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STUDIES ON THE ABSORPTION OF AMMONIA AND NITRATE 3 

a duration of a few days, usually five or seven,' was sufficient to secure 
a root system good enough to satisfy the requirements of the experiment. 
The root system thus obtained was long and fine, and snow white in color. 
In the later part of the work, tap water was used in the preliminary cul­
ture instead of the mixture; the result was also excellent. 

When the root system reached the desired state of growth, the 
seedlings were taken out tugether with the cover of the culture vessel, 
washed thoroughly with distilled water, and then replaced in the culture 
solution for study of absorption. At the end of the experiment, the culture 
solution was made up to the original volume and amount of ammonia and 
nitrate absorbed W<JS analysed. In this case, the root system should be 
carefully washed with distilled water, since the solutes may adhere to the 
surface of the roots. In general, the amuunt of water lost by transpi­
ration within twenty four hours was about 20- 30 cc., this supplementary 
volume of water was sufficient for the washing of the roots. The seed­
lings were dried in a dry oven at 7S-80oC. and the dry weight of shoot 
and root determined separately. 

Determination of ammonia: Ammonia was estimated by the micro­
Kjehedahl method. A suitable amount of the sample was placed in a 
100 cc. long-necked, round-bottomed micro-Kjehedahl-flask and 2-6 cc. of 
standard hydrochloric acid (0.01 N) was placed in a 100 cc. receiving flask, 
using a 2 cc. micro-burette graduated to 0.01 cc. and two drops of 0.[ 

percent sodium alizarinsulphonate were added as indicator. Five cc. of 
saturated caustic potash were added to the sample through a separate 
funnel. If the sample exceeds 20 cc., it is desired to heat the micro­
Kjehedahl flask with a burner till boiling, in order to hasten the distilla­
tion of ammonia. But when the sample was less than 20CC., this heating 
was not necessary. When the heating was strong and steam powerful, 
the distillation usually lasted ten minutes. At the end of distillation the 
receiving flask must be lowered a little, allowing the outlet tube of the 
cooIer to extend above the surface of the acid, so that the inner side of 
the outlet tube may be rinsed by the water stream. The last operation is 
of great importance: if the apparatus is disconnected before the lowering 
of the receiving flask, part of the liquid in the receiving flask would remain 
in the tube. Moreover, a sudden stoppage of distillation always causes a 
backward flow. Therefore, it is advisable to lower the receiving flask and 
let the water stream pass through the tube usually for two or three minutes, 
then wash the outside of the tube with distilled water. When distillation 
was complete, the excess of HCl was titrated with o.or N NaOH, using 
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to 7.8 when carbon dioxide was driven out. The effect of filter paper on 
the reaction of distilled water and salt solutions has been found by many 
authors. ATKINS (1924) found that the reaction of soil solution was 
changes by filtering. TAMIYA and ISHlucHl (1926) found that the acidity 
of distilled water and salt solution was changed by adding filter paper 
and they ascribed the cause of this chage to the adsorption of cations by 
cellulose. Recently GUSTAFSON (1928) recognized the same fact as ATKINS 
and suggested that in clearing the soil solution from the suspended par­
ticles for pH-determination, centrifuging is better than filtering. The 
results of T AM/YA and ISHIUcHl mentioned above show that filter paper 
also acts as an ampholytoide. In our case, the neutral redistilled water 
always becomes alkaline within the lapse of 24 hours by shaking it with 
filter paper. We have to concluded that the impurity (ash content?) of 
the filter paper has something to do with the alkalinity of the distilled 
water. Anyhow, the distilled water thus treated was free from copper 
and other origodynamically toxic substances. Spirog)'ra could grow in it 
quite well for one day or so, while the untreated distilled water is de­
cidedly toxic to that algae (SAKAMURA, 1922). 

In preparing the standard solution of acid and alkali and in the a­
nalysis of ammonia redistilled water was used. 

In the present work, the analytical results were expressed in normality 
of ammonium and nitrate ions. This is the most right way for compar­
ing the relative absorption of cation and anionCl

). Moreover it is one of 
our objects to see whether the unequal absorption of cation and anion of 
the salts used as source of nitrogen has any relation to the change of 
reaction of the culture medium. The difference in normality of cation and 
anion of the culture solution measured after the absorption is important 
for our purpose. 

In comparing the rate of absorption, milligrams of nitrogen per one 
gram of dry weight of roots were taken as the unit. For the absorption, 
area of root surface rather than the dry weight is responsible. But since 
there is no suitable method for measuring the area of the root, the dry 
weight of root system was adopted for convenience. That this answered 
the purpose very well is obvious from the results of the following experi­
ment. This experiment was carried out in order to learn the probable 

(1) In this paper, the term "absorption of cation or anion" was sometimes used to indicate 
the absorption of the basic or acidic part of a salt; it does not always mean that ion is ab­

sorbed as such, since we do not yet know whether salt is absorbed in the form of ion or 
molecule. 
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error of the determination of absorption which is inevitable when a dif­
ferent set of plants is used in each analysis. Four series of culture with 
differings number of seedlings varied from 3 to 6 were grown in 0.005 
N NH4 NO a-solution for 48 hours. Each culture contained 350 cc. of 
solution. 

Series Number of NH. absorbed Dry weight Nitrogen absorbed per 

No. seedlings (0.00001 N) of root (gm) I gm. of dryroot (mg) 

3 81 0.0946 42.2 
1 

81 3 0.0935 42.5 
, 
i 4 94 o.IlOO 41.9 

2 I 86 4 0.1000 42.1 

5 123 0.1415 42.5 
3 5 121 0.1400 42.4 

6 136 0.1610 41.5 
4 6 131 0.1520 42•2 , 

The amount of nitrogen absorbed per one gram of dry weight is fairly 
equal amongst the eight cultures. The probable error is ±0.25 mg. 

The absorption of ammonia and nitrate in relation 
to the concentration of culture solution 

Studies on the influence of concentration of culture medium upon the 
absorption of nutrient salts by plants are rather few. SCHREINER and 
SKINNER (1910) were able to find out an optimum concentration for the 
absorption of some important nutrient ions such as NOs, P04 , K and NH4 . 

POUGET and CHOUCHAK (1910-1912) recognized the same fact. According 
to TRUE and BARTLETT (1912), there is a certain limit of concentration of 
Ca (NOs)z where the absorption and excretion of ions comes to an equi­
librium; above this concentration, absorption predominated, below this point, 
excretion took place. NATHANSOHN (1904) found that the tuber tissue ot 
Dahlias takes in a certain amount of inorganic salts, and that amount of 
absorption has very much to do with the concentration of salts both in­
side and outside of the plant cell. Similar results have been obtained by 
MEUER (1909) and TRUBETSKOVA (1927). Most of these authors regard 
the salts absorbed always as a whole. On the other hand, a few authors 
have observed the effect of concentration of the culture solution on the 
relative absorption of cation and anion of a salt. (NATHAN30HN, 19°4; 
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ninth day, it might be expected that a part of nitrate which had accumu­
lated in the root tissue, but had not been utilized by the plant, would 
return to the external solution. Whether this hindrance of absorption was 
directly due to high acidity or indirectly due to the unf..wourable growth 
of the roots which was app:trently a result of great concentration of the 
hydrogen ions, of the culture solution is a problem which is too difficult 
to be solved with a single experiment. Perhaps both were the causes. 
As will be seen later, both the growth of root and the absorption of nit­
rogen were hindered by high acidity of the culture solution. 

At any rate, in such concentrated solutions the root system absorbed 
more ammonia than nitrate. The absorption ratio NHs/NOs was never 
less th3.n 3. In other words, the root system of maize absorbed ammonia. 
three times greater in amount th3.n nitrate. As the result of this unequal 
absorption, the reaction of the culture solution became suddenly acidic and 
the ro::>t growth and absorption of nutrients were hindered. 

Experiment 2 

NH4NOs=0.OI215 N. 

The concentration of this solution is equal to that of KNOP solution. 
The plants grown in it were healthy and excellent till the 15th day when 
the root system began to decay. At that time the pH-value of the culture 
solution became 2.7. 

Table 2 shows the result of this experiment. It is interesting to 
see that by this concentration too, no nitrate was absorbed by the root 
at the beginning of experiment. Ammonia was chiefly absorbed at first, 
and after ammonia was absorbed to some extent, the absorption of nitrate 
began. Just in the case of the foregoing experiment, the reaction of the 
culture solution chaaged suddenly from pH 5.0 to pH 3.8. The absorp­
tion ratio NHs/NOs was greater than 2 during the whole experiment. 

The results of this experiment resemble that of the foregoing one in 
every respect. The only difference is that in the case of Experiment I, 

the pH-value shifted to 3. I suddenly and this high acidity caused the 
hindrance of growth and absorption, while in the case of the present ex­
periment, the difference of cation and anion absorbed did not exceed O.O::)! N 
in the first week and the pH-value did not become less than 3.4, so that 
both growth and absorption took place in the next week. In the later 
half of the experiment duration, the culture plants got twice weight of 
dry substance and absorbed thrice amount of nitrogen as in the first half. 
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Perhaps a culture solution having a pH-value equal to 3-4 is not extre­
mely poisonous to the growth of seedling of maize. 

Another notable point is that in the later part of the experiment, the 
amount of nitrate Ions absorbed was comparatively greater than in the 
first half, so that the absorption ratio became smaller and smaller. This 
phenomenon can be easily explained when one considers the fact that 
nitrate is better absorbed by the root of higher plant in acid condition; a 
fact wich was found by THERON (1923) and PRIANlSCl1NlKOW (1926) and 
which is also confirmed by the writer, as will be seen in the later part 
of the present work. 

Experiment 3 

NH4 NOs=0.00354 N. 

The vessels used in this experiment were cylinders of Jena glass, 
having a capacily of 300 cc. The growth of seedlings was very excel­
lent, much better than when grown in the more concentrated solution of 
the foregoing experiments. However, the colour of the root system became 
pink after the 13th day, showing the first symptom of decay. The chief 
cause of this symptom is the scarcity of nitrogen. As will be seen from 
Tab1eg 3, almost all the nitrogen in the solution was absorbed by the 
root before the 13th day. 

Contrary to the results of the foregoing experiment, the nitric nitrogen 
of this solution was comparatively better absorbed by the roots. Except 
for the first 24 hours. the absorption ratio NH3 /N03 was usually less 
than two, and after the 12th day it became practically the same, a fact 
which could not be seen in the case of more concentrated solutions. 

In spite of this small absorption ratio, the difference between cations 
and anions absorbed was quite great. Accordingly, the acidity of the 
culture solution changed from pH 5.0 to 3.8 in the first 24 hours and 
pecame greater and greater as the experiment went on till on the 12th 
day when all the amount of ammonia in the solution being exhausted, it 
became less acidic. Notwithstanding the high acidity, the seedlings were 
grown in it very well. This is a result which is inconsistant \vith that of 
the first experiment. This inconsistancy may be explained in two ways. 
Firstly, two solution of the same pH-va].ue but of different salt concentra­
tion may have a different influence on the culture plants; the more con­
centrated the solution, the more unfavourable is the influence. This state­

ment is self-evident. Secondly, though nitrate can be better absorbed in 
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an acid solution, the high concentration of the c:llture solution in the first 
experiment rendered it unable to be absorbed by the root, while in the 
dilute solution, nitrate was easily absorbed; thus the absorption of nitrogen 
was different in the two experiments, hence the difft:rent growth resulted. 

Experiment 4 

NH4 NOg =o.OOI22 N. 

The results of this experiment are summarized in Table 4. It is in­
teresting to see that an almost equal amount of ammonia and nitrate was 
absorbed by the roots from the very beginning of the experiment. Though 
in the middle stage of the experiment, the difference between ammonia 
and nitrate absorbed became a little greater, the absorption ratio NH g / 

NO g was never beyond 2. 

Owing to the diluteness of the culture solu,tion, the reaction of the 
medium changed gradually to the acid side, though nitrate was relatively 
better absorbed in this case than in the foregoing experiments. Ammonia 
was exhausted on the tenth day; after that time, only nitrate was ab­
sorbed and consequently the acidity of the solution was lessened. 

The growth of seedlings in the solution was excellent, at least as 
good as that in Experiment 2 where the concentration of the solution 
was just ten times that of this experiment. Up to the tenth day, the dry 
weight of root of the seedlings grown in both solutions was about the 
same. From the tenth day on, the seedlings in the concentrated solution 
grew better in every respect than in the dilute solution. No doubt, lack 
of nitrogen in the dilute series was the cause of this inferior growth. 

Experiment 5 

NH4 NO g =o.OOOI2 N. 

As the salt concentration of the culture solution was extremely dilute, 
almost the whole amc)Unt of nitrogen was absorbed by the roots 2 days 
after the beginning of the experiment. However, a trace of nitrate re­
mained in the solution, since the micro-chemical test with diphenylamin 
showed a positive reaction. It is clear that even in the case of extremely 
dilute solution, the unequal absorption took place too. The pH-value of 

the solution was shifted from 5.6 to 5.2. 
From' the results of the experiments described above, it became clear 

that the unequal absorption of cation and anion of salt took place in both 
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impossible in the case of concentrated solutions. 
The increase of acidity in the culture solutions mainly depends upon 

the difference between the amounts of ammonia and nitrate which were 
absorbed by the roots; the extreme acidity always appeared in the solu­
tion where this difference was the greatest. But as the buffer power of 
these solutions was different from each other, difference of between NH3 
and N03 which caused the greatest change of pH of the solution, was 
also different. It should be noted, however, that in such complete nutrient 
solutions, the unequal absorption of cations and anions other than ammonia 
and nitrate must take part in the change of the reaction of the solution. 
The ultimate increase or decrease of acidity must depend on the difference 
between the sum of all cations and the sum of all anions which remained 
in the solutions. And indeed HAAS and REED (1926) actually found that 
in the water culture of Citrus seedlings the reaction of the solution changed 
to the more acid side when the sum of cations absorbed was greater than 
the sum of anions and vice versa. But it is a well-known fact that the ab­
sorption of nitrogen by plants is greater than that of any other salts. 
Therefore in such solutions as those used in these experiments, where the 
nitrogen content was far greater than the other salts, no doubt, the un­
equal absorption of ammonia and nitrate plays a predominant part in the 
change of reaction. 

