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ABSTRACT :

-

Villafrenca lemon trées were grown for two years in con-

tainers and provided with a standard nutrient feed. Potassium

was supplied differentially, usually as foliar sprays of potassium
chloride. The magnitude of the effect of varying numbers of sprays
on leaf potassium we¥~ determined, the main response being the
short~-term nature of this effect. Similarly the considerable ben~
efits of a limited nuﬁber of menganese or zine sprays on the leaf
concentration of these elements was demonstrated, |

Detcrminations of the levels of the main minerals in the
leaves showed the seasonal varlatlons of each one, and led to a
recommendatlon on sampllng time for the determination of each ele-
ment. It Wa s also possible to demonstrate possible mineral element
interactions, thé most interesting being the lack of a ﬁotassium ;’
magnesiuvm sntagonism. It waé shown calcium levels fell with iné
cfeased leaf—potaseiﬁm‘té‘mainﬁain the cation balance., But in
another situation the range iﬁﬁplént nutrient status was such as
not to maintain an equivalence in the cation/aniontraﬁio or the
total leaf cation content. In this latter instance this did not
result in a predicted effect on leaf organic/acid content » |

The possible dangers of cxcessive chloride accimualation
were considered; and the problem of leaf chlorosis where potassium
is in low supply. A recommendation was made on the use of nutrient
solution feeds for young citrus trees, especially with respecct to
trace element Supply° Various effects of potassiws supply on fruit

quality were also demonstrated.
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IER I IHTRODUCT 10T

Citrus is an important crop in many countries of the
World, and in the litecrature there are numerous 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 complex field, and with the effects of a given min-
eral supply depending on so many other factors it i1s not surprising
that each important citrus growing areas has its own research pro-
jects on mineral nutrition.

However, few detailed reports exist oconcerning the nutri-
tion of citrus in New Zealand. Various reasearch projects are
currently under way, mainly on a field scale, and in many cases
detailedVresults will not be available for some time. The N.Z.

- produced citrus fruits are mainly for local consumption, but . .
there is a place for continued expansion in the industry. Therec
is also a growing export trade in certain citrus products, of a
processed nature. For such outlets fruilt 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 studied.

of the(many types of e¢itrus, sweet oranges are of great-
est commercial importance, and so it i1s natural that they will

be the most studied of the citrus fruits.
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The zveat bulle of citrus nutrition trials, involving such aspects
as plant unteke, frult quallity cffects, and leaf analysis, haje
heen concerned with the sweet orenges. Theop:prtunity was there=-

-

fore trlten to study mineral nutrition in the lemon.

This work was in lorge part a study in leafl analysis of
this crop -~ wainly mineral elcients, but also certain other

constituents. In m>dern crop production we find a special inter=
est in leafszvsomtion of the various foliar - applied substances
uscd, and uptake of Iollar nutrient sprays is one aspect of this,
and also was studied. For meny yvears it has been considered by
many authors there is no known specific role of wotassium in
plants, although many raoports detzil its considerable influence
in citrus procduction. We often assoclate potassium with crop
quality, and with the requirement for increasingly high quality
this makes 1t a useful elerent to study in the hope also, of
~viding more information on its rhysiological role. An attempt

was made eiso to out~in some information of this type.

With rcfersnce to the mineral elements, the folloving

abbreviations are useds

N  ~ nitrogen Fe -~ iron Al ~ aluminium
P - phosphorous Mn - manganese B -~ boron

K - potassiun Zn =~ zinc Na = sodium

Ca calciunm Cu =~ copper Cl = chlorine

Mg magnesium




LPTER TT JVIEW OF LITeRiTU.i0
X TEAW AMATYSTS
T The Prireinlc.

Tor & long timc people have had an intcrest in determin-
ing accurately the mincral requirements of crops, and to this
of success. Tissuc testing involved 2 measurencnt of plant nut-
rlcats contained in cxtracts of, usually, the stem or petioles of

h

n ¥y

nlants. Such extracts may have been obtained by the use of hi
pressurcs, or various chemical extractants. Some of thesc methods
arec satisfactory for ficld usc to give an immediate but approx-
imate indication of a plant's nut;itional status - and arc uscd in
this wny in commercial practice.

Leaf ©n2lysis has found comsiderable usc, and 1t involves

the meosurcnment »f the concentration of the total mincral nut-

¢ I

ricnts in plent leaves at specific growth stages. Leaf analysis
is based on the contention that changes in nutrient supply are
reflccted in the nutricnt composition of the lcaves, and that
these concentrations at specific growth stagces are reloated to
crop performance (18). Therc is in fact a considerable body of
data to show the mlneral content of a plant has some controlling
influcnece on growth, fruitfulness, and quality (160).

Goodall and Gregory (76) cover the development of plant
analyeis, and also indicate other ways of determining crop fert-
iliser nceds. It is clear the concept of plant analysis 1is not
nev, and whilce 1t suproses the plant ©o be the best indicator of
nutrient availability, (i.e. rather than s2il tests), in lcaf
enalysis it is assuaed the leaf is tho best part of the plant to

use, or at least as sensitive an indicator of nutritional status
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as any othor plant part. This is in fact found to gencrally be

some exceptions c.g. the pctioles are a

e}
=
(D)

truc (160), but there
very useful indicator of potassium status in the grape (160).
These

Leaf analysis may be used for a numder of purpdsess

inelude the determination of fertiliser requirenents of pcrennial

e

crops, the identification of a particular nutrient deficlency or
cxcess, and in crop nutrition rcsear ch‘ The problem comes in the
interprectation of leaf analysis data (72). Tor while lcaf compo=
sition is primarily controlled by nutrient supply (172), it wmay
be influcnced by a large number of other cxternal and internal
factors (76, 160). For instance the wecather may affcct lcaf com-
position (?)7 and for field use this suggLsts the nccd for annual

adjustrents of 'standard' levels for the particular season (7, 15),

There is also important but complcox oblen of interactions, or the
chengos in concentration of onc nutrient induced by changing the

cr. This hrs been discussed for o range of

S“

concentration of anott
crops by differcnt suthors (17, 18, 56, 116, 160, 163, 168).
Mitrogen is cgpecially active in this wéy. Thus M fcrtiliser dep=-
ressed leaf K and P, and increased g in young apolc leaves (23),
and in citrus, adding § affccted (increascd or decrcased) the level
of eight other clements in the lcaves (180). Whercas the effects
of N on tissue ccmpositian may vary grectly with diffcront sup-
plies of other elencnts, very fcw interactions of £ have been
found using Velencia sweet orangce in sand culture (168). So it
vas concluded single variable studics with K would usually give
rcliable information zbout lcaf mincral level coffccts.

It is considercd that in plant nutrition two aspccts are of
importance, namely intensity and balance (17, 15%), Thus if nat~
ritionally a plant is 'balenced] ~ddition of one fertiliser (e.g. K)

leads to an imbalance (low Mg)9 which shows as a growth or yicld
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ptons. It is suggested
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response, Or perhaps leal

tha numerous interactions of iy and iHa on K and Ca uptoke by cotw-

ton plants demonstrate ~ Mthe lmportance of ion balance in thc
nincrel nutrition of plants" (178).

4 eonsiderable amount of work has becn donc to obtain
standard leaf composition velucs for differcnt crops: (17, 27, 29,
55, 76, 101, 163). In such works we find leaf levels dividcd into
varicus classifications c.ge. low, optimum, high, or dcficient,
low, optimum, high excess. Usually major clemcnts are cxpressed
as percentage dry weight, and minor clemcnts as perts per million
(ppm), although nilli equivalents and -« equivalents may be uscd
(153).

2. Sampling

It is considercd the time ond type of tissuc sampled 1is
very important (160), and that sufficient wetcrial be teken fo
minimise the offcet of leaf to lcaf variation (163). Leaves arc
metabolically active »rgans, and so subject to ﬂhangc fron many
causes, For leaf snalysis rcsults to be rcliable, standardisation
of snmpliﬂg is nccessary, in fact critical. The size of a trec!
crop, the nearncss of fruits, and thc prescnce of anothcr growth
flush 211 affcct citrus lecaf mincral cosposition (163). |

(i) Fruitine -v.- none-fruiting terminals

In some coscs we find an cfiect of fruit on the composi-
tio of nearby lecaves. “

On applc treeé little 4iff ncc has becen found bctwcon
composition of leaves fron fruiting and non-fruiting shoots (179)3
and using orange leaves there was no eppreciable difference in K
level betwecn leaves from these two types of shoots (Sl)Gk In a
survey of 22‘swcet orange orchards (20), no significant differ

ences vere found in leaf L1, B, Fe, hn, or zn lcvels betwecn these




two types of sample.
However in the apple, fruits heve becn found to reduce
leaf Mg level (123), and young citrus fruits compete with lecaves

novly-absorbed ¥ (192). Fudge (73) found diffcrences in the

o

for
composition of diffcrent portions of the grapefruit tree 1f fruit
was present; and Satd reports (151) a higher leaf - K in leaves
from non~frulting treces than from fruiting trces. Highly signif-
icant larger ocmounts of ¥, P, K, S, and much lower levcls of Ceg,
ke have been found in leoves from non-fruiting orange terminols

(RG, 118). Thus 1t scen a cholce betwecn thoe

is important.

(11) Lenf cge

When leaves arc to be compeared they should be of a similar

3

physinlogical age, and should be taken at the sumc period during

I

In the first stagce when leaves arce youms, with high meta-
bolic rates, they have rather veriablc mineral content. In the
third stage there is elso a period of chenge 1in nutrient content

s scnesccnee approaches. SBetwcen these two 1s o brief period of

)

stebility. In citrus with secveral growth flushes 2 year, older

caves may also be daiffiecult to ildentify, and it is often suggest=-

}._l

e citrus lecaves 3 -~ 7 months old should be sampled (111, 1i6, 163,

165). There is now anple evidence to show the existence of a
plateau iIn mincral level at about this point.

Generally in frult crops, le=f concentration of H, P, I,
o]

Cu, zn, 1s grecatcr in young tissuc, whercas Ca, I, Mn, Fc, B

[418]

concentrations are greater in older tissue (39, 180, 160). Thus
in the former group dllution occurs as the lecsf cnlarges, vhile

the latter elemcnts may entcr the leaf at rates that prevent
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dilution. 4aind so we get typical curVes in leaf mineral concen-
trations through the scason, or as lecaf age increases (100, 163,
165).They shoii I tobethrenmost plentiful ﬂincfal in very young
léaves, the lead soon being taken by Ca for the rest of thc leaf's
life., P and K show a gradual decline froaz an eafly high level.

Mg enters the leaf carly in its life, and after reaching a2 steady
level 1its concentration declines.

With the apple, comparisons must be made only between
leaves from the same position on a shoot (107, 125). However in
citrus compositionel gradients along the stenm axis are small or
absent (112). 1In spite of this minor variatisn in composition
along a given flush, a consistent sampling position is thought
best (163).

In citrus, leaves from thc suwauer flush contain morc By
Py K, Mg and less Ca than spring or autwm flush leaves of thé
same age (31, 112), and compositionaltrends for esch flush arc
similar. While these differences due to the season of origin may
not be considered great (160, 165), comparisons of results fron
different flushes (but the ssumc lesf age) may be considercd of

reduced significance (163).

(1ii) Crop size

It has been scen that the prescnce or absehce of biﬁssom
and fruit may affect leaf composition. While in the applc no
correlation was found between the level of crop and leaf nutri-
ents (182), crop size may influence leaf composition (115).
Using biennizl Mares grapcfruit (164) o higher leaf - Ca was asse
oclated with the "on years, and in the presence of a heavy crop

leaf W, X, lig was decreased. So fruits affect the minecral
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djaccnt to thern.

a3

composition of leaves other than just thosc

Leef Preparation

e
Suitabl preoparced leaves arc usually satisfactory for a
meaningful “nclysis to be performcd. But it has been conslidercd

doubtful if lecaves earlicr sprayed with kn or Zn can be uscd sat-
isfactorily for the determination of these clements (160), due to
surface dewosits of these metals. It has howcver becn shown such
leaves, 1f zropcrly clesncd, can give important data on the status
of these clements in the plant (120). It 2y then be expected no
problem should oSccur with K analysis following the spray applica-
tion of highly soluble potassiun salts. In addition the leaf -
I'e level deteriined would provide a clcar indication of the effect-
iveness of lcafl washing duc to the grossly exezgcerated values that
would be obtainced where dirt contaicinotion was occuring. (Retio of
soil Fe to lenf Fe is usually 102 to 10+ (194).

L8 in other aspects of lecf znalysis the literature con-
tedins much infoeietion on the importance of proper and adequate

o~
PR
Qal

preparation and what this involves (16, 76, 116, 120, 163,

t- )

73). Usually it mcans washing in detergent, or acidified deter-

-

nt, rinsing, ¢rying, and grinding - at all stages care being tek=-

CU

cn to avoid contamination of the sauple:s especially if trace ele-

ments are to be determined.

FOL Lot MUTRITION

1. Leaf sbsorotion

In recent years therc has heen considcrable interest in
this phenowenon, and detailed information is available on the

nechanism of leaf penctrstion, end also the nature of plant




surfaces (10, 66, 68, 152, 157).

The active process of foliar absorption (84, 101) invol-
ves the uptake éf a wide range »f types of cheinlcals: Insect=
icides (41), herbicides (65), antibiotics (103), non-rsrential

pd

clements (84), and mincral nutrients (19, 201). From a practical
point of view it is important that not only doce absorption
occur through the leaves but also through the bark and fruit (19,
96, 183, 184). Expectedly a large number of factors influence the

ratc and total amount of uptake of cach material (153, 185).

(i) The cxternal environient

Due to the form of the plent cuticle, absorption of hyd-

4

. - - o L B .} g .- 4 frosy \
ophilic compounds st higher humilitics is,faster (3, 158, 185),

e

Temperature and light also affccts upteke (33, 1585). One also
finds reference to the influence of time of day on uptake (201),
and this no doubt is inti@atoly'connected with the humidity and
temperature conditions prevalling before and after follar appii—
cation. ; |

The passage of tine 1s inportant in cansiderations of fol-
iar absorption. We may exncet to find an initial brief period of
rapid unteke followed by a poriod of a much slower rate of uptake
(58? 113), Surprisingly lerge amounts of minerals can be absorbed
in short perisds of time (21). If applied in conditions unfaﬁ&
ourable far‘absorptiang'significent uptake nay not occur for sonme
tine, By various methods (rcwetting the spreyed arca, use of
humectants ete,) it is possiblec to delay the onset of the period
of slow rate of uptake (113). In studying foliar absorption it
is neccssary to distinguish between absorption, adsorption, and

transport. It is possiblc that initilally absorption will be very
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high compared with trensport out of the leaf, and so leaf concen=
trations will increoase greatly. ot 2 later strge when uptake rate
is low, trznsport may be still removing large que -ntitics of mater-

ial from the treatced surfaces and thus causing a Gecline in leaf
concentration.

The nutrient status of the plant is also important, and
this is reloted to soil nutrient levels. HcIntosh apples have
shown a greater response to rmagnesium salphate sprays under high

§0il - 17 than low - I (64)., High absorption of urca by apple .

leaves is assocleted with an originally high leaf ~ N level (38).

decrrascd uptake of foliar applied P in the presence of a high
P level in the root medie is revorted (1385), and the recovery of
K from potassium sprays was greater in the presence (cf. absence)

of s5il K (181). Using various crops, increase In nutrient conte-

s}

3"

and low JPK sup»rly

jwy

ent from HPK sprays occurred with both high
to the roots, and was approximately proportional to the concen-
tration of the spray and the froquency of spraying (1%0). In
epplying a nutrient (&) as a foliar spray (u.3), in the presence
also of its soil supply, leaf content wey not be a measurc of

leaf uptake of nutrient L, as B may lnerease uptake of 4 frowm

the soil (131),

(ii) The nlent material

preys to leaves at an early

n

It is best to apply foliaw
strge of growth, untoke being fester and greater in young leaves
(1235, 190, 195, 201) - although therc may be sone exceptions
(201). Three month old Burelka lemon lecaves absorbed urea three
times as fast as wature leaves (91),

Both upper end lowver leaf surfaces function in absorption.




116 .
In the apple lower leaf surfaces wecre found to absorb urea (39)
and leucine (102) faster than thc upper leaf surfaces. DNo differ-.
cnces were found in the absorption of zinc by citrus leaves when
comparing upper and lower leaf surfaces (195).

