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ABSTRACT 

Effect of Foliar App lication of Urea a nd 

Ammonium Nitrate on the Dry We ight and 

Protein Conte nt of Maize Plants 

by 

Alvaro Fiallos , Master of Science 

Utah State Unive r s ity, 1969 

Major Professor: Dr. Frank B. Sa lisbury 
Department: Plant Science 

Urea and ammonium nitrate were a pplied to leaves of maize 

pla nt s growing in growth chambers on nutrient solutions co ntaining 

three differe nt conce ntrations of ammonium nitrate. Dry we ights, 

a nd the so luble protein contents of Leaves, s t erns and roots were 

measured. 

vi 

Both urea and ammonium nitrate d id increase the dry we i ghts of 

l eaves and stems when ammonium nit ra t e was used in th e nutrie nt 

so lutions (0.5 and 2.5 mM/ l iter). When nitrogen was not used in the 

nutrient s olutions, no increments of dry we ight occurred. The pro-

t ein contents of l eaves were increased for plants in the same 

nutrie n t so lutions that produced increases in the dry we i gh t s, 

exc e pt that ure a did not increase prote in contents of stems . 

The dry weights of roots were increased by foli a r applied urea 

when ammonium nitrate was used in the nutrient solutions but not 

when the nutrie nt solut ions we re without nitrogen . Ammonium nitrate 

a ppl ied to the fol iage did no t increase the dry weights of roots. 



vii 

The prot e in contents of roots were no t increased by urea or ammonium 

nitrate a pplied to the l eaves. 

The increments in the dry weights and protein contents give n by 

fo liar applied ure a were sup rio r to those of foliar applied 

ammonium nitrate, with the exce ption of the protein content of 

stems. 

(38 pages) 



INTRODUCTION 

The application of nitrogen to the Leaves of crops has become 

increasingly important, especially in those regions where high rain

fa ll rapidly Leaches out or hinders their application to the soil. 

Of all conventional compounds used in fertilization, urea, 

because of its non polar organic properties, seems to be the most 

rapidLy absorbed by the Leaves (Hinsvark, IHttwer , and Tukey, 1953). 

In addition to this, urea also increases the permeability of the 

cuticu lar membrane, stimulating in this way the uptake of nutrients 

that are simultaneously applied (Yamada, Wi ttwer, and Bukovac, 1965; 

Yamada et a l ., 1965). These advantages of urea resulted in a com

plete concentration of interest of many workers on urea to s uch an 

extent that the other nitrogenous compounds have been largely 

neglected as foliar applicants. 

Some nitrogen containing compounds such as ammonium nitrate 

have proven to be as effective or superior to urea when they are 

applied to the roots of crops (Templeman, 1961; Low and Piper, 1961; 

Court , Stephen, and Waid, 1962, 1964; Court et a l., 1963; Devine and 

Holmes, 1963a, 1963b; Stephen a nd Waid, 1963a, 1963b; Pyl'neva and 

Moso lov, 1964). Furthermore , although foliar applications of am

monium nitrate gave no significant increases of dry weight of maize 

according to Thomas (1954), increases were reported by Ivanov (1959). 

In other crops , such as s ugar bee ts, Thorne (1954, 1955, 1957) and 

Thorne a nd Wats on (1956) havp r e ported promotive effects of ammonium 
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nitrate on the yield and quality of the crop. 

The objec tives of this experiment were to eva luate the effects 

of foliar app lied ammo nium nitrate compared with those of urea , whe n 

maize plants were grown in nutrie nt so lutions containing three dif

f ere nt concentrations of ammonium nitrate. 



REVIEW OF LITERATURE 

Since ther e are ma ny r ev i ews on the foliar nutrition of plants 

(Boynton, 1954; Wittwe r and Teubne r, 1959; Dimond, 1962; Wittwer, 

1964; Franke , 1966; Mo gilner and Orioli, 1967 ; Orioli, 1967), we 

wi ll not present an exhaustive review he re. 

