
I 1 I 

3 .25 .30 -35 
55rin in phsmu (% 1 

For w m e n  F =. 27099+.0038S 
For men f =.26984t.Q0763S 

F I G .  1. 

The difference between the correlation coefficients for the 2 sexes 
Since the difference is less than its probable is only .016*.120. 

error, it cannot lie considered significant. 
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Interrelationship of Certain Physico-Chemical Constants of 
Plant Sap.* 

ROSS AIKEN GORTNER AND RACHEL RUDE. 

From the Division of Agricultural Biochemistry, Minnesota Agricultural 
Experiment Station. 

Increasing attention is k i n g  paid to the physico-chemical prop- 
erties of plant saps. Earlier studies were devoted almost exclu- 
sively to the problems of the osmotic concentration of the plant 
saps, particularly as related to environmental conditions. Dixon 
and :ltkins' pointed out that in order to secure uniform samples of 

* Published with the approval of the Director, as Paper No. 780, Journal 

1 Dixon, H. 11.. : i i d  Atkiiis, W. R. G., Sci. Proc. Roy. Dublin SOC., (n. 9.) 

Series, Minnesota Agricultural Experiment Station. 

1913, xiii, 432. 
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sap the plant tissues must be made permeable by freezing. They 
used liquid air for freezing the material, and later Gortner and 
Harris2 modified this method by using a simple salt and ice bath. 
Since that time a voluminous literature has accumulated3 in regard 
to the influence of geographical environment and climate on the 
osmotic properties of plant saps. In most of the work carried out 
by Harris, and Harris and Gortner the electrical conductivity of 
the tissue fluids has been recorded, in addition to osmotic concen- 
tration, but it is only recently that a new factor has been shown to 
be of importance. 

Newton and Gortner' devised a technic for the measurement of 
"bound water" i. e., the water which appears to be associated with 
hydrophilic colloids and consequently is differentiated from the free 
water which is free to dissolve organic and inorganic solutes. New- 

', ' has demonstrated that a measurement of bound water con- 
tent is of great importance in the study of winter hardiness of 
plants, and in similar unpublished work Newton has likewise dem- 
onstrated that measurements of bound water are of importance in 
studying problems of drought resistance. Robinson's showed 
bound water to be a factor in ecological problems of insects. Gort- 
nerl' has called attention to some of the relationships involving free 
and bound water as affecting biological problems. 

Recently Meyer" has made a study of the physico-chemical prop- 
erties of plant saps from a series of mesophytic plants from Ohio. 
He  records the % of water in the fresh leaves, the amount of sap 
yielded by 100 gm. of fresh leaves under a pressure of 5,000 pounds 
to the square inch, the % of total water expressed from the leaves, 
the osmotic concentration of the expressed sap, the total solids in 
the expressed sap, and the bound water in the expressed sap deter- 
mined by the method of Newton and Gortner. 

2 Gortner, R. A., and Harris, J. A., Plant World, 1914, xvii, 49. 
3 For representative publications see the bibliography in the paper by Harris, 

4 Newton, R, and Gortner, R. A, Bot. Gaz., 1922, lxxiv, 442. 
5 Newton, R., J .  Agr .  Sci., 1922, xii, 1. 
6 Newton R., J .  Agr.  Sci., 1924, xiv, 178. 
7 Newton, R., University of Alberta, Coll. of Agr. Research Bull. No. 1, 

8 Robinson, William, J .  Econ. Entomol., 1927, xx, 80. 
9 Robinson, William, Colloid Symposium Monograph, Vol. V, Chemical Cats- 

log &., N. Y., 1928, p. 199. 
10 Gortner, R. A., " Adsorption and Vital Phenomena, " in Mayo Foundation 

Lectures on Biologic Aspects of Colloidal and Physiologic Chemistry, Saunders 
and Co., Philadelphia, 1927, p. 133. 

J. A., Gortner, R. A., e t  al., J .  A g r .  Res., 1924, xxvii, 893. 

1923, p. 53. 

11 Mcyer, B. S., Oliio J .  o f  Sci., 1927, xxvii, 263. 
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Inasmuch as there are but few data on bound-water determina- 
tions and most of these data are on a limited number of plant types, 
it seemed worth while to ascertain whether or  not there was any 
direct relationship between the bound-water content of the plant 
saps studied by Meyer and any of the other values which he records. 

We have accordingly calculated the coefficients of correlation, 
using the formula suggested by Harris,“ for all of the various 
combinations possible f rorn Meyer’s data. In some instances, one 
or another of the values was lacking, which explains why the 
“number of determinations” varies from set to set. W e  have like- 
\vise calculated the coefficients of correlation for the ligneous forms 
and for the herbaceous forins separately, inasmuch as  Harris, Gort- 
ner, La\\-rence, et ‘ ‘ 9  have shown that ligneous forms may 
differ markedly from herbaceous forms in regard to the magnitude 
and relationship of the physico-chemical constants of the plant saps. 

Table I shows the coefi’icients of correlation which were o b  
tainetl between the various physico-chemical constants of the plant 
saps, as  listed i n  Table I of the paper liy Meyer.” I t  is unnecessary 
to discuss this table a t  length. 

I t  will be noted that there is no significant relationship between 
the osmotic pressure and bound water, although in the ligneous 
forms there appears to be a slight tendency toward an  increased 
bound-water content with increased osmotic pressure. However, 
this is less than twice its probable error, and in the herbaceous 
forms the reverse relationship occurs, although here again the co- 
efficient is only slightly more than twice its probable error. Com- 
bining both forms, there is no appreciable correlation. 