The problem of the importance of stomatal entry has
cxisted for some time. It is clear that cuticle penetration can
oceur whether stomata are nresent or not (202)., While it might
be considered stoma provide a major pathway for leaf penctration
(38, 80, 102), therec is considerable evidencc this is not so (177,
139, 195). Franke (67) showed absorption of sucrose is greater
by leaves rich in stomata, and that upteke 1s through the ectod~
csmata TYather than the stometal pore.

Uptake of a number of substances 1s greater in certain
locelised arcas of leaves, such as midribs and guard cells (66,
135), Uptaxe of zinc was faster when applied near the centre of a
leaf, rather than the margin (195). Absorption by apple leaves was
greater by those necr the base of the shoot, and near the tip of
individual leaves (102).

The pH of the leaf surface affccts uptake, absorption of
nutrients by the grape (pH 3.5) being greater than the walnut
(pH 6.5) (127). Differences hctwcen species will odcecur. Detach-
ed orangc lecaves abﬁvrb:d’foliareuruﬁ at"a faster rote than lendn

leaves (92)4

(iii) The spray solution

Various types of surfactants can be used to increasc
leaf ebsorption of herbicides (69), auxins (92, 171), and nutri-
ents (61, 135, 186). This action of wetting or spreading agents

in water sprays may be by a direct offect on the pnlant surface, or
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iner~asing thc intiiacy between the spray and plant surfaces
(67, 69, 171, 136). Wetting zsgents way even decreasc mineral up-

telke (61).

" is absorbed rel-

b

A cheindical in the liquid phese on o lea
atively casily comparcd with the dry deposit (92, 149). So huaid
ditio

orditions after treatment, sr the addition of hygroscopic agents

]

may inercasce absoryption Ly slowing the drying of the deposit (61,

91, 92, 113). 1In some cascs addition of ures improves uptake of

The hygroscopicity of a frliar applied nutrient is import-
ant for uptaxe and transport (113). There arc various reports of
differcncces in mineral uptake according to the salt used (61, 79,
126), and in somc cascs this hag been relsted to salt deliqucs-
cence and prevailing humidity (3, 1),
hlied solution may effect uptake (79, 177,
201). The ratc of absorption 1s shown to be roughly proportional
to swray concentration (9%, 130, 185), although in the special
case of iron, incrcasing the svray concentration over a 1ow rangoe

did not improve the grcening of deficent citrus leaves (72).

2 Folier Fegding

Citrus leaves, like thosc of other plants are able to

£

absord varisus mineral elemcnts applied to their outer surface
). The effcctiveness of a nutrient

(19, 75, 79, 85, 9%, 134, 195
spray denends on ebsorption - to get the nutrient into the plant,
and. on transport - to move the nutrient to nloces where it is

needed. Potassium can beo very readily absorbed and translocated
in the plant (21), and this suggests foliar application may be a

1 shown

oty

very ropld way of correcting a deficiency. It has bec
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(25, 75) folier potassium nitra te sprays are a promising practical

method of supplenenting soil applications of K fertilisers. To

this end the nutrient may be epplied as & foliar spray with

0 lincreesc penctration

e

wetter/spreador or with some wmaterial
(e.g. as with urca with iron (10), DMSO with iron (122) ), or
pobility (e.g. TiBL with celeium and iron (106) ).

Foliar fecding is not intended as a substitute for soil

wprlication, but siwply to cooplcment it. Foliar nutrition may

o

¢ particulerly important for sneci 1 probleas such as instances

o

of high soil fixatlon, or wherc certain deficicncles suddenly app-
car affccting crop production (19), or while walting for soil app~

lications to bceome cffective. In some orchards larzc soll appli-

cations »f X arc aceded over wany years to graatly increase trec
level, OCertein of the soils in Floride used for citrus growv-
‘ing have an c¢xceptionally high calcium content, and onc effect of
this is that leaf - K cannot be increased very .uch, with even
heavy soll applications of ¥ fertilisers (25). Such low lcvels
can be duickly rciedied by the use of a few folizr sprays (29).
Information on foliar nutrition of hoth mejor and trace clenents
is contained in a numder of places (5, 19, 201), and wost fruit-
growing arecs have local recommendetlions where apnlicable.

In commercial horticulture thore arce o number of common
exanples of the effcctiveness of foliar nutrient sprays. Epsonm
salt sprrys arc used on a number of crops, calcium salt sprays
are standard practice for control of apple bitter pit, urea spray:
are often nused to boost crop growth, and a range of trace elemont
deficiencies nre freguently trecated by foliar sprays., On apnles
nitrogen sprays cre often used to improve flowering and fruit set,

end cven to reduce apple black snot. Over several years, trces in

- . : . . .
+ 3 . -
1




the field receliving foliar urcn yislded at least as well 28 trees
getting the same nmount of ¥ es a $311 application (60).

other study mognesiws sulphatce sprays to deficlent apple trees
had 1little cffcect on growth, but increased yicld 19 -33% -- larg-
cly duc to improved fruit set (63). In Californien orange orche-
ards annual nangancsce Sprays have increased yicla 7 =19%, with a
slight increase in juice soluble solids (113, 120). Fruit frowm
plants sprayed with wmicro-nutrients is claied to stand handling
better, and on grapes to improve berry sizc, uniformity, and sugar

content (127).

D Sope Leaf Effccts Of Foliar Sprays

(i) The lezf content of the anplicd elcment

Weo can expect this risc after its lecof application,
followed by 2 decline with i1ts rc-distribution. The extent of
the inerersc will depend on a: nuaber of fectors, as outlined
carlicr. Genje gt al (75) have shown six strong potassium nitrate

sproys at weekly intervals to ive large increascs in leaf - Ko Also

tracce clciient sprays can glve large inecrcescs in lecaf trace ele-

s . } hY
ment ‘concentration, in a short period (119). In work such as thls

therc 1s always the possibility that the spray ney affect uptaice

k3

of that elecmont from the root media (180),

(ii) Other elenents

(a) The cffects detailed here, of soll and leaf mineral up-
take, must he known for an understonding and Interpretation of

tissue anslysis data. Vhen lezves absorb one clement it may

cause an Iincreased untalke of osther clements froin the soll (180,

181), and so modify their leaf lovels. Varying the soil supply
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of one element, alters plant composition of other elements,
There arc a host of reports demonstrating this effcct, which 1is a

complex onc. When magnesiuin chloride was supplied to corn(l75)
certain cfiects on mineral levels were attributed to uptake of
magnesiws but in fact the chloride may have been an important an-
tegonist. K deficiency induced iron deficlency in orange trecs
(32)3 and in maize, and the potato low K speeded up the appear-
ance of iron deficicncy symptsmé (88). Such cffect are likely

to be duc to effects on clement distribution rather than uptake
(33). It has been shown the common K - Mg effect is not true
uptelke antagonism, but an cffect of high K on the distribution of
magnesium within the plant organs (24).

The considerable nuaber o5f efiects of this type 1s shown
for citrus in a table presented by Smith (160). For instance adde-
ing X offects the leaf concentrations of five other elements, and
leaf - K 1s affected by the addition individuclly of nine diffor-
~nt clements.

In orahge trees, Mn sprays decreased leaf K, Ca, Zn, and
zinc increased lcaf in, and decrcascd H, Ca, Mg, Cu (117). In-
creasing leaf magnesiun level by soil or foliar applications re=-
duces leaf calcium, nitrogen, sulphur, and potassiwz (63, 175, 188);
increasing leaf calcium decrezses leaf potessium and megnesiunm
(183)3 increasing leaf nitrogen decreased leaf phosphate, potase .
siun, and several trace clements (146, 16%); and increasing leaf
potassium reduced leaf calcium, magnesiui, nitrogen, sodiunm, and
hagnesium and increascd tracc clomont concentration in tung leave§
(153). 1In citrus, zinc deficicney has been aggravated by high
potassiun (147, 199), but this aggrafetion mey in fact rosult

from a magnesium deficeincy (26) induced by the high potassium.
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In at least somc plants sodium can partially replace K
in nutrition (174), and high sodium has been associated with low
K concentration in tomato (93) and citeus (85) leaves.

The complexity of these interactions is shown by Smith
et 21 (168) using citrus trees :

(a) Increcasing ! decrcased leaf K conccntratlion under low
X supply, but not with high K supply.

(b) K decrcased Mg at high N, but not with low .

(ec) Mg deccreased Ca at low K level, but increascd Ca at

high K levels.

(b) Sum of cations

It is 2 long ti@e sincce Liebigz cxprcssed the concept of
cation « cquivalent constancy, This states that under standard-
iscd environmental conditions, the suwa >f cation milliecquivalents
for any specics tends to be constant, regardless of variation in
mineral supply. This constancy of the sum of the cation equiva-
lents 1s involved with the effects discussed above 1n which a
change in onc element results In chonpgos in the’ eoneeéntration of
othtr elcmcnts, anl is showm in voriouws reports,

Using variable $2il - K applivations, in the potato (197)
magncsium was of importance in maintaining the plant cation bal-
anccs and Frecman (70) coupares several crops. Thus calcium and
magnesiuw in the French hecan, and calclum, megncsiuwa and sodium
in the lettuce fuctioned in meintaining the cation balances while
in other crops calcium and magnesium content were relatively con=-
stant, and sodium almost complctcly belanccd changes in lcaf - K
(70).

Following salt uptakec by citrus lcaves the sum of the




1%,
main cotions was found to renain rother uniform (50).

It has been claimed (114) the constancy of the ratio oi

cation to anion millicquivalents is more depeandable.

(C) CONTLTIUER GROWING

In experiments in crop nutrition it 1s nccessary to have
strict conirol of the nutricht supply, and to bc readily ablc to
vary it; It dopends on the alms of the cxperiment as to vhat
degree of sophistlication is rcquired, and in some critlcal work
considerable cffort has becn cxpended in developing the cxperi-
mental techniques. Considcrable data is now availablc on the fceds
ing rcquirements of crop plants grown in culture solution or sand/
neat typc root media (88, 89); In such aptificial conditions
problens peculiar to such methods have rcquirced solution in order
to grow healthy vplants over 1long pcriods,

Contalncr ~ growing oficrs a convenicnt and satisfactory
method of growing plants (143) and of studying aspecets of foliar
absorption by growing citrus trecs, but again thecre is no report,

on this techniquc in New Zealand,

1. The Container

lietal containcrs arc often ﬁsed, and for a lot of work
are very satisfectory (89). Duc to metal contemination it may be
desireble to coat the surfece with some non;toxic meterial. For
this purpose bitumen and asphalt paints have often becn uscd (12,

143),
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2e The Root Media

In the past g largc number of materials heve becn used
cither individually or together, cach requiring its own handling
techniguc. Thus one finds the usc of acrated solutions (194),
subs>il (162), quartz sand (150), sand/peat mixcs (130), or sand/
peat/wood shaving mixcs (132) for eitrus growing. Citrus seccd-
lings were found to grow larger and hcalthier in & UC mix of 50%
by voluwmnc each of fine sand and sphagnum peat, than in clay loam

mix (129).

3. The nutrient fecds

When solid rooting media arc used , feceding may be by wat-
cering with a nutrient solution (162), or the use of such a solution
after the incorporation of base fertiliscr (130). The list of
nutricnt solutions uscd for citrus growing is cxtensive e.g. sce
Table 1.

Nutricnt fecds are often similar to thosc of Arnon and
Hoagland, an example of which is given in Tablc 1. for comparison.
There is no onec corrccet mixturc (concentration and balancec) for.
unimpaired growth as this will depcnd on the solution volume used,
its rate of rencwal, the prcscnce of solid matter, and thc plant
species (R9),

When peat is uscd, it will fori: a very stable complex with
copper, and at low salt concentrations this could lead to a
copper deficicncy (36).

Iron deficicney may become a problem, and many factors may
be responsiblc for this. For instence this deficiency may be ine-
duced by exccss phosphate (89), - when leaf P rises (194), and in

avoiding iron/manganese deficiencies their ratio in culturc solution
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was considercd of more importence than their absolute concentra-
tion (170). Control of the pH of the root mecdia is important.
It is suggested the medium be kept at a pi 5 -6.5 (130), and as

nutrient solutions tend to go alkaline in the containers (143,

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

change in pd will occur when 80% of the 7 is surplied by nitrate

and 20% by emmonium sulphatec (196).

(D) CITRUS NUTRITION

« vast amount of data has bcen colleéted on the nutrition

of citrus crops (29), although only linited data exists from New

Zealand, In o study of nutrition a host of aspcects beconc apnar-
ents: crop rcquircments, root uptake, deficicncy cifects, cte, and
we cannot consider a full review here. With rcgard to the present
study & fow comments are nertincnt, c¢specially in rcspect of pota=-
ssiwig nutrition.

The sncelfic rolc of potassiun in the »nlont has been in
doubt for some time, but a considerable amount of intewdting data
has been revicwed by Evans and Sorger (59). Potassium is uscd in
lapge quantitics by frult crops, and its importancce is often
attributed to fruit quality cifcects. Rather than being incorpor-
ated in spceific compounds within the plant, it would appear pot~
assium functions as a cofactor for o widc varicty of very import-
ant cnzymes. K is an cssential element, snd when its supply is
timiting sodium can partially renlace it, and in thesc cireumstan=~

ces some plants can gccumilate large amounts of sodiun.
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1. Leaf Mincral Levcls

Leaf tissue may be analysed by a number of methods to

nrovide a rncasure of the level of their mincral content. This

<

level will very with many factors other than soil supply or con-
tont, but with an appreciation of these factors and thcir import-
nnce, leaf snalysis can provide useful information on crop nut-
rition.

In leaf analysis one can satisfactorily d:itermine the lcve~
cls of all the cszential mincrals. Usually the total of cech cle-
mcnt is doternined, and the concentration of 2 jor elements 1is
ecxpressed as a percentage of drywcight, and that of the trace elé»
ments as parts per million (ppm) of drywcight, It is normally not

~

necessary to analyse for all the minerals, but duc 1o the efiects

of interactions several analyses are likely to be most useful.

The study of potassium effects is simplified since 1ts effects on
tissue composition do not vary greatly with differing supplies of
other elements (168)., With low nitrogen levels, leaf -~ K tends

to be high, and with high nitrogcn, tissue K tends to be low, and
in inferpreting lenf analysis data it 1s considered polntless
classifying the status of any element unless the leaf -~ nitrogen
concentration is known (146), In fact the balance between the
level of the critical element and the levels of 2ll other elenents
in the leaf is important (193).

Tables shoving the degrer of sufficiency of any level of a
nuwaber >f elements in citrus (usually sweet oranges) are given in
various papers (27, 29, 39, 105, 163). Such works ate the rcsult
of extensive experimentation and observation over a period by
numerous workers. Care must be taken in comparing tebles, as

some relate to sam les fron frulting terminels, rather than from
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the more usuval non-fruiting terminals., For lemons the following
leaf mincral concentration date has heen obtained in worik with

various cultures and using leaves of various ages (28, 1086).

TABLE IT MINERAL COrPOSITTION LiliOl LEAVWG

Element Deficlency osymptons Ho Symptoms
n < 2.00 1.76 = 2.39%%

P - 0,082 0.113~ 0.23
Y 0.13 1.32 =~ 3.36
Ca - 0.7 = 1.46
Mg < 0,08 0.14 - 0.29
Via 0.003 0:003- 0432
Fe LAT ppin > 53 ppn

Mn < 5 ppm >14 ppm

Zn <20 ppm

Much more specific information is avalilable for sweet

T

orgnges, a typical ex  ple of which is shown in Table III. It
relates to 5 <7 month old spring-cycle leaves from aon-fruiting
orange terminals (45).

Chloride 1s recdily =usorbed by citrus lecves, especially

o

older lenves (124), 2nd after root or lecf absorption chloride tends

4

to accumulate in the lesves (81). 4s & result lemdns show pronouné
ced burning and yellowing of leaf tips and marzins, and »ossibly
leaf curling, leaf bronzing and leaf drop (29, 8%). With sveet

orange scedlings oaly under conditions of nitrogen deficlency was

leaf injury assoclatcd with hizh leaf - Cl levels (34).




TARL: IIT TEAAL COLPOSLTION SWEET ORANGE LEAVES
Deficient | Low Optinumnm , High mxcess
2.2 2.2 ~2.3 | 2.4 #2.6 |2.7 ~2.8 >2.8
P | < 0,09 .09 11} 12~ .16 | L17- .29 [ 20,3
K < 0.4 .4 - 69| .7 -1,09 1.1 -2 >2.3 _’
Ja <1.6 (2) 1.6 #2.9 | 3 «5.5 15,6 -6,9 e (2)
Lig, < 0,16 .16~ .25 .26+ .6 o7 o=1.1 >1.8 (?)
Ta ? | ? < .16 17— 424 |7 .25 (2)
Cc1 2 | ? <, h e .6 > .7
Fe ppm | < 36 36 - 59 | 60 -~ 120 [130 « 200(2) > 250 (2)
lin <16 16 - 24 25 - 200 |300 - 500(2)>1000 (%)
Zn <16 16 - 24 | 25 - 100 |110 - 200 |7 300

It appears a leaf - chloride level of 0,02 «0,20% is satisfact-

ory (27), whereas a level of 04,75% or greater has been nssoclated

with leaf injury in citrus (29, 87).

