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Villafranca lemon trees were grown for two years in con­

tainers and provided with a standard nutrient feed. Potassium 

was supplied differentially, usually 2s foliar spr2ys of potassium 

chloride. The magn.i tude of the effect of varying numbers of sprays 

on leaf potassium ,~:e--- determined? the m2in response being the 

short-term nature of this effect. Similarly the considerable ben­

efits of a limited number of manganese or zinc sprays on the leaf 

concentration of these elements was demonstrated, 

Determinations of the levels of the main minerals in the 

leaves showed the seasohal variations of each one, and led to 2 

recommendation on sampling time for the determination of each ele­

ment. It was also possible to demonstrate possible mineral element 

interactions, the most interesting being the lack of a pDtassium -

magnesium entag,::mism. It wo.r, shown calcium levels fell with in­

creased leaf-potassium t-o m?.int2.in the cation bnlance. But in 

another situation the range in plant nutrient status was such as 

not to m-.'lintcl.in an equivalence in the cation/anion ratio or the 

total leaf cation content. In this latter instance this did not 

result in a predicted effect on lee.f organic acid content. 

The possible dangers of oxcessive chloride acctr.:nlation 

were considered; and the problem of leaf chlorosis where potassium 

is in low supplyo A rec.:)m.mendation was made on the use of nutrient 

solution feeds for young citrus trees, especially with respect to 

trace element supplyo Various effects of potassiu_;,: supply on fruit 

quality were also demonstrated. 
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CHAPTER I Il-JT.ROD-UCT IOF 

Citrus is an important crop in many countries of the 

·world, and in the literature there are nwnerous references to the 

culture and physiology of these fruits. In the field of mineral 

nutrition, a considerable body of information exists on this crop. 

Nutrition is a C:.)mplex field? and with the effects of a given min­

eral supply depending on so many other factors it is not surprising 

that each important citrus growing area has its ovm. research pro­

jects on mineral nutrition. 

I-Iowev0r, few dete.iled reports exist concerning the nutri­

tion of citrus in New Zealand. Various reasearch pr~jects are 

currently under way, mainly on a field scale, and in many cases 

detailed results will not be available for some time. The N.Z. 

- produced citrus fruits are mainly for loc2l conswnption, but ~ 

there is a place for continued expansion in the industryo There 

is also a growing export trade in certain citrus products, of a 

processed n2.ture. For such outlets fruit composition studies are 

particularly important. The citrus industry is then an important 

one, with good prospects for continued development in certain 

fields. Therefore it was considered useful to obtain some quan­

titative data on citrus nutrition, and in the present study 

selected aspects have been studiedo 

Of the many types of Citrus, sweet '.Jranges are Jf great­

est C'.)n1JI1ercial imp0rtance, and s,J it is natural that they will 

be the most studied '.)f the citrus fruitso 
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The ec,t bulk :Jf citrus nutrition tri2.ls, inz:Jlving such asp0cts 

as plc:,nt u:~d::e.l:e, fruit QU?.lity effects, and leaf Emalysis, hµVe 

been c:Jncerned with the sweet orrnges. 

f Jre t.0 lrnn t J st'cic~y i11ineral nutrition in the lemon. 

This ~.rork wns in lcrc;e part n study in leaf analysis of 

this cr:Jp - uainly 1aineral slcrnents, but als:J certa.in other 

c8nstituents. In D)c1Grn crop proch1ction v,e find a special inter­

o st in leaf c:"OS:JJ:ption -Jf the v2.ri:Jus foliar - applied substances 

usGd, and upt~ke of~ ~ar nutrient sprays is one aspect of this, 

and e.lso uas studied. For n,_:,_ny years it has :)een consid.ered by 

r:1any 2uthors there is no known spe::cific role Jf ')Otassius1 in 

plants, a.l though r;12ny roports il its c:Jnsiderable influence 

in citrus production. We often associate pate. ssium with crop 

quality, and with the requirement for increasingly high qURlity 

this sit a useful ele~ent to study in the hope also, of 

-..,r; <14_ng 11ore 1ni':Jri:,n tion -Jn its physiological role. An 2 tterapt 

was rn2dE: 2.lso to :J::.~·".in sJue inforuation of this type. 

With roferGnce to the mineral elements, the follo1.·ing 

abbreviations are used: 

H nitr-:igen Fe - ir.::m Al alwniniw:1 
p - phosphorous lvln - manganese B boron 
K - potassium. Zn - zinc Na sodium 
Ca CP.lcium Cu - c:Jppor Cl - chlorine 
Mg rnagnesirnn 
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CHLPTER II 

.\ff h.LYST .S_ 

3 • 

.. ,EVIEVi OF LIT:t;BL'IiLl~ 

:Yor a long time people hE,ve had an intGrest in detern.1in·· 

ing 2.cc"c.1.ra toly the t1incral requirements of crops 1 and to this 

'a large urnbor of Dc:thods have been used with varying degrees 

of success. Tissue testing inv·:il vcd 2. rneasurencnt of plant nut-

r lc:1.ts contained in extracts of, usuc:tlly? the stcn :::ir pctL)lcs of 

pl£1.~1.ts" Such extracts Day he.vc:: bocn obt& incd by the use of high 

pressures? o:r various chemical extractants. Some of these methods 

arc s2 tisfactory for fic-ld use to gi vc 2.n ismedic.1. tc but approx--

to indication of a plant I s nut~~itL:mal status -- and arc usGd in 

this wn.y in C'.)DE1.orcinl pr2.cticc. 

Leaf , ·.•'llysis has found considerable usc 1 2nd it involves 

thG 1°,02. surcment ')f the concentration ;)f the total 1;1incral nut­

rients in plent loaves at specific growth stages. Leaf analysis 

is baSE:d on the cJntcntion that chc:rngcs in nutriont supply are 

ref1cctcd in the rn1tr lent coapo~:3i tion of' the leaves, and that 

th~sc concentrations at specific growth stages are rel2ted to 

crop p8rformancc (18). There is in fact a considerable bJdy of 

datQ. t::> show the _i_,1ineral c::mtent Jf a plant hc::'cs son:.c cor,tr6:1 l:5.ng 

influ.cncc ')11 growth 1 fruitful110ss, and quality (160)0 

Goodall and Grecory (76) cover the development ;)f plant 

analysis? and 2.lso indica to other wnys of cicterrnining cr;)p fort­

J.liser n,cds. It is cloar tl1c c::mcopt -Jf plant analysis is not 

new, and while it supposes tho plant to be the best indicator of 

nutrient availability, (i.e. rc"1.thcr than s.Jil tests), in leaf 

analysis it is e.ssumcd the leaf is the: best part of the plant to 

use, or 2t lcP.st as sensitive an indicr:t:Jr .:)f nutritional status 



t , 1 n' .,,._~ .,,.,t· This is i.n fact found to generally be as any o .i1c r p 2_ -c vu • 

true (160)
1 

but there c:rc souc exceptions e.g. the petioles are 2. 

very useful indicator :if potassiu.m status in the grape (160). 

0 • ~ Lc2f analysis may be usoa. f•)r a nurc10or or rourp•:Jses .. These 

include the dctcrmiw:,.tion of fer·tiliser rcq1.nrenonts :)f perennial 

crops, the identification of 2. paJ.:-ticular nutrient deficic::ncy •)r 

oxcoss, and in crop nutriti~n research. The pr:)blcm comes in tho 

intcrprct2.ti:m of loe.f analysis cla te. ( '72). Por while loaf comp0-

si ti::m is pri1r.:1rily controlled by nutrient supply (172), it lX18.y 

be influenced by e_ 11.:.rge number of other cxternD.l and internal 

factors (76, 160). F)r instar:i.cc the weather may affc.;ct loaf corn­

position ( 7), P.ncI f:)r field use this suggests the need f .)r annual 

adjust.cents Jf 'standr:i.rd' levels for the p2,rticular seas cm ( 7, 15), 

ThE:,ro is als:) important but c::implcx problor:1 of intoracti,)ns, or the 

cht.ng2s in c)nccntration of one nutrient induced by chant.ing the 

c,Jnccmtra ti:m :Jf 2.nothcr. This h~ s been discus sod for 2. rango of 

crops by diffnrcnt ei:tthors (17, 1a, 56, 1:16, 160, 163, 168). 

Nitrogen is c.r.pocially nctive in this vray. Thus r1 · fcetilis0r dep­

rosscC:~ lenf Kand P, and incrcr1sod l'•lg in young apple lo~:vc:s (23), 

and in citrus, adding N affected (increased or decreased) the level 

:if e.lght other clGncnts in the leaves (16-J). Whereas the effects 

of N on tissue compositLJn nay v2ry greL:tly with diff crcnt sup­

plies of other elcacnts, very few interactions of L have boon 

found using Veclencin s-wcot .)range in sand culture (168). So it 

1:ras conclude:d. single variable studies with K would usually give 

rcllable information ,?.bout leaf mincrc.,l level effects o 

It is cGnsidcrcd tha.t in plant nutrition tvJ:) aspects are of 

irnportancc,, namely intcnsi ty and balance (17, 153). Thus if nut­

riti:Jnally a plant is 'balnncod; addition of one fertiliser (e.g. K) 

leads to an i1:.1balancc (101;1 Mg)? which sh:rws as a growth or yield 
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responso, or porhaps leaf dcfici:ncy sympt:::ins. It is su§;gsstod 

the rn:u:nsr·::)1.lS interactions of i,~ and Ha on K and C2, upte.r~c by cot·-

ton plants deoonstrato 11 thc iDp'.Jrtancc of i:m bal2.ncc in the 

mincrs.l nutrition -'.)f plants" (178). 

s been done to obt~in 

• !- • 1 f l • -Pf t ( 1 r-; <> ;.) I'/' a stancfard lo&f cor:1pos2\,.1on vc. ucs or c~i.t crcn crops. f, ~ , 

~~ "b- 101 163) r~ s1LJ._ch __ 1 •• 1J-r_~s µo find loaf levels divldcd into ;) ;J? I ? ·..:? • J..L • >. w 

various classifications c. 6 • low, optirnwn, high, or dcfiCi€mt, 

lo·w, optinmm, high oxc0ss. DsLmlly 1:1ajor cleucnts arE'J expressed 

as percent~gc dry woi~ht, and min8r clencnts as parts per million 

(ppm) 9 alth:::mgh uilli cquivc::.lents and .'- equivalents may be used 

( 153). 

2. 8a.mpling 

It is C:)nsidercd the time o.nd type of tissue so.r:1plcd is 

vcr.y imp•Jrtant (160), and that sufficient iaatcrial be te,ken to 

2inimisc the ~ffcct of le2f to leaf variation (163). Leaves arc 

E1.ctabolically 2ctive ·)rgans, 2.nd so subject t:::i ch~,ngc fron 1~1any 

causcsp For leef 2.nalysis results to be rclinblo, standardisation 

of sruc1pling is necessary, in fact er i ti cal. The size of a tree I s 

cr0p, the nearness of fruits, and the prcscncE of another growth 

flush c=::.11 aff cct citrus lc:::.f ninc,ral cor-'.posi tion (163). 

(i) Fruiting ~=v.'!_- 11'::m..-frui ting terminals 

In s:or:K c2.scs we find an effect :)f fruit on the c:.;mposi-

ti.)11 of nsarby lco.vcs. 

On apple trees little difference has been f·::mnd betwccm 

conposition ·.Jf J.oaves fr·:-.m fruiting c1.nd n.::m-fruiting shoots (179); 

and using orange leaves there \ras no apnrcciable difference in K 

level between lc2.vos fron these two types of shoots (31). In a 

survoy :>f 22 sweet orange orchards (20), no significant diffor­

o.ncos uerc fJ1md in loaf 1...1, B, Fe? 1,m? or Zn levels between these 
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two types of sar,iplc. 

HmTGvcr in the apple, fruits he.vc bean fovnc:i to reduc0 

leaf fig level (12/3) 1 and y)tmg citrus fr·,iits cuupete with lc::,vcs 

for ncv1ly-2.bs'.)rbcd N ( 192). Fudge ( ?3) f·)u.nd diff crencos in the 

C'.)Elposi tiJn :)f dif:f crent :")orti )ns of the grapefruit tree if fruit 

was present; and Sat5 reports (151) a higher leaf - Kin leaves 

from non-fruiting trees than from fruiting trees. Highly signif-

j,.,_g ha vc-: :x c·n f ::mncl in vcs fr0m non-fruiting orange tornin2ls 

( nc 11'"") r_,,._)? ·.rO o Thus it sachl a choice between the two types of sample 

is i;·,portan t. 

(ii) Lc.-:f 2.gc 

When lee.vos 2rc to be C1.)L1pc=:rcd they should be of a siE1ilar 

physi'.)logical age, and should be tn~cn at the s~ilc pcri)d during 

the gr)wi:ng season. 

In the first stt:gc when leaves arc yo1..mf;, ',!ith high mcta­

b0lic rates? they have rather variable .mincr1:tl contenta In the 

third str:.£:.,c there is 2,lso a period 0f chcngr:: in nu.tr ient content 

as senescence approaches. 3etwcen thcs two is a ief pcri-od of 

stability. In citrus with several growth flushes a year, older 

loaves 1:1c1.y 2.lso 1x difficult to identify, and it is 'Jftcn suggest­

ed citrus 102.ves 3 - 7 nonths old srwuld be sa11plod (111, 1~6, 163, 

165). There is now a□plc evidence to show the existence of e 

plateau in ~incral level at about this point. 

Generally in fruit crops, le2f concentration of h, P, K, 

conccntrnti:ms are greater in ,'Jldcr tissue (39, 100, 160). Thus 

in the f'.)rr:1cr gr.)U}) d.iluti-:)n :)ccurs 2.s the le:' f enlarges, 1,rhile 

th0 12-ttcr elcnwnts may enter the lce.f at rates that prevent 
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dilution. ;1.nd so we got typical curves in leaf mineral c::inccn­

trations throu~h the season, or as leaf ago increnses (100, 163,, 

16 5). Thby g-h_1-i.r r to' ~:,et1m most plentiful L1incral in very young 

leaves, the le2d soon being taken by Ca for the rest of the leaf's 

life. P and K show a gradual decline froo. an early high level. 

Mg ente~s the leaf early in its life, and after reaching a steady 

level its, C'.)ncentration declines. 

W.i th the appic, co 1·.1par isons must be mack only between 

leaves from tho sa3e position on n shoot (107, 125). However in 

citrus coeposi tion2.l gradients along the ster1 axis arr: small or 

absent (112). In spite of this min:)r variation in composition 

along o. given flush, a consistent sampling position is thought 

best (163). 

P.. T.· 

' .1.\., 

In citrus? leaves from the sur:u;1er flush contain more ?1 9 

Mg 2..nd less Ca than spring or aut1..um. flush leaves 'Jf the 

same agP (31, 112), and c:Jrapositionaltrcnds for each flush arc 

similar. While these differences due to the season of origin !ilaY 

not be considered great (160, 165), coraparisons of results froc 

different flushes (but the ScU£1C le2f age) may bo considered of 

reduced significance (163). 

(iii) Cr:)r?_ size 

It ha.s been seen that the presence or 1 ..,.. aosence of blossom 

and fruit may affoct leaf C·:Jmposi tiono While in the apple no 

corrola tion wa.s found between the l•'°'Vcl ,.., 1 1 
~ 01 crop an~ oaf nutri-

snts (182), crop size may influence leaf composition (115) .• 

Using biennic:.l M'a:rldl grapefruit (164) a higher leaf - Ca was ass-
ociatcd with the nonn ,ye.!'lrs, anu~" i'n t1.11e•· f h ~ presence o a ·. eavy crop 

leaf N, K, 1-:tg was decreased. So fruits affect the mineral 



c)mpJsi tion of lc2. vos ,)th0r than just those 8.djc:,ccnt to ther:i. 

3. Lc2.f Preparstion 

Sui t.::tbl cd lc£,vos arc usually sc:,_tisfactory for a 

. ·f 1 - 1-rsi· C t~ 1.--e 1Jerfo·., ... ,., ·' .,.,,, 'll't i· t ~l",.0 .• ~::, h('C·.1--.l ('.·.--.n«.1' a"nror1 rn02ninr::, u .. na .: , iC) u u · " . . .LL:('-'"'. .0 --•- ~ - -... _ .I-~~ ~ -" 

dou½tful if lGcJ.vcs 02,rlicr sprayed vith Nn or Zn cEm be used se. t­

isfactorily for the determination of these clements (160), due to 

surface dc·•~:osi ts •Jf these net&ls. It has houevcr been shown such 

loaves, if propc cle2.ncd? cc::T1 gi vc imp:::irtc..n.t d,J. t2. on tho st'.". tus 

of these clements in the plant (128). It then be expected no 

problc11 sh0uld occur with K analysis following the spray applica­

ti'.Jn of highly S:)luble p.)tc'.SS.im:1. saltso In adcliti:m the leaf -

Fe level rlctcr1,:in-2d wo,J.ld pr:)vido a clear indico.ti::m of the effect-

ivcncss of leaf washin~~ clue to the grossly exEg ted v:=i.luE:,s that 

\Duld be o:Jt(Linc(, 1.1hcre ,lirt conta.i .inc. tion ·wets occuring. (ne. tio ')f 

soil Fe to 18,,.f Fe is us".12lly 102 to 10-1 (19-1). 

Ls in .Jther 2,spccts ..)f lO['.f 2.nalysis the literature c:::m­

t.'.:.0 ins rimch inf .1-c·.12. tion :-m the ir--tport&ncc of proper and 2.de q_ua te 

lcaf propar,.:i.t.Lm nnd wh.e.t tliis involves ( 16? 76 1 116 120 ' , 
173). 

gont, 

Usually 

·o .L. ·1c 1· ,.., r· 
.L 1 ~J .) • .L[)? 

it r.,c2.ns wa0hinr, in detergent, or acidifiE::d deter­

~rying, and grinding - at all stages care being t~k-

en to avoid cont2.L1inc1.ti-:r1.1 of the sanpl0~ csp<.-cie.lly 

mcnts are tJ be doter8incd. 

trace elc-

FOLI1i.i:1 NU'.l'RITIOI-J 

1. 

In recent years there hns been cons srable interest in 

this phcno1.·.cnon, cmct dct&iled inf;)rmation is available on the 

Nachanism ~f leef pcnotr0tian, and also the n2ture of plant 
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surfaces (40, 66, 68, 152, 157). 

The active process 0f foliar absorption (81, 101) invol~ 

vos the uptalrn of a wide range r)f types •Jf chci1ic2lst insect­

icides (1-!), herbicides (65), antibiotics (103), non-~s~Gntial 

olcr:1ents (84), and L:.incral nutrients (19, 201). Fron a practical 

point of view it is .1,nport2.nt . that n::it only doers absorption 

occur thrrJugh the leaves but also through the bark and fruit (19, 

96, 183, 18-'.1). Expectedly a large nur.1ber of factors influence the 

rate anc7. t:)tal amount of u.ptalc =>f each l[ic:terial (15.J, 185). 

( i) The external envirorn:.cnt 

Due to the f::irD of' the pl2.11t cuticle, absorpt.i::m of hyd-

1587 185), 

Tempcr2.t 1.1re crnd light also E',ffccts upt2Jc2 (3S, 1135). Ono also 

finds reference to tho influence -Jf tiE18 of Jay on uptalrn (201), 

c1.nd this :1.0 doubt is intii.iatcly connected 1.:ith tho hmaidity and 

teE1pera tur<:::: conditions prcvo..i1ing bof:::;1"e and after foliar appli­

cation. 

The passag,e )f tine is i;·1porta.nt in considero.. tions ::if fol­

iD.r absorption. 1.fo raay er,1c:ct t·J find an initial brief period of 

ra-oic1 upt2lrn follo~tcd by a period of a r.mch slcYwor rate of uptake 

(38~ 113). Surprisingly l2r[,e a:::1ounts of DinCi~als c2.n be abs~)rbe:;d 

in shJrt pcri.Jds of title ( 21). If applJecl in cor:di ti:ms unfav ... 

QUr1c1.bls f.")1~ a')s"JriJti::m, significent uptal{e nay not ,)ccur for some 

tiue.o By various uethods (rowctting the spr2.ycd c.Lrca, u::,c Jf 

hw-Jectants etc.) it is possible to d<::lay tho ::mset of th0 period 

of slow rl'.te of uptake (113). In studyi[:tg foliar abs'.)rption it 

is necessary to distinguish between absorption, adsorption, and 

transport. It is possible that initially absorption will be very 
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high compared with tr2nsport out Jf the leef, and so loaf concon-· 

trations will increase greatly. _1t .::;. later str·gc whon upt,,:ke r2t2 

is low, trw:isport nay be still roooving lar qtEnti tics of r;1e .. ter-

ial fron the treated surfaces and. thus causing a 

C'Jnco1tra tion. 

cline in leaf 

The nutrient status of tho plant is also important, and 

this is re od to soil nutrient levels. l-icint0sh apples hc~V<J 

sho1m 2 greater response to r7!::'. 0ncsiur,1 S:J..lphatc sprays u.nclor high 

soil - IT them Lnr - I'T (6-1). High abs·Jrptian of urr:a by apple . 

loaves is o.ssocie .. ted with an Jriginally hi.2,h lc!af - N lC::vel (38). 

A dGcrrasod uptake of foliar applied Pin the presence of a high 

P level in the root nedia is reported (185), and the recovery of 

K from 1)'.)tassLurn sprays ·was greater in the presenco (cf. absence) 

of SJil K (191). Using various CI'Ops, increase Jn nutrient cont­

ent fr·:Jn NPK sprays occurred '"1ith both hi&,h zmd lm'i ~'rPK sup11ly 

to the roots, and was o.pproxir.mtely prop')rtionnl to the concen­

tration of the spr::-i.;/ c: .. nd the frequency o:f spro.yin6 (130). In 

2.pplying a nutrient (A-} 2s a foliar spray (uB), in the presence 

also of its soil s:..1pply, lenf content uay not be, o. .c,easurc ,:)f 

lee.f uptdrn of nutrient 1:., as B inc:crn:Lsc uptalrn of" L. fro.i:i 

tho soil (1'31). 

(ii) The nlc1.nt raaterial 

It is best to apply foliar spr2ys to leaves at o.n early 

st."'ge ':)f growth, U•;t.~ke be..in[; fe:s~Gr und 6re{1.tcr tn y:iunt:i leaves 

(li5, 190, 195, 201) - although t.t-wre; nay be soEe exceptions 

(201). Three month old Eureka lemon leaves 2bsorbed urea three 

ti□es as fast as w2ture leaves (9~)o 

Both upper e..nd 101-rer leaf surf2ces fu.i.1.ction in absorption. 
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In the apple lower leaf surfaces wore found to absorb urea (3n) 

and leucine (102) faster than the upper leaf surfaces. No differ-

cncos v1ere founcl i.n the absorption of zir1c by citrus leaves whei1 

c::imparing upper and lower leaf surfaces (195). 

The pro bl Gm of the inportance of st:::naa ta l entry has 

existed for some time. It is clear tlmt cuticlo penetration can 

occur whether stomata. are present :Jr not (202). While it might 

be considered ston.l8. provide a major pathway for leaf penetration 

(38, 80, 102), there is considerable evidence this is not so (l??, 

189, 195). Franke (67) showed absorption of sucrose is greater 

by leaves rich in stomata, and that upt2ko is through the octod­

esmata r-athe:r than th~ s.tomatal p0,.re,. 

Uptake of a nUL1ber of substances is greater in certain 

loc~liscd areas of lo~ves, such as □idribs and guard cells (66, 

1115). Upta~;:c of zinc was fast0r when applied near the centre e>f a 

leaf, rather than tho margin (195). li.bs'.)rption by apple leaves was 

greater by those ne2r the base of the shoot, and near tho tip of 

individual leaves (102), 

The pH of the loaf surfe.cc nffocts uptake, absJrption of 

nutrients by the grape (pH 3. 5) bc:.:ing ~reater than the walnut 

(pH 6.5) (127). Differences between species will occur. Detach-

1 ( ,, ~7 ,, ,.. I 9 • ) 
_,::vi J,J \ ·..: 4 

(iii) The spray solution 

Various types Qf surf2ctants can be used to increase 

lco.f abS')rption 0f herbicides (69), auxins (92, 171), and nutri­

ents (61, 185, 186). This action of wetting or spreading agents 

in water sprays may be by a direct affect on the plant surface, or 
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incr~2sing the int cy between the spray end ~lant surfaces 

(6'7 9 69, 171 9 l'.:36). Wetting E'cr::,onts 1:1a.y even decrease r.1in0re.l up­

tc:k8 (61). 

A choi~:.ic2l in the liquid phe..so on r.. leaf is absorbed rel­

atively ,:n.sily co1:1p2.rcd with the dry clcp:Jsit (92, l'.19). So hw.;iid 

c,:x,di tLn1s c.ftor trcatmcmt 9 Jr tho addi ti:)n of hygroscopic agonts 

'"'1ay incrcr:.so at)sor·~Jti:Jn 1.Jy slJwing the drying of the deposit (61, 

91, 92, 113). In some cases addition of uree improves uptake of 

The hygroscJpici ty of 2 f ")liar o.pplied nutrient is import­

ant f:ir upt::i.~rc 2.nd transport (113) o There are various ropQrts of 

diffcrcnccs in mineral uptal{c e.ccording to the salt used (61, 79? 

126)? and in s01nc co.scs this l1as been reL.tcd tel salt cleliqucs­

ccncc anc1 prev2ilin;5 hurn.i,li ty ( 3 9 1)o 

The pH of the app1ied s.)J..).tl.on :'1ay 2.ffcct uptake ( ?9, 177 7 

201). Tho ro.tc of 1-::.bsorptio:1. is s11Ywn t.J be roughly prop,J:rtiJnal 

to S ,·,=.L 0 ,r con"("'r1t'·,-,-,+i··)n (9:1 1°0 
r./ r._.<.J ..t.'J .-.J.,, .1..Lt v • • ..t:9: <) , 1G5), although in tho special 

case ~f iron, incrcasinB the spray concentr&tion over a l~v rango 

did not isprove t~c greening of deficcnt citrus leaves (79) .• 

2 .. Foliar Fecdi11& 

Citrus lc~vos, like thoso of other plants are able to 

absorb vari·:ms mineral element!.~ applied t·o their outer surface 

(19, 75, 79 9 85, 9:1 9 13't, 195). '.Che effcctivr;ness of a nutrient 

spray dc:-iends on 2.'.)sJrption - to get tho nutrient into the plant, 

.e.n,:1. on transp Jrt to mov8 the nutrhmt to pl::·.ces 1,:hore it is 

rweded. PJtass.lur .. :c can 110 very readily 2bs·Jrbocl r:.nd transloca ted 

in tho plant ( ), and this suggests foliar application fi~Y be a 

very ro.pid ~f correcting a deficiency. It has been sho1,m. 
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( 25 9 ? 5) fcllie.r pot2. ssium n1 tra to spra~rs e.re a pr<)mising pr2cticQl 

meth'.)d :if supplcnenting s )il e.pplic& tions of K f crtiliscrs o To 

thi.s e:nd the nutrient nny be 2ppliod as r:. fJliar spray with 

wcttcr/spre2dcr or vith s0r:1-:. J.1atcrial to incrcc1s0 pcnctrEttion 

(e.g. as with urea 1,rith iron (10), DMBO with iron (122) ) 9 or 

nobility (e.go TIDL ',Li.th c2.lcium and iron (106) ). 

Folie.r f8cding is not .t.ntcndcd as a substi tutc for soil 

upplicati'.)n, but sit1ply t.J c0nplcr:,cnt it. FJliar nutrition may 

be particul~rly important for s~eci l problc□s such as instances 

of bJ.gh soil fixD.ti:::m 9 or ·where certain deficiencies suc~dcnly app­

c2r affcctj_ng crop prDd;_1.ctiJn (19), ·:Jr 1;1l1ile uaitj_ng for s·Jil app­

licat.Lms tJ become cffecti.vc. In souc Jrcharcls lar&,c soil appli-

cations 0f K arc nc2dcd ovor ~any years to tly increa.s<:: tree 

- K luvel. Certain of the' so.iJ:.s in Florida used for citrus 1:;ro1;1-

ing ho.vo r>.n e}::ccptione.lly high cnlciun content, 2nd ono effect of 

this is that leaf - K cannot bo increased very .. :LJ.ch, wi.th f,ven 

heevy soil applications of K fertilisers (25). Such low levels 

can be: quic!.dy ro;,::.cd.i0d. by the uso of a fow foli21· sprays ( 29). 

Infori,m tion on foliar nutrition of both maj-)r and trr:ce olo;;1ents 

is c:::mtr:ine(L in a nuuoer of place,s ( 5 9 19 9 201) 9 and r.10s t fruit-

[,I'.J1,1ing arc= s have loce.1 l'8CO:'I.mc,nC:~,,_tions \·lhore o.pplicabl8. 

In corrn~orcial horticulture tllcrc e.ro o. number .Jf co.i;mon 

exa□ples of tho effectiveness of foliar nutrient sprays. Epsoc 

salt spr · y s 2.ro used on a nunber of crops 9 calcil:tL s2.l t sprays 

are standard pr2ctice for control of apple bitter pit 9 ure2 spray~ 

ere often used to boost crop gr~wth, and a range of trace eleraent 

deficiencies ,'._re frequently traa ted by foliar spr;~ys. On ap1Jle s 

nitrogen spr2ys ore often used to ioprovc flowering and fruit set, 

2.1·1·.i 0~rr,!I~.,_ to =oc'•ucn -~ple bJ~c',P - -- ~ '- - . i - ,_. ct:,-, . .c-. ~'- spo-c. Over several years, trees in 
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the field receiving foliar urcn yi~lde~ at least as well 2s trees 

getting the s,:1me G 1::ou.nt of 1,r e.s c:1• SJil applicati-:)n (60). In an­

other ~~tudy 1:,f,i_:)1esiu.r:i sulphcttc scrays to deficiant o.pplc trees 

had little affect on growt~, but incrcused yic 19 -39f, -- larg-

cly du(, to inpT·oved fruit set (63) o In Califo:c:nirm .)rant;c :irch­

ards annur,l ~1angan,:·sc sprays haV(:, i11cr·e:2sed yield '7 -19;-~, ";tith c'. 

slitht increase in juice soluble solids (113, 120)0 Fruit from 

plaD.ts sprayet ·with L1icro-nutricnts is cl£,.iuod to ste.n(: hanc3-ling 

better, 2nd on grepcs to improve berry size, ru1ifarmity, and sugar 

c:)ntcnt ( 127). 

