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A B S T ,h A C T 

Pineap~l e sweet oran~e seedlings and r oo ted leaf bud 

cuttings of Meyer l o~ons wer e used t o investigate th e e ff ects 

o f some cf the f actors affecting mac:;nesium u1.:;take by leaves. 

Magnesiun was cteterrnined by thiazol e yellow ne thot o f Drosdoff 

and Nearpass ( 1948) anc1 u:, take was usu ally m0asured 24 hours 

after s pr ay treat• ent. 

It was shown that the addition of wetting a5ent s to 

nacnesiuD nitr 2.te spr ays s i t;nificant1.y incr eased the u1)tako o f 

mac;nesiun '.)y l eaves . The nonionic wetter (Terrie GN9) at the 

ver y l ow (0. 0 1% a .i.) anr~ high (0 . 08 - 0 .1 % a .i.) c oncentratio.ns 

di e~ not a ff ect nc1.c;nesiu,:1 up take , whereas at interi11ediate con­

c entrati ons, ma5nesium upt ake was incr eased . 

Use of the humectant c l yc erine at 1 or 2 percent sienif­

icant ly increase,, the uptake o f nagnesiu1a by leaves, compared 

with s pr ays t o which no: s lyc erine was added , but had no bene­

ficial effect o,ver sprays which contained a nonionic wetter 

(Te·rric GN9). 

Magnosium 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 ar.d t ho evening s prays r esulted in great er 

uptake of magn esium by :!_ oav os, c ompar ed with af t ernoon sprays . 

A significant incr eas e in l ea f magnesium conc entr ation 

occurr ed a ft er 2 hours of a magnosiur:1 nitrat e spray applica­

tion . Loaf magnesium c oncentration r ose steeply for 24 hours 

aft er s praying , thereaf ter remaining constant . ( Becaus ;) it 

was not possible to measur e the d egr ee of magnesium transport 

ou t of the l eaf, it i s not c l ear whether m&gnes ium uptake , in 

fact, stopped after 24 hours ). 

Of the thr ee magnes ium salts used , magnesium nitrate and 

mag n of; ium c hlori dG sprays r Gsll.l l t ed in gr oa tor magnesium upta.i..:e 

by l 0aves, compar ed wi t h magn e sium sulpha te s pr ays . 

Uptake varied wi th tho c one entra.tion of magn esium in. the 

l eaves . The lower th e concentration of ~agnesium in the leaves , 

the l oss the uptak e o f magnesiur:;i by loaves , and tho hie;hcr the 

cone entrati on o.f magnesium , the higher tho uptake of magnesium . 

Leaf nitrogen also affec ted uptake of magnesium by l eaves. 

High l eaf nitrogen (2. 92~~ of dry weight ) r esult ed i n greater 

uptake of magnesium than the loVT l oaf nitrogen (2.08% af dry 

wei ght ). Th o avera6 e increase in the c.onc entrati.on of magnesium 

in the l oaves o,f low nitrogen plants v1as 0. 09% o,f dry weight , 

while in l eav os of high nitrosen plants t h o incr ease was 0.19%. 



Thus th e incr oo.w i n the % l ea f c one ontra tion · o f i:lai:)1Gsium 

in t he high ni tros2n ; l ants waE dcubl o tha t of tho l ow nitrog en 

pl a nts . Thi s ma y to a dir ect e ff ect of t he low l oaf nitroccn 

or an inc1.ir ec t one .h1c to tho in•:uc cc'. l ow lc e.f ;-1ac;no s i m1 in 

those pl ant s . 
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CHAPTER 1 

1. INTRODUCTION 

Nutrient sprays, these days, are becoming increasingly 

important to supplement the mineral requirements o:f the 

crops to increase crop production. ·· 

Nutrient sprays may be important in two directions. 

(i) Where soil application of fertilizers is not responsive 

or very slow. 

(ii) To prevent the development of a deficiency symptom vary 

sonn before the trouble is expected or immediately it 

has app€ared. 

1 

But the responses of nutrient sprays are influenced by 

environmental factors (both physical and chemical) and plant 

!actors. Magnesium absorption is not an exception to these 

factors. Leaves of same plant species do not sho,w responses 

to magnesium sal.t sprays, while o.thers do • . Soil application 

of magnesium salts on the other hand, has been slow. in action 

or has not been effective or partially effective. Foliage 

application of magnesium sal.ts appears to be superior to soil 

application in increasing the concentration of magnesium in 

the leaves and in reducing deficiency syptoms. But the 

respoilS'es are not consistent. 

The present study, therefore, was undertaken to deter­

mine the degree to which a number of likely factors might 



2 

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 absorption . 

For this reason, the literature review has been made more 

extensive than otherwise would have been required. The 

discussion of the results includes some hypotheses and spec­

ulations which lack evidenc e to support them, but they may 

be of value for future work . 



CHAPTER 2 

2. FCi :'" IAR APP:::, ICATI8~! OP :nuTRIEl·TTS 

Among same of the early work on the use of mineral 

nutrients to plants as foliage application is that of 

3 

Johnson (1924)i on pineapple plants in Hawaii, where pine­

apple plants were grown on soil. rich in manganese. Within 

three to six months after planting, pl.ants developed a 

serioms injury known as pineapple-yellows o.r "manganese 

yellows:11 • Johnson was able to control that chlo-rosis by 

simpJ.y applying sprays of ferrous sulphate- (FeSO 4?H
2

0) to the 

leaves. Th~. response was quick greening of the sprayed 

leaves, which indicated that at l .east some. af the iron had 

been absorbe-d by the I.eaves. 

Much af the work on iron sprays has been do.ne with a 

view to, sup.plying iron to plants suffering from what is 

called li.m.e induced chl.or 6·sis. But due to, immobili.zatio·n of 

iron once it has pe.netrat.e.d the l.eaf eel 1.s, 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 be-en affected by lime induced chl.o·rosis. None of 

them caused complete recovery. Hilgeman (1969) also had 

dis2,}'lpou..nting results with ferrous sulphate and two i.ron 

che]l.ate compounds, when these we-re sprayed on chJLoro,tic 

leaves of citrus in the fie,JLd. 



4 

Zinc sprays hav e given satisfactory r espons es to control 

zinc deficiency in a wide range of fruit crops . For example, 

th o studies of Parker (1937) on mot t l e leaf of grapefruit, of 

Reed and Parker (1 936) on mottle leaf of orange , of Dhingra 

and Others (1967) on citrus chlorosis, of Labanauskas and 

Puffer (1964) in corr ec ting manganese and zinc deficiency in 

Val encia ornago , of Paulochova - Kralikova (1 966) on little 

leaf of appl es and of Hoffmann and Sc1J11ish (1 966) on control 

of zinc deficiency in appl0s , are all examples of investiga­

tions with r esponsive speci es. 

Coppor sprays hav e been satisfactory in correc ting 

copper deficiency in many plants. The s tudi es of Dunne (1938) 

on Wither tip. or summer dioback of apple tr ees, of Bada~in 

(1966),. Tarasov and Kovalenk:o (1 967 ) on tho control of s hoot 

dessication of apples, of Lee ( 196~-) on cop.per do.ficiency in 

Venturia Country citrus and of Kiely (1966) on exanthoma of 

citrus, have all shown that copper sprays have been satis­

factory in corr ecting deficiency symptoms . 

Manganese sulphate sprays hav o controll ed manganes 

deficiency of many plants. Camp and Poach (1938) in less than 

30 days, abtainod compl0tcly gr een l eav&s when manganes e 

deficient cirtus leaves wer e dipped in manganese sulphate 

solution. Parker and Southwick (1941), by tho use of various 

manganese co:mpounds as spray , corrected manganese deficiency 

symptoms in citrus. Labanauskas ( 1962) co:rrccted manganese 



defici ency of grapefruit by manganes e sulphate sprays . 

Working with Newtcwnapplc, Uriu and Koch (1964) corrected 

the symptom.s for tho entir e year by zinc plus manganos o 

s prays applied at l east twic e in early .spring. 

Boron defici ency of several fruit and vegetable crops 

has be en co frtrolled by tho foliar sprays of borax or boric 

acid. Askew and Chittcdon (1936), with a single spray of 

5 

1 per cent hydrated boirax, obtained fo,ur to five fold increase 

in boron level in the fruit and prevented the internal cork 

sy,mpt.oo of born deficiency :in apple. Early seaso:n sprays of 

boron on appl.o ha ve r esult ed in subst2ntial. increase of boron 

in fruits and considerab~e amounts in l eav es (Bramlage and 

Thomson, 1962) • 

Urea sprays have been studied extensively to furnish a 

considerable. part of ni trogen ne eds of s ever al crop plants. 

The respons e to urea sprays :is variab1o. Urea sprays to 

apple trees have increased leaf chlorophyll and leaf total 

nitrogen as compared with unsprayed trees (Hamil to.n et al..., 

1943; Ludders and Bunomann, 1967), improved vegetative 

growth ~ lilkcnbaumer and Hohmann, 1964; Fisher e t al., 

1948; Fisher and Cook, 1950; and Fisher> 1952). However, 

urea sprays to grapes proved disappoint~ (Weinberger et a1., 

1949). 

Burrell and Boynton (1943) doubled the potassium 

content o,f the· apple JLe.af with six sprays of 1% p otassium 



Sulphate. Ganja ot a l . , (1 966) controlled soil induc ed 

potassi um do£ici0ncy of citrus in green houso, with potass­

iWll nitrat e spr ays . 

Magnesium has boon s uppli ed bo t h by soil and fo liage appli­

cation . Findings indi cat e tha t foli ae;o a pplic a tion of 

magnesium i s bettor than soil applic a tion in c ontr olling 

magnesium deficiency in plants. 

6 

The specific examples cit ed abovo, provide some evidence that 

some typo of l eaves can, to s ome extent, absorb nutri ents 

fr ou sprays . If nutiront r equirement s can be s a tisfi Gd and 

e,pplied economically by some athor means then there is no 

r eal no ed of supplying them as spr ays . Sinc e only low 

co,nc entratio,n o,f salts can usually bo appli ed to tho leaves 

without burning them , the mos t i mport2,nt us e of such spr ays 

can b o made for th o corr ection of minor cl ement de fici enci es . 



CHAPTER 3 

3. LITERATURE REVIEW 

~1. Pathways oJ'.....E..~ne tration of nutri ents, herbicid es and 

other substanc es into the leaf 

Bo.th s urfac es of tho l oaf a r e penetrable, but all areas 

of tho l ea f ar c not equally permeable. Pr e f er Gntia:t areas 

of foliar absorption nam ed in the literature for various 

substances (herbicides, other pesticides, nutri ents, and 

fluorochro ines) ar c : 

( a) dir oc t l.y over tho veins , 

(b) over ant:icli.nal epider mal walls, 

(c) glandular and non-glandular trichromes, 

(d) open stomata , 

(e) hydathodos , lonticols, and natural fissures, 

(f) insect punctur es and o,thor imperfections i.n the 

cuticle. 
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Penetrat ion. may be classified as stomatal o,r cuticular, 

then cellular. Opinion is divid ed as to whether stomatal or 

cuticul.ar entry is more important as a genora lizat1on. Both 

are known to occur under appropriate circumstances. 

3. 1 • 1, En try through stoma t a 

Stomata have. been claimed to, be primary sites of entry 

for Co60 (Gustafson,. 1956; Gustafson and Schlessinger, 1956), 



NAA (1-naphthalsnoacetic acid) ( Harley et al., 1957 ) . This 

32 42 86 path was not indicat 0d for P , K , Rb ( Toubner et a l., 

1957 ) o,r urea , R0<.l ney (1 952 )~ Volk and McAuliffe (1 954 ) . 

Many workers claim that stomatal pen e tr a tion does not 

occur unl ess the surface tens i on of the solu tion i s r educ ef. 

c onsiderably by t he additi an of surfactants (Weaver and De­

Rose , 1946; Turrell, 1947; Norma n e t a l., 1950 ; van 

Ov erbe ek anct Blondeau, 1954 ) . Only open stoaa ta hav o been 

r eport ed to be penetr able by oils (Rohrbau0h , (1934) 

Minshall and Helson, (194 9 ); not, or onl y slightly by water 

an:.l to varyins ,le 1:.:rees by a qu eous solutions containing sur­

factants. Cor.1plotoly clos ec~ stoma ta c an exclude a ll fluids 

(van Ovo.rbe ek, 1956) . SarGent and Blackman (1962), on the 

other hand, p r esent ec'. a new theory as r egar ds t o penetration 

of 2, 4-D. Accordins to them, 2,4-D d oes not need to have 

a pas sage be tween two guard c ells of stomata, bu t c an 

penetr ate throuc h c uard and a ccessory cells . 

3 . 1.2. Structure of the cuticl.e 

3 . 1 . 2 . 1. Physical nature af the plan t cuticl e 

Acc or L1 ing to Schieferstein and Loom.is ( 1959) , 

Br ongni a rt (1934) has described the cuticl e a s the outer 

c e llul.ose-fre e covering o,f l eav es , distinct from the 

cuticularized layer s that might be formed be-ne.ath it. In 

lower forms such as the mo l d Phyc om.yces, the cuticle is a 

8 



9 

s·imple thin !Il:embrane of low el asticity and of poor adherence 

to the cell wall (Roelofsen 1950), according to van Overbeek 

(1956), and in higher pl.ants 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 oils are assumed to 

be products of ce.11 metabolism, and to have diffused through 

the cellulose pectin structure of the cell wa.ll. 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, 1eaves may show marked accu­

mulations of readily soluble surface waxes. The way in which 

wax is deposited on the surface af 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 

an.d Loomis (1959). Their observations suggest that wax is 

extruded at random through the thin areas of the cuticle. But 

Hall and Donaldson (1962) c]..aimed that epidermal cells af 

Brassica ol.eracea and Trifolium repens reveal pore-s from. which 



Fig. 1 . of the functional Hypothetical structure 

. f the plant cuticle. asuec~s o . The waxy rodlets 
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... . '""loom" may ureven t having ·u •• ;. of leaves contact. of a 

1 f surface spray droplet with the ea 

(Foy et al., 1967) · 



wax is extruded. They suggest ed that wax fro m a number o·f 

por es, may form a single wax particle. The configura tion 

11 

of thos e particl es appears to be responsible for wa t er 

r epelling properti es of a h 0avily bloomed surface. Cutin and 

waxy material have also b een found on th e fre e surfac es of 

the leaf mcsaphyll c ells and on the inner walls of the epi­

dermis vh or e th ese are expos ed to internal air spaces. The 

internal cuticle is continuous with the external cuticle 

through tho stomatal. apertures, whose bounding cells, the 

guard c ells, arc cover ed with a cuticle on their fre e surface. 

Sc.ct t e t al. ( 1948) found tho ou t or cpidernal walls of 

l eavos of citrus sincnsis Osb eck to b e cutinized and coa ted 

with wax, which se0mod to be excr e ted through minut e canals 

similar to those in the fruit rind. By tr eating s ections of 

loaves with IKI-H2so
4

, they showed the canals to be lined with 

protoplasmic threads; and protoplasmic activities •;r.ithin thes e 

canals were attributed to the excretion and the maintenance of 

the waxy surface. 

Environmental factors can influence the formation of 

cuticle. Stevens (1932) measured the cutic~e thickness of 

several varioti.es of cranberry for thrc_e consecutive seasons 

and found up to 20% variation with the season, similar in all 

varioties. Lee and Priestley (1924) showed exporimontally 

that. exposure to certain atmospheric conditions :ls a primary 

requisite in tho changing of fat and oil layers to the varnish-



like conuition ch8. r a cte r.1istic of c:1 mot urc cutj_clc . 

Further, ligh t anc1 humi dity were sh oY.:n to affe ct the 

t1icknes G and con sisten c y of t he cuticle by the ir 
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inf luen ce upon the o~idation and con densation of fat ty 

acids, a proces s involv0 d in cuticle forma t i on . Work in g 

with NicQ_t_iana gl~ll.Q../:2 and Hedei1a. heJ,_ix, Sko sr, (1955) 

obRervcd tha t the de pos ition of cuti cle wos continuous 

until t ho le af reac~1c cl morphological maturits,; beyond 

maturity no furt lw r deposition occu1°red . Leave G grown in 

the sun produ ced heavie r cuticles of g r ea ter wa.x content 

tha n l eave s g ro~n in tho ohade . Th0 t ompe rG ture con d itions 

under v,hich pl P,nt s vrn r e grmrn 1nc r e s ho'.rn to inflLwnce the 

de posit i on of cuticle 2i nd rrnx . T~10 1.110::, t c ut ic l e 1::as 

prod u ced at a medi an t cmpcrn tu rG , c1 nd tllo r.roa t os t 

percent&ge of wa:~ at a i1 i 3h t umre r a ture . Pl crnt s un dergoin g 

water stress produ ced c uticles containing a g reat e r 

proportion of waxe o tha n plants ~ ith mo r ~ favourable 

moisture condition s . 

the 
3.1 .2.2. Che~ ical nature of/plant cuticle 

Accordin g to Foy et a~.! (1 967), Fre y-Wys s lin g (1948) 

has summarisecl the chemi cal nature of cutinizcd plant cell 

wallsy whi ch are composed of four distin c t substances~ all 

of wh ich may vary in d istribution within t he wall . These 

substances are: (a) cutin, (b) outin waxes, (c) pectin and 

(a) cellulose. All constituents contribute t heir own 

phys io.,che mi cal properties to the surface layer of the 

plant. 
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(a) Cutin:- Cutin has boen described as the polymerisation 

and condensation of c18 hydroxy f a tty acids which ar e 

synth0sized in the protoplasm and penetrate the wall as 

procutin. Extruding on the surfac e , th ese precurssors ~re 

0,xidizcd and polymerised, forming a sponge-like frane of 

submicroscopic dimensions. Cutins contain reactive end 

groups v1hich enable them to form esters and ethers. Also, 

cutin may contain an appreciable amount of dicarboxylic acids 

and hydroxy carboxylic 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 f a tty substances, consisting 

primarily of free fatty acids, fatty acids combined with 

ma-nohydric alcohols, and soaps. Legg and Wheeler (1925) 

iso]at.ed two, acids as major compo·nents of cutin and sugges ted 

the names "cuti.c acid" (c26H50o
6

) and cutinic acid (c
13

H22o
3
). 

Other acids were isolated in much smaller quantities. 

(b) Cutinwaxes;- Crafts and Foy (1962) state that cutin 

waxes. are short chain eqters and aJlcohols o,f relatively low 

moJ.ecul.ar weight, lacking reactive· end groups and unabl.e to 

pol,Ymerise . Cutinwaxes are aptically negative, stainable in 

li~id dyes, melt above 220°c , and do not absorb ultra violet 

light . 
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Foy et cal. (1967) state t ha t waxes a re hydrophobic 

in na ture an d hence 1.1es ist ant to we t t in g v1 ith pure water . 

The waxy rodlets of the leaves f orm s 11 blo ornli v1hi ch may 

prevent cont a ct of a sp r ay drople t with the l eaf surface 

(Fig.1 ), but the addi tion of a suitable surfact ant to the 

oil or aque ous sprays may facilitat0 the wett in g of waxy 

leaf s urf a ces . Further enhanced we ttin g does not mean 

e nhanced penetration, because s urf a ce wax deposits ma y 

interfere_ with wett in g but little with pene tration, 

provided good surface cont a ct is e ns ured. 

(c) ]?ectins:- Crafts and Fof (1 962 ) s t ate t hat pe ctins 

consis t of lon g chain polygal~cturonic a cid molecules 

having side carboxyl groups whi ch can forn1 salts a nd i mpa rt 

to pectins base exchange p roperties . Polygala ct uroni c 

acid and its me t hylated de rivat i ve are soluble in wa t er , 

b ut its cal cium s alt is i nso luble . Pectin s ubst ances have 

little tende ncy to crys t allize ; they occur in an amorphous 

state in pl ant cell walls, an d t hey a re responsible for the 

stron g water holding properties of the walls . 

(d) ~lulo~e~:- Foy ~t al . (1967) describe the ce llulose 

as composed of long cha in molecules which arc r ~l _a t~ ~e.l:Y 

stable. These molecules a re organised into micelles. The 

micelles are ass ociated into microfibrils, a nd be ca use of 

its microf ibrillar organ isation, cellulose imp a rts ten s ile 

stren gth and ela.stioi ty.Crafts and Foy (1962) indica te that 
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i.t i.s this prapcrty af cell walls that r esists c-xpansion 

and r esults in turgor. Turgor, in turn, enables the plants 

ta grow er ect against the force o-f gravity, to extend roots 

into the. soil, to absorb water and nutrients, and to main­

tain its foliar organs in posi tio,ns favourab].e for maxi.mum 

absorption of carba-ndi..oxide and light. 

3.1.2.3, The role a,f the. cuticle 

Epidermal cells of l eaves and sto@s, unlike roots, are 

mc.:,-r e or l _ess covered with thick cu tic le, whic.h ma~' be s.uper­

im.posed by wax excrusions . The lipid character of these 

waxes and cutin layer can produce an obstacle for tho pene­

tration of hydrolphi.lic substances. It is belie.ved that 

the obstacle cr eated by tho cuticle is so groat that the 

penetration of the hydrophilic substance occurs onl...y through 

stomata. However, the stomatal passage allows solutions only 

to e.nter in st0111ata1. chambers and interccl1.ular spaces, but 

n0t in the cells, because the out.er wal1.s of the cells lining 

these cavities are also covered by an internal cuticle 

(Scott, 1950). Also, the hydrophoibi.c nature of the cut:icl.e 

lining the stomatal p0;res normally does not permit. tho 

passage o.f tho aqueous solutions . Use of detergents may 

induce this passage (Dybi.ng and Currier, 1961). Thus, under 

natural conditions , absorption of solutes mus t take· its 

regular coura~ by the penetration of the cuticle. 
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The question at O;nce arises whether there is any po.re in 

the cutic1.u, providing pathways for penetration. Electron­

microscopy studies reveal that there are no pores in the 

cuticle other than local thin spa.ts, punctures, breaks, and 

fissures made by insects. However, Hal]. and Donalds.on (1962) 

have found true perforations i.n the epidermal cells of 

Trifolium. repens and Brassica o1e.racea. Wax is said to be 

ext.rud e.d through these pores. 

Orgell (1955) has described cutic].a as being im.bricate 

arrangements of lipoid platelates cemented together by 

hydroph:U.:ic pcctane-ous substances. Thus, an intercuticu.l.ar 

penetration should be possible for a polar so1ution. But 

there is no direct proof of such a pathway . Thero.fore, as a 

rule, in foliar absorption , substanc es to be absorbed have, in 

contrast to the situation in roots, to penetrate a lipid like 

l.ayers·. This means that an "intracuticul.ar pencrtration 11 

without pathways through distinct pares has to be performed 

before solutions can c.nter tho cellulose wall.a (Wittwer and 

Teubner, 1959). 

3.1.3. Structure and nature of the cell wall 

According to Jensen (1967), celL walls vary greatly in 

composition and maTphology. However, the cell wall consists 

of three layers, middle lamella, primary wall and secondary 

w8.l.l. The primary wall is frequently thin (1 to 3 /u thick) 
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and e1astic. It increases in ar ea as the c ell grows. A 

secondary wall is formed betwe en the cytoplasm and the primary 

wall, when the growth of the c oll c eases. The secondary wall 

is often thick (5-10 /u) and rigid, providing great tensile 

strength to the cell. The primary walls of t wo c ells a r e 

joined by a common l ay er cal l ed the middle l amella . 

The coll wall wh en first formed is very thin, but increas­

es in thickness through the deposition by the protoplasm of 

new particles upon thos e already present. Thickness of the 

eel~ wall some times becomes so great, that it almost fills the 

c ell c avity (Anderson, 1927). 

The chemical nature of the c ell wall is loss und erstood 

and thought to be a complex one. Miller (193_8) provides a 

diagram· which shows the substances that may compose. the cell 

wall (Fig . 1 a). 



Fig •. 1 a ; A diagram sho ·,ving -the s ubstanc es th 1. t rn-J.y c om po~ the cell wall 
(From Miller, 1938) . 
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Cellulos e , c om posed o f thou s nn~ s of r 0~e3tins c luc o s o 

unit s , is th o ma j or str u ctura l e l oBont o f tho cell wall, 

ospeci P.lly i n t he c ,_,se n f pr i ,1:~.ry Vl.'.'.11 (J onsen, 1967). 

Cellulos e has '.· ecn r 0p,.:1rt0,:1. t:., '. , o L:>os8ly O!:J.'.) edc':.or1 in 

t hu :anr t ix i n tho f .:; rr,1 o f :,!icro fi ~ .. r i l s ( Fr oy- 1Vys s ling a n cl 

Muhlothc.l er; 1965 ) Th o ;.;~i c r o fi ~)ril s , in t he sec onC.>.ry wa ll 

whic h c ont.?,i!1s 60 t ~ 94 p or c ont c ellulose 2.nd onl y a littl e 

mrtrtix, a r e c l ,) sol y pc.eked n.w: int e r wov e n into a n e t work. 

Ther e exists int or sp:c c s r.,e tweon t :. c i:J.-icrofibril s 2-nd 

botweon the e l omc21 t .:-.ry f i :;rils (Fr cy- Wyssling a nd Muhl e tha l er, 

1965 ). Th o s izo o f t he int or c ic oll~r spac es be t wee n the 

e l ementary f i ~ri l s i c ahout 10 A0 
3nct t her e f or e th ey s h oul d 

be penetrab l 0 by s mall mo l ecules such as wa t or a nd h a l ogon~ ~ns. 

Th o s ize of th e int orfi½rill ~r spac os be t ween th o microfi brils 

0 h owev er, has ,_ oen r oacl].ed u p t o 100 A • Henc e , l a r ger 

mo l ecul es s h ould p .:1.G s fr eely if th e spac cs ar v n o t fill ed 

wi t h n on- c e llulose mP. t oria l (Fr ey-Wyssling a nd Muhle t llal or, 

1965 ). Othe r c o;upon onts of tho prima r y vmll ancl th o r:1i ddle 

l amella a r e tho p ectic substa nc es . Th os o a r c l a r 0o mol ecules 

made up o f r cp<w.tin5 units c a lled h e xuronic 2.cids , which a r e 

d erivatives o f hoxose sugars (Jens en, 1967). Still other 

cocrpounds a r e f oun~ in the walls of ma ny calls. Chief 

among th em a r c tho i':axes, which c onstitute th e surfac e 

l a yers a£ tho pla nt. 
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Ec t odesnat a :- The di s c ov ery o f ext oiesraat a in th e 

ou~er wall o f the epider mal cells has pr ovided a now outlook 

fo r f oliae;o pen e tra tion . Franko ( 1961) h as s t ud ied t ho 

occurr enc e and c i s tributi 0n o f oc todosnat a i n t ho opi do~m~G 

o f Plant €'..0oma j o~ and HeJ_xino so l oirolii. Leaf str uc t uros , 

s uch as guar d c ells , c onic al hairs , anticlinal wal ls and 

tho opid er mal cells ad j a c ent t o th o l ea f vei ns h av e Leen 

obs erved t o c onta in l ar ge nurabor s o f ectod osmat a . Sinc e 

ectod osmata ext end fr om the cuticle, which they do not 

perfor a te, t hr ough the wall t o the lumina of epi de r mal c ells , 

they se em t o provid e an a l mos t dir ect connection of tho 

pr o t opl asts with the surroundins outsi~• rnediun . Frank e 

(1 96 1) no t ic ed t ha t t he solutions which f or med visi bl e 

c r ystal s a~d pr ecipita t ed i n tho ou t er wall, entered tho 

opi dor ma.l c ell wall in l oc alized pa thways and t ho l oc al­

i zation of these bod i es c oincided with tha t o f ectodosmat a . 

Henc e, h e concluded that ec ~odesma t a pr ovide ~ho principal 

pathways f or transport of s ubstanc es f r om outside to tho 

i nt erior of t i s sue s a nd vice-ver sa . Nutri ents a ppli ed t o 

t ho l eaf s urfaces a r o assumed t o f ollow tho same pat hways 

i. e . ectodesnata . 
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3.1.4. Structure of the plasma-membrane 

The cytoplasm is surrounded by a layer callc(1 plasna­

membrane ur plasmalelllila which i s thin, flexible and not 

directly visible to the light micro·scope. The plasmamembrane, 

~ccording to (Jensen, 1967) is composed of protein and lipid. 

Their molecules are arranged in the membrane in such a way 

that the protein molecul.es are aligned on the exterior of the 

membrane and -are bound to the lipid moiecules which occupy 

the centre. 

Frey-Wyssling and Muhlethaler (1965) have mentioned a 

variety o,f 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 al.so capable of breaking down 

substances enzymically. 

Jensen (1967) has mentioned the advantages a,f the semiper­

moability of the membrane in that it prevents the organic 

materials of the cell such as sugars and soluble proteins 

from leaking o:ut of the cell whiJu~ allo,wing water and sal.ts 

to enter, and this maintains the integrity of the cell i.n 

rel..at:i.o,n to the surrounding enviromaent . 

The piasmamembrane provides no passage as such for tho 

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

plaso by a process requiring metabolic energy (Jensen, 1967). 

3. 1. 5. Mechanisms of fa:J:.iar penetration 

3. 1. 5. 1. Mechanisms of p,:-,ne!_rqtion in the cuticle 

Many workers , in order to study th e penetrability and 

mechanism of cuticular pene tration, have ex~uined the isolated 

cuticles (Skoss, 1955; Schieferstein and Loor.li.s. 1959; 

Goodman and Addy, 1962; Darlington and Ciruli.s, 1963; Yamada, 

Wittwer and Bukovac> 1964, and Silva Fernandes, 1965). These 

studi.es have confirmed the penetrability o,f the cut.icular 

membranes . 

Darlington and Cirulis (1963) regarded, l eaf cuticular 

penetration, as a dif fusion process influenced by temperature, 

c.oncentration and relative solubility in organic solvents. 

Penetration increased with th o increased temporaturc ~nd with 

the higher lipophilic character of the compounds, and was 

directly proportional to the concontratio.n. The, di.fforent 

compounds applied penetrated the isolated apricot cuticle in 

the range of 1.5 to 3.3% during 48 hours at 25°c. Yamada> 

Wittwer and Bukovac (1964) on the other hand, observed that 

a·nly 0.2 to 2J'o a,f the applied c ati.ons and anions penetrated the 

isolated tomato fruit and onion loaf cuticles, but 80% passed 

through the dialysing membrane after 40 hours. Hence, their 

resu1ts suggest that this may not be simple diffusion, The 

lower penetration might have result ed from the l .ower permea-
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bility of the isola t ed cuticlGs , brought about by tho changes 

in physical and chmlic al charact eristic s o-f i s ola t ed cuticles, 

during t ho proc es s of thGir i s olation by chemical moans. 

Somo. por meabili ty, surfac o binding , and ion exchange 

char acteri s tics have beon r eport ed for on zy~ically i s olat ed 

cuticalar membranes (Yamada , Wittwer and Buk ovac, 1964 ; 

Yan.all a , Bukova c and Wi t tvrer , 1964) . They include the 

sto~atous gr oon onion leaf cuticle anc the astoma tous tomato 

fruit cuticle . Ca tions and anions wor e bound to- the inner 

s urfaces of cuticlos to much gr eat er extent t han on t ho out er 

sur fac es . Wi th di a lyzing membr anes , no s uch differ enc es 

be t ween the two sur fac es occurr ed . Approximat ely, thr oe 

tia os mor e cati0:ns wer e bound on th e inner surfac e (7 . 89 
2 m1u mole per c~) of tho tomato cuticle than the out er surfac e 

(2. 73 m 1u r1ole/cm2 ) . The possi bl e explana tion of such 

di ffer ential ion binding by surfac es of isol a t ed culicular 

membran es has been given as the mo-rphola,gical differ ences in 

the cuticular surfac es . The out er s urfac es were smooth, while 

the inno.r surfac es wer e irr egular, having protrusio.ns and 

c ellu].a r fr agments . A furth er possibl e explanation for the 

differ ential ion binding by th e two surfaces a s given by 

y·aoada,, Bukovac and Wittwer ( 1964), has been r el a t ed to, the 

physio-chemic a1. properti e$ o·f the two surfac es . The out er 

cuticul.ar surfac e is beli eved to b e c omposed o,f l a yers of 

high].y pa,lymerized a nd oxidized fatty acids . While the, inner 

surface r epresents a moro heterogeneous chemical composition . 



It has boon rcpo:rted that cuticular pcnetratia.n from 

outsic1e to inside is gro.ater than from inside to o,utsicle. 
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This type of behaviour was first observed in tho stomata free 

cuticl.es of Hedera helix leaves in which more water penetrated 

inward, i.o. towar ds tho protoplast than autwarc (Sc hieferstein 

and Loomis, 1959). 

A similar typo o-f r esult was obtaine~l for the penetration 

of -r~~ioactivo cations (ca45 Rb86 ) and anions s35o
4

, cl36) 

an'.l also for unclissociatocl organic compounds through onzym­

ically isolated cuticles of astomatous tomat o fruit and 

stomatous green onion l oaves (Yanada , Wittwer and Bukovac, 

1964; 1965). Again the penetration of c ations from outside 

to insiclc was more pronounc od than tho anions and tho rate of 

pene tration through di fferent cuticul.ar surfaces was directly 

rolateJ to the extent of ion binding on the surface which was 

opposit e the· site of the initial entry (Yamada , Wittwer and 

Bukovac, 1964). 

Cra fts and Foy (1962) have shown tho evidence of a 

gradient from low polarity on tho Gx.terior t.o a rolativol.y 

high polarity in the layers born.oring tho epidermal coll-wa ll . 

In any case t.he negative c_harges char acteristics o,f cuticular 

membranes offer r easonable exple,nations for permoability 

di ffer enc es between cations and anions as well. as the greater 

binding of c ations on the inner surfaces as compared with 

anioins . 
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Howe ver, Goo~nan and A~d y (1 962) obtained a n oppos ite 

r esult for the p enetr a tion of ,1 number o f or ganic compound s 

t hr ou gh appl a cuticles i. o . th e pcnctr , ;ti on of o.rc;anic c o;:;1 -

pound s fror;1 inside to o:u t s i (1. c was signific ant l y gr on t or than 

from ou t s i c'.o to ins i de . In t his c a s o tho cuticl.e s were 

isolc:. t cc.l with nmrnoniurtl oxal a t e anc. oxalic acid . Suc h chem­

ically se:parat e c:. c u ticula r mGmbr a n os mi gh t be diffor ent fr om 

thoso isol~t ed cnzyraic a l l y a nd t h eir structure migh t h a v e b e en 

alter ed , t hus c a using the r evers ed bchaviror. Further, the 

p er meability t o organ i c compounds might be differ en t from tha t 

of inor ganic ions. 