2 Potassium futrition

{(a) Deficicney symptons

Potassium 1s 2 mejor nutrient of fruit crops and a defic~
iency rmay result in many symptoms. Unlike many other crops, in’
citrus there is a lack of snecific leaf patterns with notassium
deficiency (32). In a detniled cescription (30) of K deficiency
symptoms in citrus, the lecaves are szid to becowe lustreless early
with soize vein yellowing and leaf marking - but no merginal 1eaf
burn. Later leaves arc wistcd and crinklcd, anc new lateral

5

shoots are spindly and 8 - shoped. In the lcmon leaf puckering
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is less common, and the pidrib becoses yellow - and later the
wein veins and mesophyll. The stems may yellow, and the bark
shrivelled and pitted. Deficient leaves may*cu?l downward morc
than usual (52).

Growth is reduced (30, 82), and heavy leafl fall occurs
near flowering with low ¥ supply (32).
As in other plants, iron chlorosis is induced by i deflce

iency (32). This coulsl be due to a need for K ©o activate an en=

zyime importart in the synthesis of porphyrins (22).

(b) Flouering

Under acute K deficiency oranges produced few flowers (32),
and the new grawth ;nd flowers appeared more slovly in the spring
(32)., At higher K levels éhe trecs produced more flowers and they

cned corlier (82).

(¢) Fruit guality

There 1s conciderable date on the effects of K level on
citrus fruit guality. In oranges a low & lcvel 1s associated with

fruit of good eating quality (32, 199) i.e. the sroduction of a

nigh proportion of envly maturing, well - coloured szgll frult with

a thin swooth rind, and relatively high in total soluble solids
and low in acid (143).
High X levels produce a grester propdrtion >f larger

sized fruit that has a thick coarse rind gnd »oor eating guality

+3

i

(30, 32, 136). There may be n yicld effect, fruit colour .s poor
(143) and maturity may be dclayed several weeks (145, 1610,

Fruit has lower total so>luble solids, increased total acid, de-
creased julce content (167, 139, 203), and increased cscorbic acid

(156,
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In Tahle VI of reference (162) we note the folloving
results from work with sweet ovanges and grotefruit in U.o.4.

these nwaners of

=

~

and Sout~ Africa: with increcsing rates

renarts occur shoving sach effect:-

ect no change

Juilce % welight 10

% acid 19

2l

TSS/Acid ratio 19

&

Ascorbic acid conc. 10 3 1

The effcct on fruit size, % ccid, and ToSfdcid ratin being
most nrked.

It has becn pointed out (166) some >f these differences are

4

nartly due to cerrors in sanpling. oo that if fruits >0 the sane

9

e}

slzc arc anelysed the dlfferences 1n soluble soiilds and citric
neld between K treatments are considerably reduced.

In the lewon, ilncressing thce K supply has lncreased fruit
size (32, ?3), delayed fruit colouring (52), made fruait lonzer
(62, 53), increascd the percentage ascorbic acid (53), and had a

sajor effect in increasing the awount of acld produced per ton of

=

H

rult >r per acre (52, 53, 110). Ilovcver, unlike other eitrus, a
high K level is ascociated with nn increased percecntage julce

(82, 53, 54), a thinner smoother pecl (41, 51, 53),
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rny ineresse total soluble solids (53), However when fruits
of w1l size arc cowpared, lemong like oranpges, show 2 lcsscr

evfect of leaf - K on percentzge juice gdluble . solids (51).

(g) POTASSIUM PHYSIOLOG]

1. rgonic acids

These compounds are undoubtedly important in plant phys-
iology, but their role 1is not cntirely clear and much work remains
to be done with them. Increased yield has been aszocliated with

lant (132), and srganic

e

e

increcasing orgenic anion content of

(31 ooz

acid metabolism 1s recelving considerable attention in the ficlad

L

s

of nost harvest physiolozy.

Inzyime fellure due 2 nutrient defliciency or iambalsnce

J L

&y

leads to an accunulation »f acid (especielly malate) in plant

tissue (1768), and this effect has been used in an attempt to diff-

iron end mangonesce defliciencies in citrus (9),

]
o

erentiste hcetves

It seens clear K nutrition may a2ffect organic acid metabolism >f

3]

the Krebs cycle, and the cissely relatedglyxylate cycle scids
(71), and this enzyie efiect may be duc to a deranged protein
metabolism (98).

Further, an interfercnce with nlant cnzymes ey 21so

[9%]
ct
O
¢}
(@]
o
il
of
wm
]
e}

account for the abnoriiel cerbohydrate retaboalisn tha
K = Ceficient plants.

Organic acids are liportant for growth, and play a part
in balercing the charge of frec cations in the cell vacuole.
dhen excess cation uptake oceurs, orzanic anions increase; and
an ercess anion uptoke is brlanced by a decrcase in organic anion

levels (176, 137).
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The effect of W level on organic acids varies with the

crop, and crops have been divided into three groups (71) by re-

sponses
(i) with increasing X, orgrnic acids decrease.
(ii) with increasing X, total organic acids Increase - in

Guayule meinly due to citric acid (37).
(iii) K level has no effect on total acids of tomato {97),
although the balance betwecen individual acids chanses.

>

In Valencle oronge when leaf - K was increased, total

water - soluble organic ncids was wnaficcted, bat leafl - oxalic
acid level rose, and the levels of malic and citric were unaffect~
ed (141).

The relation betwern leaf and fruit organic acids 1s inter-
esting. It has been supgested (131) organic acids are wnroaduced
in the leaves and then transported to the fruits, although later
information suggested their syntnesis from sugars in the Julce
vesicles of the lemon fruit (154}, A grafting cexperinent with
lemons showed the fruits have thelr owm metabolisnm, independent
to the leaves thot fecd them (57). We saw above that K level
did not affect orange leaf citrate level, whereas K has a large

largely citrate. A re-

6]

¢ffect on fruit acid content -~ which 1
cent study with lemons (14) dewnstrated the nresence of two
enzymes in the fruits which could account for their malic;citric
acid content. However there is still some doubt as to the im-
portence of fruits in synthesising their orgonic acid content
(93). TFurther data on the extent to which leaves modify fruit

composition would be useful.




CHAPTHR IIT MATERIALS AND wETHODS
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IHNT..0DUCTIOH

This is a study in lemon leaf mineral analysis, following
foliar applications of potessium szlts. wsata was alsu collected
on the cffect of potassium status on Lrec grovith, fruit quality,
and 1.-f rgonic.aceld content.

This study was intended to »nrovide some informetion of
physiological interest, =nd #1lso to be relevant to commercial
citrus production, 5o the methods of anmalysis selected for use
were those most cccurste end satisfactory within the limits of the
ecguipment available., As far zs possible the wmethods of leaf mine-

-

cral snalysis were the same as thase used in current reseerch and

9]

advisory work in llew Zealand.,

For experiment~l worii to have {ield application, its results
must be obteined under field-like conditions. Iuch laboratory work
cannot thus be usefully extranoleted to copmercial practice. It
was convenient to grow the trees in containers ocutdoors, and this
gives reacdy control of monagement, and a wore uniform material.
Trec behaviour in these conditions can be expected to be sinmilar to
that of orchard treces. hcosureument of leaf absorption under glasse-
house conditions, or in the laboratory using detached leaves is
not copable of direcet crtrapolatidn . t9 the field situation where
the whole - plant condition, and the vagaries of the weather, arc
of utmost importance. In this study then, these objections can-

not Le sustained.
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ratorials

hirty trees, twd - yerrs old; hudded on
s were obtained from a nurscery in Aucikland,

scleeted for good condition and uniformity, and were

ceived on 23th May, 1768, Leaf colour was 03, althoush spider

he troes recelved bolled in so0il. Iiost of the soll was
removed, and each tree then planted in a 5 - gallon tin, filled
with = 50-50 mixture of neat and sand. Zach tin wes »rinted inside
with a bituwinous waint (82, 140), ~nd provided with o droinage out-

- LY. |

let. Jiutrient Tecds and wetcer were provided as Jdetonilaod Delow.

For frost protectlion the trecs were placed beneth a
large wacrocarna shelterbelt for the first four and oe-halfl
months. Then for three nnd one-ho1f :onths until 31/1/69 the irces

nlaced in the orchard In randomlised blocks in single line,

®
=
o

the 24 nost uniform trees being divided into four treatimonts with

g4

on

six. replicates, It appeared this would »nrovide useiul <d.ta In
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The trecs were pu:ocreﬂ 1 -~ 24 consecutively, so that

trees nuwibers: 2 5 9 186 19 22 were in trcatment 1
" " 4 v 10 13 1% 24 1 " " 2
i a 1 6 11 15 20 21 i i i 3
L i 3 8 12 4 18 23 o on L 4

The five reraining trees werc labelled A - L, and recelved
the same managenent o5 the above trees.
A general view of the trial area 1s shown in Plate 1, thc
xperimental trecs being the two rows in the forcground. Plate 2,
als> taken on 27/1/70, shows one ©f the trees as it would be pre-

pared for foliar spray treatment.

Growing plents in contniners aids standardisation of plant
managenent and treatment,; especlally with respcct to nutrition.
The use of small containers regulres special handling to avoid
excess salt buildup or shortagc of water.

Hutrient eleients were sunplied only as nutrient solution

watered around each trec. In thi:

i

wey o1l essential elencnts ex-

cent potassium wvere supplled. Potassium was supplied only as de-

U}

mended by the experimental treatnents.

For most of the tinme nutrients were apnlied at the equiv-

Ca 208 N 146 Mg 94 P 14 Na 10
5047 189 Fe 2.5 Mn 0.55 Zn 0.2
Cu 0,07 B 0.3 Mo 0,02

- being similar to that used by other workers (se Tasle I.)
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With young avple trecs in sand nd srowth response scecur~
red from & nutrient solution conteining 4 ppa Py and with a kL
supnly of 60 ppu it was considered D he approaching the luxury
ange (12). Over the first six wecks the trees recelved P &1,
and over the first eight wonths kg 47 ppno.
Concentrsted bulk solutions were preparcd as shown in
npendix 1. For the first nine wonths the diluted nutrient sol-
ution was nouplied by hand and for the remeinder of the period the
concentr-te solation was wntered in by trickle irrigation. This
system used %W hose and Caiteron trickle nozzles to provide each

g
trec with 2 convenient source 2f water - espnccisly in the suamer.
The ol was to sunply each trec with the cquivelent >f 2 - 4 litres
per week »f the nbove nutrient solution, thc quentity varylng with
the season. Any extra water requirement was supplied only os
water.

To avold excess solts bulldup cach contalner received a
heavy wetering each 3~ 4 we ks in surmer (less often in winter),
and at cach wateriny enoush was amnplied to provide sonc dralinage

loss. By such generous fertiliser opplications, frequcent
renewal (hy Flushing) of nutrients, adequatec v mtering,, and frequ-
ent checking >f uniformity of trickle output it was felt veriation

in nutrient sunply between trees would be negligible. It 1s also

(

fortunote for this study that the cffects of potossiun (and nag-

nesiur) arc little affcected (eswccially coimared with nitrogen) Dby
varization in supply >f other cleucnts (168).

Because of the possibilities of low copper sunnly in peat/

send culture (129) additional cosper was anplied. This was done
by dissolving copper sulphatce penta-hydrate in water, applying ©o
the 29 remaining trees a total of B2 gmg. and 26 gms. on 23/12/68
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and //10/69 respectively.

(ii) Theraneutonts

For pest diserse control it was neeessary to app

preys, whilch were kept to a ninimums

Difsrlaten fungicide (f£or verrucosis)
1962 - 23/6, 20/9, 6/11,
1969 - 4/9,

Svstemic inseccticide (for European mites)

1962 - 28/5, 20/9, 6/11.

(iii) Fruoit thinning

The number »f fraits on & given size tree has a consider-
able cffect on frit qunlity - frult size, rind thiciness, and
julce, sugan and acid content (121). It was thercfore necessary
to stonderdise fruit number per tree. As crpected (58, 142) fruit

*®
drop was heavy, and in mid-February 1969 when coumpleted any trecs

3

more than six fruitlets were thinned to six, although

0

&

carrying
half the trecs had three or less. Any flower buds, produced from

this dote were rounved,

4. Trentments
(1) The erperimental treatment was variaonlc potassiunm supply.

This ecleient was not applie in the nutrient solution, but was
applied rainiy as foliar sprays to certain treatrcants. In this way
treces with three or four X levels, from low to 2igh would be pro-
duced. Various c¢ffects would then be studied in rciotion to K -

stotus.
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Seeson of

¥o. | ing 1969

Treatment | Soring 1968 {Suumer '68/'69 Autumn 1968 | Spr
1
2 X

"

&

o
i
[

-~

£

i
1

! 1
* g0il 3§ﬁllcat1mn

v

o
[ !

signifies leaf

Potassium sprays were anplied =3 thoe chloride, at 274.4

e Fa

cims. KC1/11 litres (pH 6) plus Agrel LI wetter ot 0.09%. This is

[

equivelent to 25 1bs KC1/100 gals., or

the

1.3% K.

i

vith & hand spr r in aorning thus: -

€‘ﬁ

LY G

1968 Spring 12th

1969 Sunmuer 5th 11th kerch.

10th Dec.,

Spring

At the

treatizent number 4,

(and =

-

Lso trec B)

MLy,

received the

the Tirst season, from 14/ /69 irces

in

equivalent of

100 ppm K as s5il application (apnlied as the sulphate ) with each

nutrient application.

The trces A - B were used for various

(ii)
(n)

TUrTHOSESs

with KC1 as abhove »n 5th and 11th

(b)
(c)

receivzsd soil - K as

2]

bove from 14/4/69.

Sprays as follows apnlied on 10/12/69
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~ potassium chloride

potassium nitrate

o a >
1

~ potassium carbonate

L

i
o

unsnrayed

A1l sprays contained 1.3 K and 0.,09% Agral LN.

As the extent of foliar absorptlon from potassium sprays
was to be mecasured it was important to minimise soil contamination,

Immediately before spraving the container - grown trees
a 2" layer of Tine dry pumice was spread around each tree. The
top of the tin was covered with a thick plastic cover securely
tied to the tree stem to facilitate spray runoff (Plate 2).
Beneath the tie to the tree was a thick wad >f absorbent paper.
After spraying any wetted pumice was discarded, and the absorbent
paper reneved, anﬁ the plastic re~tied. This procedure was re-
peated after the second spraying, after vhich the plastic remain-

for 10 - 14 days. Water was applied as required

§a

et attache

.

during this period. When the plrostic cover was removed the pum-
ice was rcnewed, and the trecs given a heavy vatcring.

It was considered any soil - K was negliginle after this
treatient,
(1ii) Four young lMeyer lemon trecs growing in the field were

sprayed as above on 10/12/69: -

Tree no. 1 potassiwe chloride
2 potessiun nitrate
3 unsprayed
4 potassium carbonate

4

To mininisc spray contact with the goil when Spraying

field-grown trces a plastic cover was placed beneath each tree




and left until the spray deposit had dricd.

during spraying, 0
A1l sprays were applled to runoff.

(iﬁ) Trace element sproys were applied as detii1led below to the

Villafrancae trees. 3Based on the £27d results obtaincd elsewhere

(119) both mangenese and zinc were applied as the sulphate at

300 ppr of metal, with 0.09% Agral LH.

Date

Details of

trece element foliar soravs

Block Fo,

Trec fo's

letal

23/1/70 1 1 - 4 I
5 21 - 24 rn

bin + Zn

AV
Gl
'
0

(&)
et
3
1
0
O

Mn + Zn

QI
]
4
o
s
5

13/2/70 6

e
.
(Y}

v
—
(o))
BN
o]

2 5~ 8 Mn + Zn
5 Sampling
(1) Comtainer growins
Obgervation on tres growth and conditi wver a period,
compined with the various measurements nade, should indicate

the success of this method o7 citrus culture : especially as

regards mediwn - pH contryl and trace clement avallability, and

adequacy of feeding end watering methods,

)

This wori coull not

oo

however be considored as a detailed o comparative study of




conteiner srowing methods.