B. The concentration of ammonium nitrate only varied 

The results of the foregoing experiments show clearly the influence 
of the concentration of the culture solution upon the unequal absorption 
of ammonia and nitrate. Another series of experiments was carried out 
in which only the concentration of ammonium nitrate was varied, while 
the concentration of other salts was kept constant. The composition of 
the solution was as follows: 

Stock solution H 2 O Concentration 
No. Sum cc. pH 

A (ce.) B (cc.) cc. of NH.NOs 

I 200 200 3600 4000 0.01192 4.3 

2 
" 

100 3ioo " 0.00593 " 
3 " 70 3730 

" 
0.00420 4·7 

4 " 40 3760 " 0.00242 +8 

5 I I 20 3780 I 0.00121 I 4·7 
\ " " 
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Three seedlings were grown in each culture containing 460 cc. of 
nutrient solutions. 

Experiment 6 

NH4 NOs =0.01192 N. 

This solution was practically the same as that used in Experiment 2. 

As we have seen before, the absorption of nitrate was very slight at the 
commencement of the experiment. After the roots had absorbed ammonia 
to some extent, the absorption of nitrate began. The ratio of absorption 
NHs/NOs was always greater than 2 except at the last harvest. As a 
matter of course, the acidity of the solution became greater and greater 
as the difference [NH4] - [NOs] grew larger and larger. As the result 
of high acidity, the root system ot the seedlings began to decay on the 
11th day and dry weight of the last harvest decreased as shown in Table 5. 

Experiment 7 

NH4 NOs=0.00593 N. 

The plant grown in this solution was not better than that in the 
0.01192 N solution. This is a result which might be expected from the 
manner of change of reaction which was almost the same as in the fore­
going experiment. The difference between ammonia and nitrate absorbed 
also resembles that in Experiment 6. The ratio NHs/N03 was com­
paratively small, especially two days after the beginning of the experiment; 
that is to say in the former case it was 43, while in this case it was 

4·86. 
The result of this experiment (Table 6) shows that the dilution of 

one salt in a complete solution also has influence on the unequal absor­
ption of cations and anion of that salt. 

Experiment 8 

NH4 N03 -;0.00420 N. 

The analytical results are shown in Table 7. It is surprising to see 
that from the very beginning of the experiment, nitrate was sbsorbed more 
rapidly than ammonia, a fact which has never been seen before. In the 
foregoing series of experiments, we have seen that when the concentration 
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of the solution becomes dilute, the divergence between cations and anions 
absorbed becomes less. But the absorption ratio NH3 /N03 was always 
greater than unity, and [NRI,'] - [N0 3 '] was always positive. In the case 
of the solution whose concentration of NH4 NOa was 0.00354 N, the ratio 
was never less than 1.5 till on the 12th day when the ammonia content 
was exhausted. Notwithstanding the comparatively higher concentration 
of NH4 N03 in the present case, the absorption of nitrate was greater 
than that of ammonia from the commencement till the seventh day of the ex­
periment. The absorption ratio NH3 /N03 was always less than unity; 
on the fourth day it was 0.80. From the seventh day on, the absorption 
of ammonia predominated and the ratio became I. I 2 on the seventh day 
and 1.29 at the end of the experiment. 

In spite of the superior absorption of nitrate, the reaction of the solu­
tion changed gradually to the acid side. Here the difference between 
ammonia and nitrate had no great influence on the increase or decrease 
of acidity of solution. On the first day when the difference [NH4 ']­

[N0 3 '] = -2, the pH-value shifted from 4.7 to 3.7, and on the fourth day 
the difference was -42, while the pH-value of the solution became 3.0. 
However, when the absorption of ammonia became dominant and the dif­
ference between ammonia and nitrate absorbed became 30, 39 and 78, 
the pH-values of the solutions also changed to 2.9, 2.9 and 2.8 respec­
tively a phenomenon which shows that the difference of ammonia and 
nitrate absorption has more or less concern in the change of reaction of 
the solution. 

The growth of seedlings in this case resembled in general that of 
the foregoing Case. 

Experiment 9 

NH4 NOa =0.00242 N. 

In this case, the superior absorption of nitrate to that of ammonia 

is much more obvious. On the second day of the experiment the nitric 
nitrogen absorbed was about 30 mg. per one gram of dry root, while only 
about 25 mg. of ammoniacal nitrogen were taken up by the same amount 
of dry root, the ratio NH3 /N03 was 0.88. This' superior absorption of 
nitrate lasted for 5 days. From the 6th day on, the absorption of am­
monia predominated and the ratio NHa/NOa approached unity (Table 8). 

As in the former case, the pH-value of the solution shifted from 4.8 
to 3.5, 3-4,3.3 and 3.2 as the experiment went on, though the differences 
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[NH4 ']-[NOa'] were respectively -8, -28, -32 and -40, as if the increase 
of acidity was inversely proportional to this difference. When the absorp­
tion of ammonia became dominant, the acidity of the solution increased a 
little more. But as the nitrogen content of the solution was nearly ex­
hausted on the ninth day, the pH-value remained constant till the end 
of the experiment. 

The growth of seedlings was tolerably good, especialy the root system. 
It is a noteworthy fact that the growth of the root became better when 
the nitrogen content of the solution became less and that the root grew 
very well when practically all the nitrogen source was exhausted. No 
doubt, the existence of other nutrients in the solution was the cause of 
this good growth. ' 

Experiment 10 

This experiment was a repetition of Experiment 9. The results are 
shown in Table 9. 

The results of this experiment resembled those of the foregoing in 
every re5pect. In the first 24 hours, the amount of ammonia absorbed 
was only two thirds that of nitrate; the absorption ratio NHa/NOa was 
0.68. This ratio drew near to unity as the experiment went on. The 
acidity of the solution increased at first, but from the fourth day on, it 
remained constant as previously seen in Experiment 9. 

Experiment I I 

NH4 NOs=0.OOI2I N. 

Owing to the diluteness of the solution, the absorption ratio NH aINOa 
in this case was almost equal to unity, except at the first harvest where 
it was 0.82 (Table 10). 

The acidity of the solution increased at the commencement of the 
experiment but became constant as soon as the source of nitrogen was 
exhausted. 

As the root system of the seedlings continued its growth in spite of 
the exhaustion of .the nitrogen source, the amount of nitrogen absorbed 
per one gram of dry root became less and less after the fourth day. 
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sorbed by the plants. 
The other notable p:::>int is that in spite of the superior absorption of 

nitrate to ammonia, the reaction of the solution always changed to the 
acid side. In this case, the difference of velocity of absorption between 
ammonia and nitrate seems to be indifferent to the pH-value. This might 
be expected from the influence of salts other than the source of nitrogen 
when they exist in overwhelming quantities. In such solutions the absor­
ption of the salts other than ammonium nitrate must be far greater than 
the absorption of the later salt, and therefore the unequal absorption 
of cations and anions of the salts besides ammonium nitrate must play a 
considerable part in the change of reaction of the solution. Of course, 
difference between ammonia and nitrate absorbed also took part in this 
change, especially in the later part of the experiment. Compare the pH­
chan6'e in Tables 7 and 8 it will be seen that in the s:::>lution which 
contained greater amounts of amm:::>nium nitrate, the pH-value changed 
to 2.7, while in the solutions containing smaller amounts of ammonium 
nitrate, it changed to pH 3.0 and remained constant as soon as the source 
of nitrogen of the solution was exhausted. Therefore the difference be­
tween ammonia and nitrate absorbed as sh:::>wed in Table 7 h3.d at least 
some concern with the high acidity of the soltion. 

Though in the solution in which the concentration of am:nonium nitrate 
was low the absorption of nitrate was superior to that of amm:::>nia, this 
s'lperiority did not last long and from the middle of the expc:riment the 
absorption of amm:::>nia predominated again. This phenomenon can be 
explained in the following way. The absorption of salts by plants de­
pends chiefly on their requirement of the salt as nutrients. B.::tween am­
monia and nitrate, the former seems to be better assimllated by plants 
than the latter, since nitrate is believed to be assimilated after reduction 
t:::> amm:::>nia in the process of protein synthesis. Consequently for a moment 
the absorption of nitrate predominated over that of amm:mia under the 
influence of other salts, but the accumulation of nitrate in the tissue and 
the greater utilisation of am:n:::>nia m3.ke the absorption of am:n:::>nia superior 
to that of nitrate. 

The growth of seedlings in these experiments was equally good, ex­
cept that the ro:::>t systems grown in the solutions containing a greater 
quantity of ammonium nitrate lo:::>ked unsound at the end of the experi­
ment, while those in the solutions containing a smaller quantity of am­
monium nitrate grew very well thro:.:gh:::>:.It the experiment. 
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C. The concentration of the salts other than 

the nitrogen source varied 

The results of the foregoing series of experiments show that the un· 
equal absorption of cations and anions of a salt is affected by the presence 
of other ions when they exist in excess. Thus, other salts being constant, 
the dilution of ammonium nitrate of a solution may cause the superior 
absorption of nitrate over ammonia. In odeI' to ascertain this influence 
of concentration of other salts besides ammonium nitrate, a series of ex· 
periments was carried out in which the concentration of ammonium nitrate 
was kept constant, but the concentration of other salts was changed. The 
composition of the solutions was as follows: 

Stock solution Distill. Cone. of salts 
No. Sum cc. pH 

A (cc.) B (cc.) water (cc.) besides NH.NO. 
---

I 100 IS 885 1000 2 KNOt' 4.6 

:2 50 " 935 " KNOP 
" 

3 45 " 940 
" 

.< 
6" KNOI.' ,. 

4 25 " 960 
" 

1 
2 KNOt' 4.8 

Three seedlings were grown in each culture containing 350 cc. of 
nutrient solutions in which the concentration of ammonium nitrate was 
0.00354 N. Under normal conditions, the absorption of ammonia and nitrate 
in such a solution is not very divergent (see Table 3)' 

Experiment 13 

Concentration of salts twice as great as that 

contained in KNOP solution 

The contents of salts other than ammooium nitrate in this- solution 
were twice as great as usual. Their influence was apparent. From Table 
12, it will be seen that the absorption of nitrate was predominant over 
ammonia; the ratio of absorption NH3 /N0 3 up to the 8th day was less 
than one. As has been noted before, in a usual solution which contains 
0.00354 N of ammonium nitrate, the amount of ammonia absorbed always 
surpasses that of nitrate, though the divergence of the absorption is not 
very great between the cfltions and anions. 
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required to obtain the superior absorption of nitrate was greater than that 
contained in KNOP solution. 

As to the nature of this influence of salts, two probabilities can be 
considered: 

I. As denoted before, from the manner of change of acidity it may 
reasonably be concluded that a great quantity of cations besides ammonia 
was absorbed by the roots. Perhaps, the great part of nitrate was attracted 
by the penetration of cations into the tissue. 

2. The accumulation of cations other than ammonia in the root tissue 
retards the velocity of absorption of ammonia. 

We shall discuss these points later. 
In such solutions which contained a much greater quantity of other 

salts in comparison with ammonium nitrate, the change of reaction was 
not wholly dependent upon difference between the ammonia and nitrate 
absorbed. \Vhen the amount of salts was great, the increase of acidity 
had no relation whatever to this difference, as the pH-value changed from 
4.6 to 2·9 in spite of the superior absorption of nitrate. In a solution of 
lower concentration of other salts, the difference between ammonia and 
nitrate absorbed seemed to have more or less concern with the reaction 
change; but in a solution of which salt content is just one half of that in 
KNOP solution, the effect of the difference between ammonia and nitrate 
absorbed upon the reaction was also unremarkable. To be brief, in such 
cases, the unequal absorption of cations and anions other than ammonia 
and nitrate plays a great role in the increasing or decreasing of acidity of 
the culture solution. 

The growth of seedlings was the best of all in a solution containing 
salts five sixths of that of KNOP solution. The growth in the other solu­
tions resembled each other. The chief cause of this was perhaps due to 
the difference of acidity of the solution, that is: in other solutions, the 
acidity increased steadily to as great as pH 2.9 or 2.8, while in this solu­
tion, though it became pH 2.9 on the 6th day, the acidity decreased again, 
owing to the exhaustion of ammonia. 

D. Single NH4 NOs solution of varied concentrations 

The data of experiments described thus far exhibit clearly the influ­
ence of concentration of the culture solution and the effect of salts other 
than the source of nitrogen in the solution upon the unequal absorption 
of ammonia and nitrate. The nutrient solutions used in these experiments 
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consist of many elements which are thought to be necessary for the normal 
growth of plants. On the other hand, however, the presence of so many 
kinds of salt in one solution leads to antagonistic and other effects upon 
the absorption of a particular constituent. And indeed the results described 
in parts Band C show that this was the case. Therefore, it is desirable 
to study the absorption of ammonia and nitrate in a single solution of am­
monium nitrate of different concentrations. 

The unfavourable effects of a single salt solution on the physiological 
function of plants have been reported by many authors. A solution for 
a physiological study, therefore, must always contain more than one salt, 
that is: it must be a balanced solution. A solution of a single ammonium 
salt may be toxic to the growth of seedlings. But when the duration 
of the experiment is short, and the concentration of the solution low, 
seedlings may grow in it without any serious injury. Accordingly the fol­
lowing four experiments were carried out with a single ammonium nitrate 
solution, the concentration of which was varied from 0.00483 N to 0.0063 N. 
The duration of the experiment was 12 days except in the case of the 
most dilute solution which lasted only one week. Three seedlings were 
grown in each culturs containing 350 cc. of the solution. 