Ur ea , cts r e port ed 1.:y YarJada , Wi ttwcr and Bukov a c ( 1965) 

penetrates th e cuti cula r menbr a n e: , with a higher velocity tha n 

couJ.~1 b o exp octod fr o• the s i iilplo c.1. if f usion .. Th e pen e tra tion 

of ur ea , t hus , throug h t ho i sol a t ed toma t o f rui t cuticle was 

10-20 times gr eat er tha n tho pen e tra tion o f i nor ganic i ons 

(Rb+; c.:t-+ , er, so
4 
--·) Th ey c oncluded tha t ur e a mi ght have 

penetre,t ed throu gh th e f acila t cd di ffusi on. Ther o is supp0Jrt­

:L.ng evidence for f ncila t ccl diffus ion in tha t ur c.a promo t es the 

uptake of othe r nutri ents similta.neous ly a pplied ( Wittwer a nd 

Teubner, 1959; Labana uskas a nd Puffer, 1964). The e ff ect of 

urea on th e p er meability as reported by Yamada , Wittwer a nd 

Bukova c ( 1965), is ba sed on tho l.oos e.ning a-f t he membra ne 

structure by cha nging ester, ether, a nd di e the.r bonds· b e tween 

the !lla cromole-culc s of cutin. 

Thus, finally, it s e ems tha t bo,th inorganic, orga nic ions 
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rrnd un1issocia t o,~ IJOl oculos cc.n penetrate tho isol .::i. t oc1 

cuticula r m0m.br a n es by c1oans of sim.plo diffusion , while ur oa 

seems to pono.trc3.tc by a process of f acilatoc~ diffusion. In 

intKct tissues sinilar physical processes might be involved 

during penetration . 

3 . 1 . 5.2. Mechanisms of __p_o_n_<: tr;a t1:~n in the col l W-:1.ll 

As soon as the substances penetr ate the cuticl e a nd 

cuticular layers, they r oach tho c ollul.os o layers of tho wall. 

Tho interfibrillar spaces be tween tho cellulose fi!,rils a re 

thought to be large en ough for the penetration by diffusion . 

Still it is believ ed that w~ll. penetration takes pl a c o th.rough 

sopa.rA.tecl p athways . These pathways ar0 ectodes rnat n . FrarJrn 

(1961) strongly believes tha t nutrients follow these pathwa ys . 

However, Sutcliffe (1962) states that tho contonts of tho 

c ell wall. s-uch as cellulose , h omice.llulosc, pol.yuronido-s a nd 

phospholipids arc capabl e of binding salts in tho farms which 

are readi1.y e.xchange2,ble , and hence the wall. acts as a Donan 

system conta ining an appreciable concentration a,f n egative 

charges . The mov ement of ions tokes place froiu th0 oxt0rnal 

mediucr, by di .ffusion and exchange , to tho surface of the 

cytoplasm. 

3. 1 . 5. 3. Macha nisms of _penotz:.at1:on in the 1?l asma- membrane 

Substabces coming from outsid e hav e to overcome a third 
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barrier, th o plasma lor:lli1a on r c.::tc h i nG t l10 protoplasts . 

AccorC: i115 t o J ons on ( 1967) th e pl2.smar:1onbr ano provid es passctge 

for physical pen e tration o f water n olcculos only ani a largo 

number of subst-'3.nc os a r o inc or por r.~ t ocl ';,y a proc ess r equiring 

i:1ot;lbolic energy. Thi s proc e s s rnay i nvo l ve a c arri er systen 

which involves the pickins up., 2.. t tho oxtornc1. l surface o,f the 

plasme.me1..1"::: rano , of a substance t o be tr a nsport c(l by a c arri er 

into the int crna l surface o.f tho oembr aue . 

J ens on ( 1967) provides th e cvhlo-nc o of anoth er nochanism, 

which may be r esponsi bl e for tho a ctiv5 u p t c.ke of tho s u b ­

sta nc es . Thi s i s c a ller'. Pinocytosis , which involv c::s the 

invaginations of c ell mcmLr a n o and formation of vesic l e s 

within the cytopl asm of th o c ell. The; vesicle may b r eak do wn 

a nd tho ma t eri a l cont :,.inec1.. in 1.t i s fina lly utilisoc", by the cell~ 

Tho ovL\enc o cf a ctive absorption o,f rul:i diuo ~n~~ 

phosphate by the prinary lea ves of tll o bc.s:.n pl a nt ha s been 

dCL,onstrato::1 by Jyung an.d Wittwer ( 1964) a nd for tobac co l eaves 

by Jyung et al. , ( 1965). 

Tho energy requir e ~~ for a ctive a bsorption ma;y 1:,e ob tained 

fron respiration a nd photosynthesis . If the energy is pra,vided 

by r espira tion, lack of oxygen sh.oulcl r o:1 uc e tho u p take, an c1. 

if the energy is provid ed by photosynthesis th o presence of 

CO
2 

a nd light s houlrl acceler a t e the uptake. The fact that the 

light i flproves tho uptak0 of several substances has been 

demonstrated by several workers (Sa re;ont and Blackman, 1962, 
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1965; Jyung ot al., 1965; Midd l e ton a nd Sa nder son, 1965). 

Ener gy is t h ou ght t o be mos tly provides in tho form of 

ATPP Honcc, the acLlition of t h i.s c ompound must increase tho 

up:tako. This h a s boon :-1o~i1o,n s tr a t ecl f or the up take of Rb+ by 

the ce-lls onzy:mica l l y i s olator'.. fro:n t obacco lca v os , wh or e 

+ ad.J. i tion of ATP, incrcasuc1 Rb uptake by 13% (Jyung ot al., 

1965). Also , applic a tion o f high e n or gy pr oc'..ucts o,f photo.­

synthesis a l on g with tho substances to bo absorbod , h a s 

increas ed th o u p t ake of the l a tter. For oxa:,1ple , f eiac'. ing with 

sucros e e nha nced t ho uptake o f l eucine by a pple l eav es in the 

dark (Kamimura a nd Goodman, 1964). Similarly, ins t oad of o•xygen, 

t he acldi tion o f intor mo ·:1. i a t es of th o r espira t or y mo t abolis1;i, 

enhanc es t ho up t alrn of t h e sulls t anc o t o bo a bsor b ed .. Thus , 

fe ecli ng with s uccina t e increas oc: the Rb-+ up t ake b y c ells of 

enzymically i.sol.a t ed fr om tobacc o l oav e s in th o dar k a n d light 

(Jyung ot al., 1965). 

From tho dat a ils c1.oscriboc.1 abov e , it a ppears tha t the 

foll.owing stage s a r o involver! in the over all process of fo l iar 

uptake. 

I. In the first s t a 6 o , s ubsta nces appli ed to the surfa ce 

of tho l oav e s penetra te the cuticle, a nd the c ell wall through 

a physical process o f diffusion. 

II.. In tho s econd stage , substa nc e s a r e a dsorbed in the 

s urface of th o pla s mamom:br a n o . 
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III. In t.he third sta6 G, substanc cs aro t.J.lrnn into the cyto­

plasm, by the processes requiring metabolic energy . 

During stage I ancl II, sut.st a nc os only fill u~ the free 

space ant~ merely adso rb. Thoy G.r c not ta.ken up into t .hc cyto­

plasm. This has been shown from tho fact that c1.uring these 

stagesi substanc es a r o again washc<t out (Vickery anc1 Mercer, 

1964). 

The f e..ct th 9. t tho ovorall foliag e penetration involves 

tho above thre e stages c an be seen by illustrating tho work of 

Vickery a n d Hore Cff ( 1 964 i a n cl Allen ( 1964) • Vickery and 

Merc e r (1964) r ccoeise thrc0 stages o f uptake o f sucrose by 

bean loaf. (:i) an initia l r 2,picl uptake of sucrose.. (ii.) a 

linea r phRs e (iii) a phase in which uptake 0.0cr cases. Phase 

{ i) and (ii) may correspon d to tho stage I anc1- II of the coll 

wall penetration and adsorption, and the third phase I!lay 

correspond to the activo uptake, which requires metabolic 

All.en ( 1964) has provided much information on these vario,us 

phas.es of uptake of r:tetallic io,ns by apple leaves. He r ccog-
copper 

nise:s four pha ses of uptake of .~ by appl.e. l.cavos. His results 

conf:i.rm that :Ln phas e (i.) and (ii), the proco.ss involv en. is 

only adsorption. In phase (iii) there is ~ocrcase in uptake, 

which corrGspornls to active uptake requiring metabolic energy. 

In phase (iv), there is again increase in tho uptake and 
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material. from within the leaf is simultanoously r eleased into 
ctue 

tho solution /4o tho broakngo of some barrier to diffusion. 

Finally , a fter the inc orpora tion of th e. substa nc es into 

tho proto,plasts of the epi der mal c ells , a trans1ocation of the 

absorbed mat0rial.s to th8 o.thor a r eas of the l eaves: or to other 

plant parts takos place r egula rly. 

3.2. Fa ctors affecting penetration and movement 

3.2.1. Pla nt factors 

3.2.1.1. Physio-chemica l natur e of tho ~~n.t c uticle 

Pla nt sp ocios cF ff or in the physio-chemical n a tur e of the 

cuticl e . Environmental f actor s pl.ay a n irnp())rtant rol e in tho 

structur e and c amposi tion o.f the cuticle. For exa1:1ple, the 

cuticle , is generally thicker on leaves which have developed 

:iLn bright sunli ght. tha n which develo,ped in shac1.e , a nd the wax 

deposition in the fo r mer has been found t o be er oater than in 

tho latter (Skoss, 1955). The point is that in tho c ase of 

sun grown plants, ther e is high r a t o o,f transpirati.on and 

h ence p1ants go through a period of water stre.ss , which c auses 

heavier cutiniza tion of leavcs w 

Crafts a nd Foy ( 1962) stat·e tha t deve.I.opmentally the 

cuticle aclvanc e.s from a thin hydro·phobic covering of yo)ung 

stems and leaves to a consider ably thicker l ayer at loaf mat­

urity. With a ge the cuticle oxidizes: and becomes less per­

meable:. But weathering, cracking , insect punctures a nd 
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abrasion !'lay r1c torioratc tho. cuticle 2,ncl make it imperfect as 

a layer. 

S~lva Fernandes (1965) observed that tho extent of 

cuticle thickne8s awl wax deposition has an iuportant effect 

in tho ponetrati.on. No penetration o,f c opper soluti.ons fr om 

copper acetate or sulphate or i:rnrcury fro,J solution of phenyl­

ncrcuric a cetate occurro-::l through astomataus mcnbr a nos con­

t aining o. l mg/cm:2 or mor e of cutin . Wax offered an IDport­

ant barrier for th e; penetration o,f mercury through tho mem­

brane, but the effect of the wax depended on its composition. 

Ponotration of mercury incrcaso1 by an increase in the 

percentage of es t er s in the wax . 

Crafts ,.md Foy ( 1962) have mentioned that bo th inward 

and outwar d movement of aqueous solutions is restricted by 

the heavy and 1J1ore o-r l0ss continuous deposits of cuticular 

wax . Tho irregular surface wax deposits inf1uenc c the 

wetting and contact angl e botwecm droplet of solution and 

l.caf surface. 

Th e contact angle between water and tho waxy corn:panent 

will be highc-r than be tween water and the cutin component 

i.e. water wets cutin bettor than wax. This is only bec ause 

o,f binding c apacity of polar groups for water through hydr o­

gen bonds , while hydrocarbon chains only attract water through 

tho much weaker va n dor Waal's forces. (van Ov or be8k , 1956). 

Si.ne e plant species differ in tho anount a nd pattern o:f dopo-
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sition of cutin components, they also diffe-r in wottability 

an~ this ruay affec t ponutra tion. 

3.2.1.2. _Af!,_G o·f tho l eaf 

Th0ro i E an a l • ost univ er sal agr 0emcnt that the younger 

loaves show cr eat or aLsorption than tho ol c'..e r ones . Tho 

nutrients include ur ea , Cain (1 956 ); phosphorus, Fisher a nd 

Walker (1955); Koontz anr':. Biddulph (1957, and Thorne (1958); 

MagncsiUIJ, Oland and Opland (1956) ancl Zinc, Wallihan and 

Heymann-HorschLcrg (1956) . The r eason fo r the greater 

absorption ty the youncor leaves nay bo thinner cuticle-s and 

less wax ~oposition. In advancing ace l oa f cuticles become 

thicker, and thereby nay inhib~t pene trRtion . But tho ~cpo­

siti.on of cuticle as r opor tec'. by Skoss (1955) t alrns place 

only to a c ertai n stac;e o f rn.o r phclo·gical maturity , beyond 

that no further deposi tion occurs . 

3 . 2. 1 . 3 . L.e.~f . s ~rfac e_s -~nd mprpho_logy 

_Horizontal, hairy , pubosc ont leaves r etain r.ia:xe spray 

than the vertical. anct smooth l oav0s (Ennis et al ., 1952); 

and this r esults in gr eat er absorption in tho former typo of 

leaves than in the latter . Upper anc lower surfac es of ieaves 

also exhibit rhfferent r a t e of absorption. Usually the 1.a.wcr 

surfaces ar o mor e penetrable than the upper surfaces to a 

l.arge number o.f substances including herbi.cidos as well as 

nutri.ents (Went and Cart er, 1948 ; Fogg, 1948; Guest and 
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Chapraan, 194-9; Cook and Bo.ynta:n, 195•2; · Volk and McAuliffe, 

1954; Bennett and Thomas, 1954; Gustafson, 1956; Cain, 1956; 

Gu.s:tafson and Schlossinger, 1956). 

Tllis is porhaps duo to tho presenc e o:f thinner cuticl.o. , 

numerous stomata, pronincnt vo.ins and roughness o f the lowc-r 

surface of t he l oaves . HOJwovor , s pecies differ as t o which 

surface func ti.ans most in absorptio,n ( Gustafson, 1957). 

3.2.1 .4. Mineral . status of t ho 1.er1 f 

Apple leaves havinc; highor s t a tus 0;f nitrogen have shown 

great er absorption of ur ea, Cook and Boynton (1952), magnesium, 

Forshey ( 1959; 1963) than the leaves o,f loVIor status cf 

nitrogen. '!'his increase in a·:Jsorption has boon partly 

attributec. to the differenc e in gro,wth af the plants because 

in above studi o.s, plants grown in high nitrogen conditions 

produced r api d and quicker growth of the plants and loaves 

wore comparatively larger and greener than tho low ni trogon 

plants. Under these concl:itions the cuticle might be expected 

to be thinner than on tho slower growing s maller I.eaves of 

l.o,w nitrogen tr0es and thus, more easily penetrable. 

On tho uther hand, Wittwer and Teubno-r (1959) state that 

plants deficient in phospho,rus absorb foliar appliecl P32 more 

rapidly than those grown in phosphorus rich media . However, 

the resu.ili.ts of Koontz. and Bidclul.ph (1957) indicate that 

plants grown in rich phospho.rus media tr:ms1.ocate more phos-
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phorru:: · than thoso gr own in phosphorus c1..o fici ont J:J. cd i a . 

However , the r esults of Koontz and Biddulph ( 1957) inc1. ic a tc 

tha t, plants gr own in rich phosphorus ncdi a transloc a te filOJre 

phospho,rus than thos e gr awn in phosphorus de ficient media . 

3.2.2. External factors 

3.2.2.1. Li1;ht 

Lis ht may a ff ect tho absorption both dir ectly or 

indir ectly. I t cray f avour th o absorption dir ectly by stimu-

1.atinG th C; openin0 o f stomata or indirectly by s upplying 

enor GY throuch photosynthesis . Licht may al so a ff ect tho 

structure of loaves and thG c ondition of stomata and thereby 

nay a ff ec t absorption. Th o f act tha t lis bt int ensity and 

quality inprove the r a t e of al:sorptio,n of various substances 

has been dm:,mnstratec:. by several workers. (Sar i:;e.nt and 

Blackman, 1962; 1965, Kamirlura anc Goodcran, 1964; Midd leton 

and Sanderson, 1965). 

Middleton and Sanderson (1965) sta te tha t the effects of 

light on a bsorption nay not simply be r e.l a t ed to stonataJ. 

0>peninG or tho transport of the car bohydrat e . They IJay be 

c aus ecl in part by effects on tho formation of car1::-ohydr 2.te. 

Al.so, light may a ffect both por r.ieabi.lity of tho cytoplasm 

and ac tiv e transport proc esses. 
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3 . 2 . 2 . 2 . Tomp ~ratur o 

C~rrior and Dyb{ng (1 959 ) state that warm t emper atur es , 

if not oxc ossivo cnhanco pen e tration by affecting physio ­

chemi cal proc esses (increased r ato of diffus i on, loror od 

viscosity e t c . ), physiol ogical f ac tors (accel er ation of 

photosynthoci.s , phloem t r ans l ocation, a c cumul ation pr oc ess es , 

pro topl asmic s tr c.aming and grovrth ) . 

Teubnor ot a l . ( 1957 ) found incr eased mineral absor ptian 

and trans por t by boan and tomato l oaves wh~n the tompor atur o 

\Fas incr eased from 50°F to 70°F . Wi th inc :toasing tor,1peratur o 

th o penctra_ticm o f 2 , 4-D (Barrier an:i Lo omis, 1957 ; Ric o , 

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

It has boon point ed out by van Ov er beck (1 956 ) that tho 

penetrat i on through t ho layers of oriented f a tty molecules is 

highly t emperatur e d opondont . I f f atty molecul es ori ented in 

l ayers as micell es a r c in tho solid. state thoy ho,Vtl .a lower 

permeabili ty . I n tho liquid state they have a higher por moab­

ility; when totally disorganised,as a t l e thal temperature~ such 

l ayers can no longer servo a s per meation barri er s . Sinc e this 

t emper atur e effect is on tho bGrri er itself, the principles 

stated by van Ov erbook (1956) must hoJ:..d fo r any material, 

r egulator or other wi se , penetrating through the plasmamembrano 

or any other structure compos ed of fatty molecules in mic ollar 

ori enta"t:ion . 
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3.2.2.3, ~umidity 

A r cl c:l ti vely high hur.iidi ty has incronsed the ponatration 

of a nm:i ber of foli age appli od subst2,nccs . Currier a nd 

Dybing (19 59) have statod tho effects of r el atively high 

humidity on ponetration. It d elays drying of the s pr ay 

doposi ts,, pr ev ents water stress in the plant and IDP..Y increase 

cuticul.ar p ermeability. 

Increased hydration of cutin raartix , according to van 

Overbe ck (1956), may spread tho wax components further apart ; 

because the wax components aro not el as tic ns i.s th e spongy 

cutin fr amework. This,in turn , will increase the por~eabil­

i ty of th o cuticle. High turgidity of epidor~Al c ells and 

other underlying tis sues would hav o a similar r esult. Con­

vers ely, lowor water content of cutin and underlying tissue 

will cause shrin..l{ag e , and th.e wax uni ts will bo pull ed close 

together and this will decrease the cuticle permeability . 

Thie proposed ''Valve system" has great significance for the 

water baJLanc o o·f the 1.caf. When the cuticle is dry, tho valve 

effect restricts water loss; when the cuticle is wet, tho 

valve system allows water uptake. 

Similarly , various substances are known to penetrate the 

cuticle most efficiently in saturated atmospher e . For example, 

the penetration of maloic hydrazide has beGn increased in high 

hµIilidity (Zukel ot a1., 1956) a nd tho penetration of phenoxy .-

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

High humidity a l s o has signific nntly incr eased the 

uptake of strontium: - 89 and c aesium 137 than low humidity 

(Middle ton Rild Sander son , 1965). Ho wever, no e ff ect of hum­

idity ha s been found on the upt ak e of suge.r by toi.:lato l eaves 

(Went a nd Car ter, 1948). 

3,2.2.4. p~ of tho ~pr ay &olutions 

The e ff ects of solution pH on p erm eability and penetra­

tion c:.r e cor:1pl:icated by the f acts that whe th er the r esults are 

c aus ed by eff ect s on degr ee pf dis s ocia tion of solut es , or 

whether tho changes in por r:ieability ar e brought a bout by the 

nombr a ne itself. In cases , wher e the latter influence may be 

more pronincnt, ther e i s still the qu estion of whether the 

e ff ect is due t o hydration of th e plasma-membrane or to a 

hydrolysis e ffects on membran e components . 

Th o r osul ts o,f Cook and Boynton ( 1952) suggest that the 

per cent urea absorbed by apple loa f a t pH 5.6 is gr eater than 

at pH 8. Similarly a pH of 2 to 3 as compared to higher pH of 

appli.ed phosphat e solution f acilitated more rapid uptake by 

leaves (Silberstein and Wittwer, 1951; Swanson and Whitney, 

1953; Fisher and Walker, 1955). As shown in Fig. 2 the amount 

af J?2 translocated from the blade of a bean pl.ant is a func­

tion of the pH o·f tho applied drop a nd the amount absorbed and 

translocated is greater a t l ov, pH. 



Q) 

+:> 
:::s 
s:! 
·rl 
E 

.......... 
Cl) 

+:> 
s:! 
:::s 
0 
C) 

~ 
8 
H 
:> 
H 
8 
0 
<i: 

38 

Fig.2. The level of P32 activity found in the petiole 

following a 4-hr. period of translocation from t he 

blade as a function of pH of the applied solution. 

Each point an average of at least 3 p lants. :Data 

represented by the symbols 0, e, and A taken from 

separate experiments (Swanson and Whitney, 1953). 
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Tho r ol e of pH in promoting a bsorptioh has been at tributed to 

t wo f ?.c tors, tho e f feet o•f high acidity in suppressing the 

dissocia tion of phosphoric aci~ and a possibl e dir ect ef f ect 

of pH on the per mcf.:'..bi lity of e:pid er mal. and subjacent tissues 

(Swans on and Whitney , 1953). 

In case of divalent i ons (C a ++,Mg++) the effects of pH 

on r elativ e abs orption docs not appear to h~ve be en e l abor a t ely 

studied . Mor 8 investigati ons in this line a r c needed . 

3.2.2.5. Surfactants 

Surfac t an ts ar c used to increase th o e f fec tiveness of 

s pr ay solutions appl ied t o tho foli age . According to Curri er 

and Dybing (1 959)~ tho r esponse to surfactants mQy be due to 

one or mor e of the following: 

(a) i~proving cover age ; 

(b) r emoving air filn1s between spray end leaf s urfac e ; 

(c) r educing interfacial tension between rela tively polar and 

apoln.r submicroscopic r egi ons c f th o cuticle; 

(d) enducing sto~atal entry; 

(o) increasing the perr.ioability of the pla sr.1a-me• brano through 

stimulati.on or incipient toxicity; 

(f) f acilita ting cell-wall novcment in the r egion of the wall 

cytoplasm interfac e ; 

(g) acting as a cosolvont; 

(h) interacting directly with chemical sornc manner; 

(i) acting as humectants , 
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The rvspons e of surfactan ts, however, vary depending on 

the nntur e of solute to be absorbed and plant species . 

Tri ton x-100 f or example , doprossed r.1agnosium absorptio·n a.nd 

i mproved phosphorus absorption in apple (Fisher and Walker, 

1955) . Tween 20 was incffoctive in phosphorus absorption in 

bean ( Teubornal et al . , 1957), but increased urea ~bsorption in 

appl e (C ook and Boynton , 1952). 

On tho other hand, conc entra tion of surfactant to be used 

has influenced the penetration of solutes applied to the foli­

age . In horbicidc studies higher concentration of surfactants 

has increased the h erbicidal activiti es (Fr ee:d and Montgomery, 

1958 ; McWhort cr, 1963; Foy a nd Sr:li th 1 1965 ). This has been 

attributed to tho incr eased penetration of herbicides due to 

higher concentration of surfactants . But the concentr ation of 

surfactant increasing to a cert a in stage only has shown 

progressively incr Lasing penetration; ~eyond this there may not 

be an additional effect . On o r eason way bo micelle formation 

by the surfactant molecules whon the surfactant concentration 

oxc eods a critic al level in an aqueous systoa . This critical 

micolle concentration (cmc) is associated with abrupt changes 

in rne.ny charac teristic properties of th e surfactant (Fura i.dge, 

1959; and J anson et al . , 1961) . These change3 in properties 

may affect such phenomena as penetration, translocation a nd 

biological activitos of the growth r egulators . 

Also, it has bo on recognised that toxic substances whether 

additives or herbicides, if used in higher conc entration,can 
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Lecn,wd , 1958). 
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Low ering of surf~c o t ension has r osult ci in grea ter 

absorption (Cook o.nd Boynton , 1952; Dor schner and Buchholtz, 

1956; Fr eod g_nc:1. Montgo ·:icry , 1958; Eughos and Fro od , 1961). 

This may be duo to incroaso~ wettabili ty of tho l oaves. 

How ever, th o r esults of Fr o(,d and Montgomery (1958), Hughes 

and Fre ed (1961), Foy and Suith (1965) indica t e that tho 

lowering of surfac e t ension he.s not a lways enhanced the 

penetration, r ather interaction of surfactan t with the species 

of nolecu]ll, t o bo absorc,ed i s mor o i Eiportant. Wetting seems 

to be i mportant for pene tra tion, but on s ora e leaves (B. 

vu~g2ris a.nd Bean) spr ay load can :.co r educ ed by tho us e of 

we tting agents (Blacki~an , 1952; Koonz and Biddulph, 1957). 

The thinner adherent films a lso dry mor e quickly (Koontz and 

Biddulph, 1957). 

3. 2. 2. 6. Hm10c t.ants 

Humectants increa se penetration by preventing the drying 

of spray d~posits and also by increas ing cuticular permeabil­

ity (Holly, 1956; Sivadjian, 1956; and Gr ay, 1956). Use of 

glycerine has incr oastd the absorption of phosphorus by apple 

l .eaf; (Fisher and Walk or , 1955) bo-an l eaf, (Koonz and Biddulph, 

1957); and has increased the absorption of chlorophenoxyacetic 

acids by leaves of sun flower and oats (Holly~ 1956). The use 

of glrcorino also has increased the herbicidal activities of 
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sodium ars onat e , ammonium sulfama t c a nd s odium trichloro 

phenoxyacetate . Th e glycerine us ed at th e concentration o,f 

2 . 5% gave much kill as 10%, while 1% glycerine gav0 sor:u:mha t 

poor result, but was better than wi thout glycerine . 

Us e of carbowax has incr eased th e pene tration of 2, 4-D 

(Ric e , 19L~8; Ennis and Boyd, 1946), and molasses of DNOC 

(Fogg , 1948). 

Gray (1956) found glycerine an exc ellent agent in 

increasing the penetration o f str eptor:iycin in the leaves ofa 

number of crop pl ants ( bean, tomato , pepper and tobacco ). 

Sor uitol, di ethyl ene glycol, and other polyhydr oxy c1.lcohols 

wer o a lso effectiv e in incr easing tho concentr at i on of 

s tr eptomycin ih t-ean l .eaves, bu t they wer e not as effective as 

glycerine. Glycerine a lso increas ed the e ffectiveness of 

streptomycin in c ontrolling c ommon blight disease of beans in 

the greenhouse . Absorption increasecl. with time from sprays 

containing glycerine , while there was little increase in 

absorption with tine fror:i spr ays containing no glyc erine . This 

indicated that glycerine ke pt str eptomycin in solution for a 

longer period of time and hence resulted in gr eater absorption, 

while streptomycin solution without glyc erin dried quickly and 

r esulted in loss absorption. 

Gray (1956) has explained the possibl e mechanism by which 

glycerine has increased tho absorption 0.f st~tomycin. 

According to him, the increased absorption of str eptomycin 
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is due to tho c apability of glycerine in k eeping streptomycin 

in the solution and bringing in close contact with leaf sur­

f ace for a longer period o f time anj also by incr easing the 

cuticula r pornoability. 

About the c onc entration o f glyc orine , use o f 1% glycorino 

result ed a 10 fold increas e in absorption of streptotrycin in 

a 24 hour a~sorption peri od , tho us e of 0 . 5% glyc erine caused 

a 6.1 fold increase and 0.2~& glycerine caus ed a 4 fold increase. 

3.2.2.7. Solut e charact eristics 

Gen er a lly, plant s 1:iembranes ar c mor e permeable to non -

polar corapounds than to the po l a r compounds . Inorganic 

compounds , acids and bases an~ salts ar c char act eristically 

polar. Among organic compound s , those having "polar groups" 

.'ll'e polar in behaviour. These polar groups include - OH, -

COOH, - NH2 , - CHO, - CN, - CONH2 - SH, and NCS and also any 

group that contains double or triple bonds . Tho a lkyl groups 

- CH3 , - c2H5, etc. are typic ally nan-polar compounds and of 

course tho hydrocarbons are among the most non-polar compounds. 

Membrane perraeabili ty is also cl..osely re-lated to polarity that 

the substitution of a non-polar group for a polar group within 

the molecule nay greatly increase the r a t e o~ penetration~ 

al.though the molecular si:x;e ciay be then increased ( Curtis and 

Cl.ark, 1950). 



44 

Tho penotra tion of inorganic ions varies with diff erent 

tissues and depends on the particular salts used. In general, 

how ever, mo nova l ent cation and anions such as K+, Na+, Br-, 

and Cl- _p unctra t e f ast or than di va l.ant ones such as Sr++, 

C ++ 
a ' and so

4 
and tho latt er Bar o r api dly than triva l ent 

ones . With acid and base s , t he strongly dissociated HCl a nd 

KOH penetra te s l owly, while waak ones such as H
2
co3 and NH40H 

move into tho cell r ather r api c ly. 

3.3. The citrus leaf 

An expl anation of tho mor pho l ogica l anrl ana tomical 

consider ations o f citrus 1.eav es is nec essary t o understand the 

penetrati on of spr ay 1,1e.. t oria l into th em . Webber and Ba tchelor 

( 1946) have describ ed tho or o.!Jfe. and l.omon leaf as a compound, 

unifoliate typo , oval t o oblong in shape, and r oaaining on the 

tree f or two s easons or l:lor e , whi l e th e size of the or ange leaf 

a t maturity P1 a Y ce 3 t o 5 c m in bread th and 7 to 12 cm in 

l enght. 

Scott ct al . (1948) have given a detail account of th~ 

develop1:i,ent of the Valencia orange leaf. Growth in blade 

]Length and width has been found to start during the spring 

flush growth a nd continued up to 130 days. During this time, 

two distinct phases of increased gowth have been ob served. 

The first one after 13 days, then there. is· a short pe:riod of 

d ecrease in rat e of leaf expansion, which is o,f 6 days. Thc.n 

a second period of rapid lc.af expansio.n starts and continues up 
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to 128 days . These two phses of r api d expans ion c oincide with 

the s pring a nd f all growth fl_ush os . It has ~;ecn otsorv od tha t 

the r a t e of i ncr ease in bl a~c l enght is greater tha n t he r a t e 

o f increase in bl ade width. The r a t e o f l oa f thicknes s ~uring 

the fir st 65 days is r el ativel y raoro r apif than the r a t e o f 

increase in either bl ade l ong t h or width . Full thickness is 

attained in 80 days . 

Anatomic~l ly, t he general s tructure of th e l emon and 

or ange l oaf, acc or ding t o Webber and Batc helor (1946) , is 

similar to tha t of dicotyledonous plants. The outer walls of 

th.o epi der mal c ells ar e cutinized and coat ed with wax (Turr ell , 

1947), which i s s ecrot od through a minut e cannal s sir."1ilar t o 

tho so found in fruit. rind . Often s everal layers of 1i1esophyll 

cells a r c notic ed . Palisade c ells gener ally dovolop largo oil 

glancs a.nd c alciun oxla t o crys tals . Halna (1929) o.;sorved tha t 

the r a tio a,f th o thickness o f pal isade tissu e to the thickness 

o f tho l eaf is r ather c ons t an t f or any vari e t y and speci es of 

citrus . However, tho r ati o differs froc s peci es t o species . 

For exai~pl o , l eaves of l omon groups havo 20% higher va luo than 

that O·f orange loaves. 

Stomat a have been found nos tly on the lower surfac es of 

the l ea f and occasionally on the upper surfa ces, especially 

over the major veins . Stomat a develop in the very early stage 

of leaf growth and the production o;f stomata stops when the 

young l eav es attain ¾th of their final size (Reed and Hirano, 

1931) . 
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The density o f stonat~ has be on found to be do~endent on 

clL~atic conciti ons. Ci t rus spocios or vari eti es grown in hot 

and arid r agi ons have 6r eat cr number of stomata in the lec:i.ves 

than those grown in c ool r egi ons (Ba hgat, 1923), according to 

Webhor and Batchelor (1 946 ). 

Hirano (1 931) has made an extensiv e study of th e d0nsity 

of stoma t a in the leaves of various sp eci es of citrus and 

relat ed genera . His observations indicate tha t the citrus 

species growing in the tropics exc ept grapefruit and lemon 

have more ~han 500 s tomata/sq.mm, while those outside the 

tropics have lov:er d ensi ty of stomat a/sq.mLl., except 

c. aur antofolia and c. c ambr ovioxor a . Roed and Hirano (1931 )1 

on tho other hand , examine,~ the distributi on of stomata on the 

lea f s urfac es of l emons anc1 or ange s e.ncl found the gr eat ,ost 

density in the middl e o f tho bl ade a nd the le~s t a t the base. 

Also, the density of stomat3 was grea t es t on the leaves near 

the apex and the least on the leaves situated 1/3rd of the 

distance from the '..'. ase tn the apex . 

Turrell (1947) has studied the de t ailed structure of citrus 

stomata, their composition and pore size in r el a tion to the 

penetration o,f liquids . Ris drawing indica t e that the resinous 

s.tomatal plug nearly fills the cutinized stomatal chamber and 

the spac e r emaining ::.'e tween th e plug an·.l the chamber wall is 

about 0.51u. At the bottom. of the chamber, a stomatal tube 

connects it to the substomatal chamber. The measurement of the 
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por e size (Length 2.)',d br eadth) indic a te tha t the citrus species 

differ in por e size (Tabl e I). Also individual loavos,depcnc. ­

ing on their sizeJ j iffer in p ore size . For exampl e ;a.mil~d le 

size Eur ek a l emon has a gr eater por e a r e a than tha t ofasmall 

size Eureka l omon (Ta~ l o I) 

Turroll(1947) has point ed out tha t fr ~m the c 0n s id or a ti0ns 

o f c ont a ct a ngl crn n nc1 c a :)illo.ri ty, t her e i s little or n o p one­

tr2.ti r.m ;, f rc:-.in wat er throu gh the st -· no. t a o f citrus l eaf . 