The nutrition of plants through the l eaves and through the 

3 

roots i s clearly a s imilar process. Foliar application of urea 

causes a r edistribution of nutrie nts flowing from the root system, 

their movement into lateral branches be ing s timulated , while move

ment in the main stem is suppressed (Shereverya, 1959). The effect 

of fo l iar app lied nitrogen on other minera ls is not yet c l ea r. Some 

workers claim that it reduces the uptake of phosphate and potassium 

as well as nitrogen by maize roots (Pavlov , 1960; Pavlov a nd Iva nov, 

1960; Barat and Das, 1962), while Dorogi (1967) reported an increased 

uptake of those e l ements . Later it was found that this effect was 

related to plant age and to the concentration of the e l eme nts avail 

able to the roots. Pavlov, I va nov and Razuvaeva (1961) found that 

when maize plants were vege t ative, foliar applied urea resulted i n a 

delay in the absorption of nitrogen through the roots , but app lica

tions during the flowering period res ulted in an enhancement. 

Grechukhina a nd Timofaeva (1961) r e ported that when the plants are 

growing in nutrient solutions high in nitroge n, foliar application of 

urea deer ased the absorbtion of this nitrogen and s lightly increased 

that of pho s phate and potassium. Earlie r, Thorne (1954) concluded 
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that when the e l ement app l i d to the leaves is high in the soi l, its 

own root absorption wi ll be decreased. 

The protein content and the dry weight of plant s have been re

port ed to increase when ni trogen compounds are applied to the l eaves. 

Thorne and Watso n (1956) , working with suga r beets, found that leaf 

s prays with ammonium nitra t e a nd urea increase the prote in yie ld and 

the weight of the leaves. They also calculated that 20 to 30 per 

ce nt of th e nitrogen in th e Lea f sprays was converted into protein 

in the l eaf laminae. Increases of protein in s pring wheat were pro

duc ed whe n urea and ammonium nitrate were applied to the l eaves 

(She r everya, 1959). Pav lov (1960) reported that in maize, protein 

conte nt in the leaves increased by 16-32 per cent, in the stem by 

25-4 1 per cent, and in the grain by 8-12 per cent , compared with 

controls not receiving foliar nitrogen . He also found that alanine 

and g lutamic acid in the root sap markedly decreased, and threonine, 

tyrosine , and phenylalanine als o decreased, but in Less proportion. 

(Ples hkov, Snmyreva, and Iva nko (1959) and Bekmukhamedova (1961) 

reported those amino acids as the mo s t abundant and the first found 

in maize plants grown on normal conce ntrations of nitrogen.) Pavlov 

exp la ined that when nitroge n is applied to the l eaves, the newly 

formed sugars are utiliz ed as acceptors of the s prayed nitrogen 

(ke to acids), decreasi ng in this way the quantity of s ugar tra nslo

cated to the roots, even though net photosy nthesis increases, and, 

as a cons eque nce, decreas es the quantity of the acceptor of NHt in 

the root s. 

The su periority of root nutrition ove r foliar nutrition has 
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beet1 reported (Thomas, l954; Tueva, l960; Forshey, l963). Mogilt1er 

at1d Orioli (l967) cot1cluded that nitrogen nutrit ion only through the 

leaves cannot produce a normal nitrogen metabolism of the whole 

plant, unless the l eaves insure the translocation of adequate nitro

gen to the roots, satisfyiag in this way their metabolic require

ments. Some reports claim superiority (Rajat and Singh, l963) and 

others similarity (Jones and Lancaster, l967) of foliar nutritioa to 

root nutrition. 
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MATERIALS AND METHODS 

The maize variety Gold e n Bantam Cross was used, and the ex peri

ment was conducted under growth chamber conditions with 13 hours of 

light, 26 C ( ~ l C) day t empe rature , 20 C (! 1 C) night temperature, 

and 70 per cent (! 5 pe r cent) relative humidity. 

Seeds were germinated on mois t vermiculite in a plastic tray. 

After a ll the seedlings had emerged , modified Hoagland's Solution 

Number l (Hoagland and Arnon, 1950) containing no nitrogen was ap

plied . (This solution wil l be referred to as Nutrient Solution.) 

