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A B .8 T.&K A G T

Pineapyle sweet oranpe seedlings and rooted leaf bud
cuttings of Meyer lemons were used to investigate the effects
of some of the factors affecting magnesivm uptake by leaves,
Magnesium was determined by Pthiazole yellow method of Drosdoff
and Nearpass (1948) and u take was usually measured 24 hours

after spray treatnent,.

It was shown that the addition of wetting agents to
nagnesiun nitrate sprays significantly increased the uptake of
magnesiun by leaves. The nonionic wetter (Terric GN9) at the
very low (0.01% a.,i.) and high (0,08 - 0,1% a.i.) concentrations
did not affect magnesium uptake, whereas at intermediate con-

centrations, magnesium uptake was increased,

Usc of the humectant glycerine at 1 or 2 percent signif-
icantly increase? the uptake of magnesiua by leaves, compared
with sprays to which no glycerine was added, but had no bene-
ficial effect over sprays which contained a nonionic wetter

(Terric GN9).

Magnesium uptake by leaves grown in 100% relative humidity
for two weeks was greater than the uptake by leaves grown in

average relative humidity of 71%



Both morning and the cvening sprays resulted in greater

uptake of magnesium by leaves, comparced with afterncon sprays.

A significant increcacse in leaf magnesium concentration
occurrca aftcr 2 hours of =z magnesium nitrate spray applica-
tion. Lecaf magncesium concentration rose stecply for 24 hours
after spraying, thcreafter recmaining constant, (Becaus:z it
was not possible to wucasurc the degrec of magnesiun transport
out of the leaf, it is not cicar whcther magnesium uptake, in

fact, stopped after 24 hours).

Of the three magnesium salts used, magnesium nitrate and
magnesium chloride sprays resulted in greater magnesium uptake

by lcaves, compared wilth magnesium sulphate sprays.

Uptake varied with the concentration of magnesium in. the
leaves. The lower the concentration of magnesium in the leaves,
the less the uptake of magnesium by leaves, and the higher the

concentration of magnesium, the higher thc uptake of magnesium,

Leaf nitrogen also affected uptake of magnesium by lcaves.
High leaf nitrogen (2.92% of dry weight) resultcd in greater
uptake of magnesium than the low lcaf nitrogen (2.08% aof dry
weight), Tho average incrcase in the concentration of magnesium
in the lcaves of low nitrogen plants was 0.09% of dry weight,

while in leaves of high nitrogen plants the increase was 0.19%.



Thus thc increas in the % leaf concentration-of magnesiunm

in the hizh nitrogen jlants wae double that of the low nitrogen
plants, This nz2y We a direcet effect of the low leaf nitropen
or an indirect one .luz to the induccd low leaf magnegium in

those plants.
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CHAPTER 1

1. INTRODUCTION

Nutrient sprays, these days, are becoming increasingly
important to supplement the mineral requirements of the

crops to increase crop production.
Nutrient sprays may be important in two directions.

(i) Where soil application of fertilizers 1s not responsive
or very slow.

(ii) To prevent the development of a deficiency symptom very
soon before the trouble is expected or immediately it

has appeared,

But the responses of nutrient sprays are influenced by
environmental factors (both physical and chemical) and plant
factors. Magnesium absorption is not an exception to these
factors. Leaves of some plant species do not show responses
to magnesium salt sprays, while others do. Soil application
of magnesium salts on the other hand, has been slow in actiop
or has not been effective or partially effective. Foliage-

. application of magnesium salts appears to be superior to soil
) applicatioﬁ in increasing the concentration of magnesium in
the leaves and in reducing deficiency syptoms. But the

responses are not consistent.

The present study, therefore, was undertaken to deter-

mine the degree to which a number of likely factors might



affect the magnesium absorption by citrus leaves. The
literature review, description of the methods and the discuss-
ion of the results have been presented with the aim of provid-
ing as much background information as possible in order to
facilitate further detailed studies of magnesium absorpticn,
For this reason, the literazture review has bezn made more
extensive than otherwise would have been required. The
discussion of the results includes some hypotheses and spec-
ulations which lack evidence to support them, but they may

be of value for future work.



CHAPTER 2

&5 FGTTAR APPLICATION OF NUTRIEITS

Among some of the early work on the use of mineral
nutrients to plants as foliage application is that of
Johnson (1924), on pineapple plants in Hawaii, where pine-
apple plants were grown on soil rich in manganese., Within
three to six months after planting, plants developed a
serious injury known as pineapple-yellows or ''manganese
yellows", Johnson was able to control that chlorosis by
4?H20) to the

leaves. Tho response was guick greening of the sprayed

simply applying sprays of ferrous sulphate (FeSO

leaves, which indicated that at least some of the iron had

been absorbed by the leaves.

Much af the work on iron sprays has been done with a
view to supplying iron to plants suffering from what is
called lime induced chlordsis, But due to immobilization of
iron once it has penetrated the leaf cells, none of this work
has given satisfactory results. For example, Guest and
Chapman (1949) tried more than thirty iron compounds in
dipping tests, using orange, grapefruit and lemon leafy shoots,
which had been affected by lime induced chlorasis, None of
them caused complete recovery. Hilgeman (1969) also had
disappointing results with ferrous sulphate and two iron
chelate compounds, when these were sprayed on chlorotic

leaves of citrus in the field.



Zinc sprays have given satisfactory responses to control
zinc deficiency in a wide range of fruit crops. For example,
the studies of Parkecr (1937) on mottle leaf of grapefruit, of
Reed and Parker (193%6) on mottle leaf of orangc, of Dhingra
and Others (1967) on citrus chlorosis, of Labanauskas and
Puffer (1964) in correcting mangancse and zinc deficiency in
Valencia ornage, of Paulechova - Kralikova (1966) on little
leaf of apples and of Hoffmann and Samish (1966) on control
of zinc deficicency in apples, are all examples of investiga-

tions with responsive species.

Copper sprays have been satisfactory in correcting
copper deficiency in many plants. The studies of Dunne (1938)
on Wither tip or summer dicback of apple trces, of Badauin
(1966), Tarasov and Kovalenko (1967) on the control of shoot
dessication of applecs, of Lee (1964) on copper deficiency in
Venturia Country citrus and of Kiecly (1966) on exanthema of
citrus, have all shown that copper sprays have becn satis-

factory in correcting deficiency symptams.

Mangancse sulphate sprays have controllced manganes
deficicncy of many plants. Camp and Pcach (1938) in less than
30 days, obtained completcely green lcaves when nmanganesc
deficient cirtus leaves were dipped in manganese sulphate
solution. Parker and Southwick (1941), by thc usc of various
manganese compounds as spray, corrected mangancse deficicncy

symptoms in citrus. Labanauskas (1962) corrccted manganese



deficiency of grapefruit by manganese sulphate sprays.
Working with Newtcwnapple, Hriu and Koch (1964) corrected
the symptoms for the entire year by zinc plus manganesc

sprays applicd at least twice in early sSpring.

Boran deficiency of several fruit and vegetable crops
has been controlled by.the foliar sprays af borax or boric
acid. Askew and Chitteden (1936), with a single spray of
1 per cent hydrated borax, obtained four to five fold increase
in boron level in the fruit and prevented the internal cork
symptom of bern deficiéncy in apple. Early season sprays of
boron on apple have resulted in substential increase of boreon
in fruits and considerable amounts in leaves (Bramlage and

Thomson, 1962).

Urea sprays have been studied extensively to furnish a
considerable part of nitrogen needs of scveral crop plants.
The response to urea sprays is variable. Ureca sprays to
apple trces have increased leaf chlorophyll and leaf total
nitrogen as compared with unsprayed trees (Hamilton et al.,
1943; Ludders and Buncmann, 1967), improved vegetative
growth ¢ Hilkenbaumer and Hohmann, 1964; Fisher ct al.,

1948; Fisher and Cook, 1950; and Fisher, 1952). However,
urea sprays to grapes proved disappointing (Weinberger et al.,
1949).

Burrell and Boynton (1943) doubled the potassium

content of the apple leaf with six sprays of 1% potassium



sulphate. Ganjec et al., (1966) controlled soil induced
potassium deficicncy of citrus in grecen house, with potass-

ium nitrate sprays.

Magnesium has becn supplied both by soil and foliage appli-
cation. Findings indicate that foliage application of
magnesium is better than soil application in controlling

magnesium deficicency in plants,

The specific examples cited above, provide some evidence that
souc type of leaves can, to some cxXtent, absorb nutricnts
from sprays. If nutirent rcequircements can be satisficed and
applied economically by some ather means then therc is no
recal nced of supplying them as sprays. Since only low
concentration of salts can usually be applied to the leaves
without burning them, the most important use of such sprays

can bc made for the correction of minor c¢lement deficicncies.



CHAPTER 3

B ITERATURE REVIEW

3.1. Pathways of penetration of nutricnts, herbicides and

other substances into the leaf

Both surfaces of the leaf are penetrable, but all areas
of thec leaf are not equally permeable. Prefercntial areas
of foliar absorption named in the literature for wvarious
substances (herbicides, other pesticides, nutrients, and
fluorochromes) are:

(a) directly over the veins,
(b) over anticlinal epidermal walls,
(¢) glandular and non-glandular trichromes,
(d) open stomata,
(e) hydathodes, lenticels, and natural fissures,
(f) insect punctures and othcr imperfections in the
cuticle.
Pencetration may be classified as stomatal or cuticular,
then cellular., Opinion is divided as to whether stomatal or
cuticular entry is more important as a generalization., Both

are known to occur under apprapriate circumstances.

3.1.1« Entry through etomata

Stomata have been claimed to be primary sites of entry

for 0060 (Gustafson, 1956; Gustafson and Schlessinger, 1956),



NAA (1-naphthalencacetic acid) (Harley et al., 1957). This
path was not indicated for PBZ, an, Rb86 (Teubner et al.,

1957) or urea, Rodney (1952), Volk and McAuliffe (1954).

Many workers claim that stomatal penetration does not
occur unless the surface tension of the solution is reduced
considerably by the addition of surfactants (Weaver ancd De-
Rose, 1946; Turrell, 1947; Norman et al., 1950; van
Overbeck and Blondeau, 1954)., Only open stomata have been
reported to be penetrable by oils (Rohrbaugh, (1934)
Minshall and Helson, (1949); not, or only slightly by water
and to varying degrees by aqueous solutions containing sur-
factants, Completely closed stomata can exclude all fluids
(van Overbeck,1956). Sargent and Blackman (1962), on the
other hand, presented a new theory as regards to penetration
of 2, 4-D. According to then, 2,4-D does not need to have
a passage between two guard cells of stomata, but can

penctrate through guard and accessory cells.

Bl 24 Structure of the cuticle

3.1.2.1. Physical nature of the plant cuticle

According to Schieferstein and Loomis (1959),
Brongniart (1934) has described the cuticle as the outer
cellulose=free covering of leaves, distinct from the
cuticularized layers that might be formed beneath it., 1In

lower forms such as the mold Phycomyces, the cuticle is a



simple thin membrane of low elasticity and of poor adherence
to the cell wall (Roelofsen 1950), according to van Overbeek
(1956), and in higher plants the cuticle is usually complex

as sketched in Fig. 1

The true cuticle, according to Lee and Priestley (1924),
is formed by the oxidation of oily materials which generally
permeate the walls of living cells, The o0ils are assumed to
be products of cell metabolism, and to have diffused through
the cellulose pectin structure of the cell wall. Lee and
Priestley (1924) discussed the cuticle formation and concluded
that various lipoidal substances, formed or mobilized in the
epidermis, migrate to the surface of the plant. There they
tend to oxidize, saturating the double bonds by polymarization
ar oxidation, and thereby cause a "varnish like'" covering to

form.

In addition to the cuticle, leaves may show marked accu-
mulations of readily soluble surface waxes. The way in which
wax is deposited on the surface of the leaf is not clear. In
many species characteristically shaped projections of wax
arise from the surface, but the specific sites from which these
projections are extruded have not been found by Shieferstein
and Loomis (1959). Their observations suggest that wax is
extruded at random through the thin areas of the cuticle. But
Hall and Donaldson (1962) claimed that epidermal cells of

Brassica oleracea and Trifolium repens reveal pores from which
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Pig. 1. Hypothetical structure of the functional
aspects of the plant cuticle. The waxy rodlets
of leaves having "oloom" may prevent cdntact of a
spray droplet with the leaf surface

(Foy et al., 1967)
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wax is cxtruded. They suggested that wax frow a number of
pores, may form a single wax particlc. The configuration

of thesce particles appears to be rcsponsible for water
repclling propertics of a heavily bloomed surface. Cutin and
waxy material have also becen found on the frec surfaces of
the leaf mcesophyll cells and on the inner walls of the cpi-
dermis where these are exposed to internal air spaces. The
internal cuticle is continuous with the external cuticle
through the stomatal aperturcs, whose bounding cells, the

guard cells, arc covecred with a cuticle on their frec surface.

Scott et al. (1948) found the outer epidermal walls of

leaves of citrus sincnsis Osbeck to be cutinized and coated

with wax, which secmed to be excreted through minute canals
similar to those in the fruit rind. By treating scctions of
lcaves with IKI-Hasoq, they showed the cénals to be lined with
protoplasnic threcads; and protoplasmic activities within these

canals were attributed to the excretion and the maintenance of

the waxy surface.

Environmental factors can influcnce the formation of
cuticle. Steveons (1932) nmcasured the cuticle thickness of
scveral varieties of cranberry for three consccutive sceasons
and found up to 20% variation with the season, similar in all
varicties. Lee and Priestley (1924) showed expecrimentally
that exposurce to certain atmospheric conditions is a primary

requisite in the changing of fat and oil layers to the varnish-
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like condition chasracteristic of a wmature cuticle.
Further, light and humidity were shown to affect the
thhickness and consistency of the cuticle by their
influence upon the axidation and concdengation of fatty
acids, a process involved in cuticle foriation. WVorking

with Nicotiana glaucz and Hedera helix, Skoss (1955)

observed that the depncsition of cuticle was continuous
until the leaf reacilcd morphnological maturity: beyond
maturity no further deposition occurred. Leaves grown in
the sun produced heavier cuticles of greater wax content
than leaves grown in the shade. The tewmperature conditions
under vhich pl=znts were grown verc shoin to influence the
depogition of cuticle and wax. Thc most cuticle was
produced at a median temperature, and the precatost
percentage of werx at a hiigh tomperature. Plants undergoing
water stress produccd cuticles containing a greater
proporticn of waxegs than plants with more favourable
moisture conditions.

the
3.1.2.2. Chenical nature of/Plant cuticle

According to Foy et_al, (1567), Frey-Wyssling (1948)
has summarised the chewmical nature of cutinized plant cell
walls, which are composed of four distinet substances, all
of whieh may vary in distribution within the wall., These
substances are: (a) cutin, (b) outin waxes, (c) pectin and
(d) celluloss. All constituents contribute their own
rhysio-ehemical properties to the surface layer of the

plant.
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(a) Cutin:- Cutin has bcen described as the polymerisation
and condensation of 018 hydroxy fatty acids which arec
synthesized in the protoplasm and pcnectrate the wall as
procutin. Extruding on the surface, these precurssors ars
oxidized and polymerised, forming a sponge-like frame of
submicroscopic dimensions. Cutins contain reactive end
groups which enable them to form esters and ethers. Also,
cutin may contain an appreciable amount of dicarboxylic acids
and hydroxy carbuxylic acids. Having many such polar groups
such cutin may absorb water and swell and this increases

permeability (van Overbeek, 1956 ).

Lee (1925) made a chemical study of cutin and showed it
to be a complex mixture of fatty substances, consisting
primarily of free fatty acids, fatty acids combined with
maonohydric alcohols, and soaps. Legg and Wheeler (1925)
isolated two acids as major components of cutin and suggested
the names "cutic acid" (C26H5006) and cutinic acid (013H2203).

Other acids were isolated in much smaller quantities.

(b) Cutinwaxes:- Crafts and Foy (1962) state that cutin
waxes are short chain esters and alcohols of relatively low
molecular weight, lacking reactive end groups and unable to
polymerise. Cutinwaxes are optically negative, stainable in

lipid dyes, melt above 22000, and do not absorb ultra violet

light.
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Foy et_gl. (1967) state that waxes are hydrophobic
in naturec and hence resistant to wetting with pure water.
The waxy rodlets of the leaves form & "bloow" which may
prevent contact of a spray droplet with the leaf surface
(Fig.1), but the addition of a suitable surfactant to the
o0il or aqueous sprays may facllitate the wetting of waxy
leaf surfaces. Purther enhanced wetting does not mean
enhanced penetration, because surface wax deposits may
interfere with wetting but little with penetration,

provided good surface contact is eusured.

(¢) Pectins:~ Crafts and Foy (1962) state that pectins
consist of long chain polygalacturonic acid molecules
haviong slde carboxylgroups which can form salts and impart
to pectins base cxchange properties. Polygalacturonic

acid@ and its methylated derivative are soluble in water,
but its calcium salt 1s insoluble. Pectin substances have
1little tendency to crystallize; they occur in aun amorphous
state in plant cell walls, and they are responsible for the

strong water holding properties of the walls.

(4) Cellulose:- Foy et al. (1967) describe the cellulose
as composed of long chain molecules which arc relatively
stable. These molecules are organised into micelles. The
micelles are associated into microfibrils, and because of
its wmicrofibrillar organisation, cellulose imparts tensile

strength and elasticity.Crafts and Foy (1962)indicate that
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it is this propcrty of cell walls that resists expansion
and results in turgor. Turgor, in turn, cnables the plants
ta grow ercct against the force of gravity, to cxtend roots
into the soil, to absorb water and nutrients, and to main-
tain its foliar organs in positions favourable for maximum

absorption of carbondioxide and light.

3¢1s2+s3. The role of the cuticle

Epidermal cells of lcaves and stems, unlike roots, are
more or less coverecd with thick cuticle, which may be super-
imposed by wax excrusions. The lipid character of thesec
waxes and cutin layer can produce an obstacle for the pene-
tration of hydrolphilic substances. It is believed that
the obstacle creatcd by the cuticle is so grcat that the
penetration of the hydrophilic substance occurs only through
stomata. However, the stomatal passage allows solutions only
to enter in stomatal chambers and intercellular spaces, but
not in the cells, because the outer walls of the cells lining
these cavities are also covered by an internal cuticle
(Scott, 1950). Also, the hydrophobic nature of the cuticle
lining the stomatal pores normally does not permit the
passage of the aqueous solutions. Usc of detergents may
induce this passage (Dybing and Currier, 1961). Thus, under
natural conditions, absorption of solutes must take its

regular course by the penetration of the cuticle.
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The gquestion at once arises whether there is any pore in
the cuticle, providing pathways for penetration. Elcctron-
microscopy studies reveal that there are no pores in the
cuticle aother than local thin spots, punctures, breaks, and
fissures made by insects. However, Hall and Donaldson (1962)
have found %true perforations in the epidermal cells of

Trifolium repens and Brassica oleracea. Wax is said to be

extruded through thesc pores.

Orgell (1955) has described cuticle as being imbricate
arrangements of lipoid platelates ccmented together by
hydrophilic pcctancous substances. Thus, an intercuticular
penetration should be possible for a polar solution. But
there is mno direct proof of such a pathway. Thereforc, as a
rule, in foliar absorption, substances to be absorbed have, in
contrast to the situation in roots, to penetrate a lipid like
layers. This means that an "intracuticular penctration”
without pathways through distinct pores has to be performed
before solutions can cnter the cellulose walls (Wittwer and

Teubner, 1959).

B Valde Structure and nature of the cell wall

According to Jensen (1967), cell walls vary greatly in
composition and morphology. However, the cell wall consists
of three layers, middle lamella, primary wall and secondary

wall., The primary wall is frequently thin (1 to 3 /u thick)
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and clastic. It increases in arca as the cell grows. A
secondary wall is formed between the cytoplasm and the primary
wall, when the growth of the cell ceases. The secondary wall
is often thick (5-10 /u) and rigid, providing great tensile
strength to the cell. The primary walls of two cells are

joined by a2 common layer called the middle lamella.

The cell wall when first formed is very thin, but increas-
es in thickness through the deposition by the protoplasm of
new particles upon those already present. Thickness of the
cell wall sometimes becomes so great, that it almost fills the

cell cavity (Anderson, 1927).