However , oil s pr~ys, a nd the spr a y s 0 f inor J anic s a lts c on­

t .7.ining suitabl e we ttinc agents nay penetra t e re r>_d ily t h r ou gh 

st0[1at 2- . 



Ta "b l o I. StoD :-:i. tal por e sizes 8f citrus loav os ( Turrell , 1947 )· 
---------------~-

i p 0 re width / Avor ~g o ' Av or ago I 

I (;u) I (;u) ___.__ .- ! por e . pore I 
Nur.1bor Pore l enc;th 

or 

[Maxi- IMj_ni - 1 Maxi - r!i ni-4 pori - , a r oa* 

Av or ago ! mum I mura I Avor -,r;,o r:ium mu,, ,·,1ot er ; I ( 1u
2

) 
1 

Kind of l .oaf pores 

mo.-:: -

Leaf 

Si.ze 

- -·------ sured c1u) 

Eureka ler.1on 

Eur eka lemon 

Marsh grape 
fruit 

50 

50 

50 

Medim:1 

Small 

Medium 

+ 1 - ~ 
7. 04.±1 .73 1 12. 4. 3 . 5 3 . 0S_t. 9l 

7 .1 3 I 12 . 41 2 . 4 2. 07 

8 . 06±. 1 • 59 I 12 . 0 I l+. 7 2 . oJ.±. 50 

5. 9 

5. 9 

j . 5 

1. 2 i 17.1 
i 

1. 2 ! 16. 5 

1. 2 18 . 5 

Valencia I I I I I I I I I or ange 70 Modim:1 
1

8 . 91±.3-10 14 . 2 5 • .3 3 . 80.±, 98 6 . 5 1. 8 i 

Washington ! 

21. 5 

17. 0 

I 11 • 6 
I 

i 
I 13.2 
! 
! 26 . 6 
l 
I 
I 

Navel . I 
orange 50 Moc1-ium 4 . 78"±:_0.8 6 8 . 3 3 . 5 2 . ~2_± , 32 4 . 7 1 . 2 / 11 . [3 I 8 . 7 . · 

I - - - .. ' ' __ _ [ 

* Consid ering thG s t ooatal po r o as <.An ellipse, + s t a ndar d error 

fu 
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3 . 4 . Up t c-._ko o f r::a.t'n <: s iur: by l env es of c·i trus anc~ other c r op s 

3.4 . 1 . Glnss h c,us o ::-..nd L2JY:r .:i. t c r_1 s -1;,ud i e s 

3 . 4 . 1.1. Th o e ff ect cf differ ent 1:..tcnosiun s c..lts on 

Fisher nnd W~lkor (1955) ~r ow o n e y ear- budded McIntosh 

~ppl c p l a nt in a Bl nsshouse . Th ~ pl~nts wer e c r own in po ts in 

:t s c\nd culture . Only on e bud vrns c-r cwn t . cb t c'..in f a irly l a r cc 

s ize l eav es . A sinc lc s pr a y o f a kna wn a oount o f cacnesiu~ 

c or::r;ounds on th e l owe r s urf -1.c c s c f the l oe .. v os was dcn c . After 

a s ivcn int erva l o f t i uo , the l oaves wer o r ouovod fr o• the 

tre e , w.:1shec'. 2.nd the w·rnh wo. t er was nn a l y s ed . The tu:i::mnt n o t 

r ec oi v ed was c r:.ns i c'.0r ocl t o be a:iso r bec~ ':1y t he l e -:i. f . Th e cln. t a 

wn.s pr esented cts aJ?paront pcrc ent a[o ab s or ption, which 

desis n a t e~ t ho pcrc cn t aco o f appli ed ma t eria l no t r oc c v ored by 

the wash s oluti ~n a nd assu~e~ t a h~v o boon ahs ~r bod by the 

l eaf. 

Ar~ cm s fiv e rrn.t.., nosiuE c oiJ.pounds tested, McCl
2

. 6H2o, 

(CH
3
coo) 2 .MGxH2o or Mc; (N0

3
) 2 • 6H20 shc- wo..-1. hic h r e. to of a b s orp­

tion than Mgso4. ?H2o and MG H4(Po4)2 (T.:tble 2). Mai._'nesium 

abs orption fr o;:,: Mg H
4 

(PO) 
2 

t and0 c1 t o be slc wor than Mgso
4

• ?H20 . 
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Table 2 . The effect of differ ent raagnosium 5altS o n 

cragnosiurn a~sorpti on . All spr ays have the magnesium 

equivalent of~ 5% Mgso4 .7H2o s olutian (apparent 

I 

% magnosiun a:)sorption 24 hours a fter application) . 

Fisher and Walker (1955). 

--·----------1-lf-- --R-ep_l_i_· _c_a_t_i_o_n_s ___ ,,__A_v_e_r_a·-.g-o-

I II 
-----

Mgso
4

.7H20 9. 1- 7. 7 8.4 

MgC12.6H20 63.9 69 . 3 66 .6 

(cH
3

coo) 2.MgxH20 29 . 8 34.2 32.0 

Mg(N0
3

) 2 .6H20 62,3 79.7 71 . oa 

Mg H
4 

( P0
4

)2 o . o 7.0 3. 5 

a l eaf injury 

Hagler (1 957), in order to test the uptake of di ffer ent 

r.1Rgnesium com.pounds , used Mucadino grapes, which were grown in 

a glasshouse . Plants wer e spr ayed thoroughly to cover both the 

sides o f the leaf. Samples were taken 20 hours after spraying 

and again one nonth l ater. Sampled leaves were washed in a one 

por cent hydrochloric acid solution , rinsed with di5tilled 

water and analysed f or magnesium by the Titan Yellow method of 

Peach a nd English (1 944). His results indic ate that raagnesium 

uptake from Mg(No
3

)2.6H2o and MgC12. 6H
2

0 were highe·r than 

Mgso4.7H2o and other sources of magnesium.. After 20 hours of 

spraying the concentration of magnesium in the leaves of the 



51 

p l a nts s 1ir ayo~. wi th Mr.:; ( N~
3

)
2

. 6H
2

0 and ML:;Cl
2

. 6H
2

0 was 0 . 51 and 

0 . 54% ( dry wt . basis ) r espec tively an1 that c f MGso
4

. ?H
2

0 was 

c,nly o. 10. 

ThusJ tho r esults ,, f Fishe r 2..nd Walker ( 1955 ), 3.nd Hn.c l or 

( 1957) indicate t hat the r o t e o f u p t ake o f 1,1 A. ::-;n cs iuw fr om 

3 . 4 . 1 . 2 . _T_he effect :J f_ d_iff_e_r cnt s pr eaders_ a nd h_yg_r o -

s c_opic c1g 0nts on iJa~n o_siur.1 a_b s :.1 r p tic n , 

Fisher rm c.l Walke r ( 1955 ) us ed a1)ple plants 0 r :·wn in a 

c1 a nn or dc s cri"!:lec1 in th o soc ti ,n 3 . 4 . 1. 1. Spr :--.yinc , snnpling 

ancl a nnlysis r· f Hagnesiun t echniques wcr o the sane E'..S ment i J ned 

in th:it s ection . Pl:mts wor e s~Jr -'.'..yc,1- with a 5% Me:~so
4

. 7H
2
o 

s c lutiGn in which Tween 85, Triton X100 and Ter gitol. were 

include~ . Th e r esults giv en in T:i~l e 3 inc ic a t e that the 

Tri t on X1 00 C'..l n.::st c C:!:llJl e t ely p1· 0v ent e-:: 1;iagnesiu11 ah s ---rptio n , 

while th e Twe en 85 :rnd TcrGi t ol b e th r esulted in abou t 25 po.r 

c ent a ppa rent absorption in a 24 hour p eriod . 
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Table 3. Th o effect o f thre e different spreaders on raagnesiuo 

a1) s Or :;Jtion fr on a 5 per c ent Mgso
4

• 7H20 s ;Jray 

application ( nppar cnt perc entage o f ua.snesiun 

absor ption) . Fisher and Walker (1 955) . 

I Treatr.-1ent 
I 

Replic a tions Av er a ge 
--

1 2 3 
I 

4 5 6 

Twe en 85 34. 5 33 . 4 28 . 4 25. 8 14 . 2 14 . 1 25. 1 

TritonX100 1. 0 7. 4 3.0 1 • 1 o.o o.o 2. 1 

Tergitol 29 . 5 34 . 4 

I 
19.9 25 . 5 19 . ? 19 . 3 24 . 7 

---· - ·~-

On th e other hand , the inclusion of hygroscopic agents 

( s lyc crine , c ar ~,owax , or nethyl c cllosolv c to a mixture con­

taining Tween 85 and Mgso
4

. ?H20 di d no t increase the uagncsiun 

absorption (Tabl e 4). 

Thus, it seons tha t the hygroscopic agents had no e ff ect 

on a bsor -ption if 3. spray containe,-l Tween 85. But thero is 

quite a possibility that those hygroscopic ag ents might have 

had effect i n a 1)scrption if Twe en 85 could not hav 0 1Hrnn 

includ ed in the spray mixture. 
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Table 4. The e ff ect of glycerine , car:Jowax, and methyl. 

c cllosolvo on rnacnesiuCT absorption from a 5 per c ent 

Mgso
4

.7H2o spray applic a tion (appar ent percentage 

o f ::.1;:,.cncsiun a':J sorption) . Fis her and Walker ( 1955). 

r 
' Tr eatm ent Average 
'-------------------+--------! 
I 

Tw een 85, dr op/50ral (check) 

Carbowax 1 % 

Methyl collosolve 1% 

Glyc erine 2% 

20.4 a 

16. 6 

21.1 

a Differences he twoon trea t ments no;t significant. 

3. 4. 1 . 3 . TJ1~ r a t e of m0Knesium ~bs9rption. 

In this study t oo, a pple plants grown in a manner 

described in tho s ecti on 3 . 4.1.1. wer e us ed by Fisher and 

Walker ( 1955). Spraying , s ampling am~ magnesium analysis 

t echniques wer e the sarie a s nontioned in tha t section . Within 

an hour after a pplication, 20 per cent of ra agnesium from 

Mgso
4

.7H2o, was a t sorbed by ioav es (Ta'.:llo 5). Absorption was 

very slow after tho first hour and th ere wa s no apparent 

increase in a bsorption up to the six day period (Fig. 3). 

Inclusion of urea in a 5 per cont M6so
4

.?H20 spray had no 

effect on magnesium al::sorptia,n ( Table 5) . 
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Fig . 3. The rate of absorption of nitrogen, phos porus , 

aYJ. d magnesium from sprays applied to the lower 

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

90-
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T~bl c 5. Tho r a t e of cacnosiua absorption over a 

12 day porio~ (a~~ar ont J orc ent aGo of ~acnosi~j 

absorp tion) . Fisher a nd Walker (1955) . 

Ab soq ; tion 5°1 r,1,.,.so 7H 0 
,!J 1 ·_, 4. 2 5% Mcso4• 7H2o+ 6G% urea 

l I 
I 

tine I II III Av e . I II iIII Avo . 
·-

I 1 hour k::1 . 0 19 . 6 19 . 0 19. 2 1 7. 5 17. 8 1G . 5 17 . 3 

5 hours 19. 0 19. 6 25. 5 21 • L~ 20 . 5 20 . 5 24. 5 21 . 8 

" hours k23. 6 22 . 5 27 . 5 24 . 5 20 . 5 17 . 0 18 . 3 18 . 6 0 

28 hours 19. 4 17 . 8 21 . 5 19 . 6 19 . 4 20 . 5 22.9 20 . 9 
I 

6. 6 10 . 8 18. 3 a 
I 6 <lays 14. 7 1 1 • 1 11 • 7 - -
\ 12 clc..ys k22.7 30 . 0 44 . 4 32 . G 33 . 6 43.4 I - -

... 
~One o f t ho 5 loaves was Lrok on off bofarc 

the ~os ir etl time inter val . 

3.L;. . 1 . 4 . Tho effect of s:;:ir~i ry~ ~- t l~iffor ont ho_u,r..s_ 

of t ho dclY 

Olanct ~nd Opl ~nd (1956), in ardor to investi gate the 

offoct of s ~r ayinc at ~if fo r ont hours of tho day, used the 

Norwegi an a pplo vari ety Torstoin . Pla nts wer o c rown pnrtly in 

t ho nursery an~ pertly in cr oonhouse , when i t was nec essary to 

avoid r ain on t he plants . Each singl e loaf used in tho oxperi-

1:10nt s was s J:)r nyod s.01,arat ely with a hand a tomiser . Both uprer 

and lower surfac.os a·f tho l eaves were s1Jr ayee1 with a 5 pc.r c ent 

MGS0
4

. 7H20 solution . Before analysis, the leaves wer e wiped 

with a dot of cotton wool r epeat edly wetted , and rinsed in 

distilled water . Then loa ves wore dried at 75°c to a constant wt . 



and analysed for magnesium by titration, used by Cheng and 

Bray ( 1951). 
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Spraying had b0on done ei the~ "in tm early afternoon or in 

the evening. No sicnificant difference in absorption of 

magnesiUL1 by the l eaves was noticed when Mgso
4

.?H20 was sprayed 

during tho day, but the evening spraying showed a largo and 

highly significant uptake (Table 6). 

Tho large uptake of nae;nesium by apple loaves from eYen­

ing sprays l..ed Ol.and and Opland ( 1956 to conclu:de that io,n 

exchange as a me chanisr.i is involved in the a t sorption; there­

fore the diurnal shift in acid production liright influenc e 

aagnosium uptake. Internal r elease of hydrogen i ons for 

exchange would be rios t likely to occur after the probable shift 

in the production of organic acids during the evening. 

ion 
Besides the hydrogen/exchange hypothesis of Oland and 

Opland (1956) f or the largo uptakG of magnesium from evening 

sprays, the high humidity during the hours that followed may 

al.so be responsibl e for large uptake af magnesium. 
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Tablo 6. Tho effect of Mgso
4

.7H
2

0 solution applied 

a t differ ent hours during the day (01.and and 

Opl and , 1 956) . 

I 
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Time of ,spr aying ControJ_ 2. 30 r. M. 9.00 P.M. L.S.D. 

Absorption tir:w hours 0 23 23 

Mg c ontent, m. e/1 OOg 

dr y natter 11. 1 1.3 . 2 21+.3 4. 38 

Pl.ants 2.dequately supplied with nitr og en absorb more 

r1agnesium bo th fror:1 soil a.nc1 fol i age applic ation than those 

supplied wi th less nitrogen . The work of Forshoy (1 963) would 

illust rate this point . A s and culture experiment with 2N and 

3 Mg treatments in factorial conbi nation was conducted . High 

and Low nit.rcgcn (1N and t N r ospc~tivoly) and Mg as none , 

foli age , and soil trea tments (OMg, .FMg, and SMg , r espectively) 

wor e applied as f oll ows. 

Symbol. 

1/8 N - OMg 

1/8 - F Mg 

1/8N - SMg 

N - 0 Mg 

1 N - .FMg 

1 N - SMg 

Nitrogen 

2.5 ra.e/lit er 

2.5 me / 11 

2.5 me/ 11 

20 me/liter 

20 filC/ II 

20 me/ 11 

Magnesium 

None 

5 Epson saits sprays 

Saoo amount in the culture 

soiution as applied to the 

foliag e of tho FMg trees. 

None 

5 Epsom. s alt sprays 

Same runount in tho culture 

solution as applied to the 

foli age of the .FMe trees. 

-· 
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On o y ear- ol d McIntosh apple tre os on EM XIII root stocks 

wer e planted in 4 - gallon plastic pails in silica sand. All 

shoots wor e removed after planting and tho trunks wore cut to 

uniforra hoi ght. Each troatr:i ont consisted of six replications 

and the trees were arranged in ranrtonizod block design on the 

benches of an unheated glas shouse. 

Tr ees wero :fer~ twice d e.ily with culture solution cont2,ining 

e.ll ess enti :.1.1 o.l emonts except 1:1.:'.gnesium. Spro.yins of wagnesiun 

sulphate wc..s not done till sufficient l ea f D.r ea had dcvelo·ped 

to r.1.il{e s;.,r ayine; practical. Tr ees wer e sprayed with a. 1· .• 5% 

MgSO 
4

• 7H
2

o se1;lu tio :-i c.n.c c .':'. wee~,: .'.'.n<'. :tl. t oge tl10r 5 s·p rz;:s wero done. 

After each application tho average vo1.ur.le o.f the Mgso
4

• 7H
2

0 

applied per tr ee was calcula t ed and corrected f or run-off and 

the same volu~e of Mgso
4

.7H2o solution wo.s added to the culture 

solution o,f each o,f the SMg trec.s. Sampled leaves wer e washed 

with distillec w~t er containing mild detergent and analysed 

for N, Mg, K, P and Ca . 

Results indicate tha t leaves o f high nitrogen trees (1 N 

trees), on an average, cont a ined 2.14% of N ( dry wt. basis) 

while low nitrogen trees (i M trees) only 1.36% of N (dry wt. 

basis) . In total, high nitrogen troes conta ined more than 

thr e e tines as much as the low nitrogen trees and this 
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di f f er enc e i n ni t r ogen c ontent r esult ed in diffe r enc e in dry 

wei ght of 60 . 8%. Lc2.ves 2.n d shoo t s wer e f ound t o be diffor ocl 

gr eatly i n gr owth and t h o wei ght of both in high nitrogen 

t r o2..tn1 en t wa s thr ee. tin es tha t o f t hose in l ow nitrogen tr eat-

mont . 

Thi s c~if f er encc i n nitrogen sta tus had e ff ec t on Dngn es­

ium absor pti on . La v, ni t r ogcn tr ees a1)Sor bed very little 

nagnesiun f rom t h e cultur e s olution and di d not abs or b a 

1;10asur eablc amount fr on t he Epso1;1 s alt sprays. While high 

ni trogen t re es n~sorbod c ons i 1or abl e magnesiun fro• both soil 

and f olia ge a pplic ati ons . 

Th o incr o2.sc in nwgncsiuri a!)sor pt i cn b y high ni t r ogen 

tr ees has tocn a ttribut ed t o tho increased gr owt h of high 

nitrogen tre es . But For s h ey (1 963 ) i nd ica t es t ha t , it do es 

not gi ve ful l ans wer to the differ enc e because t h e dry wef. t ht 

of the hi gh ni t r ogen t r ees was 67.1 % gr eat er th ~n tha t o f tho 

i-N tr ees, but the i nc r ease i n • a.gnesiun c ont ent was 111 %. 

However, For shey (1 963) c oncluded tha t t he gr eat er r esponse of 

magnes iun s pr ays by high nit rogen tr ees nay be due to a 

conbinati on of three f ac tor s . 

Fir s t and fo r emost , the high nitrogen trees absor bed more 

magncsiur:1 f r on spr ays than l ow ni trogen . Socond, th0 low 

nitrogen tr eos wor o i ncapabl e o f ab s or bing c onsid or a°J l e amount 

of magn esi ulil f rom spr ays, a nd thirdly, the gr eat er abs orption 

of r,1agn esiurJ by high nitrogen pl ants mi ght be attributed to the 
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incr eased concentra tion of na1snosim:1 in tho loaves. 

3.li- .1 . 6. Tha e f fect o f rnagnesiura_1=0vel 

In general, low supply o.f 1:.12,,gnesiurJ in cult ur e solution 

r esults in l ow c oncentration of r.wgncsiwn in the foliage 

(For d , 1966 ; 1968 and Sr.1i th c.t a ~..!1 1954). But incr e2.sing 

c onc entr ~ti on of ra2.gncsiun in cult ur e solution increases 

r.1agnesium uptake to a c ertain stasc only; a ft er th .s t the 

curve ohtainod is l ess stoop . This ca n be seen by citing 

For d ' s work (1966). For d (1 966) gr ow one year-rootod shoots 

of a pple M.VII r oot stocks f 0r a singl e season by supplying 

4 lov els of rriagnesim, (<.3 pp:--, , 10 ppm, 45ppo and 135 ppI.J). 

Those wer e dosignate1 as a sever e de fici ency l evel (Mg (C)) 

a. bor d erline de ficiency level ( MG( 
1
)) and adequa t e Level 

(Mc (2)) and a hi gh l evel (Mg (
3

)) r espec tively . Th o tr 0at monts 

affected growth f or m an ::1. a ls o r.i iner a l c omposi t i on of the tr ees. 

Mg (O) plants devol opect s evere r:1agnosium de fici ency and the 

growth was depressed . Mg (t) plants alao shawed de pr ession in 

gr owth, ~ut the magnesium de ficiency was milder. Mg (
2

) plants 

had normal growth and f 8liaee . Mg (
3

) plants had dar ker and 

gr ecnor foli age than Mg(
2

)plants. No symptoms of toxicity 

devel.oped in Mg(3) plants , hut the mean dry matt er a ccumulated 

by those plants was less than Mg(
2

) plants . The r esults 

indic a t e that n.agnesium up t ake increased fr om Mg (Q_) to Mg (Z) 
uptalte 

'but above this l evel t he gr a .:i.i ont o:f nagnesiura/in r elati on to 

supply was l ess stoop and this led to the conclusion that its 

s.upply was no l onger a limi ting f actor and G.l'I oxeoss 
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uptake c a usoc. tho r educti on in g r owth a t this high l 0vcl of 

w?,gnesiun. 

For ~ (1967) studied th e a ffect of i ifferent lev els of 

s oil magnesium on upt ak e of r.iagn e sj_um fr om foliage application . 

Ho i r cw on e year-roo ted shoo ts of M.VII apple root stoc k for 

a single s eason 1)y sprayint; their r oo ts continuously with 

nutri ent soluti c ns conta inint, eithe r "'-3 ppm Mg (Mg(O)) or 

45 ppm (Mg(
2

)) t o givo r espectively very d eficient or hea lthy 

pla nts. Th o now shoots of ha lf tb e plants in each o·f these 

treatments were d ippo~ periodically in a 2% solution of 

Ms so
4

.?H2o plus non-ionic wet t er .. Tho Mg(Z) pl ants alJsorbed 

raore me,L;n esium t han (Mg(O) pl a nts i. e . tho nagnesium in tho 

J!.e a vos of Mg( 2 ) pla nts wa s incr eased by approximately 0.25% 

o·f dry weightt while the conc entrati on of magnesiun in the 

lea v e s of Mg(O) plants was increased by 0.16% (Table 7). 

This led to th e conclusion tha t the Mg(O) plants were 

either less capabl e of a :: sorbing magnesium than those whoso 

roots were well supplied with 1:1 ;>.gnosium or thoy translocatod 

moro o~ the absor bed magnesium. 
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Tabl e ?. Mean conc entra ti on o f cl ements(% dry wt.) 

in l eavos (Ford, 1967). 

Elamerrt Mg (O) Mg (2) 

Undi ppod Dipped Undi.ppod Di pped 

Per c ent Mg 0.09 0.25 0.27 o~52 

If N 3.36 3.89 3.68 3.81 

II K 1.90 1 ·• 57 1 .64 1 .38 

II Ca o.67 o·. 71 1.06 o.85 

pp!!I Fe 186 129 120. 0 98 

" Mn 47.9 58.0 48 . 1 42.7 

II Cu 6.90 54.45 4. 50 4.50 

3. 4 .2. Plan t r espons es t o fi el d c onditions 

3.4.2. 1. Ros 'Pons os t o c itrus 

62 

Sis . diff. 

0 .06 

NS 

NS 

NS 

68 

NS 

1 .65 

In citrus, magnosiur.i h'.1s been appl ied bo th t y soil a nd 

f oliage a pplic a tions a nd. r es ponses ar e vari 3.;,l e . 

In acid soils of Florida , s oil applica tions of do l omite 

and magnesi um supohat e were e ff ective in corr ecting magnesium 

de fici ency o f citrus (C amp> 1947; Reitz ot al., 1954). But 

in California, the us a of dolomit e in stony s andy l oam s oils 

was not e ffecti ve and di d not increase the magnesium in leaves 

of Valencia orange, whil e magn esium sulpha te was e ff ective a nd 

increas ed t h e c onc entra tion o f magnesium in the leav es 

(Embl eton e t al., 1956). McColloch ct al., ( 1957) wa s able 
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to incroas c ma gnesium in th o lo2,v0s by s oil applic P.,tion of 

rnagnosium sulpha t e t o tho light t extur ed soils in California . 

However, i n heavie.r t extured s oil ( higher oxchanco ca pa.ci ty) 1 

oven massive applic a tion 0 £ Epsom s ~lta (195 l ts por tr oo) 

wa s not e ffective in incr easing ma gnosiura in tho leaves 

a ~cquat oly. Haas (1948) ob t ainert only tempor ary or no effect 

by tho applic a tion o f Mgso
4

.?H20 t o th o li5ht textured soil in 

California . 

In South Afric a , s oil application o f dolomit e and magnes­

ium sulpha t e produc ed v ery little r esponse (de Villi ers, 1942). 

CominJ down to t he f oliage application o f magnesium salts 

in Citrus, Epsom aalt spray has only littl e eff ect in correct­

ing nagnosium de fici ency i n ci trus (Haas, 1948). Acc ording to 

Embleton and J ones ( 1959), t he r osul ts 0 1 _; t a inoct by Heymann­

HerschberG in Palestine and Tr nit in Flori rla wer e also the 

sam o as Haas (1948). However, i n South Africa, a 2 per c ent 

suspension of fin ely Br ound burnt rlo l omite (c alcium magnesium 

car1Jonatc) was effectiv e a s a s pr ay (cl e Villiers, 1942). In 

South Afric a , zinc and ma5nesiwn d eficiency oft en occur in the 

samo orch strd. In such cases, zinc and magnesium are applied 

in the same s pray (5 to 10 l bs of znso4 and 20 l bs of dolomite/ 

100 gals of water). 

On th e, other hand ,; magnesium nitra t e sprays have been 

quite effective in increasing magnesium concentration in the 



l oaves and r educing visua l symptoms of deficiency. Two sprays 

of magnesiu,~ sulphate at 10 l bs plus c alcium carl) onato 10 l j s/ 

100 go.ls, incr eased l oa f raagnosium in mature Valencia orange 

leaves from 0.14 t o 0 .1 9 per cent o f dry woi5ht (Strauss, 

1963), and whGn appli ed annually fer 2 to 3 years at 600-

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

expand ed, c orrected magnesium deficiency (Boutal, 1964). 

Emble ton and Jones (1959) wore aLle to c orrect magnesium 

deficiency of Valencia orange trees by Mg(No
3

)2 .6H20 spray 

applied at the rat e of 10 lbs/100 gals of water, when the 

spring fl.u.nh a . .f growth haj about 2/3rds expanded . They found 

subs tantial increase of ma6nes ium in the l eaves from such a 

spray (Table 8). Magnesium de ficiency symptoms in leaves 

were practically removed in six months and l eaves became 

a deeper green in c ol our. Magnesium chelat e at the ·r ~te of 

4 to 5 l bs/100 gals was not as effective as magnesium nitra te 

at 10 l bs/100· gals in increasin5 magnesium concentration in 

the l eaves· or in olimine.ting visua l symptoms of magnesium 

deficiency. 
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Table 8 .. Effects o f magnesium t r ea tm ent s on the concentra tion 

of magnesium in the l eaves o f Valencia orange 

(Embl eton and J ones , 1959). 

T r eatment Tr E:atment Mg HS % dry wt. of lee.ves a 

---
No . 7/2/59 10/25/59 5/14/58 

-,-- c ----
I 

1 Ch eck o. 18 0 .20a C ' 0 .16a 

2 MBS0
4

.7H20 on soil o. 19 C .23b 0.16a 

3 Mg (N0
3

) 2 .6H20 spray 0.20 0 ,33d 0.22c 

4 I Mg-chel n tc -

M6 (N0
3

)
2

.6H20 s pr .3.y o. 18 0.24bc o. 1 s 1~ 

5 Micronutrient - M.?; 

chelate -

Mg (No
3

) 2 .6H20 spray 0.17 0.25c o .2otc 

6 Micronutri ent s pray 0. 17 0.21a 0 ,15a 

Significance d NS ** ** I 

a Each value is the mean fr om six four-tre o plots 

c Subscript letters a , b , c and daft er mean values - indicate 

populations at the 1% level c·f probability. Mean val.ue.s are 

sta tistically different if they do not ha ve a commo·n script 

l e tter after the values. 

** Indicates statistical significance a t the 1% level or higher. 
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3 .4.2. 2. Miscollaneous r espons es 

Maenesium spr ays ha ve ho cn applied tJ a number o~ fruit 

tr ees a s well as v ogcta~l o crops in or der t c supply thoir 

magnes iuu r equir ement s , an~ t o r educ e or pr event the magnesium 

de ficiency. Experi enc e with appl e tr ao s indic a t es that the 

Epsom so_l t (Mgso
4

. 7H20) spr :J.ys ha.vo boon qui t c pr omising in 

increasing m;.gncsium in the l o• ves and in r educing visua l 

sym ptoms o f de ficiency ( Boynt on e t ~1 ., 1943; Southwick a nd 

Shaw, 1944; Boynton , 1945; Chukao t al., 1945; Southwick 

a nd Smi th, 1945 ; Woodtrid ge , 1955; For d , 1964; Ford c t al., 

1965; a nd Nac2i c t al. , 1966 ) 

W8"ber ( 1966) working with R num1:-er of f rui t 'l.nd v cge t c,blo 

crops, was 2ble t o corr ect po t nssium induc ed maGncsium defic­

i enc y in the fi el ds by 1)oth f oliage and soil npplication o f 

mc1gnesium sulpha te . Apple~ c horri e,s , t omn.toes , cucum"bGr s , 

c auliflower s and br ,1 c olli h ,cc1. .:cll been r osponsive t o Epsom 

s 2,lt s pr ays . 

Nichuls (1948) pr even t ed magnesium. de ficiency in tomnto es 

by fiv e applicati ons of t wo pe.r c ent Eps om salt sprays. 

Sc ott a.nd Sc ott (1951) wor e abl e to prevent magnesium 

de fici ency in several East er n Bunch 5r Rpo varieties by 4% 

Mgso
4
,m2o s pr ays; while s oil applic a tion of 2 l bs/tree o f 

Mgso
4

.7H2o wa s not effective. The c onc entra tion o f ma gnesium 

in al1 the sprayed vines was higher and the soil application 
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had no effect on tho c oncentra tion of m~gnosium in tho leaves 

(TRblc 9) . 

Lo ft (1948; 1952 ), pr ev ented l a t e summer chlor osis of 

J ames and Scuppornong gr ape variety, by i njecting Mgso
4

.7H20 

s olution into the vines . 

Bingham (1963) was not ab l e t o observe r esponsive 

effec ts on a voc ado tr ees, lYi the use of 1.2% magnesium nitrate 

spra ys applic a tion; however, higher c oncentrati on i . e . 3 .6 t o 

4. 8% of Mgso4. H2o sprays was e ff ective . 
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Tc..bl c 9 . Mat,no:s ium c one cntr ;,.tion in gr 2,:po l eaves as a f foc tod 

by spr2_y a nc:. s oil 3.pplicati on of Mt;S0
4

• 7H
2

o 

(Sc o tt 2-ncJ Sc o t t , 195 1). 

I 
j S el oti on No . i Tr cc:. tmont ! 

US. 519 - 6 Ch ock 

Mg spr ay 

Mg Soil 

US. 519 - 10 Check 

Mg spr ay 

Mg s oil 

US . 4017-22 Ch eck 

us. 520 - 2 

Me spr ci.y 

Mg soil 

Check 

Ms spra y 

Mg s oil 

US. 4032-16 Ch eck 

M5 s pr ay 

Mg soil. 

Mean 5 sel.ec - Check 

tions Mg spra y 

M[ soil 

; 

Por c ont maenesium in l eaves i 

(dry wt. ~asis) __ ~ ---~ 
July 29 I S ept. 6; Oct . 41 
0.09 0.19 0 .07 I 
0 •. 13 0. 23 0.12 

0.07 0. 09 

o. 10 

0.05 

o. 11 

0.24 

0.29 

0.23 

o. 13 

0.22 

O. 17 

0. 16 

0. 15 

0 .1 6 

o. 14 

-0.17 

0.15 

0.1 0 

o. 17 

0.1 0 

0. 30 

0. 50 

0.26 

o. 10 

.0. 35 

o. 16 

0.14 

0.28 

o. 18 

0.17 

0.29 

o.6 

0.05 

0.04 

o. 10 

0.06 

0.23 

0.40 

0.26 

0.07 

o. 16 

0. 09 

. 0.08 

0.30 

0.18 

. O; 10 

0.22 

o. 13 

L.S.D. 5% level. be twe en individ u a l reading 0.13 be tween 

trea tment means0.06 
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3 , Lr . 2. 3 . Th o of f ec t of ni trcgen l evel . 

Plants hav e 1 Gen r eport ed to n:.:: s or u mor o l:ila[nesill!;-i b:i th 

from s oil 2nd foli ::>,Ge application o f macnosium s alt s if thoy 

ar c a~.equ 7. toly s upplied with ni trogcn. Incr e:-..sinc the soil 

nitroccn l ovcl , oven without ad~it~on o f • ngnesium in a ny 

f orm, has r es ulted in increase o f rnagnesiu• in th e loaves of 

apple (Boynton ~nd Co~pton , 1944; Cain and Boynton, 1948; 

Weeks ct ~l., 1952, 1958 and Cain. 1953), of Peach (Ritter, 

1956) and o f s· tr awherry (Victor et al., 1967) . While differ­

onti <?,l supply o f nitrogen f ertilizers in the soil a l ong with 

r.1aisnesiurn s c1.l t r esulted in gre2. t er uptake o,f magnosillhl by 

leaves of citrus plants , which wer e supplied with high nitrogen, 

and tho gr owth of plants s lightly increased fr om those 

suppli ed with low nitrogen (Reuther and Smith, 1950; 1952), 

Forshey (1959) observed th,3.t level of nitrogen in s oil had no 

effect on the conc entration of magnesium in the f oliac o of 

McIntosh apple trees that r ec oivec no magnesium salt spray. 

However, in tho trea t~ents tha t received even on0 spray of 

Epsom s aJi..t, incr easing nitrogen supply in tho soil increased 

th e co-nc entration of magnesium in the foliage (Table 10) . 