3. Sooe Leaf Effects Of Foliar Sprays 

( i) The le,,_f c:J:·itent of the a mlice:. element 

We cen exncct this rise after its lerf application, 

followed by~ decline with lts re-distribution. Tho extent of 

the .increr·sc will depend on a: nunber of fectors, 2.s outlined 

r:ie:.rl.icr. Ganj e et al_ ( 7 5) have sh:)vm six stron5 potassi"t.JJ:c-1 nitrate 

spr.:-·ys at wu=:kly intervals to ivc large incre&scs .in lE;Qf - K. Also 

traco elci:1cnt sprays can give large incrc0s0s in. lc,:1.f tr2ce cle­

ment ·concentration, in a shJrt periQd (119). In work such a this 

there is c::.lways the possibility thc.1 t the spray r.:1ay affect uptr.Jrn 

of thP.t clenJ.unt frohl the rorJt media (180). 

(ii) Other elements 

The effects detailed hcrc 9 of soll and le2f mineral up-

must 1)c knovrn for an u.11der str:ndin6 2.nd interpret:=: tion ::>f 

tissue clnclysi;=, data. When lou.ves absorb .)nc cleucnt it uoy 

cause e.n incre:::i.sccl u_,')t,Jr.e: Jf .::itb.er cleuents frJn t!.10 s,Jil (130 1 

H3l) 9 and so E1odify their lGE.:if levels. Varying the soil suppl;y· 
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of ono c:loment, alters plant O:)filposition of other elements. 

TherG aro a host 0f reports d.m1onst:cating this eff oct 1 ·which is a 

cx1plex one. \Jhon r:1agnesiw.:1 chloride was supplied to corn(l 75) 

certain effects on J.Jineral lcvols ucrc:: attributed to uptake of 

magnesiuo. but in fact the chloride nay have been an important an­

te..gonist. K deficiency induced iron deficiency in :)range trees 

(32); and in ;~iaize, and tho p<)ta to l:)W K speedec1 up the appear-

anco of iron doficicmcy symptoms (88). Such effect are likely 

to be duo to effects on clcr:1ont distribution rather than uptako 

(.'38). It h2s been shown the coDmon K - Ivig 2ffect is ff)t true 

uptal.rn antag:.misr,1, but an effect :)f high K ::m tho distribution of 

magnesiur:.1 within tho plant organs (24). 

The considerable nuJJ.ber .:)f effects :)f this typo is shown 

for citrus in 8. table presented by Smith (160L Foy, instance add­

ing K effects the leef concentrations of five other elements, and 

leaf - K is affected by the;; addition indivicluclly of nine differ­

ent elements. 

In orange trees, :Mn sprays decreased leaf K, Ca, Zn, and 

zinc increased loaf Hr1 7 and decreased N, Ca, }ig 7 Cu (117). In­

creasing leaf E1agnesium level by soil or foliar applications re­

duces leaf calcium, nitrogen, sulphur, and potassium (63, 175, l.S8) 7 

incrce.sing leaf calciu.1;1 decre2,ses leaf pot2.ssi1.1E1 c:nd i:lagnesiurn 

(188); increasing leaf nitrogen decreased leaf phosphate, potas­

siur:11 nnc: several trace elements (l-'16 7 16'1); 2.nd increasing leaf 

potassium reduced le2.f calcium, magnesiuu, nitrogen, sodiun, and 

tmgnesiur1 and increased· trace olooont concentration in tung leaves 

(153). In citrus, zinc deficiency has been ~ggravated by high 

potassiuD (l,17, 199), but this aggra~ion Day in fact result 

fron a magncsilli.1 def iceincy ( 26) induced by the high potassium. 

.. 
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In at least some plants sodiUl:1 can partially replace K 

in nutrition (174) 1 and high SJdium. has been associated ·with low 

:i:<: conccntr2,,tion in tor.1--'J.to (93) and cit.pus (85) loaves. 

The conplexi ty of these interactions is sh.:::rwn by Smith 

ct al (168) using citrus trees: 

(a) Increasing r. dccroasGd leaf K concentration under low 

K supply, but not with high K supply. 

( b) K de cron sed Ng at high N 9 but not with lm-1 i'J. 

(c) Hg decreased Ca 2.t lou K level 7 but increased Ca at 

high K levels. 

(b) Smn of c2.tions 

It is e long tige since Liebig expressed the concept of 

ca·tion - equivalent constancy 9 This states that under standard­

.i sod onviro.1..1.mental con di ti8ns? tb.c sum .)f c2. ti:::m .millicqui valcnts 

for any species tends to be constant, rc8ardlcss of variation in 

r:ineral supply., This constc.ncy of the sum of the cation eq_u.iva­

lents is invol vcd vri th the effacts discussed above in vrhich o. 

change in one cleucmt results in chc:i-f_-,"c.s in the' cJ-ncentr:..:.tiJn, .Jf 

oth':r el 0 ~11 ts ~-· 1·s :..;_ l., \_, ... _ .. ;._,, - ' _:.i.. ·- v.::-:riJ~6 reports, 

Usin.6 variable S'Jil - K appli~ations 1 in the potato (197) 

magnesium was of import2.nce in maintaining the plant cation bal­

ance 7 and FrGc::.r:.1an ( 70) coDpares several crops o Thus calciun and 

112 gnc siu1a in the French bGan, 2nd calcimu? magncsilu,1 and sodium 

in the lettuce fuctioncd in r.1aintaining the cation balance; while 

in athcr crops calciura .::mcl nagnesium ccmtent were relatively con­

stant, and. sodiUI-;:i alnost coE1plctcly be.12.nccd changes in leaf - K 

( 70). 

Fallm·1ing salt upt2.kc by citrus leaves the su1n of the 
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main CL:. tions ·was f:Yund to remain rD. ther uniform ( 50) • 

It has been claimed (111) the constancy of the ratio of 

ca ti:)n to anion lJillicqul valcnts is more c1opei:1dable. 

cc) cmn:~n ·:sn Gi-WvJING 

In experiments in crop nutrition it is necessary to have 

strict con-(rJl of the nutrient supply, and to be readily able to 

vary it. It depends on the aims of the cxpcrir.1cnt as to whe.t 

degree of sqJhistication is required, and in some critical work 

considerable effort has been cxpsnded in developing the oxpE:ri­

rncntal techniques. ConsidcrablG data is nmr ,:;,vailablc an the feed.,.. 

ing roquiremGnts of crop plc:,nts gro1,,rn in culture solution or sand/ 

peat type root uadia (88, 89). In such artificial conditions 

problcns peculiar to such methods have required s:Jlution in order 

to grJw healthy pl2nts over long periods. 

Conte.incr - gro1.:ing offers a convenient and satisfactory 

method of growing plants (113) and of studying aspects af foliar 

absorption by trowing citrus trees, but agaln there is no report, 

on this technique in New Zealand. 

1. The Cont.::1.iner 

Metal cont~iners arc often used, and far a lot of work 

arc very se.tisf2.ctory (l:39). Due ta nctal conte.aination it way be 

desir!'.'blc to coat tho surf2.co 1.,rith some non-t:Jxic material. For 

this pu.rp~)SE:l bi truncn and asphalt pE,ints ha vc often been used (:12, 

1-13). 
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2. ~he Root Media 

In the past o. large number ::>f materials have been used 

either individually or together, each requiring its 01m h2ndling 

tcchniquco Thus one finds the use of aerated solutions (19'1), 

subsJil (162), quartz sand (150), sand/peat mixes (130), or saha/ 

poat/w,:iod shaving mixes (13)) for citrus growing. Citrus seed­

lings were f'Jund to grow larger and heal thicr in a UC mix ::>f 50~'.1 

by volw:K each of f inc s.=i_n('. nnd sphagnum. peat, than in cl2,y loam 

mix (129)0 

3. Th0 nutrient feeds 

When solid rooting media arc used, feeding may be by wat­

ering with n nutritnt S'.Jlution (162), or the use of such a SGluti'On 

after the incorporation of base fertiliser (130). The list of 

nutrient solutions used for citrus growing is extensive e.go see 

Table 1. 

Nutrient feeds arc often similar to those :Jf Arnon and 

Ifoagland, an example of which is given in '.:fable 1. for comparison .. 

There is no one correct mixture (concentration and bal2:ncc) for. 

uninpaired growth as this will depend on the solution volu.m.e usod, 

its rate of renewal, the presence of solid matter, and tho plant 

species (.99). 

wncn p00.t is used, it will fe>rl.: a very stable complE::x with 

copper, and at low salt concentrations this could load to a 

copper deficiency (36)o 

Iron def icioncy may bocoi:1c a pr'.)blmn, ancl many factors may 

be responsible for this. For instencc this deficiency may be in~ 

duced by excess phosphate (89), - when loaf Prises (19'1), and in 

av'.)iding ir::m/manganese deficiencies their ratio in cul turc solutio:O 
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·was considered of ;.:1or0 i1:1portancc than. their absolute conccntr.:1.­

tion (170). Control of the pH of the root □cdia is important. 

It is suggested the medium be kept at a 1:tI 5 -6. 5 (130)? and as 

nutricmt soluti-:ms tend to g-:J alkaline in the containers (l,'13? 

150) some adjustment may be necessary. It is condsidored little 

chnnr,c in pH will Jccur whon 80% of the His surplieJ by nitrate 

an.cl 207{ by l~nw.1onium sulphate (196). 

(,D) CITRUS l11UJ.'HITIOH 

.1 ... vast a0ount of data has been collected ::m the nutrition 

of citrus crops (29), although only li□itGd data exists fr)m Now 

ZcalD.n':1. In ,: study . .)f nutrition a host of aspects bcc,)ac ap~:Jar­

enL crop roquiromcnts? root uptake 7 def icicncy cf fects 7 etc, and 

we cannot consi~cr a full review here. With regard to the present 

study,~ fow comments are pertinent, especially in respect of ~~ta­

s siu.rn nutr i ticm. 

The s;;ecific r'.)lc of potassi1JJ'J in the plc.:nt has bcsn in -. 

doubt for s:JD.le time, but a consic1orablo am:Jtmt :Jf intc:;:c sting data 

hc..s be:;cn rovic;,rcc1 by Evans and Sorg er ( 59). Potas.siam is used in 

la11ge quantitic s by fruit C:i.0 0 1,s? and its irnporto..ncc is :Jftcn 

attri½uted to fruit quality cffcctso 1lathcr- than being incorpor-

2. tsd in specific comp:)1mds ".-Ti thin tho ple..nt, it would :::,;;pear pot­

as siur::1 flmctions as a cof2"ctor for 2. wide variety of very import­

ant enzymes. K is an essential elcncnt, s.nc!. wh0n its supply is 

limiting soc~im:.1 can parti2lly rc:r;lace it, and in these circumste.n­

ces sone pl2.nt s c2,n accuc.uJ_o. te lc1.rge amounts of sodiu_r;1. 
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1. Leaf Mineral Levels -----------
Leaf tissue rne.y be ;,_nalyscd by a nu.mbcr Jf nethods to 

• 1 provice a ncasure of the level Jf their mineral content. This 

level will v2.ry with many factors other th2"n s·.:nl supply or c:::m­

tcnt, but with an appreciation )f these factors and their import­

c:nce ~ leaf 2.nalysls can provide useful inf·.)r.ca tL:m on crJp nut­

rition. 

In leaf analysis one can setisfactorily d:tcrminc the lev­

els '.)f all th(' c:s3c:.1tial 1;1in,·r2.ls. Usually the t)t!'.11 of CP.ch cle­

ment is dctcrnincd? and the concentration Jf : 02jor elements is 

cxprcssod as n "percentage of dryw;::,ight 1 and that •.)f the trace ele­

trnnts as parts per .million (ppm) of drywcight. It is n.Jrmally not 

necessary to analyse f·Jr all the 1i1iner~,ls 1 but due to the efJ: ects 

of interactions several analyses arc lilrnly to be most useful. 

The study ·:Jf potassium effects is simplified since its effects ::m. 

tissue c'.Jmposi tion d,:J not vary greatly with differing supplies :Jf 

other elements (168). With low nitr:Jgen levels, le2f - K tends 

to be high, and with high nitroga11, tissue K tends t.) be l:Ju, and 

in interpreting le.::..f e..nalysis data it is considered p:Jintle_s s 

classifying the st2. tus .:Jf any element unless t~e leaf - nitrogen 

concentrA ti'.)n is lnnwn (1L16). In fact the lJs.lance between the 

level of the criticel ele□ent and the levels of 211 other ele□ents 

in the leaf is important (198). 

Tnbles shJ1Jing the degre:: of suf:f iciEmcy :)f any level of a 

nw1ber :Jf elenents in citrus ( usually sweet ·:Jrange s) are given in 

various papers (27, 29 9 39, 105, 163). Such works e.te the rosult 

of extensive exp er ir,18nte. tion and observation over a period by 

nwneI·ous W'.)rkers. Care must be t2,ke:n in c:iDpar in[; tr:bles, as 

some relate tJ sam les fr::m fruitin. 6 tGI'J:1in2.ls, rather th2n fr.om 



the nore usual non~frui ting terE1inals. F::ir lemons the f::illowing 

lu1f nin~,ral concentr::::tion dat2 he.s boon obtained in T•,)rk with 

vnri:Jus cultures tJ.nd using le,:-.ves :,f variJus 2.gos (28 9 105). 

TABLE II 

Eler,1ent 

l~ 

p 

K 

Fe 

Zn 

,MJJIERAL COi ,P08I'I' IOH LEhOI; LE.AV:i::,b 

Deficiency 8ynpto.ms 

0.082 

0.18 

< 0.08 

0.003 

< 5 ppm 

< 20 ppm 

Ho Syr:.1ptoms 

0 .. 113- 0.23 

3.36 

o. 7 - 1. 46 

0.14 0.29 

0.003- 0~32 

> 55 ppra 

>1,1 ppm 

l'iuch more specific infor.u1ation is 2vc1..ilable f:Jr sweet 

o.r~nt,es, e.. typic2l er plo ·)f w!:1ich is sh:Jwn in T:.1ble III. It 

relates t:, 5 -? month old spring-cycle leaves frJn n~n-fruiting 

or~ngo terroin~ls (15). 

Chloride is re~dily ~Js)rbed by citrus le~ves, especially 

older le2ves (124), 2nd after roJt o~ le~f absorption chloride tends 

t•.) ::1.ccu.I:1.ulv.te in the le2:ves (Bl). As e. result le,~Dns show pron-'.)un­

ced burnin6 e .. nd yellowing 'Jf leaf tips and m2.r 6ins, and ,:i:Jssibly 

leaf cur , leaf br~nzin~ anf lenf drop (29, 87). hith sweet. 

or2.nge scedl.in;:;s Jn.ly under cond.i tions :Jf ai trogen dofic.iency was 

leaf injury 1:1ssocia tcd ·with hi1)1 leo.f - Cl levels ( 31). 
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TA.BL,: III l'JL'TE-':.U~L GOhl>OSlTIOt· SWEET OilANGE LEAVES 

.. 
Deficient L:JW Optil:11111 High .c.;xcess 

-.-,--. 
l\t/'.:t L 2.2 2.2 -2.3 2.4 .-2.6 2 .. 7 -2.8 .> 2.8 

D 4- 0o 09 .. 09- .11 .12- .16 .17- • 29 >o. 3 ... 
-I 

K -' o. 4 .4 - .69 .7 ... 1.09 1.1 -2 >2.3 
I' ~ 

Ca < 1.6 (?) 1.6 •2.9 3 -5.5 5.6 -6. (;j >7 (?) ; I 

Lg < 0.16 ~ .16- .25 
i 

• 26v .6 .7 -1.1 > 1. 2 (?) 
• 

Na ? ? < .16 .17- .24 ;:> .25 (?) 

Cl ? ? < .3 • 4. - .6 7 .7 

Fe ppm < 36 
: 36 - 59 60 - 120 130 ... 200( ?: > 250 (?) 

11:n .:t.. 16 16 - 24 25 - 200 300 - 500(?: >1000 (?) 

Zn .<:: 16 16 - 24 25 100 110 200 
·".,- 300 - -

It appec:.rs a lenf - chloride level of 0.,02 .. 0.207; is satis!aot­

ory (27), whereas a level of 0•75;/Q or G,reater has been 2.ssociated 

with lo~f injury in citrus (29 7 87). 

2 Potassium Nutriti'Jn 

(a) DGficL-r~a. symptoms 

P0tnssiu.m is e. mc.1.j')r nutr.ient .)f fr1.::.jt cr·Jps and a dafic­

ioncy r;1ay result in Emny sympt-x1s. UnlHrn m.::my crther crops? in 

citrus there is a lack of s·~iecif ic leaf patterns with notassimn 

deficiency (32). In a det~iled scription (30) of K deficiency 

sy1.;1ptoms in citrus 9 the loaves are sc,id t,'.) bocouo lustreless early 

vri th sorn.e V'tLn yell'.)Wing <'ind leaf ::tarkint:; - but no ;J2.rginal le2cf 

burn. Later lec.ves are t:istcd c1.nd crinklocl, ancl. new l2teral 

shoots are spindly and S - sh.:-ped. In thE:. lcrnon leaf puckering 



is less comm::m, and the r,1idr ib becoEes yellow - o.nd later the 

1,~ain ve:dns .=,nd ues ophyll. The ster,1s may yell::n,r, 2.nd the bark 

shrivelled Qnd pitted. Deficient le~ves ~ay curl do~m~ard more 

than usual ( 52). 

Growth is redaced (30, 82), 2nd heavy lenf fall occurs 

As in other ple.nts, iron chl Jrosis is induced by /~ defic­

iency (32). This coul~ be due to a need for K to activate an en­

zyi~le importn.nt in :the synthesis of porphyrins (22) Q 

(b) Flov0rin_g_ 

Under aci.-1.te K def iciEincy orane,es pr )d.uced fe1;1 flowers ( 32), 

and the new growth ~nd flowers appeared uore slJwly in the spring 

(92)Q At higher K levels tho trees nroducod MJre flJwers And they 

also opened curlier (82). 

There is considcr2bl0 d2ta on the effects of K level on 

ci tr1-1s fruit qµali ty. In :)ranges 2 l:n-J K l0vel is 2ss;)cir.:: .. ted with 

fruit Jf go,'.)d c.:1,tin6 qu2.lity (32, 199) Le. .:1~ 1ducti::iD. Jf a 

1 • 1 t · · 1 1rnll ,.1ig.1 prJp::i,~ i::m o:i ,?,·.r y maturinG, 1 fruit uith 

a thin s~0oth rind, and relatively high in t_)t2.l s:Jluble solic:::.s 

and low in acid (11R). 

High K levels produc~ 2. gre~tor pr:Jp1rti::in ~f l2rcer 

sizec1 fruit that has Et thick C'.:>E;r ~;e :c· ind 2:.-1d ·:1::i:i.,. c.:o. tin,::~ q"".c:.li ty 

( 30, 32, 136). There r;:1ay be _c• yield effect, f1°ui t colour : .. s poor 

( l ,1 5 
-- J: ' 

161_'.-. 

Fruit hes lower total sJlublc sJlids, increased total R6id, de-

C r "c'" sc, o"_ J0

1!J.l. C 0 ,... .-,;~,tt0:1'01 t ( 16 "'t l ,o 2•"l'Z) ,.:, , 0 b , . " - '-' -~'"' s.:.. ~.....,~_ --- , ~•u, .,'.}-) , anu increc.seu. r scor ic ncict 

( 156). 
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In Table VI of reference (162) we n~tG the follo~ing · 

es 2nd gr~~efruit in U.u.A. 

re,::h)rts 0ccur ,sb.'.J1.•in£; each effect~ -

Fru.L t E:ize 

B.in,~: thic·.mess 

S.)licls 

;,o acid 

n,<:_:c/ ;, C" .7 
•1 uO .n .LU rati,J 

Ascorbic acid cJnc. 

+ve ct 

13 

F, ~, 

7 

l 

19 

10 

-VfJ ef':' ect no change 

2 

1 3 

10 3 

B 9 

17 

3 1 

It has l.Jcon rnintu ::mt (166) ~_,:Jrnc Jf tll.c:=.;e c.iffore:nces are 

partly due to errors in sampling. bo that if fruits Jf the same 

sizo ;:u•c r:,n2.lysed the ,:.iff erenccs .i.n s Jluble s:Jlids 2.nci citric 

i' .. cid :)etween K trca tments Ecre c::msidcra'.JlV re<Ltced. 

SiZ.G 

In the l,:::r-:1·:::m, incre2.sing the K supply hr .. s increased fruit 

,.., '7 ) 
>u ? dolRyed fruit col.)uring ( r; '>) ·· n dn vG '} Ji.le:.!. \.:: 

53), incrc,<::scd the:: ;Jerccmt,160 ascJrbic acid ( 53), anr, hao. a 

.:111 j ::n· Gffect in increasinc; the D..lil-'J,jnt of acid i~ir- -=iduc0c~ per ton of 

fruit Jr per acre (52, 53, 110). ever, m1lilrn other citrus, a 

high K level is associated with ~n increased percentage juice 

(52, 53? 54)? a thi:nner sr1O0ther peol (,n, 51 1 53), 
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'J._csscr 

e, ct of lE:Jc=tf - K on percentr.i[;e juice s :>luble s::iJ.iC:ts ( 51) o 

( E) 

1. 

These conpo1,mcls are tu1d·)ubtedly inport,,.nt in pLrn.t phys-

t,::> be clone with them. Incrcnsec': yield has bGen associated with 

incraasing orgenic anion content ~f plant (132), and :)rgRnic 

acid rnetc.bolisEt is receiving c::n1Siderable 2.ttenti)n in the fiolc1 

Enzyme fe.ilure d:.1c t :i nutr iont clef iciency or i1Y1b2lr:nce 

leads to z:n cccucula ti:::>n ·).f ac ( es;.Jocie.lly unla te) in plant 

t-Lssuo (176), and this effect h2s been used in an atterapt to diff-

erent te ~ctvecn iron 2n~ filang2ncso deficiencies in citrus (9). 

It seen.s clet'.r K nutrition Day e _ ()Ct orgtmic 2cid ne·~n.bolisn )f 

the Krebs cycle, ,:ocnd the cL)Sely rel2 ted gly.::ixyla te cycle ::. cids 

( 71), and this onzy; lG efi ect Emy be due:: to a dcran{;ed protein 

---·etr. ,,, ...._J.- 1 s·"· ( 9°) ,L_J. • G~ \J',..,1 ......... L.l L} O 

Further? an interfe:,:'once 111th plant cmzy.G10s r::c~Y ,:::ls-::J 

acc::..Yunt fY::' the abn.)r1:2.l c21'bohyJ.r,:;ts 11etnb)lisu1 that .Jccu1°s 

K - C:ef 1cient pl2.nt s. 

O:rganic 2.cids arE: ii:'portc:.nt f::>r JWth, end play n part 

in be.12.Ecint~ the chnr ge ·.Jf free cations in the cell vacu.Jle. 

:-Jhen sxccss catiJn upb:.ke •Jccu:rs, : .. n'gr,nic an.ions increc:1,se; and 

~n excess anion upt2ke is brlenced by a decrcnse in org2nic anion 

levels (176 1 187). 
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The effect ,)f K level on )rganic acids varies with the 

cr:Jp
5 

,md crops he.ve been divided into three gr0u)S (71) by re-

(i) with increasing K, org~nic • 7 
aCluS decrease. 

(ii) with increasing K, total organic acids increase - in 

Guayulc r:1e.inly du.e t) citric 2.cid (3?). 

(iii) K level has no effect '.)n t:)tal acids Jf t JEia to ( 9'1), 

although the lr:nce 1)et·t1ee11 1nc1i vid11a.l acicls chnn::.,es. 

In Valenclo. )rong..e when r:d - K was increased, tote:.l 

acid level r)se, and the vels of nalic o_nd citric were unaffect-

oC:l. (1-11). 

The re tion betwe,n leaf and fruit Jrgnnic acids is inter­

esting. It has beon suggesteC:l (131) organic acids are prx1uced 

in the leaves and then transported to the fruits, although later 

inforDation suggested their synthesis from sugr,r·s in tho juice 

vesicles of the le1'.lon fruit (154). A grafting experii'1ent ·with 

lem.'.)ns showed the fruits have th0ir 01,m r;;_stabJlism. 9 independent 

to the leaves th2t feed them (57). We saw above that K level 

did not 2ffect )range le2.f ci trr, te level, whereas K has a large 

effect ~n fruit acid content - 11hich is largely citrete. A re­

cent study with lemons (11) de,~nstrated the presence of two 

enzyraes in the fruits which could eccount for their aalic:citric 
' 

acid content. However therG is still some doubt as to the im­

p-'.)rto,.:.ce of fruits in synthesising their :Jrgo.nic acid content 

(93). Further data on the extent t8 which let>.ves modify fruit 

c,omp·Jsi tion would be useful. 



CHJ:.~PTER III 1°1£,.'l'ERIALS AND i,1ETH0DS 
·:i . - • , . 

INT ... t0DUCTI0l'J 

This is 2 study in lor..1on leaf mineral analysis, f:illowing 

foliar applica ti::ms )f ~ pJtc:, ssiurn se,l ts. ta vras als:., C:)llected 

on the effect of potas iill.1 st2. tus o:n tre0 gr:)wth 9 frt1.i t cruo.li ty, 

and f ~rg~nic.Leid content. 

This study w1:,s intencted to 

yihysiol'.)cicnl interest, :c,.nd 2 ls,J to be relevant t:i coEJnercial 

citrus production. So +-he fiethods of an,alysis s2lected f·:)r use 

were th:)se nost C'.ccur:- to 2nd sa tisfactJry v'-1t:1in the limits '.)f the 

ecpipment 2. vailnble. As far f~ s 1Jossihle tho r:iet}1:)ds of le::: f .min­

cr:1.l c>.nalysis were the sai,,e 2s t.1:'nse used in current reseP..rch 2u1.d 

2 s,Jry wor1.r in Uew Zealand. 

For exp er ixJ(mt,,l 1,nr1
: t.) have field ap,-•lica tion, its results 

must be o;)tc1 incd u,vider ficld-lil..;:e: ccmcU tions. huch laboratory w·ork 

cnnn~)t thus be usef,1lly extr2.~JOle. tod t J c::xnercial pr2.cticc o It 

was C._)ff!J'enient to gr-Jw the trees in c:m.tainers Jutc.loJrs? and this 

gives ready contr:)l Jf L1r:nagomont, and a Eore u..viif:Jrm .1:12. ter ial. 

Tree bohavi:Jur in these c:inditlons can be ox.z;octcc1 to be ;3inilar to 

tho. t Jf orchRrd trees o l'l.GD surei!lont :::>f leaf absJrption m1,.ter glass­

house cJndltiJns, or in the laboratory using detechod leaves is 

not c11pable of direct cYtrap9lation. t·J the fielc. situation where 

the v.rhole - pl2.nt condition, and the vagaries :Jf the wc2ther, are 

-of utri10st irnpJrtance. In this study then, thc:se ::)bjectLms can­

not be sustained. 
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1 t.atcrials ------
•• .L (_ci·~L'._.L·-_~22._.:-~ 1i·~•'.,.-)r1) ,f +-1·n,., ,'1;:_ir1 c:>:-11,c:r -~al variet-y, LcL~-~J.n c1")ecs -· _____ :--:-~:'_ ~· _- v v v ~- ---

' t ' r C1 - r G ·b tr __ ', i· J"'. ,r:--u'l f r·.J1·,-,· 'J 1.•1·1 __ 1 __ ,,·, ,c: t:•r'J:,· i' 1·1 Ll_l_J..(:.l_~1::-_ ,.nc:.· 0 swoei: 0r2nge r0~ stJ ~s B6 1
·• ~ -~ • ~ -~~ J. ~•--· __ 

spidor 

nites htH1 c.0'.used moder:--tc cL': Ci~e. 

Tl1c; tI•c 8 s in S:J.tl I) lI:Jst Jf the ::,.)il 

r0•1Jvo-J 9 ,1,ni.:1. each troc then plant<>:L in a 5 tin, f illez.L 
J 

with~ 50--50 1,1ixtt1.:-·e :)f ,Jc;,'.t ~nC'. sand. be.ch. t.i..:n w:s ,,:-·tnted inside 

with a ti.i..tu.r,Linc)us .:.r:.int 1 , - ) '.I 1./: , ? ,_nu 1_1r Jviclocl with 

J.eto )utrient feeds 9.nd wr:tc' 1,-Jerc _i_")rYvicled as '-let::.\.Llc. bol0w. 

2 L..,-,.)·,,·,._ . ~~ 
For frost prJtection the trees were placed bene .th a 

l2rge 1~croc2rpa shcltorbolt far the first four anC .Jne-hnlf 

r:1)nt.hso Then f.Jr tllree -'~•nd .Jn.e--h,0 lf _;1...mths until 31/1/69 the trcus 

the 21 UJst u.nif•JrE1 treE s bcin5 di vidcd intJ f'Jlff treo.tuc .. ts with 

six, replict'. te::::. It 2.ppeared this v:Juld :Jl"·.Jvide uscn ul (· ta in 

t!1is ,study (99). 

Aft:..:r 31/1/69 the trLes were rc1.~1d·x~i:;od j_n_ DJ.,_1ts as 

·the nl;:in ~-.., _L..1- ,,..:.._' . in ;:"'_n 

,,-1intcr scrii.1 W-J.S crectc:1 :J.b.:ivo c:~ch r:)w. 



Plate 1. 
Trial area - two 
rows in fore­
ground experi­
mental trees . 

Plate 2. 
One tree as pre­
pared for foliar 
spraying. 
January 1970. 
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The t:reGS were nrunhered 1 - 2,1 ·,: consecutively, so tht'.t 

trees nunbers~ 2 5 9 16 19 22 wc1~G in tr 02. tmsnt 1 

,. ., It 4 7 10 13 17 24 11 !I ti 2 

II ll 1 6 11 15 20 21 II ll ll 3 

ll 11 3 8 12 1°1 13 23 II II ti 4-

'.I'he five re; ,aining t1'ees W(.?rG le belled A - B? and 1~ecei ved 

the sane 1LiEDJ.2 f.,GL:ent s the 2. b::ive trees. 

A general view of the trial area is sh:Jwn in Plate 1, the 

Gxperimental trees beine, the two rows in the forcgrou,_11.do Plate 2, 

alsJ taken ::in 27/1/70, shows one of the trees as it would be pre­

pared f~r f~li~r spray treatment. 