When the plants reached a l ength of 10 em, they were trans

planted to polyethylene pots (l0xl0xl5 em) with vermiculite. Three 

pot s , containing 2 plants per pot, were set on plastic trays, form

ing a unit. No nitrogen was used at thi s time, because the effec 

tive ness of foliar applied nitrogen has been fo und to be higher in 

this way than when nitrogen is used as a "starter" (Thomas, 1954). 

When all the plants recovered from transplanting, the first part of 

th e ex periment was conducted. 

In order to find out the optimum concentration of nitrogen 

required under the pres e nt conditions, five concentrations (10, 6, 4, 

2, and 0 mM/liter) of urea or ammonium nitrate were applied to the 

plants of each unit. The addition of one liter of nutrient solution 

with nitrogen was r epea ted every three days without further addition 

of water. Every six days the remaining solution was thrown away, and 

the trays were washed with distilled water. The plants grew for 30 



days, after which they were harvested and analyzed (see below). The 

results are shown in Figures 1 through 4. Because of the lower 

yields of urea, it was decided to use only ammonium nitrate in the 

nutrient solution . 

After the optimum nitrogen concentration was found, the main 

section of the experiment was conducted. The plants were grown as 

described in three different concentrations of ammonium nitrate: 

zero, one-tenth, and one-half of the optimum concentration. Three 

different concentrations of ammonium nitrate or urea were app lied to 

the leaves of these plants: zero, 50, and 100 mM/ liter. The latter 

is the maximum concentration that can be applied to the leaves of 

corn without causing damage (Thomas, 1954) . 

Fo liar solutions were app lied with a manual sprayer that pro

duces a fine mist. In order to insure against contaminating the 

roots by the foliar solution, the pots were covered with plastic, 

and the stems were sealed with paraffin. The foliar solutions we r e 

applied every six days, making a total of four applications, apply

ing about 40 ml of solution each time. Before and after each foliar 

application , one pot (two plants) was weighted in order to determine 

the quantity of solution that remains on the leaves of the plants . 

This quantity varied from 1 to 80 per cent of the applied solution 

as the plant growth increased . 

Observations and measurements 

Daily observations we r e conducted and the apparent differe nc es 

of the plants noted. A sample of one unit consisting of 3 pots (6 

plan t s) was taken at the time of the first application (zero time and 
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zero growth). After 30 days the Last sample was taken, consisting of 

a lL the remaining units. The plants were divided into leaves , stems , 

and roots, and the fr es h we ight was immediately measured a ft er har

vesting. Five plants, of eac h unit, were dried in an oven at 80 C 

for 10 hours and the dry we ight de termined. The r emaining plants 

were ground in a high speed e l ectric blender with disti lled water. 

The mixture was then filt ered with gent l e suction in a Buchner fun

nel with filter paper No. 2. The filt e red mixture was diluted with 

disti lled water in a proportion of L: 10, and the Folia- Phenol Tes t 

(Lowry et al., 1951) was conducted in order to determine the so luble 

pro te in content of each part of the plant. 
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RESULTS 

The plants growing without nitrogen showed a yel lowish-green 

color that pers isted during the entire time of the experiment; in 

the older l eaves this color turned to comple t e yellow, and the tips 

dried out. The stems did not grow much, remaining very thin and 

giving to the plants a spindly look . All of the plants growing with 

out nitrogen in the nutrient solution showed these same symptoms to 

some exte nt, even though they received foliar applied nitrogen. 

Plants growing in 0.5 rnM/liter of nitrogen in the nutrient so lution 

exhibited these deficiency symptoms slight l y during the first two 

weeks of the experiments, after which they a ppeared healthy. Plants 

growing in 2.5 rnM/lit e r nitrogen remained healthy and green. All of 

the plants growing in the same nitrogen concentration appeared 

identical. 

Leaves 

Figure 5 shows the dry weights of the l eaves. The third treat

ment (100 urea-2.5) gave the largest increments above controls, and 

ne ither urea nor ammonium nitrate was effective when no nitrogen was 

give n to the roots. The protein contents of the l eaves as influenced 

by foliar applied urea and a~nonium nitrate to plants growing in 

three leve ls of a~onium nitrate in the nutrient solutions are pre

sented in Figure 6 . In this case, the combination that resulted in 

the l a rgest increment in prot~in content was 50 rnM/ l urea-2.5 rnM/l 

NH4No3 , followed by 100 rnM/1 urea-2.5 rnM/l NH
4

No
3

. Protein contents 
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were incre ased markedly by the foliar solutions when no nitrogen was 

us ed in the root solutions. 