3. 4 . 2. 4. The effect oif r.ie..gnosiurn level 

Differential supply of magnesium fertiliz er in s oil has 

affected the uptake of magnesium in c itrus . Plants highly 

suppliGd with magnesium fertiliz.ors ha.ve also shown high 

concentratio-n o.f magnesium in leaves (Reuther and Smith , 
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1950; 1952) . Differ entia l supply of do l omit~ however, did not 

increas e magnesium c onc entra tion o f Va l enc i a or ~nec l oaves , 

but Epsom s 2.lt did increase ( Embl e ton et ctl., 1956) . 

Ta~l e 10. Nitro~en and winor al c ont ent o f McIntosh apple 

l oaves from trees r oc eivins t hr ee l evol of nitrog en 

f ertiliza tinn and thr ee Epsom salts spr ey tr eatments 

in f2,ctorL:tl COi?I1, i nati on (For shc-y , 1959 ), 

-·- ! 

Troa t nGnts % dry wt ,basis I 

---
N I Mg I K I Ca p 

I - -
N1Me 1 1.76 0 . 12 1 • 41 o. 70 0 . 21 

N2Mg1 1.97 0. 13 1.25 0 . 82 O. 19 
' 

N Jvfg 3- . 1 2.30 0 . 13 1 . 22 0. 71 0. 18 

N1Mg
2 1.86 O. 13 1 .44 o.75 0 . 19 

N2Mg2 2. 12 0 .17 1. 30 o. 78 0 .1 9 

N--j1e2 2.44 0 . 18 1 • 1 5 o. 71 0.19 

N1Mg
3 1.90 0. 15 1. 34 0.72 0.20 

N2Mg3 1.99 o . 19 1.33 o.72 0 .20 

N
3

Mg
3 2.33 0 .22 1 .26 o.72 0.20 

L.S.D. 5% o. 18 0.02 NS NS NS 

1% 0.27 0.03 
I 



71 

Syi!!bols: - N in lbs. El)SOr.-1 snlt spr,2.ys 

N1Me 1 0 0 

Ni1c1 
1 0 7 

N3M81 H- 0 

N1Mc2 0 

N2Mg2 1 
7 

N3Mg2 1 ½ 1 

N1Me
3 

0 3 

N2Me3 ½ 3 

N3Mg3 H- 3 

3. 5. Macnesim1 m.obili ty studi os 

Ma ny workers su~_ ort or cla i ~ m35ncsiuu mobility in 

pl rmts, whil0 others .. '.o not. Findini:;s a r c c ontradictory. 

Phillis and Mason (1942) and Ford (1968 ) cla i n that fr equent 

mac nosiuc deficiency in lofe r l oaves i s du o to r edistribution 

of mac;nosi u;n fr01;1 o1.der l oe,vos to younce.r ones . Fore'.. ( 1966) 

on tho athcr hand, stated that external supply of maGnosiura 

affected rec1istribution of na1;ne s iun in npl)l o pl.ants. 

MaGnos iun moved fron, or accumul.ato ::1 in, tho lower leaves of 

the shoots accordin~ to tho l evel of nar;nesium supplied to tho 

pl ants . In deficient l)lants ma5nesilllil moved frora lower loaves, 

while a high supply of macnosium l ed to an accumulation of 

~acnosium especially by tho lower OT mi ddle loaves . Increa sed 

oxtc-rnal supply of magnes ium caused pronounced effect on 

nae;nosium cone ontratian in tho loaves, stom.s and roo,ts ( Tabl..c 11) 
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The conc entrat i on o f m~gnesium in th o l oaves was incr 0ased 

fiv e f ol d , in th e s t ems t wo f ol ::1 and i n tho r oo ts a l c1ws t four 

f nl d . For sh ey (1963) obsor voi that nitrocen status of l ea f 

not only a ff ect od tho macnesium ats 0rption, but a l su a ffect ed 

its di s tri~uti on. 

However, Ruck 3nd Gr ecn r y (1 955 ) r oport eJ that raacnesium 

was not r ea.lily trnnsport ed fr om the l eafl et s of r oo t ed potato 

l eaves t o tho tissu es of a shoo t arisin[ fr om tho bud s ub­

stondod by each l oaf . Neal e s (1958) c oul ~ not find signif­

ic ant transloca tion o.f rnac;nesiulil fr om th e ol.dor l eaflets of 

clov er t o th o ycungor lea fl e t s forme~ on s t ol 0ns a fter tho 

transfer to tho magnesium de fici ent mcdiun . Thu~ No a l as 

(1958) c oncluded tha t in t ho loaf s r owing under mac;n csiun 

:J.e fici ent c onditions, there i s li ttlo or no addition t o the 

active component of lea f maGnesium by transloca ti on, chlorophyll 

d eer adation proceeds , and tho chlorosis typic al of m~Gn osium 

•~e ficiency appears . In or der t o pr event chl or ophyll br eak ­

down , Garner ct al. (1930) c onclud ed that t ot e l magn esium 

content of th o tobacc o loa f mus t Lo sovcrRl times t rea t er than 

th e quantity present in the chlorophyll. Batzer e t a l. (1952) 

c oncluded tha t masnosium was no t transported from apple loaves, 

the conc entration of mar;nosium in th ese leaves at l eaf f all 

was 0.38% dry weight of loaf which is consid er ed t o ~ G high 

level. Buckovac et a l.. ( 1960) could no t find tra nslocation 

of foliar applied Mg28 out o f trea ted 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) . 

Leav es S tems Roots 

iEl emen t jMg(O) Mg( 1) Mg( 2) Mg(3) Sig diff : Mg(O ) Mg( 1) Mg( 2) Mg( 3) Si g diff ;Mg(O) Mg ( 1) Mg( 2 ) Mg(3) Sig diff 
I p = 0.05 p = 0.05! p = 0.05 

. I ' , per 
j cent Mg 

1 
0.10 0.16 0. 26 0.52 0.08 j0 .05 0.06 0.09 0. 11 0.0210.06 0.12 0.16 0.22 0. 03 

! ! I 
II N I 0.76 0.31 0.96 0.69 0.19 l 3.00 3.39 3.33 3. 41 

! 
II 'P I 0.37 0.26 1.27 0.25 0.09 ,0.1 6 0.11 0.13 0. 11 I 0.31 0.37 0.33 0.32 0.04 

" K I 1.92 1.57 1.37 1.03 0.30 lc.a~4 <0.24 <0. 24 < 0. 24 11. 83 1. 91 1.56 1. 51 
l ! 

Ca I 0.76 
I o.47 o. 4o 0. 32 0.10 I 0.37 0.112 1.30 1.00 0. 90 0. 24 10.50 0.50 0.35 0.1 5 

' 
j ~pm ) Fe i 62.3 70.0 79.0 58. 8 I 18.8 22.8 50.8 29 . 8 20.2 g84.o 215.5 284.3 368. 5 124. 8 
I I 

69. 8 53.8 14.5 :13 .3 14. 8 16.3 11 .0 6.6 r58.o 68 . 8 59 .8 I II Mn I 66 .5 72.0 75 .3 72 .0 

2.3 I 4.o 3.0 3.5 3.5 I 7.3 5.8 8. 5 1. 8 " Cu I 2. 5 2.0 2.3 7.0 

---:i 
\.,,I 
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older b2an l oavos without any apr, r oci c1.1~ lo loss of E1agnesium 

from these orcans throuch r o~is tricuti on t ~ younc leaves e r t o 

fruit s . The f ollowing r eauon has boon offcr o1 f er the ~evclop­

mant o f magncsiura deficiency . Un~or the s ituati~n wher e 

m2,:;ncsiUi~ i s do fici,mt, th e pl ant s ,'l:c[ nesiurn :)o• l c~vaila '- l e for 

tho r.1ainton2,nco vf o•ptimu:;i chlorophyll synthesis l·,oc orJ.es limited 

as the l oa f • atur es . Reserv es may be further depressed by tho 

incorpor .3.tio.n o f leaf na1..snesium into tho c oll wall constituents 

( e . g . magnesium pecta t e ) or into 0thor unav <'.lila1)l v f orms; this 

r cs ul ts in clec.:ra.dat i on of chlor ophyll and no,gnesium de fici ency 

symptons appear. 

3.6. Lit eratur e ~evi cw Sunm~ry 

Th ~ f ollowin~ points c nn be dorivod fr om the discussion 

and conclusions which h2v o been c overc;l in th e li toraturc 

r evi ew . 

1. Nutri ents , her ~ici~es an~ other su~stances can enter the 

leaf when a pplied to its sufac e as sprays. 

2. Nutrient sprays aro effective in some species in certain 

c onditions , whil e with others, f ew or no r esponses have 

beon achievcc: •. 

3. Likewise , magnesium sprays havo beon r esponsive t o some 

s pecies, while with others little or no r esponses ha ve 

beon noted. 

4. Foliage application of uagn esium s ~lts appear to be 

superior t o soil application in increasing the concen­

tration of nagnesium· in the leaves and in reducing thG 
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visual symptoms of deficiency. 

5. In citrus, Eps om s alt (Mgso4.7K20) sprays have only 

iittle e ff ect in c orr ec ting deficiency synptoQs . Sprays 

with l!'.l.aenosium nitra t e (Mr (No
3

) 2 .6H20), a.n the other 

hand , have beon satisfactory in incr easing the concen­

trati an o,f magnesium in the l eaves and in r educins visual 

symptoms of de fici ency. 

6. Vari ations in enviromients , phys i ol oBica l and norphole;ical 

states of s pr a yed l eaves affect th e absorption. 

7. Conflicting vi ews exist abou t the mobility of ma5nosium 

in plants . Somo support tho mobility of magnesium, 

while othors do not. 
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CHAPT.CR 4 

4 . E.i~TERiiJ,S AND l'fiET~IODS 

4 . 'I • Tlw o;;oo rir:icnt s 

l-~i,10 e xpcrir:icnt ~3 ·_·.ore don-J yJj_tl: si vic\·1 to 

i nvos ti gatin~ the effe c ts of Porno of the fa c tors on 

rnr-i:,:;nesiu:n upt :J:c: by citrus l c.::ivos . The fa ctors s t udied 

were t ho fo l lo~ ing : 

( i ) different 1:iGtting n.:::ou t s 

( ii) d i ffore • t co n centrat i ons of n non ioni c wetting 

Ll{-'.0 n t ('l·e r'l' i C GT~9 ) 

( iii ) c1iffcr•cnt con cent::eations of gl? ccrinc 

( iv) hur,1 i dit!r 

( v ) sprayi nr at different t iinc s of tho dsy 

(vi) r ate of uptake of • a ~nes iurn 

( v i i ) d iffe r ent magnc • i um salts 

(viii )leaf magnesium l evel 

(ix ) l oaf n it t"'ogcn l evel 

The effe c t s of t he se fa c tors on magnesium up t "'l;:e 

was meas ure d au differen ces in the con centration of 

magnes ium in the l eaves af t er t reatme n t s . 

Pl an t 3 used ncre of t wo t ypes: 

( i) P i neapp l e a~eet o ran ge seedl in gs and 

( ii ) roo t ed l eaf bud CL: t tings of Me~rer lemons . 



77 

Tho nutrie nt so1L1 t i o i1 used in all expe rimen ts vws that 

devc loriod b? ~icw i tt (-1 96G) ::1 t Lonp: P.ston Research Sta tj_on 

for t r1e nutrient culture of fruit trees . 'I·~1i::: h2s bean 

su cce ssfull y usoa for 7r0D i~ [ a l s rgc number of cro9s . 

The compositi on of t hiG nutrien t oolution i c Eivcn in 

Appendix I , but w'""s~ h m·.1cv0r, chongecJ for cJ-~pcr i mc nt IX in 

which • h i Rh 8na lo~ l e vel of nitrc~o • ~ere to be sup~liod 

to the pl rrnt s . Tlli o rrns a ch i 0vu d by rop lacin.'i c alci uEJ 

nitra te with ammonium nitrate and calc ium chlorid'J 

(Appendi.:x 2) . A loVJ l e v e l of nitro~c n rrns a ch i e ve d by 

omittin g ar.m1on i um nitrc ta from the f ee d solution . 

Corill2._osi tio n .ancl .. Prqna r E; tion _of __ concc ntra te c 

nutrient stock solution for cxocriments . .. _ ---- ----~--·--- _..,.___, __ .... - -· ~-.-- .. ·-- -------; -------

The conce n tratca nutrient ctocl: so lut i on for 

experiments I, II, III, V, VI, VII and VIII ~as prep a red 

from the salts r,i ven in Appendix I, while the salt s g iven 

in Appendix 2 were use d for e;rperiment IX . Eo ch ma jor 

nutrie nt was di ssolved in a separa te t ~o-litrc jnr . ~11 

min e r nutrients , on the other hancl, exce pt f' e rri c c·i t 1°a t e , 

were dis solved in on e jar of two litres ' . .,_ cnpa c11, y . The 

ffe rric c·i trn t e wn.s sto cked in a sep8 rn t c t wo-litre j ar . 



78 

4. 3. Techni 0ues _us ccJ in ..fIT..OWin_g__pine [lJ~_Q_le S',"Hrnt or8QE.C:2. 

seec1lin s-s . - ____ a;_ 

4 . 3.1 . Sowing of seeds 

Se e ds of p i • oap9le swe e t orGo ~u 7G re impo~tad from 

California in the l cc1st YJ1.rnk of Juno, 1969 . Soeds ·,:JO re sown 

on three date r; , the first sowing ·,.:c; s done in July , 1969, the 

second in August , 1969, and the third in Sep tember, 19G9. 

Each time enough seeds ·1·rnre so\HJ to hnve suffi cient pl a nt:::.. 

for e.xperi ne nt s and for the selection of uniform plnnts . 

2' .x 1 1 p l o.st ic tr2::,rs ·-.-iore used for this purpo se; s,rna and 

pest (1 :1) ,;1;.H~ usec~ for geru i n[rtj_n f,. seed~.:i , '!'.1l1 ich '.'!e r e 

ger:11in r:. ted in closed p ro p c1r;:a tin e ch ambers , the t empera ture 

0 of ·J11ich r a nged from 70 to 75 F . Se eds storted germin a ting 

t Do weeks after soTiing . 

4. 3. 2. Planting out 

Forty days l a t o r, ·.1 hen se-:cJ lin;;s had att uined, on an 

average , t ~o and a half to three in ches in height , the 

uniform nnd healthy looking seedlingc• ·,rnre selected and 

transplanted in 411 plastic pots us ing * Gterilized sand and 

peat (1 :1). Only nucel l us seedlings were used; embryoni c 

s eedlings which we re v1e 0.ke r 0.nd smalle r we re culled out . 

* Sterilized by heating e l ectri call y to 185°F for 

15 to 20 minutes . 
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For ex::;::10rh10nts I, II, III , V, VI , VII an( VIII, the fe od 

solution W?.s r r ei:ar ocl fro u t he c oncentrP..ted nutri ent stock 

s olutions of A~,j_-encJ: iY 1 ~nrl for cx j::e:rinont I X, th e conc cntr ,-::. t ocl 

nutrient stock solutions of A~;onJix 2 wo r e use ~ . 

In goneral , ~l ants ~era feJ thrice we ekly with the f eof 

s olution, so!:1e:t i ne:s fr e,shly ::rcp2,rod. ,cm:'. sonoti::rnc r r orA.r c,1 

bofor chanc.:. and s tored in ;:,_ ;10 t a l clru::1 ~-aint ec1.. v1i th bi tun on 

paints . A 100 ~1 of f ocd sol u tion was n~~li e~ ani found to bo 

just EJnourh to c,l low a s ;:1 al l loss du o to C'..r t, i n ."l.;" ' O. It wtrn 

c onsi i~or o~ tha t thi s l o&chins woul~ , r ovont tho a ccumulati on 

of sal t r c-s i ~l u 0s 8.n cl wou l (: a.l so :;,,rovicLe 2.doquD.to :.1o i stur c for 

1•l 2.n t c r owth . Heavy loac hincs wer e ,fonc oc c asi onally to 

ensur e adequate r a~oval of a ny salt r esi d u es . 

4 , 4 , Gr owi n,g of ~··ioycr l o,:ion l oaf hud cu~_!inrz:s 

Four to six nonths 0,1 ,:'. , t;re en, u i1iforE1 an('1. ho ::i.lthy 

lookillG l oaves o.f Meyer lemons vrer e pl antocl in sand in the 

* pl astic trays (2' X 1 I si ze ); after tr eat ment wi t h S erac.ix 3 . 

Tliose l eave s wer e k ept under closed propa5atinc chanber s for 

rootint:; . After t wo weeks r ootinc s t a rt ed and extensiv e roo.ts 

wer e for rrnd wi t hin four weeks , The l ength of the roots varied 

fron 1½ t.o 2½ inches , 

* Seradix 3 contains O. 8% inclobu tyric a cid, fori,mlatod 

as a wettable powder . 
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Ec1.c h r o0 t oc: l oaf w2.s tr o.ns pl a.n t o~"'. i n ::t 2-;,; pl :1.sti c po t . 

Sanrt w~s usod as tho nod iuLl . Potted leaves wero kc ~t on tho 

honchos o f t h e gl asshouse . Wa t orin~ was ~one c v or y day . 

~ orL~1en t :-l_ :;iethods 

4 . 5 . 1. s :, re-:fin.g techniqu es 

Ton days t-efor o tho si1r a y tr eat!.10nt, f ooc'.inr; with 

rn,1.£.,,nGsiui":1 soluti r_:n vras stoppoc: t o nwko sur o that n o nagn osi1111 

would be takon -':Jy th o pl an t s through th e r oots . Two days 

: efor o s pr ayinc , the loaves o f 0ach pl ant wor e wi ~od c a r e fully 

with c o tton woo l s o '.lk.oc"'. in w.::.tor t o r oniovc a ll tho ( irt ::md 

f or oi c n materials adhering t o the l oaf surfa c es . Ench po t was 

c ovor o<"l_ with wator iJ r oc f y l as tic papor a:nc1- tl1G trunk was 

wr apped a t the ::: a.so with c o tt o n woo l t ::., prev en t th e po ssi1 ility 

of c ontaminatinc tl1 0 surfa c c s oil o f th o po t s 1:-:y spr ay d r oplets . 

Unl oss otherwise menti on ed , s pr a yinL t o th e run o ff was 

do n e in th o uorning with a 2 . 5% MG (No
3

)
2

. 6H
2
o s olution with tho 

inclusion o f 2. n oni onic wo tting agen t (Torrie GN9 ) a t tho 

conc entration o f 0 . 03% o f a ctive ingr o<l iDnt . A s mall ha nd 

s prayer w.::i.s us e:."!. f or s pr a ying tho pl a nts . The c onc entration 

of M5 ( No3) 2 .6H
2

0 us ed VJ3.S 2 . 5% W/V, because a bove this 

conc entration foliage injury occurred . Also; Mg(N0
3

) 
2

• 6H
2

0 

used at the conc entrati on of 2 . 5%, r esulted in a more highly 

significant increase in the uptake of ,nagnesium as measured by 

its c onc entr ation in the leaves, compa red with lower c onGon­

tration ( preliminary experiment) . 



4 . 5 . 2 . Ex~:cri;ient nl clcsi[n 

FL:mts of t,x.perL1ents I i II, I I I e,;;J. V co \!III ner e 

a r r~nfad in r andomized conpl e t e block design on the benches 

81 

of tlrn gl v. ssl10uso, '.',hile those of ez:::ieriaents IV, VII I -?,nd I X 

~ere arr2nged in spli t plot desig~ . Each tr e2tm ent i n nll 

experim ents h~d fou r r epli cations with a s in~l e plant per plot . 

Experiment I 

The ef fect of differ ent wetting agents on t he uptake of 

maenesium by leaves . 

Plc.i!t s used in thi s stud y wer e of tvo types : 

(i) Pineappl e sweet orqnge seedlings 

( ii) r oo t ed lenf bud cut t i ngs of Meyer l ewons . 

This ~iperiment consisted of two part s . In the first 

part, pi ne appl e sweet or e,nge seedlings were used t o investi­

gate the effects of thr ee we tting agents on magnesium uptake 

by leaves . Thes e thre e we tting agents were : 

(i) didecylmc thylb::-omide (D eciquam 222, ca tionic) 

(ii) sodium dodecylb enzene sulphonate (Gardilene 30 , 

anionic) 

(iii) nonyl phenol ethyl ene oxid e condens~te 

(Terrie GN9 , nonionic) 

As these thre e wetting agents Herc n ew products of 

unkno wn effects on upt ake , each was tri ed at one selected 

concentration . As the r esults showed a positive effect of 

each on magnesium uptairn the eff ects of these t hre e wettings 



2.s well ns c·. forth one , :i_::~1thc.lic glyc erol alkyl r esin 

(Tri ton B-1 956 , nonionic) were further inv eGtigatod in the 

second pGrt . 

* 
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Hor s a st~ndard c ~rv o of wGtt e j ility of citrus lea vEs for 

each mater i~l (Fig . 5) was pr apared uith th e help of a s t and ­

ar d wet ting ch::i.rt m::1.dc for ci tr:i.s le~vos ( Fit; . 4) by usin.; th e 

techniqU•.)S ,!dopted by Coni biur Ct.nd F'urmidgo ( 1965) for the 

L~ur el lea ; es . Each matcri~l was then us ed at the conc entra -

tion to give tho sane degree of we ttability ( 80%). Thi s ena bled 

one to compare t he effect of thosG wetting agents on magnesium 

uptake . To inv0stiGate this , root ed leaf bud cuttings of 

Meyer lemons wer e used . Leaves wor o di pped in the trentment 

solution and s .-._mpled after 24 hours . Before the lca.vo;:; were 

di pped , tho pot of each individual l eaf was covered with a 

piece of wat0rproof plC1.,sti c paper to pr event the conta.mina. tion 

of treatment solution with th o surface soil of the pot . 

* Wcttability r e fers t o tho proportion of a l oaf s urfac e tha t 

remains covered with liquid film a ft er tho exc ess of the liquid 

has drained off . It involves tho combinati on of wetting and 

s pr eading of liquids on thG leaf surfac e . The same ma terial 

ofton possesse s both wetting a nd spr eading properties but some 

me. t erial arc better wetting agc,nts than they are spreaders, 

whi l e others ar e bettor s :r;;r eader s than we ttin:_; .:..gent s . It 

should be roill cmber od that spr eading perta ins to the extension 

of a liquid over a surfac e a!ld v1e ttin.g pertains to the r Gt en­

tion cf the liquid by the s urfac e . A good spr eader is not 

nec essarily a Good wettine a50nt and vica verBa . 
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F1g . 4 . STANDARD WETTING CHART FOR CITRUS LEAVES 
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E.xpe rit.1e n t I I 

The effe ct of dif fe re nt con centrat i ons of o. nonionic 

wet t er (Terri e GN9 ) on the upt ake of magnes ium by l eaves . 

Pineapple sr1ect o r ange seed lings vrnre used to 

investigate tho effe c t of the different concen tra tion s of 

Terri e GN9 on magneoium up t ake . The Terrie GN9 was used 

a t tha concen tra tions of 0 . 01, 0 . 03, 0 . 05 , 0 . 08 und 0 .1 

per cent of the a ctive ingre dient . The YJe tt abili ty of tho 

\'JG tt e r at the Ta ri ous con cen t rations us ed vias dete rrnined by 

the s ame p rocedu re as used in the experiment I. 

Expe rirne n t III 

The effe ct of different con cen trations of glycerine 

on t he up t ake of magnes ium by le aves . 

Experiment III was conducted to see the eff e ct s of 

different concen trations of glycerine on the uptake of 

magnesium by l eaves and comp are it with that of Te rric 

GN9. Pineapple sweet orange seedlin gs we re used for this 

purpose . The glycerine was used ot the concen tra tions of 

1 and 2 pe r arent and the Terri e GN9 a t t he concentration 

of 0.03% of active ing redie nt. 

Expe rimcrn t IV 

The effe ct of humidity on the upt ake of magnesium by 

le aves. 
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I n t h i s s t udt , rooted l3af bud c uttin;;s of I.~e~1er l e:uo n s 

YJe r e use(: . J ust after pott i_n:=:: l eav e[: wore lrn9 t in t :n o 

huii1 i d1-ty co ncHtionf~ . One est ot l eaves was ::1 l lo·,-10d t o 

reua i n on tLe bonc'.1es of tl, o :::l a:::.;slrnuse ~ tho rol o.-l; i ve 

hu rn idi t y of ,·,t.:i. ch averar:cr1 71 1~. Th i s fi/LHe '.'las obt a ined 

by ave:rati_ n~ day t o day hm1 i di t y 11 rnes s ur0d ti1rco t i mes c1 

da y ( 9 . 00 a . m. :1 2 . oo r, . m. E:ncJ 5 . 00 p . m. ) 

Othe r sets of l eaves were s ub j e c ted to 100% r0la tive 

humid ity, which ~as ob ta in ed b y o nclos in ~ t he po tt ed 

l eaves Y! 5_t h n sheet of p l rcst ic papa :.: a nd pu t tinr; 8 tra y of 

After t"s-;o weeli::s l eGves wore d i r,ped i n a 2 . 5 per cen t 

The effe c t of s p r a~1 ing at differen t tiweo of t he d a y on 

the up t ake of mannes ium by l eave s . 

This experime n t ~as co nd u c t ed to i nvesti ga t e the 

effe c t of s prayin g at dif f ere nt times of the d ay on 

magne s ium up t ake . Pine apple s~ee t orange s eedlin Rs were 

use d for t h i s pu r po se . Sp rayi ng n ith Mr (No
3

) 2 . 6H2 O was 

done at 9 . 00 a . m., 12 . 30 p . m., 2 . 30 p . m. and 7.30 p . m. 

The rel a tive h um idit y o. na t empe r a tu re a t e a ch spra ~rin g t ime 

was re co rded . The rela tive humi d it y a t 9 . 00 a . m., 12.30 p . m., 

2 . 30 p . m. and 7.30 p . m. wns 81 , 71 , 73 and 83 per cent 
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0 0 0 0 r @spectiveJL.y, the temporat.ure 69 F, 72 F, 73 F and 68 F 

respectively,. 

Experiment VI 

The. r ate of magnesium uptako by lea ves . 

Experiment VI was conducted to study the rate af uptake 

of magnesium by leaves from a 2.5% Mg(No
3

)2.6H2o spray appli­

cation. Pineappl.e swcot oTango seedlings were used for this 

purpose,. Afte,r spraying, samples were collected at O hour, 

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

Experiment VII 

The e ffect o;f differont magnes :i:.um s alts on the uptake of 

magnesium by leaves. 

In this study, pineapple swe et orage s eedlings were used. 

Three magnesium salts, namely Mgso4.?H20, MgC12 .6H20 and 

Mg(No
3

) 2 .6H2o were tri ed. Al.1 sprays had magnesium equivalent 

of a 2.5 per cent Mg(No
3

)2 .6H2o solution. The re.l.ative humid­

ity immediately before spray was 80% after 5 hours i.e. at 

2p.~. 75%, after 10 hours i.e. 7p.m. 81% and after 22 hours 

i.e. the next morning 86%. 

Ex:periment. VIII 

The effect of leaf magnesium level on the uptake of 

magnesium by I.eaves • . 

In this study, pineapple sweet orange seedlings which 

' were fed with four levels af magnesium (4ppm, 12ppm, 36ppm 

and ?2ppm), were- used. Tho puri:,ose. of this fe e.ding was to 



Pla te 1 • Pinoai'~-le svrno t o.r anc o se od lincs sui:•:r1liec', 

with h~gh an~ l cw l ev e l c f nitr ogen . 

Low nitroc;on (57ppm ) 11.ant on th e l e ft 

is showinG ni tr oGen :~eficicncy ; while 

h~[h nitrocen (250prm ) p l a nt on tho right 

~s t a ll er, with l a r cor and c r ooner l oaves . 
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provir1e :,1 2.nts with c'. if fG r <:m t l ea f nasne s i 1J.:.1 l c:vels ,:1.nd t o see 

if these in f lu enc orl the u p t ake of 1:1acn esiuE1 fr o,;:i srr ays . 

Mo.e;n esj_mJ defici e nc y dcv e l o:;:oed i n 4 iJl")J11 lJl:i.nt s , and c rowth wets 

der; r esset~; the 12 r,p,'l ) l a nt s r.1. l so s ho wo;-1 :;iac ncGiun (ef'ici e ncy . 

'l'h e 36 pp.1 1,l an t s wor e ho a l thi er a nd l oaves wc, r e r; r eon cr in 

c olour,, whi l e the leaves of the 72ppn ~~ l r ,nts wer e a c10cper 

gr ocn in colour, and th or e was no si s n of oacn0 s iu2 toxicity . 

Exr,eriaent IX 

Th e e ff oc t of l o.::t f ni trocon l evel on the u1, tako of 

• agnosi um by loa ves . 

I n t h i s stu c',y , pinoa~;:;:-Jl e swe e t or a n~e se8{llin1:s wer e 

su:;_:i .li oc', wi th two l evel s of ni troeon ( 57:i.-i.Jn a nd 250rrrn ). 

Those wor o c a l l ed l ow l ev e l an~ hi ~h l evel nitroGon r esfoc t ive l y , 

Th o 57rpr.: p l an t s c1.ov el oi;ed nitrogen c1.c fi c i onc y a nd the c:rowth 

was s tunt ed . Loaves wero y ellowish in colour and s1J..a.ller th&n 

th o 250 PiJr.'.I 1, l a nts v1hich wer e t a ller, with lar ger a nd d ec :;::i e r 

gr 8on l eaves ( p l a t e 1). 

4 , 6 . Leaf sampl es ,'.:<nd analysis 

4 A6 . 1. SauplinG t e chniques 

Ea c h sa:xpl e consist eel. of t wel V G l oaves frora eac h ind i vid ­

ua l p l ant . Thi s size of tho sa11pl e was found to be adequa t e 

for a n a lys inc nagn osiura by th e me thod us ed by Dro Gsdoff and 

Noar pass ( 1948 ). Th e s anpl ed l ee,vos wore col1-ec terl in s eparate 

pl as tic bafs , take n to the l a bor atory and i m,:iodi ately washed 

and dri ed . The s at111l od l oav e s wor e 4 to 6 months old . Thouc h 

pr eviously , l oaves of various ace s had beo.n tri ed ( Cameron 

• 
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et al ., 1952, and Wallace et al., 1952). In the present study 

tm leaf aGo was soloc t ecl as 4 t o 6 months , because Smith 

(1966) indica t ed tha t at this age magnesium and other minerals 

are stabl-0 . Leavoc younger than this ar c less stable in their 

min er a l content . 

4. S. 2. Cleaning 

The common methods or.1ployed to r omov o surface cont~nants 

on ]LOavcs include washing tho lea ves in water containing 

deterg ent or hydrochloric acid, or to wipe them w~th cotton 

wo ol or a cloth~ Bu t leaching of nutrients might occur, if 

tho l eaves a r e dipped in water. Mann and WG.llace (1 952) ha ve 

r eport ed leaching losses o f potassium as high as 99% if 

immersion wa s c ontinu ed lon5 enough . Richards (1932) stated 

tha t even r ain c ould c ause loss o:f potassi:.um through leaching. 

Nichoias (1948) did not wash toma t o l oav es sprayed with magnes­

ium sulpha te before analysis. Boynton et al. (1943) working 

v:i th apple l oaves, depended on tho washinG offec t of heavy 

rain. 

Many workers, however, found that the washing of leaves 

prior to analysis is necessary to r emove surface contaminants. 

Jacobson (1945) found waohing in 3N HCl followed by thorough 

rinsin6 with distilled water to be effectiv e in the removal of 

iron c on t aminations arising from dust and spray residues. 

Titus and Boynton (1953) adopted a s i mi l a r procedure. Smith 

et a l. ( 1950), in a study o.f various cl eaning tre.atments for 
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the prc p2.r a tion o,f or an6 o lGa vcs for anc'.lyE:ts , r oportod no 

l oss o f any olo~ent , whon th a lc2vGs wore subjoct ed to 2ny o f 

several cl0aninc troatoents , includinG i mmer s ion in n Je t cr­

gont sol ution 2.nJ sc rubbin g for 2, s l one as six minutes . 

Workinr with 2pple leaves , Taylor (1 956) tried fiv e 

cloani n~ proc odureE . Wi p:int; the individual l oa f wi t h D. damp 

cheese cloth wns superi or to o ther methods (D ot cre;ont •- EDTA, 

Detergent •::1.istill ecl water , and not clca.nod), for th G r einoval 

of iron contam.i nntion not c1risin6 from spray 1natorial . Whi l e 

cl ean ed or uncleaned samples shov10d no signific ant difference 

i n th e concentr ati on of N, ~ K, Ca ,Mc , Mn, Cu and Boron . 

Bhan e t al . (1959) f ound no loss of K, Mg, Ca or P fr om 

leaching , _when sa.aples of mature J r a n0 e lo3.ves woro sha...1-con or 

i mmersed in distilled water . Labanc1.uskas (1 966 ) f ound no 

si&nificant leaching of N, P, K, Ca , Cl, Zn , Mn, B, F e and Ms 

frorn or ange leaves due to the various washing t e c hniqu os used . 

Di pping o.f do tercent wetshed lea ves i n ac i du l ated hydrochloric 

solution was n ot n e c essary i f th e loaves wer e properly washed 

in the clotersont soluti o.n . 

Tho above examples support the views of Tukoy et al . ( 1958) , 

thc.t considera ble v 9.riabili ty exists a1i1ong pl ant species with 

r ce;ar d to their susc epti bili ty to leaching l osses o,f miner als. 

It c a n, however , bo concluded that at least citrus l eaves, 

prior to analysis , c an safely b o washed in water c ontaining 

detergent , without the loss of minerals, and there i s no need 

for dipping of deter gont-v,ash od l oaves in a cidul.a ted hydro-
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c hlori s ac i d solution. 

Thus, in tho present studi os , tho following pr oceJur es 

wore used for cl oaninc the l oav os . Loa ves wer e a ~itatad in 

O. 1% Te opol so lution f ur a l:pr oximatcly 10 socs, then wiped 

indi vidunlly on both sides ~, i th c otton woo l soo.k od i.n ToGpol. 

Thc,y v:crc then quickly swill od in thr oe l ots of d i stilled 

water an d dried between shee t s o f blotti ng papa~. Dry l oaves 

wor e plac eel in c.. 150 El l beaker o.nc: d ri oc1. for 40 t o 48 hour s at 

70° to 75°'C. Dri ed loaves wer e c round in a Wil ey Mill 2.nd 

kept a t 65°C for 30 hours . 

4 . 6. 3. _Ashing 

Appr oximately 2 gr ams o :f dri ed leaves were weighed and 

as h ed in a cruc ible nt 4.:iO~C. Th o a shini; was c onpl e tcd within 

10 t o 12 hours at the above t c~pcr a ture. 

