
per acre increased the: soil acidity very 
significantly for a t  leaist the duration of 
the experiment, which was 3 months. 

Before the addition of straw, soils 
containing the nitrates of calcium and 
magnesium were slightly more acid 
than those containing the carbonates of 
calcium and magnesium. After the 
addition of straw, the acidity in the soil 
treated with the nitrates increased very 
significantly over the soil treated with 
carbonates, even though nitrogen levels 
in all treatments were equivalent. 

Sodium nitrate in the calcium and 
magnesium nitrate treatments exerted 
a significant effect in counteracting 
acidity between 2 and 3 months after 
straw addition. However, where cal- 
cium and magnesium were not present, 
sodium nitrate and straw resulted in 
more soil acidity than straw alone. 
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Foliar Applications to Vegetable Crops 
R. 1. I'SAACS, Jr., and J. 6. HESTER 
Department of Agricultural Roroarch, Campbell Soup Co., Riverton, N. J. 

Urea spray with a suitable wetting agent applied to the foliage in the regular spray 
program for control of insects and disease has proved very effective in supplying nitrogen 
to ceirtain vegetable crops. Urea and ammonium nitrate in equal mixture can be used 
for certain vegetable crops at a greater concentration than either material alone. 

HE UTILIZATION OF NUTRIENTS T through the leaves of plants has 
been investigated by a number of 
workers (2, 3, 5,  6, 8). For several years 
it has been known ( I ,  4, 7) that such 
deficiencies as iron and manganese can 
be corrected through foliage application 
of these elements. Compounds like 
urea and ammonium nitrate are rather 
effective in supplying a readily available 
source of nitrogen for the plants, par- 
ticularly where plants are often sprayed 
or have a low nitrogen-consumption ca- 
pacity. The  object of this presentation 
is to explain the experiences of the 
authors with foliar sprays. 

Variability of Tokranco of Plants 

Tomatoes will tolerate only between 
4 and 5 pounds of urea per 100 gallons of 
water when used as a spray material a t  
the rate of 150 gallons per acre. The  
recommended pest-control spray pro- 
gram for tomatoes conaists of five to seven 
sprays of insecticides and fungicides per 
crop, applied a t  the rate of 150 gallons 
per acre. It, therefore, becomes obvious 
that a moderate amount of nitrogen can 
be applied as urea spray as part of the 
regular spray program[. It has been the 
experience of the authors that urea is 

compatible with the fungicides and in- 
secticides ordinarily applied. 

Ten  sprays of urea a t  weekly intervals 
plus 1500 pounds of a n  0-10-10 (N- 
PzOa-KsO) fertilizer mixture as com- 
pared to 1500 pounds of a 5-10-10 alone 
produced nearly comparable yields. 
This work was continued for a 2-year 
period and then the better program 
seemed to be to apply part  of the nitro- 
gen in a 3-10-10 (or 3-12-12) fertilizer 
mixture and the balance as a spray. 
Table I shows comparable results with 
the urea spray as the source of nitrogen. 

In carrot production, however, the 
situation is different. U p  to 30 pounds 
of urea per 100 gallons of water can be 
used effectively, but the suggested rate is 
20 pounds per 100 gallons. If this pro- 
cedure is combined with the three or 
four sprays normally applied to control 
diseases and insects, a considerable por- 
tion of the nitrogen used by carrots can 
be supplied. 

The  original experiments with carrots 
were designed to supply all of the nitro- 
gen from urea spray, in which case a ton 
of 0-10-10 fertilizer was applied broad- 
cast previous to planting. Later experi- 
ments indicated that it was desirable to 
applp  part of the nitrogen as commercial 
fertilizer, using a 3-10-10 or a similar 

grade and supplementing with the urea 
spray (Table 11). 

So far no chemical reaction of the urea 
spray with the insecticides and fungicides 
normally used with tomatoes and carrots 
has been observed. 

Urea and Ammonium N h ? e  Mixture 

Experimentation was started with the 
use of urea and ammonium nitrate com- 
bination sprays. I t  was found that more 
nitrogen couid be applied without injury 
using this combination than using urea 
or ammonium nitrate alone. I n  fact, 
the application of nitrogen in the form of 
spray could be doubled in almost all 
cases. However, ammonium nitrate 
could not be used with arsenicals unless 
lime was included in the mixture. 