The dry weights of the Leaves were not significantly affected 

by the foliar so lutions, variations be ing due to the nutrie nt so lu-

tions alone, but the protein contents were affected by both the 

foliar and the root solutions, producing a highly significant inter-

action (Table 1) . 

Tab l e L. Analysis of variance of dry weight and protein content of 
l eaves 

Source of Degree of Mean sguare F ratio 
variance freedom Dry weight Protein Dry weight Protein 

Foliar 
so lution 4 1.32 2.11 1. 5 L 5.75* 

Root 
solution 2 96.94 22.44 111. 04* 60. ll* 

Interaction 8 0. 77 3.57 0.88 9. 73* 

Error 30 0.87 0.37 

Total 44 

*Significant difference at 0.05 per cent. 

In Figures 7 and 8, the dry weights and protein contents of the 

stems as a function of nitrogen concentrations applied as foliar 

s prays and supp lied in nutri nt solutions are presented . Apparently 

dry we i ghts are increased more by the foliar application of urea 
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Figur e 8. Soluble protein content of stems as a function of 
nitrogen concentrations applied as foliar sprays and 
supplied in nutrient so lutions . 
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combined with 2.5 mM/1 NH4No3 in the nutrient solution, but the pro-

t e in content is higher with ammonium nitrat e a pplied to the l eaves 

and 2.5 mM/1 NH NO in the nutrie nt so lution . 
4 3 

Tab le 2 shows that the foliar and root so lut ions did have s i g-

nificant effects on the dry weight and protein contents of the 

s t ems, but they did not inte ract . 

Table 2. Ana lysis of va riance of dry weight and prot e in content of 
stems 

Sourc e of Degree of Mean sguare F ratio 
varia nc e freedom Dr:,: weight Protein Dr:,: we ight Protein 

Fo liar 
s olution 4 3 . 17 2.05 3.57* 4.54* 

Root 
so lution 48 . 89 21.26 48 . 19* 47 . 00* 

Interaction 8 l. 78 0 . 84 2.00 l. 86 

Error 30 0.89 0.45 

Tota l 44 

*S ignificant difference at 0 . 05 per cent. 

Figure 9 shows that 100 mM/ 1 ur ea with 2.5 mM/ 1 NH
4

No
3 

root 

so lutio n gave larger increment s of dry weight, while the other treat -

ments to the l eaves were not s i gnif icantly different. They can be 

grouped together by t he conce ntrations of the nutrient so lutions and 

inde pende ntly of t he compound s and the conc entrations. 
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Figure 9. Dry we i ght of roots as a function of nitrogen concentra
tions applied as foliar sprays a nd supplied in nutrient 
solutions. 
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Figure !0 indicates that the prote in contents of the !eaves 

were affected on!y by t he nutrient so lutions and not by the foliar 

s olutions. 

Dry weights of the root s were significantly affected by foliar 

and root solutions, producing a significant interaction, but the 

prote in contents were affected on!y by the root so l utions (Table 3). 

Tab!e 3. Ana l ysis of variance of dry weight and protein content of 
roots 

Source of Degree of Mean sguare F ratio 
variance freedom Dr:t weight Protein Dr:t weight Protein 

Foliar 
so lution 4 L !6 0.05 4. U * 0. !8 

Root 
solution 23.23 !7. 15 82 . 46* 57.62* 

Interaction 8 !.07 0.22 3 . 80* 0.73 

Error 30 0.28 0.30 

Tota ! 44 

*S ignificant difference at 0 . 05 per cent . 
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Figure 10. Solub le protein content of roots as a function of 
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DI~CUSSION AND CONCLUSIONS 

In genera l , urea seems to give larger increments of dry weight 

and protein content than ammonium nitrate, even though the differ

e nces were not significant in s ome cases . This s uperiority of urea 

may be based upon its properties as r eported by Hinsvark, Wi ttwe r , 

and Tukey (1953), Yamada, Wittwer, and Bokovac (1965), and Yamada 

et al. (1965). It cou ld also be a consequence of the use of 

ammonium nitrate in the nutrient solutions, affecting the fo liar 

absor p tion of the same compound in the same way that one e l ement may 

affect its own absorption (Thorne, 1954). This is supported by the 

report of Ivanov (1959), who found a reduction of the folia r surface 

area when ammon ium ni trate was fo liar-applied to maize growing in 

high nitrogen l eve l s in the soil. 

