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Abstract
Tipburn incidence was evaluated in 'Camarosao and 'Candonga' strawberry

plants grown in perlite by varying the anion proportions in the nutrient solution
during 2005-2006 under greenhousq. Six nutrient solutions with different
p.opo"rtions of NO-r-, PO¡H2= and SO¡2 were studied, maintaining constant both
cation proportions and the total ionic concentration (30.2 meq L-'). Concentrations
of thes'e anions varied from 9.0 to 12.8, 0.9 to 4.;7, an¿ 0.ZS io 2.65 mM L-',
respectively. Interactions between cultivars and solutions were not significant fbr
any of the parameters studied. The anion proportions had no influence on yield
parameters. Both the percentage of leaves with tipburn and tipburn severity per leaf
were the highest with intermediate levels of sulphates and phosphates and low levels
of nitrates. 'Candonga' not only produced the highest yield and fiuit weight, but also
the lowest tipburn incidence.

INTRODUCTION
Tipburn is thc rnain abiotic clisorder of' strawberry. cllaractcrizccl by trecrotic

tissues in the emergent lcaves. sometinres in scpals. Tipburn is considcrecl to bc relatcd
witlr calciLull clcflciency on strawberry tissues (Masorr ancl Guttricl-uc. 1974). usually
resultin,u fiorn its reduced transport to young leaves nrorc tlran by calciunr availability
(Mason and Guttridge. 197,5). In previous cx¡rcrirnerrts we have stLrdiecl thc intcractit'rns
anrong Ca, K ancl M-u. as a balance in the nutrient solutions. ancl thcir inllucncc on ti¡lburn
appearance in strawbcrry plants (López-Galarza ct al..2003). ln the present work. we
wantecl to study thc efl'ect of'diflbrent rnacroar.rion (NO.r. H:PO.+-and SO+--) ¡rroportiotts
in the nutrient solution on tipburn appcarancc in strawberry plants. which would afÍect
plant growth and thus its inclirect cltbct on ti¡rburn. when nraintaining balanced proportion
of other anions likc phos¡rhorurs ancl sulphates. On the other hand. these anions have also
becn rclated to tipburn appear¿rrce clircctly or inclirectly by af fccting calcium availability.

MATERIAL AND METHODS
The experinrent was carriecl out clurirrg thc 2005-2006 season at Valencia, Spain.

Plug plants ol"Canrarosa'and'Candonga'raisccl at a high altitude in. AdernLrz (Valcncia)
(40.02"N.1.25'W. tt02 nl) werc plantcd in a Venlo-type glasshouse on l4 Octobcr 2005.
Plants were arr¿lrlgcd in a completcly rarrclomizcd design ol'tltree replications of l6 plants
and wcre grown in 40 L perlite ba-us (6 plants rl--).

Sii nutrient solirtions wilh viriecl NO,'. H:PO+- ¿lnd SO*r pro¡rortions were
calculated firllowing a 13.21 sinrplex lattice clesign bascd on Corncll (1990) (Table l).
nraintaining a total ionic conccntration ol'30.4 nreq L-'. flre cations ol- the nutrient
solution *Jrc: 5 nlrrol K' L-1.4 nrnlol Cal' L-!. l.l nrrirol Mgt' L-'.

The nrarketable yield. nurnber ol'fiuits ancl avcrage fiuit weight were recordcd lirr
total ¡rrocluction. Every week tipburn inciclence was evaluatecl by the leaf.number witll
tipburn and the percentage of the leal'arca with necrotic tissues, classilying them on the
basis of the clegree of tipbLrrn in such a way that degree 0 was equivalent to total abscnce;
clegree l. slight disorder; dcgree 2, intermediate case of tipburn and finally. clegree 3

corresponded to a highly intense or severe tipburn. With thcse paranrcters. the average
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tl¡tlttrrrt lrtclcr (A ll) u¿ts culcul¿rtccl ¿rs tlrc sunt ol'[)¡¡¡¡'r'n,. \\ltcrc [)¡¡¡, is thc clcgrcc tll
ti¡tbtrrrt(i l.lol'-l)¿rnrl 11, \\ilSthcnunrbcrol'lc¿rrcslf'lcctccl br,rlcslcci.

I-lrc signillc¿ulcc ol'tltc clil'fcrcnccs \\¿ls ¿tsscssccl b1, ¿ulal\zing tltc rlr-l¿urcc. 'l'llc
cl'lcct ol'thc rtttin litctors (cLtltir¿u' ¿urtl solut¡on) unrl thcir intcr'¿ti'tioriuus purtitie¡crl. A
rtttrlti¡tlc t'csl'cssiolt ult¿tlvsrs u¿rs clonc.-l'lrc rcsltonsc lltoclcl uus: llr): []1 N 1 l]. P I f]r S
r []1 NI'} I ¡¡ NS ' ll,, l)Í. rtltet'c N. I'. S ¿trc tlrrl ¡rro¡rortions ol'NOr. ll':POr. S(l,t i,i tl,.
tltttl'icttt soltttlott. Nl'. NS ruttl I)S. tlrc intc¡'¿rctions bctuccll tlrc rcs¡rcctirc cltiolt. ltrrrl []¡
lunrl [],, tltc cstlnt¿rtccl ¡lrnrrnctcrs.