The chemical nature of the cell wall is less understood
and thought to be a complex one. Miller (1938) provides a
diagram which shows the substances that may compose the cell

wall (Fig. 1a).



Fig. la. A diagram showing the substances that may compose the cell wall
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Cellulcsc, composed of thousands of reneating glucose
units, is the major structural elemsnt of the cell wall,

especinlly in the case of prinary wall (Jensen, 1967).

Cellulose has Teccn reported to be loosely cumbedded in
the martix in the form of wicrofilrils (Frey-Wyssling and
Muhlethaler; 1965) The microfibrils, in the secondary wall
which contains 60 tco 94 per cent cellulose 2nd only a little
martix, are closely packed and interwoven into a net work,
There exists interspnces hetween the microfibrils and
between the elementary fitrils (Frey-Wyssling and Muhlethaler,
1965). The size of the intermicellar spaces hetween the
elementary fibrils is ahout 10 A° and therefore they should
te penetrable by small molecules such as water and halogen icns,
The size of the interfitrillar spaces hetwecen the microfibrils
however, has Teen rcached up to 100 Ao. Hence, larger
molecules should pass freely if the spaces are not filled
with non-cellulosec material (Frey-Wyssling and Muhlethaler,
1965). Other components of the primary wall and the middle
lamella are the pectic substances. Thesc arc large molecules
made up of rcpeating units called hexuronic acids, which are
derivatives of hexose sugars (Jensen, 1967). Still other
compounds are found in the walls of many ce¢lls., Chief
among them arc the waxes, which constitute the surface

layers of the plant.
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Ectodesnata:-  The discovery cf extodesmata in the
oUter wall of the epidermal cells has provided a new outlook
for foliage penetration. Franke (1961) has studied the

cccurrcnce and @istribution of ectodesmata in the cpidermis

of Plantagomajor and Helxine soleirolii. Leaf structures,
such as guar? cells, conical hairs, anticlinal walls and
the cpidermal cells adjacent to the leaf veins have been
observed to contain large numbers of ectodesmata. Since
ectodesmata extend from the cuticle, which thsy do not
perforate, through the wall to the lumina of epidermal cells,
they seem to provide an almost direct connection of the
protoplasts with the surrounding outside medium. Franke
(1961) noticed that the solutions which formed visibtle
crystals and precipitated in the outer wall, cntered the
cpidermal cell wall in localized pathways and the local-
ization of these bodies coincided with that of ectodesmata.
Hence, he concluded that eciodesmata provide *he principal
pathvways for transport of substances from outside to the
interior of tissues and vice-versa. Nutrients applied to
the leaf surfaces arc assumed to follow the same pathways

i.e. ectcdesnata.
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3.1e4s Structure of the plasma-membrane

The cytoplasm is surrounded by a layer called plasna-
membrane or plasmalemma which is thin, flexible and not
directly visible to the light microscope. The plasmamembrane,
according to (Jensen, 1967) is composed of protein and lipid.
Their molecules are arranged in the membrane in such a way
that the protein molecules are aligned on the exterior of the
nembrane and- are bound to the lipid molecules which occupy

the centre.

Frey-Wyssling and Muhlethaler (1965) have mentioned a
variety of functions which are performed by the plasmamembrane.
It controls semipermeability, resorption, excretion and secre-
tion, leading to the formation of slime and a whole series of
cell-wall substances, and it is also capable of breaking down

substances enzymically.

Jensen (1967) has mentioned the advantages of the scmiper-
meability of the membrane in that it prevents the organic
materials of the cell such as sugars and soluble proteins
from leaking out of the cell while allowing water and salts
to enter, and this maintains the integrity of the cell in

relation to the surrounding environment.

The plasmamembrane provides no passage as such for the

substances coming from outside and they are at first only
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adsorbed in the plasmamembrane and then taken into the cyto-

plasn by a process requiring metabolic energy (Jemsen, 1967).

3+1.5. Mechanisms of Tgliar pecnetration

3.1.5.1. Mechanisns of penetration in the cuticle

Many workers, in order to study the penetrability and
mechanism of cuticular penctration, have examined the isolated
cuticles (Skoss, 1955; Schieferstein and Loomis, 1959;

Goodman and Addy, 1962; Darlington and Cirulis, 1963; Yamada,
Wittwer and Bukavac, 1964, and Silva Fernandes, 1965). These
studies have confirmed the penetrability of the cuticular

membranes.

Darlington and Cirulis (1963) regarded, leaf cuticular
penetration, as a diffusion process influenced by temperature,
concentration and relative solubility in organic solvents.
Penetration increased with the incrcased tempcrature and with
the higher lipophilic character of the compounds, and was
directly proportional to the concentration. The different
compounds applicd penetrated the isolated apricot cuticle in
the range of 1.5 to 3.3% during 48 hours at 25°¢, Yanada,
Wittwer and Bukovac (1964) on the other hand, observed that
onlyf.2 to 2% of the¢ applied cations and anions penetrated the
isolated tomato fruit and onion lcaf cuticles, but 80% passed
through the dialysing membranc after 40 hours. Hence, their
results suggest that this may not bec simple diffusion, The

lower penetration might have resulted from the lower permca-
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bility of the isolated cuticles, brought about by the changes
in physical and chemical characteristics of isolated cuticles,

during the process of their isolation by chcmical means.

Some permeability, surfacc binding, and ion cxchange
characteristics have been reported for enzymically isolated
cuticalar mcmbranes (Yamada, Wittwer and Bukovac, 1964;
¥Yamada, Bukovac and Wittwer, 1964). They include the
stomatous grecen onion leaf cuticle and the astomatous tamato
fruit cuticle. Cations and anions wcre bound to the inner
surfaces of cuticles to much greater extent than on the outer
surfaces. With dialyzing membranes, no such differences
between the two surfaces occurrcd. Approximately, thrce
timcs morc cations werc bound on the inner surface (7.89
m/u mole per cma) of the tomato cuticle than the outer surface
(2.73 m/u mole/cmz). The possible explanation of such
differcntial ion binding by surfaces of isolated culicular
mcmbranes has been given as the nmorphological differences in
the cuticular surfaces. The outer surfaces were smooth, while
the inner surfaces were irregular, having protrusions and
cellular fragments. A further possible cxplanatien for the
differential ion binding by the two surfaces as given by
Yamada, Bukovac and Wittwer (1964), has been rclated to the
physio-chemical propertiesd of the two surfaces. The outer
cuticular surfacc is beliecved to be composed of layers of
highly polymerized and oxidized fatty acids. While the inner

surface represcnts a morc heterogcneous chemical composition.
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It has been reported that cuticular penetration from
outside to inside is greatcer than from inside to outside.
This type of behaviour was first obscrved in the stomata frec

cuticles of Hedera helix leaves in which more water penctrated

inward, i.c, towards the protoplast than ocutward (Schieferstein

and Loomis, 1959).

A similar type of result was obtaine?! for the penetration

of -radigactive cations (CahE Rb86) and anions 5350 0136)

Lo
and also for undissociated organic compounds through cnzym-
ically isolated cuticles of astomatous tomato fruit and
stomatous green onion lecaves (Yamada, Wittwer and Bukovac,
1964; 1965), Again the penetration of cations from outside
to inside was more pronounced than the anions and the rate of
pcnetration through differcnt cuticular surfaces was directly
related to the extent of ion binding on the surface which was

opposite the' site of the initial entry (Yamada, Wittwer and

Bukovac, 1964 ).

Crafts and Foy (1962) have shown the cvidence of a
gradicent from low polarity on the cexterior to a relatively
high polarity in the layers bordering the cpidermal cell-wall.
In any case the ncgative Eharges characteristics of cuticular
membranes offer rcasonable explanations for permeability
differcences between cations and anions as well as the greater
binding of cations on the inner surfaccs as compared with

aniaons.
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However, Goodman and Addy (1962) obtained an opposite
result for the penctration of a number of organic compounds
through apple cuticles i.o. the pecnctration of organic com-
pounds from inside to outside was significantly grcater than
from outside to inside, In this casc the cuticles were
isolated with ammonium oxalate and oxalic acid., Such chem-
ically scparated cuticular membrancs might be diffcrent from
thosc isolated cenzymically and thecir structurc might have been
altered, thus causing the rcversed behaviar, Further, the
permeability to organic compounds might be different from that

of inorganic ions.

Urea, as rcported by Yamada, Wittwer and Bukovac (1965)
penetrates the cuticular membranc, with a higher velocity than
coul? be¢ expected from the sinple diffusion. The penctration
of urea, thus, through thec isolated tomato fruit cuticle was
10-20 times greater than the penctration of inorganic ions

(Rv*, cd™, ¢c17, 50,”7) They concluded that urea might have

N
penetrated through the facilated diffusion. Therc is support-
ing evidence for facilated diffusion in that urca promotes the
uptake of other nutrients similtgneously applied (Wittwer and
Teubner, 1959; Labanauskas and Puffer, 1964). The effect of
urea on thc permeability as reported by Yamada, Wittwer and
Bukovac (1965), is based on thc loosening of thc membranc

structure by changing cster, ether, and dicther bonds between

the macromolecules of cutin,

Thus, finally, it scems that both inorganic, organic ions
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and uniissociated molecules can penetrate the isolated
cuticular membranes by ascans of simple diffusion, while ureca
secas to penctrate by a process of facilated diffusion., In
intact tissues similar physical processes might be involved

during penctration.

3¢1.5+.2. Mechanisms of pcenetration in the cell wall

As soon as the substances penetrate the cuticle and
cuticular layers, they rcach the ccllulosc laycrs of the wall.,
The interfibrillar spaccs between the cellulose fibrils are
thought to be large cnough for the penetration by diffusion.
Still it is believed that wall penctration takes place throuwgh
separated pathways. These pathways arc ectodesmata, Franke

(1961) strongly belicves that nutrients follow these pathways.

However, Sutcliffe (1962) statcs that the contents of the
cell wall such as cellulosc, hemicellulosc, polyuronides and
phospholipids arc capable of binding salts in the forms which
are rcadily exchangcable, and hcnce the wall acts as a Donan
system containing an appreciable concentration of ncgative
charges. The movcment of ions tekes place from the external
medium, by diffusion and exchange, to the surface of the

cytoplasn,

3e145¢3+. Mechanisms of penctration in the Plasma- Mcmbrane

Substabces coming from outsicdc have to overcomc z third
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barrier, the plasmalemma on reaching the protoplasts.
According to Jensen (1967) the plasmamenbranc providcs passage
for physical pecnetration of water nolecules cnly anl a largc
nunber of substances arc incorporated LY a process rcecauiring
metabolic enecrgy. This prccess may involve a carricr systen
which involves the picking up, 2t the external surface of the
plasmanentranc, of a substance to be transported by a carrier

into the internal surface of thc membranc.

Jensen (1967) provides the cvidence of another mechanism,
which may be responsible for thce active uptake of the sub-
stances. This is calle’ Pinocytosis, which involvees the
invaginations of ccll membranc and formation of vesicles
within the cytoplasm of the cell. The vesicle wmay break down

and the material contained in it is finally utilised by the cell.

The cvidence ¢f active absorption of rubtidiuvm and
phosphatc by the primary leaves of the Lean plant has been
denonstrated by Jyung and Wittwer (1964) and for tobacco leaves

by Jyung et al., (1965).

The energy rcquirc? for active absorption may be obtained
from respiration and photosynthcsis., If the cnergy is provided
by respiration, lack of oxygen should rcduce the uptake, and
if the energy is provided by photosynthesis the presence of

CO, and light should accelerate the uptake, The fact that the

2
light inmproves the uptake of scveral substances has been

demonstrated by several workers (Sargent and Blackman, 1962,
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1965; Jyung ct al,, 1965; Micddlcton and Sanlcrson, 1965).

Energy is thought to be mostly provided in the form of
ATP, Hence, the adidlition of this compound must increase the
uptake, This has becn ‘lomonstrated for the uptake of RbT by
the cells enzymically isolated from tobacco leaves, where
addition of ATP, incrcascd Rﬁkuptake by 13% (Jyung ct al.,
1965). Also, application of high encrgy products of phota-
synthesis along with the substances to be absorbed, has
increcased the uptzke of the latter. For cxamnple, feeling with
sucrose cnhanced the uptake of leucine by apple leaves in the
dark (Kamimura and Goodman, 1964)., Similarly, instcad of oxygen,
the addition of intermeliates of the respiratory metabolism,
enhances the uptake of the substance to be absorbed. Thus,
feeding with succinate increasec the Rﬁ* uptake by cells of
enzymically disolated from tolLacco lcaves in the dark and light

(Jyung et al., 1965).

From the dctails described above, it appears that the
following stages arc involved in the overall process of foliar

uptake,

‘ 9 In the first stagc, substances applied to the surface
of the lcaves penetrate the cuticle, and the cell wall through

a physical process of diffusion,

8 1 In the second stage, substances are adsorbed in the

surfacc of the plasmamcmbrane.
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ITI. In the third stagc, substances arc taken into the cyto-

plasir, by thc processes requiring mctabolic encrgy.

During stage I and II, sutstances only fill uv the free
space an! morcly adsorb. They arc not taken up into the cyto-
plasm, This has becn shown from the fact that during these
stages, substances arc again washcd out (Vickery and Mercer,

1964).

The fact that thc overall foliage penetration involves
the above three stages can be scen by illustrating the work of
Vickery and Mercer (1964) and Allen (1964). Vickery and
Mercer (1964) rccogise threc stages of uptake of sucrose by
bean lcaf., (i) an initial rapid uptake of sucrose., (ii) a
Yinear phase (iii) a phase in which uptake dccrcases. Phasc
(i) and (ii) may correspond to the stzage I and II of the celk
wall penctration and adsorption, and the third phasc may
correspond to the active uptake, which requires metabolic

energy.

Allen (1964) has pravided much information on these varicus
phascs of uptake of metallic ions by apple leaves. He rccog-
copper
nises four phascs of uptakec of /. by apple leaves. His results
confirm that in phase (&) and (ii), the process involved is
only adsorption, In phasc (iii) there is decrcase in uptake,

which corrcsponds to active uptake requiring metabolic energy.

In phase (iv), therec is again incrcasc in the uptake and
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material from within the leaf is simultancously rclecased into
due

the solution Ao the breakage of some barrier to diffusion.

Finally, after the incorporation of thc substances into
the protoplasts of the cpidermal cells, a translocation af the
absorbed matcrials to the other arcas of the leaves or to other

plant parts takes place regularly,

3.2+ Factors affecting Penctration and movement

3+.2s1. Plant factors

3.2+1e1, Physio-chemical nature of the Flant cuticle

Plant specices @iffer in the physio-chemical naturc of the
cuticle. Envirconmental factors play an important role in the
structurc and composition of the cuticle. For exanple, the
cuticle, is generally thicker on leaves which have developed
in bright sunlight than which developed in shade, and the wax
depqsition in the former has been found to be grcater than in
the latter (Skoss, 1955). The point is that in the case of
sun grown plants, therc is high ratc¢ of transpiration and
hence plants go through a period of water stress, which causes

heavier cutinization of leaves.

Crafts and Foy (1962) state that developmentally the
cuticle advances from a thin hydrophobic covering of young
stems and leaves to a considerably thicker layer at lecaf mat-
urity. With age the cuticle oxidizes and becomes less per=-

neable. But wecathering, cracking, insect punctures and
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abrasion nay retcriorate the cuticle and make it impcrfect as

a laycr.

Silva Fernandes (1965) obsecrved that the extent of
cuticle thickness an? wax deposition has an important effect
in the penetration. No penetration of copper solutions from
copper acctate or sulphate or wmercury frowa solution of phenyl-
ncreuric acetate occurrce? through astomatous membrancs con-
taining 0.1 mg/cn2 or morc of cutin., Wax offercd an import-
ant barrier for thc penetration of morcury through the men-
brane, but the effect of the wax depended on its composition.
Penctration of mercury increascrdl by an increase in the

percentage of esters in the wax.

Crafts znd Foy (1962) havc mentioned that toth inward
and outward movement of aqueous solutions is restricted by
the hcavy and umore or less continuous deposits of cuticular
wax. The irregular surfacec wax dcposits influencec the
wetting and contact angle betwecn droplet of solution and

leaf surfacc.

The contact anglc between water and the waxy component
will be higher than between water and the cutin component
i.e. water wets cutin better than wax. This is only bLecause
of binding capacity of polar groups for water through hydro-
gen bonds, while hydrocarbon chains only attract water through
the much weaker van der Waal's forces. (wvan Overbeck, 1956).

Since plant specics differ in thc amount an? pattern of depo-
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sition of cutin componcnts, they 2also differ in wettability

an® this nay affcct penctration.
3.2.1.2. Age of the leaf

There is an alunost universal ezgrecemcent that the younger
lecaves show greater alisorption than the older ones. The
nutrients include urca, Cain (1956); phosphorus, Fisher and
Walker (1955); Koontz an? Biddulph (1957, and Thorne (1958);
Magnesium, Oland and Opland (1956) and Zinc, Wallihan and
Heymann-Herschlerg (1956). The reason for the greater
absorption by the younger leaves nay e thinner cuticles and
less wax deposition. In advancing age leaf cuticles becone
thicker, and therceby nay inhibhit penetration, But the dcpo-
sition of cuticlc as roported by Skoss (1955) takes place
only to a certain stage of morphoclogical maturity, beyond

that no further depositicon occurs,
3.2.1.3. Leaf gurfaces _and morphology

Horizontal, hairy, pultescent leaves rctain nere spray
than the vertical and smooth lcaves (Ennis gt al., 1952);
and this results in greater absorption in the former type of
lcaves than in the latter. Upper and lower surfaces of leaves
also exhibit 2ifferent rate of absorption. Usuzally the lower
surfaces are more penetrablc than the upper surfaces to a
large number of substances including herbicides as well as

nutrients (Went and Carter, 1948; Fogg, 1948; Guest and
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Chapman, 1949; Cook and Boyntaon, 1952; °~ Volk and McAuliffe,
1954; Bennett and Thomas, 1954; Gustafson, 1956; Cain, 1956;

Gustafson and Schlessinger, 1956).

This is perhaps duc to the prescnce of thinner cuticle,
numerous stomata, pronmincent veins and roughness of the lower
surface of the lcaves. However, species differ as to which

surface functions most in absorption (Gustafson, 1957).

3e2ele4., Mineral status of the leaf

Apple leaves having highcer status of nitrogen have shown
grcater abscrption of urea, Cook and Boynton (1952), magnesiun,
Farshey (1959; 1963) than thc leaves of lower status cf
nitrogen. . This incrcease in absorption has been partly
attributed tc the difference in growth of the plants because
in above studies, plants grown in hish nitrogen conditions
produced rapid and quicker growth of the plants and lcaves
werc comparatively larger and grecner than the low nitrogen
plants. Under these conditions the cuticle might be expected
to Le thinner than on thc slower growing smaller leaves of

low nitrogen trees an? thus, more casily penetrable,

On the other hand, Wittwer and Teubner (1959) state that
plants deficient in phosphorus absorb foliar applied.P32 nore
rapidly than those grown in phosphorus rich mcdia, However,
the results of Koontz and Biddulph (1957) indicate that

plants grown in rich phosphorus media translocatc more phos-



34

phorus - than thosc grown in phosphorus deficient media.
However, the rosults of Koontz and Biddulph (1957) indicate
that, plants grown in rich phospharus media translocate more

phospherus than thosec grown in phosphorus deficient media,

Ze2e2s External factors

3.2.2.1. Light

Lizht may affect the abscrption both directly or
indirectly. It nay favour thc absorption dircctly by stimu-
lating the opening of stomata or indirectly by supplying
enerpy throupgh photosynthesis, Light may also affect the
structure of leaves and the condition of stomata and thercby
nay affect absorption. The fact that light intersity and
quality improve the ratc of altsorpticn of various subistances
has becn denonstrated by several workers. (Sargent and
Blackman, 1962; 1965, Kamirmura and Goodman, 1964; Middleton

and Sanderson, 1965).