Essentially the same relationships hold when we consider the 
total solids in the sap, and bound water, a positive correlation in the 
ligneous forms which is barely more than its probable error, a 
slightly larger negative relationship in the herbaceous forms, and a 
positive correlation nearly 3 times its probable error when both 
forms are combined. 

When we consider the total solids in the sap, and the osmotic 
pressure, we find, as  one would expect, a high correlation. Inas- 
much as the osmotic pressure is due to dissolved solutes, one should 
find a perfect correlation, providing all of the dissolved solutes 

1 2  Harris, J. A., Am. Nat., 1910, xliv, 693. 
13 Harris, J. -4., Gortner, R. A., and Lawrence, J. V., J .  Phya. Chern., 1921, xxv, 

1 4  Harris, J. A., Lawrence, J. V., and Gortner, R. A., Physwl .  Res., 1916, ii, 1. 
15 Harris, J. A., Gortner, R. A., Hoffman, W. F., Lawrence, J. V., and Valen- 

122. 

tine, A. T., J .  A g r .  Res., 1924, xxvii, 893. 
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The relationship between % of total water expressed and bound 
water yields a positive correlation approximately 3 times its proba- 
ble error for ligneous forms, a negative correlation slightly more 
than twice its probable error for the herbaceous forms, and with 
both forms combined a correlation of essentially no value. It 
would appear that in this case, as the amount of total water ex- 
pressed increases, the bound water increases for the ligneous forms, 
indicating that the true protoplasmic contents may increase in the 
last portions of n-ater from the ligneous plants, whereas the first 
portions of water expressed from the herbaceous plants may be 
richer in the true protoplasmic contents. In any event, the 2 forms 
are sharply differentiated by this comparison. 

Considering the % of total water expressed in relation to the total 
solids in the sap, we find no significant correlation for either ligneous 
or herbaceous forms, although for both forms combined we have 
a negative correlatim approsinlately twice its probable error. 

For % of total water expressed an& osmotic pressure there is a 
negative correlation for the ligneous forms which is not significant, 
a positive correlation nearly twice its probable error for herbaceous 
forms, and a slight negative correlation, probably statistically in- 
significant, for both forms combined. 

For the percentage of total water expressed and the original 
moisture content of the leaves there is a significant positive corre- 
lation for the ligneous forms, a somewhat higher negative correla- 
tion for the herbaceous forms, and a significant positive correlation 
for both forms combined. These values indicate that the percentage 
of total water expressed increases with the increase of the moisture 
content of the leaves for ligneous fornis, but decreases with in- 
creased moisture content of the leaves for herbaceous forms. This 
is rather surprising, and further data are desirable on this point. 

For the relationship of the water content of the leaves and bound 
water we have in all cases a slight positive correlation, indicating 
that as the water content of the leaves increases, there is a tendency 
for the bound water to increase. In the case of the ligneous and 
the herbaceous forms separately the correlation is less than 3 times 
the probable error. For both forms together the correlation becomes 
insignificant. 

For the water content of the leaves and the osmotic pressure of 
the expressed sap, there is a slight negative correlation, which is 
probably not significant, in the case of the ligneous forms, the cor- 
relation being less than ttvice its prdlxible error. In the case of the 
herbaceous forms, however, there is a large negative correlation, 
and for both forms together a significant negative correlation. This 
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indicates that in the herbaceous forms an increase of moisture con- 
tent in the leaves causes a marked decrease in osmotic pressure, 
whereas for the ligneous forms the decrease, if it occurs, is relatively 
slight. 

For the water content of the leaves and the total solids in the 
sap we have again a negative correlation, both for the ligneous and 
for the herbaceous forms, as well as for the 2 forms combined. 
Here again, the ligneous forms show a much lower correlation than 
do the herbaceous forms, indicating that physiologically the 2 
forms differ to a very marked extent. 

I t  will be noted that in none of the series in which bound water is 
a factor do we find high coefficients of correlation. This justifies the 
labor necessary for making these calculations, inasmuch as it dem- 
onstrates that the measurement of bound water in a plant sap is the 
measurement of a factor which is essentially independent of the 
properties which have previously been measured, and that the 
bound-water values cannot be obtained from any of the ordinary 
measurements. Consequently these data can be taken as indicating 
that measurements of bound water may prove helpful in studying 
the properties of plant saps as related to geographical distribution. 

Another point brought out by the table has already been referred 
to, namely, the marked differences which are shown in certain of the 
relationships, when one compares ligneous with herbaceous plant 
forms. I t  should be obvious that there is a marked difference in the 
physico-chemical properties of the plant saps of these two forms, as 
has already been pointed out? l5 

3984 

Improved Method for the Extraction of Melanin from Human Urine. 

GRACE MEDES AND HILDING BERGLUND. 
From the Medical Service of the University Hospital, Minneapolis. 

The futility in expecting to obtain an unaltered metabolic product 
of a complex character like human or animal melanin after pro- 
longed boiling with caustic or concentrated mineral acids, was 
pointed out by Gortner'. The method of isolation of urinary 
melanin by direct precipitation of the urine either with basic lead 
acetate or with barium hydroxide suffers from the disadvantage 

1 Gortner, R. A., J .  BWZ. Chem., 1910, viii, 341. 