Experiment 17 

NH4NOa=0.00483 N. 

The seedlings grew in this solution quite well without any injury ap­
pearing in the shoot or in the root, especially during the first part of the 
experiment. Owing to the lack of iron in the solution, chlorosis took place 
in the shoot on the seventh day. 

The results of this experiment are summarized in Table J6. In ge­
neral, the data closeJy resemble those of the complete solution. The amount 
of nitrate absorbed at the beginning of the experiment was very small, 
only one sixteenth of that of ammonia. The divergence of this unequal 
absorption became less from the third day on, yet the ratio of absorption 
NHa/NOa was always greater than 1.5. 

From the seventh day on the absorption of ammonium nitrate was 
retarded partly by the increase of acidity in the solution and partly by the 
chlorosis of leaves. 70 mg. of ammoniacal nitrogen and 35 mg. of nitric 
nitrogen were taken in by the roots in the first week, but only 6 mg. of 
ammoniacal and 10 mg. of nitric nitrogen were absorbed after the 7th day. 

. The reaction of the solution changed rapidly to the acid side. This 
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change of the pH-value gradually became slower when the absorption was 
retarded. In general, the increase of acidity was proportional to the dif­
ference between the ammonia and nitrate absorbed; the greater the dif­
ference, the more acid the solution. Though the difference between 
ammonia and nitrate absorbed was by no means great, the pH-value became 
3.8 on the first day and 2.8 at the end of a week. Perhaps the lack of 
any buffer in the solution may be responsible for this rapid change of the 
reaction. 

Experiment 18 

NH4 N03 =o.00354 N. 

Table 17 shows the results of the experiment. In this case, nitrate 
was comparatively better absorbed, 5.61 mg. of nitric nitrogen being taken 
up per one gm. of dry weight of root against 16.5 mg. of ammoniacal 
nitrogen. The ratio of absorption NH3/N03 was about 3 at the begin­
ning and usually less than 1.5 during the whole duration of the experiment. 

The reaction of the solution was as rapidly changed as in the former 
case. Here, too, the difference between the absorption of ammonia and 
nitrate played a great role in the increase of acidity. The high acidity of 
the solution also hindered the absorption in the later half of the experiment. 

Experiment 19 

The growth of seedlings in this solution was just as good as in the 
former two solutions. Chlorosis appeared in the leaves on the seventh 
day of the experiment. . 

Table 18 exhibits better absorption of nitrate in this solution than in 
the former experiments with solutions of greater concentrations. The ratio 
of absorption NH3 /N03 was only 1.75 at the commencement and became 
less in the later part of the experiment. 

As the difference between ammonia and nitrate absorbed was com­
paratively small, the pH-value of the solution changed gradually to the 
acid side. The degree of increase of acidity was proportional to the dif­
ference of the absorption. 
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The amount of nitrogen absorbed was greater in the first part than 
in the later part of the experiment. A glance at Tables 16-19 will make 
clear the fact that increase of acidity always caused the retardation of the 
absorption in the later stage. When the acidity of the solution became 
greater than pH 3.0, the amount of absorption per one gram of dry root 
increased very little or not at all. 

* * * 
* * 

The results of these experiments from I to 20 recorded above show 
clearly the important influence of the concentration of solution, both bal­
anced and unbalanced, upon the unequal absorption of ammonia and nitrate 
from ammonium nitrate by the seedlings of Zea 1I1ays. In the solutions 
of high concentration, the absorption of ammonia always surpassed that of 
nitrate, but the divergence of this unequal sbsorption between ammonia 
and nitrate became less when the concentration of the solution was dilut­
ed. When the concentration of salts other than ammonium nitrate was 
kept constant, and that of ammonium nitrate only was diluted to a cert­
ain degree, the amount of nitrate absorbed was greater than that of am­
moma. Similar results were obtained when the concentration of the salts 
other than ammonium nitrate was increased to some extent while the 
concentration of ammonium nitrate was kept constant. 

The influence of concentration of solution upon the unequal absorp­
tion has been studied by REDFERN (1922), STILES (1924 b), PRIANISCHNIKOW 
(1927), DAVIDSON (1927) and NIKLEWSKI, KRAUSE and LEMANCZYK (1928). 
REDFERN carried out a series of experiments on the absorption of calcium 
and chlorine ions from the solution of calcium chloride by the seedlings of 
Zea Mays and Pisum sativum and found that the more dilute the solution 
the less the divergence between the unequal absorption of the two ions. 
The concentration of solutions in REDFERN'S experiment was from 0.1 N 
to 0.0001 N. 

STILES investigated the unequal absorption by the storage tissue of 
carrots from solutions of ammonium chloride and sodium chloride with 
concentration varied from o. I N to 0.001 N. With both salts the absor­
ption of two ions approach nearer equality the more dilute the solution. 

Similar results have been secured by PRIANISCHNIKOW (1927) in the 
absorption of ammonia and nitrate by the seedlings of oats and peas from 
the solution of ammonium nitrate. He found that pea plants, both normal 
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and etiolated young plants, absorbed regularly more ammonia than nitrate 
in the solutions with the concentration varied from o. [ N to 0.00:)1 N, but 
in a dilute solution of 0.00001 N the amounts of nitrogen were exhausted 
within the duration of the experiment (4-6 hours), therefore no difference 
between the absorption of ammonia and nitrate could be observed. Though 
PRIANISCHNIKOW himself did not give any attention to the rate of absorp­
tion between ammonia and nitrate in these concentrations, the data of his 
work show clearly the fact that the ratio of absorption NH3 /N03 was 
proportional to the concentration; the greater the concentration, the larger 
the ratio of absorption. 

On the other hand, DAVIDSON (1927), working on the sbsorption of 
phosphorus and potassium by wheat seedlings, came to the conclusion 
that the general character of the relative absorption was not affected by 
the concentration of the solution, provided the difference in initial reactions 
in the solutions of the lower concentration was maintained by daily renewal. 
In our case of single ammonium nitrate solutions the initial pH-values of 
the solutions of different concentrations were all equal, but the influence 
of concentration upon the unequal absorption was very apparent. 

As to the cause of this influence of concentration of the culture solu­
tion upon the unequal absorption, surely the velocity of penetration of the 
cation and anion into a cell plays more or less part in it. It is a well 
known fact that ammonia penetrates living cells with great readiness. 

Nitrate, on the other hand, enters with less speed. As might be expected, 
this difference of velocity of penetration between ammonia and nitrate 
hecomes greater with the increase of concentration of the solution and 
smaller with the decrease of concentration. In this place, that this ve­
locity of penetration of ammonia and nitrate into living cells has nothing 
to do with the mobility of ions, is apparent from the fact that the mobility 
of ammonium and nitrate ion is practically equal. 

NH4 =64·2 

N03 =60.8 (After NERNST, 191 I, p. 366) 

But if the velocity of penetration of ions only was responsible for 
the influence of concentration, the absolute amount of nitrate absorbed 
must be increased with the increase of concentration. That this is not the 
case is evident from the data recorded above. We have seen from Tables 
1-4 and I6-19, that the absolute amount of nitrate absorbed in more 

dilute solutionions was either equal to or even greater than that in the 
solutions of greater concentrations. Re::elltly, NIKLEWSKI, KRAUSE and 



TSUNC LE: LOO 

LEMANCZYK (1923) observed the influence of concentration on the absorp­
tion of nitrate from the solutions of calcium nitrate by the roots of barley 
seedlings. When the roots absorbed more nitrate than calcium ions in 
every concentration, the percentage of nitrate absorbed was decreased with 
the increase of concentration. They considered that the influence of con­
centration depends upon the change of the electrical charge of the cell 
colloid. It is really difficult to understand how this change of electrical 
charge in cell colloid takes ·place. Perhaps, NIKLEWSKI, KRAUSE and 
LEMANCZYK laid too great a stress on the change of electrical charge of 
plasma membrane in explanining the mechanism of absorption of electrolyte. 
Certainly such change plays a considerable role in· the absorptio rt of ions, 
but, as has been pointed out by WL. S. BUTKEWITSCH and W. W. Bu­
TKEWITSCH (1929), it is not the only influence on the complex phenomenon 
of absorption. Indeed the experimental data hitherto described shows that 
the rate of absorption of ammonia and nitrate was changed by the con­
centration of the complete solution and of other salts besides ammonium 
nitrate which apparently has nothing to do with the electrical charge of 
plasma membrane. The works of SCHULOW (1909) and PRIANISCHNIKOW 
(1927) also show the effect of the age of seedlings of Zea Mays upon the 
unequal absorption of ammonia and nitrate from a solution of ammonium 
nitrate; older seedlings absorbed more nitrate than ammonia. This phe­
nomenon can also be ascribed to the change which takes place in the 
plant body with its age. 

The works of NATHANsoHN (1904 a, b), MEUER (1909), PANTANELLI 
(1915), STILES and KroD (1919), REDFERN (1922 a, b), STILES (1924 b) 
and NIKLEWSKI, KRAUSE and LEMANCZYK (1928) all indicate that the rate 
of absorption increased with the increase of concentration. As far as the 
data of the present work shows, this is not the case with the range of 
concentrations used. No notable difference can be found in the total amount 
of nitrogen absorbed per one gram of dry weight .of roots among various 
concentrations of both balanced and single solutions. 

In the more concentrated solutions, the addity became suddenly great 
as a result of great divergence of unequal absorption of ammonia and nitrate. 
This great acidity often caused an unfavourable growth of the seedlings. 
On the other hand, because the divergence of unequal absorption in dilute 
solution was very small, the reaction of these solutions changed gradually 
to the acid side and gave better results on the growth of seedlings. 
Though the acidity in the dilute solutions ultimately became very great, 
it would be decreased as soon as the amount of ammonia became exhausted. 
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Thus the decrease and increace of acidity were proportional to the dif­
ference between amounts of ammonia and nitrate absorbed; the greater 
the difference. the more acid the solution. But when the content of the 
salts other than ammonium nitrate was far greater than that of ammonium 
nitrate, the reaction changed to the acid side in spite of the superior ab­
sorption of nitrate. In this case, the reaction of change was controlled 
by the unequal absorption of cations and anions other than ammonia and 
nitrate. In short, the data of the expreriments recorded above all show 
the dependence of the development of acidity in the solution upon the 
unequal sbsorption, since there was no trace of diffusion of cations or anions 
out of plant roots great enough to be detected by chemical tests. 

The unequal absorption, the development of acidity in the solution as 
the results of this unequal absorption, and their effect upon the growth of 
the seedlings, all these phenomena are affected by the concentration of 
the culture solution and by the salts other than the nitrogen source. There­
fore in consideration of the relation between the growth of plants and 
concentration of culture solutions the fact of unequal absorption must be 
taken into account besides the osmotic relations. Recent investigations 
have shown that the simple osmotic theory is inadequate for the explana­
tion of the mechanism of absorption in cells (STILES, 1924 b). 

The absorption of ammonia and nitrate in relation to 
hydrogen ion concentration of the culture solution 

In his earlier works, the writer has ascertained the fact that the in­
feriority of ammonium salts to nitrate as the source of nitrogen consisted 
in the physiological acidity developed during the culture period through 
the unequal absorption of ammonia and nitrate by the culture plants. By 
using a combination of ammonium salts such as ammonium sulphate and 
ammonium bicarbonate instead of a single one or by addition of buffer to 
the solution, the writer succeeded in the improvement of growth of culture 
plants to some extent. These results suggest the probability of the un­
favourable influence of high acidity of a solution on the absorption of am­
monia and other nutrient elements besides its effect on the growth of plants. 
And indeed, the results recorded in the foregoing part throw more or 
less light on the problem in question; we have seen that the absorption 
of both ammonia and nitrate was hindered whenever the acidity of the 
solution became greater than pH 3.0. 

Since the introduction of the method for accurate determination of 
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offenbar bei den oberhalb einer pH =ca. 4 Iiegenden vVasserstoffzahlen 
die Wurzelkolloide negativ geladen, wodurch eine stark ere Ca·Aufnahme 
bedingt wird. Umgekehrt diirfte in saureren Losungen als pH=ca. 4 die 
N03 -Aufnahme starker sein, bedingt durch intensive H 3 P04 -Ausscheid­
ung, die tatsachlich qualitativ beobachtet wurde. Demnach ware eine 
Lasung mit einer pH = ca. 4 als isoelektrischer Punkt der vVurzelkolloide 
zu betrachten, ................... " 

MEVlUS 'and E:'\GEL ( (929) found that the ab sorption of ammonia from 
solutions containing ammonium salts by seedlings of Zea Mays increased 
as the pH-value of the solution became greater and greater. 

In their investigations of the influence of hydrogen ion concentration 
upon the absorption of salts by plants, some of the authors mentioned 
above have referred to the existence of the isoelectric point of protoplasm 
in plant tissue. \Vhen the rate of absorption is plotted against pH, a curve 
with two maxima is obtained and the minimum point between the two 
maxima is believed to be the isoelectric point of the protoplasm. As the 
problem in question is of fundamental importance in a theoretical point of 
view, it has been one of the main purposes of the present studies to make 
clear the relation of hydrogen ion concentration of the culture solution to the 
absorption of ammonia and nitrate. It is a matter of great interest to see 
whether the rate of absorption plotted against pHis a curve with two 
maxima or a wave-formed curve with more than two maxima as shown 
by SAKAMURA and Loo ([925) in the case of experiment with the harden­
ing and softening of protplasm of Spirogyra. 