Middleton and Sanderson (1965) statc that the cffects of
light on absorption nay not simply be rclated to stonatal
opening or the transport of the carbohydrate., They nay be
caused in part by cffects on thc formation of carlbohydrate.
Also, 1light may affect both perneability of the cytcplasm

and active transport procecsses.
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3e2e2s2s Temprrature

dufrior and Dybtng (1959) statc that wurm temperaturcs,
if not exccssive enhance penctration by affccting physio-
chemical processes (increased rate of diffusion, lowvered
viscosity ctc.), physiological factors (acceleraticn of
photosynthesls, phloem translocation, accumulation processes,

protoplasmic strecaming and growth).

Teubner ct al. (1957) found increascd mineral &bsorption
and transport by bcan and tomato lecaves when the temperature
vag increased from 500F to ?OOF. With incrcasing temperature
the penetration of 2, 4-D (Barricr and Loomis, 1957; Rice,

1948) and NAA (Harley et al., 1957) also incrcased.

It has been pointed out by van Overbeck (1956) that the
penetration through the layers of oriented fatty molecules is
highly tempcraturc dependent, If fatty molecules oriented in
layers as micellcs arc in the solid state they have a lower
permeability., In the liquid statec they have a higher permcab-
ilityswhen totally disorganised,as at lethal temperatures, such
laycrs can nc longer scrve as permeation barriers., Since this
temperaturce effect is on the barrier itself, the principles
stated by van Overbeck (1956) must hold for any matcrial,
regulator or otherwise, pcnetrating through the plasmamembranc
or any other structurec compcscd of fatty molecules in micellar

orientation.
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3.2.2.3- _Hllmidi‘ty

A relatively high hunidity has increased the penetration
of 2 number of foliage applied substances. Currier and
Dybing (1959) have statcd the effects of relatively high
humidity on penetration., It delays drying of the srray
deposits, provents water stress in the plant and may increase

cuticular permeability.

Increased hydration of cutin martix, according to van
Overbeck (1956), may sprcad the wax components further apart;
because the wax components arc not elastic as is the spongy
cutin framework. This,in turn, will increase the permeabil-
ity of the cuticle. High turgidity of c¢pidermal cells and
other underlying tissues would havec a similar result. Con-
versely, lower watcr content of cutin and underlying tissue
will cause¢ shrinkage, and the wax units will be pulled close
together and this will decrease the cuticle permeability.
Thie proposed '"walve system" has great significance for the
water balancc of the lcaf. When the cuticle is dry, the valve
effect restricts water loss; when the cuticle is wet, the

valve system allows water uptake.

Similarly, various substances are known to penetrate the
cuticlc most efficiently in saturated atmosphere. For example,
the penetration of maleic hydrezide has been incrcased in high
hunidity (Zukel ¢t al., 1956) and the penctration of phenoxy -

acetic acid has stopped on crystallization in a spray droplet
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(Rice, 1948; Holly, 1956).

High humidity also has significently increased the
uptake of strontium - 89 and cacsium 137 than low humidity
(Middlecton and Sanderson, 1965). However, no cffect of hum-
idity has been found on the uptakc of sugar by tomato leaves

(Went and Carter, 1948).
3.2.2.4. pH of thec spray solutions

The cffects of solution pH on permeability and penctra-
tion arc conplicated by the facts that whether the results are
caused by cffects on degrec of dissociation of solutes, or
whethcr the changes in permeability arce brought about by the
nembrane itself. In cascs, where the latter influence may be
more promincnt, there is still thec question of whether the
effect is due to hydratiomn of the plasma--membrane or to a

hydrolysis effects on mcmbrane components.

The results of Cook and Bojnton (1952) suggest that the
per cent urea absorbed by apple leaf at pH 5.6 is greater than
at pH 8. Similarly a2 pH of 2 to 3 as compared to higher pH of
applied phosphate solution facilitated morc rapid uptake by
leaves (Silberstein and Wittwer, 1951; Swanson and Whitney,
1953; Fisher and Walker, 1955). As shown in Fig, 2 the amount
of }32 translocated from the blade of a bean plant is a func-
tion of the pH of the applicd drop and the amount absorbed and

translocated is greater at low pH.



ACTIVITY counts/minute

Fig.2. The level of P2 activity found in the petiole
following a 4-hr. period of translocation from the
blade as a function of pH of the applied solution.
Zach point an average of at least 3 plants. Data
represented by the symbols 0,®, and A taken from

separate experiments (Swanson and Whitney, 1953).
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The role of pH in promoting absorption has becon attributed to
two factors, the effect of high acidity in suppressing the
dissociation of phosphoric acid and a possible direct coffect
of pH on the permecability of cpidermal and subjacent tissues

(Swanson and Whitney, 1953).

In case of divalent ions (Ca++,M§4') the cffects of pH
on relative absorption does not appear to have becn claborately

studied. More investigations in this line arc needed.

3.242.5. Surfactants

Surfactants are used to increasc the cffcctiveness of
spray solutions applicd to the foliage. According to Currier
and Dybing (1959), the responsec to surfactants may be cdue to
one or morc of the following:

-(a) improving coverage;

(b) rcmoving air films betwcen spray and leaf surface;

(¢) recducing interfacial tension betwecn relatively polar and
apolar submicroscopic regions cf the cuticle;

(d) enducing stomatal cntry;

(e) incrcasing the permeability of the plasma-membranc through
stimulation or incipient toxicity;

(f) facilitating cell-wall movement in the region of the wall
cytoplasm interface;

(g) acting as =2 cosolvent;

(h) interacting directly with chemical soue manner;

(i) acting as humectants,
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The response of surfactants, however, vary depeﬁding on
the nature of solutc to be absorbed and plant species.
Triton x-100 for example, depressed nagnesium absorption and
improved phosphorus absorption in apple (Fisher and Walker,
1955). Tween 20 was ineffcctive in phosphorus absorption in
bean (Teubernal et al., 1957), but increased urca absorption in

apple (Cook and Boynton, 1952).

On the other hand, concentration of surfactant to be used
has influcnced the penetration of solutes applied to the foli-
age. In herbicide studies higher concentration of surfactants
has increased the herbicidal activities (Freed and Montgomery,
1958; McWhorter, 1963; Foy and Smith, 1965)., This has been
attributed to the increcased pcnetration of herbicides due to
higher concecntration of surfactants. But the concentration of
surfactant increasing to a certain stage only has shown
progressively increasing penctration; heyond this there may not
bc an additional effect, Onc recason may be micelle formation
by the surfactant molecules when the surfactant concentration
cxcecds a critical lcvel in an aqueous systowm, This critical
micclle concentration (cmc) is associated with abrupt changes
in many characteristic properties of the surfactant (Furaidge,
1959; and Jansen et al., 1961). These changes in properties
may affect such phecnomcna as penetration, translocation and

biological activites of the growth regulators.

Also, it has becn recognised that toxic substances whether

additives or herbicides, if uscd in higher concentration,can
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block phloem translocation (Leonard and Crafts, 1956; and

Lecnard, 1958).

Lowering of surface tension has resulted in greater
absorption (Cook and Boynton, 1952; Dorschner and Buchholtz,
1956; Frecd and Montgomery, 1958; FEughes and Frcod, 1961).
This may lLe duc to incrcaserd wettability of the lcaves.
However, the rceults of Freed and Montgomery (1958), Hughes
and Frccd (1961), Foy and Smith (1965) indicate¢ that the
lowering of surface tension hzs not always cenhanced the
penctration, rather interaction of surfactant with the species
of moleculy to be absorbed is more important. Wetting secms
to be inportant for penetration, but on soue leaves (B,
vulgeris and Becan) spray load can te reduced by the usc of
wetting agents (Blackman, 1952; Koonz and Biddulph, 1957).
The thinner adherent films also dry worc quickly (Koontz and

Biddulph, 1957).

3.2.2.6. Hunectants

Humectants increase penetration by preventing the drying
of spray doposits and also by incrcasing cuticular permeabil-
ity (Holly, 1956; Sivadjian, 1956; and Gray, 1956). Use of
glycerine has incrcased the absorption of phosphorus by apple
leaf; (Fisher and Walker, 1955) bean leaf, (Koonz and Biddulph,
1957); and has incrcased the absorption of chlorophenoxyacetic
acids by leaves of sun flower and oats (Holly, 1956). The use

of gljcerine also has increased the herbicidal activities of
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sodium argenate, ammonium sulfamate and sodium trichloro
phenoxyacctate. The glycerine used at the concentration of
2.5% gave much kill as 10%, while 1% glycerine gavc somewhat

poor result, but wes better than without glycerine.

Use of carbowax has incrcased the penctration of 2, 4-D
(Rice, 1948; Ennis and Boyd, 1946), and molasses of DNOC

(Fogg, 1948).

Gray (1956) found glycerine an excellent agent in
increasing the penetraticn of streptomycin in the leaves ofa
number of crop plants (bean, tomato, pepper and tobacco).
Sorlitol, diethylene glycol, and other polyhydroxy alcohols
werce also effective in incrceasing the conccentration of
streptomycin inhlean leaves, but they were not as effective as
glycerine. Glycerine also increased the effectiveness of
streptomycin in controlling common blight disease of beans in
the grecnhouse. Absorption increased with time from sprays
containing glycerine, while there was little incrcase in
absorption with time from sprays containing no glycerine, This
indicated that glycerinec kept streptomycin in solution for a
longer period of time and hence resulted in greater absorption,
while streptomycin solution without glycerin dried quickly and

rcsulted in less absorption.

Gray (1956) has cxplained the possible mechanism by which
glycerine has increcased the absorption of stmptomycin,

According to him, the increased absorption of streptomycin
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is due to the capability of glycerince in kceping streptomycin
in the solution and bringing in close contact with leaf sur-
face for a longer period of time and 2lso by increasing the

cuticular permcadbility.

About the concentration of glycerine, use of 1% glycerinc
resulted a 10 fold increasc in absorption of streptotrycin in
a 24 hour absorption period, thc usc of 0.5% glycerine caused

a 6.1 fold incrcase and 0.2%¢ glycerine caused a 4 fold increase.

3.2+.2.7. Solute characteristics

Generally, plants nembranes arc more pecrmeable to non-
polar compounds than to the polar compounds. Inorganic
compounds, acids and bhases and salts are characteristically
polar. Among organic compounds, those having "paolar groups"
arc polar in behaviour. Thesc polar groups include - OH, -

COOH, - NH,, - CHO, - CN, - CONH, - SH, and NCS and also any

>
group that contains double or triple bonds. The alkyl groups
- CH3’ - 02H5’ etc. are typically ncn-polar compounds and of
course the hydrocarbons arc among the most non-polar compounds,
Membranc permeability is also closely related to polarity that
the substitution of a non-polar group for a polar group within
the molecule nay greatly incrcase the rate of penetration,

although the molecular sige may bec then increased (Curtis and

Clark, 1950).
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Thc penetration of inorganic ions varies with diffcrent
tissues and? depends on the particular salts used. In general,
however, nonovalcent cation and anions such as K+, Na+, Br,
and C1~ penetrate faster than divalont ones such as Sr'P,
ca*t, and 504_-, and thc latter morce rapidly than trivalent

ones. With acid and bases, the strongly disscociated HC1 and

KOH penetratc slowly, whilc weak ones such as H2003 and NHQOH

move into the cell rather rapidly.

3.3. The citrus leaf

An explanation of the morphological and anatomical
considerations of citrus lecaves is necessary to understand the
penctration of spray material into them, Webber and Batchelor
(1946) have described the oranfe and lcmon leaf as a coupound,
unifoliate type, oval to obleng in shape, and renaining on the
trec for two seasons or more, while the sizc of the orange leaf
at maturity may bte 3 to 5 ¢ in breadth and 7 to 12 cm in

lenght.

Scott ct al. (1948) have given a detail account of the
developaent of the Valencia orange leaf. Growth in blade
length and width has been found to start during the spring
flush growth and continued up to 130 days. During this tinme,
two distinct phases of increascd gowth have been abserved.
The first one after 13 days, then there is a short period of
decrease in rate of leaf expansion, which is of 6 days. Then

a second period of rapid leaf expansion starts and continues up
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to 128 days. Thesc two phses of rapid expansion coincide with
the spring and fall growth flushes. It has becn obsecrved that
the rate of incrcasc in blade lenght is greater than the rate
of increase in blade width. The rate of leaf thickness Zuring
the first 65 days is relatively morc rapicd than the rate of
incrcase in either Dblade length or width. Full thickness is

attained in 80 days.

Anatomically, the general structurc of the lemon and
orange lecaf, according to Webber and Batchelor (1946), is
similar to that of dicotyledonous plants. The outer walls of
the epidermal cells arc cutinized and coated with wax (Turrcll,
1947), which is secreted through a minute cannals similar to
those found in fruit rind, Often scveral layers of mesophyll
cells arc noticed. Palisadc cells gencrally develop large oil
glands and calciun oxlatc crystals. Halma (1929) obscrved that
the ratic of the thickness of palisade tissue to the thickness
of the leaf is rather constant for any variety and species of
citrus. However, the ratio differs from species to specics.
For cxample, leaves of lcocmon groups have 20% higher valuc than

that of orange lcaves.

Stomata have been found mostly on the lower surfaces of
the leaf and cccasionzally on the upper surfaces, especially
over the major veins. Stomata develop in the very early stage
of leaf growth and the production of stomata stops when the
young leaves attain Zth of their final size (Reed and Hirano,

1931).
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The density of stonata has becn found to be devendent on
climatic conditions. Citrus species or varicties grown in hot
and arid regions have greater number of stomata in the leaves
than those grown in coocl regions (Bahgat, 1923), according to

Webler and Batcheleor (1946).

Hirano (1931) has made an extensive study of the density
of stomata in the lcaves of various spocies of citrus and
rclated gecnera. His observations indicate that the citrus
species growing in the tropics except grapefruit and lemon
have more than 500 stomata/sq.mm, while those outside the
tropics have lower density of stomata/sq.mm., except

c. aurantofolia and c. cambrovioxora. Rced and Hirano (1931L

on thc other hand jexamine? the distribution of stomata on the
leaf surfaces of lemons and oranges and found the grecatcst
density in the middle of the bladc and the least at the hase.
Also, the density of stomata was greatest on the leaves near
the apex and the least on the leaves situated 1/3rd of the

distance from the lase to the apex.

Turrell (1947) has studied the detailed structure of citrus
stomata, their comfosition and pore size in relation to the
penetration of liquids, Hids drawing indicate that the resinous
stomatal plug nearly fills the cutinigzed stomatal chamber and
the space remaining hetween the plug anl the chamber wall is
about O.E/u. At the hottom of the chamber, a stomatal tube

connects it to the substomatal chamber. The measurement of the
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pore size (Length =znd breadth) indicate that the citrus species
differ in pore size (Table I). Also individual lcaves,depend-
ing on their size,differ in pore size. For example,amidile
size Eurcka lcmon has a greater pore arca than that ofdsmall

size Bureka lomon (Table I)

Turrcll (1947) has pointed out that fr-m the cronsiderations
of contact angles and canillarity, there is little or no pene-
traticon of rain water through the st-nata of citrus leaf.
Hoviever, oil sprays, anc¢ the sprays of inecrganic salts con-
taining suitable wetting agents nay penetrate rendily through

stonata,



Table I. Stonatal pore sizes of citrus leaves (Turrell, 1947)-

Nunmber Pore length Pore width ;Avcrage;ﬂve}éée
or | u porc porec
(/ ) (/U) . N
Kind of leaf |pores Leaf Maxi- Mini- | Maxi- Mini-| peri- arca* .
mnea- Size Average | mun mun Aver-ge rum mun moter* (/ua)
sured ! (/u)
+ 2
Furcka lemon | 50 Mediunm | 7.0441.73 | 12.4]| 3.5 [3.084.9%] 5.9 |1.2 | 17.1 | 17.0
Burcka lomon 50 Small 7:1% Zali] 2 2.07 5.9 1e2 16.5 11.6
Marsh grape ;
fruit 50 Medium | 8.0641.59 | 12.0 | 47 2.030 450 DD 1e2 185 i 1%.2
Valencia ;
crange 70 Medium | 8.9143.10 | 14.2| 5453 %.804.98 6.5 1.8 2145 E 26.6
Washington i
Navel {
| 8.7
|

orange 50 edium | 4.78+0.86| 8.3| 3.5 [2.22+.52| 4.7 | 1.2 | 11.8

# Considering the stomatal pore as wun ecllipsc, + standard error




49

3.4. Uptake of nacsnesiun by leaves of Citrus and other érops

3.4.1., Glass house and laboratory Studies

3ehels1s The effect of different w:incsiun salts on

nagnesiun absorpticn

Fisher and Walker (1955) rrew once year-budded McIntosh
apple plant in a glasshouses The plants were grown in pots in
a sand culturc. Only cnc bud was gfrown to cbiain fairly large
size leaves. A single spray of a known anount of tﬁsnesium
corpounds on the lower surfaccs of the leaves was done. After
a given interval of tine, the lcaves were rencved from the
tree, washe? and the wash water was analysed. The asocunt not
reccived was consicdered to be absorbed by the leaf. The data
was presented as apparent percentage abscorption, which
desisnated the percentage of applied material not reccvered by
the wash soluti~n and assuned to have beon absorbed by the

leaf. ;

Ariong five nagnesiun conpounds tested, MgCle.Gﬂao,

(CH cOO)z.ngH 0 or Mg(NO

3 2 3020
ticn than MgSOA.?HZO and Mg Hh(PO

GHZO shcwed high ratc of absorp-
4)2 (Table 2), Magn031up
absorption froo Mg HQ(P'O)2 tended to be sleower than MgSOh.?Hao.
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Tatle 2, The effect of differcent magnesium s2lts on
magnesiun abscorption. All sprays have the magnesiunm
equivalent of a 5% MgSO4.?HZO solutian (gpparent
% magnesium absorption 24 hours after application).

Fisher and Walker (1955),

! I. Replications Average
I II
MESOM.7H20 9.1 | e 8ol
MgCla.GHZO 63.9 69.3 66.6
(CHBCOO)2°MQXH20 29.8 4.2 32.0
a
Mg(NOB)Z.GHZO 62,3 79.7 71.0
8 leaf injury

Hagler (1957), in order to test the uptake of different
rnagnesium compounds, used Mucadine grapes, which were grown in
a glasshouse. Plants werc sprayed thoroughly to cover beth the
sides of the leaf. Samples were taken 20 hours after spraying
and again one nonth later. Sanpled leaves were washed in a one
per cent hydrochloric acicd solution, rinsed with distilled
water and analysed for magnesium by the Titan Yellow method of
Peach and English (1944). His results indicate that magnesium

uptake from Mg(NO .6H20 and MgCla.6H20 were higher than

302
Mgsoq.?HZO and other sources of magnesium, After 20 hours of

spraying the concentration of magnesium in the leaves of the
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ants sprayed wi Mz o6 d Mg . a . and
plants sprayed with WJ(NQE)E JH20 an MLCla 6H20 was 0,51 an
0.54% (dry wt. basis) respectively ancl that of Musoh.?HZO was
only 0.10.

Thu%_thc results of Fisher and Walker (1955), and Hajler
(1957) indicatc that the rate of uptake of maznesiun from

MS(NOE)Z'GHZO and M;ClZ.GHEO was hicher than that cof MgSOr.?HZO.

L
3.4e1.2. The effect of different spreaders and hygro-

scopic agents on nagnesium absorpticon.

Fisher and Walker (1955) used apple plants gr-wn in a
nanner described in the scctin 3.4.1.1e Sproying, sampling
ani analysis ~f magnesiunm techniques were the sane as nmentiocned
in that scection. Plants were sprayed with a 5% Mgsok.7H20
sclution in which Tween 85, Triten X100 and Tergitel were
included, The results given in Table 3 indicate that the
Triten X100 alncst completely preventeld nagnesium aksorpticn,

while the Twecn 85 and Tergitel both resulted in about 25 per

cent apparent absorption in a 24 hour periocd,
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Table 3. The effect of threc different spreaders on magnesium
ahsorption from a 5 per cent MgSOh.?HZO spray
application (apparcnt percentage of magnesiun
albsorption). Fisher and Walker (1955).

|Treatment chlications Average
T | 2 3 & 5 6
Tween 85 3405 | 33.4 | 28.4 | 25.8 | 14.2 | 4.1 2541
TritonX100 1.0 Tolt 3.0 Tel 0.0 0.0 24
On the other hand, the inclusion of hygroscopic agents

(glycerine, carbowax, or nethyl cellosolvc to a mixture con-

taining Tween 85 and MgSO

absorption (Tablec 4).