4 . 6. 4 . Technique..13 o_f l eaf 1,ta 0 n osi un a :r:a lycis 

Kidson (1946) has described the quantitative pr ocedure 

for deter mining small amounts of magnesium in pl a nt materi a l . 

by using titan y Gllow. GillaI!:1 ( 1941) described a titan y e llow 

me thod f or de t e r mining m.:1.gnosiwi1 in f ertilizers and soil 

oxtra c ts . In both r.10 thoc'l.s, i r on, a luminium , phosphorus ancl 

calcium have to be r emoved a nd aumonium salts destr oy ed by 

time consuming pr oco.sses . Pe e c h a nd English (1944) by using 

titan yellow, dev el .o,pcd a dir e:ct r api d somiquantitative. me thod 
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f or t he de t er mina tion of LlaGn os i u~ in s oil extract s i n t ho 

pr esenc e o f calcium, iron , a luui nium and maucan eso . By us ins 

their pr oc odur o as a basis , au~ t hi a zol 8 y ellow as r 0c • mmo nded 

by Mikkel .sen '?..rl':l To th (1947) , i ns t eac1
. of t itan y ellow, 

Drosdo ff a n~ Noar p~ss (1 94g ) havo dov ol opo~ a r api d quantita­

ti vo c ol ori;netric me thod f or th o do t er rnination of magn osj_um in 

tung l eaves , and thi s has bean r ec omu 3~~e~ f or other pl ant 

ti ssues . Fis her o.nc1 W::tlkcr ( 1955) usoc'. t ho si"'-:no nethocl a s 

adop t ed by Dros do ff and Ncar ,ass (1 948 ) f or de t ermining 

BaGnesiurn in appl e l e~vcs . 

In the pr os ont s tudi es, t h er e f or e , tho me thod adopt ed by 

Drosdoff anr: Near p2.s s ( 1948 ) Y:a.s used f or clo t cr r.:1 ining r.1c1gnes­

iU1.1. in citrus l onvos . St2.nc~ar ::.1 curves \'ior e run fo r 02.c h 

s olution prep2,rod . ~i trogon was clo torninE:-l by tho Kj ol dhr:l 

MBthod (Whi t c ct al., 1948) . Th o c.e t ails of procec1. uros of 

magnesium ~o termina tion nni ni t r ogen de t er mination ha v e been 

e ivon in App endix 3 an~ 4 r espectively . 

4 . 7 . Sta tistics 

Analysi s o f varianc e of th o data h~v o bo on pr esented in a 

s umme.ris od f orm in Appendic es 5 t o 14. 
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CHAPTER 5 

5- RESULTS 

5. 1 . EXi:e.ci;:1on_t.J .. 

The offact of 1if fe r ent wott inc ~cent s on t ho uptake of 

~asnesiu• by le ~ves . 

Th o r .. :at r: 1;r Gr,cnb,::c: in To.b l e 12 incl. ic a t o t hat all thr ee 

wetting 2.~· ent s , whc,n incJ..uc1 eL in spr ays , incr ea.se:-:. the: uptake 

of maf:nosiun by l oaves , conpo.r od with the control i n which no 

wet tin :; a t:,;mt hac.; been o.dr'loc'. . I-Iouove;r, tho cat ionic wet t er 

(Dec i qu ru~ 222) and anionic wett0r (G ar dilene 30) wer e l ess 

e f fective in incr easint5 the u r take o f ua.0nesiun th2,n the 

nonionic wa t ter (T orrie GN9) . The nvor aco i ncrease i n the 

conc entration o f ma.___:n0siu1.1 in the l oaves hy Ter r ie GN9 was 

0 .1 0% ( L1. r y wt . b.::~s i s ), whil e by Deciquar.1 222 , and Gar c; ilono 30 

was O. O5 and 0 . 06% (dry wt . b o.sis) r es pec tively. Those 

incr eas es i n the co nc entra tion of • acnesiuo in the l oaves were 

s i s nific ont a t tho 5 per c ent l ev el . 

The further invest i gations on th o e f fec t of ma~nesium 

uptake by these thre e we t tins a 0 Emts as well as Tri ton B - 1956 , 

indic a ted that these wettint:; agents differ ed in their e ffects 

on n1a-5nesium up t ake , thoue;h they had been used nt the concen­

t rations which r 0sult ed tho sa.me wottability (80%). The 

anionic (Gardi1 en e 30 ) was s uperior to cationic (D eciquara 222) 

aml nonionic (Tri ton B - 1956) in increasi ng thG u:r:: take of 

maenesium , but not to the nonionic ( Ter rie GN9). See Tabl e 12a . 

Thus, this r esult indicated that we t tability can 
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not be the soJLe criterion f or the incroasocl penetration o,f 

magnesium in t he loaves but other f actors such as the ef fects 

of wetting agents on cuticula r per meability or int er action 

wi th the species of mo l ecul e t o be c..bsor bod, nay bo nwr e 

i mportant. 

Table 12. The e ffect of differ en t wetting agen t s on tho 

uptak e of macnesium by l eaves from a 2.5 per c ont 

M6 (N03 )
2

.6H
2

0 s pr a y applica ti on (absorptio,n period 

24 hours). 
. . ... -- ------ ------- .--- ---- -,••-• w • · •--•-----•- - - ----- - •--•-• - - • - • -

Trea t ments 

Control 
.Mg (N0

3
) 2.6H2o 

Mg as % dry w0.i ght o·f l eaves 

I
· ___ 1 I 1 

I I II III IV 

0.38 
I 

0.34 0.36 0.37 

~ray o nly _ ____ -1 ___________ .__ ___ _ _ - -.-.-----_ ____ _ 

Mg (No
3

) 2 .6H20 + 

Cationic (Dcciquam 

222) 0.015% 
--·- ·-
Mg(N0

3
)
2

.6H2o + 

.Anionic (Gar di-

1.ene 30) 0.015% 

0.43 

0.42 

0.40 .39 0.42 

0. 43 I 0.40 7 
I 
! 
r 

X Moan 

0.36a 

0.41 b 

0.42b 

i 

Mg(No
3

) 2 .6H20 + 

Nonionic (Terrie 

0.46 0.48 0.45 0.47 0.46c I 

GN9) 0.03% 

C. V. = 3.17% 

x Means with the same letter are not significantly different 

a t. tho 5 per cent le.val a s measured by Dunc an 1 s multiple 

range test (Federer, 1955). 
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Tabl e 12a. The effoct o f differ ent w0tting agents used on the 

up t ake of m-?..gncsi um by l .eavos fr o111 a 2. 5 per c ent 

Me; (N0
3

)2 . 6rr2o spr ay .:i.pplicatio11J a t 80% wcttabilit.y 

of tho l oaf ar ea ( absor pti on peri od 24 hours). 

Tr eat;nonts % 
I 

l eaf 
I II I III I 

-----t X 
I I V •Moan nr oo. I 

I 
we t t oe. i 

-Mg as% dr y wei gh t of l eaves 
I 

I 

Con\rol Mg(N0
3

) 2 . 6H
2

0 80 0 . 19 0.16 o. 17 0.20 0.18a 

Spray only • 

MCT(N0
3

) 2 .6H20 + 80 0.21 0.23 0.20 0.24 0.22b 

Dociquam 222(Ca tionic) 

0.03% 

Mc (No
3

) 2 .6H20 + Terri e 80 0.24· 0.26 0.22 0.25 
. I 
0.24bcl 

GN9 (nonionic) 0.026% 

Mg(No
3

) i.6H20 + 80 0.25 0.21 0.24 0.23 

Triton B - 1956 ' 

( ;~anionic) 0. 042% ', 

Mg(N0
3

) 2 .6H20 + 80 0.26 0.24 0.28 0.27 

Gar dilene 30 (anionic) 

0.035% 

c.v. a ?.62% 

~lea ns: with the s ame lotter c1re not signific antly­

di£fer ent a t the 5 per c ent level a s measured by 

Duncan's mul t iple r a nge test (Fecerer, 1955). 

0.23b 

0.26c 

I 
I 
! 



5 . 2 . Exnorimont II 

Th e; o ff ,1c t of r~i f f'oront c onc 0n t r r.l ti on s •Jf o.. 11 on - i onic 

v1C t t or ( Torrie GN9 ) on tho up t 'J.kc e, f 1:1c1.e, :1 ::si un l oaves . 

96 

'Tho c'.ct t2. :·i:rosontcr~ i n T.-:,_tlo 13 :(111 1. Fi t' • 6 inc: ie c. t o thn t 

the Tor r ie GN9 ~t e one on t r ati un s cf 0 . 0 3 and 0 . 0 5% o f a c t ive 

ingr oc~ iont , h avini:; 8 2 . 50 &ml. 100% wottabili ty r csp0ctiv -3 l y , 

1:::-'.i s!'lovm s i ::ni f ic o.ntly s r ec:i.tcr incr o.'.'.so in tho upt.:lko o f 

macn osi um by l o2v0s tha n the oth er e onc ontr2 tions u so~ . Th er e 

wn.s n o s i s nific nnt diffor 0nc o in tho u p to..ko o f rnae:nesium 2J,1onc 

0 . 01, 0 . 08 .:m e~ 0 . 1% o f Torrie GN9 .J.n(, the c ontrol in which no 

we tt er had teen .J.c~doc~ . 

Tho v;o t ta:•,ili t y r esult s Gi ven i n TD.b l o 130. and Fi e . 6 a. 

s how that as t he c onc entra ti on of t ho Tor r ie GN9 had bocn 

incro2-sor1. , th e pore ont i:'.CO wo t t0.bili ty o f t :10 l oaves h e.cl also 

b oon increaoed , a n( 100% wettability was ob t ~ined 3S s o on as 

the conc ontra ti o.n o f th o wetter ox:c cc ,:~ocl 0 . 04% of its a ctive 

ingrotliont . 
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Tabl e 13 . Tho a ff ect of i iffor ent c onc entra tion s o f a non­

i onic we tt er (Terrie GN9) on the up t ako of r:12-gn es­

iULl by l eav es fr oa 2, 2. 5 l)er c ent Mc (N0
3

) 
2

. 6H
2
o 

spr a y applicati on ( Rbso r p t ion peri od 24 hour s ) . 

I T r oa 1:1en s t t M G as 0 Q,. r.... r y % f • WG l G \, 0 . h -'- f l eav e:: ean 
---

I I II l III ! IV 
I 

Co,ntrol Mg (N03)2 . 6H20 I 0 . 35 ' 0 . 36 0. 37 0 . 41 P. 38a 

s pr ay only 

- --

M5N03) 
2

. 6H
2

0 + 0. 1% 0 . 34 0 . 38 0. 40 0 . 36 P. 37a 

Terrie GN9 

M8(N0
3

) 
2

• 6H
2
0 + 0.08% 0 . 35 0. 36 0. 41 0 . 39 P. 37a 

Torrie GN9 

Mg (No
3

)2 . 6H20 +0 . 05% 0 . 45 0 . 43 0 . 46 0 . 47 p . 45 b 

Terrie GN9 

---·-

Mg(N0
3

)2. 6H20 +0 . 03% 0. 46 0 . 45 O. L1,-3 0 . 42 p. 44 

Terrie GN9 

Mg(N0
3

)2. 6H
2
0 +0 . 01% 0. 42 0. 39 0. 37 0 . 42 0 . 4-oa 

Terrie GN9 ! I 
c .v. - 6. 07% 

x Me:ans with th e s ame· let t or a r e not significa ntly different 

at the 5 J)or c ent l e ve l a s measured by Dunc a n ' s n ul tiple 

r a n s e t est (Foder erJ 1955). 

b 

-·-
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Fig . 6 . The effect of different concentrations of a 

nonionic wetter (Terrie GN .9) on the uptake of 

magnesium by leaves . 
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T~ble 13a. The visual as s es srne nt o f t he we ttinc o f the 

upper s urfac e o f the citrus l oaves by Terrie 

GN9 . 

I I I 
i 
i 1:fo t tor I Conc n .1 % We t t ing 
i ! I I 

I 
I 

L _ . % I !II IIr l IV : V 
t-

VI VII 

I 
I 

I 

I 

Terrie GN9 0 . 01 55 i 40 70 55 70 40 50 

(non-i onic) 

X 

" 0 .03 80 90 80 80 80 90 80 

• 
II 0 . 05 ~ 00 100 100 100 100 100 100 

" 0.08 " " 1; " 11 II II 

II 0 .1 i i II II II II " ;r 

C. V. = 6 . 69% 

Means with th o s a.r.10 l ot te r a r e no t si6nific2,ntly 

differ ent at t ho 5 per c on t l evel as measur ed by 

Duncan's raultipl e r ange t es t (Feder er, 1955). 

-- · 

···-··· 

VIII 

55 

80 

100 

II 

II 

99 

-

Moan 

55a 

82 .5b 

100 C 

100 C 

100 C 
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Fig . 6a . The effect of different concentrationsof a 

nonionic wetter ( Terrie GN 9) on the wetting of the 

upper surface of the citrus leaves . 
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5.3. §,xR,eriment III 

The effect of different concentra tion s of glycerine 

on the uptake of magnesium by leave s. 

The re s ult presented in Table 14 indica tes tha t the 

in cl us ion of the hume ct ant glycerine in the spray s olution 

h a d significantly incre ased the upt ake of magnes ium by 

l eaves than the control in wh ich ne ither glycerin e nor ct 

·wetter had been added . However, the inclusion of 1 or 2% 

glycerine in the spra y solution was not better tha n the 

Terrie GN9 us0d at the concen trGtion of 0.03% of the a ctive 

in gredient . Also, 2% glycerine was not more effective than 

the 1% glyce r ine . Th0 ave r o.g0 increase in the concen tration 

of magnesium in the l eave s by 0.03% Torrie GN9, 1 a nd 2% 

glycerine was 0.06, 0.08 and 0.07% (dry weight basis) 

respectively. These increase s in the conce ntration of 

magnesium in the le aves were signifi c ant at the 5 per cent 

level. 
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Table 14 . The offoct of r~iffor0nt concentrnti ons of t--; lyc erine 

on the upta~c of r1e1.c n osim;1 lJy 1 0=1.ves froo o.. 2 . 5% 

Mc ( No
3

)2 . 6H2o s pr ay npplic a ti on ( 2bsorption poriod 

24 hour s ) . 

-·--
! ! X Tr ont n"ents Ms cl c: r y woicht of l oaves Moan I ns /0 i I 

~r I II III IV 
- - -----J 

Control 0 . 35 0 . 37 0 . 33 o . 36 I o. 35 

Mc (N0
3

) 2 . 6H
2

0 

a 

spray only 
----

Mc (N0
3

)2 . 6H20 + 0 . 41 0 . 45 0 . 39 0 . 42 

Torrie GN9 0 . 03% 
-----

MG(N0
3

) 2 . 6H20 + 0 . 42 0 .40 0 . 44 0 . 46 

I Glyc orine 1% 

MG( N0
3

) 2 . 6H20 + 0 . 39 0.43 0 . 42 0 . 44 

Glyc erine 2% 

c.v. 5 . 27% 

x Means with the sa1:w letter ar e no t sicnificantly 

different at the 5 per c ont level as fleasure~ by 

Duncan ' s nultiplc r ange test (Fed erer , 1955) 

-

·- ·· 

I 

0 . 41 b 

0 . 43 l; 

0 . 42 1 ) 

' ' 
M- - -- ---
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5. 4. Experiment IV 

The effect of hu:ni c:ity of tho u p t nk.e o f mr1-cn osiun 1:iy 

l oaves . 

Roc;:,_r d l os s o f tho huni c1. i ty, tho spr r'.Y sifnific o.ntly 

incr oa.sel1 th o uptake of nc-t;:;n osiuu l:,y l o,>.v os (Tabl e 15 ). The 

100% r c l ::>.ti v o huni d i ty h ,.,,_::1 incro~s0°~ the rnac no s iwJ: c o ne cntr ­

tion by 0 . 11% ( c1r y woi cht :-1asis ) , whi l e 71% r cl --i. tive hur,1ir'.. ity 

h ~r'. incr oo.so ~~ only b y 0 . 0 7%. These inc r e;:1.sos wor e s i gnific ant 

c1.t tho 5 por c ent l e vel. Tho c r c:'..t or incroaso in tho c one 0n­

tro. ti.on o-f :':lar nosiun in the loave s o f the 100% r c l ativo huuid ­

ity c nn '.~•o c1. ttributoc:. t o th o incr oc:.sec: per r,cabllity o f tho 

cuticl e ~uc t o its hy~r a tion . 



Tab l e 15. The cffo c t of hum idi t y on th 0 upt okG of 

t:J9r.:n0 c i um by l0 r, v cc f·rom o 2 . 5 pe r c c- nt 

·1- ,-,. ("'"0 ) rF U' C"'p r' v 'lie, .:, -z 2 , o _,2 ._, .J , t ,1 _, 

Y)C •,7 i od 2'· r,oL; .,,, ,... \J L ~- . ~ "7 - ,JU . 

( . ' . 
c,DGO 1:[H l O D 

1 04 

·,.,, ·"-. Trea t- 11 

'...._ments 
Reps• '-,,I 

No spray Mean of : Spray with 2,5% :Mean of I 

-----------'"+---------,----------t 
1. I 1()Cffo : 

I 
i 
I 

IL' 

i 
I 

III 
I I 
I 

I 
t DJ 
i 
I 

! Mean** 

' 

I 
r el a tive j 
humidity I 
! Mg ;;i_s % ! 
dry wt · 

of 
l eaves 

0 .1 8 
I 

I 

l 
I 0.17 

0.14 

i 0.15 
I 

0.16 

71% 
rela tive 
humidity 

Mg as % 
dry wt . 

of 
l eaves 

0 .14 

0 . 15 

0 .17 

0 .1 3 

0.15 

I 
I 

; 
! 

I 
I 
I 

sub 
tota l 

! 0.15 
I 

! 

.

1 

Mg( No
3

)
2

. 6H
2
o lsub 

1 
/ total 

,1-_ -------..-, --------- ' 

i 100% I 71% I 
~ el a tive I r el a tive ' 
~urnidity humidity 
I 

l % !Mg a s 
:dry wt . 
i of 
~ eaves 

I 
· 0 . 28 

0 .29 

0 . 25 

0 . 26 

I 0!27 

' ! 
I 

Mg a s % 
dry wt . 

of 
l eaves 

0 . 23 

0.19 

0.24 

0 .22 

0.22 

I 

I 
I 

0.24* 

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

5 per cent l evel 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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Exverincnt V 

Th0 effect o f spr a yinJ a t ~iffor cnt times o f the a ay 

spr a yinc tine , a ll trcatncnt s h acl s i c nific a ntly incr eased t he 

uptnk c o f masncsiu• hy l eav es , c onpar eJ with tho c ontrol . 

Si_) r a yinc in t he nornins ( 9 . 00 a ,..., ) ...,,, , 
c.: • ul • L'-"' '- ,..~ in the evening 

(7 . 30 p . m ... ) h ad signific antly increasGc1 tho uptake o f nc,cncs­

iur:J. b y l eav es, c oi,ip~,x o,1 wi th tho spro.yin[ 3. t 12 . 30 p . n . a n, .. 1.. 

2 . 30 p . u . No siGnificant c: ifferonc os in the u p t ake o.f nat_;n cs­

i un by l onves woro f ouncl 1: c t wccn the 9 . 00 a . 1;i . an:~ 7 . 30 p . 1:1 . 

or be twe e n tho 12 . 30 p . :~ . c'..11 ~1.. 2 . 30 p . r.i . spr 2.y npplic a ti ons . 



Ta'o l .o 16. The effect o f s pr a.yinc a t ::1.iffor ent tinos o.f 

t ho d2.y on tho uptake of 1;-iagnesiun. by loaves 

fr o• e 2 . 5 per cont Ms (No
3

)2 . @r2o s pr ay 

e: p '_) l :L c ~ 1 t ion ( a b s 6 rp ti o o po r i o d 2 4 h o L(r s ) • 

- --
Ti• e of Absorp- MG as % c1ry wt . of l eaves 

tion Mo c1.n X 
·-s praying tine 

hrs . I II III IV 

Control 0 0 . 28 0 . 26 0 . 27 0 . 27 0 . 27a 

9 . 00 a . ~1 . 24 0 . 41 0 . 44 · 0 . 40 0.43 0.42c 

12 . 30 p.m. 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 . 381: 

7 . 30 p . m. 24 0 . 42 0 . 45 0 . 44 0 . 46 0 . 44c 

I 

c.v. - 4 . 03% 

x Moans with the same letters arc not signific antly 

different at the 5 per cant love.l as neasurec. by 

Duncan's r.mltiplo range test (Federer, 1955) 
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5. 6. Experinont VI 

The r a t 0 of u~-~t e_ke of nagnesiu• by l oavei:; . 

Tho dat ~ rresented i n Tabl0 17 ~nd Fi f . 7 i ndicated that 

a ;Ji~ni iic an t u r; t c:,kc- of 1i12_cncc·;_un occurret: 2.ft cr two hour s o f 

ma~ncsiua nit r a t e svr ay applicati on . Tho rate of raarnesilliJ 

u :;:1 t nk.e by l oaves i ncreased signi fic ant ly ur t o 24 hours a ft er 

s)ray a~rlicat i on , thereaf ter tho increase was nons i gnific an t . 

Sine e it was not ::ossi :-Jle to :.tCc\suro th e deer et: of ··iacnesiun 

transpor t out of the le a ~it is not clear whether ~~snesium 

u ptake,in f ac \ stofpod o f ter 24 hours of sjr ay a1;licati on . 
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Tc..1:.:to 17. Th e: r -:,_ t c o f ur, t ,"tke o f ne.c n os iu;:1 b y l ec,v cs 

applica.tion . 

r-------- --,----- ----- ---- - - ---

Absor pti on . 
l----- - -------r--------

Mc as% 1ry woicht o f 

ti,;G ! I II III IV I 

I I I I -- I 

lvO.V8S 
---~ 

·1 X i' oan 

0 hour 0. 27 0. 26 0 . 24 0. 28 O. 26c. 

2 hour s i 0. 34 I 0. 32 0. 33 0. 35 I 

i 
0 . 33b 

8 hour s 
I 
! 0. 37 
: 

0 . 39 0 . 36 0. 40 0. 38c 

21+ hour s 0. 44 0 . 42 O . 40 O. li-6 
i -
i 

~-8 hour s 
I 

0. 46 0. 44 o . 48 0. 42 ! 0 . 45d 
I 

96 hours I 0. 48 0. 46 0. 44 0. 45 
~- -

168 h ours 0.47 0. 48 0. 46 0. 44 0 . 4-6c1. 
I 
I 

- -

c.v . • 4. 96% -1 
------- -

x Means wi th the s2.no l ott e r a r e no t s i c;nificantly 

c.if for on t at the 5 per c ent l evel as neasuro:~ l1y 

Dunc an ' s nultipl e r a nee t es t (Feder er , 1955) . 
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Fig . 7. The r a t e of up t ake of magnesium by leaves . 
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5. 7. E:x:;.1cri ncn t VII 

The offcct of rliffcr cnt ;:1acncsiur.1 salts on tho u p t ake 

o f L.'."' . .:_:'Eos i u::1 \) y loa vos . 

Spr o.ys o f o..11 t he thr ee :10.cnosim! s.::.l ts si l~n i f ic .::m tly 

i ncroaso :~ tho ui, t nkc o f Liet _: n os i u• by lea v e s t han the c ontr ol 

i n whic h no s pr a ys hn~ ~eon appli ed ( Tabl a 18 ) . Ho wever , 

Mc ( N0
3

)
2

. 6H
2

o a n -.1 H;::Cl
2

. 6H
2

o s :·J1~2..ys hac1 shown c r on t or i :..1croa s e 

in tho u ptake of ::ia:...:nosiuu t y le ;1.vos tha n the Mcso
4

. ?H20 

s pr:1ys . Th o incr oa so i n tho c c ncontration o f ua~:nosiur__;_ in 

th o l oaves by MG (No
3

)2 . 6H20 a nd Mcc1 2 .6H20 s,rays was 0 . 17 

2.n(l. 0. 16% U.ry woi ,-h t ::i 2.sis) r ospectivc. ly 1 nhilo t y Mcso
4

. ?H
2
o 

spra ys t he incrc~so wc1.s u!lly 0. 06%. Ther e vrns no si;·nifica nt 

c,.i ff or e nc c in th o c o ne cntr c-,ti on of :.1 ,::t::, ncsiun ·:~o twocn 



111 

Table 18. The effect o,f · c. ifferent nacnesium salts on the 

X 

uptake of i;1acn esiura by leaves . All sprays h2.v0: 

the uacnesiura equivalent of a 2. 5 per c ent 

! 
I Ms o' u.S /o of dry woi ght 

Tr oat nonts of lea ves 

I II i III IV I 

Control 0.25 0.26 i 0 .27 0.26 

Nt:S0
4

.7H20 0 . 34 0.31 0 .32 0,33 

Me;Cl2 .6H2o 0.42 -0.39 0 .43 0.44 

Mg (No
3

.6H
2

0 0.42 0.43 0.46 0. l+ 1 

c.v. = 4. 66% 

Moa ns with the scc:10 l e t ter nr e not significantly 

~ifferent at tho 5 per c ent l evel as ra easure1 by 

Duncan ' s oul.tiple r anee test (Fecleror, 1955). 

Mean X 

0.26a 

0.32b 

0 . 42c 

0.43c 

i 



Th e e ff Gct of l e.:1.f' Lie. ,_ nesiun l e v ol on th0 u r, take of 

maenesiurn by l eaves . 

R8Cia.rclless o f mas ncsiu1c1 l evol i n tho lo aves, s pr a ys 

s i sni fic a ntly i nc r eased the up t ~ t e of IaGn 8sium by leaves 

( Tab l e 19) . However, a hiGher l e vol of l oaf i:re,0nesiuEJ. had 

shown a hic h c r u1. take o-f mar~nos imr by l eaves whil e a lower 

l e v vl of le a f r;1ae;n 0siui!l showec: a l.ower uptake of 1aagnesium 

112 

by leaves fro n a 2 . 5% Ms (N0
3

)
2

. 6H
2

0 s::r a y . Als o a hi ,:h l evel 

of • afn csium in the f ead solution h ad incr eased Lla i nesiura 

conc entr2..t i on in the l eaves conpar a tivc ly more t han t he lowe r 

l ov c l of Llacn osiura in the fe ed so lution . However , maGn esiwJ 

concentra ti on in th e l ea•res inc reased fro2 4r1pm to 36ppm , but 

above this l ev e l th o c rad ient of incre~se in r elation to supp]Ly 

was less steep ( Fig . 8) . Sim.lar typ e o,f curve was obtained 

for tho u i-: taJ:rn of r11a1_: n es ium by lea ves fro ~,1 si-,rays ( Fie; . 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(No
3

) 2.6H
2
o 

spray application (absorption period 24 hours). 

I"- . 
' ' Treat-
~ ments 

' 

No spray 

Reps• ' ~ 

I 

4 
ppm 

0.11 

12 36 172 
ppm ppm ppm 

I 
0.14 0.28 p.38 

II 0.12 0.17 0,27 0.37 

III 

I 

I I 
0.09 i°· 15 

1
0.29 o.-ro 

I 
IV 0.10 0.16 0.26 0.39 

Mean** 0.10 0.15 0.27 0.38 

I I , Mean 
I of 
I Sub I 

Total 

0.23 

Spray with 2.5 
per cent 

Ifg(N0
3

)
2

.6H
2

0 

i Mean ,·. 
I of 
I Sub 
I Total 

4 12 
ppm ppm 

72 I 
ppm ppm 
36 

0.19 b.25 b.45 0.61 

0.17 0.29 o.46 b.60 

0.15 0.24 o.44 0.58 

0.18 0.27 o.42 0.63 

0.17 0.26 o.44 0.60 

I 0.37• 

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

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 effe c t of leaf ma gnesium level on the 

uptake of magnes i um b y l eaves. 
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5. 9 Exp eriment IX 

'l.'he offoct of lec, f nitr ,:Jgcn level on th e uptake c,f 

raacnes iuu ~Y leaves . 

11 5 

The ~ata pr Gsented in Table 20 i ndic a t e thnt tho ni tr• Gon 

st ct t u s of l ow nitror;on ( 57 ppr.1 ) pl :rnts was mar kedly l ower than 

tha t of the hi c h nitroGon (250 ppm) pl ants . Tho average l oa f 

c onc entr ati on o f the fo r cer was 2. 08% : ry wei cht o f tho leaves 

as c ompar ed with 2. 92% d r y wo i s ht in the l a tter . Thi s ~iffer­

ence i n nitro:::; on status r esulte c1. in the differenc e in 1:tagnes­

iun up take by 1.o.,tves . The high nitrogen plants ( 250 ppn ) had 

shown sic;nificantl y cr eater i ncr eas6 in the uptake o f nar,nesiu:tt 

by 1-eavos than t ho l ow nitr ogen ( 57 pp• ) p l c'cn t s . Tho 2v er ac0 

increase in the concentr ?.t i on of r;1aGn osium in tho l eav es of 

hie;h nitrocon plants was o .1 9% ( dr y wt . basis) , whil.e t he 

increase in the l oaves o f l oVl nitrosen p l ant s wa s only 0.09%. 

Thus,thc increase in the c oncentrati on of magnesiura in the 

l eaves a f hi0h ni t rogen pll..ants was c1..ou b1..e t hat o f l on ni tra-cen 

pl ants. 
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Table 20. The cf f e et 0f l e c.f ni tro .7-cn leve l on tile uptake 

of map;nac ium by l c:=ivos from a 2. :;, per cen t 

p c r:i. o c1 24 h c~1 rs) . 

i~,'-- Treat- No spray Mean Spray with Mg(N0
3

)
2

• Mean 
~nts of 6H20 of 

Reps• ··,.,_ Sub 
·, Total· Hi gh N Low N High N I Low N 

(250ppm) (57ppm) (250ppm) I (57ppm) 

I Mg as % Mg as% N % i Mg as Mg as N% 
dry wt . dry wt . dry wt· % of % of dry wt , 

of of of dry wt• dry wt of 
leaves 

I 
leaves leaves of of l eaves 

leaves leaves 
I 

I 0.29 0 .22 ! 2 . 80 o .45 0.35 2.1 0 
i 

0.26 
I 

II 0.27 3.08 o .48 0.37 1.96 

III 0 .30 0.21 2.94 0.51 o.4o 2.24 

2.87 ' o .49 _ I IV 0.32 I 0.33 I 2.03 
i I I I I ' i ~ 

j Mean** 
I 

o.48 0.36 0.29 0.23 ! I 
I ' I ! I 

I : 
0.26 

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

cent level is 0.088 

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

sprayed blocks is 0.096 

Sub 
Total 

i 0.42* 

I 
I 
I 

I 
I 

I 
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CHAPTER 6 

6. DISCUSSION OF THE DATA 

Leaf surfaces are often difficult to wet with pL1re 

uqueous spr8ys . The inclusion of a sui t c..ble surf a ct ant 

improves wetting and spreading of liquids to leaf surfaces. 

Adequate wetting of leaf surf nee s is essential to making 

spray applications effective . But enhanced wetting is not 

always associate d with enhanced penetration (Foy et a~_ • .,1 967) . 

Some compounds may also , by a c tinR as hUQectants, (Cur~ier 

and Dybin p: , 1959) increase penetration, while others mny 

facilitate the penetration by increasinH outicular 

permeability (Jansen et al ., 1961). Accordin gly experiments 

to measu:re these effects were designed. 

The fact that the addition of the we tting agents in 

the sprajl solution increased the magnesium upt2k0 c.grecs 

with the results reported by Guest and Chapman (191.J.9), 

who obtained greater and more uniform 1~esponse to iron sppays. 

It also agrees with Cook and Boynton (1952) for the urea 

absorption, Fisher and Walke r (1955 ) for magnesium 

absorption by McIntosh. apple leaves, and with results 

f rorn a number of other- workers who obtained highe1.1 and 

enhanced herbicidal activities when the wetting agents 

were included in the spray solutions. (Barrier and . 

Loomis, 1957; Jansen ~t ai., 1961 and McWhorter, 1963). 

However, t~1e use of -uietting- agent& was iiieffect5-vo in 
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incroasin •~; the [J::,so r pti ·Jn of f 0licr e1rpliGl:. ph csph or ous 

(Koc.ntz c1.r11I Bic1C:ulph, 1957 ; Bo.rri e r and Loor.Jis , 195?) . Thus.., 

it D.Vi1e.::1.rs t hat th2 wo t tine aeon.ts cl0 incrcas0 the I·enc tr c.~ti cm 

o f soi:w su.Ls t a.nc os , whil o :1ot o.f other s . What i::curns then 

tch ,J.vc so clifferontly? Acc oI'\.~inc to P,trr e.n :·, i'Tor:~.::m ( 1965 ) t 

the work o f Or ~oll (195?) in~lic o. t es tho.t the cll o1;J:i c 2J. ch,J.nfcs 

th£, t t il{c :9L,c o a fter t ho wettinc accnts ar e included in tho 

s pr ay s olutions :)lay an ioportant r :ilc in the penetrati on . 

Fo r exc~rapl e , Or c oll ( 1957 ) fo um1- that both cati onic 3.Il':1- a nionic 

surfactants him1o-ret1. th e absor ption of acid d y0s and 2, 4-D 

a t l ow pH valu es, while n on-ionic surfactants had little e ffect. 

On the other h am~ t s ome s urfa cta nts nay ho.v o v. ir ec t effects on 

tho cuticula r moa~~r 2.ne~. Hyc1.rati.o-n o·f the c utic l e takes place 

wi th increa se-::~ peri!l.ea:)ili ty an,:1- this f o.vcurs tho penetra tio n 

(Jansen e t a l., 1961). 