3 M2.no.goment 

Growing plants in c::int~incrs eids st~ndardisation of plant 

manageDent 2.nd trea tl:::1-ont 9 especi2lly with :cespcct to nut r i ti::mo 

The use ::if small c·::n1tainers requi.res special he.ndling to av::iid 

excess snl t buildup or shorto.6 0 of water. 

Nutrient 0le1:1ents "i:Tere su;:iplied _.)nly o. s nutrient soluti::m 

w2 tereC: 2.rotmd each tl"ee. In this wc.y ,-._11 essent .1 elcnsnts ex-

ce:Jt p·::>tassiuci -;,ere suppliocL PDtassiuLi 1,1as supplied )nly as de-

I1211cled by the experimental treatnents. 

For m::>st of the tiue nutrisnts were pplied at the equiv-

2.lont ')f ; 

(in ppm) 

Ce. 208 N 146 Mg 94 p 14 Na 10 

804 n 189 Fe 2.5 Mh 0 .. 55 Zn 0.2 

Cu 0,,07 B Oo3 Ivio Oo02 

- :bein.e; similar to that usec. by :Jther worlrnrs (sec Ta)le L) 
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-Hth Y'.JUnG n7::>plc treGs in sand ru f;r)'wth rcsl)onso '.)Ccur­

a nutrisnt S'.)lution c<:mtaini.ng ;;4 pp.i.J P:; and with a Yi 

supTily ,Jf 60 ppL: it was considered t'.) be '."'..pproachin;,:, the luxury 

ranGG (12). Over the first six uodrn the tre0s received P 31, 

c~nd :Jvor the first e_if~ht r:1::mths M~ 47 ppm. 

Concentr~ted bulk sJluti'.)ns were prcperod as sh.)lfil in 

Ar:,pen,.1-ix lo F'.)r the firf,t nine n,.)nths the cliL~ttod nutrient sol-

,, ution wo.s :)plh:d by h2.nd and L)r the renatnder ::.if tho pcri'.)d the 

coriccntr-~·tc s:)l-.1ti'.)n was ·w:-.terccl in by tri.ckle irrigat:LJn. This 

systorn used { 11 b:'.)S8 and Cauer.:m trickle n:)zzlGs to pr:)vide each 

tree with ::1 c )nvenion t S'JUrcc )f wr. ter - es-po cir.ly ·in the su1:1E1er. 

The D.i,:l uns t .J s 1np1y ee,ch tree: ,-ri th the cquj_valont Jf 2 - 4 litres 

_per weP.k Jf the ::~b-'.)VE nutrient S•:)h1.tion, tho qur.ntj_ty varying ui th 

the seas:)llo Any extra Wc•.te.c rcquirGmE::nt -uri.s supplied :Jnly cs 

watero 

To av:Jid 0xcoss ;,o_lts buildup 01::ch C·'.)ntainer received a 

l1eEwy watering e2ch 3- -1 vrc lrn in sucr:.1cr ( less Jfton in ·winter), 

and at 02.ch uaterin'.) en.:mgh ·was 2j:,plied t:-> )Vide socc drainage 

l,)ss. By such generous fertiliser c:.pplJ_ca tions? frequcn t 

renewal (hy flushin0 ) .:)f nutrients, adequ2,tc w, .. terin'--'' and frequ­

ent checking )f unifJrLiity .)f trickle •.)Utput it 1,1as felt 72.riution 

in m:,_triont S'~;::,ply bct1:een tress ,1.'Juld be negli[.ibleo It is als-) 

f:)rtune te f8r this study that tho Gff ects :::if p.)tc' ssiun ( c.•-, l""l"I ;·-,c.~ ;7 -
" .. . .L ~ .... .1,. "O 

ne siuc) are little affected ( e Si)OCiL1lly C'.)J .c112.rcd with nitrogen) by 

variatiJn in supply Jf ot:1er Gler1unts (168). 

3ecause of the pJssibilitlcs of l~w copDor suJply in peat/ 

by dissolvin1s CO:)per sul1Jhatc., pcnte._-1.1.ydra_te: in w2_tcr, applying t·J 

the 29 renain5-n2, trees a t:::itD.l :_xf 52 go~. 9-1],C.1 26 c;w::;. :Jn 23/12/68 
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and 7/10/69 respectively. 

(ii) Theraneutants 

For pest.· cUsee se control it ·wc~s necessary to apply certe.in 

spr.''YS, vrh.ich were l;:ept t::.:i a nin.inun1: 

Dif.Jlatan flmgicide (for verrucosis) 

1968 - 21/6, 20/9, 6/11. 

1969 - 1/90 

temic insecticide ( for Eur·Jpe2.~1 ni tos) 

1968 - 28/6, 20/9, 6/11. 

(iii)fruit thinning 

Tho nu□ber )f ~tits .Jn c, given size tree l1a;3 a ccnsidor-

able effect -:>n fr ;_it 

juice, sugn~ and acid content (121). It ,ms therefore necessary 

t-:J st~.r.1do.rdise fruit nm.,1her per tree. As c-::pectoc'. ( 58, 142) fruit 
• 

in mid-Fc;Jl~'.18.ry 1969 when co111)letod any trees 

carrying i'1:)ro th2.n six frui tlr:ts wore thinJ1e,.' to six, -?.l th.)ugh 

half the trees had three Yr loss. Any flJvrnr buds, prxluced frori.1 

te:- 'i/ere rc::;;DVO d. 

4a Tree:.. tn1Gnts 

(i) Thc e:::perirnont:11 trentneI::.t u2s vaI•i:_:i_olc potassiw:1 supply~ 

This clencnt 1,ms not appliw~. in the nutriont sJluti;:in, but was 

applied rninly as f Jliar sprays to certain trea tc,cnts. In this way 

trees with three~± four K levels, fro~ low to high vJuld be pro­

duced. Vari)·:J_s effects w::mld then be studied in re:L-•.ti,_)n to K -

str,_tu.s. 
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X 

X 
____ ___:_ ____________________ .....J. 

1Jnly 

X signifies leaf K application 

Potassim11 s1;rays v1ore G1Jp1ie(3- e.s tho chlo,:,ido, a.t 274. 4 

Ems. KCl/11 litres (pH 6) plus Aer2l 't ,,_ n 09cc: . wet,er ~L v. ·P• Th.J.S is 

equi vr:-· lcnt L) 25 lbs KCl/1OO g2ls.? ')r 1. 3% K. f31n'2.ys , ci~c £:pplied 

1
1Ti th 0. hr:.nd sprnyor in the r-nrning th1).s ~ -

1968 Spring 12th D:.::c. and 17th Dec. 

1969 Surnr10r 5th l1iarch and 11th h1;,rch. 

Sprinc; 10th Dec. )17.:.y. 

At the end of the first season, frJ2 11/~/60 tr0es in 

tre2 tnent nu1:.1ber ,1. ( 2.1s:J tI'ec D) received the oqui vo.1cmt .Jf 

100 ppm K as SJil applicati.Jn (npDlied as the sulphate) with each 

nutrient application. 

(ii) 

( '."'.) 

The trees A 

D s··rr: 0.tod with KCl es ab1ve Jn 5th and 11th 

l-Ia:rch, 1969 ( Sw1::::or). 

(b) Tree B rec,;;i vc,d S')il - K as a 'J.JVG fro;;1 l-":/-1/69. 

(c) Sprays as f JllDws apnlied on 10/12/69 (Spring);; 
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A - p-:)tassium chl8ride 

C - pote.ssium nitrate 

D - potassium carbonate 

E - 11.,."'1.s:':c1rayed 

All sprays CDntained 1. 

As the extent .:::>f f::ili2-r absorpti::m fr•_)m p.)tassiw,J sprays 

was t-'.) be neas-l1.rec1 it was iElI):)rtant t•::i minimise soil contamina ti:)n, 

In11i1ediately beforG s3)ra/ing tJ.E c::mtainer - grown trees 

a 2n layer ·::if fine dry pU .. E!.ice ws.s spread ar::iund each tree.. The 

t•:)p '.)f the tin we.s covered with a thick pltr.stic cover securely 

tied to the tree sten to facilitate spray run:)ff (Plate 2). 

Bene2..th the tie to the tree 1·ms a thick wad :Jf abs)rbent paper • 

.After spraying any wetted ;::iu.m.i.ce was discarded, and the 2.bs:)rbent 

paper reneued, and the plastic re-tied.. This prJcedure 1,ms re-, 

peated after the sec:md spraying 1 after which the plastic remnin-

eel att2.ched f.Jr 10 - 1,1 c'.ays. Hater ·was e.pplied as required 

during this period. 1-tJhen the pl;:. stic c-'.)ver was renovcd the pUB­

ice was rcmewed 1 and the trees given a heavy u.s-ttcring. 

It WF: s c::>nsic1erec1 e.ny s.'.)il - K was nei::;ligiiJle 2.fter this 

trea traon t .. 

(iii) F,::mr young HeyGr lenvJn trees growing in the fi0ld were 

sprayed as ajove on 10/12/69:-

Tree n:J 0 1 p.Jtassiwn chLYi:icle 

2 pote.s::;iuu nitrate 

3 unsprayed 

4 potassium c2.rb::inate 

T'.) mininiso spray c .. mta.ct with the s:Jil when spraying 

fi0ld-grown trees a plastic cover ·was plnced beneath each tree 



during spraying 3 left until SDrav cle;::,osj_ t had dr L1do -- ~ .;. 

sprays \IGre 2pplied t.) ru ... vioff o 

(iv) Trace elemGnt spr~ys were applied as bsLr,; to the 

T\1'11 f t P~se~ ~n. the go'Jd results obtained elsewhere l a. ranca reeso u~. , - _ 

(119) both manganese and zinc 1.·rerc a.ppliecl as the sulphP.te e- t 

300 ppQ of metal, with 0.09% Agrnl LN. 

Details ?.f tra~e element f'Jliar spra:£~ 

Date 

28/1/70 

13./2/70 

5 

(i} 

Sampling 

Block No. 

1 

6 

3 

2 

5 

6 

2 

Treo rb r S 
~---·-·-•-· 

l - -1: 

21 - 2,:J: 

9 - 12 

13 - 16 

5 .. 8 

17 20 

21 - 24 

13 16 

5 8 

lletal --~~--""-- ·--·--·-• 

hn 

i1m 

Zn 

Zn 

1-in + Zn 

N,.ri + Zn 
--,,~-··--

hin 

Zn 

1':ln + Zn 

Ob~orvation 0'1 treG growth and condition JVer a period, 

C:)J,binerl w.ith tho va:cL:ms r,1e£1surcmcnts made, slnuld indicate 

the success of this method of citru~ culture~ especially as 

regards medilw1 - pH c::mtr )1 and trace clement &vailo.bility, and 

adeq·12,cy of feeding £::n~t wa tE:1'ing uetlnds. This w".>r:,. C.")Ul not 

lnwcver be cJns.Lckred as a cl0tailed. cornp2rative study .")f 
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conteiner growing racthJds. 

The trees 1 ·sre 011i 

3/3/69, 11/4/69? 6/8/69, 10/12/69? 2110. 7/1/70 

anc1 m ec:tch ,:-iccz:si::in le::,f C'.)DCEmtr2tLms of nitrDgen, ~-Jtassium, 

LtEmge.ne se, .iJ'.'on and 

zinc 11Tere c',etermined. This ·;,;)uld r Jughly indicate chane:es for 

eQch element thro~gh one seeson, or alternatively for leevcs of 

incroasincs agG s 

Lea.vos ( ,;i th pstiJles) s2.L1plcd wero ,Jf normal sh2.pe, 

undamaged, typice..l 'Jf the tree, and 2-s far as pJssible taken ,Jnly 

frx1 non-fruiting s,;:,.1ing flush terL:inals. At the fim:,l sanpling 

care was tc:,~i::('.m to avJic..1 terr:rinals on which the SUE:.mer flush h2.d 

cJmmencec.L 

Based on other r.J:Jrli: ( 116, 116, 120, 173 ) s2t.1ple prep2.r­

a tion ·1tm.s as f:)J.lowso Leaves wore collected mi.d-LDrning in sep-

erate linen-bags (6 9 loaves/tree) 2.nd imrcwdiately washed in 

O. lJa c1otcrgont, c:.nd quicl~J.y rinsed suci:;essivcly in three lots of 

'.r2 tor., dried between sh0ots of bl:)tting paper. Leaves were 

then .,pl:::.ccd in D.. 150 Ell. bee.ker 2nd dried f .JI' 3G - •~'J h·::iurs at 

75° - so•.Jc. Samples 1-rere f ly gr,Jund in E. 1~;rindor (largely 

aluminiuc) 2.nd lrnpt e. t 6 5·=>c 1.mtil £me.lysed. A.i."12..lyses lTGrG coi,1-

pleted within three ;,;eeks . .Jf samplin[;. 

. .. ..., 
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r,., ) Len1.·"' ,)o t,, s s iuril \• .. , -- ' ~ 

Due to insufficient material leaf sP.nples were nJt tl':ken 

in the s ing :if 1968, -itb:o first saoplos being ts.ls:v.u ab .~ut 

11 weeks n.fter tho first series of K sprnyso Subsequently samples 

were t21;:en up t,) two cl:,.ys '.)ef:;re sprc:yinc,), E,ncl also one month ,. 

after S;)rc1ying, with o.n .intormec1i2. te harvest in winter o 

This sh ")•rnd;; 

(a) The effect of K sprnys an leaf - Kover a pcrioJ of one 

up to ten )r nore :Dnths 7 and a cot1p1:,r.1.sJn :)ctweon spring 

and sur,mer sprays. 

(b) In ,)rder t,) indic0, to the sh::irter - ter~1 off acts of srirays 

on lec"_f K7 trGes A, B, D als-J were spr .. yed witll. the chL)r ... 

ide on 5th and 11th i•Iarch.. Tre, s A - E 0:Jero s21:1_pled ,)n 

3/3, 19/3 1 27/3 c'..l1cl 11/ 1/69 i.e. s., 16 and 31 days after 

spraying, for pJt£>.Ssiuu cleterninatLms. 

(c) Since \•re have soen salts v::.,ry in their capacity to alter 

plant C:JElposi ti:.:m a SEE,11 investigation vm s r:2.de. Potas­

siur1 S'al ts with n ranc;e of hygrJscopici ty 1--Jere applied Et t 

(d) 

1. 3% 1: ( sec er). ChE.mgcs in lcr-.f - K wore dcter1,1inecl 

2.fter :me cb.y in heyer 2.nd Vil~ afranca let1on, and also 

2.fter ei[,ht clr.1.ys in Villrtfranca. 

The a icati-Jn ·Jf potasr:::iUL, t,) the r):Jting media from 

1 VV68 

als:J E::nnbloc~ .)ne t:J investigate ro.Yt upt:-drn/trctnsloca t ion 

·over the winter~ 
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(b) K effect on other elements 

The extent and direction of any possi½le affects of tree 

- K level Jn the leaf concentra ti•Jn of eight Ytller olemcnts was 

ci.eterr;1inedo Certain clearcut effects arc well docwrrented f oll8w­

ing variations in s·oil upt,2kc (98, 160, 168) but in cmly a fG'W 

reports following leaf uptake (50, 188)0 

As an adjunct to this it was of interest to investigated 

tho constancy of the cation equivalents, and the cation~ anLm 

ratio. 

(.,c) Leaf chl:oride 

Leaf acc1.1.nml£\ tLms of chloride can be very damaging, and 

this may bo e..n imiJJrtant pr:oblom where citrus c:~re gr:own in so.line 

s0ils (29, 34, 71, 81), or throu8h leaf absorption following 

sprinkler irrigation 1.vith salin<2 1-w.ter (85). 

Since pot::i.ssium v.ras applied as the chloride in this study 

it was consic'.cred neco ssary to dGtcrminc the degree :)f chl.)r ide 

accw~mla tion. For this purp.)SG a chl ::ir id.0 2.n2.lysis ·was perf:)rri!od 

on tho samples '.)f 6/8/69 and 7/1/70. 

·(iv) P::.it:..'.. S Sitt::' Ti'.f f c ct s --
Troo growth 

Detailefl . .Jbserva tLms were mode :of tree concU tions and 

behovi'.)ur over the peri'Jd 1 especially n:::iting any cffocts on clegree 

and earliness of flowering, fruit set, tree vigour, leaf-fall, 

and a ppe-2.rancc )f def ia:ioncy symptoms or phytotoxic sympt-oms. 
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(b) Fruit _gualit'l 

In vh)W )f the t:.ppnrc,nt differences botucc;.1 Jrangc and 

lenon response tJ K. levol, fruit was harvested Jn 3/12/69 2-nd 

analys<:id for ~ peel c:Jl::mr, texture nnd thickness? fruit shape, 

juice content, ascorbic acid level, nnd titratablo acidity. 

Loaf organic acids 

Ort,anic acids e,rc; imp)rtant but p;Jrly unc'\.orst:J:)d sub­

stances in plant uetab,;liSi:1. Cx1ncrcially citrus fruit 8rge.nic 

acids are important, but their rele.tL:m to le2f ::)rganic acL1s is 

not perfectly clear. Pl&nts vary their organic acid balance in 

re spJnsc t) increasing pJtc:~ssiu.i-1 supply ( 71) 9 and r.1:Jre data is 

required reh1 ting t,J citrus. 

Leaves sar;1plod 7 /1/70 ',!01·0 used in th<:: dctcrrJina ti::m of 

t:Jtal nonv:)la tile Jrganic c'.cids 9 [mc1 e.lf30 Jn 6/3/70 f'Jr ·Jz:a.lic 

ncid cJncontration. One Cluld thus cxaDino certain effects 0n 

t~tal acid c~nt£nt nnd lanC8o 

Tho methxl used has boen tho stL~nc1~, 

w~rk, end is c~pablc giving vory g~od results(2JO). 

Oven-dry sarJj_Jlu (ab To.t 100 mg.) digested w.i th 5 Ell, 

98% sulphuric acid and about 1. 4 g. CD. talyst in a 20 cm. cc1li­

bra ted uroc1. tube. DigostLm cJntinued fJr 130 minutes after 

clearing, c~nlcJL~ .and n2do up ,tu 50 L1.L with distilled water. 

11 5 .t::11. r..liqu:)t is distillcc1 in a Markham aPi_jara tus with 
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10 111. S'.):Jirnn hydrGJxide., About 15 m.l. distillc~te collected in 

5 ml. 2% b0ric acid (2.nd 4 - 5 drops indic2. tor) 7 2,nd titrated 

with ◊.OlN HCl. (See Appendix 2 f:)r reagent details) 

Let.1.f - l~ wn.s derive-:.7. fr)Irl the f 1Jrr1~ul2.~ 

14 x net titre x 1'J.::ir1:10.li ty :::.cid 
>i N ( dry weight) = 

dry weight (gns) 

2. Ph0sphoru~ 

This elencnt was detorminod colorimetriC£.'.lly :::.ftor wet 

ashing, by the m-::ilybdi\t0 tnad.)phosph::iric acid 111.ethod, which is .::c 

rapid and sensitive meth::id useful f .)r oo.ny m2c ter io.ls ( 108, 100). 

hethod i;;. 0.250 gr:1s? :>ven c~ry s1:.nple is di ·estec.1 in a. 20 crn. 

grriduf!. ted urea tube with 3 mls. c:>nc. nitric c.cid 9.nd 2 mls. 72f; 

perchl'Jric 2.cid f)r 2cb:::n1t Jnr.:) o.nd one h:'.lf hours, vrh0n densG ·white 

funes 2ppeared. Dtluted tJ 50 nls. with h:)t distilled we, ter 2.nd 

stood :)VGrnight. 

In n 25 nl. volur-wtric flc::.sk 5 m1s. ve:n2diun:t .uo1ybcla te 

rc2gent added to 5 nls. s•'.r:1ple SJlution nnd 15 nlso water. Col:mr 

ago. inst ct distilled we. ter blr'.nk, nn•. lc[,f - P calculo. ted fr· . .Ju a. 

s tc::.ndarrJ_ curve, n.nd ,-:here 

(See Appendix 3 for detcils) 

At the first t·wo Sr.\1Jplings nn Eel C'.)lJI'iL1et0.r wc.,s used, :_nd 

subsequently a Hi ta chi spcctr'.)photrnaeter. 

3. fotassium / Sodiur:i 

The saue diluted, wet-ashed sample as prepared 2bove for 

P was used. 



Method - 5 nls. wr:.s lW:'.ClG up tJ 25 Etls. 1·Jith dis illcc1 W?ster 

2nd rc~dincs t2ken on a Gallcnk2np flarae photo□ot~r. Leaf - K 

.::me~ leaf ~ sJ:~iur,1 •:Jere deterc.lncd fr-JD st.:=-:ndarcl curves proparec1 

10 

is an r-, cconto-a, 
•.• .l<' ' c~ccuro. te 

□ethod of dctorraining these cloraents (35). 

Each of these elcr..1cnt s wc.i.s deteroine'-. by c:.tomie absor .. 

ption spectrophotonetry, using a Tochtron Spectrophotooetero 

This r:1e:th·:x: is rapL:l, sinple, and accurate (1, 2.) 

Method - Ab)ut 1.2 • fincl gr:::iun-:l JVen-clry s2.r.1ple ·w2s ash-

0 
cd Rt ,150 C f)r abJut ten tours. This pr:::i,1uced abJut J.00 .r.1go 

ash which WELS used in the loterminr-: ti:ms o 

To aGch asho1 srnple a 10 • 2N HCl, fllter, t:::ko rce.d-

ings fJr neso, zinc, irJn. 

ur, tJ 50 s. 1Jith 2H HCl 

and Str 1.:;mt11J.L1 itrate (20 ln 3 litros), and readings t2kcn 

f'.)r nagnes iur::; nn:..l calciur1. 

l:'wo seric:.; '.)f st:"Ll1 rds were ;;12c.1c up ;; 

(i) 

(ii) 

l!.u1+Zn+Fc - ,! . .iluteu. with 2H HCl 

Ce,+Hg th 2N HCl + Sr N0 3 

J'sually 1t Wc..,_s sufficient ·L.J 

0 ppr:: f :;r the 

Zn 
' 

.r~ti:::in of a stnndnrd curve, then: 

solution ppLl. xl0 
Fe? ppr.1 (D, veight) -· 

(gns) 

nnd leuf - Ca, Mg% (D Weight) 
s.Jluti·:::m ppm 

20 x Dry weight (gns~) 
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5. Chloride 

Leaf - Cl w~ s d.eterrdned ( 35) following ashing a p2. ste of 

ab::m.t 1 g.u. ::iven-dry material -with nbJut 0.25 gn. Ca O, at 550°C 

for one and one half h.)urs. 

On hot-plate c:::.dd 15 r1l. h1t vr-::.ter to ash, stir, 2nd . 

filter, washing residue with 5 x 10 mls. hot w2.ter. Cool? add 

dilute acotic-e cid t:J pH 6 M•7 1 acld 5 drops 1::: p.:itassiUIJ chroErc.. to, 

ctnc7 titrr:i.te th 0 .. 05 N silver nitr::>,te to pern2ncnt silver chro1:-0.tq 

c~lour. Le~f - Cl ls deriver from the forraul2: 

= titre x 0.1775 
% Cl (Dry Weight) ::: 

Dry Weight (gms.) 

Fruit analysis we.s as f:Jllows~ 

6. 

At hc::.rvest, f)r 8['.Ch fruit 2. rc:,cord 1,ms pt of rind 

colour ?.nd texture, fruit length and width, peel thic.lmess, and 

fr·,1i t vwight.. 'I'he juice was expressed by hc,nd 2nd weighed. 

Ascorbic 2.cid was determined (6) as f.Jll'.)WS; 

(a) :: 2 cc. juice nixed with 2 cc. extrect~nt solution 

within one h·Jur 'Jf juicing. Then ti tr,,. ted irn,:edio. tely · i th a 

standard ind)phGn)l 3'Jl-~Lti::m. 

(b) Asc:)rbic ,:1..cid Cjncentr-c,ti::in in the peel was 

o.lso determined, but ti.ming ,.-n s especially iup:Jrtant (-19). 

Wcighod 25 - 30 gi::. peel and ch::>pped C:)e.rscly. Within five minutes 

extra.cted in 2. Waring blonder at high speeu for h-ro uinutes, with 

150 □l. extractcmt (no differGnce was found be tween peel ~ ext1~2ct­

ant rati~ 1~5, 1~7½, lilO). 



Filter. 

i thin three hours ,::)f extraction 5 r:als. aliqv.0t mixed with 

5 mls. extr2.ctan t soluti-:m 2.nd titrated with indophonol. 

In bt th cases asc•.)rbic acid content was calculated fro0 

the net titre, compared with a standard ascorbic acid S'.)lution. 

(Bee Appendix .1 f'.)r details of reegents) 

,S. Total sJluble S;)lids 

This ·was doteri:1ined for each juice ·:.1s ing : .. bbe '60 1 

rE.Jfractometor. 

9. Titratable acid 

The standard mGth:Jcl was 'J.sed (95) 1 inv,)lvin?:, henting 

2 cc. juice tmtil boil ins bego.n. Add 25 r,il. distilled ·:m. ter and 

5 c1rops lf{ alC'.)holic phonolphthaloin, and ti trc1 te to distinct 

reel C::)l·our with O.HJ NaOH. Then g;:s. ncid/litre (expressed as 

citric) ~ 3.2 x Titro. 

Lcuf organic acids: 

10. Oxalic acid 

Tho msth:,)d used vms basically that Jf Pe.lmer (135) as 

modified in other citrus work (lJl), but in addition: 

(a) 

nnd (b) 0.02N KJ.1h0 11 were used. 

Method:- 0.0250 gmo ~ry tissue heated with 10 ml. lN HCl on a 

stean bath for fifteen ninutes? then c0Jl and 1,1akG up t'.) 25 mls. 

Shake, stand overnight 9 filter 2nd pipstte 5 i:11. into a 15 nl. 

centr ifuce tube. Ldd 5 r:11. ph,)sphate tungstate reagent, mix, 

stanrl five h~urs, and centrifuge at 15OOg far ten oinutes. 
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TrJrn 5 nls. superrn:, .nt in a centrifuge tube 9 2,nd 2.dd 

3i:'J 4m-I m1til ph::ispho-tungsta tc is precipi tv. tecl ( 1 - 3 c:r'.)pS). 

ii.('.!.d 3 111s. co.lcj_w:i chloride/acetic acid buffer, L1ix, stand Dver-

night. 

:,:::ntrifuge at 1500g f::>r ten ninutcs, C:ec2,nt, wash soc1icont 

with 2.l:L)Ut 5 L~ls. 5;0 acetic ,,cid saturated ·,.rith calciu.r:1 JXalo..te. 

Stir nnd centrifuge. 

water b;::~th, ::i.nd tltrate hot with 0o002N p:)te.ss:Lt1L1 perD['_ng2.n1J.te. 

Then 10 nl. pcrr:.1angnnc. te is ,:,,qui VE:lGnt to O. 09 ;_:1g. :)r 

0,02 u.eq. :)f oxalic 2cid. 

(See ~ppcndix 5 for details of reagents.) 

11. T)tal 11Jn-volatil0 )rganic D.cids 

L. sc1.r:1ple 7 - 9 lo£.vos was c:Jl.lccted fr:Jc~ e:.l ch tree 

on 7/1/70, as for □ineral anRlysis, and wiped clean. Freeze -

,~ri2d and .storc,,1 0.t - 15°c until Z-'.rn',lysod. Sar~1plcs then 2,r'.)1..md, 

and dried abO"!..lt ;)nc: dGy ::1.t 70.)Co The act:1x1 wr_s b2sically that 

of Palncr (135), 2.cids br3in1~, eluted frx:1 Et prepared D;J,JGX 1-Xl0 

column with 6N acid. 

hetlnd About 0.3 gn. dry weight saQple extracted with 90% 

alcohol (as has boon usGd recently (123) by sha~ing with 10 cc. 

lf z::m h::iur at ro:>L1 teuperature. Filter, rccluce to 

nb::Jut 2 cc. in r::itary evap'.)rator, and water bath at 30°c, elute 

thrJugh C.)lwnn. Reduce each ,)f the first f,::iu.r 2 nl. fractions to 

dryness, 2.dd 2 cc. distilled -we_ ter, 2nd titrate e.gninst phenJl rocl 

with :J,.02N HaOH. 

ti tro x E-::irr:12-li ty x 100 
Then n.eq. % acid (Dry Weight)= 

dry weight (gras.) 

This does n:Jt include .)Xn.lic acid • 
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M.fil:JL'.I'S id'!D DISCUSSION 

l. SEJ~SONAL LEL.F MJNERAL .I-,j:WELS 

The results of the leaf □incral analyses are given in 

Appendix 6, expressed as either percentage or parts per Dillion 

(pp□) on an oven - dry weight basis. On SOB€ Jccasions results 

are given as nilli-cq·J..ivr~lcnts, an(': f::>r certain purposes these 

f igurr0s were c•'.)ff1Jerte,:1 int·) this fon:i (153). The ueans Jf ea.ch 

eler:iont at 02.ch harvest date, anJ for each troo..tE10nt arc shJvm 

gr2-phicc::clly ·::>n Figure 1 - 8. For Ela ch h2,rvest the levol of e2.ch 

element he..s been conp::n~ed beti,reen trcc,tDonts by 2n analysis of 

VD.riance, 2.nd then by Duncan's ;:].ultiplo ..:tangs ('J:S) where signifi.­

cance exists. Details of these arw .. lyr:es 2.re slnwr1 in Appendtx 7. 

1. 

The ttern of leaf - 1.; is the sr,us in cnch tre2.tment_ .. 

There is a difference of low siBnificance between treat□ents Rt 

11/1/69. On 10.12.69 trcatment,(3) is slightly higher. It seens 

this c:.ifference is uni!.:p-:irtant nnd p:)ssibly due t.J a difference 

in F 2.vaile.bility 2.nd is accounted f)r by hn high roac.ing saElples? 

nlth0ugh it is of interest that the difference between treat□ent 

3 nn<l tr, '.·tncnts 1, 2, -:1 bec:Jt1es greater at the 7/1/70 hc..rvest. 

High K supply is lilrnly t'.J decre2.se leaf T-T, (160) but this does 

not )Ccu:r hero, whoi~e le2.f N is very sit::.ilar in tho K - defic-

ient, trc:-,,tments. Other than H? Cl ~(Lpply is the ::>nly .Jtlwr elo­

□ant likely to affect - N. Again this f~ctor, where treat□cnts 

vr:,ry in leaf -- Cl, c2.nrl'Jt be used to oxplo.in tra tiwnt differences 

in lce.f - U ·Jr tho ronoral decline in lGaf IT during the twelve 
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month r iod stuc1.icd. 