I

.7H20 2id not incrcasc the magnesiun

Thus, it secns that the hygroscopic agents had no ceffect

on absorption if a spray contained Twecen 85.

But there is

quite a possibility that thesc hygroscopic agents might have

had effect in ahscorption if Twecn 85 could not havc been

includecd in the spray nixture.
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Table 4. The cfiect of glycerine, carbowax, and methyl
ccllosclve on magnesium absorption from a 5 per cent
MESOA'?HEO spray application (apparent percentage

of nagnesiunm alsorption). Fisher and Walker (1955).

Trcecatment Average

Tween 85, 1 drop/50ml (check) 20,4 &

Carbowax 1%

Methyl cellosolve 1% 16.6
Glycerine 2% 21.1
a

Differences betweecn treatments not significant.

Zslta1.3. The rate of magnesium sabscrption,

In this study too, apple plants grown in a manner
described in the section 3.4.1.1. werc used by Fisher and
Walker (1955). Spraying, sampling and magnesium analysis.
techniques were the same as ncentioned in that section., Within
an hour after application, 20 per cent of nagnesium from
MgSOh.?HZO, was absorbed by leaves (Table 5). Absorption was
very slow after the first hour and there was no apparent
increase in absorption up to the six day period (Fig. 3).
Inclusion of urea in a 5 per cent MgSO4.?H20 spray had no

effect on magnesium absorption (Table 5).
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Fig. 3. The rate of absorption of nitrogen, phosporus,
and magnesium from sprays applied to the lower

surface of McIntosh apple leaves(Fisher and Walker,1955).

80~ N from Urea

P from KH,PQ,

Mg from MgSO.7H.0

PERCENTAGE  ABSORPTION
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Table 5. The rate of mapncsium absorption over a
12 day period (apiarent percentace of narnesiunm

absorption), Fishcr and Walker (1955).

Absorption 5% E-‘I-jSOLlr

time I Il IIT Ave, I EE iIIT Ave.

.7H20 5% MGSOL}.?HZO-&- £6% urea

1 hour 21,0 1946 19.0 { 19,2 17.5 17.8 [16.5 17.3
5 hours 16.0 19.6 2245 |21 | 20,5 | 20.5 (245 21.8
& hours P3.6 | 22.5 27.5 [24.5 | 20.5 17.0 18.3 18.6
28 hours ([19.4 17.8 2145 [ 19.6 19.4 | 20.5 [22.9 | 20.9

6 days 14.7 6.6 11.1 | 10.8 1843 11.7 - -

12 doys P27 30,0 L L 3206 3306 L3.4 - -

-

“One of the 5 lecaves was Lrokcen off befaore

the desired time interval,

3elielelie The effect of spraying at different hours

of thc day

Oland and Opland (1956), in order to investigate the
cffeet of spraying at 2ifferent hours of the day, used the
Norwegian applc variety Terstein., Plants werc grown partly in

the nursery an? partly in grecnhouse, when it was nccessary to

avoid rain on the plants., Each single leaf used in the experi-
nents was sirayed scparately with a hand atomisecr., Both uprer
and lower surfaccs of the lcaves werc sprayed with a 5 per cent
Mgsoq.?Hao solution. Before analysis, the leaves were wiped

with a dot of cotton wool repeatedly wetted, and rinsed in

e " ;LB
distilled water., Then lecaves were dried at 75°C to a constant wt.
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and analysed for magncsium by titration, used by Cheng and

Bray (1951).

Spraying had becn done eithey in the carly afterncon or in
the evening. No significant difference in absorption of
nmagnesiunt by the leaves was noticed when Mgsoh.7H20 was sprayed
during the day, but the cevening spraying showed a large and

highly significant uptake (Table 6).

The large uptake of magnesium by apple lcaves from cvens
ing sprays led Oland and Opland (1956 to conclude that ion
cxchange as a mechanism is involved in the absorption; there-
fore the diurnal shift in acid production wight influence
nagnesium uptake. Internal rclease cof hydrogen ions for
exchange would be most likecly to occur after the probable shift
in the production of organic acids @uring the evening.

lon

Besides the hydrogen /exchange hypothesis of 0Oland and
Opland (1956) for the large uptake of magnesiun from evening
sprays, the high humidity during the hours that followed may

also be responsible for large uptake of magnesium,
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Table 6. The effect of Mgsoh.?HEO solution applied
at different hours during the day (0land and

Oplan, 1956).

Time of spraying Control. | 2.30 T.M. | 9.00 P.M. L.S.D.

Absorption time hours 0 23 23
Mg content, m.c/100g

dry nmatter 11.1 13.2 2.3 4,38

3eltel.5. The offect of nitrogen level

Plants adequately supplied with nitrcocgen absorb more
nagnesium both from scil and foliage application than those
suppliced with less nitrogen. The work of Forshey (1963) would
illustrate this point. A sand culture experiment with 2N and
3 Mg treatmcents in factorial combination was conducted. High
and low nitrcgen (1N and 4 N rcspectively) and Mg as none,
foliage, and soil treatments (OMg, FMg, and SMg, respectively)

were applied as follows.

Synbol Nitrogen Magnesium

1/8 N - OMg 2.5 ne/liter None

1/8 - F Mg 2.5 me/ " 5 Epson salts sprays

1/8N - SMg 2.5 ne/ M Samec amount in the culture

soclution as applied to the

foliage of thce FMg trees.

1 N-0Mg 20 me/liter None
1 N - Mg 20 me/ M 5 Epsom salt sprays
1 N - SMg 20 me/ " Same¢ amount in thc culture

solution as applied to the
foliage of the FMg trees.




Onc year-o0ld McIntosh apple trecs on EM XIII root stocks
were planted in 4 - gallon plastic pails in silica sand. All
shoots were rcemoved after planting and the trunks were cut to
uniform height, Each trcatment consisted of six replications
and the trees were arranged in randonized block design on the

benches of an unheated glarshouse,

Treces were fed twice daily with culture solution containing

211l essential elements except nagnesium,. Spraying of magnesiun
sulphate was not done till sufficient leaf area had developed

to make s»raying practical. Trecs werc sprayed with a.t.5%
MgSOg.?HZOsslution cnce ~ weels nnd nltogether 5 spras were done,

After cach application the average volume of the MgSO °?H20

Ly
applied per trece was calculated and corrected for run-off and

the same volume of M3804.7H20 solution was added to the culture
solution of each of the SMg trecs. Sampled leaves were washed

with distilled water containing mild detergent and analysed

for N, Mg, K, P and Ca.

Results indicate that leaves of high nitrogen trees (1 N
trees), on an average, contained 2.14% of N (dry wt. basis)
while low nitrogen trecs (4 M trces) only 1.36% of N (dry wt.
basis). In total, high nitrogen trees contained more than

thrce tines as much as the low nitrogen treecs and this
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differcence in nitrogen content rcesulted in difference in dry
weight of 60.8%. Leeves ond shoots were found to be differed
greatly in growth and the weight of both in high nitrogen
treatment was three tines that of those in low nitrogen treat-

ment.

This differcnce in nitrogen status had effect on nagnes-
iuvum abscrption. Low nitrogen trecs alisorbed very little
pagnesium from the culture solution and did not ahsorb a
neasureable amount from the Epsom salt sprays. While high
nitrogen trees sbsorbed consiierable magnesium from both soil

and foliagc applications.

The increasc in magnesium absorpticn by high nitrogen
trecs has been attributed to the incrcased growth of high
nitrogen trecs. But Forshey (1963) indicates that, it does
not give full answer to the differcnce Liecause the dry weight
of the high nitrogen trees was 67.1% greater th-n that of the
#N trees, but the increcase in magnesiun content was 111%.
However, Forshey (1963) concluded that the greater response of
nagnesium sprays by high nitrogen trees may be due to a

combination of three factors.

First and forcmost, the high nitrogen trees absorbed more
magnesium from sprays than low nitrogen. Sccond, the low
nitrogen trecs worc incapable of absorbing considerable amount
of magnesium from sprays, and thirdly, the greater absorption

of magnesiun by high nitrogen plants might be attributed to the
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increased concentration of magnesium in the leaves,
3elte1.6. The effect of nagnesium level

In general, low supply of magnesium in culture solution
results in low concentration of magnesium in the foliage
(Ford, 1966; 1968 and Swith et al., 1954). But increasing
concentration of magncsium in culture soluticn increases
nagnesium uptakce to a certain stage only; after that the
curve ohtained is less stcep, This can be secn by citing
Ford's work (1966). Ford (1966) grew one ycar-rootcd shoots
of apple M.VII root stocks for a single season by supplying
L lcvels of magnesium (L3 pp:, 10 ppam, 45ppm and 135 ppn).
These werc designatel as a scvere deficiency level (Mg(c))

a borderline deficicncy level (MG(I)) and adequate level
(KG(Z)) and a high level (ME(B)) respectively. The treatments
affected growth form an? also nmineral composition of the trecs.
MQ(O) plants developed severe nagnesium deficicncy and the
growth was dcprossed. Mg(1) plants also showed depression in
growth, but the magnesium deficiency was milder. Mg(z) plants
had ncrmal zgrowth and foliage. Mg(3) plants had darker and
greener foliage than Mg(z)plants. No symptoms of toxicity
developed in Mg(B) plants, but the mean dry mattcr accumulated
hy thcse plants was less than Mg(a) plants. Thec results
indicate that magnesium uptake incrcased from ﬁ%{gﬁeto Mg(a)
but above this level the graiient of magnesium/in relatiom to
supply was less steecp and this led to the conclusion that its

supply was no longer a limiting factor and an exeess
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uptake causcd thec reduction in growth at this high level of

negnesium,.

Ford (1967) studied the offect of 2ifferent levels of
s0il magnesium on uptzke of magnesium from foliage application.
He grew one ycar-rooted shoots of M.VII apple root stock for
a single scason by spraying their roots continuously with
nutricnt soluticns containing either < 3 ppm Mg (Mg(o)) or
45 ppm (Mg(e)) to give respectively very deficicent or healthy
plants. Th¢ new shcots of half the plants in cach of these
treatnents were dipped periodically in a 2% solution of
MgSOQ.?Hao plus non-ionic wetter. The Mg(a) plants absorbed
nore magnesium than (Mg(o) plants i.c¢. thc nagnesium in the
leaves aof Mg(z) plants was increased by approximately 0.25%
of dry weight, whilec the concentration of magnesium in the

leaves of Mg(o) plants was increased by 0.16% (Table 7).

This led to the conclusion that the Mg(o) plants were
either less capable of al'sorbing magnesium than those whose
roots were well supplied with wmagncesium or they translocated

norc of the absorbed magnesium.
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Table 7. Mean concentration of elements (% dry wt.)
in leaves (Ford, 1967).
| Elcment Mg (o) ME () Sig. diff.
Undipped Dipped Undipped Dipped
Per cent Mg 0.09 0.25 0«27 0«52 0.06
v N 3.36 3.89 3.68 3.81 NS
" K 1.90 1.7 1.64 1358 NS
n Ca 0.67 0.71 1.06 0.85 NS
ppm Fe 186 129 120.0 98 68
" Mn 4L7.9 58.0 48.1 42,7 NS
" Cu 6.90 Sh.45 4450 4,50 1.65
3.4.2. Plant responses to field conditions
3.4.2.1. Recgvonses to citrus

In citrus, magnesium has been applied both Ly soil and
£~

foliage applications and responses arc variable.

In acid soils of Florida, soil applications of dolomite

and magnesium supohate were effective in correcting magnesiunm

deficiency of citrus (Camp, 1947;

in California,

Reitz et al., 1954).

But

the use of dolomite in stony sandy loam soils

was not effective and did not increase the magnesium in leaves

of Valencia orange, while wagnesium sulphate was effective and

increased the concentration of magnesium in the leaves

(Embleton et al., 1956).

McColloch et al., (1957) was able
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to incrcasc magnesium in the leaves by so0il application of
magnesium sulphate to the light textured soils in California,
However, in heavier textured scil (higher exchange capacity),
cven massive application of Epsom salts (195 1lbts per tree)
was not cffective in increasing magnesium in the lcaves
alequately. Haas (1948) obtained only temporary or no effect

by the application of MgSO '7H20 to the light textured soil in

L

California,

In South Africa, so0il application of dolomite and magnes-

ium sulphate produced very little response (de Villiers, 1942).

Coning down to the foliagc application of magnesium salts
in Citrus, Epson Salt spray has only little effect in correct-
ing magnesium deficicncy in citrus (Haas, 1948). According to
Embleton and Jones (1959), the results oltained by Heymann-
Herschberg in Palestinge and Trait in Florida were also the
samc as Haas (1948). However, in South Africa, a 2 per cent
suspension of fincly ground burnt dolomite (calcium magnesium
carbonate) was effective as a spray (de Villiers, 1942). In
South Africa, zinc and magnesium deficiency often occur in the
samc orchard. In such cascs, zinc and magncsium are applied

in the samc spray (5 to 10 1lbs of ZnSO, and 20 1lbs of dolomite/

I
100 gals of water).

On the other hand, magnesium nitrate sprays have been

quite effectivec in incrcasing magnesium concentration in the



6l

leaves and reducing visual symptoms of deficiency. Two sprays
of magnesium sulphate at 10 Ibs plus calcium carlonate 10 1hs/
100 gals, increased leaf magnesium in mature Valencia orange
lecaves from 0,14 to 0.19 per cent of dry weight (Strauss,
1963), and when applicd annually feor 2 to 3 years at 600-

1000 gals/acre when the spring growth was 2/3rds fully

expanded, corrccted magnesium deficiency (Beutal, 1964),

Emtleton and Jones (1959) were alle to correct magnesium

deficicncy of Valencia orange trees by Mg(NO 6320 spray

3)2:
applicd at the rate of 10 1lbs/100 gals of water, when the
spring fluch of growth hal about 2/3rds expanded. They found
substantial increase of magnesium in the leaves from such a
spray (Tatle 8). Magnesium deficiency symptoms in leaves
were practically removed in six months and leaves Lecame

a deeper green in colour. Mesgnesium chelate at the rate of

4 to 5 1bs/100 gals was not as effective as magnesium nitrate
at 10 1bs/100 gals in increasing magnesium concentration in

the leaves or in eliminating visual symptoms of magnesium

deficiency.
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Table 8. Effects of magnesium treatments on the coﬁcentration
of magnesium in the¢ leaves of Valencia orange
(Embleton and Jones, 1959).
Trecatment Trcatment Mg as % dry wt. of leaves @
No. ?/2/59 10/25/59  5/14/58
1 Check 0.18 0.202° | 0.16%
2 M3SO, . 7H,0 on s0il 0.19 8 .23 0,162
3 Mg(N03)2.6H20 spray | 0.20 0.33d 0O.22c
b Mg-chelate -
- |Me(N0,),.6H,0 spray | 0,18 | O.2be | 0,18
5 Micronutrient - Mz
chulate -
Mz(NO5) 5. 6H 0 spray | 0.17 0.25¢ 0.20%c
6 Micronutrient spray 0417 D.212 0.15a
Significanced NS * % * e

a Each value is the mean from six four-trec plots

¢ Subscript letters a, b, ¢ and d after mean values - indicate

populations at the 1% level of probability.

Mean values arec

statistically different if they do nmot have a common script

letter after the values.

** Tndicates statistical significance at the 1% level or higher.
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3.4.2.2. Miscellancous rcsponses

Magnesium sprays have hecn applied to 2 number of fruit
trees as well as vegetaltle crops in order te supply their
magnesiun requirements, and to reduce or prevent the magnesium
deficiency. Expericnce with apple trecs indicates that the
Epson Salt (Mgsou.?HZO) sprays have been quite promising in
incrcasing magnesium in the leaves and in reducing visual
symptoms of deficiency (Boynton et =2l., 1943; Southwick and
Shaw, 1944; Boynton, 1945; Chuka et al., 1945; Southwick
and Smith, 1945; Woodlridge, 1955; Ford, 1964; Forl gt al.,
1965; and Nagai ot al., 1966)

Weber (1966) working with a numbter of fruit and vecgetable
crops, was 2able to corrcct potassium induced magnesium defic-
iency in the ficlds by hoth foliage and soil application of
magnesium sulphate., Apples cherries, tomatoes, cucumbers,
cauliflowers and brocelli hn? all been responsive to Epsom

salt svrays.

Nichols (1948) prevented magnesium Adcficicncy in tomatoes

by five applications of two per cent Epsom salt sprays.

Scott and Scott (1951) werc able to prevent magnesiunm
deficiency in several Bastern Bunch grape varieties by 4%
Mgsoq,?HZO sprays; whilc scil application of 2 1lbs/trec of

MgsSo ’?HZO was not effective. The concentration of magnesium

L

in all the sprayed vines was higher and the soil application
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had no effect on thc concentration of magnesium in the leaves

(Table 9).

Loft (1948; 1952), prevente?d latc summer chlcorosis of
James and Scuppcrnong grape variety, by injecting Mg504.7H20

solution into the vines.

Bingham (1963) was not able to observe responsive
geffects on avocado trees, by the use of 1.2% magnesiun nitrate
sprays application; however, higher concentration i.e. 3.6 to

4.8% of MgSo 0 sprays was cffective.

B
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Table 9. Magncesium concentration in grenc leaves as affected

by spray and soil application of MgSO "?HEO

I
(Scott and Scott, 1951).

| i Por cont magnesium in lecaves |
i - . E (dry wt. ‘:asig) _____ |
Seletion No. | Treatment | July 29 I Sept. 6| Get. 4
UsS. 519 - 6 Check 0.09 i 0.19 0.07
Mg spray 0.13 0.23 0.12
Mg Soil 0.07 0.09 0.05
US. 519 - 10 | Check 0.10 0.10 0.04
Mg spray 0.05 0,17 0.10
Mg soil 0.11 0.10 0,06
US. 4017-22 | Check 0. 2L 0.30 0.23
Mg spray 0. 29 0. 50 0. 40
Mg soil 0.23 0.26 0. 26
US. 520 - 2 Check 0.13 0,10 0,07
Mg spray 0.22 0,35 0.16
Mg soil 0:17 0.16 0.09
US. 4032-16 Check 16 O 14 0,08
Mg spray 15 Q.28 Q.30
Mg soil 0.16 0.18 0.18
Mean 5 selec-| Check 0.14 0.17 0710
tions Mg spray 0.17 0.29 0.22
Mg soil 0.15 0.6 0,13

L.S.D. 5% level between individual reading 0.13 between

treatment means0.06
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3.4e2+35. The effect of nitrogen level.

Plants have leen reported to absorl more magnesium both
from soil and foliapge application of magncesium salts if they.
are afequntely supplied with nitrogen. Increasing the soil
nitrogen level, cven without addition of magnesium in any
form, has rcsulted in increasc of magnesium in the leaves of
apple (Boynton and Cowpton, 1944; Cain and Boynton, 1948;
Wecks ¢t 21., 1952, 1958 and Cain, 1953), of Pecach (Ritter,
1956) and of strawhberry (Victor et al., 1967). While differ-
ential supply of nitrogen fertilizers in the soil along with
nagnesiun salt resulted in greater uptzke of magnesiuu by
leaves of citrus plants, which were supplied with high nitrogen,
and the growth of plants slightly increased from those
supplied with low nitrogen (Rcuther =znd Smith, 1950; 1952),
Forshey (1959) obscrved that level of nitrogen in soil had no
effect on the concentration of magnesium in the foliage of
McIntosh apple trecs that received no magnesium sz2lt spray.
However, in the treatiments that received cven one spray of
Epsom salt, increasing nitrogen supply in the soil increased

the concentration of magnesium in the foliage (Table 10).

3elbe2elts The effect of magnesium level

Differcntial supply of magnesium fertilizer in soil has
affected thc uptake of magnesium in citrus. Plants highly
supplicd with magnesium fertilizers have also shown high

concentration of magnesium in leaves (Reuther and Smith,
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1950; 1952). Differential supply of 1olomitg however, did not
increase magnesium concentration of Valencia orange leaves,

but Epsom salt did incrcase (Embleton ct 2l., 1956).

