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all important publications that have appeared 
recently. 

The second journal, The I~ternationnl Jour- 
nal of American Linguistics, is edited by F. 
Boas and Pliny E. Goddard, with tho assist- 
ance of Professor Uhlenbeck, of Leiden, and 
Dr. W. Thalbitzer, of Copenhagen. The first 
number of the journal contains a brief intro- 
duction setting forth the object of the journal. 
Special articles which have so far appeared 
deal with the languages of Central America 
and North America. I n  the reviews a sum-
mary of worlr done by the Bureau of Ameri- 
can Ethnology is given. 

F. B. 

SPECIAL ARTICLES 

THE RELATION OF THE PLANT TO THE 


REACTION OF T H E  NUTRIENT SOLUTION 


ONE of the important factors to be con-
sidered in plant nutrition studies is the re-
action of the nutrient solution. The deter- 
mination of I1 ion concentration is oi  value, 
not only because of its general relation to 
plant growth, but also because of its bearing 
on the nature of selective absorption of ions. 
At the present time various misleading state- 
rnents cxist in the literature with regard to 
these points. I n  many cases principles which 
are elementary to the physical chemist have 
not been sufficiently appreciated by the agri- 
cultural chemist. I n  the course of extended 
studies conducted by this laboratory to deter- 
mine some effects of concentration of the 
nutrient solution on plant growth and absorp- 
tion, opportunity has been afforded for ascer- 
taining the exact reaction of the nutrient 
media under widely varying and carefully 
controlled conditions. The purpose of the 
present article is the discussion in a prelim- 
inary way of this phase of the investigation. 

It is a quite common impression that the 
plant by selective absorption may so alter the 
reaction of the nutrient solution as to produce 
extreme alkalinity or acidity. For example, 
Palladin' in describing water culture experi- 
ments states : 

1Palladin, W., "Pflanzen phy@ologie, ) ' Berlin, 
1911, p. 82. 

Wahrezld der Vegetation muss dafiir gesorgt wer- 
den, dass die Kultur fliissigkeit nieht alkalisch wird. 
Zur Bcseitigung der alkalisehen Reaktion wird so 
lange sehwache Phosphors~urel'iisung zugesetzt, bis 
die Iiiisung sebwaeh sauer reagiirt. 

Also it is often claimed that from XCl, 
R,SO,, and similar solutions the cation is 
removed at a rate so much faster than that of 
the anion that a marked acid reaction ensues, 
which may result in injury to the plant. Con-
versely a NaN03 solution is said to become 
alkaline. The evidence on which these ideas 
are based is very slight. Some of the experi- 
ments quoted were performed many years ago, 
when chemical methods and principles were in 
a relatively imperfect stage of development. 
The condition of acidity of alkalinity in most 
of the investigations has been measured by 
various titrations, which for this purpose are 
subject to misinterpretation, as pointed out 
in a previous article.* 

I n  the latter investigation experiments with 
barley seedlings indicated a strong tendency 
on the part of the plant to change the re- 
action of various potassium phosphate solu- 
tions in the direction of neutrality; either 
acid or alkaline solutions soon attained a H 
ion concentration equivalent to approximately 
PIX7.0, while neutral solutions remained un- 
altered in reaction. These experiments have 
now been extended to other solutions including 
complete nutrient solutions, and observations 
have been made at  all stages in the growth 
cycle of the barley plant. Also several va-
rieties of beans have been used. The experi- 
ments were carried out by means of sand and 
water cultures, which will be described else- 
where. I t  will suffice to state here that the 
technique was such as to permit of the pro- 
duction of normal, well matured plants. I n  
every instance, without exception, nutrient 
solutions with an acid reaction reached an 
approximately neutral reaction after contact 
with the plant roots for varying periods of 
time. Even where plants were grown to matu- 
rity without change of solution, the neutral 

2 Hoagland, D. R., "Soil Science," Vol. III., 
No. 6, py. 547-560, 1917. 
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reaction remained constant throughout the active. The acid reaction when present waa 
entire period. The data from a number of ~ Y P - due to slightly dissociated acids, usually car- 
ical experiments are presented below. I3 ion 
concentrations were usually determined colori- 
metrically, with the methods and indicators 
described by Clarlr and L ~ b s . ~  

bonic, or to acid salts in the case of the NH4Cl 
solution. Possibly in some cases organic acids 
were formed. 