In the sutudies of the influence of hydrogen ion concentration of cul­
ture solution on the absorption of salts, there are many difficulties in the 
technique of experimentation which had to be overcome. Firstly, one 
usual1y uses buffer solutions in the preparation of solutions of different 
pH-values in order to avoid any change of reaction during the culture 
period. The ionic concentration of such solutions is different with different 
ph-values. The effect of other ions on the absorption has been reported 
by LUNDEGARDH and MORAVEK (1924). HOAGLAND and his coworkers (1923, 
1925, 1928) and also confirmed by the writer in the other experiments. 
Therefore the data of such experiments cannot be regarded as a result of 
the pure effect of hydrogen ion concentration. B:lt it is absolutely im­
possible to prepare solutions of different pH without the co-existence of 
other ions. Accordingly, different kinds of buffer mixtures must be em­
ployed and in each kind of buffer mixture, solutions of a constant amount 
of cation or anion must be prepared and the results based on the data of 
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phosphate, mixture, perhaps, is the most favourable one for biological 
studies Firstly it is not toxic to living cells as phthalate or acetate 
are. Secondly, both the cation and anion are poorly absorbed by the plant 
and its effect on the absorption is relatively insignificant as compared to 
K, Ca and other ions. Besides these good points, the sodium phosphate 
mixture possesses tolerable buffer power at comparatively low. concentration 
and therefore is very suitable for our purpose. For these reasons, a sodium 
phosphate mixture was chiefly employed in the present study. 

As stock solutions, MI5 H 3P04 (MERCK'S guaranteed reagent), MI5 
NaH2 P04 (KAHLBAUM pro analysi) and M/5 Na2 HP04 (KAHLBAUM, zur 
Enzymstudien) were prepared. A fixed amount of them was taken with 
burette and diluted to ten times to secure the required pH-value. 

1. Experiments with uniform amount of anions in buffer 

In this series of experiments, the amount of anions in each solution 
with different pH-values was equal. The amount of cations was conse­
quently less in acid and greater in alkaline solutions. 

Experiment 2 I 

The first experiment was carried out for 15 hours. Three seedlings 
were grown in each culture containing 350 cc. of solution having the fol­
lowing compositions. 

MIs MIS Mis ca. 0.35 N H 2O sum No. pH HaPO• NaH,PO. Na,HPO. NH.NOa 
CC. CC. CC. CC. cc. cc. 

I 3.0 10 go 0 10 Sgo 1000 

2 4·2 0.5 99·5 0 " " " 
3 4·5 0 100 0 " " " 
4 5·0 " 99 I " " " 
5 5·5 " 95 5 " " " 
6 6.0 

" 85 IS 
" " " 

7 6·5 " 74 26 
" " ,. 

8 7.0 
" 49·5 505 " " " 

9 7·5 " 25 75 " " " 
10 8.0 

" 65 935. " " " 
II 8·5 " 

0 100 " " " 

The results of this experiment are shown in Table 20 and Text-fig. 4. 
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minimum points at pH 5.0, 6.4 and ca. pH 7.5 respectively, a result which 
is in coincidence with those of the former experiments. 

The absorption curve of nitrate nitrogen is in fact the same as that 
of ammonia, though the third minimum point was at pH 7.9 instead of 
pH 7.4-7.2. Just as in the case of Experiments 24 and 25 the diver-

10 

----
5 

-NH,-N 

--- NO,-N 

5 6 

Fig. 9 

gence of absorption between am­
monia and nitrate in the solutions 
from pH 5.0 t.o 6.0 is very small; 
the ratio NHs/NOs is equal to 
unity. 

A comparative examination 
of Text-figs. 7, 8 and 9 makes 
clear the fact that the variations 
in these curves of absorption of 
ammoniacal nitrogen were caus­
ed directly by the time factor 
and indirectly by the tempera-

s opH ture factor of the experiment. 
The curve in Text-fig. 7 shows 

the result of absorptson in a short duration; the difference between maximum 
and minimum points was so insignificant that the minimum points were 
not remarkable. But when the experimental duration was prolonged to 
some extent, the absorption of ammoniacal nitrogen in the neighbourhood 
of minimum points increased and the minimum points became more and 
more evident. The form of the absorption curve in Experiment 26 is 
essentially the same as that in Experiment 23 which was conducted in the 
green house. No doubt, the relatively low temperature in the laboratory 
made it necessary for the root sistem to absorb the same amount of nitrogen 
in a relatively longer time. The form of absorption curve for nitrate 
nitrogen seems to have no great relation to the prolongation of the dura­
tion of the experiment. The amount of nitrogen absorbed increased gra­
dually as the experiment went on, but the form of the absorption curves 
was the same, comparing those of the shortest and longest experimental 
duration. Another noteworthy point is the slight or no divergence be­
tween the absorption of ammonia and nitrate in the solution having pH­
values from 5.0 to 6.0. The cause of this phenomenon is not clear, but 
it is possible that the effect of temperature has taken part in it. However, 
any definite conclusion requires further study. 

The results of decapitation hitherto described may be summarized brief­
ly as follows: 
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pH-value of MIs MIs MIs ca. 0.35 N H 2 O Sum 
HsPO. NaH!PO. Na2HPO. NH.NO. 

solution· cc. CC. cc. CC. cc. CC. 

5.2 0 98.5 1·5 10 890 1000 

504- " 96.5 3·S " " " 
5.6 

" 94-5 5·5 " " " 
5·8 " 90,2 9·8 " " " 
6.0 " 85 15 " " " 
6.2 

" 
80 20 " " " 

6.4 
, 

75 25 II " " " 
6.6 

" 
65 35 " " " 

6.8 
" 55 45 " " " 

7·0 " 49·5 50·5 " " " 
7.2 " 39·5 60.5 

" " " 
7·4 " 24- 76 " " " 
7.6 

" 
IS 85 " " " 

7.8 
" 

10 90 
I' " " 8.0 

" 6·5 93·5 " " I' 

8.2 II 4 96 
" " " 

8·4 " 
2 98 " " " 

8.6 
" 

0 100 
" " " 

Experiment 27 

Experiment 27 was also carried 
were grown in the culture solutions. 

out in the laboratory. Three roots 
As the temperature of the laboratory 

10 

-- NH.-N 

Fig 10 

became quite high in June, 
the experiment lasted only 12 

hours. Table 26 shows that 
the amount of nitrogen ab­
sorbed was almost equal to 
that in Experiment 26 which 
lasted 48 hours. Little or no 
change of reaction took place 
in these solutions. The ab­
sorption curve (Text-fig. 10) 
was practically the same as 
in Text-fig. 9; rising from pH 
3-.0 to the first maximum pH 

4.0 . Then it sank suddenly at pH 5.2-5.1. Because no experiment was 
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worked out with pH 5.2 and 5.4 in the foregoing cases, the first m1l1111lUm 
has been always situated at pH 5.0-4.8, since the absorption at pH 5.5 
was usually little greater than at pH 5.0. The second maximum was situat­
ed at pH 6.0 and the second minimum at pH 6-4, a result quite similar 
to that of the foregoing experiments. The curves rose again from pH 6.6 
onward and reached a third maximum at pH 7.0. Then it depressed again 
at pH 7.2. The absorption curve of nitrate nitrogen sank at pH 7.8, but 
that of ammoniacal nitrogen did not. The latter sank at pH 8. r-8.2 in­
stead of pH 7.8. 

The absorption of ammonia and nitrate in the solution more acid than 
pH 6.0 was almost equal. This is in agreement with the finding of ex­
periments which were conducted in the laboratory. 

Experiment 28 

Table 27 shows the results of Experiment 28 which was a repetition 
of the former. They agree in every respect with those of Experiment 27 
and therefore need not to be described here. A glance at Text-fig. r [ 
will make clear the fact that the absorption curve is wave-shaped and 
possesses more than three minimum points at pH 5.2-5. I. 6-4, 7.2 and ca. 
8.0 respectively. 

Thus from the experiments using solutions having pH-range from 3.0 
to 8.6 by a step of 0.2 instead 
of 0.5, curves of absorption with "'5 

4 minimum points were obtained. 
Among these, the first minimum 
at ca. pH 5.2 agrees with that 
at ca. pH 5.0 in the former ex­
periments. The second minimum 
at pH 6.4 remained unchanged. 
Other minimum points at pH 7.2 
and ca. pH 8. I, was recognized 
in the curves of the former cases. 
The minimum point at ca. pH 
8. I, however, is but a variation 
of the point at pH 7.9. As to 
the minimum point at pH 7.2, this 

,0 

-- NH,.-N 

--- UO,-N 

Fig. 11 

was not altogether unknown. When on occasions the reaction of solution 
having the initial pH 7.5 changed to pH 7.2, there would be a depression 
in the curve (for example, see Text-fig. 9). At any rate, the depressions 
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changed to 5.2 as in the foregoing experiment and the absorption at that 
point was almost equally poor as that in the solution of pH 5.2-5.0. 
Other points of depression were situated at pH 6-4, 7. I (for absorption of 
nitrate) and 7.9 (for absorption of ammonia). These were almost coinci­
dent with those of Experiment 29. Moreover, the contact of curves of 
absorption for ammonia and for nitrate coincide in the pH-range 3.0-4-4; 
the superior absorption of ammonia and the inferior absorption of nitrate 
in alkaline solutions were also found in the results of this experiment. 

The above results show clearly that the difference between normal 
and decapitated plant in relation to the influence of hydrogen ion concen­
tration upon the absorption has to do with the effect of growth. In the 
case of normal plant, the amount of nitrate absorbed of usually greater ill 
the weakly acid side than in the alkaline side. The divergence of absorp­
tion between ammonia and nitrate is more significant in the case of normal 
plant than in the case of the decapitated. But as to the wave form of 
absorption curve and the situation of points of depression in the curve. 
they were fairly coincident in both cases. 

2. Experiments with uniForm amount of cations in buFFer 

In Experiments 21-30, sodium phosphate mixture was employed as 
buffer in which the amount of anions was equal in every solution. The 
amount of sodium ions, however, ill the solutions of most alkaline reaction 
was almost two times that in the extremely acid solutions. That the dif­
ferent amount of sodium ion in different solutions may exert varying influ­
ence upon the absorption of ammonia and nitrate is a thing which might 
be expected from the important action of cations upon absorption. There­
fore it could not be free from objection to ascribe the wave-fromed curve 
of absorption alone to the influence of hydrogen ion concentration of the 
solution with such buffer. Accordingly, sodium phosphate mixture with 
uniform amount of cations was prepared in the following way. A definite 
amount of distilled water was added to the stock solution of sodium phos­
phate mixture so that the amount of sodium ions was equal in every 
mixture. roo cc. of the buffer mixture thus prepared and IO cc. of ca. 
0.035 N solution of ammonium nitrate were taken in a measuring flask 
and diluted to 1000 cc. In this case, the pH-values of the buffer mixture 
were almost unchanged by dilution. 
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Experiment 3 ( 

Experiment 3 r was performed in the laboratory, and the experimental 
duration was 22 hours. Four seedlings were cultured in the solutions. 
Tabel 30 shows the results of this experiment. 

From the data recorded in Table 30, it will be seen that the essential 
results were in agreement with those of experiments with uniform amount 
of phosphates; that is to say the 

absorption of ammonia decreased '"5 

with the increase of acidity, while 
that of nitrate showed the reverse 
relation. The absorption curve 
was wave-shaped having more 
than three points of depression 
(Text-fig. 14). Of course, the 

minute datails of the results may 
have more or less variation as 
might be expected from the dif­
ferent ionic conditions in the buffer 
solution. For example, the se­
cond point of depression was lo­

cated at pH 6.2 instead of 6.4 
and the depression in the alkaline 
side were not clear. The latter 
fact has been observed in the ex­

periments with normal plants, but 
in the present case it was more 

15 

10 

:; 

Fig. 14 

'\ r--\" 
\ I \ 1\ 
I / \ I '----
II IJ 
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obvious. The divergence of absorption between ammonia and nitrate was 
very great in the alkaline solution, showing that the absorption of ammonia 
in the alkaline solutions had been hindered to some extent by the excess 
of sodium ions in the former cases. 

The absorption of nitrate in the pH-range 3.2-3.8 was slightly greater 
than the absorption of ammonia. As a result of this difference of absorp­

tion, the reaction of these solutions became a little less acid. In these pH­
ranges one usually found almost equal absorption of ammonia and nitrate, 
though occasionally more nitrate was absorbed. 

Experiment 32 

Experiment 32 was a repetition of Experiment 3I. It was performed 
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taken in choosing the concentration of tlle buffer solution and suitable length 
of experimental duration. Both experiments lasted 24 hours. 

1. Experiment with vniform amount of cation. in buffer 

Experiment 33 

The buffer solutions were prepared by titrating a mixture of sodium 
hydroxide and sodium oxalate with N/IO oxalic acid. Their composition, 
in detail was as follows: 

pH of N/loSodium N/[O NaOH ca. 0.035 N NIIO Oxalic H 2O Sum 
oxalate NH.NOs acid 

solution cc. cc. cc. cc. cc. cc. 

3:5 10 20 10 20 940 1000 

4.0 
" " " 15 945 " 

4.2 
" " " 

13 947 " 
4·5 " " " 

I2 948 
" 

4.8 
" " " 

II 949 " 
5.0 

" " " 10·7 949·3 " 
5.2 

" " " 
10·4 649.6 

" 
5·4 " " " 

10.2 949.8 
" 

5.6 
" " " 

10.1 949·9 " 
5·8 " " " 

10 950 ,. 
6.0 

" " " 9·94 950.06 
" 

6.2 
" " " 

9.8 950.2 
" 

G·4 " " " 9·76 950 24 " 6.6 " " " 9·74 950.26 
" 6.8 " " " 9·7 950 .3 
" 7.0 

" ., 
" 

9.6 950-4 " 
7.8 " " " 9 95 1 

" 
8·4 " " " 8·5 95[·5 " 
9.0 " " " 

6 954 
" 

It is clear from the above Table that the buffer power of this mixture 
was very weak, especially in the pH-range from 5.6 to 7.2. In fact, the 
reaction of these solutions changed considerably during the experimental 
duration as will be seen from the results of Experiment 33 which are 
shown in Table 32. 