In the pr esent study, the increase'1 u p t clrn o f 1:1 0.c nesium 

by loo.v es , when the wottin[, aconts were inclu·'. e rl in the spr ay 

s olution, c a n n o t be a ttributed t o the a d equate wet t a bility 

only. Sinc e the wettinf, agents , oven when used at the conc en­

trati.c ns r csul tinu; the s m:io wo tta~-:iili ty (80%), still differed 

in their effects on magnesium uptake . Thus~this r esult 

confirned the sta tegonts o f Freed anc Montc oraery (1958 ) and 

Hue hes and Fre ed (1961), that wettability a lone nay n o t be the 

sole critarion to ex.plain the effect on p enetr ation,, but their 

intorac ticn wi tl+ the species of molecule t o be abs or b cc~ nay be 

m.oro importa nt-. 
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However , iucrc::,._s in ~ of the n c ni c ::lic lic ttc:r (Tcrric GN9 )to a 

c ortnin stare onl y ha s shown incr easol pene trati on of ~Rcn os-

iun in th1., locwcs; 1. oy ond this ther e i s i.'. c1.e cr o:.:.so i n pen e tr a ­

tion (Fie . 6). One r oetson f'~r thiG :J ..... y ::,e u icol1.e f or r.rat i on 

ty t ho surf~ctant uo l ec u l os who n tho s urfacta n t c oncontrntian 

oxceo~oC a criti c a l l ovol in e n ~quoous systo• • This c r itical 

r.:icoll c l ev ,:i l (cr.1c), a cc or :'.ir..c t o Furr:1i cL:;o (1 959 ) a nd 

Jans on ct .:11. ( 196 1), io 2-ssociato·.'c wit h --:t~ · .. rupt chanc;os in 

i:: ...... _ny char 3.c tcristic p r operties of tho .surfr.i.c tant . These 

chances i n pr oper ties cay influenc e s uc h rheno• ona as pen e tra­

tion o.m1 trans l oc -'ltion.. Also , t oxic suhstanc es ( a r.l~~ i ti v cs or 

horbi.cidos ), :ii.f us Gc~ &t n hi chcr conc cntr2.ticn , c .:111 b l ock 

phl.oon tr ,:msloc a ti on (L con "'r ·1 nnc: Cr e,fts , 1956 ; Leonar d , 1958 ). 

It has been _pointo( out ty Blac}'-,.na n ( 1952 ), Koont z anc: 

Bicl~ulph (1957) that tho wcttinc of tho l oo.f surf.::,cc is 

essontinl, but it shoul.cl be r oracobcro c1. tha t e n soi:10 l.oavos 

spr ay loaf can be ro~uco~ by tho uso of wo ttinc 2ronts . Tho 

thinno:' adher ent fill."1s o.lso c~ry i:Wro. qui c kly (Ko ontz A.nd 

Biddulpl} 1957). 

Tho ret ention of the s pr a y m~t orials is i • portant . 

FOGG ( 1947) nar.ros tho c ont a.ct anr;lo as on e o f tho maj or fact ors 

affoctinr, tho anount of soluti on rota incc:. on tho leaf surfnco , 

because it d etorr.lin os tho for• o.f th e c1. ropl e ts . If tho c on­

tact a n[;l c is very hi5h , as that. o f wat er on Triticum l oaves 

(130°), tho droplet is nea rly spcric2.l and is easily displ a c ed . 

If rather l.ow, as wi th water on Sina psis loaves (72° ), there 
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results a squat f orm drop with a large area of c ontact and wi th 

a l ow c entr e of eravity , ma.1-<:ing fo r stability so far as displace­

men t i s concerned ; thus , the maximum quantity will be r etained 

by the leaf . I f the contac t ansle is very l ow so that dr ainage 

i s no longer pr evented by discontinui t i es i n the water phase , 

ther e will be very littl e r etention , even though the leaf sur­

face i s quite uniformly wetted . Thus, Fogg (1 947 ) s t ates that 

additi on of the we tting ag ents ;nay c ause l arge changes in wat er 

ret enti on due to variations in contact angles . 

In the present study, i t is quit e possibl .e tha t the higher 

concentr ati on of the nonionic wetter ( Ter rie GN9) mi ght hav e 

resulted in low contac t angl e ~hic h is not effective i n r e t ain­

ing t he solution on the lea f surface (Fo gg , 1947) , thereby 

r esulting in l ess penetr ation . Also excessi ve run off micht 

hav e occurred , and caus ed l ess 9ene tration. 

When the effect of a nonionic wetter (Terrie GN9) was 

c ompared with that of glycerine , it was found t hat th e use of 

glycerine had th e s ame effect as that of Terrie GN9 on the 

uptake of magnesium by leaves ( Table 14). The fact that the 

use o,f gl~c erine increased the uptake of magnesium , agrees with 

the r esults r eported by Fisher and WaJJrnr ( 1955) for the abso,rp­

tion of phosphorus by appl e leaves, Koontz and Biddulph (1957) 

by bean l eaves , and Gray (1956) for t he absorption of strepto­

~cin by the I.eaves of a nuinber of crop plants (bean , tomato , 

pepper and tobacco etc .). These r esults, however, contradict 

the findings of Fisher and Walker (1955) on absorption of 
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no.::nosiuD by E'.. l) I1l e loa ves . But Fisher 2,ncl Wa l ker ( 195.'.J ) h acl. 

incluto1 Glyc erine in the spr~y coluti ~n which alroacty 

c cnt ~_inec1 th e sproaC:.er ( '.l'r:;;on 95 ) . T!rns , it soo::1s tha.t 

c lycor ino hac.: rw ,_,,: ·.:ition :11 ef f ec t ewer Tv:cen .3 5 , but it Dir.ht 

h ;;,_vo incr o.:.soc:. tho r.·,;..,c;n osi u-·.1 a.L· s or 1, t.ic:n c''.u o t '.) its hunoctan t 

pr operti es , if i t c oul c'. hav 0 b oon inclur1oc1 i r: tho spr ay solu­

tion a l on e . 

Tho i • portanc c 0 £ § l ycorino i n the np~lica ti on of chlor­

ina t e·:: phonoxyacctic acLts wc..s de:Jonstra t ecT in oxporinon t s on 

s unfl owers Rnd ~ats. Pcnotr Rtion tlurinc t ho first h our or s o 

was the sru~o in th o pr esenc e or a t senc o of the i lyc orino . 

However, as s oon e.s t h o -:~ r ops wi thout c lycorol dricc.:i. out , 

~onetrnt i on c oas o~ . I n tho rrcsonc o o f ~lyccriuo , the d r ops 

ste,yec1 r.10ist an(: pone tra tion c ontinued f or nc.1.nY h ours 

(Holly, 19 56) • 

Whil o tho inti• ncy o f th e c ont act of tho cho• ic a l with 

the loaf surface i s i r.portant in a1:,sor pti .on, the state i. c . 

liqui-.::1. or s olid o f the c hemical Pay als o i nfl.uonc e t ho oase 

o f ponotr a tion. Consi<~or a t i on o f th e physica l pr oc esses 

invol.v or1 shows tha t a ch onic a l will b e a !) s orbod wi th r cl a tivG 

ease fr on tho liquicl phase in c ontrast t o the s an e chonica J.. 

as a crys t a l on the surfa ce of the lsaf . Either hurai d c ondi-

tions following-- application or tho a:ldi tio·n o f hygr osc opic 

a c; onts nay help t o uai n t ain a liquid s t a t e , t hus f acilitating 

the penetration (Hushes anQ Fr eed , 1961). 
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The i:1 ocha nisr.1 by which the us o of glycerine in th o 

present stu._1 y has incr oGSv•~ th o :.1 2.: :n osiun 0.:_, s c,r pt i on C RE -ee 

at t ri ::,u t e r'. t o i t s p r oiJer t y o f keq,inc 1:13.c ncs i ur.1 s .:i.l t in s olu­

tion f or m an1 i n clos e c ontact ~i th l oe f surface f or~ lens er 

porioJ of t i ue . Th e lo cr v ol a tility o f the Blyc orinc p cr nits 

it t o r eoai n on the leaves f or sever a l days (Gr cy ,1 956). 

If tho functi on o f c lycerino is t ~ koop s ~r ay iroplots 

in ~oi st c o n~itio n f ~r a l on~or p ori o1 of tine a n~ t o pr ev ent 

th Gi:1 fr ou cl r yin:", quickly, th '"n t ho co nc1i tions r r ovi,1inr; hif~h 

huni ,'. i ty shouL: kw ~) th o s 2..n c e f foct. Tho ,_:ata i11 Tat l c 15 

in,:>_ic 2. t c tha t the conc entr nti on o f ':i e1.c n os iur1 in tho lc c".v es o f 

100% r elat i v e hu• i~ity was incr easct by 0 .11 % o f ~r y woi cht 

whils in l oaves o f 71% r c l Ativ o humi ~ity i t was incre aset h y 

0.07% of ,1ry woi :;ht. Thus, t ho 100% r ol,.,_tiv e hu::ii'.;ity ha,'c 

r esul t e ..1. in r,r ec..ter u ptclco o f ;:w..c nosiu:-.1 fr o:-1 the s pr ays tha n 

the 71% r cl.ativ0 hu::1i :1ity . Th os e r esult s a::r oe: with Zuk.e l 

et al. ( 1956 ) f Jr th o u:_'sor pti.on cd 1nal 0ic hy ·' r 2,zi r~c . They also 

agr ee with Ric e (1948) an~ Holly (1 956) f or tho absorption o f 

phenoxyac etic aci,:s . Penetrati o n o f ph cnoxyac e tic a cic'.s h a s 

boon f oun d t o c eas e on crysta llizntion o f ph cnoxyac e tic acids 

in s pr ny d r oplets. These results, however, disagre e with 

Went a n,l Cart er ( 1948) who foum~ tho sucrose up take "!': y t m1ato 

pLmts was independent o f hunic:.ity . 

The increased pcnetratio-n of chenica ls d uo t o hi c;h 

humi,.a ty in other studi es, nn'...1 of t1a2:n esium in the pr os ont 

study n ay he du e to a vari e ty o f r easons. A r e l a tively hicher 
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humidity lirevont.s water strass in the pl ant, ,Je l a ys fryinc of 

spray :1eposi t, ancl incr ot:. sGs cuticulu.r por;c1cabili ty duo t o 

hydrati.:.., n o,f the cuticl e . Ori tho other h anr:1, , ext onderl d ry 

p eriod s may increa se cu ticular thick...'1es s , which causes l ess 

p er mca1::ili ty, re s ulti.nf in le:s s pcm otr2.tion. 

Time o,f s pr aying h::i.s a ls J s hown si ;:;nific ant differences 

in tho uptake c f ::iacnesiul!l by loaves . Sprn.yinc in tho :10rning 

(9 a . m.) ancl the ov eninc; (7.30 p .n.) h as r csult c :'. in the 

r:ro2.ter uptako o f mA.g n csium :;y l eaves th D..n s pr -3.yint:; a t 12. 30 

anrl_ 2. 30 p. ::n . The s o r osultf.': acr eo with Oland. <'.:l.n~~ Opland ( 1956) 

who obt a inoc1- hi c,hly si::;nific nnt inc 0aso in the u p t ake o f 

magnesium 1::Jy np.ple l oav es fr cm Mcso
4

• 7H
2

0 s pr e..y , wh en the 

spr ayinG was ~o n e in the ev cninc , tha n those ~o n e in the a fter­

n oon. The l.areo upt o.ke a fter spraying in th e evGning lee'.. them 

t o conclud e that i on oxchane;c as a mecha nism is involvoc: in 

the ~1 s orption. Henco7 the rl iurna l shift in aci1 pr oduction 

ni6h t influenc e rnagnosiun uptako . Int erna l r el.case o f hydr occm 

i ons f or exchant_;e wouLl be most likely t o occur a fter the 

probable shift in the proc.ucti 0n o f oq;.'.tnic ,1ci-l s ri.urin:: the 

evening . Thes e results, however, contradict Tcubner et al . 

( 1 957), who f ound hi5her uptake of P, K) an.:l Rb fr or..1 morninc: 

applic atio,n than fr om tho cvcnine applicati cm, a nc~ they 

c oncluded that dayli c ht micht h ~vo f~vour ed the stomatal 

openings anc~ therer y increased the penetr a tion. 

In the present study the increased uptake · o·f raagncsiuo 

by leaves from the morninG spray can be attributed to the 
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influence of lie;ht favouring the stonatal entry , or to hi5h 

humidity (83%) at the time, and tho hi ch uptake of macncsium 

by leaves fron tho evening s pray ca n be attributed to the 

hydroc on ion exchange hypo thesi s of Oland ancl 0l)land ( 1956) 

involvin5 a cliurno.l fluctuation in th e orcanic acid content, 

or to hi0her humidity (81%) at the tine or during the hours 

that followed . 

The r ate of u:J take of magncsiur'.l, present eel in Fig . 7 ,. 

indicates that the cone entration of n2.15nesim~ in the l0avcs 

has increas ed r api dly a ft or t ~o hours of a~ray application . 

Lea f magnesium conc entr ation has ri sen stee,ly for 24 hours 

aft er 3:~ ayinc , ther eafter r e• aininc constant. These r esults 

agroo with those r eport ed by Fisher a nd Walker (1955) for the 

absorption of raa~nesiura by a;~l o leaves. They found that 

absorption was slow after the first hour of s pr ay ap~lication 

of Mcso
4

.7H2o and no a pparent increas e in ma5ncs iurn abso r p tion 

up to six days was notic e~. All en (1960), also foun1 no 

signi fie ant incre.:.1se in magnesiu!:1 upt ~k o from :na0no s ium nitrate 

and chloride after two hours of appli.cation. The i10ssible reason 

for slow ani little increase in the concentration of ma~nosium 

in the l eaves after two hours of applic a tio:n may be the dryi ng 

of spray dro,plets . Another reason for the nonsicnificant 

incr ease in the concentration af mat;nesiun in the leaves with 

r elation to tirn.E: l".1ay be its mobility to other plant parts, if 

the c.lGims on magnes ium mobility made by Phillis and Mason(1942), 

and Ford (1966;1968) can be taken for gr anted . 
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The e ff ect o f '.U f for ent L'.lEl.f:'. nesiur:i s alts an the u ptake o f 

magnesiu~ ~Y loa ves indicat asth~tMc(NO
3

) 2 . 6H2o and Mec1
2

.6H
2

o 

s pr ays hav e shown gr eater res pons es tha n M0so
4

.?H
2
o. The d ata 

Given in T-:i.t,lc 18 indic at e that Mt; (No
3

)
2

. 6H2o a nf. MgC12 . 6R
2

O 

sprays h nv o incroasecl the c onc cntra.tic n o f mat;nosiun in the 

1-ea vos by 0.11 an~ 0 .1 0% (d ry wt. tasis) r es pectively_ over 

the Mcrso
4

• ?H
2

O spray . These r esults ac;r eE- vii th those r oportec1. 

by n a ny workers. Fisher an.-'.. Wa l ker (1 955 ) r oportec1 that after 

24 hours 71 % of th o magn esium fr o::i Mg (NO
3

) 
2

• 6H
2
o spr ays applied. 

t o the l ower surfac e o f a pple l envos was appar ently absorbed 

whil e with c or:rparat i c s r r e .. ys o f M,sso
4

• 7H
2
o only 8. 4% o f the 

L1e.cnosiur1 was a t s or hoc~ . How ever , MG (No
3

) 
2

• 6H
2

O r esul t ee~ i.n 

s ome foli age injury. Haclcr (1957) s h owed tha t Mc (N0
3

)
2

.6H
2

o 

sprays on grapes were r:wr o e ff ective in increasinG the concen­

tration o f macnesiun in the l eaves a nd in r educinr, visua l 

deficiency sy~pto:..10 tha n the M,sso
4

.7H
2

O sprays . Erab l c ton a nd 

J o;nes ( 1959) o·btainec1
. a substant.ia l increa se in concentra tion 

o f mac;n esium. in citrus I.ea ves by the use of 1% Mg (NO
3

)
2

.6H
2

O 

s pr ay anrl they eliminated the visual sym;ptom.s of defici ency. 

Ford e t al . (1965) with fiv e post bl ossom s pr ays o f 0.83% 

MGC1
2

.6H
2
o (c ontaining only h alf tho amount of magnesium) 

producecl sir,.iilar effects as ob t ained by 2% Me;so
4

• 7H
2

O sprays. 

Thus, the a:rnv o finclinc s ancl the pr esent r c·sults indicate tha t 

Mg (NO3)
2

.6H
2

O and MgC1
2

.6H
2

O s pr a ys are superior t o Meso4.7H
2

O 

sprays in incroasinG the concentra tion o,f m.agnesium in tho 
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l eaves a nc1 in r of. ucins visual synpton:s c f de fici ency. Wh a t 

makes th e se s a lt s behave so ~1 iffor-ently, i. e . why is nagnesium. 

fr om M.:_; (N0
3

)
2

. 6H
2

0 and McC1
2

.6H20 t aken ur mor G r api dly than 

fron Msso
4
.m

2
o? 

It h a s >oon su cces tec1 that 1.1a[~n csiu1:1 s ~l ts in tho crystal 

f or • on tho leRf surface a r c ina cc essib l e t o tho pl a nt. To 

:.)c a1)s or hod , they 1:1ust be in liqui :l f or n on th e loa f surface. 

Dependin3 on t ha atraospheric conditions, maJnosiu~ salts 

diff er in the l ength o f th o time ( urine which they c a n r emain 

in liqui d f or m. Mr; (No
3

)
2 

.• 6R:
2

0 a nd Mi::;Cl
2

. 6n
2

o , as r eport oc1 l.: y 

Allon (1960), c a n r a~ain in a liqui~ state ov er a wide range 

of atnasphoric c on i itions, ~uc t o their doliquiscent n a tur e , 

while MKS0
4

. ?H
2

0 c annot . Perha;s thi s ~ifferonce in t ho 

behavi our o f tho salts • i cht h ave result e~ in differ ence in 

nacnesium al~ s or ption . Allen's work ( 1959) als8 ind icates tha t 

the r a t e o f r.12.gnesiul:!1 u p tak e fr ori1 Mg (No
3

)
2

. 6H
2
0, MgC1

2
. 6H

2
0 

an~ Mcso
4

. ?H
2
o i s tho sa• e , if th o leaves a r e imoorse~ in the 

solutions f or a fixo ~i. period o f time . But whon leaves a r c 

momentarily c~ippe,1 nnc: a ll.owed t o dry up , tho r c:tte o f mae;nes­

ium uptake fr on those salts differs. This has b een attri~Jutec'. 

t o the physic a l na~ur e o f the deposits l ef t behind them. 

It woul ,.1.. be thus expec tec1 that as l on g as the immersed 

leaves e.ro wot or su:, jcc t t o conditions simila r t o those 

ob tained when they were c1 i p:-:ec1.. , magnes ium wouh1 be taken up 

equally r eadily fro u three s a lts . However, evaporation occurs 

and sometimes proceeds til]. the magnesiur:1 salts crystallize 
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out, a t which point a Jiffcronce would ariso ~etweon th e salts , 

v,rhich n i r ht acc ount for t he ,)i.1 s orv od. c1iff or oncos . 

Allon (1960) r oport oQ tha t at 20°c tho r elative humi1ity 

o f th 0 air in oquili '. :rium with s :::-. turato~ se:luti ,1ns o f maL:nos­

ium sulphato, acetate, nitr nto an~ chloride is 82, 65, 55 a nd 

33% r es~~ octi v oly. This :,wans th::,.t if the re:lati v c humi ca ty of 

th o air is Br oater than that c f tho ~ir in cquilibriura , with a 

s-a tura tec1 s oluti on , th o latt er ( or even th e crystals fr om which 

it is ~1.orivec1 ) woulc t ,31rn up wntor v a~Jour fr om. t he [lir. If it 

is less, tho sulut e is eventually crys t2,llizocl out . Thus , at 

20°c r ol c.tj_vo humidity of 32% woul~~ caus e solutions of a ll 

four salts t :J crys t a llize out . 

In tho pr esent stuJ ~ therefore, a c onsi~oratio n of rela ­

tive humidity flent i -:mer: in s ection L~ .,,5.2. ( e xpori~.wnt \'II) 

incJ. ic a tos that Mc(No
3

) 
2

.6n
2

o anc: McC1.
2 

• .6H
2

0 EJ. i ght have rcmaine ~l 

in the solution ,:m the 102.f surface throughout that oxperiocnt. 

The M1.:.,s0
4

.?n2o solutio n on the o ther h.anc1 , WQUl,J_ h a v o >eon 

'~rie c1 out a t once , an('. only '.)r ou cht into tho solution over­

nie;ht unrl the followinG m.ornins VJhcn tho hurai ::1. i ty was high. 

Assumins therefor e tha t tho na5n0.siun is only t 2ken up by the 

leaf fr01:i solution , pene tra tion fr oi.1 thG Mgso
4

• 7H20, woul(: in 

this instance ha.vo been halted rturinE the c:aytir:1 e, and only 

rosuue,1. wh en tho r elative hum.La tics were hi[;h in tho niGht 

an::-1. the f ollowin~~ ,;w rninc; . 
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Tho effec t of lc2..f ;;1:.1 {_:; nosiuu l c v nl on t h o u p t o.k e o f 

raasnosiu ra f r c2 MB ( No
3

)
2

. 6H
2

o s pr ays , ~r osente~ i n T~)l e 19, 

i nr;.icat os th2 t the c onc ontr 2,ti '.1 n c f mac;ncsi ur.1 i n the lo c..ves o f 

4 pp:1 , 12 ppr.1 , 3 6 p:x1: an,1. 72 ppn pl ants was si5nific a ntly 

i.ncr oase;: by O. 0 7, 0 . 11 , 0 . 17 D.ilc1 0 . 22% ( dr y wt. i)e.si s ) 

r os poctivcl y , Thu s , incr easinc t h o ~ac n os i uLl l ev e l in tho 

soil h2..s alsc. i ncr e o.se '°'. t he u ~-, tnke o f 1:1 3.cnesiur:1 fr on spr ay s . 

Tho f a c t t hRt t h e l eav e s o f 4 ppa anr: 12 ppr;1 pL...,_nt s s h cwer1 

littl.e up t ak e o f ua::n esiuu f r on apr r.y s nay 1: 0 clue, t o a l esser 

c apability of these l eaves t a a , s c r h raarnosi un t h a n tho l eav e s 

o f those r,12..nt s wh oso r cio t s wor e wel l s u ppli er: wi th n ai:;nesiura , 

or i t raay t o 1uc t o trans l oc a ti J n o f • or e c f tho absor bed 

nRc n e s i un . 

Thes e r esul ts agr ee wi th th os e r epor t c~ by For 1 (1 967) 

who c r ew ~~pl e plant s hy f co~ inc them with t wo l ev ol s of 

ma5nesiur.1 (45 p1_1n a n'1. < 3 ppn). Th e l eaves o f 45 ppm pl ants 

when 'l i pper'. in a 2% Nc SOLr . 7H
2
o solution showo s:: a hi f her u p t aJrn 

o f W·t:;nesium t han t h e l e a v es o fZ3 ppu pl a n ts . However, t ho 

up t ::-.ko J f lilc?.cnos i uu t y l oaves f r ;-1,-;i sprays in pr esent c t u (1. y 

incr eas ed fr o• 4 ppm t o 36 ppm , a1Y'. ai; ove this l ev e l t he 

gradient o f i:1agn esi u;n u p t ake was l e s s s t eep (Fi fi . 8). A 

si:11ila r typ e o f curve was e..l s o ob t a ino .. '. f .:, r t he :1~, s or p ti on o f 

raacn e s-iun fr om the s oil (Fig . 8 ). 

No t only t ho l oaf nagnos ium l evel, bu t a l so t h o l enf 

ni trosen l ev el has shown marked. ;li f fe r enc e i n the u p t alrn o f 

rnac n osium fr om s pr ays. The di ffer enc e i n nitrog en sta tus wa s 



129 

associate~ with the su~stanti~l ~if fc r cnc o in • acnesiuu 

conc ontra ti cn in tho l cavos . Low nitroeen pl ants a'.:• s or Led 

c ompar a tively littl e macn esiua ~0 th fr ohl culture s olut~on an1 

s pr ays . I n c ontr2.s t, the hi ~h nitrogen 1jl 2,nts ::i.' •s') r~ ,o -: c onsL; ­

orc·_'.:1 0 ,;ir1.1~ n 0sium fr om J:.o th s cil nn :1. SiJr.'.J.y s . The a v oraso 

increase in the c ,:.rncontr;1.ti on of :c_1acnosiun in l ow nitroson 

pli=rnt s was 0 . 09% o f ,:ry wei 0h t, whil e i n high n i trocen plants , 

it was 0.1 9% c f t r y woich t (Tab l e 20) . Thus1 thc per c ent 

incr0ase in th e concentration o f • asuosiurn ( ~ry weight basis) 

in th e lea ve s of hich nitr ~gen pl an t s was ~ou~lo tha t o f the 

l ow nitrocen pl ants . These r esults a c re o with those r eportc i 

~:.y Forshey ( 1959, 19G3) f er th o at s or 1~tion o f nafnosiur.1 by 

apple ,. Forshey (1963 ) f ounr1 t hat hi ,--:h nitr -::,co n ap1)lo pl 2.nts 

n :, sor i- oc: c onsi c1_erabl o 1.nounts o f i'.:C1.[;n esim1 Lo th fr on soil a nc~ 

f oli o_co a ~)plic a ti on, whil e l ow nitrogen pl a;1 ts '3.bs :) r :: e ,:~ an 

unnea surabl e aL""!Ount o f n.:-,0nesium fr oi:~ tho i'o li2 .. ~c- applic nti c n 

and v0ry li t tle fr cn:.1 tho cultur e solution . Reuther a nd Smith 

( 1950, 1952) ob t.aine -::'. s roa t er c one ontrati on 01f magn esium in 

tho l eav es o f citrus plan ts hi ghl y su~?li cJ with nitroGcn tha n 

in those s uppliec. with l ::m ni trocen . Incro::tsinc the ni tror,en 

supply, ev en without ad1it~ in u f rausnosiun in any fo r u , has 

r esult ce in a gr eater increase of ~aGnesium in tho lo~ves o f 

appl es (Boynton .~nd Cm1pton , 1944; Cain c.m1 Boynton, 1948 ; 

W8Gks et a l. 1952, 1958, a n r'_ Cain, 1953), o f pee_chq_s(Rittcr 

1956) and o f straw½orrics (V~ctor et al ., 1967). 

The incre-asc in 1,12,_snosiun c onc entra tion a ssociate :: with 

hi r:;h ni tro gEm trca tuent can ~) G a.ttributoc: t o increased gr owth. 
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But For shey ( 196 3) ?..r c;u cc1 tha t d iff er enc e in gr owth canna t 

e.ntir ely oxplain tho diff eronc e i n E1agnesium assor ption ;-.y 

hi 0h and l ow ni troc;en p l a nts, '.Jec aus o. the dry woi c;ht o f hi c;h 

nitrogen pl o.nts was only 67% gr e a t e r than th 2-.t o f low ni t.r c1c;en 

plants, ~m t o n the other h a ncl , increase in r,1a c;n osium c c ntont 

was 111%. 

Thus , incroasef1
. gr 0wth o f h i c;h ni tro c en pl a nts rJay n ot 

be the only c a us e f or th e gr oater u p t3.ko o f macnosium fr om 

sprays , but sm:ie other f a ctor s mi :3ht h c1vo b oon i nvc, lvec:. . Hi gh 

ni trocen tr ees :,ri f~ht bo h::>-r o c Etpa bl e o f ats or binr, mac;n os iUIJ 

than tht l ov1 nitrogen _p l a n ts. In the pr esent s tu y , it h 2.s 

boon notic e d th a t th e s upply o f hi r h nitroGon pr ofuc od r ap~. 

and quicker g r owth of th e pl a nts , l eav e s wer e c ompar at ively 

l a r ger a nd r, r sen or ti1a n tho s e o f l ow ni trogon Plants(Pla ta 1). 

Under t h ese c on ditions t he cuticl e CT i [ ht bo expoctef t o t o 

thinner thrm o n the s l o,•,c r 6r owinc smaller l oaves o•f l ow ni tro c en 

pl ant s > and thus more easily p enetr2 ~:, l e . On the o ther hand , 

with the lar c er c.ells ther e vmuld :)e a f ewer v ertical epi der mal 

wall s /unit area a nd if they pr ovictc a pathway f or tho entra nce 

of tho chet1ic al, as pos tula ted 1)y Wyli e ( 1943 ) nncl Rei-borts c t al. 

( 1948), thon theor etically tho e ff ect woulc. lJe a ':1.ocrcase r a ther 

than an increase in a bsorption. La r ger cells, h owever , \7 0 Ul.d 

r esult in l a r ger s tomatal oponinc. s and thu_s per mit easie.r and 

f a st er entry by this path . 
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CHAPTER 7 

7. CONCLUSION 

Mac n osiun i s the key :rn t a llic su·:)stanc o in chloro phyll 

a nd ther efor e it i E; o f prii:ic i n po r tanc o i n c r op pr o~1uction. 

It s -~ cfici oncy has becrn r eported in ci t rus orc har js in various 

parts o f th e world . Macncsiu2 ~o ficiency has a ff ect ed no t 

only tho s r owth o f citrus pl a nts, bu t a l so fruit yiolc1. anc: 

quality . Thus , f or succoss ful citrus fruit pr ori.ucti c n the 

r oquirenents o f Das ncsiun c a nno t ~e ov crlookc1 . 

Tho s l ow, s1ic ht, a nc1 so'n.e tiJ;J. e:s minimal e ff oct o f s oil 

applicati on o f ,~.asn cs-iuu s2..l ts l ecwos no o t her nec,ns quicker 

th2.n f olia c e applic a t i on L)r furnishing the 1,rac;nosiura r equire­

ments o f citrus pl ants . 

But the r esults ob t ein ed fr om f oliacc applica tion o f 

rJa0ncsium s 2.l ts a r c- no t c onsis t ent :::t!1 r1 thj_s r aises a nuo] ,e r o f 

qu estions r ogar d inG f actor s a f fe c t inc mac nesium absor ption. 

Tho pres ent study ind i c a tes t hat the use o f we ttinz a c ents 

i s e ff ective in increasing the uptake o f magnesiur:1. by loaves. 

But. tho r esponses a r 0 va riac l e d epend ing on the typo of wett-

1.ne; agent s usecl . Tho variabl e r esults o btained fr om. the wett­

ing aeents even when used a t c onc entra tions r esulting in the 

s ame wcttabili ty show that f a c t ,Jrs oth e r tha n we ttabili ty a r c· 

also involvecl .. The interaction of \rn tters with t.he s pecias 
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of m0Jl.ocul0 t o be e.bsor bed 1 s c rption o f th o wetter t o the 

cuticle c.hanzing its chare;o ctnd po l arity, s c lubilizat i on -:)-f 

th e penetr an t anc1. tho r eaction with tho cuticle i;1ay a l.so b e 

noro i rnpcrtant and r equir e further invcs tigat~on. 

Th e ~eneficia l e f fect o f c lycorino on t he u p t ake of 

magnesium by l cav 8s inc1 icatos thnt th e 6lyc orino c a n be usec 

as a spr ay suppl er10n.t. G1yc or::i.ne , even if u scc~ £1. t l ower 

c onc entra tions than the c onc entr at i ons (1 a nd 2%) used in tho 

present study, nay ha v e t he s ane effects·. Ther e f or e. , further 

investisation s a r o rl_esi r a',le r cc:ir -::1. ing di ff er ent c one ontra ­

tions of i:; l yc erine .:mcl their off;:;ct s on the uptake o f ma6 nes­

iun by l eaves . Other hyc rosc opic aconts (c2r½awax , ij or bi t ol 

d iethyl.en& ~lye ol, ::..nd o thor po lyhyc~roxy a le c; hol s ) shcrnl d bo 

tri ce: . 

Th e c onclusion tha t tho m.o rninc a nd ev eninc spr ays wer e 

superior to 1J.i d- :l o,y an1 afternoon sprays , can no t i:; e 1;:-iadc 

since in this investiE:ati on the t e1,1per a tur e and hur.iid i ty wer 0 

no t controlled . High rela tive humid i ty in the cw rninG a nd 

evonini::; mi ght have r osu1t oc1. in increa sed pen etr a tion of Lla[?;­

n esiur.1. This has been domonstr a toc~ by sub jcctinG loaves to 

high a ncl l ow humidity c onditions. Thuq it may ho tha t it is 

the r elative humidity 1:e fore a nd a fter the s pr a y which is 

important, but not the ti111e of the day. Bec ause similar 

r elat:Eonships occur in pr actic e , this finding rn.ay he o f prac­

tical sicnificance but the exact r eason r emains obscure until 

it is exrunined further. 
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Th o bon ofi c i a l e ffect o f MG(No
3

)
2

. 6ff
2
0 and MgC1

2
.6H

2
0 

sprays ov er Mcso
4

.?H
2
o in incr easinc t he u p take o f ma[;n osium 

by 1oa v os c a n poss i t ly r epl a c e Mcso
4

.?R
2
o in c ontrolling 

rracn esium ie fici cncy o f the citrus plants . 

The slichtor uptake o f naGncsiun by l eaves havinG init­

i a l l y l ow l e v el . o f m.2.e:;ncsium, whether clue t o t ,heir inacili ty 

t o a:;sor b or t o so110 o th o-r r eason is no t k nown. Fo r d's ·work 

(1 968 ) indic a t e s tha t tho l a ck o f nar:nesiun in t he initia l 

stage o f l eaf c'.0vel opmont ov ontunlly dev ol ops necrosi s , even 

thou gh a .hi Gh s upply i s r estor e-::'\ t o them while still Gr oen. A 

l eaf therefor(; r equires a~;.oq ua t e nngnesiu:o. d uring its ini tia­

tio n , es:;_)ocially durinc its expansion , an.-1. thereafter, :i. 

c o n s t ant sup;.ly. 

Th e i ncreased up t ake '.:' f uacnosiun: t.y 1.eavos o f h i f h 

ni troGcn pLrnt s in,U c a t0 s t hat the use cf nitrogen f ertilizers 

on t he pl.ants prior to nagnesium spr ay s c an be o f pr a ctica l 

signific a nc e in r oducin6 visua l synpt oms o f masr.Lositm de fici e ncy, 

The data in Table 20 inc:. ic a t e tha t t ho l oav es which h ad high 

ni troGen c ontent ( 1. 9'2!/4 o f d ry w0i c ht o f loa v es ), absorbed 

twico. as roch o f magnesium (% dry wt . :Jasis) as t hat o f l eavos 

h a ving l sw nitrogc.n c ontent (2.08%). But high level c.f nitro­

gen may have antac;onis tic e ffects with sor1e nutri ents (P and K). 
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APPENDIX 1 

Conpositicn o f c onc entrated nutriont dt ock ~ oluti~ns for 

oxp0ri:'i.10nts I , II, III, V, VI , VII, anc1 VIII . 