{ii) Seasonal changes in leaf mincral content

3/3/69, 11/4/6%, 6/8/89, 10/12/69, and 7/1/70

ant "n each occasion leaf concentrations of nltrogen, rotassium,
phosphorous, calelwa, magnesiwa, sodium, manganese, ilron and
zinc Wwerc cdeterisined. This would roughly indicate changes for

ach element through one season, or alternatively for lezves of
increasing 2gc.

Leaves (with petioles) sempled werc of normel shape,

undamaged, typlcal »f the tree, and as far as pdssible taken only
from non-fruiting soring flush terwinals., At the finel sampling
care was taiken to avsid terminals on which the suwmmmer flush had
COmmnenced.

Bascd on other work (46, 116, 120, 173 ) sample prepar-

oy

ation wes as follows., Leaves were collected mid-morning in sep-

9

arate linen-bags (6 - 9 leaves/tree) znd ilmmediately washed in

0.1% detergent, end quickly rinsed successively in three lots of
vater, and dried between sheets of blotting naper. Leaves were

o

then ,placed in a 150 ml. beaker and dricd for 36 - 43 hours at

)

= O o o . Sy r . i A : »
757 - 80YC.  Samples wvere finely ground in 2 jrinder (largely
aluminiun) and kept at 65°C until enelysed. Analyses werc coia-

pleted within three wecks of sampling.
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(iii) "Foli~r Untolie

(a) Lead potossium

Due to insufficient material leaf ssmples were not taken
in the spring 2f 1968, ythe first samples being talken about
11 wecks after the first series of K sprays. Subsequently samples
were teken up to two days hefore spraying, and also one month
after s»raying, with an intermediate harvest in winter,.
This shwed:
(a) The effact of K sprays on leaf -~ K over a period of one
up to ten Or more wonths, and a comparison dctween spring

and swimer Sprays.

{v) In order to indicate the shorter - tern ciffects of sprays
on lenf K, treecs 4, B8, D alsd were sprayed with the chlor-

ide on 5th and 11th march. Trecs & - E were sampled on
3/3, 19/3, 27/% and 11/4/69 1i.e. 8, 16 and 31 days after
spraying, for potessiun determinations.

() Since we nhave scen salts vary in thcir capacity to alter
plant composition a small investigation was mzde. Potas-
sium walts with a range of hygroscopicity were applicd at
1.3% I (sec corlier)., Changcs in lenf - K were deterizined
‘after one day in keyer end Viliafranca lewmon, and also
efter eight days in Villnfranca,.

(d) The arnlication »f potassiuw to the rooting media from
1:/4/68 produced trees with a high potassium level, and
also enabled one to investigate root uptoke/translocation

over the winter.
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(b) K effect on other elcments

The extent and directisn of any possible effects of tree
- ¥ level on the leaf concentration of eight other elements was
determined. Oertain clearcut effects arc well docuusented follow-
ing variations in soil upteke (98, 160, 168) but in only a few
reports following leaf uptake (50, 188).
As an adjunct to this it was of interest to investigatcd

the constancy of the catiosn equivalents, and the cation: anion

ratio.

(c) Leaf chloride

Leaf accumulations of chloride can be very damaging, and
this may be an important problem where citrus are grovn in saline
snils (29, 34, 74, 81), or through leaf absorption ?3710» ing
sprinkler irrigation with salinc water (85).

Since potassium was applied as the chloride in this study
it was considered neccessary to determince the degrec of chloride

accumulation. ¥For this purpose a chloride anslysis was performed

on the samples of 6/8/69 and 7/1/70.

(iv) Potossiun Effcets

(o) Treo growth

Detailed observatlons were made O5f trce conditions and
behaviour over the period, especially noting any effects on degree
and carliness of flowering, frult set, trec vigour, leaf-fall,

and awnnearance o>f defigicncy symptoms or phytotoxic symptoms.

—ain s asim
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(p) Fruit dquelity

o

In view >f the apparcnt differences betwecen orange and
lenon response to K level, fruit was harvested on 3/12/69 and
<

analysed for 3 peel colour, texturc and thickness, fruit shapc,

o

juice content, ascorbic acid level, and titratable acidity.

Leaf organic acids

lanS
[eh
e g

Organic acids are important but prorly understood sub-
stances in plant wetabolisi. Comnercially citrus fruit orgenic
aclds are important, but thelr relation to leaf organic acilds is
not perfectly clear. Plants vary their organic acid balznce in
response to increasing potassiun supply (71), and nore data is
required relating to citrus.

Leaves mpled 7/1/70 vere used in the determination of

w

total nonvolatile organic scid 15, and also on 6/3/70 far oxalic
acid cancentratien. Onc cohruld thus examine certain effects on

totel acid eontent and balance.

E Lunayiical Ioth)ds
1. Nitrogen

The method used has been the stendard method in civieory

work, and 1s capable 31 giving very good results(230).

mothod - Oven-dry samplc (about 100 mg.) digested with 5 ml,

et

98

Ry

sulphuric acid and about 1.4 g. catalyst in a 20 cm. cali-
brated urca tube. Digestisn continued for 80 minutes after
clearing, codled, .and made up .to 50 nl. with distilled water.

A 5 ml, aliquot is distillcd in a Markham apparatus with




40,

10 ml. so3iwm hydraxide. About 15 ml. distillate collected in

nle. 2% boric acid (and 4 - 5 drops indicator), and titrated

[t
with 2.01N HCl. (8ee Apnendix 2 for reagent details)
Leaf - N wans derived from the Tormulas

14 ¥ net titre x Normality acid

% N (dry weight)
dry weight (gms)

2 Phosphorus

This elenent was determined colorimetricnlly ~fter wet
ashing, by the nolybdiwnnadophosphoric acid method, which is =
rapid and sensitive wmethod useful for mony materials (108, 109).

Hethod = 0.250 gns, oven dry sample 1s diested in a 20 cl.

—~

gradunted urea tube with 3 mls. conc, nitric ccid and 2 mls. 72%
perchloric acid for about -ne and one hnlf hours, when dense white
fumes apneared. Diluted t> 50 mls., with hot distilled wnter and
stond overnight.

In a 25 ml. volumetric flask 5 mls. venadium molyhdate

R

rcagent added to 5 mls. somple s>lution and 15 mls. water. Colour

2‘..»

evelopnent wes read at 450 msa after one and one half hours,

o
8

agnoinst o distilled woter blank, and leaf - P calculated frow a
standard curve, and wherc 3 . solution P "
? leaf - 2 (% dry wéight) = 2lution P (pn

10
(See Appondix 3 for detoils)

At the first two samplings an BEel colorimeter wes used, ~nd

subsequently a2 Hitachi spcctrophotometer.

3., Potassium / Sodiun

The sawne diluted, wet-ashed sample as prepared above for

P was used,

x
o
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Method - O nils. was made up to 25 mls. with disiilled water
enG rendings tolken on 2 Gallenkermn flane photonetsr. Leaf - K
and leaf - solium were determined from stendard curves preparcd

at ecach sampling, where : o solution X (ppn)
leat % K =

10

frel Sy s Fd o PN SN i < ., TT e 3 o~
The use of flame photometry for &y n& 18 an accepted, accurate

rnethod of determining these clements (35),

do Moznesiunm, Caleciun, Fangsncegce, Iron, 4inc.

Each of thesc elcuments was determincd by etomic absor-

photometry, using a Techtron spectrophotoneter.

b

]
ct
}.a
=
]
[45]

<
6]
(@]
foud
3
@]

This method iz rapid, sinple, and accurate (1, 2.)
Method -~ About 1.2 gm. Tincly ground oven-Gry sample was ash-
cd at 450°¢ far about ten hours. This procuced about 100 g,
ash which wvas used in the dcterminntions,

To each ashed srmple add 10 nls. 2N HCl, filter, and teke read-

pede up to 50 mls, with 20 HCL

in 3 litres), and readings token

L]

were made up

(1) Mn+in+Fe - Jiluted with 20 HC1

(ii) Corlig - diluted with 2if HCL + &r NOB

O ppm for the prepoaration of o standard curve, then:

solution ppn. x10O

Leaf = Mn, Zn, Fe, ppn (D, veight) = — -
dry weilght (gns)
solution ppm

and leaf ~ Ca, ¥Mg % (D VWeight)
b : o \
' 20 x Dry weight (gins.)
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5. Chloride

TLeaf - Cl wrs determined (35) following ashing a paste of
about 1 gu. oven-dry material with about 0.25 gm. Ca 0, at 550°C
for one and one half hours.

On hot-plate &dd 15 ml. ot water to ash, stir, and .
filter, washing residue with 5 x 10 mls. hot water. CO0l, aad
dilute acetic-ocid to pH 6-7, add 5 drops 1% potassium chromote,
and titrate with 0.05 § silver nitrate to permenent silver chromste
cnhlour. Leaf - C1l is derived from the formula 3

=  titre x 0.1775

% Wel = :
2 Cl (Dr € ght) Dl"y’ Wcig}jt (gfﬂs«a)

]
n
[
@]
famd
I»_.l
@]
=
n
P

Fruit analysis was

At hervest, for each fruit a reccord wag kept of rind
colour snd texture, fruit length and width,; peel thickness, and

fruilt weight. The Juice was expressed by hand and welghod,

(%

7a-
Ascorbic acid was deternined (8) as follows:
(a) Juice = 2 cc. Jjulce nmixed with 2 cc. extractant solution

within one hour »f juicing. Then titroted immedintely ~ith a
standard indophen>l solution.

(b)  Peel Ascorbic acid concentrationin the peel

also determined, but timing wns especlally important (49).

‘,«'.).x

Weighed 25 -~ 30 gin. pecl and chopped coarscly. Within five minutes

xtracted in a Waring blender a2t high speed for two minutes, with

150 ml. extractant (no differcnce was found between peel : extract-

ant ratio 1:5, 1:7%, 1:10).
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Tilter.
“ithin three hours of extraction 5 mls. aliquot mixed with
5 mls. extroctant solutisn and titrated with indophenol.
In bcth cascs ascorbic acid content was calculated fron
the nct titre, compared with a standard ascorbic acid solution.

(Sce Appendix 4 for details of reagents)

3. Total soluble solids
This was deterained for each julce using Jibbe '60!7

refractometer.

9. Titratable acld

The standard method was used (95), involving heating
2 cc. Jjulce wntil bolling begon. Add 25 ml. distilled water and
5 drops 1% alcoholic phenolphthaloin, and titrate to distinct
red colour with 0.IN NaOH. Then gizs. acid/litre (expressed a
citrie) = 3.2 x Titrec.
Leaf organic acids:

10. Oxalic acid

The method used was basically that o>f Palmer (135) as
modified in other citrus work (141), but in additions
(a) 3 WH,0H
and (b) 0.02N>Kﬁn04 were used,
Method s~ 0,0250 gm., dry tissue heated with 10 ml. 1N HCLl on a
steam bath for fifteen minutes, then co>l and meke up to 25 mls.
Shake, stand overnight, filter and pipette 5 ml. into a 15 ml.
centrifuge tube. 4dd 5 ml. phosphate tungstate reagent, nix,

stand five hours, and centrifuge at 1500g for ten minutes,




4d.

Tolke 5 nls. supernatsnt in & centrifuge tube, and add

310,00 until phospho~tungstate 1s precipitated (1 - 3 Arops) .
LGG 3 mls. calcium chloride/acetic acid buffer, nix, stand over-
night.

-

Yentrifuse at 1500g for ten ninutes, decant, wash sedinent

with about 5 nls. 5% acetic necid saturated with calclum oxalate.
/

Stir and centrifuge.
Dissnlve precipitate in 5 mls. 40 sulphuric aclid, heat in
water bath, and titrate hot with 0.002N potassiun pernengenate.
Then 10 ml. permanganate is equivalent to 0.09 xg. or

0.02 1.eq. of oxalic acid.

(See 4ppendix 5 for details of reagents.)

v

1l. Total non-volatile HDrganic acids

A sample of 7 - 9 leaves was collected frow each tree
on 7/1/70, as for nineral =znalysis, and wipced clcan. Freeze -
dried and storcd ot - 15°C until onelyseds Samples then ground,
and dried about onc day at 70°C, The method wes basically that
of Palmer (135), acids being eluted from a prepared Dowex 1-X10
column with 6K acid,
Method Lbout 0.3 grn. dry weight sample extracted with 30%
alecohol (as has been used recently (123) by shaiking with 10 cc.
aleohol for half an hour at vroom teuwperaturc. Filter, reduce to
about 2 cc. in rotary evaporator, and water bath at 30009 elute
through column. deduce each of the first four 2 ml. fracticns to
dryness, 2dd 2 cc. dlstilled water, and titrate against phenosl rod
with O0.02N [NaOH.

titre x MNornelity x 100

The Meeld. % acid rv Welg = e
Then meed. % acid (Dry Weight) Doy weient (amsl)

This does not include oxalic acid.




CCHAPTER IV RESULTS &ND DISCUSSION

.

SELSONAL LELF MINERAL LEVILS

The results of the leaf mincral analyses are given in
Lppendix 6, expressed as cither percentage or parts per nmillion
(ppm) on an oven - dry weight basis. On some o>ccasions results
are given as nilli-equivalents, and for certain purposes thesec
figures were converted into this form (153). The nmeans >f each
elemcnt at each harvest date, and for each treatment arc shown
graphically on Figure 1 -~ 8. For each hervest the level of each
elenent heg been compared between treotments by an analysis of
variance, and then by Duncan's iultiplec Range (4%8) where signifi-

cance exists. Details of these analyses are shown in Appendix 7.

1. Hitrogen

n

The pattern of lealf - & 1s the same in cnach treatment,

There 1s a difference of lowv significance between treatments at
11/4/69. On 10.12.69 trcatment. (3) is slightly higher. It seerns
this dilfference 1s unimportant and possibly due to a difference

in ¥ availability and is accounted £or by two high reading samples,
although it is of interest that the difference between treatment

3 and tre-tments 1, 2, 1 becomes greatcr at the 7/1/70 hzrvest.
High X supply is likely to decrease leaf N, (160) but this does
not oeccur herc, where leaf N is very sinmilar in the K = defic~
ient treatments. Other than W, C1 -upply is the only other elc-
fent likely to affect -~ 1. igain this factor, vhere treatnents
vary in leaf - CL, cannot be used to exploin tratment differences

in leaf - I or the general decline in leaf I during the twelve
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month period studiced.

trces is greatest in the period

s

N upteke by orrange
6 - 30 weeks after bloon (153), and along with its great i:0obility
and essentiality for growth we find leaf 1 highest in young leaves
followed by a decline (163, 165), although the peak may dccur

t loter (100) as has occurred herc in all four treatments.
It would seceir this peak 1s on the high side and could affect the
levels of other elements at that timee The fall in leaf - 10 1o
hugust 1s cxpected, but the low spring levels in 1969/70 is sure
prising although not ldp)SSlblO It would be intersting to> know

whether Icaf N had risen to tho optimum level of 2.5% by March

1970,

4t a given sampling, leaf ~ N is usunlly higher in sumier
- flush than spring - flush leaves (165), but this effecct is not
noticcable here at 11/4/69 2nd 6/3/69 when up to 60% of samples

in treatments 1, 2, 4 contained sunmer - flush leaves,

2. Phogphorous

While the pattern of lecaf - P is the sanc in each treat-

)

nent, again there is no oSbvious consistent releotion between K

level (i.c. trestment) and leaf ~ P. Foliar K s rays have Increas-
ed P uptake from the s»il (181), but since they als> increased

plant leaf areca, the concentration of leaf - P may not heve chan-

U)
}...J
ot
n

show

]
]
9]

o

ged. In contrast to other reports (100, 165) thesc 1

no nmarked decline in leaf - P fropn sumiser o winter, and as with

itent is not present about

=

leaf - N, 2 distinect plateaun in leaf co

P

4pril. For investigating this offcet it is desireble for nore

frequent sampling thrn in the nresent inst-nce.




only low P

this relatio
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P at 10.12/69 ond

next nonth wog unexpecteda

to be hizgh in very young lea
few monthas. The 1low Decenbe
mobility problen in the cont

cide with o high le~f - & or
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Potassiun
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Flgure 3 shows cl@‘r

lenf oge, and the

increasin

{ha

tration from about cnrly ipr

xist in all treatocnts.

