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UPTAKE OF NUTRIENTS FROM LEAF
SPRAYS BY AGRICULTURAL CROPS

By

G. N. TnonNr
I\TRoDrcrroN

Interest in the application ol fertilizers in sprays has increased
in recent years because of the development of concentrated highly
soluble fertilizers, and because the increasing use of machinery for
sprat.ing insecticides, weed-killers, etc., and Ior overhead irrigation,
facititates the application of nutrients in sprays. The efiects of
nutrient sprays are frequently ascribed to nutrient uptake by the
leaves; Ior example such a claim is made by Secrett (1949) to ex-
plain the beneficial results obtained from the irrigation of a cauli-
hower crop with water containing I part in 20,000;I KNO3. In an
experiment on irrigated sugar beet, in which 12 inches of irrigation
walter were applied during the season, the application oI nitrogen
in the lvater caused a greater increase in the yield of tops than
application to the soil at sowing (Results of field experiments for
1049. Rothamsted). However. in this experiment and in Secrett's
irrigations the amount of ll'ater applied was so great that most of
the contained nutrient must have fallen on the soil, and not been re-
tained by the leaves, so that the difference between solid and spray
application of fertilizer uas probably not due to leaf absorption,
bui to the sustained suppll' of nutrients throughout the season,
resulting from the repeated irrigations. \l'ork was started at
Rothamsted in I 950 to determine whether plants can absorb appreci-
able quantities oJ nutrients Jrom leal spral's, and to investigate the
conditions that affect the amounts so absorbed.

POT EXPERIME\TS

Pot experiments were done in which the soil was protected so
that the spray could not reach the roots (Thome, 1954). Spraying
barlev, Brussels sprouts, French beans, tomato and sugar beet daily
for several weeks with a solution containing nitrogen, phosphorus
and ootassium increased the content of all three nutrients and dry
weight oI plants of all the slxcies. Increase in nutrient content
occurred whether nutrient supply to the roots was high or low, and
was approximately proportional to the concentration of nutrient in
the spray and the frequency of spraying. Previously, Lewis (1936)
had found that the phosPhorus content, but not the nitrogen or
potassium contents, of lettuces growing in a phosphorusdeficient
soil was increased by spraying the leaves daily for 5 weeks with a
solution containing nitrogen, phosphorus and potassium.

These experiments established that sprays containing several
nutrients could increase the nutrient content of plants by as much as
lOo per cent, and might in some circumstances cause similar increases
in dry *eight. They did not prove, however, that nitrogen, phos-
phorus and potassium were all absorbed by leaves, because absorp-
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tion of one nutrient by the leaves might have increased uptake ol
others bv the roots. li order to distinguish the effects of individual
nutrients, sprays supplying nitrogen,- phosphoms and potassium
seoaratelv. and in aII combinations, were tested on sugar beet
(thorne, " ig;s). Atl three nutrients were absorbed through the
ieaves. and uptake of any one of them was unafiected by the Pre-
sence of others in the s-pray. Spraying with nitrogen{ontaining
spravs increased the absoiption of'ph6sptorus and poiassium by the
r6oti lrom the soil, and potassiumln sprays increased the uptake of
ohosohorus from the soil.^ Nit.o."t. but not ohosphorus or Dotassium, fertilizer added to
the soil incieased the'leaf'area oI sugar beet, and hence also the
ouantitv oI nitroeen retained and absorbed bv the leaves from an
i--onirrn nitraie spray (Thorne, 1955). Nbne of the nutrients
aoolied to the soil affected the percentage of the nitrogen retained on
tfiE leaf that entered the olanf. Rodniv (1952) showed that apple
leaves absorb nitrogen equally easily fr6m sprays of urea, calcium
nitrate or ammonium sulphate, and the same result was lound for
susar beet (Thome, 1954i. Urea is absorbed very quickiy by the
leives of aoote. and probablv also other species (Cook and Bolrlton,
1952; Hnidvark et-a\., 19;31. In 2 hours the lower surface of
voung apDle leaves absorbed 60 per cent of the applied urea and the
irooei sd.f.ce 13 Der cent ; aftei24 hours the corresponding figures
wiie 80 and 20 pir cent. Urea uptake by the lou'er surface during
2 hours was incieased by high leai nitrogin, "lafiected -by reducing
the carbohydrate in th; le;f by shading, and reduced by adding
sucrose to the urea sPraY'

