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An Interpretation of the Cause of Water-
repellent Sandy Soils Found in Citrus ,
Groves of Central Florida 

I. W. Wander 

Citrus Experiment Station, Lake Alfred, Florida 

Several reports (5-6) have appeared in soil literature 
discussing the property which prevents the soil from being 
properly wetted by either rain or irrigation water. This 
property, water repellency, is widespread and quite pro- 
~rounced in much of the citrus-growing area of Florida. 
Under many trees a large volume of soil remains dry even 
after prolonged periods of rainfall. A drop of distilled 
water, placed on the soil, behaves as if i t  were on a 
waxetl surface. In  some cases the drop of water will 
maporate in place without any penetration; in other 
c;lses it  will gradually penetrate the soil after several 
lronrs. 

Iluring the rainy seasons of 1947 and 1948, differences 
in the prevalence of water-repellrnt soil were noted in a 
group of plots having different fertilizer treatments, 
located at  the Citrus Experinlent Station at  Lalce Alfred, 
Florida. The treatments had been in effect 10 years. 
Determinations of the relative arrlounts of water-repellent 
soil were estimated by placing a drop of distilled water 
on soil sarrlples taken from beneath trees and observing 
the time required for absorption. This was done by 
taking samples to a 6-in. depth with a stainless steel 
tube L in. in diam, turning the sample tube ripside dowu 
and placing the drop of water on the exposed soil surface. 
I f  the drop of water aid not soak into the soil within 
10  sec, the soil was listed as water repellent; if i t  did 
soak in, i t  was listed easy to wet. 1':ighty examinations 
\\ere made in each plot and the results from duplicate 
])lots combined. The results of this invcstigation arc 
shown in Table 1. 

These results indicate that fertilizer practices influence 
the amount of water repellent soil found under field con- 
ditions. I t  appears that the use of magnesium in the 
fertilizer, along with a separate application of ground 
lirrlestone to control soil pH at  about 5.8, is associated 
with the water-repellent phenonrenon. 

I t  is known that fatty acids form very insoluble soaps 
11it11 calcium, magnesium, and other metals and that these 
soaps, when dry, are extremely water ~epellent. Walcsman 
(6)  had previously cited thc presence of fatty acids, 
fats, and waxes in soils. With tlris in mind, several 
composite soil samples which exhibited the water-repellent 
property were cl~eclced for the ptesence of &tty acids. 
This was done by heating the soil ill the presence of :L 

strong sodium hydroxide solution, neutralizing with sul-
l)l~uric acid, and steam-distilling in the presence of a 
slight excess of acid. A small amount of solid material 
was obtained which gave :t test for a carboxylic acid group 

(1). 

9 dilute ether solution of the solid material obtained 

from this steam distillation, when added to subsoil, which 
wet very easily, had no effect on its wettability. EIow-
cr'r, when a dilute aqueous solution of calcium or mag 

nesium hydroxide was added to the soil, which had been 
previously treated with the ether extract, the soil be- 
came very water repellent when it was dry. 

This was further checked by treating an easily wetted 
soil with a dilute solution of stearic acid in ether. The 
ether was evaporated and then a dilute solution of either 
calcium or magnesium hydroxide was added and the soil 
(tried. Following this treatment the soil became ex-
tremely water repellent. Evidently the formation under 
field conditions of nletallic soaps results in  water-re~jollent 

TABLE I 

I'lot 
Nos. 

- -p 

l and 12 	 33-8-4-1- a  * 23 18 
40% N organic source 
JITI5.8f 

2 :i 11a1 1 :<-6-8-0-I - &  4 1 
100(%1N inorganic source 
pH 5.8t 

:::~ncl10 	 ::-6-8-2-1-4 2!) 30 
100% inorganic source 
pH 5.8'1 

-I >In(l9 3-6-8-4-1-3 23 23 
100% N inorganic source 
pH 5.8t 

.iand 8 	 3-6-8-4-1-1 0 1 
100(%1N inorganic source 
pH not co~~tvolled (4.2) 

fi:rnd 7 ::B-8-0-0-0 5 8 
100% N inorganic source 
1111not rontl.olle(1 (4.2) 

"11e figures refer to percentages of various constitue~lts 
in the fertilizer in the following order :N-PzOs-ICzO-MgO-hfn0-
CuO and as determined by A.O.A.C. rnetllods for fertilizers. 
The fertilizers indicated were applied at GO Ib per tree per 
year. 

t pH controlled with lrigh Ca limeslo~le. 

soil and a 	similar water repellency can be produced in 
tho laboratory by similar chemical combinations. 