7

is nssocinted with high & nnd the

coelficient obtained demonstrotes
nship over the five harvests. The
the considernble incresse >ver the

lcaf P concentration is usually found

B N

with o repid fall over the next

VGCS,

r levels me due to an uptoke/

¥ be

2iners, ~lthough it does not coine-

2 ¢old spring, both of whieh would

cvels are within the optinun rangc,

5
Lo

ly the steedy T in leaf - K with

rcdueced rote of change in concen~-
These trends

il, so 2ften reported,

o

It is clear in the crse >f very low K sunnly (treatuents

1 and 2) one stnpling of five ponth 91d leaves (carly March) as
usually reconucnded, would be nislending. At this tine leaf - K
is in the optimuir range, but within e month hos fallen below it,

vherens with o pore maderate

leaves are cedually reliable

ior epecinl care in saompli

Ny
J

was stated a sanmple P leave

~

iniicate a deflcicnt K lovel

The higher riean leaf
vainly due to one tree, but
treated sinilerl

1-

£ L

K supply five and six ronth ol1d

I supports this need

rocent report
lemon trees for K anslysis, and it

8 lcss than five months 21d may not

cven though o deficiency exists (54),
- & for tre~tnent 4 ot 3/3/69 is
is not significantly greater thon in
vy up to this time. The availlability

as got inergased lonf K for the rest
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of that growi season. ALny K teken vp in this veriod must re-

,’3
oo

nein in other warts of the tree, and such rescrves probably con-
trinuted to the high leaf -~ X the following suring. Mineral up-
teke is low in winter (150),but vith the resunption of growth in
the suring such root-stored nutrients are quickly translocated
to the ~eriel perts of the plant.

Fraits usunlly hnve a high X requirement, but those results

-

cest only a negligible of T

S

sct »f fruits on leaf - K. Virtually

ety

SUE

L)b

'».-
H
£

n> fruit exdisted on treaticnt 1 trees in the sumper of 1969, o
cven with ~ high K supply, lecaf K shows no grent ilncerease in this
period. Most trees of trectnent 1 carried o light to heavy crop,
but leaf K during the twelve months 1s little differcnt fron
that in treatment 2, where agein fruit was almost totally absent.
It would seen wore likely that in the March - dugust period
fruit K accumulates more at the expense of ront/sten ~ K tﬁﬁ;
leaf Ky eny lecf - X lost to fruits quickly being replaced by K
from other parﬁs >f the tree.

It 1s not possible to Indicate the influence of smaller
fruits on leaf - K, since l1ooking at the second scason (up
until March) the rate of fall in leaf -~ K is similar in all troat-

ments and they ezch had bore =z similar frult number,

1o Galcium

in all treatments shows

8y}

The time scduence for leaf - Ca
*he usual (100, 185) low level in young leaves with an increase
t> 2 neak in older leaves, The only occasion »f significant
differencesbbetween treatnents is on 6/3/69, and there 1s no ob-

vious relatiosn then between lenf Ca leveland the leaf levels of

those eleuents most likely to affect leaf - Ca, namely N, P, Mg, K.
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Lo we hove scen with »thor elements, any interrclationships bete-

heir lenf concentratisns are not necessarlly simple dSnes

N
ey

- in faoct widely sccepted in the ficld leaf analysis.

5, I-LCVA ne leu_-
The rosults show o rise in leaf Mg in the spring g de-

letesw in lecoaves about five months old,

m

The leaf My levels arc siniler at all harvests, and 1t is only
fifteen months (8/3/90) aofter differential K treatiiendd begon

that we set the first significant difference in le~f «~ .

This may be a direct K - Mg antagonisn, a wore ninor cffect if
any bcing duc to plant N or P content,
Swoaer leaf Mg 18 well within the optinun ronge.

Seasonal trends oerc not readily apparcent, leaf lovels
renoining stable et 2 level sonmewhet Lelow optimum in the first
sea.gon, and still lower in tho young leaves. This latter cffect
may be accentunted due to the appercnt low gapply T this elcment.

N is assnclated with low bkn, but any such relation=-

snin is not 2 close one.

The seasonal trend apnears to be o decline with increas-
ing lczf age, the fall possibly belng carlier and steeper as
zine continues in 1ow supnly., 4Although analysis shows few sig-
nt differences the trond appears T2 be for high & to be

assneloted with low Zn in the »lder lecaves »f the first season

h zn in younger leaves (especially in conditions
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of 1low Zn supply).

or ¥n, zn. Data for the winter
h X - low Fc, the twd extremes being elmost sign
ificant at 1% level. This effecect of high & - Iow metol has >ften
been reported, but in this worc the effect is ~ost noticeable at

he winter narvest (nine ronth 0ld leaves), end in the order Fe

RN AL L

ent recelving soil -~ Ky and with a significently higher leaf -

N8

§2 hos a significantly higher lecf - Feo It hos boen noted

!...1

in citrus, £ deficlency induces iron deficiency (32), and high K
fecding increased leaf - trece clements (168), Ls ovposed to the

winter situatis»n in 21d leaves 2

we find herce in young Spring lecaves g -

(i1) 1ow K - low Te (ieee K = 1,1%)

’3

These differences in behaviour may be duc to the difference in
t

o an interaction with o third cnt (163).,

While some plants are notable in the cxtent to which Na
can replice K as a nutrient, a2nd in citrus low leaf - XK may be

Tound associated with high leaf - Ha (85) such a relationship is




51,
ent had the nutrient soluti»n had e high Ha content.
On the basis of hcge results it would scen thet for the

lemon April is the best month £5 nincral leaf analyses. Variat-

(n)  late March als» suitable for Ce, Zn, Fe, lin.
(b) carly March to nid-ipril :iost suitable for Mg
and (c¢)  4pril - Lugust suitablc for K, but under conditions

of high K 4pril and May nay be satisfactory.

B POTLSHIUM SPRAYS

1. Folirr Lbsorption

(1) K¢ 1

vy

S2il - applied X is more slowly (ffective on & - fixing
s»ils, calcarcous s>ils, or thoisc with a high Mg concentration in

the exchangecomnplex (25, 54i). MNutrient spreys offer promise where

o?

s0il applications arc lneffective, »r whilc walting for them to
becone effcctive. The effectiveness of these sprays will depend

the letter folicr app

lw
&
=

on absorption, and transport and
K pecames more generally distributed in other narts of the plant
than P or I (18%). We have scecn chloyride and nitrate salts to

often be the most recdily whsorhdd for:. of,cution, nnd Fi,,3 recizds
the cffiects of surays of + wFsthese sBits. T blc IV indicites tho

- - SO T

ficorvee f chonege in 1o

) . [

Consequent on two Lecender 1968 snrays to treatments 2,
3 and 4, &t 3% ./69 lenf K was greater than in unsprayed trees

4

(at 5% level) by 13, 36 and 62% on average. Treatments 2 - 4
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ainly they have probably hel an eifect on leal

¢ficets heove beogen to disapnealrs.

% and 4 has had o large cifect on leaf - X dver a four weex perind,
averoge 211 >f 21.5 end 24.7, the lexf & has

abhout the

is “ifficult to scc any such effcet in the prescnce of a soil

- £ suprly (treotizent 4), for souce oSbhscure reash. In the prove

ious spring, the effcct of two spreys was alitast 1ost at threc
months:  Thesc flgures then show the time linits of ¢ffzct on lenf
- K by the gilven sprays.

(b) Swaner spravs
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secn twenty one weeks later on 6/8/69. Over this tine leof = X




the next spring 13/12f69)9 21lthough leaf colosur wes better than
where two or nil sproye had been arnlicd. It is surprising how
uch K hes been mobilised in the deficient trecg, which also bore

The literaturc shows clezrly the increacse in plant nutrient

rtional to snray
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Toble V complete the picturc »>f K changes

[N

Figure 9 on
t the grcotest incrense

g

in resnonse to K sproys. Oneé would exnec

in lenf - K soon nfter spr~ying, 50 that ot some tine leaf X con-

End

grerter than that shown in Fig.3, one month

(e

centration would b




ayving., 4L osinll trial
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the

invalving

la

,

P

the five tress B

2f two £ sprays, frou

st SALAT

o mre-svnray leaf lovel 5T about 0.9%9 by about 556k,
coimarcd with o 30% £all in unspreyed trees. Over the next threc
werkes the ratc of fall is similer in all ftrecs, s> that a nonth

sore in the spraved trees. VWe |

It aspears leaf -~ K test
m o trec ~ K 82 long as they were

after spraying. 9 sursports

sore condltions the beginning »fF

Pens

pling for X as concentration is

of chonge belng very low houever

Thus we can sugyrest 3

(a) one

soil K. This is sig
in the absence of su

0,32k to

has not increased 1o
4 & g s d
later. &L sinii~r ro
.4 PR o~ $ R o
nitrate salt onarang

(b)  tw> spring sprays re

about L.2% eleven we

0.8%s

wve secn the senc

and

[#59

rerncined the

o

effect in the

-

cpresent the true effect

@

i
255

taken not le than 2bout o nmonth
the enrlier comnment that under
March 1s too early for leaf salie
still changing rapidly, the rate

from about nid-ipril.

one onth later, causcd lecaf K

absencs

nificant, in that for instonce
vy lecf K hes fallen frowm about

sult hes becen ohtoined using the

Ik

siultel in a o»f

cks later, compare’ with about




(e) two summer sproys kKenpt ¥ a2t about 1.2 over the next

trecs with 1% leaf K, leal K levels were 805 greater

than in unsprayed trece, and after four wonths this

difference has diszppeored.  One week after twd sprays

could account for thesce liffcerent results, including

the »riginal level of leaf - i,

N
o~
Lu

S
-
o
(6]

effect > 1 - 5 shrays containing 1.3k X, on leal

- K is only tenporary, ©> that even after filve sprays
gprecad Hver oHne year the sprays have not resulted in

-

mach of an lncrecse in leaf L over e fifteen wonth
period, In the meantime effects on growth, fruit
quality ete. woy have been obtained (25). Calvert
(25) also showed KHOz sprays (0.9% K) 2inly to ine
crensce leaf - K -~horily after spraying, lecf levels

then returning to thet sinilaor to unspraoyved trees,

it is clear that in terms of supplying potas-
sium, folinr sprays can be very eficctive, but it is

siimgnded,  This work supports
that with orange trces (25, 134) that for sny long tern
ffeet at 211 on leaf - K, not less than ebout fHur
snrays containing not less then aborut 1.5% are required .

ect is very snnll.




8.
In the results 1s o suggestion that copeclally
when cooparing dSrizinal levels »i leaf - ©L-.2.04 and

-

those = 2% faoliar sprays in bhoth spring and swier have
hed a rore nositive effect on leaf K in low £ trees
than in high - X btrecs where the natural declinc in
leaf ~ X continucs pore narkedly over the next month.
L greater leaf dbsarptian >f ¥ by apple leaves occured
in high - I leaves (38), and P absorption is reported

(185) reduced in the v»resence >f a high level of soil
(end so vreswsably a high leaf - P). It cannot be

denied, 2 high plant - K may result in reduccd lecaf

b
=
i

uptake of K, a possibility 2discussed cz GT
In the present case, where leaf K was "2 at

Finig, thesc trees were 2lsd receliving s2i1 ~ K, With
sugar beets (181), soil - K appeared to reiuce XK uptake
from a K shray, s> that percentage recovery of K from a
spray was reduced from 53% to 30% by K fertiliser. The
resent results way then indicate a less efficlent ab-
sorption of X from a forliar spray due either to a high

internal X status, or due to high K uptake from the soil.

It is however, also possible plent grovth wos greater in

o

the hizh K trees, resulting in a greatergrowth Jdilution

effect in plant K over a four week period from spraying.

(11) Other salts.

In crop productl one is interested in the total uptake
from foliar sprays, and the longer term effects -~ and sampling

within hours >f spraying may then be of little value.




59,

This has algo led to confusion in comparing uptoke from different

lecves absorb Mg fron

the chlzride and nitrate salts over about ¢ two hour uperisd fron

SHPAFINg.
rather later e.g. the £o1lowing nisght., Thus unlike ~n eovdy ~nolysis

2. later one showed no difference in upteke betwecen the threce salts,
This was cxplained by = nceed for higher atmospheric hunidity

ki - .

G.{ e 2T nisght cf. day, by the susvhate salt for its dencsit 0

solubilise andbe absorbed. It can be shown 2t 25°C an air vap-

e

our pressure equivalent to 22, 20, 10 mm. Ho will causc the

salts KiOq, KCL, and KgCGOz to dissolve. Under given coniitions

one might then cxneet a sinilar K uptake from the nitrate and

chloride forus, and a much lesser uptake from the carbonate,

over a short neriod of tinee.
The results »f Table VI show 2t one and eight days fron
sprating:  (a) a sinilar actual and % chanpe in leaf K, espoc~

o i} Fal

ially for the carbonate sclt. The pattorn of up-

b

tale »nd translocat.on ©or the chloride may in

- i
foet vary f

Y

AT
{b) a similar effect on lecaf ~ K of the nitrote and

~

(¢) the increasc in leaf ~ X wes less in the Meyer
than the Villafranca lemon. This may have been

due to the higher lenf - § in the former (con-—

vare (64,), or the higher initial lecf - K (see
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There is another asvcecet of intercst with rospect to the
corparative effects »f the SO&;” and C17 ions on K uptnke. In
o study of this effcct in K untake by exc¢isdd barley roots it was
shown K accumulation was grenter in the prescnce »f the C17 ion,

and this incrense over a S0, solusion dccurred in the first

threc - four hours after treatment. It was postulated the CL7
enhanced the binding of the X to cytoplasmic constituents, this
heing dne of the steps in K uptake (90). It woull secis possible
o similar nhenomenon aould sceur with foliar absorption, and
comparative studies o>ver shorter periods of tine could show the
cxtent T2 wh ch such a factor contributed to the differences in

K uwntake from different salts,

(iii) Chloride abssrrtion

Because 2 the scrious cffcets that hizgzh leaf - Cl can

- o

¢ made to investigate this poss-

4
=
D)
3

have, two such leterminations

ibility. The Cl levels and statistical analyses are given in

Lprendlix 8.
w
Data for 6/8/69 shows the two December s:rayvs have not sig-

¢

nificantly incrcased lenf - CL from the control mean valuc oF

vems high for young trecs that have received

!-—.v
o
&
€3]
[®]

0.338%, This va.
1o chloride Tor at least fifteen months. & totel of {our sprays

n
to treatioents three =2nd four hos sziven sis nificantly higher leaf

{
(,n
(J

(27)s Leaf ~ ClL -0,75% in Weshington navels (33) has indicated scrm
izus growth retardation, but nv obvisus trentment differcnces in
lant growth were obscrved in 1989 or 1970. 4t no time were the
nsval symptoms oI cxcess Cl (32, 81) Secns and this may have been

cue to the high Teaf - N vnlues in the 1968/69 scason (34).

<




In the vouncecr leoves of 7/1/70 leaf - Cl is much lower.

B “
The differcnce in level between trentments 1 and 2, and 3 and 4

7 due to the one December spray since Cl tends

> accunulate in plant leaves (81)9 and there 1 littlce movemcnt

from 21ld leaves to young oncs (77).

is likely to »roduce dengerously high leaf - Cl volues, espec~

“

1ally under conditions of low ¥

2 50511 K Untoke

It aprears from Fig. the avallability of s01ilK fron

AT 3
wid Lpril has not shown any effect on leaf - K until the follow-

ing spring, when it showed a nmeriked incrense over o nil supply.

£ absorbed during autumn and winter is apparcntly stored in non-

leaf ports of the trec during this period.