N upteke by 1range troes is greatest in the per 

1 ,.. 
·.cO • 

6 - 30 1:1oeks after blJJD_ (15J), anc..l alon6 with its grett uobility 

2nd esscntH'..li ty for gr:rwth we fine. leaf n hi1;host in y.::mng loaves 

f:Jll·::r1:1cJ by 2.. decline (163, 165)? alth:Jugh tho 1.,eak r:1ay Jccur 

sx1evha t .ter (100) ;::i_s hns :)CCl1rred hero in all four treatnents. 

It ',Dulcl soen this pc2..k is .JD tho high side 2,nd could affect the 

levels ~:if ::ithor elements at that ti.no-. 'i'ho fc.11 in le2f - I'T to 

i.ugust is ox~)ectu1, but the l.:)w spr,_in;:,, levels in 1969/70 is sur­

prising alth~mgh n,.Jt iGpJssiblo. It w:Juld bo intersting tJ kll'JW 

whether leaf N had r iscn t.:J tho :Jpti.our:1 level 0f 2. 5J; by :March 

1970. 

Lt n given s9.upling, 102.f - N is usu2lly hi6her in surn~er 

- flush than spr L-iG - flush le.s.ve s ( 16 5), but thi::J of: cct is n:Jt 

n:Jticoablc here at ll/✓:::/69 °.ncl 6/,9/69 when u;, tJ 60% of srnaples 

in treat,;,:wnts 1, 2, .1 c::mtained su1.1.::_1er - flush leaves,; 

2. PhJsph•Jr.Jus 

While tho ttern ~1f lcc..f - P is the SP.Lio in each trec::.t-

□ent, 2gain there is no Jbvi~us consistent relrtion bGtween K 

level (i.e. troat~ont) loaf - P. Foliar K sprays h2ve lncreas-

ed P upta~e frora the sJil (181), but since they alsJ increased 

god. In contrast tJ Jther rep~rts (100, 165) those results show 

no nnrke:::.1 clinc in leaf - P fr:m suci_•er tJ ·winter, 2.nc: as with 

lonf - rJ, Ee cUstinct pl2teau in loaf content is not present ab·Jut 

April. Far investigating this effect it is desirable for □ore 

frequent sr,npling th".11 in the :)resent inst:".nce. 
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st co;_J1,nnly lo•,1 :e is o.SS')ci::>.tec1 ui th !1igh ·· "..nd tho 

significQnt N - P C'.)rrcl~tion coofficient obtf'..ined cto□onstr~tes 

the scnce ,Jf this rol.~.'.tionshi.p Jvor the five hnrvcsts. The 

low lc 11f - P 2 t 10 .12/69 :-.nd the consi krr.,blc in ere .. se JVe 02 the 

n8xt 1.1ontl1 1c. s unox-pectGd as lc::i.f P cJncontr:. ti Jn is usually f :iund 

t,J be high in very young ler·.vos, '>:tith n rc..pid fnll '.JVer the noxt 

fe-·w rnnths. The: low Dect;nbcr levels Elc'.Y be clue to n.n upt:ko/ 

r:obili ty 1n~oblen in tho contc. iners, ,lth::mgh it docs n.Jt coin­

cide with ['. high lc'-f - lJ 1r ~- CJld spring, bJth :Jf whi0h 'i;JOUlcl 

reduce lor.,f - P. Sunr,1er P lCVt::ls -:::.re 1.:i thin the 'Jptinun rf'..ngo"' 

3. PYu::.ssiun 

Figure 3 sh.Jws clc,,•.rly tho sto2dy fnll in lGr1-f - K with 

incruns ler1.f c' e;e, o.nd the rcd1.1ced r, to Jf chn.ngo in cJncen-

tr~ti;Jn fro□ [:,bJut c~rly ~pril, so ~ftan rop'.)rted. These trends 

exist in all trent□cnts. 

It is clutr in the c··,sc Jf very lJW K su;Jply ( tro:1 h1cnts 

1 o..n(l 2) ono s:H.l:i,Jlinf Ji' fivo ,(Jnth -~)ld leaves (cc..rly Iksrch) c::.s 

usunlly recon□cndod, W'.)Uld bo □isle~ding. At this tiGe loaf - A 

is in the o:Jt ii:1w:1 r.r,nge ~ but 'I.Ji thin a n:mth hc~s fQllon bol::n; it 7 

where,'.'. s with r: iD.i:."C t:Jder:1. te I( S 1J.pply fi VO c.nc1 six rYJnth ·Jld 

loc.ves o.re equally :reli2.ble. 

for sr,,: ci2l cr:ro in s::~cpling lemon trees f m~ K nn-:~lysis? and it 

was stated n sr:tnple .)f 1.enves lc.ss tb1n five n.'.)nths Jlcl u::i.y nJt 

in~ic0 te & deficient K level cv0n th~ugh ~ doficiency exists (54), 

?ho higher nenn leo.f - K for tre~.tucnt 1 ~ t 3/3/69 is 

nair1ly due t:J :me tree, but is n.)t si;:;.nif icantly groa. ter tho.n in 

.'Jther tr'ecs trontec~ sinil2.rly :..lp t'.> this tir:ie. The 2.vailability 

'.)f soil K fl")n cerly LDril has n.:>:t incr-30.sed lct'.f IC f )r the rest 
.J, ~ • ' • 
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of thn t gr·)winc, se~i s:::in. Lny K tC':,lCGn -i_,1_p in this ::•er L)d Ic,ust re-

r1e ir1. Jther ts of tho tree, ant such reoorvcs probRbly c~n-

tri:}.utc tJ the high lenf - K the f.)ll:.)1:rint s:_:ring,. l11inl::rt:.l ur,-

is l 1Y1 1n winter (15:J), but 1.'itll the resunpt1.:m of gr.Jwth in 

the s;_,rin1: such root-st::n1 ed nutrients c,.rG q1.-1.icl-;:ly trcmsl:Jcated 

to the ~ori2l p2rts of the pl~nt. 

Fr ✓1its 1.1su2.lly hnve 2 high IC roquireDent, but those results 

sug5est )nly 2. negligible offect )f fruits ::m lof'.f - K. Vi11 tuc.lly 

nJ fruit existed ~m trcnt11cnt ·: trees in the sui:1.L:cr of 1969, r;nJ 

even with n hiah K s~pply, lu~f K shJws no are~t incre2sc in this 

period. Nost trocs ,)f trc:'tt1cnt 1 carried light to ho2vy crop, 

but J.ec..f K -:luring the twelve rnnths is little: cUfforont froc 

thn t in tr en tnent 2 9 v.rherE.i age in fr,1.i t was alE·-1s t t )tally absent. 

It w::mld secD El>ro lH;:ely that in the March - i1u1,,ust pe:riJd 

fr·.1it K accw:iulc.1.,tos 1.J..)1~c at the expanse 8f rJ)t/stoL - IC th-=:.n 

lo:::f K, 2.ny l8ef - K lJst t:) fruits quickly being repl&cecl by K 

fr:Ja other parts Jf the tree. 

It is not possible t~ indicate the 1nfluonce of soaller 

fruits )n leaf - K, since l:Jokin<~ 2 t U-18 secJncl soas:::in ( ap 

until harch) ths r2 te of f2.11 in leaf - K is sir;~ilar in all troc. t-

1.1ents nn,1 thoy Uc.ch hn.d b:Jre c:·. sinilo.r fruit rn .. u:iber. 

1. CalciUl];! 

The tine soq_uence f·Jr leo.f - Ca in troa tments shY.;JS 

the usual (100, 165) low level youn;.::, le2.vcs 1_.ri th an increase 

tJ a 9e2k in .)lder leaves. Tho Jnly JccasiJn Jf significant 

differences between treatosnts is .)n 6/8/69, and there is no ob­

Vi.)US rolation then between lenf Ca loveland the leaf lsvels of 

th.)S8 2J.cLents n'.Jst likely t,J affect leaf - Ca, nauely N, P, H1.s, K. 
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Ls we hevc seen with ~thcr cloucnts, eny interrcletianships bet-

1.Jecn their lc'•.f c·Jncentroti·)ns :u~e n)t neccss;::rily siople )IlGS 

~- in fr~ct Hl:~cly c:-:cceptcc1 in the field :"lf lc.:::.f analysis. 

5. llt'..<'.l18SiUD 

The rc,sults stn1:r ;_:-._ rise in loc.f 1✓1g ir:i. tho spring a ,_1,_c-

f ifter:n :, m ths ( 6/3/7 J) ,•.ftcr c~iff cront ial E. trc2 hie~ beg,~.n 

thc",t ·,.re c~ct the first si1,nific;::.nt difference in Je~f ... I'lr:.,• 

This E10.y ~:ie 2. direct I~ - Ng Etntrq;m.isn, n L~:Jre nin,Jr effect if 

any bcin~ due tJ plant N 0r P C)ntcnt. 

rsco.ining stable r:t 2_ level SlGcvrhr.t ].;clJ1;, J1;t.LE1w~1 in the first 

102. ves. This latter effect 

nc\Y be acccnt 0.1:::. tccl r1ue t J the ::tpnarcnt 1·)1,j s xpply Jf this elcn8nt ~ 

Often high N is assJciated with L:n:1 Ln 9 but any such rol.2tiJn­

ship is n)t 2 clJse ~neo 

7. Zinc 

The sc2.s.-;nc1.l trend ap,)Oc,rs t•) be 2 Jcclino Hi th increas-

ing lc~f age, the filll pJssibly being earlier and steeper as 

zinc c.)ntinues in l::rw supr-,ly, li.lth:.iugh 2.n2lysis shJvTS feT1 s.L[;-

nificant differences the trend nppcnrs t~ be f~r high K to bo 

ass:)ci2.tGC1 \:ith l)W Zn in the~ Jlder loaves _:,f tho first seas::m 

and \ith high Zn in yJunsor loe.vos (oEpocially in C',·mdlti:.)ns 
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~.c,, 1 rq,- <7n C'pT)-r,1,,T) 
_f .l. _._ ·J ,'J L, - 0 -"-1 }'. J O 

nss1ciatiJn high K - lJw Fe, the twJ extre□cs bein~ ~lcJst sitn-

if leant at 1~~· level. Thl.s effect Jf hi:,'.,i'l .t( - lJw Got::l h2.s Jften 

tho wintc-;r 

Ths situ~tiJn is different the nsxt spring, whon the treat-

□ent receiving sJil - K, 

::z:. Rls J 'n.e,, a signlf icantly hi 1;hlr lc~0,f - Fe. It h2s b, en nJtod 

in citrus, ~ deficiency in~ucas ir~n deficiency (32), anJ hiBh K 

fGcJin6 lncreasad le~f - tr~ce cleccnts (l6q). ~s JfrJseJ t) the 

( i) l)W Fe 

(ii) lJW h - hi~h Fe 

vrc fine'. ,1·wrc 1n yYJ11g sprin'.S lc::lves ~ -

(i) , • 1 

bi;_:;h Fe Dl8,L1 l\. -
( i " \ lJW v- - 1 ,·yti;J FG (i.e. K 1.1;;,;) - J_} l\. -

These differences in behnviour □ay bG due tJ tho difference in 

t h 1 1~,:j r l ''' ;,-,•,;t ( 'L6;)) --...:.. ....... t.:. . .L.._,1. ... , • .,lJ. _ ,__;, o 

While s.)LJC plants are 11Jt2,blc in the extent t) which 1Ja 

c2.n rcpL'cc K as o.. nutrL.:nt? 2nd in citr·o_s low lcr1.f •· K L1ay be 

f)und ass·lcir,: tcJ •with high lc0f - 1'Ja 035) such o. rc;ln ti·Jnship is 

1nt aprarent in those trees. The s.ituc·ti'Jn nay have been differ-
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ant hnd the nutriEnt sJluti)n h2d a high ~2 cJntent. 

On tho basis Jf these results it woul~ sos□ thet f~r the 

loEJ.::in Lpril is tho best uonth fJ r01incral leaf 2.nalysos. Variat-

iJns frJ□ this are .-

(a) l2te 1:;a:rch alsJ suitablc:1 f Jr C2, Zn, Fe, }11n. 

(b) early Mc1rch tJ LliCL ..... J.~ 1-)r i 1 . , )St sui t1:1..blo fJr hg. 

nnd (c) Lpril August suitable fJr K, but u.n.der c:m<'.i ti::ms 

Jf high K il and Ivlr1.y □ay bE satisfe.ctJry. 

B POTJJ.SbIUM SPJ.1-:,.YS 

(i) K C l 

S~il - ap~lied K is □ore slowly ~ffectivo on A - fixing 

sJils, calcareous SJils, Jr thJso with n high hg c~ncentration in 

the exchangecJ□plcx (25, ) • Nutrient spr2,ys Jff er proGise where 

becJco effective. ThE effectiveness Jf these sprnys will depend 

, t. on ,-._osJrp lJn, and tr~nspJrt and f~r the l2tter fJl 

K bccJ□es □ore generQlly distributed in Jther parts 0f the plant 

than P Jr h (183). We ha.ve seen chl:;ric;_e and nitre.te se.lts to 

Jftc0 11 be, the· I"'""' t'· r c,· d i1 y .. '' S )T'()r ~r\ r'"'·.:J· .,.,. . .J_ 1c,. C' + 2· ,n 
- _J. __, ,._J " ..J...- -· - - ,.• \..., \...t. ~ .... -~ ~ ,._. l; ,, ... ' ,">n<l Fi...,. 3 rec ;.;:eds 

(a) Spring snrays 

CJr::.scq_ucnt on tvT::J .Jecor.1Jer 1968 si1r::2ys t:> treatuents 2, 

3 anr.: 4 5 ~rt 3/3./69 le· f IC ·was f,ren. tor thc:-:n in unsprayed trees .. 
(at 5% levol) bi 13, 36 and 69i on 2vcragc. Treat□ents 2 - 1 
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TL3LE IV 

PERCE?Ti~G E CI-bFG E IE LELF' - K FHOE PH-2.rWIOUS HJ.1.,:{VEST 

'.I'rea t~:ien t 

Date Bl8ck 1 2 3 4 
--·. ---···• --'--··•--- --- ···-·--··--'"-··- ··--·-··-···---- ·-·-- -- ---------•···---·--- ····--

1 -35. ,1 ~-30. 9 -33.6 - 2.2 

2 ~36.2 -50.0 0.7 12.2 

3 -22.5 -:38. 0 17.3 8.2 

,1 _3,,101± -39.0 -11. 7 •:;; - l. 5 

5 -32.0 --37. 7 - 1.0 -22.9 

6 ' ... 15. ,], -61.3 7.3 -16. 9 

Jt.'-lGr?..t,6 -29.5 -,12 0 8 6.4 - 8. 9 

6/8/69 1 :1_, 8 --3:1. c::; 20.2 - '7,a 4 <.J 

2 ! ~- 2.0 - 1. 11 -20.8 -14.2 

'7 -2302 2.0 -25. :1 11 n t_) - 'J:. ';:J 

11 -31.2 14.0 13.8 -15. <1 

5 -20.,7 -1,1. 5 1.1 -22.9 

6 23.3 3.2 0 - 3,.8 

i:J.verage - 8.2 6.3 2.75 "':'11 g <1 

10/12/69 l ?'). 5 87. r; 0 980 .;, f 

2 ··1()8b0 57.3 [10 i;l 71.8 

3 6600 96.0 ll,3. 9 6?~2 

,± ; 41.8 29.8 6.1 81.8 

5 88.l 50.8 - 5 0 -1 11-1. 3 

6 17.6 55.7 7.9 77.6 

i1VGl~a[~G 66.8 62,,9 6...,85 85.7 
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I D J.. ! -,,,1..,clr 1 8,L,G I D •) ,. r·- ···----- -·· l ____ ... _ ---·-

"'/1 /r"r\ l 7 I _ (0 _ 

2 

3 

5 

6 

Lverage 

l 

-3•:JG 9 

·-27. 3 

-26. ,1 
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;r 
i 

2 . 3 4 ~ 
•-••••·•• -· •••••••· • •-.•-.••••·••--• ••••- •--•h- ••••-••• . •·••~•·•••-•---- 'ft 

--28.0 1 (' .0 -22.6 

-18. 7 -3. :1 -10.8 

-2C>. L1 -:1. 6 1. 6 

-lG.2 .. 1 ' 
l_...i_ 0 '1 7. C) 

7 0 ';j 7.1 2.2 

-28.4: 5. ·1 -16.7 .c 

-·21. 5 2.8 -10.6 5 _____ ___,___ . ---------- ---· ···-·-. -----· ··-··· ··--·-· 

TLGLE V SHORT 

19/3/69 

2?/3/69 

E :--- ···--········••··-· __ .) _____ ·---·••·••-- -

11/4/69 

,31 
31 
31 

IN LB..::..F - K 

I 
·••N-~•j ... ~----------~--.... L---·--

3/3/69 
n 

-29.1 

.... L .. -.. __ ~-~- 5-e 3-1 
I -220 5 i 
1 I 

+ 2. -1 
-56. 9 

-27.,9 J 
·--~-·----- ---··•·-··----·----········----~------··--------···· ·-·---· -·---

!\T:)te: Spre.ys applie:l t-.J trees Ii., B~ D JD 5/3/69 and 11/3/69., 



' •--", t 1 r 7 l. ff'ere·,,,+ T'(' y· c:· ch signlJ. ict:n ..i..J ~, .. · ··d v __ .l." ,._ncl the hi;_,,11 

v: .. lus Jf 69/ .is li:r:_;cly :.1.uc t J .:mo sur:.:plc. ,:_:;inco nJ S.:'.L.i)lo s Fero 

cf~ects Jf s:ring S)r~ys ~fter this cloven week ~criod - cort-

In the next s rint Jnc spr~y )l:1 18/12/69 tJ trc~tacnts 

Instand Jf 2n avarc~e f~ll Jf 21.5 2nd 21.?f, tho le~f ~ l1us 

, ' h ' C ) t ' • ' 7 ' .L. l '','ir' ■ Gl "L,i:T s,: rycc, 2.D'JU ·n1c S[L;.C, or ,.lr .::ir,i::o ... , ~'-,)")''J.C. V•. It is sur-

:~-rising the::. t in trcf:1.tll(::n t : \;i th s )il - K le2f K h~::, fnllen nfto1' 

this s,:'r2.y, ;-'.:,:-1~1. curn.1,-:it be ctttributc:J tJ c.ifferonccs in. 'fruit 

numbers Jr sh nt :;r·)Hth o.t this ;.:cri ),~, since they •iiere siniL•,r 

in Qll trentnonts • 

.. ' .L.l - ~- . 1 .i~,:; c. 10 l;, lcve , Jno D c~Lber sprE.y has resulted in a 

si~nific2ntly 0 rcator lGnf ~ Jnc ;~Jnth later. It hRs n~t h~w-

is ~iffic~lt tJ sec any such effect in the presence .)fa soil 

r:1)ntl-:i~ 'These f.Lgures them sh::iw the tiJ.0 G liuits .Jf cf:f~~ct .)n lcr'.f 

- K by tho givon srr~ys. 

Tin si:r2ys in u:rly i.Larch resulted in trees hc~ving sig-

nifico.ntly (~reo..ter - le2..f K (at L,;:. lc:;vel) :.me i,:.mth latero ;'Jo 

insteed of 2 30 - 10% fell t~ n low level (15), there has been 

about a 7% fall in this ~eriod. Tho benefit of this spray is still 

seen twenty .Jno wseks ln.ter 'JD 6/8/69. Over this th:o lcc:,_f - K 
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sh')WS little chc:nr::;c in a shows tho re-distri-

butiJn i~ is C etcd within a □~nth Jf spr2ying at 

this tine Jf yeer. 

Tho effects of fJur s-r~ys arc nJt noticeable on leaf 

the next spring (18/12/69), 

~1ore tw:; Jr nil >.ls l1;i c: been Cl ic:. It ls surprising how 

uuch K h::i.s been ilised in the deficient tr0cs, which c:i.ls-) bJre 

nare fruit than trentnont throe. 

The literature shJWS clo~rly the incraese in nt nutrient 

content frJ□ f0l r ys is arr·r Jxiu2 tely 

c::mcentre .. tLm and froquoncy Jf sprc:-.ying (130). For cxu,ercio.l use 

it is nocessc: tJ have 2.n indic2. tiJn ·tho size of this incraaso 

ln r2s1nnse t:; a 6 iven intensity these two factors. 
·. ~ 

c;-1...-.,. 
7ol\. 

1.2 

! 

o. 11+ 

Fig. '.J 

Sprr,ys 
o.pplied 

I ___ _ 
3/3 

Fit;urc 9 ::.nd 

Short term K uptnke 

Spr2.yed 

-
Unsprriyed 

17/3 31/3 

blG V c:Juplete thG picture of K 8S 

14/,1 

in res:,.::mse t,:J K spr.0.ys. Ori..:e w:;uld ex1;ect the grc,'. test increc..se 

in leC'.f - K SJ-:Jn .,.fter spr~:ying, s-::i thc:t Cct sxw tii:10 loc:.f K c::m-· 

centratiJn W)Uld be grer-ter thc:.n thc~t sho1:n1. in Fig.3, :Jne uonth 
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c.fter sr::rayi:n.[;. L s.1 ,:1.ll trinl inv)lvin6 ths L.vG trees L - E 

sh )\.IS tl10.. t )De 1JG after the last )f t 1,1) s0J.1Lcr z: sprnys? fr,)u 

Q pre-s~ray lcnf level Jf ,1)· + ,) QC:./ j .• -
v , . V e v /"' j .~ s ri~Bn by ab:)Ut 55~, 

llil G j;_J I' r:. y ·2. cl trGGS. Ove1'l tho next thrco 

wG:: the r~to -'Jf f2.ll :L;:; sinilr~r in 2.11 trs, s, s) that EI r.nnth 

Gil by JVer 50;~ 

fro:1 tbe r,ro-spr:.::y lsvel 1n the cJntrol trees, 2.nd ren::::,inod the 

sc..ne in tho sprRyod trees. vfo hr: vu seen the Sf'.UG eff oct j_n the 

n.-:in ex· crincnt. 

It a penrs le~f - K tosts WJuld represent tho true effect 

)n tree - K s=) long as they Hore to.ken n:Jt less th2.n 2.b::rut a EDnth 

o.fter spr,'1ying. Fig. 9 su,·,;:1 :::irts the sr:.rl.ier c.J1:1mont thE1 .. t under 

S)I:1EJ c.JnJ .. 1ti'Jns the beginning 'Jf ?1,'.'l.rch is LL, 2arly f:::>r le2f san-

d-LpriJ... 

Thus ·we cc.1~1. sug:~,ost : 

(a) ono ing spray s )nc J:1:Jnth l:i.tc.,r, causc:.l lce.f K 

' . ' . 1 -CJ rcr::t'.li1 S'C2D G in both thG ~resence and absenc0 Jf 

s )il 1·:. This .Ls sic,,nific2nt, in that f -:>r inst.nee 

in the absence •)f s)r.y lec .. f K 

0.92~ tJ 0.70~ w~erc soil - ~ is vory lJv. Fro□ an 

lD .. ter. .\. s " .. r result h2 .. s bc~.n Jbt:-:inec~ using tho 

nitrate S3lt Jn~ange seutlllngs (131), with lonf ~ 

i' .. b .YU t 2 • 4;c• • 

(b) tv~ SJring spr2ys resulted in a leaf - K level ~f 

ab<)Ut l. 2;,i, o.lsven 



(c) 

( ,1) 
\\.t.. 

tw:J slcr1er S)r1-1 ys i:ccpt Kat ab)ut 1. )V8r the next 

::Kmth 9 C 

ti.Jas. One ,;re cdtcr tvrJ sw-1nor ys tJ 

tr2cs with le~f K, leaf K levels wore 80% ter 

.:Ln trees, 2nd 2ftor fJur ~~nths this 

diff c:,rence hr,s ~rel. Ono week after twJ sprnys 

'"' ~ .1.·· '1t 1· ··>"l) .._} ,_,) ' . - .L t~ trees with J.1~ leef 

thrtn c Jntr)ls (l 'Z ,1) 
t..,J-;:; • Many fact .)l'S 

c JuLl 2cc.Jui1.t f Jr t:.1osc ._7-iffcrent rosul ts? 1ncl01din~, 

the ,riginal level of lcQf - K. 

the effect 

- K is 'Jnly teup:)rary 1 ::' ) the. t even ?.fter f i vo spr2ys 

sprca~ JVer )DG ycnr the sprays vs n0t resulted in 

uuch an incro::se in f h Jver 2 fifteen u0nth 

period. In the oc~ntioo 0ffocts JD gr:Jwth, fruit 

q1.E·.lity etc. u2.y h2.ve been ,JbtEtinod (25). C2.lvert 

(25) als-) sho•Jed KNO,z, s· . .-rnvs (0 gc;,. K) · 1 tJ in-..., .,-'- '"u ~ • 1 v ;.12:ln y 

cro~so lc~f - K ·h)rtly ~fter 5 loc.f levels 

It is clc.~.:c tho.t tcrr:::.s .Jf ::.rupplyin;; pDtas-

siun, f Jlit'.r 

n.Jt :.:u:1 effcctivG r1ctlnd )f pcrn,:,.ncntly ro.isine, lcz:'.f 

- I(. It h?. s be en sruwn 

..:n(~ the use Jf 3 - 1 ETO ~" s·c)rays 
LI 

at 1tJc:ckly :Lntervc:ls rec )L[lonc.1ed. Tlns ·p)rk supp.Jrts 

tl12t th ~ranee trees (25, 134) thit f~r 2 1-::mg tBTG 

ffoct at t'.11 )n .f - K, n~t less than ab.)ut f)ur 

s,,r,,ys c.Jntaining rnt lGss the,n ab)ut 1. 5;Knre requirGc1 o 

ht these r~tes the final effect is very su~ll. 



In tho rosults is a sug sti:.:in t G ci,:tlly 

when ex .r n· ine.l levels leaf - ~ -.2.0/ and t 

thJse, 2% fJl r spr~ys in bJth s~r ::-'.11d s1J .. 1 .:!.iGI~ n2. ve 

he~ n cJrc p~sitiva offect ~n leaf Kin low X troes 

than in hif)1 - K tr8cs whGro the natural declino in 

lenf - K c::intinuos i:nrc r_12rkedly over tho next 1:nnth. 

L ~roatcr loaf nbsorvtion :.:if N by 2pple leaves occured 

in high - TT lc~ves (38), and P absJrptiJn is repJrted 

(185) rocluce-:1 

- p ("'11,~ s-·, <.: ·- '~'· ~ ._/ 

in tho nros-oncG 
'-

Jf a high level of s:.:iil 

esuF;ably a high loC!.f - P). It c2nn,)t be 

denied, 2, hi~h plant - K nay 1~esul t in reducuc~ loaf 

uptalrn :.:if K, a p:)ssibili ty liscussed 02,rlior. 

In the rresont caso, whero lec,f K was 2;~ 2_ t 

s __ y'in;~, these trees were ?.ls:.:i rcceivine; s)ll - 1\.. With 

su~2r boets (181), s:.:iil 

th~t percentage rsc:.:ivery of K frora a 

spray was rerJuc(:::.,::l fr-ou 53% t::i 307; by K fertiliser. The 

present results Dny then in-::Ucatc a loss Gffl.cicnt t:.b-

i:nrpti:Jn :)f K fr )El 2 f )lio.r s1::r2y due either· to a hi_gh 

internal K status, :.:ir due to hiGh K upt~ke frJB tho soil. 

It is h YWGver, 2lso 1~ossiblc ple..nt grY. 0th ·wo_s gro,:,ter in 

t 1--. h. ' ···- t ue __ i:;;n J:-,_ rees, resulting in a trc2tergrowth Jilut 

cffoct in pl2nt K Jvor a f,:.:iur 1-Ieek :ieri )d fron spr2,ying. 

In crJp procb_ctLm :m(: is interested in the t,.Jto.l uptr:1-ce 

froa foliar sprays, and the longer ter□ effects - and sa□pling 

within h:Yurs ::,f spray·ing Day then be :)f little value. 
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s~ lGd tJ c~nfusion t~ke fro□ Qiffercnt 

s been shi)v-m ( 3) the~ t e .. pple 

trn. to se .. l ts •.Jvor R.b :;,ut 2. twJ h·Jur riY.:l frrx1 

spro.ying. H::n·1ovGr r;ust He uptake frori the sulphr:tc f::::.irr1 Jccured 

::. lt: tor :mo shJwed n'J Jiff erencc in •~l~1t2.ke bE:hrcen the Un·ec S,?.l ts• 

This 1,rc,s cx;:.,l.:,GncCJ. by :::': need f:n~ hi[]1cr atcospheric hur:idi ty 

sJlubilise 2.bs ">rbod. It can be shJwn ,,_ t 25°c 211 2.1r ve.1>· 

l ·O ? Lll:.lc will c.:::uso tho 

e,ivon c,:m:ti tions 

'Jno ui[.)1.t then C::'.'poct 2, sit1ilar K uptako fr JD the ni tr,. ts 2ncl 

chl·)ride f')rr;1s, 2.ncl a much lessor u1}t:1lrn frJEl the carb.m.ate, 

•Jvcr 2 sh.Jrt JC;r i of tiue. 

Tho results ·Jf Table VI sh:)\.r ::tt Jns c:1.ncl eight days fr:x1 

(a) a siuil2r 2.ctual 

ially for the cerbonatc s~lt. The 

1\., o spoc­

ttern -yf v .. p-

~nd translocnt_Jn the chloride nay in 

f,"'.Ct vary fr :;!J th:::.t Jf the nitrc.teo 

(b) a si2ilar effect on lc~f - K the nitre, tc o..nd 

chlJriJe sr.:.lts 9 with 2 r:rach lessor effect Jf the 

carb'.)n1tc. 

(c) tho incrcaso in :Lenf -~ IC :J~:s less in the 1'-fGyor 

thrtn the Vill2.fr<::nca loE1on. 'l'his r:12.y h:1.vc been 

due t -i the hi2,hcr lc-.f - J\ tho f:JrEor ( c:x1-

pare (64,), or tho hisher initi2l lecf - K (see 

trocs. 
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61. 

