms than Bor
rainfresty. This: sugyestion is suppanted by Komimean 2t al
HiH, However, we canmot exclode that the stmorger decline of
P it e ol of ol ualims ves o] by Barper absaaptiom dus 1
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barper root systenm and transgport e obivepronnd ahhr.lt'.h e frudt
bmirsches of the ail paims. The enmichment of "N (APE] in coarse
poerts: iadlicates B bransder within the plas and siggests st the
trsmsler wes Trestor i oil palms, where "M envichmian coourrad
lreasty 3 deys after labeding tham in fiorest trees, where a signdficant
enhancermend oooumed ab later time ponbs. Uur dats support that
heth prosesses, sl surrewer, and plant M uptake and fransdoction
iffecval soll W dymamics

1t i bt 1= b in mled that the axperimenstal desipnof
mr stwdy docs not enable us 10 scale wp from o bee phvsiol ogy
based approach i higler aneal kvl because the vartability of
rant boomass distribetion m plamatons and forests is highe For
exanmple, in ol pakn plntstions root hicinass can vary by one
mrder of magsitode arvanad the trimk (8 elsom o sl 20040 amd g
i 5% vwithin the palm circle (Eamade et al, 194961 The greabest
roat hicainmss and hiphest physiolopical sctivities occur
approaimately 1 om Gomt the ok (Belsom et ol 20040, which
ts the distance whiere we collected our sampples. We found in the
ol pralin plantation rool e i g sioniar fo lose feporad
by Lamade d al_ Fised) bod higher than those @y some nther
stuclies [Bieong et al, 20101 To obtain represeniative
estimations far the anounis of 8 daken up by ol pabn roots 9l
the plamfation level, the masgendnt 2ones (palm Cirele
itgrrews, and Gonl piles of, Dares et dl, 2009} ks 1o be
meluled and the high vanalivy ofthe cil palm root architection
maist he considerad Future reséarch should, therefore, seek ta

e theese issues by enlaincing the niember of sampding pedins,
b Eifferent distances fooee the ol palrn Frunk and varous depihs
I cach of e marageimc B, D-HF!II aof thee lmiil e,
o sfudy provided mpoertant sasights inne B phesiclegy of o
polm and fieest ronks

This werk neveatid thie the koswer rocd B oo, often foosd
m rocds of ol palms as comparsl with rindaes rooks (the sl
Sabweer &= gl H05; Vialia & oal, 2006} are not based no kower
ellicieraies of ail jabmes o take up M Troms e seil. The diferanos
are likely based o detinet plint specific patterns af imernal
inlilizitien af the absarbeal M, highhghting a2 srosg capactty af o
ik w0 aciure W Than, this study kixk suppet 0 pracions
finlings that the coommuonly applied high W Emtilization res may
i I petiled Dor msieiaieang e ol pabm wekds | Ddue o 6l
00T Darras et al, 409 Callectvedy, these sbodies poind bowarnds
o peetienities 1 implernem mere susiainabke maragenent sraey
il o lovwier viske of B Boesrt
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