TABLE 11 
--- -- ---- -. -- -

Salt Used. 

PHoriginal solutions (1) 10.3, (2) 5.7. 
Barley plants grown seven weeks in complete 

nutrient solutions. 

Very striking is the change induced in the 
K,P04 solution. From a condition of intense 
allralinity the solution became approximately 
neutral. The NH4Cl solution retained an 
acid reaction. This would necessarily be the 
case as long as any NH4CI remained un-
absorbed. The H ion concentration was 
slightly increased after contact with the plant, 
but less than would occur if even 1 p.p.m. of 
residual HCI were formed. Analysis of tho 
solution showed a considerable absorption of 
both ions, but about 5 per cent. more WH, 
than C1 was removed. The balance was re-
stored, however, by the excretion from the 
plant of equivalent quantities of other bases, 
chiefly calcium. There is no evidence that 
NH,OH was absorbed with the formation of a 
residue of HC1. At least neither the analysis 
nor the reaction indicates that the absorption 
took this course. 

After boiling the NaNO, solution gave an 
OH ion concentration similar to that pro-
duced by the hydrolysis of Na,CO,. The 
residual solutions of NaNO, and KC1 were 
analyzed with the following results. 

From the above i t  may be inferred that part 
of the NO, was removed simultaneously with 
an equivalent quantity of Na, but more NO, 
than Na was absorbed, HCO, ion entering or 
being formed in the solution to restore the 

Reac-
tion at Reaction 

Time of Begin- After Con- 
Contact ning, tact with 

Plant, PH 

/ 
1 reek / 

22 hrs. 1 
36 hrs. 1 
50 brs. 1 
96 hrs. 

12week: 

Description Of 
Plant solution 

Barley grown Complete 
to maturity. nutrient 
No change of 1500 p.p.m. 
solution 

Barley 6 weeks / Conlplete I 
nutrient 
2500 p.p.nr. /Barley 7 weeks Complete 
nutrient 
1500 p.p.m. /Barley 7 weekn/ Complete 
nutrient 
1500 p.p.m. 

Barley 7 weeks Complete1 /
nutrient 
5000 p.p.m. 

Complete1 
nutrient 

/ 
5000 p.p.m. 

Complete 
nutrient 
300, 1000, 
2500 p.p.m. 

Barley 7 weeks 

Barley grown 
to maturity 

Chemical analyses of the solutions made it 
clear that the change in reaction had been the 
result of selective absorption from the various 
phosphoric acid anions, accompanied by an 
equivalent removal of positive ions. A marked 
regulatory absorption is apparent. 

Other experiments were made in which bar- 
ley plants were grown for seven weeks in 
favorable nutrient solutions and then trans-
ferred (after thoroughly washing the roots in 
distilled water) to solutions of XCI, K,SO,, 
MgSO,, K,PO,, NI-14Cl and NaNO,. The 
reactions of the solutions were tested after 
varying periods of contact from a few hours 
to forty days. I n  no case was a condition 
either of excessive OI-I ion or H ion concentra- 
tion produced, although absorption had been 

s.Clark, W. M., and Lubs, H. A., JOUT. Bwlog. 
Chem., Vol. XXV., No. 3, pp. 479-510, 1916. 
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TABLE I11 

Analyses of Solutions 
.. ---

/ N ~ N O ~solution

1 A t  1 g::
Begin- tact 

I K C ~Solutjon 

Par 
Cent. 
Ab-
aorp  
tion-

/P.P.rn. p.p.m 
Ca. . . I  . . . .  11 
Mp . . I  . . . . . . .  
K . . . j . . . . . . .  
Na . . I  690 329 
HC0a 1 . . . .  517 