Thero i.s an )thor as ct . .)f in tor est 1-Ji th ro oct t.J the 

C . t.tve effo cts the SOA~- antl Cl- ani.)ns Jn K t:-~lce. ·r 
..LD 

·x 

study this effect in A tc:'J-cc by excisod b2.rlcy rYJts it w2..s 

sh >wn K a c cm.,ul8. t l ::,n vm s ter in the presence Jf the Cl- i.)n~ 

this D1crc~so Jve a so~-- s~lut~on Jcc~rrod in tho first 
•i: 

three - f:mr luurs 2.ft,::r trs2.t.r:.1cnt. It w;:.ts ijJstulntccl tho c1-

cnh~nccd the binding of tho K tJ cytJpl~smic cJnstituents, this 

2 si□il~r DhenJmcnJn eJ~l~ Jccur with fJliar absJrpti~n, and 

cJmparetive studies JVCr shJrter periods Jf ti□c could shJw the 

extent Ll wh ch such a. fn.ctJr c,;:mtributed tJ the :liffcrences in 

K u~take frJm different salts. 

Because sf tho suriJus effects that high leaf - Cl can 

hc,vo, tvr:J such .::etonr.:.in,1-tLms werE we.de t::; invcsti§/:.to this pJss~-

ibili Tho Cl luvals and st[l_tistical analyses are given in 

endix 8. 

t2. f )I' 6/8/69 s11'.JWs tl1c two Dece1;:1bcr s :rays hnvE- rut si;_;-

nif iC[tntly inc1~c 2 sed lc;,.f - Cl fr.J.m the C'.)ntr:11 ?:s2.n v2.luo ::;f 

0.3rl8;'::,. This vr:tluu sccus hi£.;h f Jr yen.mg trees th.o,t l12ve roceivoc:. 

11.) chl8ri1e f~r at least fifteen uonths. ~ t~t~l of f'.)ur sprays 

t:J trc;2,ti:1cnts thruc ,:i__ncl f JU.r hr,_s 6ivcn significo..ntly hit;hcr 102.f 

love ls :if 0.864:f~ 2nd:J. 7361& resj_-)c:ctiv2ly. ~-~11 the Do levels c.re hic;h 

( 2
,. \ 

-., ? ) • Leaf M Cl 0.75% in We .. shingt::m navels (33) l12s in::1icatscl sor-r 

t JJ:1 9 but n) ::;bvi')US tre:--,trrton t differences in 

plant gr:Jwth ~ere JbsGrvc~ in 1969 ::;r 1970. Lt n8 tine were the 

OXC8SS this l!k:l':l l1nvo been 

due tJ tho high !cRf - N v~lues in tho 1968/69 season (34). 
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In they er ler.vos Jf 7 /1/70 leaf - Cl is Emch lo,,.rnr-

The difference in level betwoon tr0~t~ents 1 and 2, 3 and :1 

W)'J.1:3. be .rgely tJ the ')nG Dcceubcr spr~y since Cl tends 

tJ ~ccw:ulate plant leaves (81), there is little LlJVemcnt 

x1 Jlr5. l,:::.·0.vos tJ y.)ung .Jncs (77). 

It is clear c. ven Jne spray Jf .KCl can ler:d t,:) a cons id ... 

erablc e.ccumulcL tion Jf le2 f - Cl 9 which IDny in s Jnc circumstot1.i.nces 

FJur s~rnys in e seasJn 

is likoly t:J 'I')~UCO .ngor Jusly hif,h f - Cl v.~_lucs, espec-

ially undE\{ C'Jndit.i:Jn:~ Jf l:JW N 

It 2proars frJD Fig. 3 the nvailability of sJilK from 

r,1id ~.pril hns n~Jt sh)wn any (ffcct on leaf - K until the f:)llow-

. . ' . , h -ing sprin6 , wnen it s __ JWecL a incrc-'"..SO Jver 2 nil supply. 

lenf p~rts Jf the tree durinc this periJdc 

C .RELJ.TIDNSHIPS BETWEEN MINERLL ELEMEFT UWELS 

1 Pqirs Jf ElcLlents 

'iricf re: cncc fr'· s ,--:-lre2dy been r:Y1.de t J the presence Jr 

,')_ 1JSCJ.1Ce :.1. rolf:'.. tionship betw8cn trot- tr:ont (K level) 2.nd the 

f c:mcentrr: ti.on :)f Jther elements. Ex2.nple s Jf this type of 

r<" tiJnship h··vo been rep .1rted in many cr)ps~ under bJth field 

~nd culture solution c:Jnditi)ns. We n~y now consider the 
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ig 10 Selected regression lines of leaf mineral levels 

Each pair 0f elements is indicated, anu tne season 01· s2.Lpling 

to which tl1e datc1. refers:-

Sp 

Su 3/3/69, 11/4/69, 6/,/69. 

The nu.rrbers and crosses in the sea tter diagrcu:i indicate the 

mean values at ea.ch h,?.rvest date, fo.!· each 01· the four 

trePtn:ents. 

The s1:;1p11led a.reP.. indj_cates .!cr1e optirnrun vaJ.tJ.es 5 - 7 n1ontr1 

old leaves or sweet orante terDinals (4o), and so is comparable 

only 1:-:i th Su data® 
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si t1.1~2.ti )11 here in r:nrc · il '\,Jtwrc the University c.)mput0r was 

useJ tJ in1icate the significant relati.)nships, '.:.nd in sJmc cases 

n regressi~n line has been 

) )1.;ing scr.s'-ms w:1s ane.lysed sep?.r,':1. tely 

i.e. (1) f)r the 112.rvcsts 3/3/69, 11/4/69, 6/8/69 i. o. r:1)rG 

(2) f::>r· the h2.rvests 10/12/69 1 7/1/70 i.e. yYtL1'lg8r le.::.vese 

6ignificcnt c~rrs ti.)n cJefficients (r) for any ir )f cler:,_cnts 

wore selected by reference to SneQcc.)r (169) an~ the Jet~iled 

results ~iven in Table VII. ~ causel re ti.)nship in these 

ce.sos ::.bes n:;t necu;s'.'l.rily f::illov1, but an awareness )f then is 

useful in intcrprotin~ leaf ~nalyses, and may 3lSJ indicate SJ@e 

r,hysiJl.)gicr,l rclo ti .. )nship. 'I'he ides. Jf a rati.) (as .)pp.)se(: tJ 

cl s1nglo c1. bs )lD.tE:: level) r,12,y be rnre m<:F=:ningful Jr useful when it 

takes intJ c~ccJu.nt DJ.re thD.n trJ elements (188). In tJb2cc·J 

2.n'. ~ r:: ti J ~ 1. 7 o. p J.)r quality Jnc ( l 7). This ty;_::e ,f rclr. ti::m­

s nJt ½eon invostignted here. 

If Jne c.::msJ.:1,crs r.:minly thJso inst2ncos where r is sig-

(i) In s0mc cases the c0ncentr2ti8n of cl pair 0f elements ere 

1:nrc cl Jsoly role'. L·cl J.n me sc.' sJn th'.'.n tho Jthcr. It L},'.y be thr~ t 

lc~f Qgo is the more Jrtnnt criteria, nn2 in SJDG cases here 

the direction Jf the relutiJnship h2s been reversed anJ if this 

is o.. cause 2.nd off ct phen x1on2 it i:cust be:, renembored ,,rhen say? 

s;:,,npling YJD.nger lcFvos th,c,_n usun.lly used in field ndvisory w:>rk 

It nay be:: thn t the rel;:, ti.>nship between t;-n olenents is 

different in the ~wo types ~f leaf, due to a different loGf min­

eral be.lance. This study dtd n Jt c:msic~er c::n:1plex rela ti,::mshtps 
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r - Joefficient of lineer correl2tion 

+ Signific~nt ~t 5~ level 

++ - 6ignific2nt at lS level 

Sec::son 1 Harvests 3/3/6.'3 - 6/8/69 

2 - Harvosts 10/12/69 - 7/1/70 

Element P2ir 6eason r 

-Y) 

K - Mn 1 -0.3228 

2 J.5592 

K - Fe 7 I -0.3961 .L 

2 1. 6113 

K - 2 0.3952 

K - Zn 2 0. -16 5,1 

K - 6/R/69 o. 1lC;J 

l j -'.J. 3697 l 
! 

2 I -0. 3695 

C.2 2 o. 3?1;) 

Zn 2 o. 593-1 

2 o. 293-'3 

Signific2nce 

++ 

++ 

Y=-3.0 - 0.66:Z 

; ;r_ C ('\ ,1 'Z 
: 1.•0 '::I• -,;:O 

++ , Y= 28. 7 5 + 16 • 08X 

++ 

++ 

+ 

++ 

++ 

++ 

++ 

+ 

I 

'Y=l2.19 + 2.'74.t'C 

' ' 

Y=0.85 + 0.32 

- O.OlX 

0. 5 - 0.05X 

IY=l. 07 + o. 31:X 

'.y:::,0.16 + ? • 39X 

;Y=3. ~9 + 2. 50X 

1··-··-···-~---·-·-~-- -·-·-· -·---~·-•-··---·-·-··-··------------ ----



Element Pc': ir 

P - Hn 

P Zn 

p - ll/?., 

C:1 -· Hn 

Ca - Zn 

cz~ - FG 

hg - Zn 

Mg - Fe: 

Mn .. , 611 

L.11 ·~ Fe: 

Zn ~- Fe 

1 

2 

1 

2 

1 

2 

2 

1 

1 

2 

1 

2 

2 

2 

2 

1 

2 

1 

2 

r 

•. o.,::c560 

--0., 3'l22 

··0.275.l 

o. 3306 

0. 11487 

0.3496 

1Jo5}18 

0.2932 

o. 17 n 
() 
'-'• '1655 

0.3,'.176 

0. 326~l. 

o. 1135 

o. 291:1 

0.5718 

r)• 2970 

0.7031 

0.2662 

65. 

1 f;i' g;1i· r"i (',0 nce· / ;..,,J __ .,. .,:_ ,.,,, __ .,. 

++ 

++ 

+ 

+ 

++ 

+ 

++ 

+ 

++ 

++ 

++ 

-l-

++ 

+ 

++ 

+ 

++ 

+ 

J Y==-0. 24 + 0. '12X 

i Y=9.18 + 5 e 33): 

I 

"'.::::;.3. OJ + 3. 5,1)( 

y·=1. 8<1 + 3.0lZ 

y:: ,11.17 -t- 6,17X 

Y=ll. 11 + 37. /J,OX 

Y::2.19 + 23.59X 

IY::11.09 + 11.55X 
I 
1y:::0.57 + 21.11x 

Y=9.09 + 130.24X 

' 

iy:::7 0 96 + o. cv1x 
~ 
(L:: ,}.J. 23 + 0. 53~-: 

Y=39.64 + 0.39:X 
I 

fy:: 21. 6 1 + 1 • 6 5:X: 



irnDlving lt:rge numbers )f vr,ri-':.blc r:1incr?,l. 

levsl Jf e~cn Jf the netel trace clements. 

The rol~tionship betwcGn leaf - Kand l82f • tr~ce clo-

□ant conccntratin1 is a cJnfusod ·Jne, in some ~asas thor~ being 

~ negative rclntionship (32, 117) in sJcc a positive Jno (32), 

an'. in )thors 11:) cJnsistent rclc.tiJn t:) K level (160, 197, 199). 

':::he:so results slnw tho tiLo Tf s•.r:,pling (physi:)lJ;::,ically) n;:ty 

dctorninc the f Jrr'.J. )f this rel;' .. ti JnshiP, sincE: on ch typo has been 

shJvm 1·-rithin 2 ten c:Jnth periods Thcs±rm;_;th Jf tho l"!JSitive 

relationship is hrrc by far the str~n~ost 1 

In the c )C'.)nut K 2.nd N2. shJw nnte.g:Jnistic Jr synergistic 

cffGct.s ~cc·Jrfi":n,.•. t.J -t.,'l~o- Lrer F ln,rel (13°) ~ ._, _::., -~ l• ', .• 1.\ • ..Lvv·· ';:J e In the present 

fes~lts thoro is e nogQtivo carrclntibn1 between lc~f Kand 1,n 

levels uhcn l::.n levels c:rs jfhigh 11 ( 15 m:.m), but when lln levels 

are :1low ( 11 ppm) nn incron.sini::, K lGvcl is assJci2.tod 1,1ith an 

incrcr:so in I e2f Mr1. Such a rolati'.)nship c1Jcs n:)t exist f'.)r tho 

pair '.)f clements K - Fe, cnl here Jcrhaps lenf ago )r SJ□o '.)thor 

fact'.)r h~s □o~r influence an the K - Fe relationship than the 

2.ctU2.l level Jf either ;f those clcncnts. This fact:ir r.2?.y be tho 

level Jf c1. thir:1 olccent e. s sh )Wn by Srai th ot_ cl (16,S) f 1r Jther 

elor.ients. 

It h2s been Sr?.id (147) K soc:rrJ.s to h2vo little effect Jn 

the absJrpti~n of the heavy metal catiJns, elthough it hes been 

shJwn Ln uptake is stieule..ted by incre.c-. sed K supply (133). In 

YJU.i."11:; le,'.::ves, cl high I( w,tc1.ke W)Uld e,ive 2 high lee.f - K and leaf 

- Vin rcl::1tive t) trees receiving l·)w K sup~1ly. Le. r w,:,uld be 

p)sitive. J.s these lcvos nature, the percentage dry E1attcr in-

cro2. sos e ·'i✓ i th l:JW K supr,ly, gr J1,,rth re: tes arc l:)•--rnr than under 



hj_gh IC sup;~ly whcr,:· lcc1f c=trc? is like:ly t) be s JL1Gwh2 t c,rs2. tor 

(1.11). \iith s eing ·,:r)ccss the lor,f l•ilJ. is likely t) shJvT ~-

~iluti0n affect es s0il nbsJrptiJn dccrc2.sos. Such ,:11uti0n 

WJuld be ~rcntsr in hi K trees if ;;r~)uth c:mtin.uer1 ter, 

nn:.1. if n t this tine Jf yc2 r ( fr '.)I.1 nid-su,.·;::cr) .i:( v.Jas 1:1Jt -iror.. tly 

-1- -
\,., ,) 

s 

ive r·. no 

Cclll.CC.? 

t,·.h:c. Diff'crenccs such ;:-,s this L~F:.y be en )Ugh 

.tive carrcl~ti1n cJcficiont, r 'JCI' s 1i~ lesser 

)th.er trccc 

olc□cnts, but C,cs nJt soci1 ty~icnl Jf Jthcr vairs Jf eleucnts. 

'D1G . hcnJi:•.cm0n ,just discussed Dc".Y be a ic2.l, in the. t ~ 

( b) it. sssur.1cs the roJ:-, ti Jns between o c::insec:1.tivo su;;..'·.,cr 

a:rYl sprine,, put in reverse, a:ce the sn;:"c o.s n spring 

the SRDG gr~ving SCPS:Jn. 

There 11''. S D'J c:v i:::oncc .Jf - Zn c1.nta~Jnistic effect, as 

hns ht":,c::n re·, )rtec: (147? 199). While thG hJ.gh -· K trce:tr.,e:nts sh ')W• 

nf Cl "',111"·1) th 1 " v • U..L 1.~ J.-' ~ __ J...i-....t 

cn.t.i.m :.xf stJnger Ks- ys (25). The ,:tvailability )f S)il K hns 

tl ·rJf.)un:l offset :m leaf - Fe. 6/8/69 treatuonts 3 ani 1 shaw-

eJ si•~l2r loaf - K nnJ lcnf - Fe cJncontr~ti~ns, but with the su~~ 

' ' •• , ,-'I -"' .• -P -- • t 1,-, • • t + t QGXl i:Y'.J.LL<...L U]J ::n .LG·': . .!. - l\. 1.n _;.i.1(; srrin3, ln rc•.LlJGll" 1? lc':'..f - Fe 

than in trc~t~ent 3. It ',)ulc1 sec.r:.-1 tb .. Ls is 

;1 )re the.n C:'.Dcffect ·)f rcte.r::Ied 1.·1inter/sprinc ir::;;n tF:to.kc by trees. 

(ii) It is Jnly in the SGCJnc1 se2s::m thD.t K c.nG lcvols .sco;~1 

LL,~_, s_l_1·)1.,,' c~.n.1_1- r 0 1~+i· ~-1~hi·~ - -"-··'-·V . .)I~;_J_ );19 ~nd it is nJt ~n ~ntag~nistic Jnc. 

It s been Sh.Jwn lC level hl,,.s ...,n "nt .... ~ Jn-i sti" C rinI.-.ef't . - • C. - c..__ U l) ~ J.. t:.: ~ :Jrl 

Mg ~thigh X levels, but not with low - N c~nditi~ns (168). 



When the ,,r,:--ssnt wo. s rc£.nalyscd f •Jr l::i1i c :3 (:1 ver-

_,,·;c 0 03ei;; J:J? r-,n,'.c 1.6 - ?.31'i)o c:ncl f.)r high E 
'·"~:; (._, O / .._, I 

3o 67 I~<.'tngc 2. 9 11') si~nif ic:':.nt 

tiJn ( 
.-, 7 ) ' r , . ·.J • ..L in clthor gr 

It ht:'..S been f' )Ul1't in the fis1J t~1~t liberal 2.pplJ.C'.).ti )ll.S 

C;ntent )f V:"'.I'i)US rts )f ··pl;::: trees (13). ~C'hc sJils invJlv-

e<". uerc inherently hich in i: 1 " 

~sitiJn Jf the Slll sJluti::in being 

mY' ected by the f ert iscr .:,. LLc~: ti )ns. In this work with the 

ler:-on the si tuc'. t is d!iffcront in th~.t the IC has cn.tcl:ed the 

tions. L study Jf le 

effects Jf' s~) 

levels Jver shorter pcri~ds 

2.fter s,-:,rc::yin;:; 1 when lc8.f K c mcentraims ·,ero ~1ie,hcr .vc 

ct Jn the l0af - ME level. 

vo bean 0c~~ingful to c 

licqu.iv2l basis, but .i.t ls intorostin.:.~ th2.t 2. cJnn :.1nly re-

ti:3 sue o Stwh r~nt::· g .misL1 r~.'-Y he.vu ')Ccu1°rcd in .ithcr _rts ·Jf the 

tr0e. In the fie st sc~sJn the hich K trees c~int2ined the s~sc 

(f2.ll) in ths lc~f - level Jf the fJrL1cr. In tho scc.)nd s0;a-

)f trc t1.:1c:nt (1) 9 where levels 2rc also highest. 

8.) it WJuld 2 enr f)liar K has resulted in the rc-distributi:Jn 

Jf S')Dc r 0 incr2l '.)thcr than n2.gnc siur:.1. 

(iii) L l )• .. rercc1 lco.f - C2 is usu0,lly ,1,ss)cic:'.tcd Hith increase,::'!. 

K abs~)r:::ti·)n fr )E1 the sJil (199) 1 but c'-ls·) fr:Jn f:Jli2..r sprays 

(r:;r) 100) \ 0'• ? ,() • L sinils.r rcla t:L:mship w,0_s sh )Wn here in lTJro :i::: ture 



lcevcs, bur: tho tendency w~:s clec.rly the opposite in the ynmL lc:s.f 

s~oplcs, (ne~rly significGnt 2t 5% lcvol)o 

In " discussion )f th8 1.1.SG )f :cr•.tiJs Jf lonf u.inoral 

0 cbubt 2s 

cnclix 9. ···111s s,12,,:,csts QS c;.) the o.b.)vc results, c'. ri .. ·t vr:::;ry strJnt; 

' 0 ,1+-, •001·1 °,·: ,--,c,f·s,;c•c r tn' ,·· t 0 -.r·•·, "•l" cr 0 e1·ri+s )1t<,r n -f0, i rlv l•)D,, __ ., :~:eri:.JC1 <.;;. __ 1.1 ..... ::_,.,Jl-. ....... ~->-~ ,J\:.:.v'f,. ..,_J, \...,, '.~ ... \,.. . .;..' .J.l.11,.,_, 1V ··~ -C---· '1 ~ .... 

In C'. cJntr lbut.i.Jn t:::1 tho subject Jf e:d.c·;ont bal.:1.ncc in 

--1n,1·'- n°1./--,,.,i' +i· ,..,n (l')P) J' t •.r .. , C f··.)'t.L':''1. "L·.}-10) '1'\-.1.'/•v"c'='. r.~ .. -tJ· .. , _ilc,.,_c·! .s::.n \:.:,,·f.L·<'nct. ~ C .. L l, H, \.·l. \; J_ • • . .l • t,·.,. ,.> _,_ c - L~ c .J - ~ ~ -" - <.:.: ~ 

tcs 6./3/69 and 

"7./J./'7 1,J , \•TQI~c 

~ • -1 r :,,':.·-·~ J . t . 1 , . 1 . ' t ricnnc ,:::., 11-:-isi ive C'.)rro ":L.L)n my in .1 .. u;-;us • 

,,_tivc c::irrclEtti)r: in y·YLmg 1e:-'.vcs, e.nd this in L·ct is tho cas€ 

(-0.JJ.). 'J:1;:10 very LY✓1 v2.lue r:12.y tic·vc resulted fr)n the hi;,hly 

f,;ignificant }').)Si tive ;:r - Cc. c::irrcl.:-' tiJn in those lo ,_vcs, 2.. rel-

2.tiJnship sh.>'t:D t) be .. bsont in the: )lclcr lc-vcs ·where r:: ~--::ie::::ll. 

It is n~t ~u~~ested the N/Ca rati:) is Jf ;~rticulnr physi:)l0gi-

this c:::muplc ··.e:rh,11Js ill-:..1str.:::tes th2>.t, 2.S Ui t'::l 

be rel~ted to tho ti□€ :)f 

\.
I :'.-:"r. '1· Le-n.,.f p ·b·'I'e 'Tl. rt 1u::1 .. 11v n ' ,-,,1- ti·')'' + J_r. ~ 17 b ' t' _ 1 c - J _ , - ._ ,1 .l 1 1.·-...: cl , "1 L, J c:; 2 I \., u t. r 2. 11. c r 

s~rc surprisinGlY K 2nd~ did nJt c000 near shJwing the negative 



'7·'.); 

sin;-t N cm1.sin[; 2. rc:ductLm_ in lec:tf ··· K c )nccmtr.~ t i:.m ( 168). Ti1is 

, . .,,, tr.,,., -r···. t - ] r.··· 1·"' ~;.1. O?. ·d.L l: l.CC .JU -'-'''- 2.I'(:;Ct tl1.ar1 is increasing :( supply? and SJ 

a □ Jro dilutinc crfcct ~n the ~ther □increls C8ncentrati~ns. 

. :, 
(.v) 1 . . 1 n Cl J.l ' l ' r"r:_)l'.'.·. Th~ ::i.rgo incro" sos in C,'."'.I - ., u1a -c {J8Y rc::s11-T; 

chlJrL'lc f )lie.r sprc.ys lv.ve bcsn <liscuss'-d, ::C!.nr::_ 2.s rart :::if the 

eenor.::'lly rJctrit.hnt,·l. effect such ~,.ccur;;ulcti)11.s h,:-i.ve uo uit,ht 

ox~cct e □~tificati:::in Jf the pl2nts 1 □inerQl levels. In s:::i□o 

results in r lJ~erins Jf lc~f 

tu:.) )ccasLms )n 1:rhich Cl ,:lctsr;j_ina. ti)ns ucrc uade sLY\JS there 

·wt·.s n) cl'.)sc c=irrelnti:.m bGt'lfr.:'lcn Cl anc1. n levels in those lcrx)Tl 

(vi) 'Ir,.blu VII indic:1tcs LJI'O fully tho ccl2.ti)nship bot'\'rccn 

V?.ri )US c.J.I'S )f c-:lGr1c,nts, n,u1y o . .lre:·.dy I'(,i:: :-rtcd. This 1ncl:.J.c.es 

the negative ~)crol~tiJn botwecn lI, P anJ tho pJsitivc c~rrclati)n 

ine:; p )int is 1:thcther it is tho K. Jr hg level the, t has been c::n~c 

cnusal in changin~ .lo~f tr2cc olcnent cJncentrati)ns. It is 

;:Dssiblc it i.s thG lc·tter 1 ::n the.t in y)ung lc·vcs tho K lGvel 

has ;dfectecl 1c2f - Ng, which hns in turn o.ffected leo..f - tr·~ce 

clc□Gnt, thr~ugh either its influence ~n thEir upt2ke 0r dist-

ributi-m. This sequence )f events !Y:.s b· en su0,gested to c-xp1c.in 

the effect ~f K level ~n zinc deficiency in sweet Jr2nges (147). 

In the first soas~n K level has apperently n:::it hQd an ~verriding 

influence on leaf - Mg (leaf - N r2y h2vc been i□pJrtant here). 



'71. 

aecn11se ~f this cJnplex type of intcr-relntiJnship, when 

m1 . . l ' ; .Ll,1,; "· r ,rr:,l,1.e, s J..c- ,r ··c1'·1e L1lS lS c'2..LS0 sn::n1ll1 DY Us.; v~........ ~ clcnent pairs 

Hn.-Zn 1 
-- n • F 1 • h l''.lrl-re, L.Il- 1 8 WillCc C,ro :.1.sually E3ignif icant, osp-c:cially in 

the 2nd sen sJn ( Tnblc v:rr l3inc<:, n~) 0110 tr2.co sle1:cm.t was diff crcn~· 

ti.ally O..f/'l:Locl it n':".y be rr"Jre re,·,s:_)n2ble tJ suppJsc their c·.Jncon-· 

·crc":tiJns bear s·,.ch 2. cl1Jc.,c rclati::mshir, as a result Jf their 

boinG siuilo..rly :.·.ff c-:ctcd b:0 s )LG >chcr eleucnt o.:;. c2lciu,, 1 

nitrJG,e~, n· c:ireetly by iC .Level. 

It is vnry difficult t:) actoquately interpret the c~at,2 

rresentcr:l in Tn.ble VII, c>.nd s) sJr.1.c -Jf the i:nrc intorestinc C.C'. to. 

w,:,,s e:.n:.~J.yserl further~ This ,:r2.s (one ~1y the c2.lcuiati.:)n :"Jf 2 rn.J1:1-

her Jf ~arti2l c0rrcl2tions C~p) the results Jf which are given 

ln Table VII~. This allows a bettor C8nslderation of a signif-

ctI'G )nes in tho secJnd suas·m (yuw.:.c leG.vos) between IC 2.nd the 

2nd behveon Fe e.nd Mn. 

in the S!J.r:<e: lec.ves. There J.:;: still shuwn t . ..) be ,'l hit:;hly signi-

f ic"-mt no?e. ti ve rti0l lins2r oorralatiJn bctwesn K nnd Ca, Fe, 

Table VIIA shows tho correlati8n between:~ ~nd the elor 

ncnts in the yJu..n~or le2ves does n::>t in f2ct exist, .. alth::)Ugh 

thm'e Dc::.y st:Lll be L cl-::>so rE::12~tionship in the Jlcler ler:vcs. 'Ihe 

)ther iup ·:rt::mt cl1.c:i.ng1.3 iw::~dc by this further c2lculo. tLm is that 

the sign if ic2.nt cJrrelc:: tion botween leaf 9 K i1nd H; levels hC'.s 
i 

lo(;. n·:) ;::i )siti.ve r2l2 t1FJnsl1iJ_:> exists 

beh1ecn theD. 
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++ Signific~nt at 1% 
+ II II II 5% 

?TS FQn-significant 

. ,- . --- - . ·---·--·------- .. ., ______ ------------ ·- -~---·-·-- --- -- ... 

Element Pair Season ! Constnnt 
! Element 

8ignif ico..ncc ! 

I . 
---·· ..... ··---·--·----->-• ---- - --· .---·· ------·-- --- ·--·•--· ~-----··-·---~---------·-1--··- -----·- -•- ------- - _ _j 

Cn 3/3 6/8/69 i Fe·· l -0. 3023 

6/"./69 I Ca I -0. :-s21,1 

l':.. - ++ 
IC _, Fe 

K - 1'in 

-r-;• 

Fe l\.. -
K - Fe 

r,-
~\. Fe 

K - Mn 
T[ - Fe 1\.. 

K - Zn 

Fe - F;,;,1 

K - Ct1 

K -· Hn 

K - Zn 

K - Hg 

K - Y.i.n 
------·- ____ ., ___ ,. 

3/3 

10/12- 7/1/70 Mg 

3/3 - 6/0,/69 Hn 

10/12- 7/1/70 Mn 

10/12- 7/1/70 Zn 
' 110/12- 7/1/'70 Zn 
! 
1 1 o;~ · 
I-~ .12--- 7/1/70 Mg 

:10/12- 7/1/70 fvfg 
I 

110112- 7/1/70 2.n 

3/3 - 6/,'3/69 

3/3 6/9/69 Fe 
' 1
10/12- 7/1/70 

i 
:10/12- 7/1/70 Zn 

10/12·- '7/1/70 L,n 

I
I o. -'.1738 

-0.332~~ 

o. '112,1 

O" "152-1 

o. ',15,'.1: 

o. 571:1 

o. 3,375 

o. 636 5 

-0.2810 
) 

1 

' '"' 2-z 'O t :--Uo v 1l: 

' I 0.3060 ! 

0.2909 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

+ 

+ 

+ 

+ 

i 
0.3590 + 

~--·- . ~-- ------------ ------·--·---•-·· __ ,,_ ---------------- ---·-~··--- ·- ..... 
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TL.BLE VJJA ( Cont. ) 

Element rair, Seo.s::m 

K - H.n 3/3 - 6 /o /r-, g I ,_) U C··, (. -0ol:'331 rrs 

10/12-· 7/1/70 l'iY1 0.1790 I,f,S 

I{ - 10/12- 7/1/70 Fe 0.2168 11TB 

K - Zn 10/12- 7/1/70 Hn. 0.187,1 l\!J 

K hg 10/12- 7/1/70 }i'e Ool86l ~::s 

l'tig Zn 10/12- 7/1/70 l•In 0.0785 NS 

l\•fg - f,Jil 10/12- 7/1/70 Fo 0.2699 us 

Ng - Fo 10/12- 7/1/70 1':In 0.1370 l'-JS 

Fe Zn 10/12- 7/1/70 Mn 0.0321 NS 

•~--.,-- ---------·· ···------,.,--•·------ -"'------·--•·• -·-----·~-----·-·-•··· -~- ·-· -----~--

Tr::.co oJe•:wnt levels c2~1 2,ffcct t~1c lc,"'.f c Jnccntra ti Jn 

Jf )thcr tr2ce 0:leccnts, :'.S hc'.s boc n sb)wn by u in sweet 

pc (71,..r') ._, ~ --- . the d2ta in LJp~n:ix 7 ~ith Tables 

II en:'. III slnFs that iron levels 2.lwoys nppE>:'1.r se.tisfe:.ct :,ry, 

zinc levc_,ls o.rc pr)bo.bly ,;.Jways deficient, 2.ncl r,ang.::i.nese tends 

t~ be deficient. This ,ms r~erl~cte-c.1 1·n trer ~nn°prn11ce• ---~ - ~ ,, . .,_.,.-\:, .. _,__ , lE:af 

chl8r~sis bein~ es_ecially n8t1ce2ble in tr02tnent land 2, 



fr:::in the '.~in tor :)f 1969. :d.J•,'1cver 'I'ablo VII (bes nYt lnd.ica tc 

a ne .tive c~rrelatian botwGen any two trace cle□ents. The off~ 

ects ·2f l<)W i,m 9 Zn affectec, the trees I a pvcaranco r.:'l.Jre than P.ny 

low8ring of leaf - Fe caused by fJliar sprays. With this sit­

un ti Jn certnin t1'acc olenont s1Jr2.ys wer,3 E1.IJ].Jliecl 9 with 1cffects 

as scusse~ in tho next secti.Jn. 