The amount of piosbhorus retained and absorbed by leaves oI
susar beet from a soaiuni phosphate spray was increased by nitrogen
fer-tilizer added to the soil, and the percentage absorbed was also
aDDarentlv slishtlv increased by nitrogen fertilizer, but unaffected
tir^ ohosoironri oi potassium (Thome, 1955). Phosphorus uptake
U'v ihe roots of swides grown in a very high phosphorus nutrient
s6lution was reduced when phosphorus was applied to the leaves
(o- 66). The uDtake of phoiphoms from a variety of compounds
ilooted in sorivs has treen'studied by Silberstein and \\'ittwer
ttd6tt. who firunh that the gro$th of t'omato, maize and French-
L".n. *"t increased by orth6-phosphoric acid and potassium and
ammonium phosphates, but mainesium phosphate and most organic
ohosohates 'had 'little effect. Autoradiographs of \t'hole plants oI
iomaio. maize and French-bean, made a few hours after applfng
radio-active ohosphorus to the leaves, showed that phosphorus is
absorbed and translocated to other parts oi the plant very rapidly
(silberstein and Wittwer, l95l ; Wittwer and Lundahl, l95l ).
ibsorpiion of sP bv swede leaves increased for 2-3 days after a

sinele'aoolication. and then remained constant for another l0 days
at;boui'50 Der cent of the amount applied (p. 67). Trebling the
concentration of the solution applied to the leaves increased the
DercentaEe absorbed slightlv, but sigrrificantly.
' Potas"siom uptake 5v iugar-beet leaves from KCI sprays was
increased bv nitiogen aiplied to the soil in the same way as was

nitroeen aid phosiphorul uptake. The percentage oi the applied
notaiium absirrbed bv the leaves appeared to be slightly increased

Ly nitrogen added t6 the soil, and- reduced by potassium The
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latter effect may be due to reduced uptake b]'the roots oI plants
with a high supply of potassium from the soil rvhen sprayed with
potassium, because there was no accumulation of unabsorb€d
potassium on the surface of the leaves (y' phosphorus uptake by
swedr:s).

The quantity of nutrient remaining on the surface of sprayed
leave; o[ sugar beet and removed by wash.ing before harvest was
small, shor+-ing that most of the nutrient reta.ined by the leaves from
sprays was absorbed. Therefore the percentage recoveries of
nutrients from sprays were greater than those obtained from ferti-
lizer applied to the soil at sowing (Thome, 1955). Usually a slightly
greater proportion of nutrient applied in sprays than 6f nut-rieni
applied to the soil remained in the tops. The dry weight increases
per unit of nutrient absorbed through the roots were greater than
for nutrient absorbed through the leaves. Both these differences
between nutrients applied to leaves and soil may be related to the
later uptake from sprays ; fertilizer nutrients weie all apptied to the
soil at.sowing, and those in the spray uere supplied iontinuously
throughout the Brov'ing season.

The mechanism of leaf absorption is not understood, Nutrients
must be able to pass through the cuticle, because urea is absorbed
by b,rth surfaces of the hvpostomatous aoole leaf (Rodnev. 1952:
C'ook and Bolrnton, 1952).' 'Bo1'nton (19;aj claims ihat ablomtion
also occurs through the stomata, but Fogg (1947) considers this
unlikely on theoretical grounds. There is a. continuous path of
hydrophilic pectic substance from discontinuities in the cutin cover-
ing l{clntosh apple leaves to the vascular bundle sheaths, along
which water-soluble substances could pass (Roberts e, al., l9a8).
Absorption continues, however, long alter the leaf is apparently dry,
and spraying with water after a phosphate spray had dried did n6t
increase phosphorus uptake by swede leaves (p. 67).

It can be concluded from pot experiments that nitrogen, phos-
phorus and potassium can all be absorbed by leaves from sprayi and
that most oI the nutrient retained on the lCaf is probably absbrbed,
often v'ithin a few days oI application. Therefoie recoveries in the
plant of nutrients applied in sprays are normally greater than of
nutrjents applied to the soil. ln spite of this, the efiects on growth of
nutrients applied in sprays were smaller than those of nutrients
applied to the soil, but this difference would not necessarily occur
in _pots- or in the field if fertilizers were applied simultaneously to
soil ;Lnd leaves.