41.1 

41.3 

-
Barley plants grown seven weeks in complete nu- 

trient solutions. 
Contact with NaNO, and KC1 solutions 39 days. 

balance. This ion in equilibrium with dis-
solved GO, brought about a neutral reaction 
in the solution actually in contact with the 
plant. Frem the KC1 solution I< and C1 were 
absorbed in equivalent quantities. On the 
basis of these results it is clear that the 
selective action for NO,, while i t  does not of 
itself cause any injurious reaction, might 
eventually give rise to an alkaline condition 
in the soil as a result of the accumulation of 
Na,CO,. This is in accord with the usual 
conception. I'Iowever, i t  is not easy to each 
the conclusion that KC1, K,SO,, etc., could 
bring about an acid reaction in a similar 
manner. That such a result actually occurs 
in the soil as the result of salt treatments has 
been shown by Sharp and the author4 and by 
P l ~ ~ m m e r , ~but the increase in the intensity 
of acidity may be asci.ibed to interreactions 
in the chemical system of the soil, irrespective 
of plant absorption. 

The extensive analyses of Pantanellie would 
indicate that in the case of alnlost every salt, 
after a few hours contact, the plant has ab- 
sorbed more of one ion than the other. Never-
theless in the periods of time in question only 

4 Sharp, L. T., and Hoagland, D. R., Jour. Agr. 
Res., Vol. VII., No. 3, pp. 123-146, 1916. 

5 Plummer, J. E., Jour. Agr. Res., Vol. XII., N:o. 
1,pp. 19-31, 1918. 

6 Pantanelli, E., Jahrb. f .  wissen. Botanik, Vol. 
56, pp. 689-733, 1915. 

minute quantities were removed and the ex- 
change of ions between the plant and solu- 
tion was not excluded from consideration. 
The researches of NathansorlT show the pos- 
sibility of such an exchange. For example, 
the absorption of N O ,  by certain alga may 
be accompanied by a loss of C1 from the 
p l ~ n t .  Nathanson emphasizes the necessity 
of a state of equilibrium in the solution and 
i t  is sclf-evident that the equivalcnce of posi- 
tive and negative ions must be maintained. 
Thus, if K is to be selectively absorbed from 
a KC1 solution it must bc as! ROII, with a 
residue of HCl. The determinations of re-
action and analyses of residual solutions are 
not in favor of this mechanism. I t  would 
seen1 the final result must be either the 
equivalent absorption of both ions or the ex- 
change of ions between plant and solution. 
I n  a complex nutrient solution or in the soil 
unlimited possibilities of combination exist. 

It is true of course that much evidence has 
been adduced by l'antanelli, Nathanson and 
otllers in support of the hypothesis of the 
absorption of ions as such, but no evidence 
obtained from a study of the nutrient solution 
seems capable of conclusively demonstrating 
the prccise mechanism of the intermediate 
steps in the absorption. I n  this general con- 
nection the universally known work of Loeb 
and Osterhout bearing on the ionic nature of 
antagonism will be recalled. I n  any case, 
whether molecular or ionic absorption or ionic 
exchange is concerned the resultant solutions 
do not attain a concentration of H ion or OH 
ion indicative of the presence of highly dis- 
sociated acids or bases, while in complex 
nutrient solutions ail approximately neutral 
reaction is prodlxced as a result of absorption 
by the plant. 

Ir 
The nature of acid soils and their relation 

to crop growth have been among the topics 
most widely discussed by soil chemists. The 
common occurrence of soils distinctly acid (in 
the physical chemical sense) has been pointed 

7 Nathanson, A., Jahrb. f. wissen. Botanilc, Vol. 
38, pp. 241-290, 1902-03; Vol. 40, pp. 403-442, 
1904; VO~.39, pp. 607-644, 1903-04. 
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out by Gillespies and by Sharp and the 
a~thor.~~"ecently Plummer6 has confirmed 
these views and presented much additional 
data. It is often assumed that most agri-
cultural plants require a slightly alkaline re- 
action in the soil. Previous work has shown 
that a reaction of PH5.0 is in no way in- 
hibitive to the growth of barley seedlings. 
This point has been investigated further, with 
the use of several varieties of beans in sand 
cultures. The solutions were changed with 
sufficient frequency to maintain constantly an 
acid reaction. No evidence of injury was ap- 
parent. Truog1° upholds the view that the 
acidity per se is not ordinarily the limiting 
factor in acid soils. 