Iil.,St[.'t's-l'ltc 
rlrrrlict¿tblc l'icltl ¿urrl li'rut * crsht ¿rt tlrc cnrl ol' scuson \\ ¿ls higlrcr in'('ltlltlollglt'tltltll ilt'('urtltt'os¿t'(l' 0.0-5). No siurrillc¿rnt rlil'lL'r-cnccs in ll'Lrit rrrurircr'¡rcr'

¡llltttt bt'trr ccll cttltir i.u's \\ crc o[rscrr crl. 'l'lrc 
lou cst lcr cls ol' ti¡r[rrrrn incitlcncc u irc

obt¿tltlctl lrt '('ltlltlolls¿t' ¡tlultts (I'} 0.0-5 ). 'l'hc sttrtistic¿rl ¿ul¿rlvsis clicl ltot lcr c¿rl a
sisllillc¿rltt cl'lcct ol'ntttl'icnt solution on tlrc ¡rrorlrrctirc 1-xrnrrnctcrs sturlicrl. Ncrcl-tlrclcss.
tlt.r^ rttittltcttt¿tticul lnorlcls lor ll'rrit ricltl rrcl'c sisltillc¿rnt (t' 0.01)unil h¿rcl lliqlt rulucs ol'
llr 1l'ig I). l'he' estint.rtctl loucsi li'rrit -ricltl i¡rpcarccl nith hish proporii,iit ,'l' i0.,-
colllbillctl riitlt lou ltt'o¡tot'tions ol'NOr ¿urrl ll.POr. or uitlt lou ¡troltortiolls ol'SOq-'
colllbillcil nitlt itttcl'llctli¿ttc lcrcls ol'NOr anrl ll:t)O1.'l'lrc cstint¿rtcrl ltirrcst ll'Lrit ucisllt
Itll¡lcltt'ccl.rr ith lou ltt'o¡'rot-tions ol'NOr collIiltctl ¡ ith ilttcl'¡tcili¡tc ¡t¡9¡r¡rtiglrs 9l'll:lri)-+
illltl SO4- (liig. l). 'l'hc tttltl'icrlt soltttion h¿trl ¿r sisnillc¿utt iltllrrcltcc (P 0.0,5) on lcurcs
uith ti¡tbtrrlt ¿ttttl ¡\ l'1. r\t thc urtl ol'thc sc¿rson. thc ¡rcrccntlgc ol'lc¿rrcs nith ti¡r[rtrnr ¿urcl
A'l I *¿ts higltcl' uith thc S(r soltttion. uhilc lirr' ¡rlunts irri{-r¿rtctl nitlr S-i. thc ntrtricrrt
strltltiotl ujth lliuh strl¡thatcs 1'l'o¡-rttt-tiorts surc tlrc loucst r¿rltrcs lor ti¡tbrrrn ¡-lununctcrs
('['¿rblc ]). N{¿rtltcltlutrcul nrorlcls inrlicutcrl th¿rt grc¿rtcr incirlcnccs l¡rpclrr:ccl n itir solutions
ultlt itttct'tttc(lilttc [o lou lcrcls ol'NOr togctlrcr uith hielr ¡tro¡rtirtions of'll¡[)O1 . Irr
ctllttt'ast. cr¡lr'ctctl r ¿tlttcs f il' A'l'l n crc lou cl irr ¡trrtricnt solutiolts n ith lou srrl¡tlurtc
pro¡.rortions 1l:ig. I ).

t)ts('USSIOt\
AlthoLrgh trc lt¿trc ltot lirturtl tlrl'lcrc¡rccs irr riclds ¿un()ns tlrc nrrtricnt solrrtio¡ts

Itssltt'ctl. tllc lllttltctnlttic¿tl ntotlcls uclc signillclrnt.'i'his ct,trlil hlirc bcclt clrrc to tllc lorr
tlil'lL'r-cllccs ilt tltc r iclcls obscrrcrl ¿lnrons solrrtions. 'T'hc incrrlcncc ol' ti¡rburn in
stl'¿trrtrcl'l'\ lcltrcs c,,úl,l lre p¡'olllolcrl [r,1'u lirit qro\\tlr in ¡tlants (Suurc. l99li: l:crlcl'ct ¿r1..