Fruo Exprnrlrcxrs
\utrients supptied in sprays will only be absorbed bv the leaves

of field crops if the volume of solution applied per acre ii sufficientlv
sma.ll for most of it to be reta.ined by th6 leavbs and not fall on th'e
soil. Because of this limitation on the volume of spray solution, the
quantity of nutrient that can be applied in a singie spravins is
restricted by the solubility of the -fertilizers 

and the da;ger- of
scorching the leaves. Nitrogen is the best maior nutrient foradolica-
tion by this method, becausi, as both urea ind ammonium iritrate
are highly soluble and rich in nitrogen, dilute solutions contain a
relatively high concentration of nitiogen. Urea usually scorches
less than ammonium nitrate.
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Nitrogen uptalie bl sugar-beet plants from six spra] s of 3 -per
cent ammonium nitraie or an equivalent urea solution, applied--at
l0O eal. /acre in Seotember. was twice that obtained from similar
solutions applied toihe soil between the rows (Report of Rothamsted
Experimenial Station for !952, P. 67). Seventy per cent o{ the
nitiogen applied in leaf sprays, whether as a-mmonium nitrate or
urea,-was fecovered in the plant, and 30 per cent was converted into
leaf protein. The distribution in the plant was the same Jor nitrogen
absoibed through leave' or roots. In another experiment-nitrogen
uptake from four 3'4 per cent urea sprays, applied at 100 gal /acre or
fr'om one spray ot M i per cent urei afptied it 25,gal. /acre,- did not
difier sigrrificantly, although there was some scorchrng by thr more
concentiated spriy (Repolt of Rothamsted ExPerimental Station
for 1953, p. 70). Spral ing winter wheat at ear emergence $lth
3 per cent .\ Hlr-O" ai l0o g1l./acre increased the feld and nitrogen
content of srain and straq'to the same extent as appl)nng the same
solution to'ihe soit at the same time (Report of Rothamsted E\peri-
mental Station for 1953, p. 70). Nitroten applied as urea spra)'s
also had the same effect as soil dressings of urea or other nltrogenous
fertilizers on field and nitrogen content of gra"s--clover le1s, Italian
ryegrass (Lou: and Armitage, 1954; and cereals uhen given in spring
o? elr-eme.gence application (Jealott's Hill, 1953). [-rea solutions
ranging in concentration from I I to 44 Per cent were used as sPrays
and applied at 20 gal./acre. Soil dressings and urea sprays have
been sh'ou n ro be equally eflective methods oI nitrogen app]ication
to tomatoes (trlonteiaro 

-el 
ul., 1952), maize (Foy el a/., l9i3) and

susar ceme (i-lawaiian Sugar Planters' Association, t95l). I'rea
soiavs are lrequentl\ applied to aDple trees, and give rcsponses
ebual to. or betier th"an,ihose obtaii;d from soil dreisings {Fisher
1d52). Tolhurst and Bould (1952) have shoiral that nitrogen applied
to aDDle trees as urea sDraYs does not kill the clover in the coser
crop','ar do soil dressings', and that trees grotn in a non-leguminous
swird benefit Irom ure"a spra]'s, whereas all the nitrogen in a soil
dressine is utilized bv the srass.

Sorit aoolicatioi of ohlosphorus, u hich is easilv 6xed in the soil'
miehi Ud ai 6conomical meth6d of usins the elemeni, but pho'phorus
apiears to have been applied in sprays much less frequently than
nifroeen. This mav be because annual agricultural crops require
phosihorus earlv in the season when therels only a small leaf area
io reiain the spiay, and because many phosphorus compounds have
a low solubilitv. Silberstein and Wittwer (1951) report an experr-
ment in whicb-2'7 lb. Ppu per acre aPplied iu Iour sprays of ortio-
ohosohoric or elvcero-phoiphoric acid lncreased the early yield of
io-"'to"t more-tian diit l3B Ib. PrO, per acre applied to ihe soil as

superphosphate before transplaniing. However' the total ]ield
was sienifrcantlv ilcreased onlv bv the soil dressing. Sugar cane
is repo"rted to respond \r-eU to 8-tb. 

-P,OB 
per acre applied as a suP€r-

ohoiohate solution (Hawaiian Sugar Planters' Association, 1951).
' E'xamoles of soiav applicati6n of potassium are also scarce,
althoush'the resuits ihai'have been ieported indicate that the
method mav be useful. The potash content of a crop of luceme was
increased 35 per cent by the-application of 65 lb. Kp per acre in
four ootassium sulphate spravs, and equiva.lent soil dressings gave

ontv'one-third thii increaie (Report of Rothamsted Experimental
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Station for t953, p. 70). The potash content of the crop was already
high, and neither leal nor soil application caused anv increase iir
fletd. Tropical crops might beirifit from potash aiplication in
sprays. because many tropical soils are low in potassium and do not
respond well to soil dressings. The leld of sugar cane and potas-
sium per cent of dry weight of the sheaths were the same E months
after receiving 19 lb. K,O per acre as a sDrav as after 200 lb. K"O
applied to the soit (Hawaiian Sugar Pl;tek' Association, lg5i).
The potassium sprav was a 28.5 per cent solution of muriate of potash
applied from the air at l0 gal. /acre.
. Nutrients can be applied in sprays',rith each other, with pesti-