Six seedlings were cultured in the buffer solutions. During this ex­
perimental duration, the temperature in the green house was very low. 
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Owing to this low temperature, no microorganisms were developed in the 
solutions. The culture solutions remained clear throughout the whole ex­
periment. No unsound symptom which might be ascribed to the toxicity 
of oxalate appeared in the culture plants. But in general, the absorption 
was poor. The absorption curves of ammonia and nitrate came to contact 
with each other in the pH-range 4.5-5.5, a phenomenon characteristic to 
the culture at low temperature. 

From pH 3.5 to pH 5-4, the reaction of the solution remained almost 
constant. It changed a great deal in the solutions less acid than pH 5.4; 
for example, the initial pH 6.4 of a solutions changed to 5.8, pH 7.2 to 
5.8, and pH 8.4 to 6.4 etc. In these sohltions, the absorption was affected 
by both favourbale and unfavourable reaction of the solution and it is very 
difficult to judge which pH-value was responsible for the results. 

For the sake of convenience, the absorption curves were plotted against 
average pH-values. Text-fig. r6 shows that absorption of ammonia was 

"'3 

/0 

--- NO.,-N 

. 6 

Fig. 16 

inversely proportional to. the a­
cidity of the solution, the great­
er the acidity the less the 
amount of ammonia absorbed. 
The absorption of nitrate, how­
ever, was greater in the weakly 
acid side than in the alkaline 
side, thus causing a great di­
vergence between the absorp­
tion of ammonia and that of 
nitrate. This is a result which 

, pH 

is in common with sodium 
phosphate mixture. 

From Text-fig. 16 it will be seen that a clear depression took place 
at pH 5.2. The curve rose from pH 5.4 to a maximum point at pH 6.0. 
Then it depressed again in the vicinity of pH 6.5. The absorption curve 
of ammonia rose again in the vicinity of pH 7.5, but that of nitrate de­
pressed for good and all. Thus we have one depression at pH 5.2 and 
at least an indication of another at ca. 6.5. The other points of depres­
sion which have been found in the alkaline side were not found in this 
case, apparently due to the rapid change of reaction. 
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2. Experiment with uniform amcunt of anions in buffer 

Experiment 34 

TIle buffer solutions were prepared by adding a definite amount of 
Nilo sodium Ilydroxide to the mixture of oxalic acid and sodium oxalate 
till the required pH-value was obtained. In order to avoid the great 
change of reaction in the solution, the concentration of oxalic acid and 
sodium oxalate was increased almost twice as great as in the foregoing 
case. The following Table shows the composition of the buffer solutions. 

N/IOSodium N/IO Oxalic I ca. 0.035 N N/l0 NaOH H 2 O Sum 
pH oxalate acid NH.NOa 

cc. cc. cc. cc. cc. cc. 

4.2 20 20 10 30 920 leoo 

4·4 " " " 33 917 " 
4.6 

" " " 35 9 15 " 
4.8 ,. " " 36 g1+ " 
5·0 " " 

,. 37. 1 gl2.g 
" 

5.2 
" " " 38.5 911.5 " 

5·4 " " " 39·4 g10.6 
" 

5.6 
" ,. ,. 39.6 91O·4 " 

6.0 
" " ., 40 9IO 

" 
6.4 

" " " 40.2 gC9.8 
" 

6.6 
" " " 40.5 gc9·5 

" 6.8 
" 

,. ., 406 g09-4 ,. 
7.0 

" " ,. 41 gog 
" 

7·3 " " " 4 1 .2 908.8 
" 

7.6 
" " " 41.8 908.2 

" 
8.0 ,. " " 42 g08 

" 
8·5 " " " 45 g05 

" 

Four seedlings were grown in each culture solution. The results of 
Experiment 34 are shown in Table 33 and Text-fig. 17. 

The reaction of the solutions between pH 5 -4 and 6.0 became less 
add during tl;e experiment. Since there was no greater absorption of 
nitrate than ammonia and no development of bacteria in the solution, per­
llaps tIle penetration of oxalate ions was the cause of this decrease of 
acidity. The reaction of the solutions less acid than pH 6-4, however, 
became more acid as usual. rut the change of reaction in the alkaline 
solutions was not so remarkable as in the foregoing experiment, with the 
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C. Complete solutions plus sodium phosphate mixtures 

The results of experiments described thus far have all dealt with in­
complete solutions. The absorption of nutrients by plants in such solutions 
ma.y differ from that in the complete solutions. It is necessary, therefore, 
to study the influence of hydrogen ion concentration upon the absorption 
in a complete solution where all salts necessary for the development of 

plants are present in the balanced condition. For this purpose, a series 
pf complete solutions containing sodium phosphate mixture with uniform 
amount of anions was prepared and two experiments were performed with 
these solutons for a period of 48 and 72 hours respectively. Six seedlings 
were grown in each solution. The composition of the solutions is shown 
in the following Table: 

Stock solution M/S MIs M/S H 2 O Sum 
pH (ce.) H 3 PO, NaH.P04 NaH.PO. 

A 
H ec. CC. 

(NH.N03 ) 
CC. ec. CC. 

3.0 25 25 10 90 0 850 100 

3·4 " " 4 96 0 
" " 

3.8 
" " 25 98.5 0 " " 

4·3 " " 
0 10::> 0 " " 

4.8 
" " " 99·2 0.8 " ." 

5.0 
" " " 98 2 

" " 
5.2 

" " " 97 3 " " 
5·4 

" " " 96 4 " " 
5.6 

" " " 93 7 " " 
5$ " " " 90 10 " " 
6.0 

" " " 85 IS " " 
6.2 

" " " 
80 20 

" " 
64 " " " 70 30 )' " 
6.6 

" " " 
60 40 " " 

6.8 " " " 50 50 " " 
7·0 " " " 

40 60 " 
, , 

7.2 
" " " 

20 80 » " 
7·5 " " " 

10 90 
" " 

7.8 
" " " 

0 100 
" " 

Iron was used in the form of Feels, 2 drops of its 2 % solution 

being added to each litre of the culture solution. 









STUDIES ON THE ABSORPTION OF AMMOXIA AND NITRATE 63 

stated: "Das Minimum im Wachstum auf Schaden in der Wurzel hin-
deutete, was seinerseites eine abnorme Salzaufnahme verursachen sollte." 
(ARRHENIUS. 1920; S. 59). It is really difficult to understand how the 
loss of normal permeability in the root cell increased the absorption instead 
of exosmosis of salts. In the first part of this work, we have seen that 
the injury of high acidity always causes the retardation of absorption. And 
indeed in some cases, the diffusing out of ammonia which has been absorb­
ed by the roots took place when the root tissue began to decay. 

But the duration of the experiments recorded above was not long 
enough and the seedlings which have been brought to a certain degree 
of deplopment were to insensible for any difinite conclution to be drawn 
from them. Accordingly experimets were performed with seedlings having 
shoots ouly 2 or 3 cm. long and without any trace of lateral root. Care 
has been taken in selecting seedlings of uniform development. They were 
washed clean with tap and distilled water and grown directly in the cul­
ture solutions without preliminary culture. The experiments lasted two 
weeks in the one and eleven days in the other. In order to prevent any 
change of reaction in the solutions during the course of experiment and 
to see the variation of absorption in a given interval of experiment, the 
cultul;e solutions were renewed at definite intervals and the external solu­
tions were analysed for ammonia only at the end of every renewal. The 
change of pH -value in all solutions was determinated at each renewal and 
the growth feature, especially that of the roots, was also observed carefully 

every day. 

1. Unbalanced solutions 

Experiment 37 

Experiment 37 was performed with young seedlings of 2m Mays, 6 
plants being grown in each culture containing 350 ce. of unbalanced solu­
tions. The solutions used in this experiment were a mixture of sodium 
phosphate (with uniform amount of anions) and ammonium nitrate, the 
composition of which were exacty the same as those used in Experiment 27. 

The growth of seedlings in the unbalanced solutions was exceedingly 
poor. In tne first week, no growth of lateral root was recognized in the 
solutions more acid than pH 5.0 and less acid than pH 6.0. As the ex­

periment went on, a trace of lateral root could be found in the solution of 
these pH-ranges, but no growth whatever had taken place in the root of 
seedlings grown in the solutions of pH 3.0, 8.0 and 8.6 even at the end of 
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against pH, curves having two minima situated at ca. pH 5.3 and ca. pH 

6.3 were obtained. 
Table 36a shows the change of reaction and the growth of seedlings 

in the solutions. From this Table, it will be seen that with few excep­
tions the reaction of the solutions was kept fairly constant by renewal. 
Great change of reaction took place in only two solutions having initial 
pH 5.0 and 5.2. The reaction of the initial pH 5.4 changed to pH 5.2 
in the first IO days, but remained unchanged during the later part of the 

experiment. 
The amount of ammonia absorbed is shown in Table 36b. It is clear 

that the absorption varied at every renewal of cultute solutions. At the 
end of the first three days, the absorption of ammonia was greater on 
the weakly acid and alkaline side than in the solutions more acid than 
pH 5.0. This superior absorption in the weakly acid and alkaline solutions 
could not be found in the following three days. That is, from the third 
to sixth day, the amount of absorption in the solutions more acid than 
pH 3.0 increased to a certain degree, but that in solutions less acid than 
pH 6.0 decreased. And the amount of decrease is proportional to the 
alkalinity of the solutions, the greater the alkalinity in the solution, the 
greater the decrease of absorption. The absorption was hindered also from 
the 10th day on in the extremely acid solution and was wholly retarded 
at the end of the experiment in the solutions more acid than pH 4.6. 
In general, the absorption power of the seedlings in all solutions was more 

or less hindered by unfavourable growth as the experiment drew near the 
end, and in the last two days, there was almost no absorption in every 
solution. 

When the amount of ammonia 
plotted against pH, a curve of 

absorbed in the first three days was 

three minimum points was ob-
tained (Text-fig. 21). The 
points of depression were situ­

ated at pH 5.4-5.2, pH 6,4 
and pH 7.0-7.2 respectively. 
Since the seedlings employed 
in the experiment were very 
uniform in development and no 
growth took place within the. 

urn 

Sll 

30 

20 

10 

.J 

first 3 days, it may be assumed that the surface 

ferent solutions was nearly equal to each other. 

5 6 & pH' 

Fig. 21 

area of the root in dif­

Consequently the form 
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2. Balanced solutions 

Experiment 38 

The results of the foregoing experiment shows that growth in an un­
balanced solution is not normal. It is not sufficient to see the mutual 
relation of absorption and growth of plants from such results. Accordingly 
an experiment with complete solutions buffered by sodium phosphate mix­
ture was performed. The composition of the culture solution was the same 
as that used in Experiment 35, except that the concentration of sodium 
phosphate in this case was just twice as that in the previous one. Six 
young seedlings of uniform development were grown in culture solution 
which were renewed every day. The experiment lasted I I days. 

The growth feature in this experiment was quite different from that 
of Experiment 37. There was no visible development of lateral roots in 
any solution at the end of the first day, but from the second day on, 
there were distinct differences in growth of both shoot and root amongst 
the seedlings in the solutions. Geneally speaking, the growth was better 
on the weakly acid and weakly alkaline side, the growth in the solutions 
ranging from pH 5.0 to pH 6.8 being the most favot:rable. Among these, 
the growth of lateral root in the solutions of pH 5.2 and pH 6.4 was 
obviously inferior that in their neighbouring solutions. But this phe­
nomenon did not last long. A few days later, almost no difference could 
be observed except in the solution of pH 6.0 where the growth was re­
markably inferior. As in the foregoing experiment, the growth feature 
of lateral roots between alkaline and acid solutions was different, the former 
was short and energetic, while the latter was long and fine. The differ­
ence in colour of lateral roots grown in acid or alkaline solution was also 
recognizable: those in the solutions more acid than pH 5.6 were white 
at first and became a little pink at last, but those in the solutions less 
acid than pH 5.6 were yellowish white, never becoming gray as in the 
foregoing experiment. 

The roots in the solutions of pH 3.0 and pH 3.5 began to decay on 
the 6th day of the experiment and two days after, those in the solutions 
of pH 8.0 showed the same result. At the end of the experiment, roots 

in the solutions more acid than pH 5.6 were somewhat unsound in ap­
pearance. It is interesting to see that though the growth of root was 
equally bad in the extremely acid and extremely alkaline solutions, the 
growth of the shoot was evidently better in the alkaline solutions. No 
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doubt, the great amount of ammonia absorbed by the seedlings in alkaline 
solutions was the cause of this superior growth. 