Tatle 10. Nitrogen and mincral content of McIntosh apple
lcaves from trees rcceiving three level of nitrogen
fertilizatinn and three Epsom salts spray trcatments

in factorial comhination (Forshey, 1959).

Treatncnts % dry wtebasis *
N Mg | K Ca P
N1M31 1.76 0.12 141 0.70 0.21
N Mz, | 1.97 0.13 125 0.82 0.19
N3ng1 2.30 0.13 1.22 B.71 0,18
N, Mg, 1.86 0.13 1.hlh 0.75 0419
N Mg, 2.12 0,17 1.30 0.78 019
N1Mg3 1.90 015 1.34 0.72 0.20
N3M53 2.53 0.22 1.26 0.72 0.20
L.S.D. 5% 0.18 0.02 NS NS S
1% 0.27 0.03
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Symbols: - N in 1lbs. Epsom galt gprays
N,Mg1 0 0
N 2M{31 5 0
N3ME1 1% 0
NTM,Q;'2 0 1
NaMg2 + 1
NBMEE 1% 1
NIMg3 0 3
N2M53 3 3
NEMg3 13 3

3.5. Marnesium mobility studies

Many workers sup_ort or claim nagnesiui mobility in
plants, whilc others o not. Findings arc contradictory.
Phillis and Mason (1942) and Ford (1968) claim that frequent
marnesiun deficiency in loder leaves is duc to redistribution
of magnesium from older lcaves to younger ones. Ford (1966)
on the other hand, stated that external supply of magnesium
affected redistribution of napgnesiun in apple plants.
Marnesiun moved from, or accunulatcd in, the lower leaves of
the shoots according to the level of nagncsium supplicd to the
rlants., In deficient plants magnesium moved from lower leaves,
whilc a high supply of magnesium led to an accunulation of
magnesium especially by the lower or middle leaves. Increascd
cxternal supply of masncsium caused pronouncec cffect on

nagnesium concentration in the lcaves, stcoms and roots (Table 11)
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The councentraticn of magnesium in the leaves was incrceasec
five fold, in the stems two fold and in the roots almost four
fald., Forshey (1963) observed that nitrogen status of leaf

1

not only affected the macnesium absorpticn, but also affected

its distribution.

However, Ruck and Gregzory (1955) reported that magnesium
was not realily transported from the leaflets of rooted potato
leaves to the tissues of a shocot arising from the bud sub-
stended by each leaf. Neales (1958) couls not find signif-
icant translocation of magnesium from the older lcaflets of
clover to the ycunger lcaflets formed on stolons after the
transfer to the magnesium deficient medium. Thus, Neales
(1958) concluded that in the leaf growing under magnesiun
leficient conditions, there is 1littlec or nc addition to the
active component of leaf magnesium by translcocation, chlorophyll
degradation proceceds, and the chlorosis typical of masgnesium
deficiency appears. In order to precvent chlorophyll break-
down, Garner ct al. (1930) concluded that total magnesium
content of the tobacco leaf must Le several times greater than
the quantity present in the chlorophyll. Batzer et _al. (1952)
concluded that masnesium was not transported from apple lecaves,
the concentration of magnesium in these leaves at leaf fall
was 0.38% Ary weight of lcaf which is considered to bLe high
level. Buckovac gt al. (1960) could not find translocation

of foliar applied Mg28

out of treated primary leaves of seed-
ling or fruiting bean plants within 24 hours. Buckovac et al.

(1960) concluded that magnesium deficiency may develop in



Table 11.

Mean concentration of elements (% or ppm dry wt.) in leaves, stems and roots (Ford, 1966) -

|

i Leaves } Stems Roots

i Element | Mg(q) Mg(qy ME(oy ME(4) iif S%E;EMg(O) Mg qy M8 o) M8 iif g%g;$ng(o) Mg (1) ME(o) ME(s) ;if gfg;

é ﬁiit Mg | 0,10 0.16 0.26 0.52 0.08 ;0.05 0.06 0.09 0.1 0.02 i0‘06 0.12 0.16 0.22 0.03

i 1N ? 0.76 0.31 06.96 0.69 0.19 £3.00 339 3.33 3.4 |
; P (0,37 0.26 1.27 0.25 0.09 {0,176 0.11 0.13 0.11 0:31 0,37 .33 0.32 0.0k

| K 11,92 1.57 1.37 1.05 0,30 I<_,c>al+ <024 <a.24 {a.2k 1.83 1.91 1.56 1.51 |
; Ca ;oj76 1.30 1.00 0.90 0.2k i0.50 0.47 0.40 0.32 0.10 | 0.37 0.50 0.42 0.35 0.15 |
E@pm) Fe .62.3 70.0 70.0 58.8 18.8 22.8 50.8 29.8 20.2 p8k.0 215.5 284.3 368.5 124.8 |
i " Mp [66.5 69.8 72.0 53.8 .5 113.3 14.8 16.3 11.0 6.6 158.0 68.8 75.3 72.0  59.8

! WOt 2.5 20 23 2.3 hio 3.0 35 3.5 7.3 5.8 7.0 8.5 1.8

v
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older bean leaves without any appreciaitle loss of magnesium

from these organs through relistricution to young leaves cr to
fruits. The following reason has becen offercd foer the develep-
ment of magncsium deficicency. Uniler the situation where
macnesium is deficient, the plants mornesium pool availa™le for
the maintenance of optimus chlorophyll synthesis hecomes limited
as the lecaf matures. Reserves may be further depressed by the
incorporation of lcaf nagnesium into the cell wall constituents
(e.g. magnesium pectate) or into other unavailahle forms; this
results in degradation of chlorcphyll and moagnesium deficiency

syuptoms appear.

3.6, Literaturc Peview Summary

The followiny 'points can be derive? from the discussion
and conclusions which have Leen covered in the literaturc

review.

1 Nutrients, herbticides and other substances can enter the
leaf when applied to its suface as sprays.

2o Nutrient sprays arc effective in some species in certain
conditions, whilec with others, few or no responscs have
becn achieved,

Bs Likewise, magnesium sprays havc been responsive to some
species, while with others little or no responses have
becn noted.

L. Foliage application of unagncsium salts appear to be
superior to soil application in increasing the concen-

tration of nagnesium in the leaves and in reducing the
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visual symptoms of deficiency.
In citrus, Epsom salt (Mgsoq.?HéO) sprays have only
little effect in correcting deficiency symptoms. Sprays

with magncsium nitrate (Mg (NO 6H20), on the other

4)ss
hand, have becn satisfactory in increasing the concen-
tration of magnesium in the leaves and in recducing visual
symptoms of deficiency.

Variations in environments, physiological and morpholgical
states of sprayed leaves affect the absorption.
Conflicting vicws exist about the mobility of magnesium

in plants. Somec support the mobility of magnesiun,

while others do not,



CHAPTER L

L. HATERIALS AND METHCODS

iowore done with & view to

investipgating the cffects of some of the factovs on

magnesium uptalic by citrus leaves. The factors studied

were the following:

(1) differont wetting agecuts

(i) difforeut concentrations of & nonionic wettiog
arrent (Terric GI9)

(

(iv) husidity

f=te

=+

) different concentratiouns of glreerine
(v) spraying at diffcrent times of the day
(vi) w=retec of uptake of nagnesiunm
(vii) different magnesium salts
(viii)leaf magnesium level
(ix) 1leaf nitrogen leovel
The effects of thesec factors on magnesium uptake
was measured as differences in the concentration of

magnesium in the lcaves after treatments.

Plants used were of two types:
(i) ©Pineapplc sueet orange seedlings and
i

) rooted leaf bud cuttings of Meyer lemous.
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The nutrient solution used in all experimecuts was that
developed by Hewitt (196%) at Long iAston Research Station
for the nutrieunt culburec of fruit trees. Thig has becn
successfully used for groving a lavge number of crops.
The compositicn of this nutriont soluticn is gliven iv
Appendix I, but wag, however, changed for cxperiment IX in
which a high nnd low level of uitrcpen were to he supplied
to the plents. This was achieved by replacing calcium
nitrate with ammonium nitrate and calcium chlorid

(Appendix 2). A low level of nitrozen was achieved by

omitting ammonium nitrate from the feed solutilon.
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The concentrated nutricut stock solution for
experiments I, II, TIX, V, VI, VII and VIII was prepared
from the salts given in Appendix I, while the salts given
in Appendix 2 werc used for experiment IX. Each major
nutricnt wes dissolved in & scparate two-litrc Jar &1l
miner nutrients, on the other hand, except ferric citrate,
were dissolved in one Jar of two litres’ ecapacity. The

fferric citrate wag stocked in a separate two-litre jar.
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L.3. Techniques used in growing pineapple swest orange
seedlings.

Sesds of

(48]
!
o
[k
m
o
1]
}_l
W
[ 2]

sweat orange were imported from
Californis iv the last week of June, 1969. Sceds were sown
on three daten, the first sowing was done in July, 1969, the
second in August, 1969, and the third in September, 19G9.
Bach time enough seeds were soun to have sufficient plants
for experiuments and for the selection of uniform plants.

2' x 1' plastic treys were used for this purpose; sand and

peat (1:1) was used for gerainoting sesds, which were

germinated in closed provapgating chawmbers, the teuperature
N - 0 - g . "

of which ranged from 70 to 75 F. ©Seeds storted germinating

two weeks after sowing.

L}c}oga ?liﬁil’ltit’lg Out

Forty days later, when secdlings had attaived, on an
average, two and a half to three inches in height, the
uniform and healthy looking seedlings were selected and
transplanted in 4" plastic pots using *sterilized sand and
peat (1:1). Only nucellus seedlings were used; embryonic

seedlings which were weaker and smaller were culled out.

# Sterilized by heating electrically to 185°F for
15 to 20 winutes.
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4e3,3., Teeling the plaats

For experiments I, II, III, V, VI, VII and VIII, the feed

solution w=as prepared from the concentrated nutrient stock

solutions of A vendiy 1 an? for ecxperiment IX, the concentrated

nutrient stock solutions of Appendix 2 werc used,

In gcneral, plants were fed thrice weckly with the feed

solution, somctincs freshly irepared and sonetinmes prerared
beforehand and stored in a netal drum painted with bituimen
paints. A 100 ul of fecd solution was aprlie” and found to be
just enourh to zllow a small loss due to drainare. It was
consilerc. that this lcaching woul” nrevent the accumulation
of salt residues and wouls also provide adequate uoisturc for

vlant growth. Heavy leachings were donc occasionally to

ensure adequate removal of any selt residues.

Lok, Growing of Meyer leomon leaf bud cuttings

Four to six months old, green, uaiform and healthy
looking leaves of Meyer lcmons were planted in sand in the
plastic trays (2' x 1' size); after trcatment with geradix B
THese leaves were kept under closed propagating chambers for
rootins. After two wecks rooting started and extensive roots
were fornmed within four wecks, The lcngth of the roots varied

from 1% to 2% inches,

* Seradix 3 contains 0.8% indobutyric acid, formulated

as a wettable powder.
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a

Each rooted leaf was transwvlante? in a 27% plastic pot.
Sand was used as the medium. Pottcd lcaves were kcot on the
henches of the glasshousc. #aterins was done cvery day.

4L,5. Exporimentnl methods

I A (I Spraying techniques

Ten days btefore the snray treatucent, feeding with
marnesium solutiocn was stopped to make sure that no nagnesiunm
would he taken by the plants through thc roots. Two days
Lefore spraying, the lcaves of cach plant were wiped carefully
with cotton wool soaked in water to remove all the dirt and
foreign matcrials adhering to the leaf surfaces. Each pot was
coveresd with waterurocf wlastic paper and the trunk was
wrapped at thc Lase with cotton wool to prevent the possilility

of contaminating the surfacc soil of thc pots by spray droplets.

Unlecss ctherwise menticned, spraying to the run off was
done in the norning with a 2.5% MQ(NO3)2.6H20 eolution with the
inclusicn of = nonionic wetting agent (Terric GN9) at the
concentration of 0.03% of zctive ingredient. A small hand
spraycer was uscd for spraying the plants. Thc concentration
of Mg(N03)2.6H20 used was 2.5% W/V, because above this
concentration foliage injury occurred. Alsg Mg(NO3)2.6H20
used at the concentration of 2;5%, resulted in a more highly
significant increase in the uptake of wagnesium as measured by

its concentration in the leaves, compared with lower conGcn-

tration (preliminary experiment).
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L.5.2s Exjerinental design

Flantg of experisents I, II, III and V to VIII viere
arranged in randomized complete block design on trhe henchesg
of the glasshouse, while those of experiments IV, VIII and IX

were arranged in split plot desigi. Each treatment in all

experiments had four replications with a single plant per plot.

Experiment T

The effect of different wetting agents on the uptake of
magnesiuvm by leaves.

Plauts used in this study were of two types:

(1) Pineapple sweet orange seedlings

(ii) rooted leaf bud cuttings of Meyer leunons.

This experiment consisted of two parts. In the first
part, pineapple sweet orange secdlings were used to investi-
gate the effects of three wetting agents on magnesium uptake
by lcaves. These threce wetting agents were:

CE) didecylmethylbromide (Deciquam 222, cationic)

(ii) sodium dodecylbenzene sulphonate (Gardilene 205

anionic)

(iii) nonyl phenol ethylene oxide condensate

(Terric GN9, nonionic)

As these three wetting agents were new products of
unknown effects on uptake, ecach was tried at one selected
concentration. As the results showed a positive effect of

each on magnesium uptake the effects of these three wettings
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as well as & forth one, phthzlic glycerol alkyl resin
(Triton B-1956, nonioaic) were further investigated in the

second part,

Here a standard curve of ;uttﬁbility of citrus leaves for
cach material (Fig. 5) was prepared with the help of a stand-
ard wetting chart made for citrus leaves (Fig. 4) by using the
techniques adopted by Conibiar and Furmidge (1965) for the
Laurel leaves. Bach material was then uszed at the concentra-
tion to give the sane degrce of wettability (80%). This cnabled
one to compare the effcct of these wetting agents on magnesium
uptake. 7To investigate this, rooted lecaf bud cuttings of
Meycr lemons were uscd. Leaves were dipped in the trestment
solution and sompled after 24 hours. Before the leaves were
dipped, the vot of each individual leaf was covered with a
piecec of waterproof plastic paper to prevent the contamination

of treatment sclution with the surface soil of the pot.

* Wettability refers tc the proportion of 2 leaf surface that
remains covered with liquid film after the cxcess of the liquid
has drained off, It involves the combination of wetting and
spreading of liquids on the leaf surface. The same materizl
oftecn possesses both wetting and spreading properties but some
material arc better wetting agents than they are spreaders,
while others are better streaders than wettin: agents., It
should be rewmemberecd that spreading pertains to the extension
of a liquid over a surface and wetting pcrtains to the rcten-
tion ¢f the liquid by the surface. A good spreader is not

necessarily a good wetting agent and vica versa.
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Experivent 11

The effect of different concentrations of o nonionic

wetter (Terric GN9) on the uptake of magnesium by leaves.

Pincapple sweet orange seedlings were used to
investigate the effect of the differcnt concentrations of
Terric GN9 on magnesium uptake. The Terric GNS was used
at the concentrations of 0,01, 0,03, 0.05, 0.08 and 0.1
per cent of the active ingredient. The wettability of the
wetter at the variousconcentrations used was determined by

the same procecdure as uscd in the experiment I.

Experiment III

The effect of different concentrations of glycerine
on the uptake of magnesium by leaves.

Experiment III was conducted to see the effectis of
differcnt concentrations of glycerine on the uptake of
magnesium by leaves and compare it with that of Terric
GN9. Pineapple sweet orange seedlings were used for this
purpose. The glycerine was used at the concentrations of
1 and 2 per eent and the Terric GN9 at the concentration

of 0.03% of active ingredient.

Experiment IV

The effect of humidity on the uptake of magnesium by

leaves.
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In this study, rootsd leaf bud cutiings of keyer lemons
were used, dJust after pottinz leaves were kKent in two
hunidity conditions, One oot of leaves was allowed 1o
retiain on %he benches of thoe zlasshouse, the rélavive

huinidity of which averaged 71%. This ficsure was obtained
4 /

4

by averaning day to day hunldity, measured threes times a

day (g9.00 8.Msy 2.00 pom. and 5,00 p.m.)

Other sets of leaves were subjected to 100% relative

humidity, which was obtainoed by euclosing the notted
2

leaves with a sheet of plastic paper and putting a tray of
water inside.

.

After tuo weeks leaves were dipped in a 2.5 ner cent

M

Mg (MO0, ),.6H,0 solution and sampled after 24 hours.
& 372 2 P

Gxperiment V

The effect of spraying at different tiwcs of the day on

the uptake of wagnesium by leaves.

This experiment was couducted to investigate the
effect of spraying at different times of the day on
magnesium uptske. Pineapple swzset orange seedlings were
used for this purpose., Sprayiang with Mn(N03)2.6H20 was
done at 9.00 a.m., 12.30 p.ite, 2.30 p.ta abd 7.30 potie
The relative humidity and teumporature at each spraying time
was recorded. The relative humidity at 9.00 a.m., 12.30 p.m.,

2.30 p.m. and 7.30 p.m. was 81, 71, 73 and 83 per cent
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respectively, the temperature 69°F, 72°F, 73°F and 68°F

respectively.

Experiment VI

The rate of magnesium uptakeby leuves.

Experiment VI was conducted to study the rate of uptake
of magnesium by leaves from a 2.5% Mg(N03)2.6H20 spray appli-
cation., Pincapple sweet orange seedlings were used for this
purpose., After spraying, samples were collected at O hour,

2 hours, 8 hours, 24 hours, 96 hours and 168 hours.,

Experiment VIT

The effect of differcnt magnesium salts on the uptake of
magnesium by leaves.

In this study, pineapple sweet orage seedlings were used.
Threc magnesium salts, namely MgSOq.?H 0, Mg012.6HZO and
Hg(N03)2.6H20 were tried. All sprays had magnesium equivalent
of a 2.5 per cent MG(NOB)Z’GHZO solution. The relative humid-
ity immediately before spray was 80% after 5 hours i.e. at
2p.m. 75%, after 10 hours i,e. 7p.m. 81% and after 22 hours

i.e. the next morning 86%.

Experiment VIII

The effect of leaf magnesium level on the uptake of
magnesium by leaves,

In this study, pineapp;e sweet orange seedlings which
were fed with four levels of magnesium (4ppm, 12ppm, 36ppm

and 72ppm), were used. The purpose of this feeding was to



Plate 1. Pineapple swect orange seedlings supplied
with high and low level cf nitrogen.
Low nitrogen (57ppm) ylant on the left
is showing nitrogen deficiency; while
high nitrogen (250ppm) plant on the right

is taller, with larger and greener lcaves.
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provide plents with different leaf magnesiwia levels and to sce
if these influencesd the uptake of magnesium froam sprays.
Magnesiun deficiency developed in L4ppm plants, and growth was
depressed; the 12rnpn plants alsc showed marnesium deficiency.
The 36ppn plants were healthier and leaves were grechner in

¢olour, whilec the leaves of the 72ppm _lants were a deeper

grecen in colour, and there was no sicn of magnesiua toxicity.

Experimnent IX

The effect of leaf nitrogen level on the uptake of
nagnesium by leaves.

In this stuldy, pincapple swect orange seedlings were
suzilied with two levels of nitrogen (57ppm and 250prm).
These were called low level and hish level nitrogen resiectively.
The 57rppm plants developed nitrogen deficicncy and the rowth
was stunted. Leaves were ycllowish in colour and snallier than
the 250ppm plants which were taller, with larger and decher

grzcn leaves (plate 1).