Jacobson and Holmes ( 2 )  found that metallic soaps, 
such as magnesium stearate, are practically insoluble in 
ether, but that magnesium stearate is relatively soluble 
in methyl alcohol. Jamison's work (4) indicated that a 
water-repellent soil, extracted with ether, remains water 
repellent. With these facts in mind a sample of water-
repellent soil was extracted first with ether to remove any 
free fats and waxes, then with methyl alcohol. This 
treatment left the soil readily wettable. The methyl 
alcohol extract, when evaporated on an easily wetted soil, 
left the soil water repellent, whereas the ether extract had 
no effect. When a portion of the methyl alcohol extract 
was evt~porated to dryness, nitric and perchloric acids 
added for destructior~ of organic matter, and heat applied, 
small globules of fa t  were released. Further heat 
oxidized the fat, and the residue, when talcen up in dis- 
tilled water, gave strong magnesium and calcium tests. 
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This indicates tha t  calcium and magnesium soaps had 
been dissolved by the methyl alcohol. 

From this and other corollary information, it has been 
concluded tha t  i t  is  the formation of a water-repellent 
coating of metallic soaps on the soil particles (98% silica) 
tha t  causes the water-repellent property found in many 
Florida soils. The source and identity of the p:irticnlar 
fa t ty  acids involved have not yet been determined. 
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Near Infrared Absorprion Spectra of Uracil, 
5-Chlorouracil, and Thymine1 

J. R. Lacher, D. E. Campion, and J. D. Park 

University of Colorado, Boulder 

Infrared spect~ometry has proved very useful in study- 
ing biologically active materials ( 5 ) , particularly if they 
:ire soluble in solvents which are transparent in the s a n e  
region of t l ~ e  spectrum. I n  proteins (1, 4)  and the 
components of nucleic acids (b,3), the lack of solubility 
in other than aqueous solvents has made it necessiry to 
use thin iihns, powders, suspensions, and the like. We 
have found tha t  fused antlniony trjchloride is a polverful 
solvent for  some of these mateiinls and nearly 0.2 molar 
solutions of ur:icil, 5-ehlorourncil, and thymine wcs~e read-
ily prepared a t  100" C. After a vacuum distillation, t l ~ e  
fused anti~nony tiichloride was suitably tr:rnspnrent and 
showed only t\vo small absorption pealrs a t  1.93 and 1.42 p, 

(beliered to  I)e an 0-H stretchinq overtonr~). Tlieae peaks 
cause no trouble, since their effect i s  subtracted out with 
the bacligroi~nd. \Ve have not investig:ltcd the ahsorp- 
tion spectra of antimony chloride beyond 2.3 p, but one 
might reasonably cxpect i t  t o  be tmnsp:irent as  f a r  out 
a s  carbon tetrachloride or perhaps silver chloride. This 
aspect of the problein is being studied further. 

The near infrared spectra of the compounds reported 
in this paper \\,ere ~neasnred with a Perkin-Elmer spec- 
trometer model 12-13. A flint glass prisin and tungsten 
light source \\.ere used, with a constant slit lvidth of 0.475 
mm. The absorption cell was constructed of Moncl nlctal 
and hnd a dianieter of 2.5 and a length of 4.0 cm. Glass 
windows were used with Teflon gaskets. The eel1 was 
heated elec.trically to  100" C. 

The results obtained are shown in Fig.  1 and tabulated 
in Table 1. For  comparison we have included the ab- 
sorption spectra of phenol and acetamide. The concen-
trations are  about 0.2 molar. In addition, cl~lorouracil 

* Supported in part by the Atonlie Energy ('ommission and 
the Oftire of N:iral ltcsenrch. 

absorption curves weie run a t  0.18, 0.28, and 0.43 n101:cr. 
The effect of increasing the concentlation of cl11orour:icil 
is simply to  deepen the various absorption bands. No 
broadening chsracteristie of hydtoycn bonding was oh-
tnined, and infer tha t  in this solvent compounds are 
present in a monomeric. form. 

ah :ib ;rb 1.43 ab 0-11  
1.50 1.50 1.51 ab 1.4'3 N-11 
1.65 1.66 1.68 1.67 nit ('-11 (ring) 
ab ab 1.75 nb 1.73 C-I1 (ali~>l~atic) 
1.99 1.90 2.00 ab 2.0:) (!-0 ? 
2.13 	 2.13 2.14 2.14 ibb C-I1 (combination. 

ring) 
- - 	 ---- ~ 

Uracil, clrlorouracil, and thymine all shorn sharp, deep 
bands a t  1.50 p. Bath and Ellis ( I )  concluded from a 
study of various proteins tha t  a b ~ o ~ p t i o n  wave-a t  this 
length corresponds to the first N-I1 orestone. The very 
deep band a t  1.49 LL in the spectrum of acetamide confirms 
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