PI. I shows the photograph of the seedlings 'at the end of this ex­
periment. The dry weight of shoot and root is shown in Table 37a and 

S' 

0.6 -shool 

0;; 

(l,1 

0.3 

0.2 

0,1 

/ .... ---" /---_ ... -- ... - ................. 
-..-.., 

5 6 ? S pH 

illustrated in Text-fig. 24. It will 
be seen that there is no particular 
maximum in the growth of seed­
lings in the solutions of varying 
pH-values. Within the pH-range 
4.5-7.0, seedlings could grow 
very well. Among these, the 
growth in solutions of pH 5.4 and 
pH 6.2 was comparatively bad. 
The growth in the pH-range 
from 5.8 to 7.0 was the best of 
all, a result which is in agreement 
with the findings of earlier works 
(Loo, 1927 and I928). It should 
be noted that the growth in the 
neutral and alkaline solutions in 
this experiment was very differ­
ent from that in the foregoing 

Fig. 24 
experiment where we have seen 

that almost no growth took place in the shoot of seedlings in the alkaline 
solutions and that generally growth was better in the pH-range 4.6 to 5.8. 
In the present case, however, the greatest growth was secured in the solu­
tions of pH 6.8 and pH 7.0. Even in the alkaline solutions, the growth 
of shoot was as good as that in the acid solutions ranging from pH 5,0 to 
pH 5·4. No wilting of shoot could be observed in this case, though the 
growth of root was hindered by the extremely alkaline reactions. Thus 
plant growth in solutions of the same pH-value may be varied according to 
the ionic condition of the solution. It is almost meaningless to regard the 
pH-value of a particular solution in which the plant grows most favourably 

as the optimum pH for the growth of a certain plant. On the whole, 
however, the growth feature of the root system has a closer relation to 
the pH-value of the culture solution, and the differences of colour, length, 
and thickness of the root between acid and alkaline solutions were common 
to both experiments. 

The amount of ammonia absorbed every day is recorded in Table 
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case. Since the amount of ammoniacal nitrogen absorbed was tolerably 
great on the alkaline side in the foregoing experiment, death of shoot 
must be caused by hinderance of nitrogen assimilation due to the un­
favourable effect of unbalanced solution. When the ammoniacal nitrogen 
absorbed could be utilized to some extent by the seedlings as in the present 
case, the shoot of seedlings could grow well in spite of the poor growth 
of the root system. 

The results of experiments with longer duration agree in that the ab­
sorption was better in the alkaline than in the acid solutions, that there are 
definite points of depression in both growth and absorption curves and that 
the points of depression are almost identical between the two curves. In 
spite of many variations in the experimental conditions, the amoLlnt of am­
monia absorbed by the root system in both balanced and unbalanced solu­
tions in evidently less at ca pH 5.2, 6.2-6.4 and 7.9 (sometime at ca pH 
7.0) than at the neighbouring pH -values. These points of depression may 
shift from one place to another either with the change of reaction in the 
solution or with the effect of growth of seedlings. By daily determination 
of the pH-value of the culture solutions and by expressing the intensity 
of absorption in total amount of ammonia absorbed per one gram of dry 
weight of root, it was found that the results of experiments of longer dura­
tion are in general coincident with those of shorter duration. 

It is interesting to find that the points of depression in the absorption 
curves were the same or at least near those in the growth curves. In the 
experiment with unbalanced solutions, the points of depression for absorp­
tion were situated at pH 5.2-5. I, and pH 6.4-6.3, while those of growth 
were found at pH 5.4-5.2 and pH 6.2. The absorption curve in the case 
of balanced solution sank at pH 5.6-5.4 and pH 6.2, while in the growth 
curve it was at pH 5.4-5.2 and pH 6.1. This fact indicates that in these 
pH-values, the physiological functions of the seedlings, including absorption 
of nutrient and growth, are reduced to the minimum. In the alkaline solu­
tion, however, no such correlation between the absorption and growth could 
be found; the growth of seedlings declined as the alkalinity of the solution 
increased. 

Another noteworthy point is that with few exceptions a greater amount 
of ammonia was absorbed by the seedlings which grow most favourably. 
This result is in agreement with the conclusion of TRUE and BARLETT 

(1916), who stated that the gaeatest absorption of salts occurs in the most 
favourable growth. But the acidity or alkalinity where the plants grow 
most favourably, does not always coincide with that of the most acitve 
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absorption, because the former results and becomes visible long after the 
latter. But the two cvrves are similar in form with only a few exceptions. 
On the alkaline side the curve of growth is just opposite to that of ab­
sorption; the greater the alkalinity, the greater the absorption of ammonia, 
but the less the growth. From this fact, ARRHENIUS' statement that at 
the maximum growth the intake of salt at the minimum (ARRHENIUS, 1922 ) 

seems to be true. But from the other facts that a very small amount of 
nitrate, but a large quantity of ammonia was absorbed in the alkaline 
solution, it should be concluded that the absorption of ammonia in the al­
kaline reaction is a special case and that the unfavourable growth in this 
case was caused by alkalinity directly or indirectly, but has no relation 
to the absorption. 

The results of Experiments 21-38 described above show clearly that 
the absorption of ammonia and nitrate is strongly affected by the hydrogen 
jon concentration of the culture solutions. A greater amount of ammonia 
is absorbed in the alkaline solutions than in the acid ones, but the ab­
.sorption of nitrate is usually better in weakly acid sulutions. This result 
agrees with the findings of HOAGLAND, THERON, PRIANISCHNIKOW and others 
and seems to lead to the conclusion that absorption is a process of che­
mical combination. But if one examines the data more closely, one would 
hesitate to draw such a conclusion. It is true that the absorption of 
ammonia is better in alkaline solutions, but this is not the case in the 
absorption of nitrate. No superior absorption of nitrate took place in the 
acid solution in the case of decapitation and even in the case of normal 
plant, slightly superior absorption of nitrate occurred only in the weakly 
acid solutions. On the contrary, the absorption of nitrate in the extremely 
acid solutions was usually almost as poor as that on the alkaline side. 
Moreover, if the absorption of ammonia and nitrate was a phenomenon of 
chemical combination, it should be expected that the absorption of am­
monia would occur in the alkaline, and nitrate in the acid solution. But 
this is not the case. As the data of the foregoing experiments show, 
with the exception of alkaline solutions, the absorption of ammonia is 
always parallel to that of nitrate, and even on the alkaline side, a small 
amount of nitrate is always absorbed by the root system. From the con­
siderations above mentioned, it is more probable that the absorption of 

electrolytes by plants is a phenomenon of complicated rather than pure 
chemical combination. Of course, it does not mean that chemical com­
bination does not take part in the process of absorption. Since protoplasm 

is an ampholyte or, properly speaking, a. complex mixture of amphoteric 
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celium mats of Fusart"um lycopersici, pH 5.5 ; for the same of Gibberella sau­
bt"1ze#i, pH 6-4; for Fusarium oxysporum, pH 4.9. In a later paper (1926), 
ROBBINS found characteristic points situated at pH 6.0-6.4 in absorption of 
basic and acid dyes, in the absorption of water in solutions of toxic cations 
and toxic anions by potato tissues, and in the change of ash content of 
potato tissue in dilute buffer mixtures. In the case of Elodea, he recog­
nized similar phenomenon in the inDuence of hydorogen ion concentration 
on the toxicity of acid and basic clyes and the change of reaction of dilute 
sodium phosphate buffer mixtures. In these buffer solutions, acid dyes 
are more toxic to Elodea in solutions more acid than pH 6.0 or pH 6.2 
than in the less acid and the more alkaline solutions. On the other hand 
the basic dyes are more toxic in solutions less acid and more alkaline than 
pH 6.0-6.2 than in solutions of higher acidity. When a piece of Elodea 
was placed in the dilute buffer solutions of various pH-values, the reaction 
of the solution changed continuously till it reached a point of equilibrium 
at pH 5.85-6.68. Thus the results of ROBBINS and his coworker show 
clearly that in the solutions of different pH -values, plant tissue acts as if 
it were an ampholyte with a characteristic point which may be regarded 
as' the isoelectric point of the protoplasm. 

On the other hand, COHN, GROSS and JOHNSON tr 9 2 I) determined the 
isoelectric point of the pressed juice of potato, carrot and tomato by the 
method of cataphoresis and found that the isoelectric point of tuberin, the 
chief protein of potato tissue, is about pH 4.0. Similar results were secur­
ed by PEARSALL and EWING by the precipitation method. It is noteworthy 
that the isoelectric points of phmt juices determined by COHN, GROSS and 
JOHNSON and PEARSALL and EWING (1924a) are perfectly or almost coin­
cident with those of the chief protein of these plants. 

It is worthy to note, however, that what ROBBIl\S found to be the 
isoelectric point for potato tissue is quite different from that of tuberin 
found by COHN, GROSS and JOHNSON. SCOTT (1929) is of the opinion 
that potato tissue is composed of more than one protein, besides tuberin ; 
there are other ampholytes each with its own isoelectric point; the iso­
electric point of potato tuber tissue is noting but the resultant of the 
isoelectric points of these ampholytes. 

You DEN and DENNY (1926. 1927) made objections to the assumption 
of isoelectric points, which were found by ROBBINS and his co-worker by 
their method. YOUDEN and DENNY immersed the tissue of apple. potato, 
and barley roots which had been cut to pieces, seeds of corn, rye and 
wheat and corn powders in a series of buffer and non-buffer solutions and 
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in the increase of volume and weight resulting from the absorption of water 
by the tissues of Solanum tuberosum, Brassica Napus var. Napobrassica, 
Brassz'ca Rapa, and Vicia Faba which were immersed in the buffer solutions 
of different pH-values. These minimum points were as follows: 

Tissues of plants 

Solanum tuberosztm 
Brassica Napus var. Napobrassica 
Br. Rapa 
Vicia Faba 

isoelectric point 

pH 3.2 

" 4.5 

" 
" 

5·2-5·4 
6.2-6.5 

They explained the cause of these phenomena on the change of permea­
bility of plasma-membrane. According to them, the plasma-membranes 
lose their semi-permeability in this specific pH so that the capacity of salt 
and water retention is lost. It seems to the authors that the loss of the 
semi-permeability is due to the precipitation or coagulation of plasma-colloid. 

Besides the works cited above which indicate the existence of the 
isoelectric point of the protoplasm, many authors have found similar phe­
men a : (I) in absorption (DAVIDSON, 1927; SABININ and KOLOTOVA, 1927; 
NIKLEWSKI, KRAUSE and LEMANCZYK, 1928) and excretion of salts (OSSIPOWA 
and }UFE REWA , 1926); (2) in the production of pH-equilibrium in buffer 
solutions by seeds (RUDOLF, 1922, 1925) and succulent tissue (ULEHLA, 
1928); (3) in the growth of root hairs (FAR, 1927); (4) in the relation of 
the toxic effect of cations and anions (SCOTT, 1929) and (5) in the antago­
nistic action of salts (MEvlUs, 1927). These results show that protoplasm 
behaves like an ampholyte with a characteristic point which seems to have 
some relation to the isoelectric point of the protoplasm. 

It should be pointed out, however, that with a few exceptions, all 
authors cited above, regard the protoplasm as a simple ampholyte with 
only one isoelectric point. That protoplasm is a polyphase system which 
consists of many amphoteric substances such as proteins, amino acids, 
lipoids etc. is a fact out of question. These amphoteric substances form a 
colloidal mixture in the cell, but do not always take the form of a chemical 
compound. Consequently, if there is any possibility of the existence of 
an isoelectric point in the protoplasm, instead of a single one, more than 
one point should be expected. In fact, McDOUGAL and MORAVEK (1927) 
found that in a constructed cell with colesterine and lethicin there was a 
point of depression in exosmosis of ions when the cell was immersed in the 
solutions of different pH-values. Their results show that not only proteins 
but also lipoids are inG:.Ienced by the hydrogen ion concentration. In ROB-

• 
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BINS' later work (1926), there are many curves of polymaxima of which he 
has taken no account. Such curves could not be satisfactorily explained on 
the assumption of only one isoelectric point. Our figures all show that 
the chief protein as well as other amphoteric substances of the protoplasm 
play role in showing a wave-formed curve in relation to the absorption. 

On the contrary, STEARN (1926 a & b), from both theoretical and ex­
perimental results, concluded that in a complex system containing more 
than one colloid each with its own isoelectric point, there is only one iso­
electric point which is different from those of both the component colloids. 
This fact seems to serve as a basis for the truth of ROBBINS' and other's 
hypothesis. But one must not be too rash to anticipate the analogy be­
tween test tube and plant cell. The colloidal mixture in a living plant 
cell is quite a different thing from that in the test tube. The protoplasm 
of a living organism is a complex system of various chemical natures and 
in various states of aggregation (BAYLISS, 1920, p.26) and might be expect­
ed to react individually. 

The hypothesis of the existence of more than two isoelectric points in 
the protoplasm was first advanced by SAKAMURA and Loo (1925) based on 
the results of a series of experiments which were performed with regard 
to the influence of hydrogen ion concentration upon the softening and 
hardening of protoplasm of Spirogyra. After immersing the filaments of 
Spirogyra in the dilute buffer solution ranging from pH 3·5 to pH 8.2 for 
5 minutes, they were centrifuged and the degree of displacement of chloro­
plasts from cytoplasmic layer was observed. The degree of displacement 
of chloroplasts was divided into four different states, the most displaceable 
state was considered as due to the softening and the contrary as due to 
the hardening of protoplasm by the influence of hydrogen ion concentration. 
By such methods, SAKAMURA and Loo obtained curves of three maxima and 
three minima when the percentage of filaments which were softened or 
hardened by hydrogen ion concentration of the solutions was plotted against 
pH. Though the points of maxima and minima were variable to certain 
degree according to the seasons in which the materi?-ls were collected and 
other external conditions such as temperature, change of reaction in the 
solution during experiment etc., they were in general situated in the vicinity 
of the following pH-values. 

For plants in the winter and spring 

softening 

hardening 

• 
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or softening have no record in the data. SAKAMUKA and Loa did not state 
which pH-value or values were the point or points of softening and harden­
ing; they only stated that such points lie in the vicinity of these pH-values. 
On the whole, HEILBRUNN'S criticism on SAKAMURA and Loa's work is based 
on misunderstandings. 

The results presented in this part of the present work furnish other 
data which support SAKAMURA and Loa's statements. It is very interesting 
to see that the curve of absorption of ammonia and nitrate is very much 
like that of the change of physical properties of protoplasm in the case of 
Spirogyra. We have seen that in our case of absorption, too, the form 
of the curve varied to some extent under different conditions. But notwith­
standing these unavoidable variations, the maxima and minima in the curves 
are situated in a definite pH-zone which is so evident that one can not 
fail to explain the phonomenon on the ground of the existence of isoelectric 
points in the protoplasm. 