L.6. Leaf samples and analysis

4.6.1. Sanpling techniques
Each sanple consisted of twelve leaves from ecach individ-
ual plant. This size of the sanple was found to be adequate
for analysing nagnesium by the method used by Drocsdoff and
carpass (1948). The sanpled leaves were collected in separate
plastic bags, taken to the laboratory and imnediately washed
and dried. The sampled lcaves were 4 to 6 months old. Though

previously, lcaves of various ages had been tried (Cameron
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et al., 1952, and Wallace et al., 1952). In the present study
the lcaf age was selected as 4 to 6 months, because Smith

(1966) indicated that at this age magnesium and other minerals
are stable. Leaves younger than this arc less stable in their

mineral content.

h.5%.2. Cleaning

The common rethods cuployed to remove surfacc contaminants
on leaves include washing the leaves in water containing
detergent or hydrochloric acid, or to wipc them with cotton
wocl or a cloth., But leaching of nutrients might occur, if
the leaves are dipped in water. Mann and Wallace (1952) have
reported leaching losses of potassium as high as 99% if
immersion was continued long enough. Richards (1932) stated
that even rain could cause loss of potassium through leaching.
Nicholas (1948) did not wash tomato lcaves sprayed with magnes-
ium sulphate before analysis. Boynton et al. (1943) working
with apple lcaves, depended on the washing cffect of heavy

rain.

Many workers, however, found that thc washing of leaves
prior to aralysis is necessary to remove surface contaminants.,
Jacobson (1945) found washing in 3N HC1l followed by thorough
rinsing with distilled water to be effective in the removal of
iron contaminations arising from dust and spray residues.
Titus and Boynton (1953) adopted a similar procedure., Smith

et al. (1950), in a study of various cleaning treatments for
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the preparation of orange leaves for analyeis, reported no
loss of any eloment, when ths leaves were subjected to any of
several cleaning treatments, including immersion in a deter-

gent solution and scrubbing for as long as six minutes,

Working with apple leaves, Taylor (1956) tried five
cleaning procedures. Wiping the individual lecaf with a cdamp
cheese cloth was superior to other methods (Dctergent+ EDTA,
Detergent distilled water, and not clecancd), for the removal
cf iron contamination not arisinz from epray material. While
clcaned or uncleaned samples showoé no significant difference
in the concentration of N, P, XK, Ca,Ms, Mn, Cu and Boron,

Bhan et al. (1959) found no loss of K, Mg, Ca or P from
leaching, when sanmples of mature orange leaves werce shaken or
immersed in distilled water. zbanauskas (1966) found no
significant leaching of N, P, K, Ca, C1, Zn, Mn, B, Fe and Mg
from orange leaves due to the various washing techniques used.
Dipping of detergent washed lcaves in acidulated hydrochloric
solution was not necessary if the leaves were properly washed

in the detergent solution,

The above cxamples support the views of Tukey et al.(1958),
that considerable variability cxists among plant spccies with
regard to their susceptibility to lcaching losses of minerals.
It can, however, bc concluded that at least citrus leaves,
prior to analysis, can safely be washed in water containing
detergent, without the loss of minerals, and therc is no need

for dipping of detergent-washced leaves in acidulated hydro-
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chloric acid solution,

Thus, in the vresent studies, the following procedures
were uscd for cleaning the leaves. Leaves werc agitated in
0.1% Tecpol solution fur approximately 10 sccs, then wiped
individually on hoth sides with cctton wool soaked in Tecepol.
They were then quickly swilled in three lots of distilled
water and dried betwecn shects of blotting paper. Dry lcaves
were placed in z 150 ml beaker and dried for 40 to 48 hours at
70° to 75°C. Dricd leaves were cround in a Wiley Mill and

kept at 65°C for 30 hours.
4.6,3, Ashing

Approxinately 2 grams of dried leaves were weighed and
. . o ’ o
ashed in a crucible at 4507€. The ashing; was completed within

10 to 12 hours at the zbove teumperature.
4o6.4. Techniques of leaf magnesium analysis

Kidson (1946) has described the quantitative procedure
for determining small amcunts of magnesium in plant material
by using titan ycllow. Gillam (1941) described a titan yvellow
method for determining magnesium in fertilizers and soil
extracts. In both methods, iron, aluminium, phosphorus and
calcium have to be removed and ammonium salts destroyed by
time consuming processes. Peech and English (1944) by using

titan yélloﬁ, developed a direct rapid semiquantitative method
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for the deteormination of magnesiua in soil extracts in the
presence of calecium, iron, aluminium and mauganese., By using
their vrocedure as a basis, anc thiazole ycllow as recommonded
by Mikkelsen and Toth (1947), instead of titan yellow,
Drosdoff and Nearpass (1948) have developed a rapid quantita-
tive colorimetric method for the deteruination of magnesium in
tung lecaves, and this has becn recommzsxnled for other plant
tissues. Fisher and Walker (1955) used the same method as
adopted by Drosdoff and Ncarpass (1948) for cdetermining

magnesiun in applc leaves.

In the present studics, thercfore, the method adopted by
Drosdoff an? Nearpass (1948) was used for determining magnes-
jum in citrus leaves. Standard curves were run for each
solution prepared. Nitrogen was determined by the Kjeldh=zl
Method (White et al., 1948). Thc details of procedures of
magnesium determination and nitrcgen determination have becn

given in Appendix 3 and 4 respectively.

Analysis of variance of the data have been presented in a

summarisced form in Appendices 5 to 14,
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CHAPTER 5

B RESULTS

9«1+ Bxperimcnt I

The effact of different wetting agents on the uptake of
nasnesiumn by leaves.

The dats prescnted in Table 12 indicate that all threc
wetting =;,ents, when included in sprays, increased the uptake
of magnesiun by leaves, conparcd with the control in which no
wettin: agsent had been added. However, the cationic wetter
(Deciquair 222) and =anionic wetter (Gardilene 30) were less
effective in increasing tane uptake of uagnesiuvn then the
nonionic wetter (Tcrrié GN9). The average increase in the
concentration of ma negiuwn in the lcaves by Terric GNS was
0.10% (dry wt. basis), whilc by Deciquam 222, and Gardilenc 30
was 0.05 and 0.06% (dry wt. basis) respectively. These

increases in the concentration of marsnesium in the leaves were

significant at the 5 per cent level.

The further investigations on the effect of magnesiunm
uptake by these threc wetting agents as well as Triton B - 1956,
indicated that these wetting agents differed in their effects
on magnesium uptake, though they had been used at the concen-
trations which resulted the same wettability (80%). The
anionic (Gardilene 30) was superior to cationic (Deciquan 222)
and nonionic (Triton B - 1956) in increasing the uptake of
maznesium, but not to the nonionic (Terric GN9). See Table 12a.

Thus, this result indicated that wettability can
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not be the sole criterion for the incrcascd penetration of
magnesium in the leaves but other factors such as the effects
of wetting agents on cuticular permeability or interaction
with the species of molecule to be abscorbed, may be more

important,.

Table 12, The effect of differcent wetting agents on the
uptake of magnesium by leaves from a 2,5 per cent

Hs(N05)2.6H20 spray application (absorption period

2L hours).

o B ‘“jj MS_%E;% dg;;EEEQEE_quiﬁﬁigé:j_m__—WHMJ

Treatments I i II IIT oI Moan™
Control [
Mg(NO3) . 6H,0 0.38 0.34 0.36 0.37 0.36a
spray only —_— ssin
Mg(N03)2.6H20 + 0.43 0.40 «39 0.42 O.41b
Cationic (Deciquam
222) 0,015% i
Mg(NO5) 5. 6H,0 + 0.42 | 0.43 0,40 0.49 0.42b
Anionic (Gardi-
lene 30) 0,015%
MB(NOB)Z.GHQO + 0.46 0.48 0.45 0.47 0.46¢
Nonionic (Terric
GN9) 0.03% I 5

c.v. = 3.17%

X Means with the same letter are not significantly d4ifferent
at the 5 per cent level as measured by Duncan’s multiple

range test (Federer, 1955).
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Table 12a. The cffect of different wetting agents used on the

uptake of magnesium by leaves from a 2.5 per cent

Mg(N03)2.6H20 spray application,at 80% wettability

af the lcaf arca (absorption period 24 hours).

-~

i
{Treatments % ‘Mg as % dry weight of leavgs
' LBAL peg o 4 T |Mean®
arae¢a
wettod
Control Mg(N03)2.6H20 8C 10,19 |0.,16 0.37 0,20 10.18a
Spray only
Mg(N03)2.6H20 * 80 {0.21 |0.23 0.20 0.24 (0,22
Deciquam 222(cCationic)
0.03%
Mg(NO5) . 6H,0 + Terric 80 |0.24 [0.26 | 0.22| 0.25 |0.24bc
GN9 (nonionic) 0.026%
Mg(NOB)awGHZO + 80 |0.25 |0.21 0.24 0.2% |0.23b
Triton B = 1956
(onionic) 0,042%
Mg(NOB)a.GHEO + 80 (0,26 |0.24 0,28 0,27 |0.26¢
Gardilene 30 (anionic)
0.035%
CVs s 7.62%

Means with the same letter are noi significantly

different at the 5 per cent level as mcasured by

Duncan's multiple range test (Federer, 1955).
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5.2, Experiment IT

The effect of Aifferent concentrations of o non-ionic

vetter (Terric GN9) on the uptake of magnssiun leaves.,

The data »nresented in Table 13 an?! Fig, 6 indicate that
the Terric GN9 »t concentrations cof 0,03 and 0.05% of active
ingrcdient, having 82.50 and 100% wettability respectively,
hod shown sisnificantly greater incrense in the uptake of
wagnesium by lcaves than the other concentraticns uscd, There
was no significant difference in the uptake of magnesium among
0.01, 0.08 and 0.1% of Terric GN9 and the control in which no

wetter had been added.

The wottability results given in Table 13a and Fig. 6a
show that as the concentration of the Terric GN9 had becn
increased, the percentage wettalbility of the leaves had also
been increased, and 100% wettability was obtained as soon as
the concentration of the wetter excecled 0,04% of its active

ingredient.
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Table 13, The effcect of different concentrations of a none-

ionic wetter (Terric GN9) on the uptake of magnes;

ium by leaves from z 2.5 ver cent Mg(NO

3)5e

GHZO

spray application (absorption period 24 hours).

Treatments Mz as % of dry weight of lcaves Mean™
T | o IIT | IV

Control Mg(N03)2.6H20 B.35 { 0.36 0.37 Oolt1 0.38a
spray only

MgN03)2.6H20-+0.1% 0.34 | 0.38 0.40 | 0.36 D.37a
Terric GN9

Terric GN9

HE:(NO3)2.6H20 +0.05% 045 0.43 0.46 0.47 PDel45 b
Terric GN9

Mg(N03)2.6H20,+0.03% 0.46 0.45 O.L43 0.42 D.44 b
Terric GN9

Mg(N03)2.6H20-+0.01% 0.42 | 0.39 0.37 0.42 D, 40a
Terric GN9

C.Vo ™ 6.07%

X Mecans with the same lettoer are not significantly differont

at the 5 per cent level as measured by Duncan's nmultiple

range test

(Federer, 1955).
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Fig.6. The effect of different concentrations of a
nonionic wetter (Terric GN 9) on the uptake of

magnesium by leaves.
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Table 13a.

The visual assessment of the wetting of the

upper surface of the citrus lecaves by Terric

99

GN9.
i 1 ] S _'":
i Wetter Conan % Wetting
— . __—
% I Ir ! 11Tl IV, Vv | VI| VII| VIII| Mcan
| - _i_
Terric GN9 | 0,01 155! 40| 70 | 55| 70| 4o| 50 | 55 55a
(non~ionic)
" 0.03 8090|800 | 80| 80| 90! 80 | 80 |82.5b
" 0.05 0o 100 1100 [100 | 100| 100 {100 100 |100 ¢
" 0.08 " " 1 " i 1" ] n 100 ¢
i1 0.1 it 1] 1" n n 1] i n 100 C
C.V. = 6.69%

X g B e
Means with the samc letter are not significantly

different at the 5 jer cent level as measured by

Duncan's multiple range test (Federer, 1955).
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Pig.6a. The effect of different concentrationsof a
nonionic wetter (Terric GN 9) on the wetting of the

upper surface of the citrus leaves.
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5a3u Experiment IIT

The effect of different concentrations of glycerine

on the uptake of magnesium by leaves.

The result presented in Tsble 14 indicates that the
inclusion of the humectant glycerine in the spray solution
had significantly incrcased the uptake of magnesium by
leaves than the control in which neither glycerine nor o
wetter had been added. However, the inclusion of 1 or 2%
glycerine in the spray solution was not better than the
Terric GN9 used at the concentration of 0.03% of the active
ingredient. Also, 2% glycecrine was not more cffective than
the 1% glycerine. The average increase in the concentration
of magnesium in the lecaves by 0.03% Terric GN9, 1 and 2%
glycerine was 0,06, 0,08 and 0.07% (dry weight basis)
respectively. These increases in the concentration of
magnesium in the leaves were significant at the 5 per cent

level.
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Table 14, The offect of Aifferent concentrations of slyccerine
on the uptake of magnesium by leaves fron a 2.5%
MQ(N05)2.6H20 spray application (absorption period

24 hours).

!
Treatments | Mg as % dry weight of leaves ' Mcan®
I I1 IIT | 1v _
Control 0.35 0.37 0.33 0.36 0,35 a
MG(N03)2.6H20
spray only
Mf(NOB)e.BHEO + Oelt1 0.45 0.39 .42 .41 b
Terric GN9 0.03%
Mg(NOB)Z.GHEO % 0.42 0.40 Oully 0.46 Oe43 b
Glycerine 1%
Mg(N03)2.6H20 + 0.39 0.43 0.42 O.4kL O0.42 b
Glycerine 2%

Covo 5-2?%

* Mcans with the samc letter are not sicnificantly
different at thc 5 per cent level as measure? by

Duncan's nultiple range test (Federer, 1955)
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Experiment IV

The ceffect of humidity of the uptake of marnesium by

lzaves.

Regordless of the hunmidity, the spray significantly

incrcascd the uptake of magnesiun by leaves (Table 15). The

100% reclative humidity had increase?l the magnesiun concentr-

tion by 0.11% (dry weight basis), while 71% rclative humidity

had increcasel only by 0.07%. These increases were significant

at the 5 per cent level., The grenter incrcecasc in the concaon-

tration of marnesiun in the lecaves of the 100% relative huwid-

ity can ¢ attributed to the increased permneability of the
Y P y

cuticle due te its hydraticn.
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Table 15, The effcet of humidity on the uniake of

marnesium by lesves from a 2.5 per cent
ng(EOE)E.SSZC spray applicetion (absoyption
period 24 hourc).
\x‘\\ Treat- No spray Mean of@ Spray with 2.5% :Mean of!
“ ments sub | Mg(N03)2'6H20 | sub 1
Reps: - total ‘ {total
‘ - - E ! |
00% | 7% . 100% | 71% !
relative | relative relative i relative
humidity | humidity thumidity ! humidity
i i
i
]Mg as % | Mg as % Mg as % |Mg as %
dry wt- 1 dry wt. ldry wt. dry wt.
of - of t of of
leaves leaves | Peaves leaves
]
I 0.18 0.14 | i 0,28 0.23
i 2 1§ 0.17 0,15 0.29 0.19
ELT 0.14 0.17 .| 0.25 0.24
;_ v | o0.15 0.13 | 0.26 0.22
L ' |
Mean** 0,16 0.15 v 0.27 0.22
{ 0.15 0.24*

* L.S.D. between means of overall spray and no spray at the

5 per cent level is 0.013

** L.S.D. between similar humidity conditions comparing unsprayed

blocks at the 5 per cent level is 0.031
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DeTa Experinent V

The cffecct of sprayinz at different times of the

£y,
r
i

~

on the uptake of nagnesiui by lcaves.

The data in Table 16 indicate that regardlees of the
sprzying time, 211 treatments had significantly increased the
uptake of magnesium bty lecaves, cempared with the control.
Spraying in the norning (9.00 a.m.) anl in the cvening
(7.30 p.m,) had significantly increased thec uptake of magnes-
ium by lecaves, coiaparce’ with the spraying at 12.30 p.ri. and
2e30 Ppeii. No significant differcnces in the uptake of nagnes-
iun by lecaves were found Lbetwcen the 9,00 a.un., an® 7.30 pe.hl.

or between the 12.30 p.n. zand 2,30 p.n. sprzy applications.



Tablc 16. The effect of spraying at different times of
the day on the uptake of magnesium by lcaves
from 2 2.5 per cent MQ(NO3)2.6H20 spray
apvlication (absorption period 2L nours).

Time of |Absorp-| Mg as % dry wt. of lecaves

tion Mean™
spraying tine
hrs. T A R E TIT Iv

Control 0 0.28 | 0.26 0.27 0.27 0.27a

9.00 a,n. | 24 041 QoL 0.40 0.43 0.42¢c

12.30 p.n. 24 0.37 0.39 0.38 0.35 0.37b

2.30 p.m. | 24 0.38 0.40 0.36 0.39 0.38%

7.30 p.m. | 24 O0u.42 | Ouk45 O.4k 0.46 0.L4k4c
C.Ve = L4.03%

X Mcans with the same leotters arc not significantly

different at the 5 per ¢zmt level as measurcc by

Duncan's nultiple range test (Felderer, 1955)

106
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L R S Experinent VI

The ratc of uptake of nagnesium by leaves.

The dat~ presented in Table 17 =2nd Figp, 7 indicated that
a si nificant uptake of magnesium occurred after two hours of
masnesiun nitrate spray application. The rate of magnesiuan
uptakke by leaves incrcased significantly up to 24 hours after
suray application, thereafter the incrcase was nonsignificant.
Since it was not rossible to uicasure the denree of napnesiun
transport out of the leaf, it is not clear whether magnesium

urptake,in fact stopped after 24 hours of s.ray apylication.
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Tatle 17. The rate of uptake of narnesiun by leaves
fron a 2.5 per ecent Mg(N05)2.6HZO spray
application,
1 Ahsorptian: Mz as % dry weight of leaves |
tine : T TE FEE Iia;‘“_' Mean
";_;;ur i 0.27 0.26 0.24 0,28 0.262
2 hours E 0.34 0.32 0.33 0.35 0.33b
8 hours 0:357 0.39 0.36 0.40 0.38¢
24 hours Oty O,Lu2 0.40 0.46 0,437
48 hours 0.46 Oell 0..48 0.42 0,454
_;émhours 0.48 0.46 Oulithy O.45 0.46¢
168 h;;;s 0.47 048 0.46 Okl 0.46c
=
C.V. = L4,96%

X Mcans with the sane letter arc not significantly

different at the 5 por cent level as measure! Ly

Duncan's nultiple range test (Federer, 1955).
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The rate of uptake of magnesium by leaves.
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5¢7+ Experinmcnt VII

The offect of diffcerent miaghesiun salts on the uptake

of noaziesiun by leaves,

Sprays of all the threc marmesiun salts significantly
increases the uptake of nasnesiun by lcaves than the control
in which nc sprays had becn applied (Table 18). However,

Mg (NO 6h 0 ani MfCla.6H20 surays ha? shown sreater incrcase

3050
in the uptake of no mesiun bty leaves than the MCSOq.?HEO

Sprayse. The increase in the conceatration of magnesium in

the leaves by Mg(NO GHZO and M5012.6H20 sprays was 0.17

5Jpr

and 0.16% (ry wcipht basis) respectively, while by MgSO .?HEO

L
sprays the incrcase was only 0,06%. Therc was nc siynificant
difference in the cconcentration of uasncesiuu “ctween

H5(NO4) 54 6H,0 and MiCl,.6H,0 sprays.
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Table 18. The effect of different magnesium salts on the
uptake of wagnesium by leaves. All sprays have
the nagnesium equivalent of a 2,5 per cent

MQ(N03)2.6H20 soluticn (absorption pericd 24 hours),

: Mg as % of dry weight
Trecatuents of leaves Mcan™
I It | oIT v
Control 0.25 0.26 0.27 0.26 0, 26a
MESOA.?HEO 0.34 0.31 0.32 0.33 0.32b
M5012.6H20 0.42 0.39 O.43 O.44 O.42¢
MQ(N03.6H20 0.42 043 0.4t 0.41 O.h43c
C.V. = L4.66%

X Mcans with the same letter are not significantly
different at the 5 por cent level as neasure? by

Duncan's nultiple range test (Federcr, 1955).
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5.6. Exyeriment VIII

The effect of leaf na nesium level on the uptake of

magnesium by lcaves.