Ammonium nitrate, as compared with the controls (Table 4), did 

increase the dr y weigh t s and protein conte nts of Leaves and stems; 

decreasing the dry weigh t s of r oots. 

The protein contents of roots were not affec t ed by either 

fo liar appl ied urea or ammon ium nitrat e. This might be becaus e of a 

low trans location of the nutrient to the roots from the leaves. 

Probably because of the age of the plants, the foliar-applied nitro

ge n was utilized entire ly by the l eaves . Th i s was repor t ed to be 

true for young tissues (Thorne, 1957). 

The effects of urea a nd ammonium nitrate applied to the leaves 

was f ound Lo be independe nt of the conce ntration of t he compound, 



Table 4. Dry weight and protein content of maize plants as affected by foliar solutions as t he 
source of variation 

Leaves Stems Root 
Dry weight Protein Dry weight Protein Dry weight Protein 

Treatments % % % % % % 

100 
a 138.74 111.28 171.01 66.67 117.80 98.78 urea 

100 NH4N03a 118.08 101.22 l3l. 36 127 . 27 82.63 101.83 

so urea a 120 . 66 134 . 45 188 . 76 88.89 111. 44 110. 97 

50 NH4N03a 126. 94 100 . 00 132.54 ll7. 68 87.29 100 . 00 

Control 100.00 100 . 00 100 .00 100.00 100.00 100 . 00 

amM per liter . 
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and always re lated to the higher concentrat ion of the ammonium 

nitrate (2.5 mM/Liter) in the root solution. To obtain the greatest 

increases in dry weights and protein contents of the plants, nitro

gen had to be applied simultaneously by both methods. 

The application of nitrogen to the Leaves of young maize plants 

under field conditions might provide some needed nitrogen through 

the leaves, and the fraction that falls on the soil will be used as 

a supplement of the non-Leached soil f e rtilizer . In this way the 

need of both applications will be partially fulfilled. 

The application of 30 liters/Ha of a 1.25 M solution (most 

popular application of urea in the corn fields of Nicaragua) wil l 

provide almost the same quantity per unit plant as the sprayed solu

tions in our experiment (0.4 to 32 and 0.5 to 43 mg/plant of urea 

and ammonium nitrate respectively, taking l and 80 per cent of the 

total applied solution as the fraction that remains on the leaves) . 

With the use of the "Low Volume" system of aerial spray, we 

might be able to apply saturated solutions of urea or ammonium 

nitrate without much injury to the leaves, providing in this way 

more nitrogen to the leaves and to the soil. Further experiments 

are needed to make suitable field recommendations. 
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SUMMARY 

Foliar applied ammonium nitrate increased dry weights of l eaves 

and stems of maize plants but decreased dry weights of roots. 

Ammonium nitrate as a fo l iar a ppl icant did not affect protein con

tents of leaves or roots, but increased protein contents o f s tems . 

Foliar sprays of urea gave larger dry weight increments than 

ammonium nitrate for the different parts of the plant, but these 

differences were not significant for l eaves. The protein contents 

of leaves were increased by foliar app l ied urea, being significantly 

different from protein content s due to ammonium nitrate . The protein 

contents of stems and roots were decreased by foliar applied urea . 

The increments of dry weight a nd protein content were independ

ent of the concentrations of the foliar-app lied solutions. The 

interactions between foliar-applied and root-applied solutions were 

found to be significant for the dry weights of roots and the protein 

contents of l eaves . Even though the interactions in the others were 

not significant, urea applied to leaves, combined with higher con

centrations of ammonium nitrate in the nutrient solutions, gave bet

ter results in most cases . When ammonium nitrate was not used in 

the nutrient solutions, the foliar applicants increased neither dry 

weights nor protein contents . 
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