I t  is the practice of a number of 
growers, particularly in southern New 
Jersey, to use calcium arsenate a t  the 
recommended rates of 4 to 6 pounds per 
100 gallons of water without lime. 
Under these circumstances ammonium 
nitrate appeared to increase the solu- 
bility of the arsenate to such an  extent 
as to cause toxicity. Therefore, it is un- 
desirable to use ammonium nitrate with- 
out lime in the spray mixture. O n  the 
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Table 1. Influence of Urea Spray upon Yield of Tomatoes 

Year Treatmenta 

1949 0-10-10 
0-10-10 + N spray 
5-10-10 

1950 0-10-10 
0-10-10 + N spray 
5-10-10 

1951 0-10-10 
3-10-10 + N spray 
5-10-10 

1952 0-10-10 
3-10-10 + N spray 
5-10-10 

0 Nitrogen added as spray to equal 5-10-10. 

Tons per Acre 
Rutgers Garden State 

7.41 
7 .64  
7 72 
7 17 
9 .21  

11.45 

9 .80  
11 .84  
11 .73  
10 46 
10 90 
12 25 

5 5  7 . 0  
9 . 5  

12 .9  
4 .05  
5 .65  
6 .16  

9 1  
10 2 

7 27 
9 43 

10 26 

Year 

1950 

1951 

1952 

Table I I .  Influence of Urea Spray upon Yield of Carrots 
Tons per Acre 

Soil Type Treatment Acceptable Culls Total 

Sassafras loam 0-1 0-1 0 . . .  , , .  11.02 
0-10-10 + 1 spray . . .  , , , 11.62 
0-10-10 + 2 spray . . .  . .  12.68 
0-10-10 + 3 spray . .  , , , 14.03  
5-10-10 . .  , , , 11.54 

Evesboro loamy No spray + 0-10-10 8 .35  2 .12  10.47 
fine sand 0-10-10 + 2 spray (60 Ib. N) 8 .75  2.61 11.36 

0-10-10 + 3 spray (90 Ib. N )  9 .59  2 48 12.07 
0-10-10 + 4 spray (120 Ib. N )  10.39 2 .59  12.98 
0-10-10 + 5 spray (150 lb. N) 12.00 2 . 9 5  14.95 
5-19-10 (2000 lb.) 7 .61  3 .59  11.20 

Lt'oodstown No spray + 0-10-10 
sandy loam 0-10-10 + 2 spray 

0-10-10 + 3 spray 
0-10-10 + 4 spray 
0-10-10 + 5 spray 
5-10-10 (2000 lb.) 
NO spray + 3-10-10 
3-10-10 + 2 spray 
3-10-10 + 3 spray 
3-10-10 + 4 spray 
5-10-10 (2000 Ib.) 

Evesboro loamy 
fine sand 

17 26 3 44 20 70 

5 15 1 27 6 42 
6 78 1 77 8 55 

10 68 1 70 12 38 
11 15 1 60 12 75 
10 09 1 80 1 1  89 

other hand. Ivhere nitrogen is being ap- 
plied without an insecticide or fungicide, 
it is desirable to use the mixture of urea 
and ammonium nitrate. in order to apply 
: ' ,c  maximum amount of nitrogen tvith- 
out injury. 

Tomato Plant Production 
In  tomato plant production \\.here ni- 

I , q ' n  \vas the only limiting [actor, the 
spray program was beneficial in growing 
the plants to a shipping size. Where 
potash or phosphorus was a limiting fac- 
tor, the use of nitrogen spray actually 

2000 Ib. 5-1 0-10 fertilizer 

accentuated the other deficiencies or did 
no good a t  all. 

Complete N-P-K Sprays 
It has been reported in the literature 

that plant nutrients (nitrogen, phos- 
phorus: potassium. and particularly mag- 
nesium) are absorbed through the leaves 
and stems of the plants. This is un- 
questionably true. The  authors have 
observed that nitrogen and potassium 
also Irach from the leaves of th- tomato 
plant during rscessive rainfall; i t  is not 
a onc.-\va)- phcnornenon. 

3-10-10 fertilizer and no spray 

Investigations were initiated to ascei- 
tain if tomato plants grown on soils 
poorly supplied with nutrients and show- 
ing both phosphorus and nitrogen de- 
ficiencies could absorb plant nutrients 
through the leaves. Using a Tifton 
sandy loam with an  acid soil reaction and 
a depleted phosphorus and potash con- 
dition, tomato plants grown without fer- 
tilizer in the row were sprayed with com- 
plete mixtures (specially prepared 7- 
7-14, 10-52-17, and 13-26-13) as fie11 
as urea alone. The  plants absorbed the 
plant nutrients but sacrificed it to the 
soil. I t  is obvious that there is a com- 
petition between the soil and the plants 
for certain plant nutrients. particularly 
phosphates The  phosphates did not 
increase the growth or phosphate con- 
tent of the sprayed plants. 

The  soil must be supplied with phos- 
phatic materia1s;jf the plant is to be able 
to utilize the nitrogen and potash in the 
form of spray material. Perhaps much 
of the literature on the subject of the 
ready absorption of the nutrients. par- 
ticularly phosphate, is based on sand cul- 
ture work. M here there is no competition 
between the plant and soil. 
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