Rezardless of magnesium level in the leaves, sprays
gignificantly increased the uptake of mapnesium by leaves
(Table 19). However, a higher level of leaf maznesium had
shown a higher uptake of magncesium by leaves while a lower
level of leaf magnesium showed a lower uptakce of magnesium
by leaves frou a 2.5% MQ(NO3)2.6320 szray. Also a hich level
of magnesium in the fecd solution had increased naznesiun
concentration in the leaves comparatively more than the lower
lovel of nagnesium in the feed solution. However, masnesiuna
concentration in the leaves increased from 4ppm to 36ppu, but
above this level the gradient of increase in relation to supply
was less steep (Fig. 8). Similar type of curve was obtained

for the urtake of masnesium by leaves from sprays (Fig. 8).
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Table 19. The effect of leaf magnesium level on the uptake of
magnesium by leaves from a 2.5 per cent Mg(N03)2.6H20

spray application (absorption period 24 hours).

< T ; .
¥ Treat- No spray | Mean ! Spray with 2.5 i Mean
ments | of per cent i of
Reps. ™ Sub Mg(NO§)2.6H20 ! Sub
Total Total
L 112 |36 172 L [ 12| 36 72|
ppm | ppm | ppm  ppm ppm | ppm | ppm | ppm
. i
I [0.11 p.14 0.28 B.38 0.19 [0.25 0.45 0.61
II (0.2 0.17 0,27 0.37 0.17 [0.29 [0.46 .60
IIT 0.09 0.15 |0.29 0.10 0.15 |0.24 [0.44 0,58
IV [0.10 0,16 0,26 0.39 0.1810.27 0.4250.63
Mean** 0.10 0,15 0.27 0.38 0.17 0.26 0.44 0,60
0.23 0.357*

* L.S.D. between means of overall spray and no spray at the 1 per eent

level is 0.023

** Means of similar soil treatments comparying the unsprayed with
sprayed blocks are not significantly different at the 1 per cent
level as measured by Duncan's multiple range test, if they have the

same letter (Federer, 1955)
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Fig. 8., The effect of leaf magnesium level on the

uptake of magnesium by leaves.
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5.9 Experiment IX

The effect of leaf nitrogen level on the uptake of

nagnesiun by leaves.

The data presented in Table 20 indicate that the nitrogen
status of low nitrogen (57 ppm) plants was markedly lower than
that of the high nitrogen (250 ppm) plants. The average lecaf
concentration of the former was 2,08% ‘ry weight of the leaves
as compared with 2.92% dry weight in the latter., This 2iffer-
ence in nitroren status resulted in the differemce in nagnes-
iun uptake by leaves. The high nitrogen plants (250 ppr) had
shown sipgnificantly greater increase in the uptake of marsnesiunm
Ly leaves than the low nitrogen (57 ppm) plants. The average
increasc in the concentration of magnesium in the leaves of
high nitrogen plants was 0.19% (dry wt. basis), while the
increase in the leaves of low nitrogen plants was only 0.09%.
Thus,the increase in the concentration of magnesium in the
leaves of high nitrogen plants was cdouble that of low nitrogen

plants.
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Teble 20, The effect of leaf nitrogen level on the uptake
of meapnesium by leaves from a 2.5 per cent
lf(?hj)g-ﬁigo spray application (absorption

ariod 24 kours).
P :
~._ Treat- No spray Mean Spray with MS(N03)2' Mean
“x@snts of 6H20 of

Reps- ™~ Sub Sub
Tieh N | Tom B | towal High ¥ | Low N Total
(250ppm) | (57ppm) (250ppm) ! (57ppm)

Mgas % | Mg as % N% Mg as |Mg as [N %
dry wt. | dry wt. dry wt{% of |% of |dry wt:
of of of |dry wt|dry wt{ of
leaves | leaves | leaves| of of |leaves
leaves| leaves
I 0.29 0.22 2.80 0.45 0.35 2.10
II 0.27 0.26 3.08 1 0.48 | 0.37 | 1.96
41 b 0.30 i 0.21 2.94 0.51 0.4ko 2.2k
{ 1
IV 0.32 l_ 0.2k i 2.87 | 049 | 0.33 | 2.03
i i !
| Mean** 0.29 0.25% i 0.48 0.36
1 I
| f
1 0.26 | | 0.2
| ! | !

* L.S.D. between means of overall spray and no spray at the 1 per

cent level is 0.088

** L.S.D. between similar soil treatments comparing unsprayed with

sprayed blocks is 0.096
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HAPTER 6

6. DISCUSSTION OF THE DATA

Leaf surfaces are often difficult to wet with pure
aqueous sprays. The inclusion of a suitable surfactant
improves wetting and spreading of liguids to leaf surfaces.
Adequate wetting of leaf surfaces is essential to making
spray applications effective. But enhanced wetting is not
Some compounds may also, by acting as humectants, (Currier
and Dybing, 1959) increase peunetration, while others may
facilitate the penetration by increasing ocuticular
permeability (Jansen et _al., 1961). Accordingly experiments

to measure these cffects were designed.

The fact that the addition of the wetting agents in
the spray solution increascd the magnesium uptakec agrees
with the results reported by Guest and Chapman (1949),
who obtained greater and more uniform response to irou sprays.
It also agrees with Cook and Boynton (1952) for the urea
absorption, Fisher and Walker (1955) for magnesium
absorption by McIntosh apple leaves, and with results
from a number of othor workers who obtained higher and
enhanced herbicidal activities when the wetting agents
were included in the spray solutions. (Barrier and
Leomis, 1957; Jansen ef _al., 1961 and McWherter, 1963).

However, the uge of wetting agents was ineffective in
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increasin: the absorption of foliar applied phesphorous

(Koontz and Biddulph, 1957; Barrier and Loomis, 1957). Thus,
it apvears that the wetting arents do increase the penetration
of scue sul:stances, while not of others. Vhat nakes then

tehave so differcntly? According to Parr and Norzan (1965),
the work of Orsell (1957) indicates that the chendcal changes
that toke rlace after the wetting azagents are included in the
spray solutions play an important role in the penetraticn,

For example, Orpell (1957) found that both cationic an? aniocnic
surfactants hindere! the absorption of acid dycs a2nd 2, 4=D

at low pH wvalues, while non-ionic surfactants had 1little effcct,
On the other hand, scme surfactants may have Jirect cffects on
the cuticular umenlrzne&€, Hylration of the cuticle talktes place
with incrcases permeability and this favcurs the peretration

(Jansen et al,, 1961).

In the present study, the increase? uptske of magnesium
by lcaves, when the wetting agents were inclu'led in the spray
soluticn, can not be attributed to the adequate wettability
only, Since the wetting agents, cven when used at the concen-
trations rcsulting the samc wettability (80%), still differed
in their effects on magnesium uptake., Thus,this result
confirmed the statements of Freed and Montgomery (1958) and
Hughes and Freed (1961), that wettability alonc nay nct Le the
sole critarion to explain the cffect on penctration, but their
interacticn with the species of molecule to e absorbecd uay be

nore important.
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Hovwicver, increasin; of the ncnicnic wottor(Terric GN9)to a
certain stare only has shown increasel penetration of nagnes-
iunn in the leaves; leyond this there is o decreasce in penetra-
tion (Fig. 6). One reason for this any be nmicelle formation
ty the surfactant molecules when the surfactant ccrcentraticon
oxceecded a criticel level in an aqueous systom, This critical
nicelle level (enc), according to Furmid:c (1959) and

Jansen et al., (1961), is asscciatel with abrupt changes in

4]

nony characteristic properties of the surfactant. These
changes in properties may influence such phencncna as penctra-
tion and translocation. Also, toxic substances (al’itives or
herbicides), if used at a higher concentraticn, can block

phloen translocation (Loecnarl and Crafts, 1956; Leonard, 1958).

It has becn pointed out Ly Blacknman (1952), Koontz and
Biddulph (1957) that the wetting of the leaf surfsce is
essential, but it should %e rcmembered that cn some lecaves
spray load can be retuced by the usc of wetting egents. The
thinner adhercont films also dry nore quickly (Koontz and

Biddulph 1957).

The retention of the spray materials is important,
Fogg (1947) namcs the contact angle as one of the major factors
affecting the amount of solution rctained cn the leafl surface,
becausc it detcrnines the form of the droplets. If the con-
tact angle is very high, as that of watcr on Triticum locaves
(1300), the droplet is nearly spericel and is casily displaced.

If rather low, as with water on Sinapsis leaves (?20), therc
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results a squat form drop with a large area of contact and with
a low centre of gravity, making for stability so far as displace-
ment is concerned; thus, the maximum quantity will be retained
by the leaf. If the ccntact angle is very low so that drainage
is no longer prevented by discontinuities in the water phase,
there will be very little retention, even though the leaf sur-
face is quite uniforuly wetted. Thus, Fogg(1947) states that
addition of the wetting agents may cause large changes in water

retention due to variations in contact angles.

In the present study, it is quite possible that the higher
concentration of the nonionic wetter (Terric GN9) might have
resulted in low contact angle which is not effective in retain-
ing the solution on the leaf surface (Fogg, 1947), thereby
resulting in less penetration. Also excessive run off might

have occurred, and caused less penetration.

When the effect of a nonionic wetter (Terric GN9) was
compared with that of glycerine, it was found that the use of
glycerine had the same effect as that of Terric GN9Y on the
uptake of magnesium by lsaves (Table 14). The fact that the
use of glycerine increased the uptake of magnesium, agrees with
the results reported by Fisher and Walker (1955) for the absorp-
tion of phosphorus by apple lcaves, Koontz and Biddulph (1957)
by bean leaves, and Gray (1956) for the absorption of strepto-
mycin by the leaves of a number of crop plants (bean, tomato,
pepper and $obacco etc.). These results, howeier, contradict

the findings of Fisher and Walker (1955) on absorption of
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nasnesiva by apple leaves., But Fisher and Walker (1955) had
inclufe? ;lycerine in the spray soluticn which alrcady

contained the spreacer ( Tween 85 ). Thus,lt sccas that
slycerine had no adlitional effect over Tween 85, but it mipght
h=ve increased the nagnesiws alsorption duc to its huncctant

propertics, if it could have becn included in the spray solu-

ticn alonc,

Tho inportance of glycerine in the application of chlor-
inatel rhenoxyaccetic acids was denonstrated in experinents on
sunflowers and ocats, Penctration Jduring the first hour or so
was the sane in the prescnce or absence of the glycerine,
However, as soon as the <rops without glycorel dried out,
penetration ccasells In the presence of glycerine, the drops
stayed moist and penctration continued for nany hours

(H01133 1956) -

While the intimacy of the contact of the chemical with
the leaf surfacc is important in alsorption, the state i.c.
liqui”s or solid of the chemical nay also influonce thc ease
of penctration., Consideration of the physical processcs
involved shows that a chenical will be absorbed with rclative
easc from the liquid phasec in contrast to the samne chenmical
as a crystal on the surface of the leaf., Bither hunid condi-
tions following application or the addition of hygroscopic
agents nay helkp to maintain d liguid state, thus facilitating

the penetration (Hurhes and Freed, 1961).



The nechanism by which the use of glycerine in the
present study has incroasc’® the megnesiun alisorption can be
attribute? to its proverty of kecping mapnesiun salt in solu-
tion form an?! in close contact with leaf surface for o longer
period of tine. The low velatility of the glycerine pernits

it to remain on the lcaves for several days (Gray,1956).

If the fumction of zlycerine is tn keep srray lroplets
in noist condition for a longer wperiod of time an'® to prevent
then from drying quickly, then the conditions proeviding hirh
huinicity should have the sance effect. The data in Takle 15
inicate that the concentraticn of uarnesiun in the lcaves of
100% rclative humi'ity was incrcascd by 0.11% of Ary weight
vhile in lecaves of 71% relative humidity it was incrcased by
0.07% of Ary weight. Thus, the 100% rclative hunmidity had
resulte! in greater uptake of narnesiun fron the sprays than
the 71% rclative hunility., Thesc results asree with Zukel
et al. (1956) for the absorption of maleic hy’razice. They also
agrec with Rice (1948) an? Holly (1956) for the absorption of
rhenoxyacetic acids. Penetration of phenoxyacetic acils has
been found to cecasc on crystallization of phenoxyacetic acids
in spray droplets. Thesc results, however, disagrec with
Went ani Caftor (1948) who founs the sucrosc uptake bty tonato

plants was indepcendent of hunidity.

The incrcased penctration of chenicals <ue to hich
humility in other stulies, an? of magnesium in the prcesent

study may be due to a variety of reasons. A relatively higher
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humidity prevents watcer stress in the plant, delays drying of

spray ‘deposit, and increases cuticular permcability due to
dration of the cuticle., On thec cother hand, extended dry

periods may increasc cuticular thickness, which causes less

permealility, resulting in less penetration,

Time of spraying has also shown significant differcences
in the uptake cf aagnesiua by leaves, Spraying in the norning
(9 a,m.) and the cvening (7.30 p.n.) has resulte?l in the
greater uptake of magnesium by lcaves than spraying at 12.30
and 2.30 p.m. These results agrec with Oland and Opland (1956)
who obtaine? highly significant inccasc in the uptake of

magnesium by apple lcaves frem MiSO .7H20 spray, when the

L
spraying was <one in the evening, than those done in the after-
noon., The large uptnke after spraying in the evening led then
to conclude that ion exchange as a mechanism is involved in

the absorption. Hence,the diurnal shift in acid production
night influence magnesiun uptake. Internal rclease of hydrogen
ions for exchange woulld be most likely to occur after the
probable shift in the procduction of organic acids durinz the
evening, These results, however, contradict Teubner et al.
(1957), who found higher uptake of P, K, anl Rb from morning
application than from the evening application, and they
concluded that daylicht might have favoured the stomatal

openings and therehy increcase? the penetration.

" In the present study the increased uptake of magnesiun

by leaves from the morning spray can be attributed to the
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influence of light favouring the stomatal entry, or to high
humidity (63%) at the time, and the high uptake of maghesium
by leaves from the evening spray can be attributed to the
hydrogen ion exchange hypothesis of Oland and Opland (1956)
invelving a diurnal fluctuation in the organic acid content,
or to higher humidity (81%) at the time or Auring the hours

that followed.

The ratc of uptake of magnesium, presented in Fig. 7,
incdicates that the concentration of nagnesium in the leaves
has increased rapidly after two hours of srray application.
Leaf magnesium concentration has risen steenly for 24 hours
after ajraying, thereafter remaining constant. These results
agree with those reported by Fisher and Walker (1955) for the
absorption of ma nesiuia by agrle leaves. They found that
absorption was slow after the first hour of siray application
of Mgsou.?ﬂao and no apparent increasc in magnesium absorption
up to six days was noticced., Allen (1960), also founid no
significant increase in masnesiun uptske from magnesium nitrate
and chloride after two hours of application. The possible reason
for slow ani 1little increcase in the concentration of magnesium
in the leaves after two hours of application may be the drying
of spray droplets. Another reason for the nonsignificant
incrcase in the concentration aof magnesium in the leaves with
relation to time may be its mobility to other plant parts, if
the clainms on magnesium mobility made by Phillig and Mason(1942),

and Ford (1966;1968) can be taken for granted.
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The effcct of different wmarnesium salts on the uptake of
nagnesiun by leaves indicatesthntMﬁ(NOB)a.éﬂeo and M3012.6H20
sprays havc shown greater responses than MsSOQ.?HZO. The data

given in Talle 18 indicate that Mg(NO 6H20 and MgClZ.6HEO

59z
sprays have increased the concentraticn of magnesium in the
leaves by 0.11 an? 0,10% (dry wt. tasis) respectively over
the Mrsoq.?HEO spray. These results agrec with those roported
by nany workers., Fisher an? Walker (1955) reported that after

24 hours 71% of the magnesiwa from Mg(NO 6H20 gprays applied

302"
to the lower surface of apple leaves was apparently absorbed
whilc with comparatrle sprays of Mgsoh.?Hao only 8.4% of the
magnesium was absorbecd, However, Mg(NOB)a.GHEO resulted in

sone foliage injury., Hagler (1957) showed that Mg(NO .GHEO

302
sprays on grapes werc nore effective in increasing the conccen-
tration of marnesium in the leaves and in reducing visual
deficiency syaptoms than the MQSOM.?HEO sprays. Embleton and
Jones (1959) oltaine’ a substantial increase in concentration
of magnesium in citrus lLeaves bty the usc of 1% HQ(N03)2.6H20
spray anc they climinated the visual symptoms of deficicncy,
Ford et al. (1965) with fivc post hlossom sprays of 0.83%
MgCla.EHéO (containing only half thc amount of magnesium)
produces similar effects as obtained by 2% MgSOh.?HaO Sprays.
Thus, the albove findings and the prescnt results indicate that

7 N 1 s i e g "
MG(HOB)Z'GHZO and dgClZ.GHZO sprays are superior to MgSO ?Hao

I

sprays in increcasing the concentration of magnesium in the
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leaves and in reducing visual symptoms cf deficiency. What
makes these salts behave go differently, i.e. why is nagnesiun
from MQ(N03)2.6H20 and MECIZ.GHéO taken up more rapidly than

from Mg . 2
£80 L ?HZO

It has “een suggeste? that nagnesium salts in the crystal
forin on thc leaf surface arc inaccessgible to the plant., To
be absorbed, they must he in liquil forn on the leaf surface.
Depending on the atmospheric conditions, maznesium salts
Adiffer in the length of the time durin:: which they can remain

in liquid form, Mg(NO GHZO and MaClZ.6H20, as reported Ly

3)2'
Allen (1960), can remain in a liquid statc over a wide range
of atmospheric conliticns, luc to their deliquiscent nature,

while MgSO .7H20 cannct, Perhaps this differemce in the

L
behaviour of the salts misht have resulted in 2ifference in
rnagnesium absorption. Allen's work (1959) also indicates that

the ratc of magnesium uptake from Mg(NO 6H_ 0, MgCla.GHZO
-

3)2.
an’ M3504.7H20 is the same, if the leaves are immersed in the
solutions for a fixe?l period of time. But when leaves arc

momentarily dippe? and allowed to dry up, the rate of magnes-

ium uptake from these salts differs. This has lLeen atitributed

to the physical nature of the deposits left behind then.

It woull be thus expected that as long as the immerser
loaves arc wot or subject to conditions similar to those
obtained when they were dipped, magnesium woulll te taken up
equally readily frowm three salts. However, evaporation occurs

and sometimes proceeds till the magnesiun salts crystallize
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out, at which point a liffercnce would arise tetween the salts,

which nisht account for the sbserved differcnces.,

Allen (1960) reporte’? that at 20°C the relative humi-dity
cf the air in equilibrium with saturate? scolutions of magnes-
ium sulphate, acetate, nitratc an? chloride is 82, €5, 55 and
33% respoctively. This wmcans that if the relative humidity of
the air is greater than that ¢f the =ir in cquilibriun, with a
saturated sclution, the latter (or even the crystals from which
it is lerived) would take up water vavour from the air. If it
is less, thec solute is cventually crystallized out. Thus, at
20°C relative humidity of 32% wouls cause solutions of all

~ four salts to crystallizc out.

In the present studly therefore, a consideration of rela-
tive humidity mentioned in scction 4.,5.2. (experinent VII)

indicates that Mz(NO .GHZO and MgClZ.SHZO might have romained

3)2
in the sclution on the leaf surface throughout that experinent.

The M:S0 .?Héo solution on the other hand, woul? have hecn

L
Ariel out at once, ani only brought into the soluticn over-
night and the following morning when the humidity was high,
Assuming; therefore that the magnesiun is omnly taken up by the

leaf from solution, penetration from the MgSO '?HZO’ would in

L
this instance have been halted during the daytime, and only
resune? when the relative humidities werce high in the nicght

and the followinz worning,
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The cffect of lcoaf marnesium level on the uptake of

narnesiug froa Mg (NO .6H20 sprays, prescntet in Table 19,

3z
indicates that the concentration c¢f magnesiunm in the leaves of
L ppm, 12 ppu, 36 ppm an' 72 ppri plants was significantly
increased by 0.07, 0.11, 0.17 and 0.22% (dry wt, bhasis)
respectivecly, Thus, increasing the magnesium level in the
s0il has alsc increase’ the uptake of marnesium from sprays.
The fact that the leaves of L ppu ant 12 ppm plants showed
little uptake of narnesiun from aprays nay e duc to a lesser
capability of these leaves to alscorbh nasncsium than the leaves

3

of those plants whose roots were well supplied with nmagnesiun,
or it may e 7ue tc translocatisn of more ¢f the absorhed

narnesiwz,

Thesc results agree with those reporte? by Ford (1967)
who zZrew apple plants by feeling them with twe levels of
maznesiun (45 pin anl <3 ppri). The lcaves of 45 ppm plants
when dipped in a 2% H“SOM‘?HBO solution showel a higher uptake
of masnesium than the leaves c¢f 4 3 ppu plants. However, the
upt~ke of megnesiun bty leaves from sprays in present study
increased from 4 ppm to 36 ppm, an’ above this level the
gradient of magnesium uptake was less stecp (Fig. 8§). A
similar type of curve was also obtained for the absorption of

nagnesiua from the soil (Fig. 8).