cides, herbicides, etc., or with trace elements. Several commercial
highly soluble mixed fertilizers have been developed for apptication
in solution to leaves or soil, and some have been used experiinentallv
(Gillem, 1950; Arvan and Mowry, 1954; Pirone, '1952). Th"e
concentration of salts in a mixed nutrient sDrav is limited bv their
solubility and the danger of scorching, so tfrat"several appliiations
are requred to supply the same quantity of one nutrient as cal be
applied alone in a single sprafng or as a soil dressing. When nutri-
ents are added to fungicidal or insecticidal soravs the Dh!'totoxicitv
may be increased. Aicording to Hamilton it oi- il.sai), iime addef
to the spray reduced the injury to apple foliage ciused by spraying
$'rth sodru_m or-potassium nitrate or ammonium sulphate mixed
with wettable sulphur and lead arsenate. Urea caused- less dama"ge
than other forms of nitrogen when mixed with insecticides. Vegi-
table crops were damaged by sprays conta.ining ammonium nitrite
and arsenicals unless lime was also added, but urea was safe with a
number of insecticides and fungicides (lsaacs and Hester, lg54). It
is suggested that ammonium nitrate increases and lime decreases
the solubility o{ the arsenates. A 5I per cent solution of ammonium
nitrate or a 40 per cent solution of urea u'as safely applied to winter
wheat in April, either alone or mixed with 2-4-D ip. OZ). Micro-
nutrients can be mixed with major nutrients in spiiys or applied
aJon9, q1d the small quantities r6quted can be easily-supplieil in a
single. dilute spray. -Trace-element deficiencies are irequintly due
to soil conditions making the element unavailabte to thd plani, and
are therefore often cured more easilv bv spravs than bv soil aDDlica-
tion, ,:.g., manganese deficiencv in "peas and-beetroot il-ewis: ig3g .

Wallace" and O,"gilvle, tgat; 
"n'a 

Uoion a"nii.".y i^ tr-ii; aM;;:
I.achlan, I944).

ln field experiments the effects of nutrient sDravs are usuallv of
the same order as for soil dressings, and rarely mbre than two or
three times greater. Therefore, spray applicalion does not result
in a great saving oJ fertilizer, but may be-preferable to soil applica-
tion u'hen : (l) soil conditions or a cohpetitive crop make nuiiients
from soil dressirgs unava.ilable ; (2) an accurately timed response to
fertilizer is requiied, e.g., a change'in the compoiition of a c'rop late
in the season; (3) routine applications of in*cticidal or herbicidal
sp-rays, to which nutrients can be added, are made; (4) the growth
of the crop prevents application of fertilizer to the soil but ftrmitsit to the leaves lrom a high-clearance spraver or helicopier. If
crops are to absorb nutrienti applied in spiavt throueh the'ir leaves
there must be sumcicnt leaf surface to retain the sorav. This limits
the usefulness of the application of nutrients in'spiays to annual
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agricultural crops, because those most in need of fertilizer, i.e., young
or starved crops, have only a small leaf area. Application of sprays
is liable to be more expensive than traditional methods of fertilizer
distribution, and therefore not economically justifiable, even when a
saving in fertilizer results- Thus, although it is now well established
that fertilizers applied in lea{ sprays can be absorbed by crops and
in some circumstances are more efiective than fertilizers applied to
the soi[, the method is not tikely to become very widespread. Apart
from these practical considerations, nutrient absorption through
leaves may prove very useful in theoretical studies on plant nutrition.

RBmnexces
& trfowRY,ARVAN, l-. C. & NowRy, D. T. (lg54l. High analysis waier solublc plant

Iood formulatrotrs. Agtit. Ch(mic. I l]1. 47.
BoyNroN, D. (19i4). Nutritron by (oliar applicatioa. A nu. R.:.t. Pl.

P.

Physiol. 4, 31.
CooK, J. A. & BoyNToN, D. {1952). Some Jactors altectitrg the absorption of

urea by IucIntosh apple leaves. P/o.. Aner. Soc. hort. Sci.59, a2.
FrsHER, E. G. (1952). The principles underlying foliage applications of urea

for ritrogen lertilization oI the Mclntosh apple. 7bid. 91.
Focc, G. E. (1947). Quantitative studies on the wetting oI leaves by water.