Salt (k.1s/li.tro s tock I For f aor1. s ol n j i 
I 

[S ,;1.u tiun in j ar I /litr e I US G ppn 
I 

I 

M2jor nutri ants 
I 

KN0
3 

202 2 ccs K 155, N 
: 

57 

Ca( N0
3

) 
2

• L1.H
2

O 472 I 2 ccs C<t 160 , N 113 

M0S04. ?H20 185 2 ccs MG 3 6 , s 48 

NaH2Po
4

. 2H20 104 2 ccs No. 31, p 41 

i 

Minor nut r iont3 I 
* Mnso4. 4H20 2 . 23 I ) Mn 0. 55 

i ) 
* cuso4. 5H2o 0. 25 I ) Cu 0. 064 

I I ) 

* znso4. ?H20 I 0 . 29 ) 1 ccs Zn 0 . 065 I 

I ) 

* H3 B o
3 

I 1. 86 ) B o. 3 3 : 
) 

i * (N1-l4) 6Ho o24 . 4H20j 0 . 088 ) Mo 0. 048 

Ferric Ci trc::t o 2 . 99 10 ccs Fo 5 . 6 
(Fe c6H5o7' 5H20 

* Th a s c s c..lts vror o c c- r;i~:ino .~ as one c onc ontr ::c tod nutri ent 

stock sclution . 
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APPEND I X 2 

Conposi t i on c f 0onc on t r 2. t ocl nu tri ent stock .;io l ution f or 

exp erinen t IX 

' ! Sal.t f:-is/li t r e For f ood. sol n 

/litre US O stock i:\ c, lution p pm 
in jar 

Ma j or nutri ent s 202 o:1 s 2 cc s K 156 , 

KN0
3 

202 ~ns 2 ccs K 156 , 

N 57 

N 57 

CaC12 222 II 2 ccs Ca 160,d 284 

NJ\ N03 276 2 cc s N 193 

Nn. H2P01+. 2H20 104 2 cc s Na 3 1 , p 41 

Mcso
4

. ?H2o 185 2 ccs MG 36 , s 48 

Mi nor nutri ents 

* MnS04 . 4H20 2 . 23 ) Mn 0 . 55 
) 

* Cuso
4

. 5H20 0 . 25 ) Cu 0 . 064 
) 

* ZnS0
4

. ?H20 0 . 29 ) Zn 0 .. 065 
) 1 c c 

* H BO 1. 86 ) B 0 . 33 3 3 ) 

* (NH4 ) 6Mo7024 . 4H20· 0 . 088 ) Mo 0 .. 048 

Ferri c citrate 2 . 99 10 cc Fe 5 .. 6 
(Fee6H

5
or5H2o) 

* These s alts wer e c ombine~ a s one c onc entra t ed nu tri ent 

stock s o].u t i on. 

, 
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APPENDIX 3 

Quantita tive 1'1icro- c1ot e; r ninctti on o f Ma:::;nos i ur;1 in plant 

tis s u o anc~ soi l o;drac t. 

A rapi d c o l oriuo tric raotho~ ~ 

Roa,-•ents 

( 1) Tl1i3.zol o yellow 0 . l 0%. Diss.'.)l v.o 0 ~ 10 o:i -:, f ~hiazolo 

yellow in 100 ml o f d i s till ed wntar an~ stora in a dark 

1~ottlo; This r earont will koop at least 2 months under 

or d i nar y con~itions . 

(2) Hyc1ro::cylai~ino Hy~'. r oc hloric~c , 5% . Dissolve 25 ::,;ws o f 

hyrlroxylc.nin e tiydrochlori dc- in d i .still or1- w.::. tor and cliluto 

to 500 nl ant"!_ sto r e in a c'.ark-c ol.ouro '. '. 1.:Jottlc . 

(3) §odim1 Mydr oxiclo , 2-5N . Dissolve 100 c1rn of sod iur.: 

hyd roxide in rl_ istillod w2,tor a n c: c1iluto to 1 litr e . 

(4) Sta rch Solution , 2%. To 2 ems of C.P. s olu1:, l o starch 

acld slowl y , while stirrinc , tho r onninc1or o f 100 DJ. o f 

ho.t water . Filter it. This r 0a.Gent shoul r~ be pr opar od 

freshly as needed . 

(5) Co:mponso.tin ff Solution: Dissol vo 3~? e ns of c alciun 

c h l oride (C aCl2.2H20), 0 .74 r,rar;i of a lwainium sulphate 
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Al2(S04)y18H20' 0.36 c;r n:.., of U3.Il [.:-':'.H OUS chlorL' .. o 

( i'1nCl
2

.4n
2
o), an ( O. 60 ~r an o f s0-Um:1 1;h os ph a t c (Na

3
Po

4
) 

in 2_;, ,mt 500 nl o f wri. t or c Gnt a ininc 10 YJ 1 o f c onc entra ted 

h ydr ochloric a citl . Dilute t o 1 litr e . 

( 6 ) St2.rch C '.:';1.ponsa tinKR.e n.t.;_9.~_! - Mix e qua l v c, lu~.:os o f tho 

st~_rch soluti r) n nnc'. c oupcn ss.tinc solution , r, ro:;:19.r 0 c'.C'..ily 

a s n ooc1 e cl . 

(7) Sta n ::~o.r ,~ M agnesium Soluticm: (25 ppc1 o f r:1ncnosiun ). 

Dissolve 250 r,1:. of r oa:s ent r-?Lr ~lc :1a r;nc siuL1 met a l in d ilute 

hy <.:rochloric ,3.ci ·:_ so l.uti :m ( 150 n l o f ;_:istillor: wa t er :;::ilus 

10 ml. o~ c onc ontra t 0: hyd r ochloric acid ) ~n: t rinl t o 

v o lur.1 c in a 250 ml v ::i luao tric fl.:tsk. Dilut e this s olu­

tio n 1 t o 40 f or t ho workinc s t a m1.f.1.r c1. o f 25 ppr.:1 o f 1-aa[; ­

n osi urn . 

Pr oc ec1.ur c 

Ash 2 gr !:Ll'.l s o.f oven ~~ ri e':. s onpl os , d i s s olve th.o ash in 

cUlut e hydrochloric aci ,~ a n r~ n n.k e up t 8 100 1.11 by ac:. ~1ing 

distillo~ wat6r. A n l aliquot o f this solution is 

s a tisfactory t o c ov er the r a n e e 0 .1 0 to 0.70% of n acnes-

ium in the loa ves on a cl r y 1)asis . For s r:18.llcr or l a r ger 

conco!ltra tions than this, th e a liquots should ::; o a ~1justed 

a ccort incly. Tra nsfer the a liquot t on 50 • l v olUJ:J.otric 

flask anc1 ad :1 onou s h t o brinr th0 volur.10 to a bout 25 ml. 
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Ac1..~1 1 i,11 o f th o hydr oxyla::1ine hy 01rochlorillo sc lu tio n a ncl 

5 ml. o f sta rch c onponsatini:; s o lutic il nn r: nix tte solution. 

k l ,:1 ex?.ctly 1 n l o f thi a zo l e y e llov, solution 2-n ·' 1?1i X t l1e 

s olution , ::i.n '. th on ad1 5 ml of th e scci_iulJ hy.-~ r ox:ic1o solu­

tion . Brin:; th o fl .J.sk t 'J v o lm10 with ,Us t illo.-1 wa t er; 

mix thor ou c;lily th e c ont en t s , an•,1. al l ow t h 01c1 t c sta1ir1 f or 

10 ninut e s '. )0 f or o r ca~inL on a pho t o ol octric c ol orime ter 

u s i n~ a ~r c0n filt or . Th e colour i s stabl e f or sev e r al 

h curs. Th o c onc entrat i on of r1"1. F_;nosiun i s o11 t 2.ine :'. fr om 

a stanc':.ar d curve a.s d escri:~e-:1. '.:e l ow. An Hitachi 101 

s J ectrophome t or ~ith tho 3r eon filt er 530 was us oi in 

thi s work. Th E:, c ol orirao t cr is s o t t o r oac: 100% tr a ns­

rni t tanc o with a bl nnk soluti on tha t is run ~y tho s ~mo 

pr oc edur e us o:l v!ith th e s ~mpl os a n,: s t arnlar:1.. s . 

Sta n(arc.1 Curves 

Wh en 0 , 1, 2, 3, 4 e,n :.~ 5 u1l. a liquots of the standar cl 

s oluti on o f 25 pp;u o f r.1acn csiut1 wer e a na l yse •.l e x actly as 

~ascribed a bove an~ the re aGine s plott ed on s omiloc gr aph 

paper a straicht lino relationship was ob t.a inoc~. . A num:)cr 

of curves in advanc e , one or t wo on each sh ee t o f 5raph 

papor wer e preparcc1 in order t o uso. the a ppropriat e curve 

f or eac h set o f d etermina tions. 
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APPENDIX 4 

~~troaen a~alysis 

Dit;ostion 

Weie;h accuratel y o.1)out O. 10 ,3ms ov en- dri ed [:;r ou!lrl sample 

ancl trans fer to ur oa tu:.10 c a1i1•r a ter1 a t 50 rD.s . Ade: approx­

imate1.y 1 . 4 f;m s o f nixc :". cata lyst and 5 r.rls o f 98% W/W 

nit.ro i:;en-frec sulphuric r>..cid . 

Pla c e tubes in d i gestion bl ock, and ~i gest f or 60-80 

minutes , after saiupl os hav e cl ear ed . Co ol,, c!ilut o to 50 mls 

with distillo j water, mix thor oug hly a nd l eave t o r ec ool. 

(Note : 2 r eaccnt blanks, should also '. ; e d i ce:s tc .~). 

Distill2,ti on: 

Ad-:1 5: mls o·f 25'~ 1::cric acid solution an•.·'. 4 t o 5 drops of 

mixGd inllicator t o 100 !il l r 0ceiver fl a sk. Rinse: a 5:Jl. pipette 

with the solution to :}e t ested and t hen transfer 5, r.ils to the 

jacketted tub e o f the Markham apparatus . Rins e in with a 

li ttlc clistilled we. t er, acl c1 10 ml s of strong Na OH solution, 

rins e twice. with cl istill.e~: water ancl close t op . 

Rais:e the r eceiver flask until the c onrlenser tube just 

dips below tho surfa c e a f the boric acirl solution anc1 cor.imcnce 
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steaminz . Continue dis tillation for 2 r;i inutes Rf t or colour 

has chanso~ , Rni 10- 15 rals ~istilla t o c ollected . 

Lower rec oivcr flask , wash 1own tuba with a little 

c.lis tillo .~ w2 t 0r (Two aliquots o f each s am:!:)l e t o ~,G c:. i Gt illcd ). 

Tritra tion 

Tritra t c arainst tho st~n~ar~ acid t o just cl oar gr ey , 

c ournrins each s .:1mpl e with r ofronc e bl ank colour. 

Ree.5ents 

1 . Mixei InJ icator 

Disso l v c separ .::i.tely 0 . 25 crns 1)r o1:1-cr esol i;r ec n in 250 m.ls 

o f 95% a lco-hol, anc~ 0 . 05 t)ns of methyl ro<l in 50 ;:ils of 95% 

nlc ohol (i. e . each solution is 0 .1 %) . Mix 40 mls o f br om­

cr esol-Greon with 8 rals of methyl r ctl , in bottle with Capillary 

dropper. 

2 . Z'/4 Boric acid 

Dissol vo 40 gms boric acid crystals in 2000 rtls boiling 

distilled water . Aft er c ooling transfer to slass-stoppered 

bottle . 
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3. Streng Na0H 

Dissolvo 1000 ems Na0H pcllots in 2,300 mls J istilled 

wat e r kec:;::inr: stirrinc . Fil tcr through 1;lnss VJo ol into ru ')t, e r 

stop-perc: r~ Lottle . 

4. Cata lyst 

Mix 10 ems s e l eniun v:ith 500 sr:r s R Pot2..ssim.i Sulphate, 

usinc 11ort~\r anr.1 pestl e . 

5. Stand ~r ct acid 

Tako 8 . 5 rals c one . AR HCl am~ n.::i.dc t o 100 c.c. 

To.ke; 10 CQ of thi.s an ,.1. nako t c 1 litre ( 0 .010N). 
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APPENDIX ~ 

Analysis o f vnric:1.nc o o f th e 0ffoct c f :iifforcnt wct tinc 

a co:its on the up take o f E1[1.f;nosium by l e:avos. 

I I ! Source s . s . c~ . f . M.S. I F. Rosult I 

I 

: 

Tr ent ncnt 0.02135 3 0 . 00711 37 . 85 * * 

Re plication 0.00155 3 0 . 00051 2 . 74 N.S . 

Error 0 . 00170 9 0 . 00018 

15 0 . 02460 

APPEI'IDIX 6 

Annlysis af v ari a nc e o f th o off oct 1iffor c nt wetti nc acontsusod on 

th o uptake of ma13 n c siu:;1 ~:;y l oc.vcs , nt 80% wottability o f the 

l en f cr ca . 

I i 

Source -
. . li.s. cl . f. M. S. F • Rosu1-t 

Tr c~a t m.on t 0 . 0 1515 4 0 . 00378 12 . 58 * 

Replication 0 .001 01 3 0 . 00033 l • l 2 N.s. 

Error 0.00361 12 0 . 00030 

- - ·-

Total 0.01977 19 i 
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APPENDIX 7 

Analysis o f v~rinnco of t he e ff ect of ~iff er ent c onc entr a tions 

of n nonL:inic wet t or ( Terrie GN9) on the uptake of Dacnesiui:1 

b y leaves . 

-- -: : 
I 

I Source s.s . '~. f . I·-1. S . F. Result 

Tr 88.tmont 10.02438 5 . 00488 8. 13 * 
I 

ReplicEttion 0.00096 3 .00032 0. 53 N.S • 

Error 0. 00899 15 • 00060 

Total 0.03433 23 

---· 

APPENDIX 7o. 

l1na lysis o f varianc e o f thu visu-:11 a ssessment o f the wettins 

of tho upper surfac e o f the citrus l eaves b y Terrie GN9. 

--

Source s .s. c1..,. f . M. S. F. Resu1.t 

Tr eat ment 124.00-.00 4 3100.00 90 .41 ** 

Replic ntio.n 90.00 ? 12.86 0.38 N.S. 

Error 960.00 28 34.29 
-

Tot a l 13450.00 39 
·-
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APPENDIX 8 

Analysis o f varianc t: o f the effoc t o f cliff erent cone entrations 

of t: lyc orinc on tho u ptake o-f e1ac:nosiu;,, hy l eaves . 

'. 

I 
I ; 

Sourc e s.s. d f. I 11.s. F. Result I 

Trca tr,1ent 0.01505 3 0.00501 11.29 • 

Replication 0.00215 3 o.ooo~ 1. 12 N.S. 

Error 0.00400 9 0.00044 

Total 0.02120 15 



APPENDIX 9 

Analysis of vari ance o f t h e e ff ect of humidity on the 

uptake o f mo.;. nosium l:y leaves . 

I I I 

I I 

Factor 
i s. s. el f. M.S. F. 

Nain Plot 

Re plica tL.m 0.000619 3 0 . 000206 2.82 

Spr ay a ncl no 
s pray 0 . 033307 l 0.,033307 456.26 

Error ( a) 0 . 000218 3 .000073 

Sflit plot 

Lovol o f humid-
ity 0 . 003907 1 0. 003907 6.93 

Spr c1.y and no 
spray x 0.001405 1 0. 001405 2.49 

l ov~l o f' 
humidity 

Error ( b ) 0.003384 6 0.000564 

Total 0.042894 15 

145 

Result 

N.S . 

* .. 

* 

N.S. 

--
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APPENDIX 10 

Analysis of variance of the ef f ect o f sprRyin c ~t di fferent 

times of the d ay . 

r 

Source s . s . '- ' c, f. I M.S. F Result 

Treatment 0 . 07055 4 0 . 01763 75.37 * * 

Replic a tion 0 . 00 101 3 0.00033 1.44 N.S. 

Error 0 .00281 12 0 . 00023 

I To·tnl. 0 . 07437 19 
' 

11.PPEl'ID IX 1 1 

1..'1&lysis o f v nria nc e o f the r at e o f u:p tclke o f :;10.gnesiun 

by leaves . 

I ! I Source s.s. d f. M. S. F. ; Result 
I 

Trentm.ent n. 13628 6 0 .02271 58.39 
I 
I * * 

Roplic a t:io,ns 0 . 00112 3 0.00037 0 .96 N.S. 

Error 0 . 00700 18 0.00038 

Total O. 14441 27 

·-

-

--



APPENDIX 12 

Analysis of va riance of tha effect of different ma c nesium 

salts on tho uptake, a, f ma.gnesiun 1:,y leaves. 

' 
Sourc e s.s. d f. M.S. F. Result 

-

Trea t ment 0.07887 3 0.02629 93.89 * * 

Replication 0.00102 3 0.00034 1 .21 N.S. 

Error 0.00248 9 0.00028 

--

Tot2..l 0.08237 15 
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APPENDIX 13 

AnRlys:Ls o f v ari c'..nc c o f l oc:tf macn osiurn l cv ol on the u p take 

o f ruagn esiuc by l eaves. 

i I 
I 

I 
I I I 

Fa ctor I 

s .s. d f. M.S. F. Result 
MG.in IJl o t 

Replic n ti on 0.00079 3 0.00025 o.65 N.S. 

Spr .:i.y an': n o 
s pr a y o. 1 5821 1 0. 15821 416.34 * * 

Error ( a ) 0.00113 3 0.00038 

S plit pl o t 

Level o f 
ma[sn esium o. 60G44 3 0.20215 777.50 * * 

S 1:-; r o.y o.n c1 n o 
s pr£1.y x l evel 
o f m2..gn csim1. 0.02693 3 0.00898 34.53 * * 

Error (b) 0.004-60 18 0.00026 

Tot a l 0.79810 31 

; 
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APPENDIX 14 

Analysis o f varianc e of t he e ffec t o f l eaf nitroGen level 

on the. u p take o f nagn esium by l eaves. 

--
I ' i Fae.tor ! 

s. s . elf. M.S . F. Result 
Main pl ot 

Replication 0.00157 3 0.00052 0 .57 N. s. 

Spray anc1 no 
s pr ay 0.10080 1 0.10080 100.76 * * 

Error ( a ) 0 .00272 3 0 .000 91 

Split Plot 

Level of 
nitrogen 0.03330 , 0.03330 65.29 * * 

Spr ay ancl no 
sprny x l ev e l 
of nitroe; en 0.00332 1 0 .00332 6.50 * 

Error ( b ) 0.00303 6 0.00051 

Total 0.14474 15 



B I B L I O G R A P H Y 



150 

Allen , M. 1959 . Role of t he anion in ma,5nesiu:m uptake from 

foliar nin:l ications o f its s:-tlts on a:;ple . Nature, ~ : 995 . 

Allen , M. 1960 . The Ui) t cL~e of r:1ctallic ions :Jy leaves of a ) ple 

tr ees . II. The influenc e of cert3.in ::rni nns on uptake from 

l:!1&,~nesiur.t salts . J. hart . Sc i. 32 : 127-135 . 

All en, M. 1964 . Upt e,kc of ;:ieta l lic i ons l-y leave[; of 3.iYple 

trees . III . The uptake of co pper ', y leaves i mmers ed in 

s olutiuns of its salts . J . hort . Sci. l2. : 308- 324 . 

Anr: erson, D. B. 1927. A microchernical study o f the struc turo 

an ~1 :levelopment r; f fL::tx fi bres . Ar.1 . J . Bot • .Et : 187- 212 . 

Askew , H. O. , an'1 B. Chittenden . 1936. The uso o f borax in the 

control o f intern~l cork o f 2pplcs , Part III . Effect of borax 

sprays on th e 1)oron status o f fruit an·l inc1dencc of intern;:;,,l 

c ork in apples . J . Por.aol. .l.!±. : 242- 245 . 

Bar:,Jin, P . A., 1966 . The contro l of shoot dessication (Russian ) 

Sadovorlstvo , No . 3 , p . 18 in Hort . A1~str. i§. : 6087 

Barri.er , G. E., an-:'!. VJ . E . Looril'is . 1957 . A1:-sorption and trans­

loc ati on o-f 2 , 4 - di.chlorophenoxyac etic a c id anc", P32 by leaves . 

Pl . Physiol . R : 225-231. 

Batzer , L . P ., B. L . Rog ers , an'i A. H. Tholil.son . 1952 . Fet' tilizer 

a ppl i c a tions as relateu t o nitrogen , ph,os phor us , potassium , 



Ce,lcium arnl macnesium utiliza tion by a pple trees. 

Proc . An . Soc . hort . Sci . 60: 1-6 

1 51 

Benne tt , S . II . , an~ W. D. E. Thomas . 1954 . Absorp t~on , trans-

l ocation an-:l :, r eakcl own o f schrac,an alJl)li od t o t tio l oc..ve s , 

usinB P32 lavellod ~aterial . II . Evapora tion a nd a h s or p tion . 

Ann . appl . Bie l . 41 : 484-500 . 

Beuta l , J.A . 1964. Magnesium nj_trate s pr ays provi.nc; effective- . 

Int . Fert . Corresp,., r ei)rinte:::1 in Kenya Co ffe e , 29 : 71-73 

in Hort . Abstr . 2l±. : 5558 . 

Bhan, K. C . , A. Wallace, a n~ O. R. Lunt . 1959 . Some mineral 

losses fr on l eav es ~=Y l o.qchin3 . Proc . Am . Soc . hart . Sci. 

Zl_: 289- 293 

Binr-;h a.r:1 t F . T. 1963 . Ma i;nosium nutrition o f avoc ado unc1-er sand 

cultur e c on:".itions . Proc . Soil Sci. Soc . Arc. . 27 : 58-61 

B1ackm.an , G. E. 1952 . Stuc ies in the principle s of phyto t oxi.­

c ~ty . J. exp . Bot . ~ : 1-27 . 

Boynton, D . 1945 . Stu~i es on c ontrol o f magnesium ~e ficiency 

in New York ap1.le or chard s . Proc . Am. . Soc . hort . Sc i • .!±.§.: 1- 5 . 

Boynton , D., and O. C. Comp t on . 194L~ . Th e infl uenc e o f differ­

ential fertilizat i on with ar:rn10nium sulphate on the chemical 

com?ositia n o f Mcrntosh apple leaves . Proc. Am . Soc . h art . Sci . 

!±2_: 9-17 .. 



152 

Boynton, D., J.C. Ce.in, ::i.rn1 J. Van G0luwe. 191~3. Inci1,ient 

mas nesium dGficicncy in some New York a ~ple orchnr c s. 

Proc. Ara. So·c . hort . Sci. ~: 95-100. 

Bre..m.la0 e , W. J ., anc1 A.H. Thomso n 1962. The e ff ects of early 

season sprays o f bor on on fruit set, c ol our, finish, an( 

stor c..1.50 life o:f ap~,les. Proc. Am . Soc . hurt,. Sc.i. 80 : 64- 71 . 

Bu.ck.ovac, M.J., F . G. TGu~iner, anc1 S . H. Wittwer. 1960 . ALsor pti on 

an:-1 r.10b ility o f ma ~~ nesiurii in the ::-can (P.Vulcaris. L.). 

Proc . Am.. So~. hort . Sci. 72.: 429-434. 

Burrell, A.B., a nd D. Boynton . 1943. Respons e o f apple trees 

t o potash in the Ch.a.pl ain Valley. III. Proc . Arn. Sec . hort . 

Sci .~: 61-64. 

Ce.in , J. 1956. A'.:,sor ption a nc rnetabO'lism o f th e ur ea b y leaves 

o f coffee , c acao anc. Lanana . Proc . Ari . Soc. hort. Sci. 67 : 

279-286 . 

Cain, J.C. 1953. The effect of nitrocen a nd potassium fertil­

izers on the p.erform.anco and mineral com.position o f apple trees. 

Proc. A;:it . Soc. hort. Sci. 62: 53-66 • . 

Cain, J.C., a n~ D. Boynton . 1948. Some effect of season fruit 

cro.p and nitroge.n fertilizati on om tho n inor al composition o•f 

McIntosh appJLe loaves. Proc • .Am. Soc. hort. Sci. 21.= 13-22. 



153 

Ca.mor on , D. H. , R . T. Muoller ; A. \i';,:-:lla c o , am'. E. S.3.rtori. 1952 . 

I n flu onc o of a.Go of l oaf , soasc n ~ f crc wth , an~ fruit pr oducti on 

~n the s ize ~n~ inor ca.nic c i~position o f Vnl cncia oranr c l eqv os . 

Pr ~) C, A.J . S ·)c. h ort . Sci. 60 : 42-50 . 

Crunp , A. F . 1947. M&c;nosium c~ ofici cnc y j _n citrus . Soil Sci. 

.§l: 43-51. 

Cnmp , A. F., anc~ M. Poach . 1938 . M'J.~r:; a.rrnso clc fici onc y in citrus 

in Fl orida . Proc . Aiil . Soc . h ort . Sci . 2.§. : 8 1-85 . 

Chonr, , K. L., an~1 R. H. Br o.y . 195 1. Dotcrn1inotion o f c a lciw:1 a nd 

m.:-i.c nosium in s oil a.nc~ y,lnnt r,1 a t cri rtl. Soil Sci. 72: 449- 458 . 

Chukc'1. , J . A., J . IL '.V,"'.rinc; , onc1. 0 .L. Wyman . 1945 . Ma ~: nosim:1 

de fici enc y in n ain a p1)l 0 orcha r ,1.s . Proc . Am. Soc . h ,.:i rt . Sci. 

!±.§, : 13-1 4 . 

Coni :~ oar, D.I., anr'. C . G. L . Furmicl c e . 1965 . Phy s i o ,- chm11,,Wc.1 l 

studi es on a c ricul tur e.l spr ays . VII . Th e visua l assessncnt o f 

s pr ay c ov er a c o . J. Sci. Fcl Ar.;ric. 1§.: 144-1 49 . 

Cook, J. A., an,). D. Bo.y n t on . 1952 . .Somo f actor s affecting _ the 

a bsorptio n o f uroa by McIntosh . a p pl e leave s . Pree. Jun . Soc. 

h ort. Sc i . 59 : 82-90 . 

Cra fts 1 A. S ., and C.L. Foy . 1962. Th 0 c hemic a l an~ ph~sical 

nature o f p lant surfaces i n r elatio n t o the use o f ;i0sticic~os 



an,'.. t o their r es i cl u Gs . pp . 112-139 ½_1 Residu e r evi e-,rn . 

Vol . I . Ac a~ 0~ic Pross, Inc ., ITcw York . 

154 

Curr i er, H. B. , an~ C. D. DybinG. 195 9 . Foli a r penotrati 0n c f 

h er~:ici'~GS , Rcvi ev.' 2-11r~ ·nrcs ont sta t us . WeG:'. s. 1,: 195-213 

Curti s, O.F ,, Qil~ D, G. Cla rk . 1950 . An intro~uct i on t ~ pl an t 

physi c l ory . 1st c~ . , pp . 329 - 334 McGraw-Hill, Few York . 

DarlinDt,) n , W . A. , a.n :: IL Circulis . 1963 . P,,rmoat ili t y o f 

a.;ric ,-:i t l en f CHticl o . Pl. Physiol. 2.§._: 4 62-467 . 

·de Villiers , J.I . 1942 , Tr ac e el e• ent deficienci es in citrus . 

Results o!J t ain e ~:. i n Easter n Tr a ns va l. fug. S . Afr. 11: 337-340 . 

Dhingr a, D. R., a n~ Oth er s . 19 66 . Effect o f d i fferen t c oncen­

tration s of zinc sulj]hato s11r ays on tho influonc e o f citrus 

chlorosis . Punj a: . . h ort . J. 6 : 83- 87 in Hert . At ,str. 21...= 5693 

Dor schn er, K. P ., an,:. K. P . Buc hholtz . 1956 . Wet ti.11c a:)ility o f 

a que ous hor1:-iciclal s:jr ays as a f a c t c r influencin c; stands o.f 

e,lfalfa s e,) i:',lings . A:_.;ron . J • .!±§.: 59- 63. 

Drosd off, M., anc1 D. C. Near }1ass . 1948 , Quantitative micro­

det er mination o f macn osiun in ~l ant tissues an 1 s oil extra cts. 

A r a:::ii :-1 c ol orim e tric method . Ana lyt . Chem . 20 : 673-674, 



Dunno , T. C . 1938 . Wither ti ; or s u~Gor ~ioback a c opror 

~o fici ancy 1 is cas o c f ap~l a trees . J . Ae r ie . West Aust . 

15,: 120 -1 2Ci . 

155 

Dybinc, C. D. ) an·: A . 3 . Curri er . 19C. 1. 1•'::i li :tr i~onctr c:: ti :J n by 

chcr:ic2.l s . Pl. Ph yc- i ·.' l. ."2.§. : 169-1 74 . 

Er,bl cton , T . W., Em .1 1:! . 1'{ . J '.mos . 1959 . Cor rocti ·'n ~· f nai.nosiuc 

cl.c ficionc y o f Ol' n.nco -tre es in C0lif:xcni:1 . Prc;c . Au . Sc,c. llort . 

Sci . ~ : 280- 288 . 

Eu.bl oton, T. VJ . , J . D. Kirk,)::t tric , VI . W. J ones, a nc. C . B. Cr ee . 

1956 . In fluonc o o f a;Jlic ~t i on o f ~o l o~it e , pctash, a n~ 

phos~:,ha t o on yiolc~ am' size ~,f fruit an,l on c c,r:~Josi ti ~' n o f 

l oaves o f Valencia oran co trees . Proc . k J . Soc . h ort. Sci . 

67 : 183-1 90 . 

Ennis, JR., W. B., and F . '11 . Boy,=:. . The r os i-,ons c o f ki ( ncy b0an 

a nr' soybean pl.ants t ,1 aqueous e pr ay applicati0n o f 2, 4 d ichl.or o­

ph en oxyac etic aci('. wi t h an(l. without c a rbo wax . Bot . G-a z . 1 

.lQZ: 552- 559 . 

Enni.s, JR., W. B., R . E. Viilliar1S on , ancl K. P . Dorschner. 1952 . 

Stue ios on spr ay rot ontion by leaves of d ifferent plants. 

WocAs l= 274-286 . 

Fed erer, W. T . 1955 . Experinental c.1.csign , pp . 26- 28 . MacMillan , 

New York. 



156 

Fisher, E . G. 1952 . Trw princi ples undorlyinc f olia.c;e a ViJJiic a­

tions o f ur oa f or nitrocon f ertilization o f t he Mc Intosh 

a;;_;l o . Proc . k :: . So c . hort . Sci. 59_ : 91-98 . 

Fish er, E . G., D. Boy n t on, an: K. Sko~vin . 1948, Nitrogen 

fortiliz.::.. ti ·, n 0f th0 t:cint ')sh a;.,i:-l o 1.1ith lo.:.,.i' s·;r a ys ,..:, f ur oc1 . 

Pr ,_, c . A::; . Soc . h a rt . Sci. 5 l. : 23-32 . 

Fisher , E. G. , o.n :1 J . A . Cc,Jk . 1950 . Nitroc;cn fortiliz 2,ti ·Jn o f 

t ho Mc I ntc sh ::11_) 1)l o r; i th l os f sr.;r ny s c, f ur ea . II . Proc . An . 

Soc . h ort . Sci . 55 : 35-40 . 

Fisher , E . G. i e.nr' D . '"t . w,:-..lkcr . 1955 . The ai:•::a:::cnt abs or r ti on 

surfa c e o f iv1cintosh a 1:~: l c lc .:1.vos . Pr •, c . A'.~1. Se c . h ort . Sc i. 

_6 5 : 17-24 . 

Foes, G. E. 1947. Quantitivo studi es on tho we ttin~ o f leaves 

by w2.tor . Pr oc . R . S e, c . (L ~nr1on) . Sor . B. 134 : 503-522 . 

Foc0 , G. E . 1948 . Tho pcn c tr a tic., n o f 3 : 5 cinitro - o-cre-sol 

int o l oaves . Ann . a ppl. Biol . 12_: 315-330 . 

For t , E . M. 1964. Th o c ontrol of nac nosiuu deficienc y in 

c:;.)pl e r oo tstoc.k s t ool b o(~ s . J . h ort . Sci • .2.2_: 212- 223 . 

For d . E . M. 196G . Stu~i es in tho nutriti~n o f a~p1c r oot stocks . 

III. Effects o f level o f ,1a0n osiu,:i nutrition on 0r owth f o n ! 

and mineral c on;::io-si tion . Ann . Bot. N. S . lQ_: 639-655. 



157 

Fe r ~ , E.M. 1967 . Studi es in the nutrition of arpl e r oo tstocks~ 

IV . Eff0ct a n : r owth an~ oinor a l c cupositi on o f supplyinc 

u e]10siu~,, throur:hlca.vos. Ann . Bo t . P . . S . 3..l= 113-11 9 . 

For '.: , E . M. 1958 . Th ::. _, cv ol c.,J;.,cnt f') f ::w~:ncsiun ::1. cficicncy 

j2 : 45-56 . 

For'. , E.M., G. C. White, a n, ;_ M. All on . 1965 . The r 0s:;_.onso o f 

na:,;nosiun: dcfici 0nt E-' '.var ,.-: VII appl e tr ees t .'.) variati ons in 

tho tii:,ins an~"t c or.1t,o s i tL• n , , f f:'l li,'.:U'.' spr ays . J . h ort ~ Sci . 

40 : 351-360 

Forshey , C . G~ 1959 . 'Ih e: effect o f nitroccn status c f i;1acnosiur1 

~cficiont McIntosh 2p~ l o tr oo s e n res,rnse t o Euson salts 

spr ays . Pr0c . AiJ . Soc . hor t . Sci. .'Z.2 : 40-45. 

Forshey , C . G. 1963 . Th e: e ff ect cf nitr \)[,c n statu s c f Mcint-')sh 

a _:,;i-) l o tr co.G in S.J.n:.1 c u l turc on tho absor~1tion o f :,inr;nosiuu fr on 

Eps om sal t s s i)r ay . Proc . .An. S0c . h 0r t . Sc i. §l. : 21-31 . 

Foy , C. L . 1 an·~ L . W. Smith . 1965 . Surfac e tension l oworinc , 

wo t tability 0f j_)ar affi n anrl coln. Jcaf sur f aces an'l her bicidal 

enhanc ement o f De.l a.pa n by sev en surfa cta nts. V/cods U : 15-19 . 

Foy, C. L . , W. Whitworth , T . J . Muzik, an1 H. B. Currier . 19G7 . 

Th e ponotr ati on, ab s or ption , an~ translocati on of horbicid os , 

pp . 3-16 . in Frc cc.'.. \T . H., an~: R . O. Morris,. oc.1-., Envir '.) nmcntal 



an1 other facto r s in the r aspons o o f plants t o horbi c ifos . 