The next question is: Do all these points of maxima or minima mean 
isoelectric points? The position of maximum or minimum points may be 
different from the real isoelectric points of the protoplasm, but no doubt 
it lies near the vicinity of them. In a recent article, PFEIFFER (1929, S. 
1563) hesitates in admitting the existence of many isoelectric points in the 
same tissue, because the polymaxima of the curves can often be reduced 
by the addition of certain salts to the solution. Unless there is some 
evidence of production of polymaxima in the curve resulting from the addi­
tion of saIt, it is not very legitimate to doubt the existence of many isoelectric 
points in the protoplasm. For the reduction of polymaxima in the curve 
might be the influence of the salt, but it does not follow that the maxima 
or minima may be increased by the addition of salts. Our data described 
in the above show that when the reaction of the buffer solution was changed 
seriously on the alkaline side, the depressions on that side may be un­
recognizable. However, there was no single evidence that these maximum 
or minimum points have been increased by the effect of a certain salt, 
though different kinds of buffer solutions were employed in the experiments . 

. Now rises the question: \Vhich represents the isoelectric points, the 
maxima or the minima? As has been pointed out, from both physical 
and chemical standpoints, the minimum points should be regarded as to do 
with isoeIectric points. PFEIFFE1{ (1929) and GELLHORN (1929) are of the 
same opmIOn. On the other hand, authors like LLOYD (19 15), FREE (1916) 
HAYNES (1921) and PEARSALL and EWING (1924b, 1925, 1927) are inclined 
to consider the permeability of the protoplasm to be at its maximum at the 
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isoeIectric point. According to LLOYD, FREE and HAYNE8, protoplasm con­
sists of a hydrophile colloid, its permeability is determind by the change 
of water content of the disperse phase; the permeability will be lessened 
through swelling of the disperse phase, because the diffusion way of the 
protoplasm may become narrow through the swelling. Therefore at the 
isoeJectoric point, the permeability will be the greatest, since at that point 
the swelling of the disperse phase is at its minimum. PEARSALL and Ewriw 
are of the opinion that at the isoelectoric point precipitation or coagulation 
of plasma-colloid takes place so that the protoplasm loses its semipermea­
bility. All these authors agree with each other in that the swelling of the 
disperse phase of plasma-colloid is least at the isoelectric point. As has 
been pointed out by GELLHORN (1929) and PFEIFFER (1929), from the fact 
that the electrolytes ""hich accelerate the swelling of the disperse phase of 
colloids increase the permeability, while those reduce the swelling, hinder 
the permeability, it is more legitimate to expect that the permeability would 
be least at the isoeIectric point. Fortunately the recent work by RISSE 

(r 926 a & b) show that is actually the case. RISSE found that the per­
meability of a gelatine or a collodium membrane to water and the dissolv­
ed substances was increased by the increase of swelling of the membrane 
and that at the isoeIectric point, the permeability is least. Thus it is be­
yond question that in our case in the root tissue of maize the points of 
depressions mean the isoelectric points of the protoplasm or the resultant 
of the isoeIectric phenomena. 

In conclusion, the absorption of ammonia and nitrate by the root 
system of Zea Mays is strongly affected by the hydrogen ion concentra­
tion of the external solutions. The calise of this influence lies in the change 
of permeability of the root cell due to the cha!lge of physico-chemical 
properties of the plasma-colloids and this seems to have some relation to 
isoelectric points of the protoplasm. 

The general discussion on the absorption of salts by the root system 
of the higher plants will be reserved for another occasion of the publication 

of the results of the further related experiments, which were already carried 
out. 
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Table 4 

Zea Mays: 3 seedlings grown in 3So cc. of complete soiution which 

contained 0.00122 N. ammonium nitrate. Initial pH= S-4. Experimental 

duration: Jan. 12-24, 1927. Temp. 20-2SoC. 

absorption 
[NH·.J-[NO' a] 

dry weight N-absorbed per I 

No. days pH (0.00001 N) of the root gm. of dry root (mg.) NHa 

NHajNO a 
(0.00001 N) (gm.) I 

NOa 
NH -N NOa-N 3 

I 2 4.0 47 40 7 0.1045 22.05 18.69 1.18 

2 3 3.6 49 42 7 0.0020 29.25 25· II 1.17 

3 5 3.2 88 62 26 0.1083 39·78 28.05 1.42 

4 7 3. 1 103 66 37 0.1I05 45.60 29.04 1·56 

5 10 3.0 121 87 34 0. II83 50.10 38.10 1.39 

6 12 3·5 121 100 22 0.127 0 46.80 38.58 1.21 

Tabls 5 

Zea Mays: 3 seedlings grown in 400 cc. of complete solution which 

contained 0.01192 N. ammonium nitrate. Initial pH=4.8. Experimental 

duration: Feb. 10-23, I927. Temp. 18-2 Soc. 

absorption 
[NH' .J-[NO' aJ 

dry weight N-absorbed per 1 
NH. 

No. days pH 
(0.00001 N) 

of the root 
gm. of dry root (mg.) 

NH.I NO. 
(o.oeool N) 

(gm.) 
I 

NOa 
NH.-N NOa-N 

1 2 3.6 86 2 84 0. 1295 37·15 0.86 43.00 

2 4 3·3 1I7 35 81 0.14 15 46,30 14.25 3.25 

3 6 3.0 21 7 72 145 0.1560 n 85 25·80 3.01 

4 8 2·9 312 102 210 0. 1835 95.25 31.50 3.06 

5 9 2.8 402 J9;) 203 0.2101 107. 10 53. 00 2.02 

5 II 2·7 542 254 288 0.221 4 137.25 6+50 2.13 

7 13 2·7 482 259 233 0.1[:61 145.30 78.25 1.86 
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Table 8 

Zea ll:fays: 3 seedlings in each culture containing 400 cc. of nutrient 

solution. Concentration of ammonium nitrate: 0.00242 N. Initial pH=4.8. 
Experimental duration: Feb. 26-Mar. 10, 1927. Temp. IS-2S °C. 

absorption 
[NII·.]-[NO's] 

dry weight N-absorbed per I gm. 
NH. (O.OOCOI N) of the of dry root (mg.) 

No. days pH root NUs 
NHal NOs 

(0.00001 N). (gm.) NH 3 ·N I NOs·N 

1 2 3·5 58 66 -8 0.1262 25·75 29.26 0.88 

2 3 3·4 107 135 -28 0.1350 44.40 56.20 0.79 

3 4 3·3 119 151 -32 0.136z 48.85 61.85 0·79 

4 5 3.2 146 186 -40 0.1448 56.45 71.40 0·79 

5 6 3.0 210 192 18 0.1716 68.50 62·75 1.09 

6 ,7 3 0 239 206 33 0.1895 70.60 60.85 1.16 

7 9 3.0 241 0.2002 67.50 

8 10 3.0 241 23 1 10 0.1945 6g·50 66·75 1.04 

9 12 3·0 242 242 0 0.2625 51.65 5 1.65 1.00 

Table 9 

Zea Mays: 3 seedlings in each culture containing 400 cc. of nutrient 
solution. Concentration of ammonium nitrate: 0.00242 N. Initial pH = 
4.7. Experimental duration; Mar. 14-22, 1927. Temp. IS-25°C. 

absorption 
[NH·.]-[NO· s] 

dry weight N-:lbsorbed per I gm. 
NH. 

No. days pH 
(0.00001 N) of the of dry root (mg.) 

NH, IN03 

(o.oeoOl N) root 

I 
N03 

(gm.) NH 3 ·N N0 3 ·N 

I 

I 1 1 3.6 56 02 -26 0.1695 18.50 27.20 0.68 

2 3 3.2 103 142 -39 0.144° 40.00 54.80 0·73 

.:; 4- 3.0 156 142 J4- o J800 48.50 44·20 1.10 

4 5 3.0 202 185 J7 0.2360 47.S8 44·cO 1.c9 

5 7 3 0 241 2°4 37 0.2355 57.30 48.20 1.19 

o 0.2570 52.75 \1.00 
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Table J 2 

Z a 1l1ays: 3 seedlings in each culture containing 350 cc. of nutrient 
solution. Concentration of ammonium nitrate: 0.0:)354 N, the amount of 
salts other than N-source was twice as great as that of KNOP solution. 
Initial pH=4.6. Experimental duration: Feb. 1-[3,1928. Temp. IS-2SoC. 

absorption 
[NH.J-[NO;] 

dry weight N-absorbed per I gm. 
NH, 

No. 
(0.00001 N) of the of dry root (mg.) 

days pH root NO. 
Nfl, [ NO, (O.OCOOI N) (gm.) NH 3 ·N I N03 -N 

I I 3·8 20 27 -7 0.1190 8.2+ I I. 1 3 0·74 

2 3 3-4 62 74- -12 01 53) 19.85 23.70 0.84 

3 6 3·3 1'4- 134- -30 0. 1640 3I.:!5 39.85 0.78 

4 8 3·0 161 174- -13 0. 1850 42.65 45.85 0·93 

5 10 2·9 2 1 7 208 9 0.1880 56.60 54.30 1.04 

6 12 29 232 192 40 0.182Cl 62·5° 5 2.00 1.21 

Table 13 

Zea 1I1ays: 3 seedlings in each culture containing 3;0 cc. of nutrient 
solution. Concentration of ammonium nitrate: 0.00354 N, the amount of 
salts other than N-source was equal to that of KNOP solution. Initial 
pH=4.6 . Experimental duration: Feb. 1-13, 1928. Temp. 15-25°C. 

absorption 
[NH.J-[NOs'] 

dry weight N-absorbed per I gm. 

No. days pH 
(0.00001 N) of the of dry root (mg.) NH, --
NII3 ) N03 

(0.00001 N) root 

I 
NOs 

(gm.) NH3·N N0 3·N 

I I 3.8 26 26 a 0.1285 9·93 9·93 1.00 

2 3 3·4 64 67 -3 0.1290 24.30 25.85 0·94 

3 6 3.0 134 105 29 0.1410 47·CO 36.50 1.27 

4 8 3'0 175 177 -2 0.1810 47-40 47.85 0.99 

5 10 2.8 255 21 7 38 0.2054 60.85 52.00 LI7 

6 12 29 218 234 -16 0.2030 52.70 56.65 0·93 
, , , 
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Table 16 

Zea Mays: 3 seedlings in each culture containing 350. cc. of am­
monium nitrate solution whose concentration was 0.00483 N. Initial pH= 

5.4. Experimental duration: June 13-26, 1927. Temp. IO-25°C. 

absorption 
[NH.J-fNOs'J 

dry weight N·absorbed per I gm. 
NH, 

No. days pH 
(0.00001 N) of the of dry root (mg.) 

root NO. 
NH31 NO. 

(0.00001 N) (gm.) NH.-N I NO •. N 

I 1 3·8 47 3 44 0.1480 15·58 

I 
0·9;1 15.66 

2 3 3. 1 137 83 54 0.15:10 44·75 27. 10 1.65 

3 
I 

5 2.8 183 103 80 0.1590 56-45 31.70 I.78 

4 7 2.8 223 III lIZ 0.156 :> 70.10 34.85 2.01 

5 8 2.8 233 113 120 0.1655 69.00 35.50 2.06 

6 12 2·7 308 183 125 0.1980 76.25 45.40 1.68 

Table 17 

Ze'a lIfays: 3 seedlings in each culture containing 350 cc. of ammoni­
um nitrate solution whose concentration was 0.00354 N. Initial pH= 5.4. 
Experimental duration: June 13-26, 1927. Temp. IO-25°C. 

absorption 
[NH.]-[NOs'J 

dry weight N-absorbed per I gm. 
NH. 

No. days pH 
(0 . .00001 N) of the of dry root (mg.) 

NH3 I NO. 
(0.00001 N) 

root NO. 
(gm·l NH.·N I NO.-N 

I I 3·7 50 17 33 0.1485 16.50 5.61 2·94 

2 3 3.0 120 87 33 0.1515 38.80 23.15 1.38 

3 4 3.0 154 108 46 0.1500 50·3:) 35,2:> 1,43 

4 5 3.0 19 1 130 61 0'156:) 60.00 40.80 1·47 

5 6 2·9 225 ISS 70 0.1630 67·60 46.60 1·45 

6 7 2·9 235 155 80 0.1540 74·75 49,15 1.52 

7 10 2.8 243 166 82 0.1600 76.00 

I 
51.00 1·49 

8 12 2.6 2SG 170 lIS 0.2:)25 6g.60 41.2:) 1.69 
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Table 18 

Zea Mays: 3 seedlings in each culture containing 350 cc. of ammoni­
um nitrate solution whose concentration was 0.00246 N. Initial pH = 5-4. 
Experimental duration: June 13-26, 1927. Temp. 10-25°C. 

absorption 
[NH.·]-[NO:J 

dry weight N-absorbed per I gm. 
NH, 

Ko. days 
(0.0001 N) of the of dry root (mg.) 

pH root NO. 
NH.J NO. 