C AELLTIONSHIPE BETWEEN MINERLL BLEMENT LEVELS

1 Pairs of BElenents

e

t> the presence or

srief reference hns olready been nnde
ahsence > o relatlonship between trentient (K level) =nd the

ne of

from

eal concentration »f o>ther elements. EBxanules of this ty
relationship hove been rep.rted in many crops, under both field

and culture solution conditions. We nay now consider the
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Each pailr of elements 1s indicated, anu the season of

to which the data refersi-

L]

- 10/12/69, 9/1/70
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, 11/4/69, 6/3/69.
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situation here in more detail where the University computer was

in

used to indicate the significant relationships, and in somec cases

. o
ig. 10}

bt
v

o regression linc has been prepored. (
Data for the two growing scasons wos analysed separately
i.c. (1) for the harvests 3/3/69, 11/4/69, 6/8/69 i.c. more
mature leaves and

(2) for the harvests 10/12/69, 7/1/70 i.e. younger lenves.
Significant correlation coefficlents (r) for any naoir >f clements
vere sclected by reference to dbnedeedr (169) and the detziled
results given in Table VII. . causal relationship in these
cascs does not necessarily follow, but an awareness O them is
useful in interpreting leaf enalyses, and may also indicatc sonme
vhysiologicnl relationship. The idea >f a ratio (as opposed o

Tl

a singlc absonlute level) may be more mesningful or useful whern it
]

takes into aceount more than o elements (188). In tobacen
leaves o ratio Of KiCawlgpfl.3 hos indicated a good quality leaf,

an” o ratio »1.7 a poor quality one (97). This type »f relation-
ship has not becn investigated herc.
If one considers mainly those instances where r 1s sig
nificant at 1% we ray note s
(1) In somc cases the concentration of a palr of elements are
more closely relatced in e scoson thon the other. It mey be that
leaf npe 1s the more laportant criteria, and in some cases here
the direction 2f the relationship has boen reversced and if this
is 2o cause and cffccet phenoncna it must be remembered when say,
sampling younger lerves than usually used in Tield advisory work.
It may be that the relotionship betwveen tws clenents is
diff'erent in the two types of leaf, duec to a different leaf nin-

ral balance. This study did not consider complex relationships
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involving large numbers >f variable mincral.
In the first season, high K is assocclated with low Ca,
in, Fe. However corrclations are far better in the sccond scason,
whon the sign is reversed and 2 high K is assiciated with a 'highV
leval of each »f the nmetal trace clcuments.
The relationship between lcaf ~ K and leaf - trice cle-
aent concentration is a confused one, In some cases there being
o negative relationship (32, 147) in some a positive one (32),
an? in others no consistent rclation to K level (160, 197, 99).
These results show the time »F vling (physiolszically) nay
deternine the form »f this relntionship, since each type has bcen
shown within a ten ronth period. Thesirength >f the positive
clationship 1s here by far the strongest,
BB,
u?%% In the coeonut K and Ne show antagonistic or synergistic
% effcety aceording to the trec K level (139). In the present
fesuits therc is o negative corrcelationg between lenxf X and In
levels when m lovels are “high' (15 pom), but when ln levels
are "low { 11 ppm) an increasing K level is assoclated with an
incrensce in Jeaf - Mn., BSuch 2 relationship does not cxist for the
pair »f clements K ~ Fe, and here perhans leaf age or sonc other
factor has more influen on the X - Fe rclationship than the

setunl level »f either »fF

m

level »f o third c

lements.
It has been said (

N

crent as shown by Smith

these elcnents. is factor nay be the

et ¢l (163) for other

14%) K sccms to have little effect on

the absorption of the hcavy metal cations, although it has heen
shown In uptake is stinulated by increcsed K supply (133). In
young leaves, a high K uptake would give a high leaf - K and leaf
- Un relative to trees receiving low K supply. l.¢. 7 would be

bsitive. Ls these lemves

CrensesSe.

with low K supply,

mature, the pcrcentage dry matter in-

growth rates are lower than under

L



el 2
i{lution offcet as ©9il sabsoreption decreases. Such dilution
would he greater in hich K trees 1if srowth continued later,

o nid~swoner) X was not zreatly

C'i‘

stirmuloting Mn unteke. Differences such as this may be endugh
t5 cive o negotive corrclatiom cocficient, ond nerhaps Hf Lesscer
siznificance, This exjlsnation could alsy> apply to other trec
elericnts, but does not scenr tyrleal of oSther pairs of slenents.

The —henoi: 4 atypical, in

(o) sone K levels were due to Tolier absorpt

(b) it assunes the rslotilions between 2 conse
and spring, put in reverse, are the saiie
cnd swrimer 0 the Same ST OWVING SCasSon.

There wes n antagon

While

i:

has been romorted (147, 199) the high - K treatoents

el o lower leaf - Fg at 5/9/69 (neans »f 47 »pr cf. 61 rvm) this

212 not result in leaf chlorosis o3 has occurred with the arrli-
cation of stonger K sprays (25). The availability »f soil has had
a crofound effcet on leaf - Fe. Lt 6/8/69 treatocnts 3 and 4 shows
ed sindler leaf -~ K and leaf - Fe concentrntions, but with the sul-
den builld up of lenf -~ K in the spring in treatuent 4, leaf - Fe

is now B0% srcater than in trertoent 3. It ~mHuld

riore then ancffcect of retarded winter/spring iron

1
L

Y
i

of sub-optimel K content.

It is only in the second seasodr

+

untoke by

secmr this is

treecs

to shov any relationship, =nd it is n>t an cntagonistic one.
It has been shown K level has an antagonistic effect on
Mg 2t high I levels, but not with low - N conditions (168).




tion vetween leaf K oand g (v« 0.1) in cither group.

it has boen

content >f woriosas

unaffected
lemon the situstinn is different iIn that the ¥ has entered the
plant directly, av:iding the wwlicating effects of soil condl-

levels over shorter neriods

tions, A study of leal X

ng, when leaf K concentraloneg vere higher nay hnve

vithet o comnonly re-

o

even nintcd ot in icaf

tissuc. Such antrogonism poy heve oceurrced 1n osther norts o0 the
trees  In the first season the high ¥ trees mointoined the sane
total ention as low K trees, out this was ..ot done by any change
(£211) in the leaf - Mg level of the formcr. In the sccond sca-
son hirh K levels way have actually increased total cation zontent
of tre-tment (1), where Mz lcvels are alsd highest,

52 1t would swpenr folier K has resulted in the reo-distribution
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tendency wos clearly Lhecmpasite in the young leai
semples, (nenrly significant at 5% le vel)e
In = discussion »f the wuse >I »atlos

contents ag an indicatinn  >F the metobolic

P, e an o T e g S 1N sy P
a conotancy wes attveibuted to the prodact Koz
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o show o highly sisnificant difiercnce in the rproduct ¥ x Ca

Gy the above results, & n>t very strong

In & contribution to ths subject >f eleient balance in
plant nutrition (198) 1t wos found the N/Ca ratio had an effect
on lead -~ K, When the -~resent dota for the two & tes 6/3/69 and
7/1/770 wierce studled in thic vay, 1t was found there wes o signi-

Ticant (5%§ positive correlntion only in dugust. This has por-
ns resulted fron the X - Co Vantegonisn® at this tine, in trces
a sinilar ¥ content. In the snpe wey we might expect a2 ncg-

1

ative corrclation in young lemves, and this in foct is the case
(«0.01). The very low value mey hove resultced from the hiphly

significant pnositive Il - Ca corrclotion in these leves, a rele-

o
(o)
U}
o
H
i
L3
&

to e obhsent in the 1lder leo ves w

0
i
e
5
5]
g
e

rwi
973
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It is not sugiested the ¥/Ca ratio is of porticular physiologi-
cal luporitance, but this example verhaps illustrates that, as with
iniividunl clewents, ratiss must be reloted to the time of samp-

ling and that they mey be too simple for an nccurate exnression

(27 Leaf P bore virtually no rclation t> leaf K, but rather

17

more surprisingly K and ¥ did not come near showing the negative
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sing ¥ causing o roduction in

a more diluting effect on the other mincrals concentrations.
The lorge inecrecscg in leaf - Cl that way result fron
chl-ride foliar sprave have been discusscd, and as rart of the
cencrally detrim.ntol. ¢ffect such accumulotions hove we nlght
cxrccet & nmodification »>f the plantst ninersel levels. In some

s 1t has been shown(ll4, 191) an increase in CL absorption

b 2 PP S Nl e Jc BNOR fal LY .
o 4 study »f the duia Tor the

2

e

two occasions on which Cl Zeterninations weroe wade shows there
wos no close correlation betwecn C1 and 1T levels iL these leion
loeves.

(vi) Table VII indicatcs wore fully the relationship between
varisus palrs of clcements, many alrecdy revmorted.s This Includes

the negative correlation between I, P and the positive correlation

betveen both Ca an’ Mp and coch 2f the trace clevents. 4n interc

ing point 1s whether 1t 1s the K or iy lcvel that has becen oore
cousal in changing leof trace element conecentrations. It is

possible it is the latter, so that in young lerves the K level
has affected leaf - Mg, which has in turn affected leaf - troce
clemant, through either its influcnce on their upteke or dist-

1

ribution. This scquence o»7 cvents has be

the offect »f ¥ level on zinc deficiency in swecet oranges (147).
B i

In the first season K lcvel has apparently not had an overriding

mmortant here).

Py

e

influcnce on lecaf - Mg (leaf - ¥
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of inter-relationship, when

Because of
e 4 N e Ak e e e
considering in len® trace element levels 1T may be nec
S 3 FL P B e Ty 0. i
cscary to use an index consisting o0 K, Mg, iy L, &4, J6.
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rotisng bear sich o close rolationship as a result of their
sinilarly affccted by soue sther element e.z. calcluu
nitrogen or dlreetly by i level.

It is very difficult to adequately interpret the data

presented in Table VII, and so sone »f the more interesting cota

ber of partinol correlations (rp) the results of which arve given

in Table VIIA. This allows a better consideration of a2 signif-

Ty gy . T R T Yy i e b . 3 1
between two minerals, where ecch also bears a

icant value of 1

significent linesr correlation with 2 third elenent.

U VR O R JUDUR B -
and Mn in the »1der lecaves.

Table VIIL shows the correlation between (o ~nd the ecles

dther dmportant chenge made by this further enlculation is that
the significant eorrelsotion between leafy X and Me levels hos

3
virtually disappeared i.c. no positive lineer velationship exists
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3/% -
10/12-
5/3 -
10/12-
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510/12u
10/12-
10/12-
10/12-
i

35 -
35 -
%10/12~
10/12~
10/12~

Scason

6/3/69
6/2/69
7/1/70
6/3/69
7/1/70
7/1/70
7/1/70
7/1/70
7/1/70
7/1/70

6/3/69
6/2/69
7/1/70
7/1/%0
7/1/%0

on-significant

Constant
Elcment

Fe~

T
B

~0.%214
0.4738
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0.5714
0.57375

0.63%65

*092810

i

f0023&0

0.3080

i

' 0.2909
0.5590

“005025

© Significance !

{

RSO SR UMV R

+3

-

++

b

++

++

++

++

++

et

|




Elenent

;ail"

Season

o o= Mg
-

A - Mn
% o
o= LN

Mg - Zn

g

’1i
2
i
[
5

:
i

H

to be

chlornsis bheing es eclally n

deficient,

10/12~
10/12+-
10/12~
10/12-
10/12~

6/3/59
7/1/70
7/1/70
7/1/70
7/1/70
7/1/70
7/1/70
7/1/70
7/1/70

i
—tae

has becn shown by

ticeauole

A0S anj

in treatinent 1

in Lppendix 7 with

0

ar s

Lo
[©]

tisfeactory,

rs deficient, and nangaonese tends

was reflected in trec appearance, leaf

and 2,




fron the vintor of 1969, However Table VII does not indlcate
o negative correlation between any two tracce elements. The offe
ects of low in, #Zn affected the trecs' appcarance more than any

loviering of leaf -~ Fe causced by foliar sprays. With this sit-

uation certain tracc clenent sprays werc applied, with effects

(vii) Irace clenent spravs
Detailed results are ziven for this interesting work
in Table VIII, but it was n>t possible to anclyse them stat-

istically. In spite of the obvious improveument in leaf - trace

clenent concentratisnwith snreying, tree apvecarance was lergely
neifcected.

! ¥: s ppn Leaf levcls | 5 change |
T/1/70 6/5/7“ i . ;

. S M e S
Troatnent Mo 7n Fe Mn Zn Fo tn | Zn-  TFeo |
T i Pl L. Lrd 4 ATy ; ,’3: i
1 ¥n i o.& 16 39 3367 1iaT 13 26 | -8 . 10 |
55 14 Z2 4 37.6 | 11,80 s leiz | <16 i 12
0.8 19 79 |l 41,9 | 19.6 | 82 (3le 3 1 4 |
11.9 14 52 || 40.7 | 1B.9 ! 6% | 242 14 26 |
\ i ; !
2Mn 8.1 13§ 45 59,2 | 12.9 1 46 630 -8 | 2
E 9@12 ll 58 5591 1_15 1 35 '398 1 * “‘8 xi
1.7 16 59 || 5.7 | 28.5 1 60 376 66 1 2

| 7.8 12 i 56.3 1 12,3 1 53 1822 2 13
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5 % 36 f3lg  ~18 |
\ z
2Zn 668 13 4 § 10,6 55.1 53 & 56 308 29 |
9.2 18 43 111l.2 | 692.8 1 70 . 22 | 338 ;
% 8.4 14 | 37 J11l.4 | vi.2 | 71 0l s | 409 | 9z
’ 6.3 15 31 8,7 | 62.2 1 62 | 3 2z 1100
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TLBLE VIIT SEFECTS OF TRACE BLEMEET SPRAYS Cont.

G 8 = e A s A L S

% Chcn;c ' !

H
1

o]
B
I
g
®

¥
+-

o
~3

L5

®

o
@O e ~3 WO

o

‘
§
1 !

| el BN
D nw O B 5t
©
»
(W1
1%
<
s O G R
[ NGNS
O
Q
(&N
1
@)

L3

1 ©
(@}
(1}

[NRE: RENIN
O G -
-
W O R
G103 O g
GO (O
E ]
]
T O ¢
[ > I EN IS

[

Oy =2 ~2 On
2 " I Y
NeNss]
L ]

°

G -2

-
OO o R
%SG O

OO o
L]
|l el el e
o> O g (R
(\3
[ ISR G
> OO
b
JAV]
1
N OW

»

RGN
o
PO OO

i

{ I ]

Tlﬂc woeks after the sccond spray, only the high K trees

.

i

!*—,‘

(treatment 4) were largely non~chlorstic, a2ll sthers regardless

.¢cly = severely chlorotic.

@
(’)

of trace clement treatient belng o
T

Presumably only small smounts had been absorbed by the »lder

chlorntic lecaves, or thcy had not been able to synthesise new

grecn piguents.
s

. One or tw> nmangenese sprays increased leaf - Mn fron

about 9 up to 39 and 2

¢‘~‘

up to 586 ppile respectively, an incrense of

L)

up to 500%.  Llthough no unsprayed trecs were included, therc is
no warked cffect of thesce sprays on leef -~ Zn or leaf -~ Fe.

4s with Ikn, two Zn suroys have given o sinilar inerease
in leaf - Zn over one svray, of about 404, Zinc sproys have
given o larze incrcase in leaf levels over the Sriginal concen-
poite  Therc may have becn an inereasc in

ey Ty oyt N P e Ly
leaf Im and nore Sspccielly Fe as a result of these soravs. and

b N R “ - N, ] 1 o -
Labanauskas (117) frund such an effoet m lesf k.

inerensed leaf Mn and zn.  Hovever two such sprays spnears o




heve resulted in o lesser incremsce in leaf - 2Zn (15.5 to 47.5

B

nni) then two zine s reoys (13.2 to 61.1l ppid. Where this effect

A
ves nobed in swect oranges it was attributed to the reduction in

ions in the combincd spray soslution (117), and this
i W bl

]

bly accounts Tor these differences here.

plants with a

—h ey

- T Sy o emam e e e er g - - . oy ST S o T A
scedlings and cuttings (52), Thus os plant ~ K is increascd,

constency is molntoined by o f211 in plant Coy Hg and/or sodium.
In this work snly Ca has shown any tendency to foll with incrcas-

present dota in this orix for each heare
vest date, Cverall there wos no effect of trestient . the s

shoywed the

total treatucnt 4 to be greater at the 5% level, 4lsy at 10/12/69

trentient 4 was highecr than the sther treatments, at the 1% level.

content in o glven season., The situstion in the sceond secson is




titisticolly analyscd, 1t

=

crén

is possible Lopendix 10 deronstrates a seneral siall Increasc in

tatal cotiong ags the seasHc advances.

o :
—’- Lile GQLO/C

In some cases the swr >f cations has been found to be
not constont (8), and the usce of this roatio mey be nore pennings
). The anslysis of the inta, prescnted in Lppendlx 1
shows on overall nonsig

- ORI PRS- S| [P N
ratly TEnas D D Zresnter

The 1ow ratin ot 11/4/692 is unusucsl, and the s.gnificent harvest
effeet »n the cati-n/oniocn rotios 1s renlly als2 o <iffercnce bet-

weern seasons, ond anvears totelly due to the high volues obtained

3

in trectiment 1 in the second season. Some factor then HRorS

BRIV N

xcen clodned o large nwie

-

due to the pattern or manner »f X suonly.

These results show thot in youns leaves with o high K
level ( 2%), |

yoseibly
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tion level (and s2 also cation/anion
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accurmlation, the tota

atin) has not over a fairly long period bLecome stabilisce
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ecause

in condlitions both

total cntione and the cation/~nion retio oy not be constant.

the iobalence of positive

iom

o8]
ct

resulting fron unecgual ¢

by changes in the level

aniong or with resnhcelt o the clermeonts and their innic states in

= (80,7 +CL +HoPO T+N0 ™) ria

1.

cnlc anions ne.cgep. With two excentions this mineral

~

data wns avellable for 7/1/70, ond so it was possible to calcu~

€

ES ]

late total orgenic zcid levels ©0v ecchh treantient.  To determine

‘»._]

the level of inorgenic sulohur, firstly organic sulphur wos cale

culeted fron Xjeldehl - UV by rultiplying by 0.027 (7).