l(X)6) A high lttcitlcllcc ol'tipbLrt'n rn lc¿rrcs coLrlcl ulso lrc c¿rrrsctl [r' thc tritr'¿rtc str¡r¡tl1
thut stilltulutcs ¡rlulrt groutlt (llrLunnt uncl Sltcnk. l99j). ('or1si,¡c'.ln!. thc ltitr-¿rtc lcrcis iil
this cr¡tcrilttcltt" rr c h¿tr c lirttnrl th¿rt tlrc hiqlrcst nunrbcr ol'lc¿rr cs u ith tipbtrnt is ¿rchicr crl
nitlt lltltl'icttt solutiolts rrith lon ¡r'o¡ror-tions ol'nitr'¿rtcs. nhicll rlocs nirt ¿rqrcc nith thc
l'csttlts citctl bclirrc. Iloncrct'. it lt¿rs to bc t¿rligr lnto i.tccoultI tlt¿rt clil'lcl'crrccs ln lritr'¿rtc
lcrcls ll¿rrc not bccll too lrigh. r¿rrtilrlt onlr bctucclt ll.li ¿utrl 9.0 lnllol [_1. ¿ultl tlt¿rt
clil'lL'l'cltccs ttoLtltl ttot [rc sl'c¿rI cnor.rgh to itlclltili'rlif'lcrutccs ill ¡tlunt troutlt or ti¡rbrrrn
itlcitlcttc.e'. r\ hish tt¡rbttrtt incirlcncc nr lc¿rrcs u¿rs lirrrncl ullcn ¡rlaitts rrc:r'c lL'r'tig¿rtcri nith
itlterlrtctli¿t1c 1o hrgh lcrcls ol'1thos¡rhorrrs irr thc rrrrtl'icltt soltrtlon. Mlson ¿utcl (itrttritlgc
( l()7-i ) tlitl not lllttl urtr rcl¿ttiort lrctu ccn ¡rhos¡rlrortrs lcr cls anrl ti¡rbrrnr inciclcncc ln
stl'ltubct'n. lltrt it is in liLlccnrcnt \\ith thc rcsrrlti rc¡rtlrtctl lor str'¿ru[le,r'r-\ bv liclrcr ct ¿rl.
(l(X)(r). lhis ¿ttlrct'sc cl'lL'ct ol'hish cottccnlr'¿rtions ol'II:P()1 on tllis riisoi'ilcr could lrc
I'cl¿ttctl u ith thc lott cltlcit¡tlt contcnt in tissrrcs u llclt II¡['O1 is ¿rt hlgh conccntt'lti()ns.

Itl cotlclttsioll. u itllirl thc lirctor sp¿rcc tcstcrl in this cr¡tcrintcnt. tltc rrsc ol'ltutricnt
soltttiolls lich irt tlitl'¿ltcs ¿utrl lon in ¡rhos¡rlurtcs lncl strl¡thatcs slroLrlrl tltcn bc
l'cctlllltllctlclctl. sillcc thcr coln[tincrl lrccc¡rtablc cstill¿rtcil r ¿rlucs lilt' contntcrciul
¡tt'otlrtctions unrl ll-r¡it ue rgñt togr'1¡1.'' nitll a rcil¿ttirclt Iou tt¡ttrrrr.n illcirlcllcc.

A(' K NO\\ I,I., IX; [] \I IlN'I'S'l'ltc utrlhors ¿rclilrou lcrl-sc llnlnci¿rl supllol-t [rr tltc 'N.4 inistcr.io rlc [:iltrcucitin 1,'l'ccttoloqí¿r'-lf lr[)l:ll. tlu'otrslt thc ¡'csc¿rrch ¡rro jcct A(il-](X)-l-0-l-l(r-5rA(il{ ¿rs u cll as thc
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Tables

Table l. The NO.r-, H:PO¿- and SO.rr proportions and concentrations in the six nutrient
solutions, fbr a total ionic concentratiod of 30.4 meq L-r.

Nutrient
solution

NOr- H:PO¡ SO.r

rrrmol L (%) mrnol L- mnrol L- (%)(ol,\

SI
S2

S3

S4

S5

S6

t2.80
9.00
9.00

10.90

10.90

9.00

84.2

59.2

59.2

7l .7
7l .7
59.2

0.90
4.70
0.90
2.tro
0.90
2.trO

5.90
30.9

5.90
ItJ.4

5.90
Iti.4

0.7 5

0.15
2.65
0.15
t.l0
1.70

9.90
9.90

34.9
9.90

22.4
22.4

I 001



I-ablc l. PI'orlttctirc p¿u'anrctcrs ¿rt thc cnd ol'scason lor cach ol'thc llrrtricnt
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('rrltir ¿rr'

'('¿rr.n¿rrosa'

'Cltndonga'

Solut ion

SI

S]
s.l
s-+

s,s

S6

l"igr¡ rcs

l(x)l

-+10.9 tr

-l-s7 7 
i1

-+-t I .7

-l7,s. r{

-+ lt.-t
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I. ( tlttotu' ¡tlots ol' thc tcstctl litctot' sl)¿rcc. ct¡rurtiort" r-cgrcssion cocl'llcicllt ¿rnrl

srgrrilicllrcc lcrcl ol'thc Iltotlcl lir thc cstinlttcrl inllrrcncc ol'thc arrion ¡'rro¡'rortiorr
irr nrrtricnt solrrtron on ll'rrit riclrl. ll'rrit ncislrt" ti¡rbtrrn ilrcitlcncc. cr¡rrcssctl as tltc
pcrccnt¿rsc ol' lcur cs ¿rl'lcctctl [rr tipbrrrn ultrl tltc ¿l\ ct'agc ti¡rbrrrrr intlcr (A-l-l)"
consirlct'ing tl¿tt¿r lirr thc u lrtllc sc¿rs()n on ¿t\cr'¿lgc lill'thc tutl ctrltiral's.
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