P/o.. Ro1. Soc., B,,.34, 503.
Foy, C. D., MoNrENEcRo, G. & BARBER, S. \. (19531. Foliar ,eeding of

com with urea oitrogen. Proc. Soil Sti. Sor. Aner.l7,387.
GTLLERN, C. ll95'l). Untersuchungen iiber die Wirkutrg des l-aubdiitrgemittels

" {ssimilatr " auf das PRanzenwachstum. Bodenhult ,,4,233-
I{A}rrLToN, J. M., PALMTTER, D. H. & ANDERSoN, L. C. (f943). Preliminary

tests with uramon in foliage sprays as a meatrs of regnlating the Ditrogetr
supply of apple trees. Proc. Ar er. Soc. ho . Sci. 42, 123.

H^w^IraN SUGAR PLANTERS' Assocr^TroN (1951). Cultural practices. lQrp.
Hauaiian Su,g. Erp. Sta. fot 1951, p. 8.

IITNSVARK, O. N., WrtrwER, S. H. & TuKEy, H. B. (f953). The metabclism
oI foliar-applied urea. I. Relative rates oJ ClrO, production by certair
vegetable plants treated with labeted urea. Plant Physiol.8,70.

IsAAcs, R. L. & HEsaER, J. B. {1953). Plant nukients, {oliar application to
vegetable crops. J. agnt. Food Chem.1,239.

JEArorr's HrLL RESE^RCH Sr^rroN llS53). Guide Erp. Jedhtl's H., p.50.
LEvIs, A. H. (1939). MaDganese deficiencies itr crops. l. Spraying pea crops

with solutioDs o{ manganese salts to eliminate Marsh Spot. Enp. /.
er?. Agtic.7, t'o.

LEwrs, D. (1936). A trote oD the absorption of solutes by leaves. J. Ponol.
14.39r.

Low, A. J. & ARMTTAGE, E. R. (1951). Foliar application oI oitroge! or
grassl.and. A glicultun, Loltd. 61, g6a.

MAcLacHL^li, J. D. (1944). Cotrtrcl oI water-core oI tumips by spraying
with borax. Sti. ARti.. ,327.

MoN rELARo, J., H^LL, C. B. & J\ursoN, F. S. (1952). Studiesont}leDitmgen
trutririon of tomatoes \rith {oliar sprays. Prot. Arner. Sor. hort. &i. 50,
361

PIRoNE, P. P. {1952). FeediDg platrts tbrough the leaves. Gdn J. N. Y.
Bot. Cdn 2, 4s. lHoi. Absv. 8, 14A2.)

RoBERrs, E. A., SourrrwrcK, M.D., & PALMTTER, D- H. (1948). A micro-
chemical examination of Mclntosh apple leaves showing relationship of
cell wall constituents to petretra.tion oI splay solutions. Plant Physiol.
*, 557 .

RoDNE,\., D. R. (1952). The entrance oI nitrogen compounds through the
epidermjs o{ a.pple leaves. Ploc. Arrler. Soc. horl- Sci. fi, 99.

RoTEAMSTED EXPERTMENTAL STArroN (1951). Results Fld. E p. for 1949,
Rolhamsl erb Std

SEcRErr, F. A. i1949). The use and abuse o{ artificial irrigation oD borti-
cultural crops. J. R. hort.Soc.74,2a2.

SrLBERsrErN, O. & WrrrwER, S. H. (f95f). Fotiar appticatiotr oI phosphatic
nutrients to vegetable croFs. Proc. Arner. Soc. horl. Sci. fi, l7S.
N

G,

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-76 pp 8

194

TIIoRNE, G. N. (1954). Absorption oI nitrogen, phosphorus atrd potassium
from nutrient sprays by leaves. "/. ?xp. Bot.5,37.

THoRNE, G. N. (1955). Interactions of Dihogen, phosphorus and potassium
supplied in leal sprays or in fertilize! added to the soil. J. enp. Bot. O,
2t).

ToLEURsr, J. A. H. & BouLD, C. (1953). Nutrietrt placemeDt itr relatioD to
fruit tree nutrition. IV. Experimeats v.ith urea sprays on loliage, 1952.
R?P. aglic. hon. R?s. Sta., Bristol, Jot 1952, p. 55.

WALL{CE, T. & OcrLvrE, L. (1942). Manganese deficietrcy of agricultural
and horticultural crops. SuoEary oI I[vestigatiotrs, Season 1941. ]?rr.
qrit. hort. R.s. Sta., Bristol, fol 1941, p.45.

WTTTWER, S. H. & LUND^HL, W. S. (1951). Autoradiography as aa aid itr
determining the gross absorption aEd urilizatioD of loliar-applied
nrttients. Plo t Physiol.26, 792.

https://creativecommons.org/licenses/by/4.0/