=
jng
}.J
wn
v:t
u:
)
o
]
w
e
-5
0
(@)
o+
@)
=,
)

ron g constant figure, assun-

ing a total loaf = 8 level of 0.31% in all trees (29). In the
t

’r\‘;'-‘c 4 ~ Y T o £ P e ) g S e 3 - P VN P
abscnce of le 0z determinations, these levels were assumed
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15 the estimate for total inorganic anions is only

o
a3
2
e
1
[a+}
ct
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The results »f this calculation for 7/1/70 arc given in
Lyweondlx 12 and indicate 2 higher organic anion content in the one

v greater totel cation content, i.e.

I....L

treatucent with & giznificant

nueber 4. This association is o toonnon one (176).  Pleant W

o

nutrition is an lpportont factor in determindmg plent orzonic

Py

acid content (16), and K nutrition has an effect that varies with

q
gl
(@]

Fe, 4n arc significantly

the crop (71)., On tais dote mly K,
Gifferent (higher) in trentment 4, suggesting we can expect an

increased total organic acid content in response to the increased

Leat oxolic acid wes doternined on v/1/70 and 6/3/70

enificant differ-
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cnce in its concentration, betweon treatments., Concentrations

1id however nore than double over this peris>d, indicating either

an increase in total acids or a2 change in the proportions of

<

individonl acids with the increasing lcaf
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ese (2), but it could have bce

have found a large incrense in oxalic acid as K levels inercaseds

AN A

Loquick test of totalnomevalatile organic acids zave an

vch treatment when

‘J

ual plant acid levels in es

cdded to the oxalic acid levels (Table IX). The results dn not
Five 2 clear indication 2f the expccted trend in plant acid level

2lthough Rasmussen gt gl (141) forund total water soluble organic

e e
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acids 1.

¢ Total
7 i s
.k | acids n.eq.

1ined by

T;TR¢C

ifC@buCﬁt;
IMEA «

i

/2,

:

.

1 1 30.9 7545 ; f
2 ugsdv 7&:37 ;
3 72.3 704 37 L 66.65
4 26,71 48,71 !
5 26,09 + 68, 49 j
6 25,87 62,67 ;
2 1 38,65 71.65 ‘ ?
L2 10.84 85, 24
[ 3 35,55 75,55 74,04
4 14, 0% 76 A%
5 | 49.9 77,9
6 : 24,62 53.4
% 1 21,51 62,14 :
2 48,57 B7.37 ;
3 45,13 7,13 [ 67.%4
A 30,12 6l.72 ;
5 . 22.15 57.35 :
6 L 15.91 48634 ;
4 1 ' 12,08 75,28 ‘
2 L 44,53 83,73 :
3 ] 36,11 } 74,11 : 75.06
: A ; 51.69 : 84,89 i
! PB ! 25,96 : 66,76 !
! 6 {30,508 : 77458 !

-

Analvysis of

m Ao e 2z
Treatnent 3
Block 5

M

155.5569

2070?%9
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[ Y S | I's
Potoel 2

et
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10661
mean = 3.95
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nlic acid, and a spot of Re

T hove been asportic or hydroxpyruvate. It hes

beonn shovm the concentration »f plont acids in citus follage in

decrensing Hrder is oxalic Prelic ¥ citric (153). It would have

heen interesting to deternine the leovels of individual acids at

both harvests in the scond scasHn, and this may have given an

It would seern @

(1) That like sweet oranges,

tomato in Frecwan's classification (71), of plants showing no
change in leaf orsonic @id content vith changing K level,

x lovel decreased. In the lcumon leaf, oxalic

shown such chanpese. Thoe reason for

the discrepancy botween the forrecast and reasured offect of leaf
K oon total leaf organic aclds is not clear, but nerhaps high XK

rasulted in nions, oSther than the organic aci

likcly to change 1ittls with ¥ icvel.

[9)]
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(iii) In the werisd fron 7/1/790 = 6/2/%0 lecaf Ca would be

increasing and io-f K-deocrensingm™these ' chan es having . on ifercade

{n “nl decrensing ffoct respcetively Hn ledf xmolic cceld, (Lad).
With thetdsu~ling 3£ leaf oxalic .nei in this €iic, the voristisn
in leaf Ca would seewr t> have had the dominant effect.
(iv) We mapg accent ocxelic and molic as being the mein 1

acidss and the 2bove results, and those of Hasmussen gf al (141)

hes no effect on total or malic acids, and in-

P,

thet a fall in K
crensing Ca increasces both totel and aelic acids. In the period
T/L/70 - 6/3/%0 K and Co would be chenging in these ways, so the

increase in leaf - oxalic acid would indiecate an increase in total

(v) Insufficicent information was obteincd to give any indi-

cation »>f the relationship between feafl aclds and frult aclds,

in high - X trees as comnpareca with low - K trecs.

D TREE GROWTH

1 General

(1) Leaf chlorosis

Records of tree aprearonce were Kepht in order to detect
any treatment effects.
Trec growth wos generally satisfoctory ~nd while there

ere were no nerked differences

;-..‘
-
H\
C‘
o
¢}
0]
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Jere
betwgen treatments. In the

-cycle leaves, but this was related more to a heawy crop load.

Leaf chlorosis ig o common syapton of low - X in citrus

elther as a bronzing of older lenves (52), or the development of

some trees nad few spring




Plate 3., Right: Leaf chloresis ef autumn flush leaves, low - K
tree. -
Left : Green terminal leaves high - K tree 2/12/69.

A

A

Plate 4: A range of leail chloresis symptoms of older leaves on

riate & ge AT f ; :
low = K trees c¢f. high - K tree. (Chloresis lemon-yellow
colour rather than as shown).
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is (52)e

U
-

ipon-chloros

-
i
e

lea? bronzing and chlorosis devels-

=.

s}

6

NS

in the winter ©

! 3 e W P ! a P
oped in the older leaves Af most trees, and by the end ol Sept

autunn flush leaves wns narked on

ermher interveinal chlorosis of
e

15 5f the 18 trecs in treatients 1 -~ 3. I

effect, with an absence >f chlorosis in high ~ K trces. This

11 subsecquent Jdates, chlorosis being

2

effect was noticeable at
elnost absent in trectment 4, scverc in trcatments 1 and 2, ond
intermedicte in treo-toent 3. In the sceond senson chlorosis was

neinly in the previous year's leaves, and symptoms were nore

H

typical of Mn/Zn deficicncy than iron deficiency. lio chlorotic

soring flushes occurrcd. 4% both 10/12/69 and 7/1/70 only K, and

15

Fe levels were significantly grester in treatient 4. In the pre-
vious scmson in all treatments leaf - Fe was sotisfectory, whilc
both Zn, i werc low.
in exanmple of the leaf chlorosis is shown in Plate 3,
taken on 2/12/69, ond comprres leaves from o trec recelving aign
£1

he chlorotic autwmn flush lcaves present on a teriinal

although such leaves 4ld provile the results of Table X. Other-
wise leaf mineral content data reloies to lesves largely srecn,
but fromn trecs benring older leaves of some degree oF chlorosis.
Leaf samples >f affected (non-affected in tres

cutunn flush leaves collected on 5/1/70 :zave the resul
Table Xo This 4id not indicate the couse of the chlorosis. The

¥n/Zn sprays anplicd later that month Aid not c¢orrcet this chlor-



E <Fs T bt L X7
TABLE X GAL¥SIs OF OLD LunVES 5/1/%0

()

Lcaf 1ovcis

caves t !
| § Mn Zn Fe Ca He %
Ghloroiic | 17, s2 | 38.7 9.5 5.5 1.64 0.146
Chlorotic 4, 13 % 1.8  10.2  52.6 1.75 0,148 i
chlorotic | 7, 10 12.6 0 9.0 48.7 1.87  0.144 |
Green i 5, 14, 18 é 2,5 13,4  50.9 1.82 0,143
e e e e
Thercfore, while leaf sympbons indicated chlorosis due to
Mn and Zn deficiéncy, sprays o>f these elenents did-not correct
the chlorosis, and leaf annlysis Jid not indicate their levels

ot

Jerc significantly nhigner

fact

.

ment in
Checks

al

ther orange leaves &0 not
than 43 ppit., 2and severe chloros

facts further support the idea

cause of the 2bserved chloro

21l leaf ~ Fe for citrus fruit

of conteiner leachates in the growing season
hough 1t w

ghow chlorosis wntil lent

S18

in trecs of the non=-chlorotic treat
be lower there in the first scason.

as often around 5.1. Fure-

- Fg is less

is until <18 ppi (193). “these

of ilron deficiency not being the

. It has been found the criti-

production is lower than the

optimur for chiorophyll development (194). Although some of the
carly date 1s suspect, a lot of worik has indicated the iron con-

tent of chlosrotic lecves oy b

€

than in green ones,

sugsesting some factor in the former 1s causing the iron to be
less effective in metabollc processses. This factor could be the
balance betwsen various clenents, which would present to a
greater degree in the threc chlorotic treatments, and thus
causing the plant to make less effoctive use of its apparcntly




asonable iron content.

re -
The carly chlorosis apjears related to o low leaf - Mn
. = s 42 T : 5 SRS N, T AP
and Zn, associated with low lenf - K end adequate lecf - Fo (high

relative to i, Zn). This cgrces with the enrller conclusion
that in considering = trace elenment deflcienecy, all these ele~-
ments st be considercd together with it.  The level of nd one
clenent nlonc anpe rs directly pespomsible Tor.the chlorosis,

Lt the ond of the second season tree chlorosis was re-
lnted moinily to the mnin trestments. 4 visual trec rating on
8/6/70 showed chlorosis to be worse (severe) on the 214 leaves
on each tree, only the higch - K treés being largely free of this
condition., Chlorosis of the current senson's lcaves was slight-
moderate, beling distinetly less o the trecs of freatioent 4.
With redard to troce elemcent snhray treatseont, leaf chlorosis was
similar in 21l treotiwents, the only tendency bedin: fof it to be

- [»3 [ PR}

less on trecs spreye’ twice with (Mn plus Zn). Whis inplies a

<

requircment for both clements. Plate 4 shows a leaf from a high

Fh

- K trec compured with the rense of symptoms shown by leaves o

the other trestments, s present in eqrly June 1970,

(ii) Spray chytotoxicity

q o Aen e e o T T - e . - Pt 1 RO
Snrav damage due to the use of KCL sprays with 1.3% K was

o]

avsent, cxzcept in o very few cases where very young lecves (€10

1ong) were wresent at the tine »f applicntion, and these showed

Sone donsze was assoclated with the use of potassiun

carbonate sprays. 4bout a week after sne spray to trees in the




[

was obscoved on trecs sprayed

3

wn

Thi:
1.0/12/69, o»f the varicties Carters! Navel orange, Morrisons' and

Wheeny granefrult, and Mever lcmon. In ecach casc hervy rain fell
points to the necessity »>f using
o salt other thon the cavbonate when supplying potassiuw by fol-

iar spHroyvs.

Viith respect to the notrient suptly siven these plants

a few comnents con Do wole. The avallaeblility of P and by appears

adequate. Tn supply auneared Lo be low, ospeciclly in the second

)

sensgon when X suphly also wos provabdly below optimwr. Hspeelally

the second sceson supply >f winor clenents wag 1ow,
parently low supply wos no doubt duc in peart to the trec roocts
beconming increasingly potebomnd, ashd that the rate >f nutrient

supnly was o little lower in the sccond scason, compared with the

The probler 1s o motter of increased rates of supply of
Coy ¥ and trace clements thon thise used, rather than a chenge in

With resards the trace clements, iron supply secis ade-
quate (especinlly if it wms to be supplied as o chelate), but Mn
ond Zn supnly wes too lowe.  utrient solution Mo was well within

the usunl range, but due to the increased Fe concentrniion usod

1t rmay have been in~dequate. The rotio of Fe/im in a culturc s>intion

has been O und most inportant to avoid deficicncy symptoms o5F eithe
er cloment (170}, The ontitwas for whent was 1:0,4 (140) about

130.5 for soyheans (170), and the ratio usually used for citras
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ce Table I) is 1:0,25 - 1.0, In this work it wes 1:0.22. &

similar cxplenetion may account in part for the low zinc availa-

T4BLE XI LifF TRACE ELEMENT RaTIOS

Treatment Harvest Date
(a):»um»«wu¢w~-ﬂ : S - et T
Fe | = §;5/5/?o 11/4/70 C/)/@Q;Av. 110/12/69| 7/1/70 | kv §
memn b e ] 4 B

2 %l 2.35  2.52 | 2.77 | 2.55 i 5. 2 5.1 | 5.16

3 | 2056 200‘7 2:‘(}:5 2029 ‘i 4o ’78 4:0 5 ’4"064:

*{:c :,‘ 2067 2;68 2-76 2.70 ;: 5-:2-5 6678 anl i
<b> - o A | B ’ §
FC l 3&16 2095 : 5061 3 302/}: ~ 2368 5309 2'88 ]
o 2 3.39 1 5,15 3,39 | 3,31 | 3,06 3.42 3.24
Zﬂ 5 2@-‘7‘?:: 50:29 59 5 "'”‘18 ‘ 2e26 ‘ 2. 57 2@‘1’1 H

P4 2.28  2.83 Re75 | 2.62 | 5,32 | 4.07 ! 3,69 !
b ! ; ! é ; -t

It has been suggested for nornal healthy plant, that with-
in certain limits it is not the total guantities of Fe and ¥n in
helr tissues that iz important, but rather their ratio (l?O)aTabWe
iiges the @ confe lonf Telin & Po/Zn ratios ot esch hervest, These
sugnest laxor ratios (a% one would cxpect) in treatment 3 cbm;
pared with the more chlorotic treatments 1 and 2{ Tﬁe high leaf

- Fe levels in the second season of treatment 4 malke the ratios

for this treatment appear anomalous. In this work then, the leaf
Fe/MnAof Fe/én ratiss g> little way in describing the leaf chlor-
by the tress.

It apsears likely the usual type of nutrient soslution

minosr clenents in the feed must be especizlly noted. Rates of

supply for young trecs would apperently have to be not less th

<

”

I
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about 2 -3 litres/trec/weck during the growing seosdn, and

slightly higher as~the trces got oller,

2 Filowering and Fruiting

At roo time was:there an obvious relationship between
time »f flowerin: or flower numbers, and trectment., EBven in the
seeond serson this applied, when there vere low - K trees pro

neny flowvers as high - K ones. ow that trees of

]

)-;

ducling just as

s

"y

videly different K level have beecn obtained, measurement may show
a differcnce in futurc.

In the second senson a similar humber >1 frults were sct
in cach treetoent. & light set was usually assocliated with 1light
Tlowering, and in helf >f thesc cascs the previous crop had been
relatively heavy. The percentage fruit drop was deternined in the
second season, up to 23/2/70, and there wos o tendency for it to
be higher in trectment 4 (il.e. mean 172 cf, 6, &, 9%). Such an

cffeet could partly cccount for the positive effect of & supply

on fruit size (82, 148, 162) in citrus

(i) First fruit horvest

the results of their
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anelvsis bein; shown in Table XII. The low numbers of fruits did

not ollow detailed comparisons. There were no Lorked offects of

nly to

9]
1%

maln growing seasosn having little offect. The soame may a
t

its would have all becn under
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1

|

18 | 3/12/69
3 14/ 8/69
3/12/69 1126

3
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s s g 12 e G e s b

12/ 8/69
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2/12/69
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TLBLE XIT Sont.