Stn . tec h . Bull . 100 , Oro . a erie . E~p . Stn . 

Franke , V/ . 196 1. Ect .~_,c'esuata Eul 1 f -:; liar ?,bsor 1)ti c·n . 

AE, . J . B.Jt • .!+8 : 683- 69 1 . 

158 

Fr ('Jvi1 , V. Ii . , an .:1. Vi . Mc ntco::1 ory . 1958 . The e ffect c f surfac~ 

t o.nts •J n f olia r abs ·r 1 tion ,:; f 3- CJJinc,- 1 , 2 , 4 - triaz ; l c . 

Wee~s 6: 386- 389 . 

Fr oy-Wysslinc , A., an·:1 K. Muh1 cth.::.ler. 19G5 . Ul tro. struc turo 

pl ant cytol ocy , pp . 138-1 57 Elsevior, Anster c'..an . 

Furmi i se , C. G. L . 1959 . Phsi o-chonical stu(ios on o.cricultural 

spr ays . II. The :rhyto t r,xicity c f s urface active acent s o n 

leaves o f ap:)l G c'.n r'.. pluu trees . J . Sci. Fc1 AGric . 10 : 274-282. 

Ganjo, T. J ., A. L . P~~o , and J.P. Martin . 1966 . Foliar appli­

c ati on of potass tum ni trato . Calif . Ci t o~r • .Ll,: 493-496 , 500-501 . 

Garn er, W. W., J . E . McMurtrcy , JR., J.D . Bowline; , JR . , a nc: 

E . G. Hoss. 1930 . Mar;ncsium e.nc: Ca lcium r equir onont s of tho 

t obacc o crop . J . aeri e . Res . 40: 145-1 68 . 

Gillam , VJ •. S •. 1941 . A ~Jh o t oo.otric ncth oc~ f or the cl etor mina tion 

o f magnesium: . I n -1- . En0n .s Chem. analyt . Ec~n . 12.= 1~99- 50 1. 



159 

Goo~man , R.N., an~ S . K. Ad~y . 1962 . PonetrRtic n ~f excised 

a ppl o cuticl e by rat i oactive or canic anJ inor canic c oapounds . 

Phyt :)path. 52: 11. 

Gray , R. A. 1956 . I ncreasinc tho absorption o f str o1·t s • yc i n 

by loaves , fl orrnrs i:rith p,lycor :::: l. Phyt~1path . 46 : 105- 111. 

Guest, P . L., an°1.. H .D. Chap1,an . 1949 . Il;.vosti e atic,ns on the 

us e o f i r c n s1Jrc1.ys -lusts an-::1. s oil a pplic ati ,,ns t o c ontr ol iron 

chlor osis o f citrus . Pr oc. Ar,.1. Sec . hort. Sci. 54 _: 11-2 1. 

Gustafson, F.G. 1956 . 60 Ab s or :i_: ti on o f Co by leavns of young 

plants and its trans l oc at i ,:, n throuc h th 11 plant . 

Am . J. Bot • .!±}: 157-1 60. 

Gustafson, F.G. 1957 . 
r..o 

CompQrative absor p ti c n cf Cobalt ~ by 

up1)c r anc'.. lower epidermis of l oaves. Pl . Physi0l. g: 141-142. 

Gust a fson, F . G., an 1. M.J. Schlessine;or , JR. 1956 . Absorption 

o f Cabal t-60 by Jl.e e,ves c f ~) can jJlants in tho dark. Pl . Physi ol. 

2.1: 316-318 . 

Haas, A.R.C. 1948 . Masnosium de ficiency a nrt its effects on 

citrus. Calif. Citogr . 33 : 134, 146- 148, 150 . 

Has ler> T. B. 1957 . Effect o f magnesium s prays on Mucadine 

grapes . Proc . Am . So c . hort . Sci . 70 : 178-1 82 . 



160 

Hall , D. M. , nnd L. A. Donal~son . 1962 . S ec r e ti on fr o• pores 0 f 

s urf2c e wax c• n plo.nt loav es . Natur o , .l.2!f.: 1196 , 

li;1J_2 2. , 7 . F. 1929 . Qu:1.ntitativ o .:1.i ffcroncu in iXi.l i s :.1c"'.c tissue 

in citrus lGaves . Pc t . Gaz. ~?: 319-32Li- , 

IIan ilt ':a , J . 11 . , D. }l. Pal a itor ctn '.'. L , C. An. '.:or .c; ' 'n . 19Lf-3 , 

Pr olil.,in i...TY tcs t.s wj_ th uraaon in f c.1lia''. CJ s 1.r:::.ys .:i.s a r.1 cans o f 

r G::·uls. tine the ni troccn SUl)~>ly in ,~11.L·,:L.J tr ee:.:: . Pr 0c. Ar.1 . So c . 

h ort . Sci. ~: 123-1 26 . 

H:i.rley, C . P ., H. H. Mo e n , a nr.'' .. L . O. RoceiL,bal. 195-7 , Effect of 

th 0 addi tivc Tween 20 '?-n~1 r 0lati v oly l ow t cu1-,er2-tures on 2.pple 

thinnin0 by no.phth.'.l.l cneac oti c :1.ci 1'1 s~:r -:ty s . Pr ::,c . An . Soc .• 

h o rt • .§2.: 21-27. 

Howitt, E. J . 1966 . Sa n~ an~ water culture me tho~s used in the 

s tudy c f ) lant nutrition . pp . 431-432 . E~st Mullinc . Tech . 

Corn;mn. Co;-1Donr.r . Bur . 1-Iort . Plan t11 Crops , 

Hilgeman , R. H. 1969 . Corr ec tion o f iron chlor osis with iron 

c holatcs in Arizona . Calif. Citogr . 54: 40(., 42S-428 . 

Hilkonbaur1er , F ., a nd G. Rohr.:w.nn . 196.4 . Th8 effects o f urea 

s prays on the performanc e of apple spindle bushes . ErwObstb . , 

6 : 101- 105 in Hort . Abstr . 22. : 2771 . 

Ho fflilan , M., ancl R. M • .Sam.ish . 1966 . Tho c ontrol o-f zinc 



161 

c.e fi.ci onc y in ap::l es . I s r .?.cl J . o.c;ric . Ros . 16 : 105-114. in 

H0rt . _t'.,.b s tr • .3.7 : 2335 . 

i-f ,·,l l y , K. 195t> . Pormention Df chl ori11;::tec~ ::-l1011c xy 1c otic aci ·:s 

into l.,},-ci_vcs . Ann . ap: l. Bi c-1 . 4S; : 195-1 99 , 

Hufhos , R. E. , ~n: V. J . Fr eoJ . 19f 1. Tho ro l o of sur factant s 

in tho fa li~r aLsorjt i on ~f i nl ol e- 3- ac etic acid (IAA) 

Weeds 2_: 54- 59 . 

J acobson , L. 1945 , Ir 0n in thG loavos anf chl or J pl as t s o f 

s nna r l ant s in r el ati on t~ t hoir chlJr 0phyll content . 

Pl . Phys i ol. 20 : 233-245 , 

J ansen , L.L. , W. A. Gentner , nnrt W. C. Shaw. 196 1. Effe c ts o f 

surfac tants s n t h~ hur bic idRl ac t i vity of sever a l hor bicirtcs 

i n a qu eous srr ay syst ems . Woods 2= 38 1-405 . 

J en.son , W. A. 19G7 . The iJl ant c el l, pp . 9- 24 . MacMi llan, Loncbn . 

J ohnson, M. O. 1924 , Tho i nfluence of manlanese on ( r ~wth o f 

j_)in0appl os . Hawaii ai:ric . Exp . Stn. Bull. 52, pp . 1-14. 

Jyunc , W. H., am: S. H. Wittwer . 1964 . Foliar absr:.r ::_:i ti ~, n an 

active uptake . Am . J . Bo t . 21: 437-444 . 

Jyunc , W. H., S. H. Wittwer , and H. J . Bukovac. 1965 . I on up tako 

by c ells enzymi ca lly isol a t ed fr vii: gre en t obacco l eaves . 

Pl.. Physiol. ~ : 410-414 . 



162 

K2s1il.rnr,=t , S . 1 ancl R. N. G:::, o J :,E.n . 196L:- . Evi-lonc c c :r an onor.=_~y 

r oquir c,;:1011t i c r ::.._bssr :;_:)ti :;n c, f CD.r b·)n 14 l abcl l o··'. stro~ t ,Jr.:iyc in 

Kic'.s'Jn , r:: . :c . 1')45 . A :-:1o th oL1. f ., r dotor1;:ininr; s,,iall c••; C)unts o f 

rM\ :nosium in ::_.: l an t ::1a. t urials by .. :oe.i1s o f ti tan yoll::;\·1 . 

!'L Z. Jl. .Sci. Tcchn ol. ( A) ?7 : 411-4 13 . 

Ki 0loy , T. 1966 . Ex~nthoua of citrus . A( ric . Gaz . N. s .w. 

11= (5) 289-292. 

Ko:.:)ntz , R., n.n~1. 0 . Bi:' ,_;ulph . 1957 . Fae t ::!'.' s 2,ff,'.)c t ine, ,.bs :· r ri-

t i on a,nc: t r a nsl ·:cati on of folio.r o.~,r,lioc1 i;h ::; s:;:ih c ru s . 

La°'.)Ernnusl.r..as , C. K. 1 962. Corr c c ti on of ::i.ar~t:anoso c~o fici on c y i.n 

r r apofrui t tr eos by foliar spr ays in r·:.csort a r eas o f Southern 

Califc rnia . Pr :; c . AH . So c . l10rt . Sci. 80 : 268- 27_3 . 

Lab.:i.na usk2 .. s , C. K. 1966 . Effects of or anse l oa f washin13 

t ochi1iqu os on r cn.oval o f surf3.c e c cn. truainant s e,nr~ nutri ont 

losses . Pr 'J c . Am. Soc. hart . Sci . §.2. : 201 - 205 . 

Lab9_nauskas , C. K., and R . E . Puffer . 1964 . Effects o f fo lia r 

applicati ons o f nanganeso. e.ncl zinc anr~. ur oc1 on Valencia orange 

yield a nc~ f ::; liago c oml)os i ti on . Proc. AD . Soc. h ort . Sci. 

.llii: 158-1 64 . 



163 

Lea , B. 1925 . Tho pl an t cuticl e . II. A r.licrc r.hcBi c ,'.'. l stu :l y . 

Ann . Bot . N. S . 22_ : 755-768 . 

Loe, , B. W. 1964 . C,::; ppc. r (~c fici oncy in Venturi a citrus . 

Ca.lif. Cito,: r . 49 : 327- 320 

Loc i B. , a n~ J . H. Pri es tly , 1924 . Th ~ pl 0nt cuticl e . I . Its 

structuro , :istributia n , and functic n . Ann . Bo t . N. S . 

38 : 525-5L~5 . 

Loc1-, , V. H., anc: R . V . V/ho cl er . 1925 . Plant c uticles , I. Mod ern 

pl a nt cu t iclcs . J . c.i1e1.1 . Soc . 127 : 141 2-1 421. 

Loon c1.r d , D. Ji . 1958 . Stuc1 i vs •') n th e :1.bs c r :)ti in an :~ tr crns l c c a t i :-. n 

o f 2 , 11--D i n bean pl ants . ~ii1cnr c1.. i::t 28 : 115-1 60 . 

Loonarr1 , D. A., ,:m:'_ A. :S . Craft s . 1956 . Tr2.nsl oc ati o n o f 

h erbic i d es . III. U:ptako a n cl di stributi on o f r nd i o- a c tive 

2 , 4-D by t rush s~ccies . Hil~ardi a 26 : 366 -415 . 
. -

Lott , W. L . 1943 . Ma.::;n os ium in jection in Mucacline gr ape vines . 

Proc . Arci . Soc . h ort . Sci. 52 : 283- 287 . 

Lott , W. L . 1952 . Macn esium de fici ency in Mucadine c r a p e vines . 

Proc. Am . Soc. ho:ct . Sci . 60 : 123- 131. 

Lu c1ders , P ., and G. Bunomann . 1967 . Tho possibi lities a nd 

lim:i ts f or pos t harvest a n :-l winter s praying o f por.1e fruit 



164 

trees wi t h u r e2, . ErwObs t b . , .2, : 6--9 in Hor t.P.bstr . 3.Z: 4377. 

Mann , C. E., anl T. W2l l a co . 1924 . Th o effec ts of l onchi nc 

wi th c ~l J wa ter 0 ~ th o f 0liaso of tho n~~l o , J . ?o~ol . ~ : 146-1 61. 

l'ic C() l l och , I~ . C., 1" . T. Bi n i:;ham. , ::,w1. D. G. Al c'. r ic h . 1957. 

Relation of soil potassi uu an1 :n~ncsiu• o f citrus . Pr ~c . Soil 

Sc i . Se c . 2 1 : 85- 88 . 

Mc Whort cr , C. G. 1963. Zffc c t s of surfactants ~n th e hcrbi ciGal 

a c t i v i t y 1J f f oli a r s:1r ays .::;f ,;_ i uron . Wec~ls lJ..; 2G.5- 2G9 . 

Mi -:1,.Uc t on , L . , a.111 J. S .::rn ··1.ors•Jn . 1965 . Tho u;) tak o of i no r s anic 

i 0ns by pl 2nt l eav es . J . oxp . Bo t . 16 : 197- 215. 

Mikkelsen , D. S., and S . J . 'i'o t h . 1947 . Thiazol o y ellow f or 

,1.eter n i niW'.' t he ;:1c1.c nosi m : c rJ n t cnt c f the s oil extra c ts . 

J . k;1. Soc . Ar::,r cm . .3.2_ : 1 G5-1 6G . 

Hiller, E. C. 1938 . Pla n t Physi ol o~;y . 2nr1 ed . , PP • l - 24-

Mc Graw- Hill, New York . 

Mi ns hall, H., an1:1 V. A. Hel son ~ 1949 . The her bi cid al a c t i c-n o f 

oils . Proc . An . Soc . h or t . Sc i . 22. : 294- 298 . 

Na,'.":;ai , K. and other s . 1966 . studi os on nacnosiul!l d eficienc y 

o f .:t~)pl e t r ees . I. I n j ec t i on an·] f oliar ar)licati c n o f ma gnes­

iurJ fo r the J i .?..:;nosis and c ontr ol o f n2..:n e siw:i de fici ency . 



165 

J .. Jap . Soc. h ort. Sci., 35 : 207-217 . in Hort . Abstr . 21_: G300. 

Nealos > T. F . 1958 . Th o • oveuent of l~a f 2 uc ncsiu• }urine tho 

c r owth of whit e cl~vor pl ants . Aust . J . bi ol . Sci . 11: 343-348 . 

Nichol as , D.J.D . T948 . Ex:ii orincnts on c orr oc t i nc 1.I1ar n osiu;:, 

::cficicncyin gl c.s shousc t or:rn.toes . J . Por,.101. 24: 1- 18 . 

Ncn.1.an , A. G., C. E. HinnrL~ , 2,n~-l R. L . V/o:intrau'o . 1950 , 

Herbicifos . A. Re v. Pl . Physio l . 1: 141 -1 68 . 

0lall{'. , K., nnc1 T . B. 0 pl cmc: . 1956 . Ui:)t.:1.ko c f :"1ctCr.1.csi.urJ by 

appl:) l C-3.VC~ . Phyci ol c r i e. Pl . 2_ : 40 1-411 . 

0r ~; cll , 'N . H . 1955 . Th o i ::, c l ation c f 1:L:rnt cu tic l e ,.rith onzynes . 

Pl. Physioi }_Q_: 78- 80 . 

Pa r ker , E.R. 1937. Eff ect o f zi nc ~pplic nt i on Gn t ho crop of 

grar,e fruit trees ci.ffoctod with r:10 ttlc l eaf . ffilt;ar c.1ia 

11: 35-53 . 

Pa rker ,, E. TI ., ar.,.r: R. \; . Sou t hwick . 1941. Ma.ncanesc do ficioncy 

in citrus . Proc . Am. Soc. h t) rt . Sc.i. 2.2_ : 51-58 . 

Parr, J . F . an r:'1. A.G. Nor nan . 1965. Consic.1 or ati.c ns in tho use o f 

surfactants in p l.ant syste1.is : A revi ew . Bot. Gaz. 126 : 86-96. 



166 

P~ulochov a Kralikova , K. 19Gf . Contribution t o tho study o f 

li ttl c 103.f c f apples . Bi .::; l oci a, '.:r ::i. tisl. .s]_ : 356-36-4 in 

iicrt . P.t)Str . 3? : 349 . 

Poach, H., a n11 L . En: .lish . 194~-. Ra.pi .': nicr .·.ch,Jr'.!ical s c: il 

tocts . Se il Sci. ,27 : 1( 7-1 95 , 

Phi l lis, E., z:1m'. '1 . G. i'fosc·n . 1942 , On c~iurna l v ar i at i ons in 

tho ninor.:11 c.cnt ent o f t ho l oa f o f tho c c, tton pl;:1.nt . Ann . Bo t . 

N. S. 6 : 437-442 . 

Rood , H.S . , an~ E . Hirano . 1931 , Th e density 0 f sto• a t 2 in 

citrus l oave s . ~T . o.r;ric . Ros . !±2: 209-222 . 

Roor1, H. S ., an:l B. R . Parker . 1936 , S1:ocific offoct s o f zinc 

~~plic nti ons on lea ves an~ twi ~s of oran[• tr ees affoctof with 

r'.lo ttlo l oaf. ,J our . aerie . Ros . 22, : 395- 398 . 

Raitz, H. J ., C. D. Loonar~ , J. D. Sites, W. F . Spenc er , I . St ewarts , 

anc1 I. W. Wam~or . 1954 , Rec or:::iu onc: 00. fertilizers a nd nutritional. 

s;rays f".)r c itrus . Fla ac;ric . Ex-_.:i . Stn . Bull. 536, pp . 1-1 5 . 

Reuther , W. , anc1 P . F •. Smith . 1950 . A pr elir:1ina ry ro1)ort on the 

r elation 0 f ni trogon , po tassiun, and i;iacnosiuo fertilizat i on t o 

yield, l oaf c onposi tic n , anrl tho inc i d enc 0 of zinc cloficioncy 

in oranges . Pree . AJ,i . So.c. ho r t . Sci. 5C:. : 27-33 . 



167 

Reuther, w. , anf P . F . Srnith . 1952 . Rel~tion o f nitrocon , 

pc-tc1.ssi tuJ , ::.mr:. 1:1e1.r;ncsiuu fortilizati rn t c s·.·no fru..i.t qualitios 

of Valonci n 8r' n.nr;c . Proc • . :i.r., . ,S ~i c . h ort . Sci. 22_ : 1-12 . 

Rico , E . L . 194~> . Abs'.Jr r,t i on c.1. n cl. tr:-=-..11sL1 c ati c n of .s.:u:.1c nium 

2,4- -~~ ic:hloro1)hcnox;1ac ot2.to by bo.'l!l pl E,:.~ ts . Bet . Cc.z . 

lQ2. : 301 - 311+. 

Richar~s, F. J . 1932 . Phys i o l ocic a l stu~ios in ~lant nutriti on. 

III . Further s tu1ios of tho offoct of po t ash ~o fici oncy on the 

r :.,_tc ') f r os;_ ira ti.') n in loc'l.VOS :-:, f harl ey . Arm. Bot . :E . S . 

~: 367-338 . 

Rittor , C . H. 1956 . Effects c f v~ryinc r 2 tos o f nitr~con 

fertilizo.ti c,n on younG El;Jerta tru e s . Pr :)c . Ai:1 . Soc . hort . 

Sci. 68 : 48-53 . 

Roberts, E . A. , M.D . Scuthwick, an~ D. H. PalLitor . 1948 . A 

,:iicro c hor.1ic al oxar.,ina tic,n c f McIntosh a~•~)l 0 10::1.vos showinc 

r e l a tio n of cell-wall c onstituents to ponotr a tion o f s ; ray 

solutions . Pl . Phys i ol . ~ : 557-559. 

Roc:noy , D. P. . 1952 . Entranc o ,; f nitrocon c o:01pounds throuc;h tho 

epL:. or a is of 2.1:ipl e l e2,vos . Proc . An. Soc . h :Jr t . Sci . 

59 : 99- 102 . 

Rohrbauch, P . W. 1934 . Ponetrati c n anrl 2.ccuE1u:lati on o f pe trol­

i um s ::rc>.y oils in the loa v es , t wi f,s o.nd fruit o f citrus trees . 



168 

Pl . Physiol . 2, : 699 - 730 . 

Ruc k , v.c., c..ncl F . G. Grc r,~'Jry . 1955 . :•1obility o f Hn.ncanose , 

l'L':'<C,ncsiun 2-rnl l)Otassi un in lce.f tissues . Na ture, 175 : 378 . 

Saq;ont , J . A. t a n,1. G. E . Bl ack.l!1an . 1962 . S tu ~l i cs o n fo liar 

pon otratLm. I. Fact ,:-r s c -:mtr.:,llint tl1e 2ntry of 

2 , 4 - Gichl orophenoxya c etic • 1 a cic. . J . c:;{p . B;: t . .:..1: 

Sa r g ent, J . A. , a;1c1 G. E . Bl acl::nan . 1965 . Stu:'cies e n f olia r 

ponetro.tLm . II . Tho r ol e of licht in clct -Jr n ininc tho p(me.tra ­

ti on o f 2 ,4-dichl or o:pl:en oxyil.ceti c a c ids . J . ox~' . Bc,t . l C, : 24-47 . 

Sc ott , F . H . 1950 . I nt ornnl su:: eriznti ~n o f tissues . Bot . 

Gaz . 111 : 378 - 39L~. 

Sc e1 tt , L . E . , anc1
. D . T-I . Scot t . 195 1 . Response o f ~:r apevines t 0 

s oi l and Si 1rny 2.pplic a t i ons o f 1:12- ~;nnsiur.1 sulph8.te . Pr :)c . A:-,1. 

Soc . hart . Sc i . 57 : 53-58 . 

Scott , F .H . , M. R . Sclu· ,; oder, and F . M. Turrell. 1948 . Devel op­

i;ient, c e,11 shape , subori zation o f int erna l surface and 

abscissi::n in thG 102.f of the Valencin or P.nc o , Citrus Sinensis . 

Bot . Gaz • .1.Q.2.: 381-410 . 

Shieferstein, R. H., and W. E . Loor.iis . 1959 . Development o f the 

c nticular l ayers in tho an[':i csperr:i l eaves . A1:1 . J . Bo t . 

!±.§_: 625-635 . 



169 

Sil.berst oin, O. , .e,nd S . H. ·,'ittwer . 1951 , Foliar application 

r_, f l ih o s phr:i. tic nutri ent s t o v eco t -3.bJ:..o cro1, s. Proc . An . Soc . 

h ort . Sci. 58 : 179- 190 , 

Silva Fernnn~ e s , A. M. S . 1965 . Stu 2i e s on pl ant cuticl e . 

IX . Th o peri:1e c,bility o f isol n t ecl. cuticulnr !!Gnbr a nos . 

Ann . appl. Biol . .L§.: 305-313 . 

Sivac1 ji.an, J . 195G. Acti nn o f Glycerol on th.e transpira tion 

o f l oRv os e n d on the cuticula r p er n oability . Re nd , Aced . 

Sc i . 242 : 2478 - 2479 in Chen . Abstr . 50: 14891 . 

Skc s s , J .D. 1955 . Structure and c nn position a f p l a nt cuticl e 

in r ol 2tio n t o cnvironnont ::ll f c:.c t c r s anc1. pon10abili.ty. Be t . 

Gaz . 117 : 55-72 . 

Snith, P . 1966 . Loa f a n P.,lysis o f citrus, pp . 208-288 i.n 

Child ers, N. F . , od ., Tcnpcr a t e t o T-,.c pic 2.l Fruit Nutrition . 

Rutg ers - St~ t o Univ ersity, New Bruns wick , New J e r s ey . 

Smith, P . F., W. Reuther, a nd A. W. Specht . 1950 . Mineral 

c o~position o f chlor o tic orance leav es a nd s ome obscrvati J ns 

on the relation c f sarapl e pr eparatio n technique s t o the 

interpr e t a tio n of r esults . Pl . Phys i ol . £2_ : 496-505. 

Sraith, P . Ii' ., W. Reuther, A. W. Specht, 2nd G. H2.rnciar . 1954 . 

Effect o f r1iffore:ntia l ni trce;on , ph os1Jhorus , Emel ;,1agnesiun 

supply t o younc Valenci a oranGo trees in and cul tur o o n 1;:iinoral 



170 

c orapos i tic1 n e spoci.s.lly e, f l eav os and r oots . Pl. Physi ol. 

29 : 311-9-355 . 

S•Juthwick, L ., anc'. J . K. Sho.w . 1944 . S:m e r esults in c orr cctin1_; 

mac nosium cloficioncy in a:;::,~ 110 orcha r d s . Proc . Am . So c. ha r t . 

Sci. il: 8-1 4 . 

Sou t hwic k , L ., an:1 G. F . Smith . 1945 . Further data o n c orr ect-

inc ri1acnesiurJ Joficiency i n a)J_:, l e orcha r d s . Proc . A!J. . Soc. 

hort . Sci . ~ : 6-12. 

St ev ens , N. E. 1932 . Thicknes s o f cuticle in Cra nb erry fruits. 

Alu . J . Bo t . 12_: 432- 435 . 

Strnuss , G. F . 1963 . Mc-.r n osium nitra t e spr2..ys :;_::, r ovin(; eftective . 

Ca lif. Cito 1_;r . ~ : 299 . 

Sutcliffe , J . F . 19 62 . Mineral sal t s ahsorption in pl a nts. 

pp . 96-1 06 . Oxf .-ff,__\ PorGa.rJo n Pr ess . 

Swanson , G. A., and J. B. Whitney , JR . 1953 . Stur.i os o n the 

trans l o c a ti o n of f oliar-a 1.1 I1li c~1 P32 and o·ther r adi o-isotopes 

i11 b ean p l ant s . An . J . Bc- t . ~ : 816- 823. 

Tarasov, V.M ., a nd V. F . Kovc1.l c,nko . 1967 . Dissicat i on o f apple 

shoots . Sac.lov ods tv o , No 3, 18-20 in Hort. . Abstr. l'.Z.= 6296 . 



Tayl ori G. A. 1956. The e ff ectiveness o f fi vo cl eaning 

procodur os in th e pr 0Jnratis n L• f appl e leaf s aipl cs f or 

anc,lysis . Proc . l~!" · Soc . hort . Sci. 6'(_ : 5-9 . 

171 

Tcubner 1 F. G., s . H. Wittwer., W. G. Lene , ant H. B. Tukey . 1957 . 

Sc2 e fact or s affoctin~ atscr ption nn1 transport 0 f f olier 

o.);:lied nu tricnts ct.S r ev ca.l o:"'. 1 ,y r adi o- ac ti vc iso t orus . 

Mich . a c;ric . Exi:-i . Stn . Q . B . 39:. 398-L~15 . 

Thc r no , G. F . 1958 . Fuc tor s a ff ectin~. uptake of radi oactive 

µh os ~horus by loaves and its translocaticrr t o a thor parts of 

th e 1)l an t . Ann. Bot . N. S. 22 : 38 1-398 , 

Titus, J .c ., an. ~1. D . ,Y,ynton . 1953. Tho r c., lf,,ti on.ship bot ween 

soil analysis and le.::i.f analysis in ei 5llty New York McIntosh 

appl_e orchar ds . Proc • .AL1 .. ,S oc . hort . Sci. Cl: G-26 . 

Tukoy , JR ., H. B., H. B. Tukoy, an~ S. H. Wittwer . 1959 . Loss of 

nutri onts by f~ liar l oachinG as do t or filined by r adi oisot opes, 

Proc . Am . Soc . bcrt . Sci • .2.1.: 49G-506 . 

Turrell , F . M. 1947 . Citrus loaf stcuata.: Structuro , c or~_posi­

tion , and pore size i n r 1_:_f"_ tion t o :i::onetra ti,m o f liquids . 

Bot . Gaz . 108: 476- 487 . 

Uriu , K~, ani E. C. Koc~ . 1964 . Resronso u f y ollou No~t ow~ 

apple l eaves t o foli 2.r n~:i~)lic e.t i on o f 1:1 -'.'.n t:;3.noso c..1111. zinc. 

Proc. An . Soc . hart . Sci. ~ : 25- 31. 



172 

v an Ov erbeck , J . 1955 . Absor pti cn and transloc a tion o f pl ant 

r ecula t or s . A. Rev . Pl. Physiol . 7: 355-369 . 

v c..n Ov or bcdt , J ., ::tnc1 R . Blondeau . 1954 . McJdo o f actir• n o f 

phyt •J t oxic oils . \'.'ovc:.s ,2_; 55- 65 . 

Vickory , R . S. anrl F . V. M0rc or. 1964 . Th o uptake o f sucrose by 

bean leaf tissuo . Aust . J. bi ol. Sci. 11.= 338-34 7 . 

Victor Voth , K. Uriu ., an't R . S . Bringhur s t . 1967 . Eff ect o f 

hi c h ni trot: en arplic ati.0ns on yielc'.. , earliness , fruit qunlity, 

2,n c1. l eaf c omposition o f Cnlifornia strawberri es . Proc . An . 

Soc. lurt . Sci. 2.1..= 2L~9-25 ~, . 

Volk, R., nnd C. McAuliffe . 1954 . Factors a ff ecting tho f olia r 

15 ab s or ption o f N l ::tbollod urea by t obacc o . Proc. Soi l Sci . 

Jun. . 18 : 308 -31 2 . 

Wallaca . A., R . T . Mueller , ancl M. G. Squier . 1952 . Variability 

in or a nt;c 102..v es o f tho same nGo a nd c ollected from a sin~le 

t r ee . Proc. Am. Soc . h (irt . Sci. 60 : 51-54. 

Wallihan , E . F ., and L. !fayl'!l:a nn- Hcrsc hbor e;_. 1956.. Smn.e f actors 

a ffectinc3 abs or ption. arn~ transloc a tion o f zinc in c i trus plants . 

Pl . Physiol. n: 294-299. 

Weaver, R .J., and H. R . DoRose. .. 1946 . Absorption a ncl trans­

l ocati on of 2,4-dic hlorophenoxyac etic acid . Bot . Gaz. 

107: 509-521. 



173 

Webor, A. 1966 . Macnos i um de fici ency . III. ExJa r i ucnts a n d 

i nv ost i Eati ~ns (ur i ne 1958-1 962 . Ti d sskr , Pl ~nt0avl, 

2.2_ : 494-510 i n }I:Jr t . Ai.:,s t r . l£: 37. 

Wobbor, H. J . , an _, L. D. Bc.tchel or . 1946. The ci t r us i n c: u s try . 

Vol. I, pp . 671-075 . Univ . C-:tli L Pr ess . Barkc l 0y 2,n::_ Los 

Ancol os . 

Weeks , 1} , D. , F . W. Southwick) Hack Dr ake , anL~ J . B. Stoc kol. 

1952. Tho effoct Gf r n tcs and sourc es o f ni t r oFcn , pho s ph orus 

anr~ p nt assi um. on t h 0 mi n er r:l c oii p o s i t i on c f McIn t os h f olic1ge 

and frui t c o l our . Pr 0c . A~ . So c . h ort . Sci . 60 : 11-21. 

Vfeoks , W. D., F . W. Southwick , Mn.c k Dr:::urn , nn'-~ J . E . Stoc kel. 

1958. The e ff ect c, f va r y i n r rc'ltG o f ni tr ot;on aw1 ix•t a.ssi urJ on 

t ho 1;:incr a l c on1co s i t i un o f McIntosh foli.:i. ·~o 2.nd frui t c o l c,u r . 

Pr ::c . Am. So c . h a r t . Sci . Zl= 11-1 9. 

VIG i nbor Gcr, S . H., V . E . Princ e , and L . Ibrri s . 1949 . Tes t s on 

f oli a r f ertiliza ti ~n o f p oac h tr ees wi th ur 0a . Pr e e . Ar.1. Soc. 

h a rt. Sci. 2.3_: 26- 28. 

Wont, F . W., anc1 M. Ca:ctor . 1948 . Gr owth r esp ~ns o cf tomat o 

plants t o appli ed sucrose . An . J . Bo t . 35 : 95- 106. 

Whit e , E.P ., F. B. Thonps on, and N. Brice . 1948 . Ap1, lic a tion o f 

the Dunas ;ni cro method t o pas tur e nitrogen a no.lys is. 

Ana l ys t . Z2, : 146-148 . 



174 

Wittwer, S . H., am'. F . G. Tou bn cr . 1959 . F:.ili::tr ,J.bsur :_-: tis n o-f 

nutri ents . A. Rev . Pl . Phys i ol . 10 : 13-32. 

WoodbriC~e , C. G. 1955. Mas nosi u~ defici enc y in a~pl0 in 

:Sri t ish -C •: l ombio. . Co.n . J . c.-~ri c . Sci . ,22: 350-357 . 

Wyli e , R.~. 1943. Tho r o l o o f t ho o~i ~cr ~i s i n f cli nr or can­

i zat i c· n s nn~ i ts r e l a t i ons t 0 th0 ~incr vnr i Rti ~n. 

A~ . J . Bo t . }Q: 273-280 . 

Yru1ada , Y., S . H. Witt~or, an~ M. J . Bu~ c v a c . 1964 . Pcne trnti on 

e,f i cns t hr ~mch is ri l atc~ c u ticl e s . Pl. PhysL ·l. 2.2,: 28--32. 

Yru:1.:cda, Y. , H. ,J . Buk c. vac, n.nrl .S . H. Wi t t wer. 1964. I 'm ~i n c'1. inc 

by s urf ~c e s o f isolnt ed cuti cul ~r monbr nnes. Pl . Phy s i ol . 

2.2_: 978-982. 

Yannd n , Y., S . H. Wittwer , a n (l 11 . J . Bukov nc. 1965 . Tho e ff ects 

o f ur ea on i on ~cn e tr a tion throuch isol a t ed cuticula r nembra nos 

an:1 i on u p take by l oaf c ells. Proc. Ar:i . Sci . hort . Sci . 

87: 429-432. 

Zukol, J. W., A. E . Smith, G. M. Sto n e , am·: M. E . Da vi e s . 1956 . 

Effect o f s ome f actors on tho r n t e c f ::tbs or ;;tion o f !;1al eic 

hydrazicl e . Pl. Physi.ol. .2.l: (Suppl..) y,..xi . 