(vii)Trace ole□ent sprays 

Detiilod results arc 2iven for this intorostin: work 

in ble VIII~ but it was nYt p·)ssiblo t) 2,n,-:lyso then stat-

istically. In spite af the obvious ·Jvei1ont in leaf trace 

clcnent c::mccntrc. ti Jn ui th s,-:j_"::> int,, trr:,o ro.ncc, was 12.ri:.;cly 

um?. ff c~ ct e d • 

. ~ 

T..r3LE VIII t-fi'FEC'T'S OF TR ... CE ELEr1iffT° s·PR~~vs 

Loe.f lcvols ppu 
7/1/?J 

j Leaf lovols 
I 6/3/70 

-·---------- ----------·· 

;o change 

T•~, ~ J..-·ir.int' 1'·:Irl 
J.' ~· GL ~~ I Zn Fe J'--1'1n --i-- Zn · ;·· - Fe -J l'ln 

I i, I ,: 
: 3 3. ? 11 .. 7 ·~3 'I .126 

37 .6 11.f:1 Z6 , 612 
S1.9 i 19.6 82 316 
.10 .. 7 I 15. 9 6 7 l 2t12 

Zn Fe 

1 Mn . 6. -1 
! 5. 5 
110.8 
ill.9 
I 

16 
1.:1c 
19 
11 

39 
32 
79 
53 

- 8 
-16 

3 
1.:1: 

10 
12 

26 

2Hn 

lZn 

2Zn 

'8.1 13 :15 5::).2 I 12o9 •16 ,j 63.J - 8 2 
! 9.2 11 38 55.l '· 11., 1 35 \1 ,1S8 -1 - '8 
~1.7 16 59 55.? 26.5 6J 1376 66 2 L~~: \ ~: -,- ~:- , ::~: r;:: ~ ;: !!_G ::--r, -1-8: ------+-_----:· "-';. 

i se6 12 ~ 3? 1.1.s I .. ~s.s i 72 305 32 
J.O.1 15 I 31 10.0 60,.? 61 F3 305 t 97 

9.5 ' 12 60 12.') •19.5 -10 36 312 -18 

6.8 
9.2 
8 • .:-1 

1 7 
.J..:. <: .... } 

16 
1 ,. 

'.c 

l'.) 

,n 
~3 
3? 
31 

10.6 
11.2 
11. ,1 
8.? 

53.l 
69. fl 
?1.2 
62 .. 2 

53 
70 
71 
62 

56 
22 
36 
38 

3;)8 
336 
,y)g 

522 

20 
39 
'}2 

100 
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TLBLE VIIl C:Jnt. 

I Loaf h,vels ::~::,1;1 Leaf levels 
l 7 /1/7:) 1 6/3/70 , 

· ·· ··-·-··-·--····•1~------·-·-rc•· ···---···-•a ---···t-·- · .. -----·-r; ·-·•··-·-· ~~-- --;- -----•··-··-··--· ·--·--------·-
Tr e2 tiJen-H. Lin 11 e 1 1-m :ln 1· c I t.:q 2n Fe 

! ! • 
~ 

]_ I 5. 9 
( Mn + Zn )

1 
7 • 7 

l 7. 1 
6.9 

2 
(Nn + 

11 
15 
1 , 

·,: 

12 

27 
53 

1 7. 
•.;:U 

35 
15 
7.2 

i 

31.3 ,. 
.,o 

32.2 
30.9 

,19. 8 
62.0 
/rn. 2 
62. ;1 

,: 

• ? 
5-:).5 
35.9 
35.3 

38. 7 
~.9 .1 
4,1. 5 
5'7 .1 

-'±5 ! iJ;30 
5,J 
36 
35 

39 
.'.,9 

57 

::s36 
335 
3-18 

500 
853 
1160 
52t1 

306 67 
383 - 6 
156 -16 
101 13 

108 - 9 
251 110 
212 - 2 
308 -21 

_...c.-_______ , --+~--••<-----•-\------·------~- --... t... 

t ' ' l l • 1 • • . -r t Hine wocks ~for ~no soc?nG spray, on_y ~ac nigh h rees 

(treat□ent 1) woro lnr ly non-chlor tic, all ~thers regardless 

of tr:1ce olc:icnt troE:c t::,8nt bein{~ n::idera tely - severely chl:)rotic. 

Presv..c--:1ably ::mly sna a:r:iounts haJ. bcon P.bs Jri:;cc.l by tl12 Jlder 

gu.Gnts. 

/ 

Ono :Jr t\D n2,n6:".neso sprc:~ys incree,sod lcef - :r.111 frx1 

8.bJut 9 t::> 3·? and J 1.ip to 56 pp;_:,. reS!)Gcti voly, ,:::.n inc:roe.se Jf 

1.i1·; t ' "'·Jn< .., ._, _, ,._1._ . ..1 I'• 

.ys -:in 

L.s with 1,1'1 9 tw.J Zn s·~r-·.ys ~1r:vc givon 2. si;,.ilar incr0t,se 

in loaf - Zn Jver ~ne s~ray, Jf 2bJut 

giv2n Q l~rBc lncroasc in lonf levels ~ver tho Jriginal c~ncen-

trati-::m - t:J 5'7 • Thc1°c Lio.y VG been an increase in 

loaf I-'.ll1 r.urc • s cir.lly Fe c.s c, rosul t .Jf those si:,r2ys? 2nd 

Lo.lxmnusi·;:as (117) f .:1J.ncl suclJ an effect Jn lce.f hn • 

. 7c .1.1Jt affectE.:d 

increr·.secl le2.f rmd ~n. ~LJ"\:ovor tw:) such spr-r.ys rs t; 
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h~VG resulted in 2 lesser incre2s0 in leRf - Zn (13.5 t'J 47.3 

) .1..11 +1r· z1··-~ c• r-·,-~ (7'' ,.., ·1·••• o'' '. .l- ·,·,1•·) lf_;,_,---:·.L"'C· t.hi's (O_f_+j_'oct ·,,r.;·· L,,.SX). ,_,,JJ ..,_11,...; '-'. ,'.y';:o .c.0oG l., . .) CQ l.l_L'·l • \. ___ •.. -
.J.,--' .t/· ~ _,.,, 

w2,s rutod in s1.fect )ran(es it i.tJ.!'3 o.ttributcd t"J the re(,..J.cti.Jn in 

,, f'_,:~- -t-+ 
1 ree L<Il i·)ns in the cJl::bincd spr-::i.y sJluti:in ( 117), n.fo.1 this 

(i) 

ring pl~nts ~1th Q 

s been sh~)wn in c:mJi tions :)f 

bJth s·Jil r.:.nd cu.lturc lDec:.L: c:.mcli tiJns. It h~.s a1s.J been sb.::nrn 

L> a;.)ply f Jll )1,.,rinE f J.L.iar t!.])tc.ke Jf various S(ll t c Jn(::.itLlns by 

'c_, ,:_ '.'.' rll 1' Di'·', .c: , .. 1·~ t:;i1 ,, 11 + -l-· ··1 n <'' <' ( rcJ '1 ) _, \_; e -- ~ ,__, c~ l ~ '-' ....,,_ V l, ---'-l.:> \.J • .,,, (I, 

In this 1nrk mly Cr. 112.s st,_.)w.r.: 2.11::' tendency t J fL~ll with .tncrcas-

ln[; K. 

vest cJ.2.te. 0vm:2:11 there w,. s 11.J cffoct :.:,f t:cer- t; .cn.t x1 the su12 

2.ltt-nnt.ll E! L the fin'."l D':'1..rvcst c1n[~lysis sh )•.trcd the: 

t)tal tro-':':t1::tont 11 tJ be s;rc:.•.tor at the 5/ lovsl. Lls) 2,t l:J/12/69 

tre':'c tr.1.ent ,1 w2.s higher thnn the 

This '~Jr)vidos c.t nJro substcmtial ;;r Y)f )f c::mstr~ncy fJll :.i--.ing l.o?.f 

the cr~so Df tho Ull.US-

le,'. st 

the plabt ls nutritiJn2lly Jf a ~iffcrent tvne fran Jnc with n 

lesser supply Jf thnt cati0n. 



f crcncc ;)etwe en lv;,.1:vc st so While rut stl tist.1-cD.lly -::.no.lyscd 9 it 

is pJssiblo L,:~)e11:::lix 10 dm·,Jr:s-cre:. tos !l 1-:enerr•.l sr2.ll incrc2.so in 

tJtal c~ti~ns as the scas~n ~1v~nces. 

(ii) IC+.L·,f e .. +cc~ +l-~.~~:). 
PH! r;1.eq.Jc 

+- ""7S 1''"'Il''" (8) r-,·•1·' ,/-'1n ., •• , .. :·J'I'' -i-J1!r,' ,~:-l,J,,L,j) 1·:::ci.y b. C !'1~)1-'8. ue,~nin,r~, ... Il·) i,, C,.Jl.,. v: ·- l, ,_ , C\l <.l 1,:. \J clb',:c . L,_ -· - , . - --~- . - .... . - ., 

csontod in Appendix 11 

shJ\!S ::-.n Jvernll nonsif~nificant trer.t1.1e:nt effoct, Rlth-::n1zh the 

( a:,, P) 
1·~1- boin; very s i; :L"l ",., in 2.11 trct i:cent s .. 

There is a sitnific2.nt h2rvest x tre~t□ent intcracti~ne 

Thl7: l:YJ rr:.ti·) o.t 11/1/69 is unusu,:-,J., :211/t thG s.~gnificc,nt h,,_rvGst 

effect )n the Cc:. tLm/2niJn r-~:. ti.J ls :re 0:.lly 2,ls:, a , .iff ercnco bet­

ween sc2.s:ms? :-.ncl e.•~••e;,.rs tJt8.lly duo t.J the hl;,")1 v,,_Jues Jbtc:J.inec1 

in tre~tRsnt 1 in tho sec.Jnf sc~son. So□e f~ctJr then eppe~rs 

t J hs. ve nffecte) this r2, tio 3 n.nd it hn.s be en cl::::.inscl rt lELrge nun-

bcr i.t-':.b.:t:rity c:ncl nutritiJn cr.m affect 

tl1c In this instanco it 1,ay be 12.rg,cly 

c1uc t) the po. t tern Jr .,.:~:.nne r )f _;( sv: ply o 

r.l'h,·,c::o ,~ost1lf·s s.1.•'_._) 1.' +11..~.-.. JL_ 1·· Y"'' · l ·ti 1 • ' ·1· -~--~ - .-v ' • '-'"-' ~il '.,,111; G2VGS Wl :1 n. Dlgn \. 

level ( 2>;) 7 r).)ssi1Jly only as a result ,Jf 2 roc8nt bu:c'st )f K 

accm-1ulo. ticm, the tJtnl ca ti:m level (E:.nd s.J alsJ c,: ti.)n/anion 

ra ti)) has rnt .Jver E, fairly l,JnZ; j_Joriod bee JDC st2 biliscJ. 2. t its 

n,,~-.,,--q1n l~v::,l' · l ··' ·, i.· 1 · 
1A.J1.,,L. •.:;: \:J oy 1::unere, rc-GlSt:i.~loU'vl·Jn, .Jr n2,s pr_:,duced a 
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b2sic~lly different plant. 

In tho s □ cJnd scps~n, trees Jf tro~toont 1 7 bccc~usc 

It c~.Jes n.Jt ruuover su:.:,.:.cst th2-.t it is f;Jli,:r sup1)ly .12.fil':. g (as 

·J1--,-,sor7 +·) ,,·,i· 1 ~.,~,·,··l,·1) +],,•,+ .;,,, t•·ir .. L·_·,•.·.·1·:,·.•'.1"'.+P,Il,+ :_,",..,_ .. ct,,1~ 1.·J,0•1.~,i·,,.,,,,i,_ t_]..-,J.."S ..'~/•~• '' .. , V 0, -L. ~~~•'/ c vc~c V ._,C; .,•.•.v , _ v,.- V _,. v __ ~--- -•'-- CJ., 

effect. 

It is generally r:.:ccq::tcd th:J. t the L.Jx~lr.ncc ::if ~:.Jsi ti vo 

-?.nc", noc;2.tive ch2.rf1es in tissues? resultins fr J1.: Ui1.ecfl_wl co.ti:m 

antl anion cJnccntr~tiJns, is C:)rrccte( by chnn~cs in tho level 

::if •J1,[:;t:.nic ani:.ms. :3y this r:cr.ns nc1J.trc1li ty Jf csll char go is 

2.ni:ms )," ·1Jith rcs,Kct tJ the ol0ccnts e.i-::.d their i':)l:ic st:'.tGs in 

tho pl;:mt 0 
( ·,-+ _, rs +' 11 ·· - ++ ' r,, ++) c: ( f)'O _

1
- -+01-·-1. -_,..I

2 
no-, +·1·1::, 0 -. - ) _-._·1~ , 1 - 7 - u C:. -r 1 '<~ • •..1u. [1 c C q., 70 ::: ~ v- __ ,- • r' - . ·, · ~ 

• ✓ ·J: t,.) 

G -· c1 + '<..i• 70 ir--·"n1·c -·ni· --,,-,c, ... r,q (/ .. , (-;'~·, c_._ __ ._ .J.!..J..:..., Jdo- ..._: .<J /Ott \,ii th tw .. ) cxce1:,ti.m.s this Linor.s.l 

d1:.1. ta 1.rn_ s a vrt 11.a ole .P.L. )1~ 7/1 / 7,1 
~ --I ~) end S'.) it 1.r:.s russiblc; t) cn.lcu~-

lntG :cL~ le vcls ee. en tr u·_ tc•on t. 

trw lsvcl '.)f 

- iJ !)V i ;·1l-f-1"·_,,7 y~-i1·1•-, 1)y J. n2r-7 ( ,,_,~(·) - · ' U · .._,. v L~J-·~ - () ~ 4 J ..,_ • 

This w2_s then subtr2.ctor1 fr-:in a c:mstant figure, 2ssuu­

ing a t0t~l lc2f - S lc7cl of 0.31/ in nll trocs (29). In tho 

-1 ,...t~r-:ir_ .. • .. ,-t·,"' U.c, G _ .. ,:lD.1.-: .l ..,11..:::,? these lsvels ,.rnre assrn~1ed 
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'I'hG r0sults )f this c.:.lculr:.t.i·)n f,)r 7/1/70 arc, given in 

Lppondix 12 and indicate e higher Jrg~nic aniJn cJntsnt in the one 

treat@ont withe si1nificnntly crc2t0r total cation content, i.o~ 

nucbsr .1. This .:::,,:3~:-Jcio.ti_)n is e>. c,JCT.~:m :ino (176). Plant n 

nutr 1 tion is r'.n icp')rt:'nt f:-;ct..:;r in dctGrnintng plc.nt org:-,_nic 

acid CJntcnt (16), 2,ncl K nut:r•itit)n 11c1s an effect tn2.t varies 111th 

the crop (71). On t~is d~te Jnly K, Fe, Zn arc sisnificantly 

cHff eren.t (rughcr) 

increased t8tnl ~rgnnic ~cid c)ntent in resp~nsc t~ the increased 

K l0vel. 

~ ·1 • .. , " .!.. • ., I' /l/r1•J 7 C.' ;~ 17,, Leetf· .)X<:1._ic ac1c1. \Jr~ s d.o Le~c~-,~i11GcL :J11. f,, , 1 c..r1cL o~ :.), v 

/ . ' . 1'7.) \_L1ppenCclX d • On ne.LV1er dc:tto vras then, 2 si;,nifico.nt differ-

once in its concen~ntion, between treat□ents. ConcentrQtions 

did hc.n-rev8r n:)re than d'.Juble .)ver this pcrI:id, incUcn.ti.ni:; either 

i.nJiviclu:~.1 aci::.1s with the increasine, loaf 8.f,G. P2,rt ,.)f the in-

8SO ( 9) 9 but it coulc. hr. ve been l.:r 0ely du_s t_::i the che.ngos in 

leaf - Ga ::ivcr this pcriJd (111). 

have f,,J1rn.d ['_ large incrc?.se i.n '.)Xi?.lic acid as IC levels incransed; 

inr:'.ica ti::m 'Jf actu2.l l)lant acid lovcls in 82ch trct:1. tment when 

c-,dded tJ the Jxalic acid levels (Tr'.ble IX). The results cb n:Jt 

civo a clear indication of tho expected trend in plant acid level . 

. ::ltlnu~h Ro.srmsson et al (1,11) f )1md total WE'.ter soluble ::irganic 
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-· Dcteruinod by oriLlent 

Treat□ent Rsp. ,,: r-.,. t "",7, ~ ,--~ J:.. .. - i m _ • - ..,, t", ~ ,. rn.. -.. ,,- ·-..L •. ~. - . 
1,u. i 1,,)n-V:Jla L,llo : LJt,al JI·'-;· .. '.HJ..c; · 1rca. LL,ont 

I o.cids lJ. eq.% i acids n. Gq. l nean .. 
-------- -----L---- ---- -------------- ----- -~-.. ---· - --- ---

1 1 
2 

f 30.0 
1
1 75.3 

3 
I 3 0 • g 7 7 .1. 3 7 
! 32.37 ' 70.37 66.65 

2 

.J: 
,.. 
Cl 
h 
V 

1 
2 
3 

f 26 0 71 ,1.3. 71 
26.09 + 68.19 
25.87 62.67 

38.85 71065 
.10.84 83.24 
35055 75.55 

l ,1 .Y7 76.A7 

! --·---·---r-- ... ----,-· 

1 
1

1 5 1 ;] a 7'7. 9 
f I s 3~:62 5J>12 i 

I 3- ...... ···7· 1····- 21.50 62.ll I 
I 

3
2 1s.57 a?.37 ·

1
r, 

I 
15.13 27.13 67.31 

l "' .12 61 .. 72 ! 
5 22.15 57.35 , 

w. or 1 r-:; • (_~, ·1. i:, ! v _) _ .:18 • 3 <k 

1
-.......... ,1·---------------------,+---l-------+---------,1--2 ... .:.. •... _ .. _______ (z-) 

3

5-•• --~-~~-J-_________ , ______ --~---1,-
2 il:·±o 53 / V 

I 2, 36 .11 7-1.11 7.5 .. 06 
,, 1 51.69 8,1.89 

5 25.06 66.76 
6 33.53 77.58 

-------------~------.. ~--•->-• ----------~--~~---

+ MissinG pl~t calculation 

1:;.nnlysis :)f vo., iancG (
1
-1·10:).1·::il -.ci'rls) . L,_..., ,__.,. ~1."' 

MS F 

Tree. tncmt 3 155.G5'J 1.661 
r . 

Block 5 207" r;49 

Error 1.1 

Standard error trcat□cnt uean = 3.95 

V =l 3 7!'2. - 0 /'I 
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ti~ns in lGQf - K. 

t 1.1urc, bt...i:i yP,· .:.;P .. _]1· <: ..., ci· ,.cl "'"F' "' s'· ,t - -- -- - - ;__., \.J.,, L:,.l_•......_ (,,L ;.,-J J 

bGcn sh,)1m the c:::mcentro. ti:Jn :)f rle.nt 2.cir!s in :::i tus f .)} ide,e in 

.Jecrec1. si'l.t: )rde1· 1s Yxnlic > rn.0.lic > citric ( 155). It would hc,VG 

1Jcon int ere st inc; t:: dctcrr1irn_, the love ls :Jf in:Ji vidur,l c.cids o. t 

i))th h:rvosts in the scond sc2sJn, and tl1is ,:1:1..y have given 2.n 

indica ti•)ri. Jf the r )le :Jf K in lecon ler~f 1-:.hysi<)l:_)gy ( s. g.. see 

It 1.nuld seer.: : 

tJrE:.tJ in Froc:ri~o.n 1 s cl.:1.ssifi:2nti.)n (71), .)f r,lrmts sh:Jwing n:) 

acid d::ies nJt seen t.~) have sh)Wl1 such ch2.ni.'.,CS0 Th-.:: rcas;)n f:)l' 

the Jiscropnncy between tl1c fJrocnst 2nd sc~suretl sffect of lcnf 

K .)Il tJtal lc~f :Jrgnnic :cids is nJt clear, hut perh~ps high K 

resulted in incrGased 0rg2nic nnlans, Jthor th2n the ~rgnnic acids 

•• :
1.etornincd in t1.1is r::r )cedure o 

(ij_) :r..:,'.1lic acLI i::; ct loc~f ::;.cicl its lcvol is 

likely t·) chan::~e li ttl,.:, 1.1ith K level. 
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(iii) In the )Cr ix1 fr.)El 7 /1/70 "" 6/3/70 lc2f Ca u:iuld be 

in le2f Cn w::;uld SGGLl t.) ha.ve hacl the dominant effect. 

(iv) We 1:1:..1.~~ acce,;t Jxe.lic 2.ncl i:t'.'.lic .1.s being the Dr:.in le8f 

a cicls: and the ::i. b JVG tll >SC 

th2 t a fall in K h2. s ll:) eff cct .)n t.)t:'.11 Jr ;,r:.lic acids, 2ml j_n-

crensinc Ca increases both t~t~l 2nd -2lic acius. In the reriod 

7/1/70 -· 6/3/?0 X an~: Co. 1;.roulJ be ch2.nz:.;inL in these ways, s,:) tho 

incr0?.so in le8.f - Jxalic acir:l W)uld indice:. te an increo.so in tJtCl·:_ 

acids, rather th2.n ~ chance in their prop)rtiJns. 

( v) Insuff icicmt inf-::irr::c\ tLm was sJbt2.inod to l;i ve any inc1i-

cation Jf the relati.)nship between ~oaf acids end fruit acids, 

in high - K troes as cJ□p~red ~ith low - K trees. 

D 

1 

(i) 

Genoral 

Lco.f chl·.Jr1Jsis 

Roc~rds of troe 2 eernnco were kept in ~rdcr tu detect 

any trc2toent effects. 

wore differences between trec:s 9 there wore n:J ur:l"ked differences 

i)etwuen trer~tc~ents. In the first su1.ir:1er S•)Ge trees h2d few sprint 

Leaf chLn"':Jsis is c'. c J.i.[non syDpt,:m :::if Lrw - :I in citrus 

either or the development of 



Plate 3. Right: Leaf chlorosis or autumn flush leaves, low - K 
tree. 

Left: Green ter~inal leaves high - K tree 2/12/69. 

Plate 4: A range or lea!' chloros1.s symptoms of older leaves on 
low - K trees cf. high - K tree. (Chlorosis lemon-yellow 
colour rather than as shown). 
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iron-chl'.)rJsis (32). 

the 1-1intcr 1969 loaf br~nzing chlJrosis devel-

oped in the Jlder leaves Jf cost trees, by tho end of Sept-

cD.bor intervc::inal chlor'.:lsis Jf autunn flush lc:1 vc s w,:i s narlrod )11 

15 )f the lR troos in tree.t:::.unts 1, - 3. It\,,::.s clot:.I'lY a K level 

effect, with an ebsonce Jf chlJrosis in hi6h - K treas. This 

cffoct w.::.s 11Jtico::tblo 2, t nll subscquont tcs, chlorosis being 

2lnost ~bsont in trc2t□ent 4, severe in treatments 1 and 2, ~ni 

internsdir:>.tc in trc t;-,,cnt 3. In tho s.:;cJnc1. so:'.sJn chLJrosis ·was 

r.;.~._inly in the prGviJus y0nr' s lui vc:, s, nnd syr,.ptor:-~s were n8ro 

typic2.l Jf lm/Zn deficiency th2n iron <lGficiency. !To chlJr:Jtic 

sprin~ fiushes occurred. At bath 10/12/69 anJ 7/1/70 only K, and 

Fe lev2ls i:rnrc s i£;nif ic:J.ntly 6:-cc 'tcr in tron. tLent 1. In the pre-· 

viJus sc);:-:son in c:11 trca .. tncnts le:'."..f - Fe W?..S s:·tisfectory, while 

½0th Zn, }b wero low. 

1,.n cxn1:iple )f the f chlJr:::isis is shJ\m. in J?lr:.te 3, 

tnken on 2/12/69, anJ c rs· leaves fron n tree receiving hign 

- K, with thE"3 ch.lJI';)tic 2..utun.n flush loe .. ves csent 0n a terLlin2l 

Jf :-'. lJw - K trcG. It :?1.n,J.1..d bo n )toe.I t! .. 10.. t such chl.)1~ Jtic lo:t vos 

u .. ser1 in the usual lc2f s · , ··i 1···Ir:·r" ·1 ,'ln:··-1°:si· c• .... ~ - ~ c.~ ~• .. , d ,._,? 

2lthJu~h such leaves ~vile the results 0f Table X. Other-

wise leaf niner~l content ~c~tn 1-.. ~ .. 1-~1._.(~,.s t~ J·--1~s 1-r•·nlv ·r n -· .. ~--- - .. - ~-~ .. u,.·'. \ -:• -~' /...;v ,J :•', ec .,_~ 

1)u_t f~0~ +r 0 ~s 1Jenri~~ • - J. ~ V C, \...., l , .• c. - --L"-l_) s )r.1e do oc Jf chlJrosis. 

Lcn.f 
., 

so .. np1..os o.ffc:_,ctccl (n:.:m-uffected in trer:tr..wnt 4) 

c·.utur .. m flush loaves collected :Jn 5/1/70 c2..vo the results sh:)wn in. 

blc X. This n1t iniic2te the c~use ~f the chl:)rosis. The 

1•.n/Zn sprnys :::rJplicd 12,ter tho. t oonth did n0t cJrrcct this c~1lor-

,)Si So 



102.ves 

Chl-Jr )tic 

Chl)rotic 

Groen 

: Troe nuubors I 
I I 

. •·- - --~··--"• . 

17, 22 

4· , 13 

7, 10 

() 1 14, 18 

(ppD) 

Mh Zn 

5/1/70 

Leaf levels 

Fe 
··-- --···-·--· -•·-•-.-~•·- ✓ ---•I..."--""... .. ~--' 

13. 7 9.5 35 .. 5 

13.8 10.2 5206 

1206 9.0 48.7 

12. 5 13. [_b 50.9 

-- -~-··•---
(%) 

o .. 1-16 

1.,75 

1.87 

1.82 0.143 
_L.-- ----·-· -·····•···- ·•··-·- --- ·---- -------···-·-···-•······-·-·---·· --- - -----··------· -- ... ,• 

cf Jrc, wh:i..lc lc2.f syupinns indic2 tcc1 chl:Jr·'.)sis due to 

h:n and Zn c1cfic±ency, sprays Jf those E:lcnEnts did n0t c0rrect 

le2f e.nr.lysis nJt ln~icatc their levels 

were si~nificantly hi~her in trc~s of the non-chlorotic trGat-

Gent - in ct they tended t) be lower there in the first season. 

Checks 0f conteiner leechetes in the growinc se2.s0n ~ave 

m1' average 

th2.n 113 ppn. 7 D.nd sevGre chlo:ros:Ls tmtil "'-lF\ pp1: ( 193). these 

fo..cts further su.pp:Jrt the ldea .:if iron deficiency n.Jt bein:::; the 

cause :Jf the -=>bservcd chl::irosis. It has been found the criti-

cc.l lor:.f - Fo f-=>r ci tr1.1s fr12i t 11r:Jc1ucti·Jn is l )1Jer than tho 

optiuun f.:ir chl:)r0phyll dovcl:Jp1:1.ent ( 194). Alth:Jugh s Jrnc of the 

tc: is suspect, n l:::>t of w:::ir]c hn. s indicE: tec1 the iron c,Jn-

tent .:if chl1rotic le~ves je cre~ter than in green ones, 

s-=>rnc factor in the f.:ir□er is causins the iron to be 

less effective in netab:Jlic processes. This f~ctor could be the 

bnl:1nce bo 

greater de~ree in the thrc chlorotic trc~tucnts, ant t~us 

causinJ the plRnt to □nko less effective use 0f its apparently 



8 r-; 
'-' 

rens0n2ble ir'..)D cont8nt. 

The oP.rly chl~rosis anJo~rs relate~ ton low loef - Mn 

relo.t.i.ve t) i .. m, Zn). 'This :?.C;roes with the 0f'.rlicr c:)ncl:isi . .)n 

tl1tl t in c .insider ins. ?. tr::o.ce clGr::ent def .icicncy? all thcsE:. ole-

ments ~u1st be considerc0 tJ~cther with it. The lsvel Jf no one 

Lt thu 0nd of the second senson tree chl1rosis was re-

l0ted raainly to the rmin t~o~traents. visuri.l trGG ratin;_,; cm 

8/6/70 sh1wod chlJrosis tJ be worse (severe) on the ~ld lonves 

on e~ch tree, only th0 hiGh - K tre0s bein; l2rcely free of this 

·c::.in,liti:Jn. C!1lJrosis Ji thG currcmt su.<:.sJn I s Jc2vcs 1,12-s sl.i;;ht-

the trc, s of tre~tccnt 4. 

less Jn t:cccs spr,~ yG, t 1;;ice ._,ith (kn plus Zn). '.Chis lop.lies a. 

rcquircucnt f )r b,:)th clc.ccmts. Pla tc ,1, shJws [l lecLf frJn1 a hi1.:;h 

- K tree c:)mp:. rer'l ui th the r,?.n;.,e of synpt::ms sh JvJI• by le::; ves =>f" 

the ·,i-he•r t-1"n" +ne'11t <c. ~ ~-- ~·., ~-··· - ~ 1 c:,s vccsent in (>.'rly Jmw 1970, 

S~,rn.y do.L'.,,,.£.~C duo t J tho ,,.so •Jf KCl spr:::ys with 1. 35i K was 

r::xccpt in -~ very fov casos where very you.ns lst·vos ( < 1 11 

l)ng) were nresent et tho tioc Jf 3pplicntion, and these showed 

burned. tips J1~ nr1r;:;ins. 