{(lieans for 3/12/69)

iy »_ - i . . )
Length | Peel ) Julice Peel Pegl Lecid THS

width mm Julce |iscorblg asc. | juice | g/1 acid
aScC,

.
e}

s
n
(.J
@

W
(o]

604 51.9 152 5085

—
o
=
B
it
)
O
3
O

R
~
2
"
gt
r
}._I
-]
Ay}
[
~3
O
[ee]
]

32.9 | 154 | 4.69 |4
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o
s
-
&
5]
o

similar nutritionai conditions. This point would be worth fur-
thor study. The sanme thing may apply to fruit ascorbic acid
content as it accumulates nost rapldly in young develoning fruits
ant more slowly thercafter (19) - although the present results
may indicate o treatonent offect,

In the lemo fruit totel acid contecnt incre-ses regidly

as  maturity appronches, but it hos Scen shown (11) the juice'ls

true acidity (ucesured as pH) increased very little after an
carly stage (in this recrnort after about 3.8 cns. dicneter).

ohould errly K nutrition he »f L2 jor importance in the develope

ment Of fruit ccidity, this coull aceount for the lack >F treat-
nment differences here., In comperissns of acid content therc ore

olso the complicating facto s (a) fruit ncid content varies
considerably between fraits sn the sane tree, and (b) juilce acid-
fruit size, and such an offcet would

T

¢ of fruit sizes used here. ilo concly-

N

sims arc possible on the >ther s aspects of fruit quality from this

e

first horvest,




(ii) Sceond fruit horvest

On 20/%/70 Truit was hervested from blocks 1 -~ 4 and
anelvsed., As Tar os possible six equelly - sized frults were
taken fror cach trec, and a sumuery of the results 1s given in
Table XITAa

Considering these results by treatment it is clear that
even with this method of hoarvesting an increased frult size 1s
associated with increasced K, in splte of the fact the latter
troatment accidentally tended to have more fruits/tree =t har=
vest. This size increcase 1s assoclated with only a slight ten-
dency for an increase in peel thickness, but it nay in fact have
been enough to account for the increasced fruit weight.

Peel colour was a simllar light yellow 2nd pale green

)

in 211 fruits, except thosc from trec 12 which were nd>t uscd to
prepare the overall treatment eans of Table XIIA., Because of
the cifects of fruit size on fruit quality, these results apply
J 9 b
to groups of fruit within =n average 20 gm. welght range in an
i & =) & [S)
attempt to minimise

treatients 1

ittle less rough

and 2, and usuvally x
in treateent 3.
Treatment 4 frults diffcred froir the 2thers in showing
a tencency for the fruilt to be less rounded in shepe. This
ppears 28 en effect when leaf « K ot the usual sampling time

is ®1.7% as compared with o level of 2boat O.%0, as do sone

Hegording internal quality, julce citric acid concentra-
tion only in treatrent 4 appcars to differ, its fruits showing

an cxpected increascd concentratione « by about 20%. This ey




W‘ro**ti cnt Total !Tree Av., f‘ru:r_tgi e penl) 9o juiced LW
fruits/ Wb [ ratio % TSS % citrie | T53
tree Acid s
) ]-4-‘ (':) 919 4: 1042 j_go 59 1 tlZ) 8'6{3 50 54: la 6'3 §§
1 14 5 8247 8,00 17,47 L.133 | 8,72 5.14 1,70 o
15 2 84,38 5.67 18.53 1,257 8.3 5. 36 le64 i
14 16 | 83.8 5.58 17.4 1.086 | 8.85 5.88 1.51 =
lg 4 93.5 6.25 18.45 1.143] 9,02 5.33 1.69
2 15 7 83.9 6. 50 17.58 1.126 | 8,37 5,07 1.65
15 10 732 6.08 1v.83 1.097| 8.58 | 5.63 1.52
15 13 88,3 6.03 20,6 1.03 | 8,03 5,08 1.58 .
=0 1 25,0 L 6.67 18,75 1.16 | 9.0 5¢ 2% 1.71 ?
5 1:7 6 9‘905 6.83 18063 l»l?l 807 5a 4:8 lo 59
16 11 102.2 7.92 14,57 1.13 | 8,5 5.62 1.51 S
20 15 93,5 6025 19,83 114 | 9,36 604 1.46 o
21 8 7.3 6.92 20.43 | 1,290 8.77 | 5.51 1.35 e
4 14 3 100.2 6.52 19,42 1.258 1 8.73 6.18 1.41 g
4 12 - 59.3 6.5 11.30 3,126 8.4 5.33 1.58 =
23 14 101.4 6.08 | 22,13 | 1.23 | 8.33 6.52 1.28 ‘
Eoch figure usually tue overage of six fruits. =
f}l_‘J;
<
LEANS 2
- i 1 T z ) i
1 | 142 | 86.82 6.24 | 19.26 | 1.145) 8.76 | 5.43 1.62 x
2 15 g 86,0 | 6.23 | I€.11 | 1.009|8.50 | 5.22 1.61 <
3 P 18.2 95,0 l6.92 17.96 1.15 { 8.89 | 5.69 | 1.57 | I
4 19.2 | 99.6 | 6.50 | 20.66 | 1.635|8.61 | 6.40 | 1.35 | 3

s
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in the
literature and t2 some cxtint herc vith incrcased crop lond

de

and increzsed fruit size, 1In other respccts tod it ig not

The difference in acid level is olso reflected in the

sugar/acid ratis, the % TS5 being sinilar in 2ll treatrments,

It oomears theve way be an ascoclation >F an increase in G

gffcets on fruit com-~

¢ffcet does not scep

position of the Washington ne
thin the limits of thoese trces. The nresent resulis
could though be taken ag support for the reported ossoclation

of increascd julcce scldlity and necl thickness with increansed

fruit size (85 gm. cf. 7 95 gm.wei 'ht).

o}
Qu
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Alternatively we oy consider tr-atocents, a

(@]

high K (i.c. that >f trentient 4) with an incrorse in fruit
size, fruit longth/wiltnh ratio, peel roughncss, and julce acid-
ickness. in soue effccts trcate-

between the low ~ K and the high

onsidering the range in plant

K here, the results agrec with the literaturce in their being
sufficient to result in the given increeses in fruit size, fruit

longness, juice acidity, and nossibly a siwll chrnge in juice

“

e [ A [5b) < A - ot e L o+ : S e
percentngc. They 4o not agre. that increasing £ produces a

thinner smoother pecl in lecons, but that they respond in the




betwoen traatiments, anc it does not scom unrcasonable to
attribute the offccts »n fruit quality to the cxtremes of plant
X level then. The probable abscnec of such cxtremes may have

partly accounted or the lack »>f treatment ¢ffcets at the first
fruit harvest. Have?er the marked effects noted -t 20/7/70 nay
in fact have resultcd from the different K leovels occurring

corly in fruit developrnent (2 sugy

&

cstion nade carlier), rother

than gimply duc to the increased range of K levoels.
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CHAPTER V FINAL DISCUSSION

This work has provided sy . information on the mineral
nutrition of the lemon tree, which in general is in agrecment
with published overseas work with citrus. In addition to dem-
onstrating the direction of an effect, the results show the extent

this effect, This is useful in that it must be possible to in-
dicate to o fruit grower 1n any arez the magnitude of the response
to vorious treatments, and the relationship betweeon some parameter
and varying plant nutrient status. Foliar nutrition is >f interest
to many producers, and this work shows some of the effeccts of this
>thod of feeding crops.

¢ usual mcthod of leaf washing 1s n~dequate

—
ot
&)
3
et
C’)
)
3
o
N
,—l..
oy

3

for o meaningful leaf -~ K determination to be made, after an
earlier foliar snray of a2 potassium salt. In the casce of troce
- element determinetion subsequcent 0 meninnese or zlnc sprays
the same preparation also appears satisfactory.

Thus lecaf analysces on 6/3/70, 3 ~ 5 wecis after apply-
ing In and/or Zn svrays, show largely consistent changes in
leaf trace element level within each treatment. This 1s csp-
egcially evident when considering the parts per million change
in each element, rather then tThe nercentage changes in element

concentration. At all times tos, leaf - Fe levels do not show

=,
e}
[
- rf-
o
7

the high values one cxpect from dirt contaminants.

The results show how useful onc or two Mn or Zn sprays
can be in increasing leaf levels of these elements when ap licd
ab & srray containing 300 ppm. metzl. One month after one or

two early February Mn sprays g low level of about 9 ppm. was

increased by 30 and 47 ppm. respectivelys and for Zn sprays o




Chase Tt & Bpray
3 3 ‘e Y Fo P T ey <y Tl 1~y ;% P T = =}
cspecinlly when two sproys were applieds  one zn spray end two

(tn + Zn) sprays had the some effect on leaf in.

The su,.estion was also nade that leaf - K doterminations

mrde about o sonth after applying K sprays gave the most rea-
listic indication of the sprays effecct on nloant - XK.  In the
& J i

case of carly iarch syrayvs at least, reasonnble comparisons
could apparcntly be iwde a weck leter, but after o further three

- I in sprayed and unspraycc

o
=N

weoks the raté of change in lea
trees wns almost icdenticel.
While the lota has shoun useful effects of foliar K
sproys on leaf X in the short term the situation 1s rather dif-
fercent over o fifteen wonth period. It was shown that sight

dryas after the seceond of two weekly - spaced narch XC1 sprays
(1.3%K), leai K had incrcrsed by 55% (i.c. from 0.84% to 1.30%)
compared with a fall »f 29% in unspraved trecs. This cffect fell
off to show a return to the originel leaf - & lcvel one @month
after soroying, os compared with o fall of 228 - 87% in this time

1
1

where no gproy was applicd. There wes o change in perceatage
leaf -~ K fron 0.82 -~ 1.18 dowm to 0.23 -« 0.58 during March, under
cond.itiong of negligible 5011l ~ K in the absence of foliar pot-
assium sprays. ©GChrnges of a simllay mognitude sccurred follow=
ing one Decexmber spray. For sodne reason leaf - K was not ime
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proved by this spray to the secme extont in the prescnce »f a

moderate supnly of soil -~ X, This may be o dircet effect of
soil K on foliar K uptake, or related to the differcnces in or-~

iginal plant - K statas. Thus over December the percentage
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leaf = X of high « X trces recelving so51il and foliar K fell b
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The abscence »f o significant effect 1n the Tollovwing senson wns
due to the apparcent high degrec of nobilisation of tree - K in

trecs deficicnt in this elemecnt. Yhe increased K from foliar
uptoke had apparently besn used elsewhere, possibly accumu=-
lating in the frults, or promoting plant growth. It is clear
that in the absence °f soil K, even four strong {oliar sarays
affected leaf - K concentration only for that scason. Leaf K

in the next season wis improved only when soil ~ K was available,

and it was o little surprising to find soil K from early Jpril

did not seem to have any affcet on leaf K over the next four

months,

In o comparison o threce potassium salts, foliar uptake

K jag

was similarly high over one - ciszht dnvs from sprs
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chloride ond nitrate sclts, although the chloridc
effeetives  The cerbonate was only about half as cffcetive
over this =eriod, and caused 2 swall amount of leaf drop on a
number of citrus verictlies. Sprey doimge from WCL (1.79K) sprovs
was only slight, affccting nevly unroiled tip leoves. The folirrp
uptake 5f w by leyer lemons, was lower than by ¥ Villafranca, pos-

sibly dus to differcnces in their nincral status.



Tt wes anticipated the chloride sprays may nave resulted

in excossive ~ccumulatlions 2T leal

7 UG v affect o fF L e Deocaeme
number of KC1 soreys ¢id grently affect leatf Cl. Onec Lecenm

one month
aged leaf

Y, |

sSprays nad

e

on leaf coldours Trees with about 42 1% leaf « K in autwm dev-
eloped interveinal chlorosis of the older lesves during the
winter, and thisg woas more severe whers leaf X was == 0.6%. In

1go, chlorosis was no mdre than slizht in

the second scrnsom o

]

Hend

the hi.h -~ K treatment, but moderate -~ severe in the older leow

ygs of trecotments onc and two. This chlorosis charactcristic
potassium deficlency, was typlcal of i and Zn deficlency
and n>t of Fo deficiency. The leaf Fe concentrations, and the
known ncid pi >f the contalner leachates alss did not indicato
a deficicney of this clcment to be the causc of the chlorosise.
Leaf ¥n and Zn levels were ot o low level, csoccially in the
sceond scroson, but this epnlied to all four treatucnts.  There
was no cleary indicatimm of the lovw leaf - 4n resulting from the
well-unown entaponism o7 high vhosphate, although the two cle-
ments showed o significant ncgative corrvelation in the second
sgason. The low values of lcaf I and Zn mey have resulted fronm
an imbalsnce in the pronosrtions of thcse clements relation
to the iron concentration in the nutricnt feod., However sprays

of Mn and/or Zn anpeared to heve little cffcct on tree chloiro-

gis, sugzesting tho lcaf level of these clements ~lone was not
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ested thot in characterising the chlor-
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rient status of several clements, and that for this

I K, Mn,Zn, Fe, arc ipportentdhis 1s not en uncomwon phenduchs-
on as difficulty is o>ften found in looking at wincral levels
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cls of several clements togethcr is acccopted today, ns for in-
stance in the casc of bitter pit in apnles and peteca in leinonse
In looking ot the seasonal variotlons in leaf levels

of ecach elenment for eonch tro-tment 1t was difficult to sce

mony clear relationships with leaf X level., Sodluwsn lcevel was

cbout 0.1% in the »lder Tirst scoson lenves, and 0.08% in the

yvounger second se2son sawples, and showed no evidence oI sube
tituting for potossium. 1t wos opparcent the provision of
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au in leaf mintrol level wes ndt anparent. It is suggested
LZpril was the best uonth for sampling lemon lceoves for leaf
mineral determinations, although this could be varied somevhat
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avoid too early sampling of trces receiving o low potassium
supnly, where this clement is to be measured.
When one considers the lenves sampled between imrch
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there being no differences inm leaf « Ca ot this carly stage -
although by 6/3770 there was evidence 2f o lowering of leafl -~ g
Therefore the cation/anion ratio, and the sums of catisns vere
not constant in young lenon lenves with the cxtrencs >0 K pre=-
sent, but this was not related to the pethod of K application.

Using dato »f 7/1/70 1t was predicted the incroased

total cation content would result in o significant increase

(’Eﬂ
[

in leal organic anio content. Lt was however found there v
no lnecrease in leaf total organic aclids - the expected chenge
in organic anion contont may heve odccurred in substonces not
cetermined here, In the scecond scason there was no cffccet of

K trcatment on lcal o»xalic acid content, although such = res-
nonse has been sbtaine’ in sweet oranges (141). It is surmised
the doubling of leaf - owalic acid during Januory and Fe
was due to an increascd leaf Ca, although incrcosed leaf Mg .
levels may nnve als? played a pert, ZLny change in balance in

1 have involved

‘*J

leaf orgnnic acids duc €9 incroased K supply vi
only the ninor acids.

The nmethod of Tfecding the treecs in this work was bos-
icelly eownd, but it is suggcsted that rates >Ff nutrient solu-~
tion a olication nmust be .arefully watched os requirements can

: r

casily not be met. This scemed to dceur here in the second sca-
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LPPENDIX 1.

The four concentrated stock solutions were mades

(Le1s gm  Ca(NOsz)g5.4H,0 madc up to 45 litres
(2)as1 gm Mg 80,.7H50  in 45 litres
(3) 35 gm  HaHgPO,.2H50

Os 135 gm CuS04.5Ho0
& Leer in 45 litres

O, 435 gm ZnS04.7HoO

0. 930 gm HzBOz

0.0175 gm (NH@%MO7024wQH20
(4) 7.5 gm Fe citrate 5H,0 made up to ot litres
The nutrient content of 2.2 litres of the final nutrient

solution, for 29 treecs, is contained in a mixture of 6 litres

of solutions (1), (2), and (%), and 330 cc of solution (4).

LPPENDIZ 2. N DETEARISATION REAGEETS,
NaOH 118
Catalysts Mix 10 gms. selenium with 502 gms. KoSO04

Indicator: Brom~-cresol green/Methyl red.
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LPPENDIX 3. P DETERMINATION RBnGENT.

V/Mo reagent - Dissolve 10 gms. ammonium venadate in water
over hent, then add 1400 cc.. conc. HNOz.  4dd 200 gus

ammonium molybdate after dissolving in water.
Standard curve prepared from solutions potassium dihydrogen,

phosphatc contoining 0.5, 1.0, 1.5, 2.0, 2.5 ppm P,
(2.196 gms chemical in 250 litres = 2 ppm P)

APPEIDIX 1. LOCORBIC ACTD DETERMINATION REGGHITS.

1

Evtracting solution - To 50 cc 40% W/V sodium polymetaphosphate

add B0 cc glacial acetic acid, Dilute to 50 cc with water.

Standard indophenol solution -~ Dissolve 0,250 gms sodium 2.6 =
dichlorophenol~indonhenol in 26 cc distilied water. Fitelo!
0,021 gms NalCOz, meke up to 200 cc. Filter, and will keep

one week in Pcfrlgerator.

LPPENDIX 5. 0X4LIC ACID DETERMINATION iELGENTS.

Tungstate recgent - Dissolve 12 gms sodium tungstate in water,
2dd 20 cc phosphoric acid (specific gravity 1.75). Dilute

to 500 cc.

Buffer - Dissolve 6.25 gms anhydrous calcium chloride
in 125 cc 50% V/V acetic acid. +dd to this 82.5 gms sodium

ccetate trihydrate made up to 125 cc with water,
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+ significant 2t 5% level
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