Not only the leaf magnesium level, but also the leaf
nitrogen level has shown marked 1ifference in the uptake of

magnesium from sprays. The difference in nitrogen status was
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associated with the substantizl 1ifference in nagnesiun
concentraticn in the leaves. Low nitrogen plants alsorbed
comparatively littlec marnesium woth from culture solution and
sprays. Ian contrast, the hiih nitrogen plants al'sorlie’ consid-
er:vle wmasnesiuwn from both scil an? sprays. The average
increase in the concentration of magnesiun in low nitrogen
plants was 0.09% of dry weight, while in high nitrogen plants,
it was 0,19% cf “ry weight (Table 20). Thus,thc per cent
increase in the concentration of maguesium (4ry weight bhasis)
in thc leaves of high nitrsgen plants was ouble that of the
low nitroren plants. Thesc results agrec with those reported
Ly Forshey (1959, 1963) for the absorption of magnesium by
apple. Forshcy (1963) founl that hirh nitrogen apple plants
asorted consideraklce amounts of masnesiun Toth from scil and
foliage application, while¢ lcw nitrogen plants absortel an
unnieasuratle amount of nagnesiuwm from the foliage apnlicaticn
and very little from the culture soluticn. Reuther and Smith
(1950, 1952) obtaine’ greater conccecntration of magnesium in
the leaves of citrus plants highly supplicl with nitrogen than
in those esupplied with low nitrogen. Increasing the nitrogen
suprly, cven without addition of margnesiun in any form, has
reculted in a greater increase of iiajnesium in the leaves of
apples (Boynton and Compton, 1944; Cain and Boynton, 1943;
Wecks et al. 1952, 1958, an’ Cain, 1953), of peaches(Ritter

1956) and of strawberries (Victor et al.,1967).

The increasc in nmarmnesiunm concentration associate? with

hich nitrozen treatment can he attributed to increased growth.
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But Forshey (1963) argued that difference in growth cannct
entirely cxplain the differonce in magnesium ahsorption by
high and low nitrogen plants, Lecause the dry weight of high
nitrogen plants was only 679 greater than that of low mitrogen
plants, bhut on the cther hand, incrcase in magnesium content

was 111%.

Thus, incrcase’ growth of high nitrosen plants may not
e the only cause for the greater uvtake of magnesium fronm
sprays, but somne other factors might have been invelved., High
nitrogen trees wmipght te WMore cayable of absorbing magnesiun
than the low nitrcgen plants. In the present study, it has
hecen noticed that the supply of hipgh nitrogon produced rapid
and quicker growth of the plants, leaves were comparatively
larger and greencr than those of low nitrogen Plants(Plate 1),
Under these conditicns the cuticle micht be expected to te
thinner than con the slowcr growing smaller leaves of low nitrogen
rlants, and thus more easily penetralile. On the other hand,
with the larger cells there would be a fewer vertical epidermal
walls/unit arcea and if they provide a pathway for the catrance
cf the chemical, as postulated by Wylie (1943) and Rcherts ct al.
(1948), thcn theoretically the effect would he a decrease rather
than an increase in abtisorption., Larger cells, however, would
result in larger stomatal openings and thus permit easier and

faster entry by this path,
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CHAPTER 7

7.  CONCLUSION

Magnesiwa is the key metallic sunstance in chlorophyll
and thercfore it is of prime importance in crop production.
Its “eficicency has Lecn revorted in citrus orcharids in various
parts of the world. Magnesiun Zeficiency has affected not
only the growth of citrus plants, but also fruit yield and
quality. Thus, for successful citrus fruit producticn the
requirements of maznesium cannot ke overlooked.,

=~

The slow, slight, and sometimes minimal effcct of soil

[4)]

application of r.agnesiunm salte leaves no other nmeans quicker
than foliage application for furnishing the magnesium require-

ments of citrus plants.

But the results obteined from foliage applicaticn of
nagnesium salts arc not comsistent an” this raises a number of

questicns regarding factors affecting magnesium absorption.

The prescnt study indicates that the usc of wettinz agents
is effective in increcasing the uptake of magnesium by leaves.
But the responses are¢ variabtle dcpending on the type of wett-
ing agents used., The variatle results obtained from the wett-
ing agents even when used 2t concentrations rcsulting in the
same wottability show that factors other than wettability are

also involved. The interaction of wetters with the species
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of molecule to be absorbed, scrption of the wetter to the
cuticle changing its charge and polarity, sclubilization of
the penetrant and the rcactionm with the cuticle may also be
rmore impertant and requirc further investigation,

The teneficial c¢ffcect of ;lycerince on the uptake of
nagnesiun by leaves indicates that the glycerine can be used
as a spray supplenent., Glycerine, cven if used at lower
concentrations than the conccentrations (1 and 2%) used in the
present study, nay have thc same effects. Therefore, further
investigations arec “Qesiral.le regarding different concentra-
ticns of glycerine and their c¢ffects on the uptake of magnes-
iunm by leaves. Other hygroscopic agents (earbowax, sScorbitol
dicthylene rlycol, and other polyhydroxy alcchols) should be

tried.

The conclusion that the morning and evening sprays were
superior tc nmidelay and afterncon sprays, can not ©te made
since in this investigaticn the temperature and humidity werc
not controlled, High relative humidity in the morning and
evening might have resulte? in increased penetrztion of mag-
nesium.‘ This has becn demonstrated by subjecting lecaves to
high and low bumicdity conditions. Thug it may be that it is
the relative hunidity tefore andl after the spray which is
important, but not the time of the day. Because similar
relationships occur in practice, this finding may he of prac-
tical significance but the ¢xact rcason rcmains obscure until

it is examined further.
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5 ) iecda ey 1c .
The beneficial effect of MQ(NO5)2.6H20 and }5012 GHZO

sprays over MgSO .?Hao in increasing the uptake of masgnesiunm

L
by leaves can possilly replace MgSOq.?HZO in controlling

nagnesium deficicncy of the citrus plants,

The slighter uptake of magnesium by lcaves having init-
ially low level of magncsium, whether due to their inability
to atsorb or to souc other reason is not known. Ford’'s work
(1968) indicates that the lack of nagnesium in the initial
stage of leaf developnent eventually develops necreosis, even
thouzh a high supply is restorel to them while still grcen, A
leaf therefore requires adequate magnesium during its initia-
tion, especially durinrs its expansion, and thereafter, a

constant sup:ly.

The increased uptake 2f nmagnesium by lecaves of high
nitrogen plants indicates that the use of nitrogen fertilizers
on the plants prior to magnesium sprays can be of practical
significance in reducing visual synptoms of magresium 3eficiency.
The data in Table 20 indicate that the lcaves which had high
nitrogen content (1.92% of dry weight of leaves), absorbed
twice as much of magnesium (% dry wt. basis) as that of leaves
having low nitrogen content (2.08%). But high level cf nitro-

gen may have antagonistic effects with some nutrients (P and K).
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Conpositicn of conceontrated nutrient Stock solutizns for

experiments I, II, III, V, VI, VII,an! VIII.
Salt Gus/litrc stock | For fze! soln
solution in jar { /litrc use prn
Major nutricnts
KNO5 202 2 ccs K 156, N 57
Ca(N0) ;. 4H,0 472 2 ccs Ca 160, N 113
Mgsoh.?Heo 185 2 ccs Mg 36, S 48
NaﬁaPoq.EHEO 104 2 ccs Na 31, P 41
Minor nutricntis
* MnSQO, .4H. 0O 2 ) Mn 0.55
L 2 )
* CusO, .5H,0 0.25 ) Cu 0,06L
'+ 2 )
* ZnS0, .7H,0 , 0.29 y 1 ses Zn 0,065
L*""2 i )
* Hy BIG | .86 A
3 3 | 1.8 g B Q.33
= 5 | y
Ferric Citrate i 2.99 10 cce Fe 5.6
Fe 5
(Fe CGH5O7.)H20
* These salts were coninel! as one concentrated nutricnt

stock sclution,.
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Composition cf Concentrated nutrient 8tock soluticn for

experiment I¥

Salt s /14 tre {For feed soln |
stock solution| /litre usc ppm
- in jar
Major nutriecnts 202 gns 2 ¢ccs K 156, N 57
KNO3 202 cns 2 ccs K 156, N 57
CaCl, 222 v 2 ccs Ca160, ¢l 284
WH, N
1 O5 276 2 ces N 193
A~ H ! 2]

Na. H,P0, .2H,0 104 2 ccs Na 31, P 41
MgSOh.7HZO 185 2 cece Mg 36, S 48
Minor nutrients

* MnSO, 4H.O 2.23 ) Mn 0.55

Lt )
* CusSO, .5H.,0 0.25 ) Cu 0.064
L8 )
¥ Zn504.7H20 0,29 ) 7zn 0,065
) 1 ce
* H, BO S B 0.3
5 205 s | ) 23

* (NHu)6MO702k'hH20I 0,088 ) Mo 0,048
Ferric citrate 2.99 10 cc Fe 5.6

(FeC Hi0,,. 5H,0)

* These salts were combined as one concentrated nutrient

stock solution.
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APPENDIX 3

»

Quantitative Micro-deternination of nmagsnesium in plant

tissue and soil cxztract.

(1)

(2)

(3)

(4)

(5)

A rapid colorimetric nethod.
Reasents

—— e

Thiazolc yellow 0.10%. Dissolve 0,10 ¢n of Rhiazole

Yellow in 100 ml of distilled water and store in a dark
bottle: This rearent will kecp at least 2 months under

crdinary con’itions,

Hydroxylaminc Hydrochloride, 5%. Dissclve 25 gus of

hydroxylanine hydrochloridc in distille” woter and dilute

to 500 nl and store in a cdark-coloure’ bottle.

Scdiun Hydroxide, 2-5N. Dissolve 100 gus of sodiun

hydroxide in digtilled wator and dilute to 1 litre.

Starch Solution, 2%. To 2 gms of C,.P, solullc starch

dd slowly, whilc stirring, the remainder cf 100 ml of
hot water. Filter it. This reagent shoull be preparcd

freshly as nccded,

Compcnsating Solution: Dissolve 3.7 fns of calciun

chloricde (CaCla.ZHEO), 0.74 gram of aluminium sulphate
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A12(504)3.18HZO, 0.36 mram of manganous chlerile
(HnCla.qHZO), ant 0.60 rgram of soliuwa phosphate (NQBPOQ)
in about 500 nl of water centaining 10 nl of concentrated

hydrochloric aecid. Dilute to 1 litre.

Starch Compensating Reagent - Mix equal volunes of the

starch solution and conpensating solution, preparce Caily

as nected.

Standard magnesium Solution: (25 ppa of nasnesiun),

Dissolve 250 ni of reazent parde mapnesium metal in dilute
hycrochloric aci? solution (150 nl of distille” water plus

Y -

10 ml. of concentrated hydrochloric acid) an? Lring to
velunc in a 250 nl volunmctric flask. Dilute this solu-
tion 1 to 40 for the working standard of 25 ppr of nag-

nesiun,

Proceurce

Ash 2 grans of oven Zried sanples, dissolve the ash in
dilute hydrochloric aci and make up to 100 ul by adding
Aistilled water. A 1 ml aliquot of this solution is
satisfactory tc cover the range 0.10 to 0.70% of nmagnes-
ium in the lecaves on a dry basis. For smallcr or larger
concentrations than this, the aliquots should Gtc aljusted
accorcingly. Transfer the aliquot to a 50 ml volumetric

flask and adl encugh to brings the volune to about 25 ml.
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Adt 1 @]l of the hydroxylawmine hylrochloridc sclution and
5 rl, of starch conpensating scluticin an? nix the solution.
Adl exactly 1 ml of thiazole yellow solution an’ mix tae
sclution, an’' then add 5 ml of the scdium hydroxidce sclu-
tion. Brins the flask to volume with distilled water;
wix thoroughly the contcnts, and allcow thom te stanl for
10 ninutes Uefore rcacding on a photo elcectric colorimeter
using a irceen filter. The colour is stable for several
hours. The concentration of magnesium is obtaine! from
a standard curve as descrited helow. An Hitachi 101
syectrophometer with the zrecn filter 5%0 was used in
this work. The colorimeter is set to read 100% trans-
mittance with a blank solution that is run by the sanme

procedurc used with the samples an? standaris.

Standard Curves

When O, 1, 2, 3, 4 an! 5 nl, aliquots of the standard
solutiocn of 25 ppn of nagnesium were analysedl exactly as
cesceribed above and thc readings plotted on semilor graph
paper a straight line relationship was obtained, A numbcer
of curves in advance, one or two on cach sheet of graph
raper were preparcd in order to use the appropriate curve

for cach sct of detecrminations.
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APPENDIX 4

Nitrogen analysis

Diyizestion

Weish accurately alout 0,10 gms oven-dried zround samplc
and transfer to urca tube ecalibrated at 50 mls. Add approx-
imately 1.4 rms of nixcd catalyst and 5 nls of 98% W/W

nitrogen-frec sulphuric acid.

Place tules in digestion Ylock, and digest for 60-80

minutes, after samples have cleared. Cocl, diluts to 50 nls

with distille? water, mix thoroughly and leave tc recool,

(Note: 2 reagent blanks, should also %e digestcel).

Digtillaticn:

A22 5 mls of 2% horic acid solution an? 4 to 5 drops of
mixed indicator to 100 ml receiver flask. Rinsc a 5al. pipette
with the solution to he tested and then transfer 5 mls to the
Jacketted tube of the Markham apparatus. Rinse in with a
little distilled water, add 10 mls of strong Na OH solution,

rinsc¢ twice with distilled water and close top.

Raise the receiver flask until the condenser tube just

dips below the surface of the toric acid solution and conmence
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steaninr, Continue distillation for 2 nminutes after colour

has chansge?, and 10-15 mls 7istillate collected,

Lower recciver flask, wash -lown tube with a little

distille! water (Two aliquots of cach sample to he distilled),

Tritration

Tritrate arainst the standard acid to just clecar grey,

comparing ecach sanple with refrence Llank colour,

Rengents

Mixed Indicator

Dissolve separately 0.25 pus “rom-cresol grecn in 250 nls
of 95% alcohol, and 0.05 gms of methyl red in 50 nls of 95%
alcohol (i.e. cach solution is 0.1%). Mix 40 mls of bronm-
cresol-grecn with 8 nls of methyl rod, in bottle with Capillary

dropper,

24 2% Boric acid

Dissclve 4O pgms bhoric acid crystals in 2000 nls hoiling
distilled water. After cooling transfer to glass-stoppercd

bottle.
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3. Strcng NaOH

Dissolve 1000 gaus NaOH pellets in 2,300 mls distilled
water kecpins stirring, Filter through rlass wocl into rubber

stoppercs nottle.

L. Catalyst

Mix 10 rms selenium with 500 gms R Potassium Sulphate,

using nortar and pestle.

5 Standard acid

Take 8.5 nls conc. AR HC1 and nade to 100 c.c.

Takc 10 ce of this an! nake toc 1 litre (0.010N).
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Analysis of variance of the c¢ffect of Jifferent wetting

agccats on the uptake of magnesium by lcaves.

Source SeSe e A M.8. Fs. Result
Treatment 0.02135 3 0.00711 37.85 * *
Replication | 0.00155 3 0.00051 2.74 N.S.
Error 0.,00170 9 0.00018

12 0.02460

Analysis of variance of the eoffcct Aifferont wetting agents used on

APPENDIX 6

the uptake of magncsiun by leaves, at 80% wettability of the

leaf arca.

Source . BB, 5 8 M.S. F, Result
Treatment 0.01515 L 0.00378 12.58 4
Replication |0,00101 3 0.00033 1o 12 N,.S.
Error 0.003%61 12 0.00030

Total 0.01977 19
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Analysis of variance of the effect of different ceoncentrations

of a

by lecaves.

F. _T Result

nonionic wettor (Terric GN9) on the uptake of nagcnesiunm

Source SeSe &s o M.8,
Treatment 10,02438 5 .00488 8.13 *
Replication |0.00096 3 .000%2 0,53 N.S.
Error 0.00899 15 .00060

-Total 0.03433% 23

APPENDIX 7a

Analysis of variance of the visual assessment of the wetting

of the upper surface of the citrus leaves by Terric GN9.

Source BeBs 4 M.S. F. Result
Treatment 12400, 00 L 3100,00 90.47 %%
Replication 90.00 ? 12.86 0,38 N.S.
Error 960.00 28 34,29

Total 135450,00 39
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APPENDIX 8

Analysis of variance of the effecct of “Aifferent concentrations

of ;/lyccrinc on the uptake of magnesium by leaves.

Source Se8. | af. M.S. F. Result
Treatrnent 0.01505 3 0,00501 11.29 »
Replication| 0,00215 2 0,00050 1.12 N.S.
Error 0.00L0O0 9 0.00044

Total 0.02120 15




Analysis of variancc of the offect of humidity on the

uptake of ma:nesium hy leaves.

APPENDIX 9
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FFactor
Se84 af, MsSe F. Result

Main Plot
Replication 0.000619| 3 0.000206 2.82 N.S.
Spray and no

spray 0.033307| 1 0.033307 |456.26 ®
Error (a) 0.000218| 3 .000073
Srlit plot
Lovel of humid-

ity 0.003907 1 0,00%507 6.93 *

Spray and no

spray X 0.001405 1 0.001405 2.49 N.S.
level of
humidity
Error (b) 0,003%384 6 0.,000564
Total 0.04289L4 | 15
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Analysis of variance of the effect of spraying at different

Source Se5e. af, I M,S. F Result_
Treatment 0,07055 I 0.01763 75637 * %
Replication |0.00101 % 0.00033 144 NeBa
Error 0.00281 12 0.00023

Total O.O?MB?I 19

APPEIDIX 11

Inalysis of variance cf the rate of uptake of magnesiun

by leaves.
Source S.5. | af, M.S. ¥y | Result
Treatment n.13628 6 0.02271 58.39 | »
Replications | 0.00112 3 0.00037 0.96 N.S.
Error 0.00700 18 0.,00038
Total O« 144141 27
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APPENDIY 12

An~lysis of variance of the effect of different magnesium

salts on the uptake of magnesiun y leaves,

Source BeSs af, M.S. F. | Result
Treatment 0.07887 3 0,02629 93,89 * %
Replication| 0.,00102 5 0.00034 1.2 N.S.
Error 0.00248 9 0.00028

LToth. 0.08237 15
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Analysis of variance of leaf marnesium level on the uptake

of magnesium by leaves.

Factor
e85, ar, M.S. F. Result

Main plot
Replication 0.00079 3 0,00025 0.65 NuS.e
Spray ant no

spray 0.15821 1 0.15821 L16.34 "
Error (a) 0.00113 3 0.00038
Split plot
Level of
magnesium 00,6064 3 0.20215 777.50 "
Spray and no
spray x level
of magnesium | 0,02693 3 0,00898 34,53 .
Error (%t) 0.00460 18 0.,00026
Total 0,79810 21
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Analysis of variance of the effect of leaf nitrogen level

on the uptake of magnesium by leaves.

Factor
S.Se af. M.S, F, Result

Main plot
Replication 0.00157 3 0,00052 0.57 N.S.
Spray and no

spray 0.10080 1 0.10080 100.76 * o
Error (a) 0,00272 5 0.00091
Split Plot
Level of
nitrogen 0.03%330 1 0.03330 65.29 * %
Spray and no
spray x level
of nitrogen 0.0033%2 1 0.00332 6.50 *
Error (%) 0.00303 6 0.00051
Total 0. 14474 15
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