8Juc: clr1. 1:t-::=i.;;e w::.s e.ss:)ci,_te,.1 '.-rith the use '.)f r::.:itassiur:1 

cc1.rb::m2. to s1)r2ys. Xbout a wcE::~;: nfter '.me sprn.y to trees in the 

0.l th::.>u[:;h it w·2 s D'Jt sor ious" 
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on s on oi 

1 Q/. 7 ')/6C -- .u~ -;} ? the vnr tiGS Sarters' 

co.ch C-:.'.SC ho~ V':l rE:.in foll 

tw,J d:·.ys :::fter S)r~_yin.6 • This lY.)in.ts t) the n0cessity Jf usin.:.., 

l• q ·.a 
~-.L 

t ')thcr th~1.n the carbx~n. to 

spre.ys. 

( iii) :<r:.tr icnt s Jluti-Jn 

vl.ith ros~)cct t.J tho nu.triont suvly t:,iven the2c pl2.nts 

i.:c;o. The 2-vail2.bility of P ancl · appGnrs 

aclequato. S3. supply ~.- c;2.re:} t) be L::n·,1 1 uspcc .lly ir. the sec:)nd 

low optiaw1. Espcclally 

in the second sc2son supply Jf 2inor slo□ents w2s low. This 2p-

rently 1. Y"vl s-:ipply W's 11.:J cbubt ctuc in t to the troo rJ~ts 

bec~raing incrensin~ly pot-bo1n1d, ahd that the rQte Jf nutrient 

sup~)ly WP.s cl little lower in the sc.c.:mJ scn.s.x1, CJnpn.rccl \iith tho 

first, 

The Jblei;~ is ,'.". ;-;:,·: ttor Jf inercD.sed ra tcs of supply .Jf 

nutr .h.nt s JlutiJn h'.'.l;:,.nc(. ... w5. th me exccpt.i:::m,. 

·1;/ith re':t: .. rcls the tro.cc c1cr:;.cnts, .ir)n sttpply secus e .. ;:::.o ... 

qu~•- te ( c CJ..':..lly if it 'J'::. s t J supplioc1 as '.1. chol2. tc), but l'ifil 

e:.nc,_ Zn sup;_-:,ly •J[:s t:)) .LYw. tutrlcnt s.-d.utiJn Mn 1;.r2s ·well w.tthin 

tho um .. k~l rnnge? but clu0 tJ thG incro::f3Gc. Fe c:mcontr:~i i::.m usod 

it r:ny hc:1 vc 1)E:U1. in· .... clcqurt to. The r2 tiJ :.)f Pe/Ln in a cul turc S:)lu.ti:::m 

E:r clement (170). The .:)}Jt 

1; O 5 f 0r s,)yhao.n s ( 1 70) 
7 

icicncy syr-:rpt:)ms Jf cith-

the rn tio usually usod f:.n~ citrus 
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(sec Tnblc I) is 1:0.25 - 1.0. In this WJrk it w2.s li0.22. 

s ti:::m 1:12:y acc)U11t in part f Jr the LYw zinc c1.va 

bility., 

J'J.,BU: XI LI:;LF TI-l./,.C.Ti: ELBi'-Jt)T l:U~TIOS 

TrentmGnt 
(a) 
Fe 

Mn 

3 0 09 2 .. 88 
3. /12 3.,21 
2.57 2e ,11 

I 
11. 07 3.69 i 

'l ' -···-··-~ 

It )1[1.s b80n suggest0d fJr nJrrml hc2.1thy plant, thc.t with-

in cer in limits it is n.)t tho tJtal quantities Jf Fe 2.nd· in 

.i 
) 

ir tissues th2.t i:J impJrtant 9 but rr,.thcr their re.ti::> (170) .. Table XI 

sug~est l:::>wer rati:::>s (as Jnc WJuld cct) in treat0ent 3 c6m-

pared with the □Jre chlorotic tre2tments 1 and 2. The hith leQf 

- Fe levels in the sec8nd season Jf treatnent 4 rnaRe the ratios 

for this treatment 2.Jpc2.r anomalous. In this wJrk then, the leaf 

Fe/Mn ~Jr Fe/Zn ratiJs t,J little w2.y in ,::1escribin0 the lec(f chlor­

osis shJ1m by the trer:;s. 

It ·~ears lHrnly the usual type Jf nutrient sJlution 

is adequate; ::ir in any ruclificati·:m, the relati'.")l1ship between the 

ninJr G1er.wnts in the feed Hust be esi:iecfo.1ly noted. rla tes 

supply f.:Jr yJun~~. trees vJuld appe.rontly have t.J be not less than 
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ab:iut 2 -3 litres/tree/we during tr:iwing secs:in, and 

slightly ;her as~the trees get " 

2 Fl0wcrin~ nnd Fruiting 

J...t L) timu -iimsr thoro an '.)bv relationship between 

tre::-: tmcnt. Even in ths 

sec'Jncl se0 s,::m this applied, 1.-rl1cn t',ere 1,mre lYvr - K trees pr'.)­

ducin~ Just as t.12.ny flY.rers 2s high - K ones. 1TJw thc:t trees of 

uiclcly different K level. have been obte.ined 1 [:easuret,Gnt r.:.2.y sho·w 

Q cnce in f,.lturo. 

In tho sec,::m,) so~ s'.m 2. sir,1ilar nucber Ji s were sot 

in co.ch trce.t;:,ent Q l. lirc,ht set w2.s usu2lly c:::.ssJcio..tc,:l with 1 

in lf )f ~c cases the previous crJp h~d been 

reln ti vcly ho::,-,_ vy o Tbc:cJ pcrccnt2ce fru.i t clr:)p UE: s deterninec~ in the 

sec:ind se2.son, up t:i 23/2/70, aw: there wc.s 2 tendency fJr it to 

be higher in tn::r.trJont ,1 (Le. Dtc:n 175'.' cf. 6 1 .:, 9%). Such an 

effect c·)uld p2rtly ::-.cc.:01..mt f:n~ the pJsitive effect of 1~ supply 

on fruit size (82, 118, 162) in citrus. 

(i) 

st fruit w2, s rvosted on 3/12/69, the results :Jf their 

2.11.2.lysis be sh:Jwn in ble XII. The low ers of fruits Jid 

nJt ,::.11Jw detailed cocpe.r lSJns. There 1.Jere n.> L£,rlrnc1 sffects ::.if 

tres. ton fr· t colour, fruit shape, el thicknoss 1 Jr rind 

texture. P-:--'.tt et 21 (137) h::-.vs shJ1·m peel q13.c.lity :Jf the: Sh2:n-

outi Jr~n6c 1s Jct ~ by cJnditions shortly after set, the 

1:12.in 3r)1;.ring SG,'.SJn havin[ little r:ffect., ~ 1:1~ s~~r 1-·1y- ~~~1y t~ .L .!. c: L:.li.t-..:; .Lt.C~. c.t l,,. J:-J .._,, 

tho lenon, 2nd :Lni tially thsse fruits vJuld hD.ve all been ·u.nder 
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Tf,.BLE XII 

low K 

hi0h K 

' I Longth 
j ·width 
! 
' 

1.25 

l 
I 

1.20 

C:.mt. 

' Peel 
mn 

7.9 

7 Q 0 V 

' 

;0 
Juice 

l 6. -1 
I 

' ! 8.1 I I 
I 

90. 

' Leid TbS J u:Lce I Pool Peol 
Lsc-Jrbic! asc. juice t-jl e.cid 

I 2s c. 
«-•· -· 

31. 9 132 3.83 1 Q r:; 
_t,.). u 1.35 

32.9 15,'.1 b.69 I ,:1701 1.3-1 

siwilc.r nutri ti::mrt.:. c.Jndi tiJns. I his p:Jint vnuld. bo W:)rth fur­

thGr study. Tho snuc thing □ey apply to fruit ascorbic acid 

r 
I 
! 

t . l t t . ,- . d l . f . .,_ C:)l;.ten as it accu.tl,Lc: es rns rD .. picJ_y in yxmc~ 1 eve oping n.n t.,S_ 

and oJrs slowly thorco.fter (19) - althJugh the Jrcsent results 

In the 18r:i m fr:.1i t t Jtc:.1.l 2cid cJntcn t incre"• ses rep idly 

n:s me: tur i ty a s '.J . .:..en sh.Jvm (11) the juice•s 

true acidity (11co.sured as pH) increased very little after an 

early sta~e (in this rc~Jrt nftcr abJQt 3oR cws. J~~□eter). 

S!nuld c;r·.rly K nutrition be :Jf .:-1£' .. jJr ir:1p.Jrtc:nce in th0 develop-

ment ~f fruit ~ci~ , this c-xull c:CcJ1..mt for the L-:.cl-.: .Jf treat~-

□ent rtiffcrences here. In C'.JDp2ris~ns '.)f acid cJntont there ere 

c.lso thG c iccting fact~rs : (c.) fruit ~cid C'.)ntent vuries 

C')DS re.bly bcb·rncn fr·,1its :m the Si:!j'18 tree, and (b) . ~ " :, Juice 2.c1.c.-

ity incre~scs with incrcasin[ fruit size, and such an effect would 

th the ranJe '.)f fruit sizes used here. No c~nclu­

si Jns arc }_JJssible cm the Yther as~rncts '.)f fruit que..li ty fro1:1 this 

f st rvest. 
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(ii) 08C'.)ll•:~. fruit 112.:£'.V§)St 

On 20/'7/?0 fruit ,:ms l1?.rvcst2d fr'.)El blocks l - 4 ~.ncl 

analysed. As f,-:o.r ::cs p::issible six equ2.lly - sized fruits 110rG 

te.ken trco 1 n sucr.lc:ry tho results is g,ivon in 

To.ble ]GIA,. 

C Jnsidering thesG results by true.. h~ent it is clGr:r th:1. t 

evnn ,ri th this rnoth:.)c: ,)f h::.rvest an increRsed fruit size is 

ass'.)ciated with increased K, in spite '.)f the fact the l~tter 

treat.cent accident2lly tended to havo ~ore fruits/tree at har­

vest. This size increase is associated with 0nly a slight ten­

dency :LJr 2..n incrsnsc in peel thickness 9 but it 1 rc1.y in f2,ct have 

becn on t) e:.ccou ... nt f·::xc the eased fruit wcighto 

Peel C'Jlour wn.s 2 s1LLlar light yellm1 ':':.nd pc1.le green 

in 211 fruits, except those froE1 trr:cG 12 w'hich 1dGrG rnt usod t::) 

prepare the JVCC'o.11 trun trnc:::nt ;,e2ns :)f ~-'Able XIIA. Boc,1.us e :Jf 

the i:-::f fects of fr-:.J.i t size :Jn fruit que.li ty, these results 2.pply 

t:J groups of fruit within nn average 20 gm. w0ight rnngc in 2n 

attempt to ainiaise those effects. 

Usu2lly the peel 1,•.r2.s re 12. ti VG SLooth in trc2tc0nts 1 

r:nd 2, usually rJugh treatment 4, and a little less r:)ugh 

in trcr, cnt 3. 

Trc~tLent 4 fruits differed fr:)IJ the Jthers in shJwing 

a tonckncy fJr the frv.it t'J be less rYc . .nded in sh2.pe. This 

C\:Jpce.:'s 2-.s 2.11 effect lrhen lenf ~- K 2t t:.1e usual se.1::-,pling tiDG 

Jf th(, Jther effects r )rtct hero • 

. rding intern2,l quo.li ty, juice citric acid c:Jnccntra­

tion only in trcatcent 4 a cars to differ, its fruits showing 

et.n cted i.?c:.sod C')nccntr-'.'.tim,, - by 2.bJut 20;o. This n2.y 

. ...-.. ........ . 
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be~ hig~ - Kc cct, t ls lsJ r111 G Ct :'. S S ) C ic1. t in the 

lj_ ts re~ t11rc t J SJLO cxt,.n t her(: i.~i tl1 incr02.sc j_ crop Lx·.d 

incrc2sed fruit size. .Jther respects toJ it is not 

clc:::>.r ch fc~ctor is .ct causal for the rGsults obtainodo 

ThG difference in nc lovel is ~lso reflected in the 

r/2.cicl ratiJ 1 U1e ;,!J TSo being si1.ilr:r in all tre2.tr1ents-

It 1.-rn s 0.1s J n.::,ticcd tll0.. t ui thin t:. tree 7 Juice c.c1c-1 c::inccntra ti-:::m 

o..nd soluble s J 1 ids level \Te.re rc::r::o.rlr 2.0ly C.)n s t2n t be h1ccn frul ts., 

It C'. •fl cars thcl'G 1t2.y be 2.n q s:. JC t i.Jn )f 211 .inr.:rE32 se in 7; 

juice th trc:::itr;-;cmt 1. 

~hile crJp 102.d can n2.vc cer~od ef cts on fruit com-

positiJn Jf t~c W~s~lngtJn n~vcl, t~is effect &Jes nJt soco 

2.pp:1rcnt ',:j_thin the linits '.)f t~1cse trCE::s. 'I''.lc csent results 

could though be taken RS support for tho repJrted ~SS.)Ciation 

·Jf incre:::.scc. juice r0 ciclity and ~JGel t ckncss with incrc:::.sed 

fruit size (85 gD. cf. 
:..__ 
,,,,,,.,,,. 95 ,:,,·" 1·TC..t.~ ·ht) b.1.. o ~• . ...1..- o 

C,"'11.'.:::l· r".::,r tr·~ t·•·nntc ""l1r1 
--.1 ~.., 1..A......, c~ l.,,._•.._, 0 ~ c.. u 2s sJciate 

high K (i.e. th~t trc~tcont 4) with an incrc~sc in fruit 

ratio, peel roughness, nnd Juice acid-

ity pJssible r~1sJ pool thickness. :J.n souc effects trcn t-

cent 3 fruits o.re lntc~uc~i .to between tho law - Kand the high 

It t'1c1-c:f'orc 2. rs, in C'.)nsidoring the range in plant 

rcsu'ts o.gre,: 1:1ith the lito;.o.,..,_turc in their being 

sufficient ta rcs~lt in the given incrc2sos in t size, :fruit 

longness, j ce ac ty, 0Jssibly a sn:,11 ch.c-,_ngo 1.n J cc 
•.:: 

percont~go. They n.Jt agrc,. that incrensing ~( rrxl",1c0s c, "" 

thim1cr snY)thcr pGcJ. in le;:ons, but tb.2.t they rcf3pJnc::. ln tho 

Sc'.L:C WE:.y D. ~:3 sue ct es. 
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t t t,1.csc, frL1.ts 1,!G2.'G m the tross 9 at the 

+ l, s f:n' ch 1o£d c,n2lysis do. ti: is o.v2ileJ·,le only K, 

VE:ried be en 

c.. t tr tbut tho c.cts )11. fruit quLlitJ t::> tho cxtrenos of plant 

K level than. The probable absence of such cxtrcruos filay havG 

fruit hc:rvost. 

in fact have resulted 

cts 0.t the first 

r the c.2.·ckcd Gffccts n:->tod t 20/7/70 c2y 

J~ tho different K levels occurring 

than si1:1ply due t:J tho incroc:i.sod r2.ngc :)f K levels & 
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CHAPTER V PINAL DISCUSGION 

This "i,J·:irk hns provided s )J , . inf,:irma tion on the mineral 

nutriti::m of tho lemon tree, 1,1hich in gencr::1..l is in 2.greGment 

with published overseas work with citrusc In 2ddition to dom­

onstr2ting the direction of en effect, the results show the extent 

of this effect. This is aseful in thnt it must be possible to in­

dicate to a fruit grower in any are~ the magnitudo of the response 

the relationship between soma p~ramoter 

and vc.rying plant nutrient status. Foliar nutrition is :if interest 

to many producers, and this work shows some of the effects of this 

method Jf feeding crops. 

It o.ppcnred tho usu.2cl mcth.:i<1 ·::if lec>.f washing is ,c~doqu::," te 

for c. meaningful loaf - K doterw.ina tion to be r10.de, 2fter 2.n 

earlier foliar sprc.y of a potc1.ssiUI.1 snl t. In tho case :xf tr:, ce 

- olement detc1~Din2.tion subsequent to r::12.nj~r,.esc ,1r zinc spr2ys 

the saoe preparation also appears sntisfactory. 

Thus leaf c1~elyscs on 6/3/70, 3 - 5 woc~s after apply­

rgoly c<msistent changes in 

leaf trece clement level within each trcatraent. This is osp­

ocially evident when considering tho p0.rts per million change 

in eo.ch element~ rathcc th2.n the porconte.ge cho.nges in elGE"iGnt 

c·:mcentrcction. At all times LYJ, leaf ~ Fe levels cl·J n-ot sh'.Y'w 

the high v2.lu8s :Jnc would expect frorn c1.irt c:mtD.r:1in2.nts. 

The results shJw h.:i11 useful )no )r two Mn )r Zn sprays 

cnn bo in incro2,sing leo.f levels .Jf these olenents when ap· lice: 

ns a s~rny c0ntaining 300 ppm. oetal. One nonth after one or 

two early Februe.ry Kn spr2.ys a lm·: level :.if Di.b~)ut 9 ppr:1. was 

incronsed by 30 and 17 ppm. respectively; and for Zn sprays a 
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1Gvel Jf 13 ppno URS incre2.sod by 35 -:·.:t1d 51 ppno :}::mbinin[, 

ttrn se tw) .· 1c,1c.,nts in ::'. sprr•.y reduced thG up ;_rn (?) Zn, 

cspcc lly when two spr~ys wcr0 ~pplled: Jnc ~n s9r~y end two 

( l n + Zn) spr?,ys hP.d the sc.E10 effect ')Yl leaf i.n. 

The sub:,cstlJn ur:s als:J LJr,dr;; tl1°.t leQ.f - K (lotorminnt.ions 

m~do nbJut Q 1 Jnth 2fter applying K spr~ys g~vc the wost rea-

lJ.stic - l~o In tho 

c2.sc of oarly 1·Ie.rch sprc:.ys 2t lc,..-~st, re2.sJn:'.blc conpc.risJns 

vreu;;:s the re. tc ,Jf change in lee.f - l~ in sprr'.yed nnc:. m1.spraycc1 

treGS W[:S st identic2.l. 

tn h2.s sluun useful effects :if f Jliar K 

spr~ys :Jn leaf X in the shJrt term the situ~ti:Jn is rather dif­

ferent Jver r. fifteen uontk1 period. It w0,s sh)•;f:'.l that eight 

i,_- y 2.f ter t sec0nd of two weekly - speccd 1~rch XCl sprays 

(l.3%K), lenf K h2d incrG~sed by 55% (i.eo froo Oo84~ t.J 1.30%) 

off to shJw a return to the origin~l lon.f - X lovsl Jne month 

" -f + r, ·r 0 ,, .., ~ , , ,.., '7 " s 0. ,or.:_'• 1.--1,"'.· " e, u·• , · .. ri· t· _'f-.1 n. f·,,_,_ l l ·) f' 2,Q c,_ V\.., ... ,.J..: . ..t•"••U/57 L.• - •• ~ V _ ~ J. -- 5'71b in t.his time 

loetf - K fr JD O. 82 ~ lo 18 dJi311 t:J O. 23 - 0. 58 during hnrch, undor 

c~)ncLt.L.ms :)f :11.e 6 li:::;ible SJil - i( in ti1c o.bsence of foliar p::Jt­

c1,.s siur:.1 sprays" Ch:1.n6es ::if fl. siEL la.? u2gni tuc1e Jccurrod folLn1-

ing ono Dece::1iber spray. F )1" s Jme ron.son lc2f - l( vo.s not irn-

Jvef by this spr~y tJ the s2ue axtnnt in the presence Jf a 

moderate supply Jf sJil - ~. This be 2 direct effect of 

s·Jil K -::m f.Jl K upt2ke, or r£lnted to tho differences in or-

l. ()' 
G 1 Dlant - K st2tus. Thus Jver December the perccntn~e 

102:f - IC ,;f hl i:,h - K trees receiving SJil o.nd foliar :r~ fsll by 
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o.b•Jut o.s ,mch (2oll ~- 1.87%) as lJw ~C trees receiving no h. 

(0.36 - 0.65S). 3ut trees of intermediate K status receivins 

:mly f,Jlie.r K showed n) chr' e in lea.f - I( in this }Jer i.Jcl 1 .. 

Eleven HG r:.fter twJ Decec:ber p:)tc:~ssi:JJil spre.ys there 

1.,re.s virtually no effect on ler..f K lcvols ~ ?.nd tl1is cff ect con­

tinued Jvor the n<;xt twelve n.unths. L t_ih:.1 J:f four 11'Sij,nr,:_·o:."'• 

spr~ys in .Jnc sonsJn resulted in hiiher lenf Kin the le2vas in 

' t b . .1n1gus , u t 

The [l../)S8nce Jf r sign.i fic0.nt Gffoct in the fJ11Jvin6 sen.son 1:J,''.S 

duo to the nppQront high ~re Jf rDbilis~tion of tree - Kin 

trees deficient in this elemcnto Jho incre~scd K frou fJliar 

upte.ke had 2..pp;;..rontly been usec~ clsewh,;re ~ p :_-)Ssibly [l.CCun1u­

lnting in the fruits, or pr~1Jting plc',nt 6rowth. It is clenr 

th:1. t in thG -'.'.bscnce Jf s:.Jil K, even f::mr str.::m6 LJlinr s·)rn.ys 

r.ffGcte<~ lectf - IC conccntr,,ti·::m :.Jnly f:Jl"' thn t scas.Jno Le2,f K 

in the next soasJn w,,,s inprJvo only ,.Jhr.:n sJil •" K 1..·ras 2cvo..ilable, 

and it ue.s c. 1 ttle surprisin[::, tJ find sJil K frJL1 enrly .~pril 

d5-d n Jt sce11 t:) ve r,ny af.f '"'ct en loaf K JVGr next f JT.1r 

rnnths. 

w2s sir:1il2rly hic;h .JV81" Oi1e - ci::;ht ys fi-•om . y ing fr JEl tho 

chl Jric7.e ~nd tre.te s,,_lts, EllthJugh the chlJ1.,, 

rnre effective. The CE'.rbonr.te ,,r2.s Jnly ab:::Jut half as Gffoctive 

·Jver th.Ls ,-:0 1"iod '"1·1,1 c·~us 0 ,-1 :-,_. 
.J .l. - - ? C..l.. \.-.. C ~ V '-~ ~ s1~,r:ll aLDunt Jf le2f clrJp Jn s. 

number ,Jf citrus vc::ric;ties. 

wns only sli 9 nf:f cc ting neHly unr;)llod t.Lp loe.vos. The f J 

.• 1 

J.\. oy 

sibly chm t2< fGre:nces in the 

1:::nrnr thrm by Vill::::.frcJ.nc:::., 

;·:ti110r2.l ste. tus" 

pJS-

r 
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It was nnticip~t the chlJricle vc resulted 

~ 1 " Cl Whil£ in e:x:ccs::;ive ·0 ccuLL,lr·,t.LJns )I oa:i- - -0 
re -;,rcrc n:J 

visiblo ~ects Jf high chlJr levels 9 it 11;:1.s cle:-o.r o. snall 

, ~ ·""Cl s· -,,.,,-c• c'i· r1 ,_,_'e1:.tl·.,,r E',ffi:;ct leaf - Cl. One Decem-nu.moer ::n l\. - _IJ.i c,j ,:, ., u -

r spr2.y incrce.sec~ 1er:f - Cl tuJ c:md ·'.)ne ho.J_f times -.)IlG m·.Jnth 

l " , .. -,-,., "• 1+-h Jl, ·h tw:J s,._)rc.vs ha, 1nt s.1gnific:::,_n tly li1crcased lsaf ~, t.,C~? ,__ ,.... -b-- . " 

- Cl eight □onths ter. HJwever four early seas:Jn spr2ys had 

cl::i-:J.bled leaf .. :::a five t1,Jnths lr'.tc:c 

'l'rw ::1b::3E:rvcd differences in le2,f K hac:. 2. 11r:..L'l;:od. effect 

•Jn lertt cJl::mr& J·rees ui th r.tbx1.t 1:. lJb lee_f ,... K in 2-utu.rnn c1ev-

el::;;pecl intervoino.1 chlor'.)sis Jf the oldor lo: ves d":..1ring the 

winter, and this wo,s m.::,rc severo whe.r.e loc:f K was:::.:::: 0.6;&. In 

the soc::ind sc 0 sJn 2lso 7 ch.l:Jrosis was 11.'.) mJre than sli~ht in 

the hi,:).1 - K trcr:, tmont, but EDdorr:. te - sevc.re in the Jldcr le,:'• 

vas of tro2tnants ano nnQ two. This chlorosis characteristic 

of tl"_ssiu.m ckf lcicncy, w2s typical Jf 1°,11 nnc1 cLcficicncy 

2nd nJt Jf Fe dcficiencyo The leaf Fe conccntrr:.t10ns, and the 

Jf the cJntaincr laachctcs alsJ di~ n~t indicate 

a deficiency Jf this clement tJ be tho cnusc of the chlorosise 

Leaf j_,;n anc1. Zn levels were c:t o. low level, cS)cci.~lly in the 

soc-=md sc son, but this C'.p;~,lioc. to o.11 f(JUr trcr, tdcnts. '11:'lcro 

w2s n:J clocr in,J.icr,ti Jn of the lovr 102.f - L'-n ros:..-1 .. lting fr::im the 

1:.1011.ts shJvrncl c.'. si2,nificent nogativo con'c:ole.ti:Jn in tho second 

season. The 

2-n imb~l~nce in the nr tlons of these cl~ments in rel~tion 

to the iron CJDCGU t i:)r::. in tho nutr icnt f ecd. I-I'YWevcn' sprf':ys 

to hP,vc tle cff ct ~)n tree chl)ro-

tho lcqf level of thcsG clements :-olonG wc1.~~ not 



It 'Jr,s suc. 00sted th2t in charc.ctcrisin;:; tlw chl=>r-

~sis shom1 by thesG tro~s it is necessary to refer to tho nut-

\7 V ~,' ,. .. , 
·::m QS difficulty is Jftcn frmnd in l::nking 2 t 1J,incr1:1.l levels 

· · 1 · · ,· rr.•1 ~"' J""' +-i· JS T,111:-; ncr-,c·:,_ ·c'· J ~1 ,1J_1.•_- ::.t the 7 '-".)V-in lSJ_2,·cion, ...,_c G"\vl c.t.::, _, __ <.,. • - • ~ -- • - ..L,. 

stc1.ncc in the cas, Jf bitter pit in ap:)los e.nd pctoca in lenons. 

In lookinG et the sens~nnl vari2tions in lenf levels 

of c,,ch sler:ent f')r m:ch t.cctment it was difficult to sec 

i,1r'.ll.Y clG?,r rel::· tionsl::d.ps with lc2.f IC level. 8odiun loved. we. s 

o.b.Jut 0.1% in t.lw Jlclel" first sc:-.s:)n le:.cvcs, 

:,;vidcmcc J:· sub"'" 

p·Jtc,ssiuD1 by le::if c',pplic2ti:m usu2.lly 2,nve the SO.j 1 c ch2.nges in 

le~f nincr2l concentrati~ns with increasin6 lenf 2ge, 2s fJr 

soil K Jr nil K 2;plicati0ns. Thus~,~, 1~, Zn, fc levels 

foll, uherco.s P c Jncentr2.tions I' ,)SO steeply in ce.1~1y suEr.wr 

and v:.-.riu1 sJ1:1c11hnt Jvor the snnuor. ·~,ith the rc:ther lrtrge 

intcrmls 1x.twGcn so.mples 9 in sJ□c instances a distinct plo.t­

GC'..U in lcf'.f n.J.n. re.l lovcl 1·m.s nJt 2·:i:J2,ron.t.. It is sug6cstecl 

!.pril ·.,r:ts tho best iDnth fJr so.mpling ler:on lo:0 ves for leaf 

nlthJugh this c~uld bo vo.ried soue~~ut 

with ccrt2in clements. Particular attention must be mcde tJ 

supJly, where this clement is to be □oasu~cd. 

V-ihen :)nG cx1sic.1ers the lee:.vss sru:I'.J_)lod between n2~rch 

c'..nd August 9 K level sluuocl the usu[ll !;.cg2 ti vo correlc:'. ti,Jn with 
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2n.ri i::1 the yolli1s loaves of Docembcr z,nd J D.n-

icnnt ,::isitive correl~ti::in with 

uc.,s n::i c virlcnce ·)f an cn1 i·, Jnistic ef oct of 1,. lovGl ·Jn lo,:_'..f 

(or N). One uossiblc expl2n2tian is thnt n fJliar K sup~ly 

differs fr::im a soil K supply in not altcrinG tho plants 

distributi'.)11 ttern in thG we.y that usu2lly c::ccounts f'.Jr tho 

antag0nistic boheviour of t~ose twJ eleaentso rt is also pos­

sible for the pattern of this ent~~onism tJ be influenced by 

the 8.ccompo.nying ani.Jn? ancJ the levels of othor rn1tr icnt clEJ -

rnonts. In tl"1is ro sp0ct \'Te file' note tl'J.o c-::insic1cr2. ble rccl-ti.cti ::in 

in 1u:.f - Cl in the second scr: son w.hich coincides 1.1i th the p8s-

sible oucrecnce; :::if c1. K - nnto.~onistic effecto It WJuld nppenr 

thnt, as sx1otirncs re)ortcd, in the- ol: or lenvos hii.,h K is ESSJ-

c-::infusc:d as the 11 high'1 lo2f tr['.CG oleELents c',ss,Jciatod \·rith hi")1 

K, nlsci bev.r signif icar1t c )rr0l& ti811S t'.) ')l'lC nn )thor. . . Hinter 

s '.)il K supply had r: rn2rkcd s t_ .. __________ t Jry efL. ct on lcn.f • Fe. 

T,1.11' s C", 51"'.·_·f.··r,ro_r.co 1·,..,~ ro'1• rt" -,ns 11i'., 1r1· th n so 1 1 
' -- - 1_ - - u '· r..: J.._,,,_ L 1, :, so,,., n ;.,:1ny oe CLno -c.J 2. 

difference in lor·.f n.[;U, Jl"' t J tho vory 1 YH levels Jf 1,11, 2,n in 

tho y:::im'1.5Gr leaves. 