With reference to the latter point i t  may be 
of interest to preseiit some observations made 
on an area of California peat soils. A11 were 
found to be decidedly acid, as follows: 

TABLE IV 

P n  of Soil Swpensions 
Descrlption of So11 P E 

1. Surface, never cropped ......... 5.4 
la. Subsoil from above ............. 6.0 
2. Surface, cropped 15 years ...... 4.9 
2a. Subsoil from above ............ 4.9 
3. Surface, 2 years in potatoes ..... 5.1 
3a. Subsoil from above ............ 4.6 
4. Surface, barley field ............ 4.5 


I n  sections where ot.hcr inhibiting factors 
of barley, oats, 

beans, potatoes, asparagus, etcv 
were produced. Incidentally i t  may be men- 

that from looto p'p.m. of No,37000 


(basis of dry soil) were found. It is evident 
that in these soils the acid reaction did not 
interfere with the growth of crops nor the 
formation of nitrates. . 

DIVISIONOF AGRICULTURALCHEMISTRY, 
~ALI.FORNIA AGRIC.EXPERIMENTSTATION 

8 Gillespie, L. J., Jour. Wash. Acad. Sci., Vol. 6, 

AN ELECTROLTHERMO-REGULATOR FOR 
WATER BATHS 

TI-IE majority of electro-thermoqtats so far 
devised and in use in paraffin ovens, incuba- 
tors and control chambers have been con-
structed to operate directly in the chamber 
itself. Such installation is not wholly de-
sirable, inasmuch as a regulator so placed is 
subjected to sudden and extreme variations of 
temperature each time the door or compart-
ment is opened. This not only interferes 
with the, stability and accurate operation of 
the instrument itself, but causes an unnec-
essary number of ('makes " and "breaks " on 
the part of the mechanism, with its attendant 
corrosion of the contaet points, and .is also 
conducive to fluctuations i s  the temperature 
caused by the unnecessary heating and slow 
cooling of the heating element. The thermo- 
regulator herewith described is designed to be 
inserted in the tubulature of the incubator, 
where i t  is immersed in the water of the water 
jacket. It is intended to be used in connec- 
tion with a secondary switch in circuit with an 
electric heating element. So employed, and 
with a moderate current passing through the 
primary circuit, the thermostat will give con- 
tinuous control within a fraction of a degree 
of the specified temperature. 

The thin brass casing C is 29.5 cm. long by 
2.5 cm. outside diameter. I t  is strengthened 
at its upper end by a collar D, which extends 
on one side to a rigid arm A. Binding 
posts B and Br are for wires leading to the 
secondary switch, which is placed in some out.. 
of-the-way situation. They are thoroughly in- 
sulated from the arm A by red fiber composi-
tion. Binding post B' is bolted securely to a 
curved saddle-piece 8,in which is suspended 
a bent lever L. Platinum points P and P' of 

D. R.HOACLANDgenerous size are soldered to binding post B 
and lever L respectively, while a no. 3 cover 
glass T is cemented with hard shellac to the 
vertical arm of the lever, insulating it from 
the restof the mechanism. 

No. 1,pp. 7-16. The thermostat operates on the principle of 
9 Hoagland, D. R., and L. T. Sharp, Jour. Agr. 

the unequal expansion of two different metals Res., Vol. XII., No. 3, pp. 139-148, 1918. 
l o  Truog, E., Soil Science, Vol. 5, No. 3, pp. 169- a coup'e' Zinc and iron make a 

196, 1918. sensitive combination; but lead and iron, alu- 