The lthcr D.Jt['_blc ssobiation were of hi~h ~ - l.JW P, 

In the s~:r:1c way t!J.a t K s affect lenf levels of othsr min-

err:ls? it E: e2red Zn sprays h2d an effect on the other trace 

clei,1.en ts. 

The no~ativo correlation ½ctw,en Kand Ca in the first 

treatment 4 there 02ro 2 cJr-,sj: tent I'ecL.cti::m )I lcaf-Cn 

c Jrn1,2.rcC: with the )thc1' tru: tments. In this 1,;12.y the t.Jtal loo.f 
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T- -1, , __ 2,• __ .,.,-'.rc"C·l' 1·,,._, +hr. sr_-,c--n.d :::;oc.S·Jil. the -y-:::n.m;;er lo;-s,ves l\ Stl.p1_)_J • -- . v -- -~ V--~ • ..,;_ -

did n.Jt shJw this effect. The hiGhcst h level resulted in an 

incrc~scd t.Jt~l catlJn cJntcnt t . I . cc. i::m. ['l.11.1.:)11 rr:: t i,.J) ~ 

there being n:) cliff~rcnccs i~ lo~f - C& nt this early st2ge -

nlth~Jur;h by 6/3./70 th.ore ,:J2s avidonco ::>f o. l.Jv.rsring Jf le2.,f - i'lg., 

the sw11s :Jf cat L)ns '-:ere 

not c0nst:'.1nt in y::mnr; lon:Jn le-:-t ve s with ths cxtrcr.1cs Jf K pre-

sent, but this was n.Jt relnted t) the Dcthad of K ~pplicnti.Jn~ 

Using de' t2 ')f 7 /1/70 it ,ms }Jredictc6. tl;_c incrco.sed 

t~tal c~tiJn c.Jntcnt WJulJ result in~ significant incronse 

1n incrGL1.sn in lce.f tJt['l_l .Jrf:otJJic o..cids - the c;xpectecl ch2ngo 

c:.et,::rninc\.:. here. L11 the sccJncl su:s:.m ti'1Gru 1:1?.s n:> effect :,f 

K trcatucnt on 102,f )X2lic r:cJ_d c-:mtcnt, c~lthJU[)l ,such ;:1, ros .. 

ponse has been 'Jbteinc~ in sweat Jr~ngcs (141). It is surrniso~ 

the cbublin,::; ,Jf leaf - x:nlic c:cid durinc Janu:1ry 2.n(~ Fcbr"cmry 

1;.r2s due t:) ,:i,n incroo.scd 102.f Ce. 9 2.ltlnugh incrc:,,.sccl loaf Hg _ 

levels E12,y h~'vo 2,ls) 1Jl.s,yo:J t. p2rt. Lny che.ngo in balance in 

lenf :)r[:/'.nic 2cicls du.c t J incr,:,1sec1 K supply ·\.7ill ht'.VC invJlvcd 

'.Jnly tho rlin:::>:c n.cids. 

Tho rc:oth·xl of foc:diriz tho trees .tn this •J)j:>l;: was b2s-

ict:·.lly 8Jlm1l, b1.,1.t it ls SUf,t.cste:1 th::-,t rates Jf nutrient solu-

easily nJt bo Dct. This scened to Jccur hero in the second s0a-

Trace, c1cuent supply ,.,2.s alsJ on the lY✓I side, o.D'~~ it is 
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srti 

thGSG C 

eel the nnst -Jrtant nspoct of t:jis is t::::• D2.intain 2. 

b2 nee between iron and tho elo□snts ,_:116 SG 

tho nutrient s)lut:ton., 

Tho ra:..1s t 0)'oVi".)US cff e:ct of cliffer0ntial K su~:iply under 

ti::ms \Ias on co1:)ur. Thero 1-12.s no obvi::ms 

offoct '.::Jn fl:)wcrin2, but thcrG 1Kro o ecb:; ::m fruit quo.li ty 

eci2lly fruit size, peel quality, juice [\cic'. c::mtent 1 2.ncl 

fruit sh['.po. It is suc, 6ested that 1 t is 02.r ly in the fruits ' 

dovel)pDont thD.t tree rn.J.triti::m hr1.s its 
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LPP:SNDIX 1. 

Tho four concentro.tod stock solutions ·were mndei 

(1)615 gm Ca(N0 3 )2 .1H20 mo.do up to '15 litres 

( 2) '18-1 gm Ng bO ,:J,. 7H20 in 15 litres 

(3) 35 gm NnH2P0<1'" 2H20 

1. 115 gm tm,SO 11H 0 1; i}:. -" 2 

o. 135 gm CuSO ,1 • 5H20 
in :15 litres 

o. :135 gm ZnS0,1.7H2O 

o. 930 gm H3B03 

(L1) 7.5 gm Fe ci trr'. to 5H20 110.dc up to 2½ litres 

The nutrient content of 2.2 litres of the final nutrient 

solution, for 29 trees, is contained in a mixture of 6 litres 

of solutions (1), (2), Rnd (3), and 330 cc of solution (4). 

APPENDIX 2. 

NaOH 

Cato.lystg 

Indice.tori 

llI'J 

11ix 10 gms. selenium with 50:) gms. K2S04 

Brom-cresol green/Methyl red. 
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.'.PPEI'TDIX 3. P DETEBMIK,~TIOF RE1i.GI::NT • 

V/Mo reagent - Diss8lve 10 gms. ammonium v2.n2:.date in water 

over he2t, then add 1~00 cc •. cone. HN0 3 • J;.dd 200 gms 

ammonium rt·Jlybdt.:t tc after dissolving in wn tor. 

Standc.rd curve prepl!.red f'ron solutions poto.ssium dihydrogen, 

phosphf'..to contc.ining 0.5, 1.0, 1.5, 2.0, 2.5 ppm P. 

(2 .. 196 gms chemical in 250 litrGs g.. 2 ppm P) 

APPEITDIX 1. LSCOHBIC l1CID DETKr"tNII{~i.TION R&:.G·';:i:?IS .. 

I 
! 

Extrr,.cting s-Jlution - To 50 cc -JO% W/V sodium polymet2.phosph':!. te 

2dd 50 cc glo.cinl acetic 2cid. Di1uto to 50 cc with wc1ter. 

Sto..ndo.rd indophonol solution - :Cissolve 0.,250 gms s0dium 2.6 -

dichlorophenol-indo;Jhenol in 26 cc distilled wo.. ter. f .. dd 

0.,021 gms NaHC03, m2.lrn up t::i 200 cc. Filter, 2nd will koep 
' 

one week in refrigerator. 

l,PPENDIX 5. OXLLIC 1.CID DETERl1·).Il'~l ... TION .:mf,.GENTS. 

Tungstate rer'_gent - Dis sol vc 12 gms s.Jdium tu..YJ.gst8. te in we ter 1 

2.dd 20 cc phosph~>r ic 2.cid ( specific gravity 1. ?5). 

to 500 cc. 

Dilute 

Buffer - Diss,Jlve 6. 25 gms anhydrous CctlciuG chloride 

in 125 cc 50;:; V /V r,cetic c.cid. 

n.cetr:.te trihydrnto m2do up to 125 cc with wP.ter. 
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F Result 
_______ .. ______ ,_ ---- ·--··-·-. ---~ -· - ··•-·----·-.. ---· ---- ·-·--·-·-·-----·~-----~--·-

:! 

I 

I( 

rr· va 

Trea tmont 3 

5 

Error 

V 22.5% 

~:~ron tr:1en t 

noan 

Treatment 

Block 

Er-ror 

Total 

1;6 

3 

5 

15 

23 

V 22;0 

t__ --- --- -----·-· -.----~--·-------•· --

0.YS2 5.13 + 

,,.0596 

(; 0.,1 G ~05 0@21 

1 3 2 .,i 

,. ::~25 1.125 1.1:33 1.395 ____ ,..,_ ~,~-----

MS F .desult 

.321 1..38 NS 

.232 

G 0,.2 G • 05 0., 126 

·-- --------·------ --~-- ----

ll1 .. 



(a) 3/3/69. 

1-Ig Trc2.tr:10nt 3 

Block 

Error 

5 

15 

Tot:,.l 23 

Mn TreD.. t121cnt 

Block 

Error 

5 

15 

Total 23 

V =- 37% 

'i~rcatment 3 

Bloc]s: 5 

Error 15 

( Co11t) 

.OO,J:07 

• 005,11 

• 00:122 

G;;;:: 0.027 

61. -~ 

312.5 

296.16 

358.2 

F 

0.,93 

F 

0.87 

C == 7.7 

··•·-···--- ---·· ... ·--··-····•··-···----·-·-··-·--·· 

slGsult 

ns 

~1esul t 

NS 

e 
O 

:::: 7. 03 
G 5 

Result 

G :::: 16@ il, 
.05 



ji.PPEI:DIX 7. 

lnalysis of Variance- (CJnt.) 

(b) 

11/ 1/69 ].csult 
. ··- ··-·· ·····• . -··- ·-----··--·· -- •-· ···-----···-·•-·--· -···· ··--· -·-·····-----

N Treatment 3 o. '16 1W 

Bl:::ick 5 0.2973 

Err:>r 13 0.11798 

'I':Jtnl 21 

V ;= n • ?c;: C ;;: 0.14 :: o. 299 

'I'rco.tment 2 1 3 

3 93 

l;'b 

Result 

P Treatment 3 

5 

15 

., 0000997 7. 02 . . +-1, i 
I 

Block 

Error 

V ::: 

Treatr1ent 

Mean 

K Treatment 

Block 

Error 

Tot2.l 

V 

.00009 

.0000112 

2 .. 81:; e = 0.003 

2 3 1 

0.121 0.121 0.139 

elf. 

3 

5 

15 

23 

:: 20% 

0.65769 

.0191 

0.03211 

20.5 

8 ::. 0.07 

8 .05 
;;: 0.006 

•1 
.i: 

0.151 

.r{esul t 

++ 



il.PPENDIZ 7. 

l . ~ ,.- . .;me . ...,_y_.sis or '/c1.rio.ncc. 

(b) 

.l- ol 
/J 

1 

0.592 

(Cont.) 

2 3 

0 657 1.05 

·--···--•·--· -----------~--- ··-·--·· ~~--~-------··---···•---- . 

' ·l: 

1.29 

E Result. 

Cn Troc.tmont 3 o. 26-12 1.66 

Block. 5 

15 0.1591 

Total 23 

Block 

Error 

5 

15 

T:)tnl 23 

V = 15.5~& 

Zn Trc~tmcnt 3 

Block 5 

Error 15 

1 23 

--;r -
V -· 13. 7;i 

C :::: 0.16 

0.001106 

0.00251 

F 

e = 0.021 

6.65 

E 

2.36 

NS 

118 sul t 

NS 

e~ 05 = 2 13 

ll4 .. 

----·-------··-----·-··-· ... 



·(b) ll/cV69. 

Fo '11 rca tmcn t 

Bloc1~ 

'l'otsl 

(c) 

6/8/69 0 

Trc1:. tmcmt 

Bl:Jck 

Error 

·---·--. 
p Treatment 

Bl:Jck 

Error 

T•:Jtal 

Trcatncnt 

!''.i.ean 

. ··-- --------

115 .. 

F 
·---- ---------- ----·--------·---·- -- ·-~-------. --·-· -- . ·---,. --- -·· - . - .. 

3 l ,.2 1.5 

5 l 16 

15 9 ~. 3 

23 

3 

5 

15 

23 

T1• -· 20 50:' \ - ,.l.., • ;O 

df. 
- . --·---~-- .. 

3 

5 

15 

23 

V = 7% 

'7. ,., 

0.1.1 

1)1~ 

0 ::. ,1. 

L,11608 

o. 160-15 

o, 713 a 

o = 0. 34 

F 

1. 56 

0.0009717 8.19 

0.000807 

0.00011867 

2 

0.165 

N8 

..:i.esult 

1,yc: 
1,0 

c. 05 = 0.72 

Hosult 

++ 

o or;= o.oos 
$ V 

1 

0.168 

------ -·~·-··------·-·--··-- - .. --- •-·---- --- -



(c) 

l\. 

6/8/69. 

r'"\·lr ,._. .... ';.. 

Error 

'I'ot::.:l 

df. 

rz u 

5 

15 

0'2. r.:...,u 

• 

1 

0.53 

( n - _1.,_ ) l,,_ILl, o 

J.535? 56.'7 

0.0219 

0 00961 

C ::- 0.0.: 

2 3 

0.59? 00988 

='tcsul t 

++ 

c. 05 :::. o. 08 

,1 
··..t 

l. l-'15 

. - '+--·----.- --·-- .. -· ·-··. -----~-~- ·--·-~- -~ ·-· ·-'"·• - -- --·~-- ·--·- ----

5 

E~r1~01~ 15 

Trc,~ tE1c 

Mc&n 2.308 
15j &------

0.0676 3.32 + 

0.015~ 

0.02036 

2 

2.65 

HS 

1 

2.98 

F 

o _ :::. 0.128 
.Ob 

3 

3.033 

-· . ·- -·-·-·- ·--·-··-------- ... --·--··-·-·--···---
tucnt 3 0 001005 1.16 J>TS 

BlncJ::: 5 ,,0.'.)0021 

Error 15 • 000,3639 

o::: 0.012 
··--·---------- ----- --··•-··----·-····----··-·---·•··--·---.,-·. ··--· -----·-•··-

., 

! 



(Cont.) 

(c) 6/-3/69. F Result. 

hn 'I·rca tracnt 3 19. 93 1. 17 

Block 5 

f:rror 15 3J.05 

T·Jtal 23 

TT 20 . '-
V ::: .,, .. o 8)f_, C ::: 2. e,,o5 =- 5.1 

•. ·-··---~------ ···----·---·· ....... - . ·--·-··· 

F 
.. . .. -------·· --------· -- ·-····--- -.. ·-·-·· .. ·---· ..................... . 

Bl.'Jck 

To 

Treatment 

Fe TrGatmcnt 

Block 

3 

5 

20.055 

8. 267 

15 6.022 

23 

V ::: 11. 9;.o e ::. 1.0 

3 

..L. _ 1 
-" 

3 5S8.7 

5 

15 1 • 5 

23 

e = -~. 9 

3.33 

1 

18 

F 

.1.10 

Besult • 

+ 

2 

18 

li.CSV.l t 

+ 

llrl .. 



6/8/69 

Fo 

(cl) 10/12/69 

K 

TI 1 c:::: .. tr1c11t 

Blocli:: 

Erl'Or 

'I'otc.l 

Block 

tlJont 

7(-/ 
.L/u 

df. 

3 

5: 

15 

3 

5 

15 

(Cont.,) 

3 

-----

0.1166 

040313:1 

0 ::, o. 07 

2 

2.1 2.13 

2.0093 

o. 0385 

000239 

o = 0,.06 

l 2 

----·------

118 ... 

2 1 

61 65 

F 3.csul t. 

+ 

e. 05 ;::. O.l-19 

1 3 

2.27 

F' Hosult. 

8-1.l ++ 

G nr-:; = 0.128 
0 \,,/0 

3 

1.068 2 .. 11 



LPPE DIX 7. 

( - \ C.) 

Ca 

Hn 

Fe 

Block 

Error 

t2,l 

3 

5 

15 

V = 10,. 

tn1ont 3 

Blc)cl;;: h, 
V 

1~01~ 15 

Tot0_l 23 

Trec.tncnt 3 

Block 5 

Error 15 

23 

V •-- 15.2~f. 

3 

43 
, ~ tv' 

~) : ~. 

( 0,)·--.-i- ) \J, 1...t U@ 

o. 0,199 

0,.0266 

0.03959 

1 26 

o = 0.08 

MS 

7.'728 

'7.'781 

2 621 

e = O.? 

153 ~ 5 

59 .. 3? 

1 

.~5 

F 

2 95 

F 

10 e1 

2 

52 

NS 

e .. 05 :::: 0.17 

_::{esult 

e.05 == 1. 

Rosult 

++ 

o.05 ::: 6.60 

1 

63 



r 0 0·~ t· ) , \..,; li • 

df. 
••- _,_w ~ •-- ~• - -- • •-• •• -••• •• •--•" •••-•• - ••-- •-•-•.-• •--- -•'- ••~•••---------•---- •-• • ~•• 

Zn Treatment 3 

Block 

Error 15 

V = ll .. '71:; 

l'b Trea tmon t 3 

Blo 5 

Error 15 

(o) 7/1/'70 

N 3 

Bloek 5 

,- ,,... _,,.. r 
8.t>vu 

c ::.: O.f36 

0.00011 

0000021 

C = 0. 006 

0.0238 

0.,01903 

o:.: 0.056 

2.12 

F 

3.21 

120.., 

.lCSUl t 

NS 

o. 05 ::::. L,83 

,:lesult 

NS 

NS 

e,.o5 = 0.12 



[nolysis of Variance. 

(8) 7/1/70 

Bloct 

Error 

3 

5 

15 

'1otE:.l 23 

"\[ -- l" Jt.1 - __ f.,J. -/') 

et,tnent 

Block 

Error 

'Z 
•J 

5 

15 

Totnl 2c, 

\/~ = r;/ 7</ 
0 ;.J 

Tron ':ment 1 

F 

,). 00036 2"' 32 

0 .. 00055 

().00037 

8 = 0.008 

0.01672 

0.,00701 

F 

261.25 

e = 0.03 

2 

0. 6 1i3 0.755 

3 

1.093 

Trce.tmcnt 3 0.,003598 

Block 5 o. 00295•1 

Totul 22 

iT ::: 1r1 11'1 
V ( o .c../0 o = 0 .. 021 

l2l .. 

.::tcsul t 

e :;;;: i)~ Olr7 . "05 -

.desul t 

++ 

G ;; 0.061 .05 

.• I. 

lksult 

ffS 

C o- -· 0., 0-15 
• b 



( G) "r'/1/?0 F .Result 
---------· -----------·- -··· 

catL1ent 

:3loct: 5 

Error 

Total 23 

V::: 10.9% 

Treo.tment 

Eoan 

2 

12 

lL, 93055 5,93 ++ 

2.09722 

G Qr:::.:: 1.28 . ;_; 
C :::: 0. 6 

1 3 

15 

---------------- ·-•-··-·-····-·---··--·--·-·----·---··-· .. 

Block 

Error 

5 

15 

tr:l. 23 

Trc2, tr:ont 

llCDE 

Trcatnc::nt 

Block 

Error 

Total 

1% 

cl1~. 

3 

5 

15 

3(3 

118 F Result 

116.675 

61.175 

0 ::. 3.,2 

1 

38 61 

118 F li.GSUlt 

0.00021 2.1 NS 

0 .. 000,16 

0.0001 

·-----------·--·-··--·· ···---· --------··- ·-·--

l2.2,. 



(c) ?/1/70. 

,·,:~ TrGatncnt 3 1\.. 

Jlo 5 

Error 7 ~ 
..L 8 

Total 23 

V :: 35. 

':t1~ ,:,2 tL1Cl1 t 

lJ( 

Mg Treatment 3 

5 

Error 15 

'I'oto.l 23 

V 9. 
rJ = 52/, 

T1°c2. t 

i t('.""1 "i'/ 

(Cont.) 

1.96111 2.1-. -'1<1 

0.-1871 ) 

Oe0802'.'t 

C - 0.116 

1 n ~') G 

0.396 0 ,187 0.693 

.,; 

0.005050 

0.001833 

C = 

0.336 0 

0.011 

3 1 

350 0.3B9 

c.05 = 0.,008 

~-lGsult 

++ 

C • 05 ::: o. 2.1,7 

l'i 

l.612 
----· 

++ 

C .05 - 0.030 

2 

00395 



c-J"/6::i (J ' J ""' l 

3 

5 

6 

Mean 

( 

tment nu .. r:1bcr 

l 2 
I ·-- ·-•-'•- ,, ...... _,_._~-·~--

0.3G6 

o. ;:: 
._J 

0.31'7 

0.388 

0.329 0.797 

o. 0.'054 

o. ,:191 0.8'71 

0.510 o. : :9* 

0.370 

o.~n? · o. 861 

0.806 

0.8 

0.600 

00736 

________________________ ........,, _____ * ________ s __ s_i.ng plot C['.,J.cul0 ti '.)1_1_. ___________ _ 

7/1/?0 

1--- __ .,_ 

1 6/S/69 

1 

2 

3 

-1 ·.c 

5 

6 

(;(:.tment 3 

810 -1 

Error 11 

t 18 

'I'rc:, tr.-1ent 1 

o. 2511 

0.1 !,2 

0.110 

0.116 

o. 2 

0.093 

,..._, -, 'Zn v. J_...);'.j 

0.29109 

0.00697 

2 

00388 

0.289 

0.119 

0.17-~ 

0.227 

' 0.098 
' 

0.103 

o. 8 

-·--·-------- ------- ----- ----• .. -

I o. 36 9 

0.317 

0.321 

++ 

4 3 

V 

0.337 

0.310 

0.393 

0.353 

0.388 

1 "' l()' VO /0 

(; o. 0,11 

e O C9 
.05 



7/1/70 Treatment 3 

5 

15 

t l 

0.08337 

o. 25 ~2 

o. 0013 115 

2 

Mean. ~. 0.168 

F Result 

61.98 ++ 

3 

125.,. 

V 13.9% 

C 0.015 

o. 05 0.032 



Do.to Block 
- ·--·· - ------!, --· 

3/3/69 ' 1 

ll/J69 

6/8/69 

2 

3 

5 

6 

1 

2 

3 

·1 ., 

5 

6 

l 

2 

l 
- - - --- -- -- __ ,, __ _j __ 

I 
' 

~L330 

3113 

1786 

1969 

... ------ - -- -- ----- ---l -

1255 

16 

1602 

1626 

1669 

22:JO 

1956 

lf:3 

2385 

l 

2 

3230 

2150 

3337 

2-109 

,-1391 

2'170 

-, -18 ,,L 

l I/ /l N 
.L :·} { 

1073 

2~583 

1760 

2171 

2050 

1711 

17:'12 

'. 1 
.:;·_;_: 

216"1 

-+··, 

120., 

(c:.ec;_uiv.:::lent 70) 

3 

3003 

2979 

3953 

~-166 

2333 

3115 

1666 

:)379 

2892 

26 73 

3307 

·--·--- --·---

3176 

132'7 

5070 

~133-~: 

33-'19 

3591 

.-; .. 

,:i 
J: 

265'7 

22JO 

3269 

3296 

'1509 

2,335 

2228 

4273 

3563 

2757 

11 

3357 

3038 

31162 

2853 

2890 
' , 

-~- • -•--- ----- ---·--·- - --•½-«- - ·• • • - -----·-------- ----·- ~- -· --·-. - • ---·-···-- -·- ---- - - •• -



\ . 

Block 

l 

2 

3 

5 

r~ u 

, 7/1/?0 l 
I 

2 

5 

6 

1 

19.'J,2 

2375 

l:;?5 

l-J?6 

1662 

2081 

1212 

151?, 

, 
6 ! 

l3RO 

125{, 

12'13 

2 

22,11 

2151 

1726 

225-1 

2279 

-·-~--· --+ . --

1 .;;:J a 
.!: 

19130 

1856 

1539 

1559 

1155 

--f -

·-· ---- ·-.. ~-- .. L 
2389 

2 -, r)/"' J., ,o 

3762 

2?2t) 

1990 

1959 

202,1 

2.:"~93 

2602 

30 :,1 

2187 

l-965 
·- ~. ------

h0sult df 

3/3/69 Trentmont 3 l,607 1 303 0 nr­
o {)-0 

Block 5 

Error 

Total 23 

11/1/69 TreatDent 3 

5 

Error 15 508 596 _______ ,;,:;::J __ 

Tot0.l 23 

e::.:tmcnt 1 2 

He2.:n. 1585 ·--- )-~ 

l e,/ ···-···-·-·---· ..... ___ ,o ____ ---

10.?2 ++ 

127 .. 

6210 

56-10 

,J62f3 

5059 

/102<1 

6009 

3918 

1219 

3188 

,120:~, 

3321 

1106 

559 

I 

··i 
! 

e_
05 

1190 

e 291 

8 620 
.05 



128 .. 

(Conto) 

, 6/8/69 Trec..tment 3 5,161,631 17.06 ++ 

Block 5 8 22.1 

15 302.571 e -177 
005 

'.i1otal 23 

Trcutment 1 7, 
V 

1992 ·- 201".'t 3~08 

1 (/ 
1~ 

··--- "-·----·~- --·-- -··------.,-~-·~·-· ·-·-·-~-- --
10/12/69 Trec.traent · 3 1-11 126 1 2:07 13.11 ++ V 19. 5% ' 

7/1/70 

Block 5 

: IT'.)I' 

Total 23 

Treatment 

Block 

Er:cor 

3 

F .J 

15 

T:Jtcl 23 

Trcc;tment 

1% 

325, 5 

l 

191.El 

1 

1328 

2 

2172 

2 

.1 
J: 

2502 

e 236 

s 503 
.. 05 

----·- ----- ··--

++ 

·, •,: 

e 131 

e 2?9 
.05 

I 
! 

•· ·----·---·-·-·------- ··-----···----- -····---·-··--··-------•-·---··· .... _J. 



Hc:rvest D;-c_tr,; 
I 

1 
,, -- ·-- ~------·----

3/3/69 j 915.2 

l 11/1/69 929 

6 /,o,/~ q . , 0-

10/12/69 

7/1/70 

Toto.l 

l,J98. ;:3 

P.09 0 7 

'733. 1 

1515.6 

l29. 

Trec.tment 'lots.l 
i 

2 
, ·--- ,,, __ ·- - __ ,. --- __ ., ·--. L------ -

3 ' I: I 
j •,:::. 

-----'. ~-•---.--------·- ,,,_ ··-·--·--··-------- -
1067.l 1076.2 96 1. 9 -1053() 4 

913 1116.3 10·02. 3 3960.6 

1168.9 973.9 ~-2:1,J: 0 2 

P36o6 861.7 10~1 1. 5 3rn-'"". OC>::J o 5 

77 1. 3 -128. 5 9-11. 5 32P.Oo 7 
L - - --------· ··-

:-1589.1 5051.6 19?2. l 

(E~ch figure is the t~tnl for the six replicates) 

Lnc:.l vsjs _gLVnr ir.nce. 

df. .Lb F 
--- -----~-----~---------------·------·--·----------·'·-··•-,.·-

3 

Block 5 

E:rror l " .I: 

H x Tro.::~t. 
Intcrccticm 11 

Eri0 or 

2111.128 

973.l? 

6 22:) .19'1 15. 913 ++ 

1388.329 3.553 ++ 

1 Toto.l 

90___ 390.72 

117 

10/12/69 
-·irroet tmc·m·- -- -'3"-··---- ·-·--2 5B6 . .-.102 - 11. ++ 

Block 5 117. 59 o 6 .02 

Error 15 217.726 

i Totnl 23 ' 



- •c• • k, - •••• -• 

Trentment 

}JC,3.n 

7/1/70 

Tre.::ntr;1ent 

Er:cor 

Toto.l 

Troe.tment 

Ncan 

5 (:', 
;a 

df. 

3 

5 

1<1 

(C:mt.) 

1 

13 ':• 95 

I:{S 

1397.8 

161. 57 

152.33.~ 

1 

122.23 

2 

1z,9. -~3 

2 

3 

1 '1:3. 62 

3 

138.l 

J.esult 

++ 

.1 
•J: 

15?.1 

V 1. 5% 

C 5.0 



APP:.:IJD IX 11 o CATIOl]/A~·TION HATIO 

(l<+Nc. +Ca+Hg) 
This v2lue ( P+~ ) cnlcul~ted from the leaf mineral 

concentr,'.tions expressed n.s m.eq,;; 7 is shovm in the to.ble as 

the total of the six replicates for e2ch tre~tment Qnd hc.rvest-

H1J.rvest 
I 

! 3/3/6f 
' I 
i l l/.1/rg I ~ 1 c 0, 

i 6/9/69 I . 

i 10/12/69 

7/1/70 

Total 

: 1 
I 

I lJ!392 
l 
! 1. 0?11 

10 6 '131 

1.6116 

1.661 

Jref'.tment. 
I 

c1 --y---- Totnl 
I 

. - . _.,. .. ·- ----, .. 
2 ; 

I 
3 

___ ., ______ .,_ ---.,,.._ ·------ -· + --,-...... 

1. 5<,l / 6. 8'-, · ~ 1. G 57 lo767 
I 

' 1.1121 1.306 1.059 i 1.5785 

1.59 L852 I lol55 I 6.5'.'.:01 

l. c·J3 2.30 7.3316 

2.186 7. 3G? 
' !· . ... ~ --·--·-- .... -· . 

7.9801 : n <'Jf'/1 
j () o t::.J I 8 0 5·11 

An2lvsis of Vc,ric.nce 

':Cren. tment 3 

Bloc~{ 5 

Error 12 

Ho..rvc,st '± ~' H V 7rr,...., .L 
- .L\~ .. '-j:r:.;,J.;,.. 

9 Inter2cvion 

Error 83 

Totnl 116 

NS. 

0.00332157 

0.0030625 

0. 00'1136 39 

0.05".:41383 

o. 01-12643 

0.00111937 

o.? 19 

12.74 

Result 

++ 

++ 



APPEIJD IX 11. 

10/12/69 Trentment 

Block 

Er.1or 

3 

5 

15 

Toto.l 23 

Tree, tment 1 

(Cont .. ) 

MS 

o. 017792,1 

o. 0011·97 

0.0011633 

heo.n o. 2669 

3 

o~ 2s72 

7/1/70 Trcntmcnt 7- 0.0091358 v 

Blocl-:: 5 0.0013112 

Error 1L1 0.0013021 

']\)to.1 22 

Trcc:tmont 1 3 

li2c~n 0.2773 0.2905 

15.29 

2 

0.302[3 

7.016 

2 

0.2957 

.desul t 

++ 

1 
-" 

l32-., 

V 1086% 

G 

o. ,3833 

++ 

.', 
'.c 

V 17 7r 
• ·-. /✓ 

C 0.0311 
.05 

o. 36/13 



••--•~••-•-•---•-•• ••-•• -~-••••-••--- ... -~r•• --•---•- •• .. •-• -

iTI'G"tmel'lt I "11otnl '....,,,t-i 1-i'c·t o-r··· '. 'f1l·1'l1S 1·,-.oI"P I <..4 ' ~.. _,.._,. ' .,......!0 o - o o '. ·- • . ,. o • 

j I .ions (K i ,3 cxprcs-' Jo4-m. o~. % : 

1 
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