(0.00001 N) (gm.) NH.·N 
J 

N0 3 ·N 

I I 4.0 42 24 18 0.I48S 13.87 7·93 1.75 

2 2 3.6 78 59 ]9 0.1515 25·20 ]9.10 1.32 

3 3 3·3 116 87 29 0.15 10 37.60 28.20 1.33 

4 5 3.0 167 12Z. 45 0.1530 51.50 39.20 1·37 

5 7 2·9 187 126 6r 0.1545 59.30 40.]0 1.48 

6 8 2.8 208 122 86 0,]550 65·Co 38.60 1·70 

7 12 2·9 224 ]47 77 0. 1690 64·98 42.70 1.5 2 

Table 19 

Zea Mays: 3 seedlings in each culture 
urn nitrate solution whose concentration was 
Experimental duration: June 13-20, 1927. 

containing 350 cc. of ammoni-

0.00063 N. Initial pH = 5.4' 
Temp. IO-25°C. 

absorption 
[NH.J-[NO:J 

dry weight N-absorbed per I gm. I 
(0.00001 N) of the of dry root (mg.) :i'\H, 

No. days pH root l I NO. NH3 I NO. 
(0.00081 N) (gm.) NH3·N N0 3 ·N I 

I I 3·9 37 31 6 0.14 80 ]2.25 10.40 1.19 

2 2 4.0 47 43 4 0. 14 85 15.50 14.20 1.09 

3 3 4·2 63 59 4 0.1460 21.13 19·75 1.07 

4 5 4·6 63 6r 2 0.1465 21.00 20-40 1.03 

5 7 4.8 63 
I 

6' .) 0 0.1460 2[.13 21.13 1.00 

.. 
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Table 20 

Zea Mays.' 3 seedlings in each culture containing 350 cc. of solution 

(Na-phosphate + NH4 NOs ), the amount of anions in each solution being 

equal. Concentration of NH4 NOs : 0.00360 N. Experimental duration: 

15 hours; April 4-5, 1928. Temp. I5-25°C, 

pH 
\ 

absorption 
dry weight of 

N-absorbed per I gm. 

N:J. 
(0.00001 N) 

the root 
of dry root (mg.) 

initial I final I NH3 I N0 3 

(gm.) NH3·N I N0 3·N 

I 3.0 2·9 18 10 0.1430 6.22 3.42 

2 4.2 4.1 26 17 0.1818 7·00 4.58 

3 4·5 4·4 28 22 0.210:> 6·53 5.13 

4 5.0 5.0 20 x 0.1950 5.02 0.25 

5 5·5 5·5 24 20 0.1935 6.06 5.06 

6 6.0 6.0 28 22 0.1935 7·07 5·57 

7 6·5 6·4 2:> 7 0.2165 4.52 1.58 

8 7·0 6.8 
I 

28 14 0.19c5 7.20 3.60 

9 7·5 7·4 28 21 0. 1825 7.50 5.65 

10 8.0 7.8 22 IS 0.IS10 595 4.87 

II 8.5 8,3 26 3 0.1685 755 0.87 
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Table 22 

Zea lVlays: 3 roots in each culture containing 350 cc. of solution 

(Na-phosphate+ NH4NOS)' the amount of anions in each solution being 

equal. Concentration of NH4 NOs : 0.08354 N. Experimental duration: 

24 hours; April 24-25, 1928. Temp. 20-30°C. 

pH 
absorption I dry weight of 

N-absorbed per I gm. 

No. 
(0.00001 N) 

the root 
of dry root (mg.) 

initial I final NH3 I NO, I (gm.) NH3·N I N0 3 ·N 
I 

I 3.0 3.0 24 14 0.14 10 8.35 4.87 

2 4.0 3.8 24 14 0.1260 9·35 5'45 

3 4.6 4·2 34 27 0.1463 lI,35 9.00 

4 5.0 4·7 28 7 0.1260 10·90 2.71 

5 5·5 5·5 34 19 0.1 2 38 13.48 7,53 

6 6.0 5·9 36 29 0.1346 13.10 10·55 

7 65 6,3 30 14 0.Il83 12.40 5.80 

8 7.0 6·9 38 27 0. 1245 14·93 10.60 

9 7·5 7.2 38 29 0.1 267 14.70 II.20 

10 8.0 7.8 24 7 0.1010 II.55 3.40 

II 8.5 7·9 34- 22 0.II75 14 .• 8 9.15 
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Table. 23 

Zea 1I1ays: 5 roots in each culture containing 350 cc. of solution 

(Na-phosphate+ NH4 NOa), the amount of anions in each solution being 

equal. Concentration of NH4 NOs : 0.00360 N. Experimental duration: 

6 hours; May 5, 1928. Temp. 15°C. 

pH absorption dry weight of N-absorbed per I gm. 

No. 
(0.00001 N) the root of dry root (mg.) 

initial I final NH. j NO, 
(gm.) 

NH,-N j NO.-N 

I 3.0 3.0 4 3 0.II74 1.67 1.25 

2 4.0 3·9 8 5 o.II64 3·33 2.10 

3 4·5 4·4 8 6 0.1526 2·53 1·93 

4 5.0 4·9 6 4 0.1348 2.14 1·45 

5 5·5 5·4 8 7 0.13cO 3.01 2.62 

6 6.0 6.0 12 12 0.1025 5·73 5·73 

7 6·5 6·4 14 6 0.n80 5.81 2.48 

8 7.0 7·0 24 15 0.1440 8.17 5. 10 

9 H 74 16 10 0.1300 6.02 3.77 

10 8.0 8.0 16 7 0.0975 8.05 3.52 

II 8·5 8·5 24 13 0.1237 9.50 5.15 
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Table 24 

Zea 1I1ays: 3 roots in each culture containing 350 cc. of solution 

(Na-phosphate + NH4 N03 ), the amount of anions in these solutions being 

equal to each other. Concentration of NH4 N03 : 0.00356 N. Experi­

mental duration: 24 hours; May 23-24, 1928. Temp. 15°C. 

pH absorption 
dry weight of 

N-absorbed per I gm. 

No. 
(0.00001 N) 

the root 
of dry root (mg.) 

initial I final NHs I NOs (gm.) NHs·N I NOs·N 

\ 
I 3.0 2·9 20 14 0.0990 9.90 6.93 

2 4.0 3·8 22 IS 0.0905 11.90 7.70 

3 4·5 4·4 24 17 0.1020 11.50 8.15 

4 S.O 5.0 14 14 0.1000 5.85 6.85 

5 S·S S·S 15 14 0.0679 I1·So 10.10 

6 5.0 5.0 22 21 0.0920 Il·70 11.20 

7 6,4 6,3 25 IS O.IlIS 11.40 6.60 

8 7.0 6.8 22 12 0.0935 II.SI 5,30 

9 74 7·3 22 15 0.089S 12.05 8.22 

10 8.0 7·9 20 II 0.0920 10.65 5.2 7 

II 8·5 8.0 28 17 0.1015 13.50 8.20 



, 
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Table 25 

Zea Mays: 3 roots in each culture contarning 350. cc. of solution 

(Naphosphate+NH4 NOa), the amount of anions in these solutions being 

equal to each other. Concentration of NH4 NO a : O.OOCOI N. Experi­

mental duration: 48 hours; 1\lay 23-25, 1928. Temp. IS°C. 

pH 
absorption 

dry weight of 
N-ahsorbed per I gm. 

No. 
(0.00001 N) 

the root 
of dry root (mg.) 

initial I final NH. I NO. 
(gm.) NH.-N I NO.-N 

I 3.0 2·9 14 12 0.1010 6·79 5.82 

2 4.0 4·0 16 IS 0.loi5 7.30 6.85 

3 4·5 4·4 20 18 0.1000 9·80 8.82 

4 5.0 5.0 10 10 
I 

0.0905 5.41 5.41 

5 5·5 5·5 14 14 0.0872 7·87 7.87 

6 6.0 5·9 20 20 0.0802 12.20 12.20 

7 6·4 6,3 16 IS 0.0831 9·45 S.85 

8 7.0 6.9 22 19 0.0974 II.05 9·55 

9 7·4 7·2 18 16 o.ogoo 9.80 8.70 

10 8.0 7.8 20 II 

I 
0.0782 12·5') 6.90 

11 8.5 8.0 22 16 0.087° 12.40 9·00 

I 
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Table 32 

Zea Mays: 6 seedlings in each culture containing 350 cc. of solution 
(oxalate mixture+NH4 NOs), the amount of cations in these solutions being 
equal to each other. Concentration of NH4 NOs : 0.00358 N. Experi­
mental duration: 24 hours; Oct. 30-3 I, 1928. Temp. IO-20

0 C. 

pH absorption dry weight of N-absorbed per I gm. 

No. 
(0.00001 N) the root of dry root (mg.) 

initial I final NH3 I NOs 
(gm.) 

NH3-N I N03-N 

I 3·5 3·6 10 16 0.1550 3·16 5.05 

2 4.0 4·0 12 18 0.1480 3·97 5·95 

3 4.2 4·3 18 18 0.1815 4·86 4.86 

4 4·5 4·4 20 17 0.1630 6.01 5.10 

5 4.8 4.8 20 20 0.1620 6.05 6.05 

6 5.0 5·1 28 24 0.1700 8.07 6.92 

7 5.2 5·2 16 12 0.1500 5·22 3·92 

8 5·4 5·3 24 13 0.1665 7.06 4.12 

9 5.6 5·4 26 23 0.1600 7.96 7.05 

10 5.8 5·7 27 18 0.1660 7·97 5.02 

II 6.0 5·4 33 21 0.1600 10.10 6.12 

12 6.2 5·7 32 21 0.1600 9.80 6.12 

13 6,4 5·8 32 18 0.1720 9.10 5. 13 

14 6.6 6.0 29 18 0.1775 8.00 4·95 

15 7.2 5·S 28 II 0.1740 7,90 3.09 

16 7.8 6.1 28 7 0.1740 7.00 1.95 

17 8.4 6'4 28 5 0.1370 0.00 1·79 

18 9·0 7·6 30 I 0.1485 g.go 0.33 

, 
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Table 33 

Zea Mays: 4 seedlings in each culture containing 350 cc. of solution 
(oxalate mixture+NH4 NOa), the amount of anions in these solutions being 
equal to each other. Concentration of NH4 NOa : 0.00360 N. Experi­
mental duration: 24 hours; Dec. 24-25, 1928. Temp. IS-25°C. 

pH absorption 
dry weight of 

N-absorbed per I gIll. 

No. 
(0.00001 N) 

the root 
of dry root (mg.) 

initiat ) final NH. I NO. (gIll.) 
NH.·N I NO.·N 

I 4.2 4.1 5 I 9 0.0640 3.83 7.00 

2 4·4 4·4 5 9 0.0640 3·83 7.00 

3 4.6 4·6 7 10 o.o,go 4·go 7.00 

4 4.8 4.8 10 11 0.0555 8.83 g·70 

5 5.0 5.0 14 11 0.0750 9.15 7.2 0 

6 5·2 5.2 9 11 0.0765 5·77 7.05 

7 5·4 5·6 16 13 0.07 1 5 10.96 8·92 

8 5.6 6.0 18 13 0.0625 14·10 10.20 

9 6.0 6.2 21 14 0.0:'30 14·10 9-40 

10 6·4 6'4 IS 13 0.0675 10.88 9-45 

II 6.6 64 16 16 0.065:J 12·°5 12.05 

12 6.8 6.8 17 14 0.0550 15.15 12·45 

13 7.0 6.8 17 II 0.0635 13.10 7·75 

14 7·3 7·0 20 12 0.0815 12.02 7·20 

IS 7.6 6.8 20 7 0.0550 17.85 6.25 

16 8.0 6.8 22 4 0.06eo 17·g8 3·'-7 

17 8·5 7·0 22 5 0.0710 15.15 2.82 
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Table 36a 

Zea Mays: 6 seedlings in each culture containing 350. cc. of solu­
tion (Na-phosphate+ NH4 N03 ), the amount of anions in these solutions 
being equal to each other. Concentration of NH4 N03 : 0.00360 N. Ex­
perimental duration: Nov. 9-23, 1928. Temp. 15-25°C. 

pH dry weight of 

No. daily changes plants (gm.) 
initial 

f I I I I I 3 6 8 10 12 14 shoot root 

I 3.0 3.0 2·9 2.9 3.0 3.0 3.0 0.1800 0.0460 

2 3.6 3.6 3·5 3·5 3·5 3·5 3·5 0·J945 0,0915 

3 4.0 3·9 3.8 3.8 3·8 4·0 4.0 0.2290 0.0760 

4 4.2 4.2 4.0 4.1 4.2 4·4 4.2 0.2360 0.0830 

5 4·4 4·4 4.1 4.2 4·3 4·5 4·4 0.2020 00770 

6 4.6 4·4 4.2 4·4 4.6 4.8 4.6 0.2370 0.0810 

7 5.0 4.6 4·4 4.8 4·9 5.0 5.0 0.2400 0.e900 

8 5.2 4.8 4'8 5.0 5.1 5.2 5.2 0.2420 0.1020 

9 5·4 5.2 5.2 5.2 5·2 5·4 5-4 0.1940 0.0650 

10 5.6 5·4 54 5·5 5·5 5.6 5.6 0.2240 0.0855 

II 5.8 5·7 5.8 5.8 58 5.8 5.8 0.2605 0.094 0 

12 6.0 6.0 6.0 6.0 6.0 6.0 6.0 0.1995 0.0900 

13 6.2 6.1 6.2 6.2 6.2 6.2 6.2 0.1655 0.0775 

14 6·4 6·3 6·3 6·3 6·3 6·4 6·4 0.1990 0.0860 

15 6.6 6.6 6.5 6.0 6.0 62 62 0.2055 0.1015 

16 6.8 6.8 6.8 6.8 6.[; 6.8 6.8 0.1470 0.0630 

17 7.0 7.0 7·0 7.0 7.0 7.0 7.0 0.1340 0.05 15 

18 7,2 7.2 7·2 7.2 7·2 7.2 7·2 0.1295 0.0425 

19 7.6 H 7-4 7·5 7·5 7·5 7·5 0·1l75 0.0355 

20 8.0 7.6 7·7 7·R 7.8 7.8 7.8 0.0955 0.0460 

2[ 8.6 8.0 8.2 84 8·5 8·4 8.4 1.0820 00260 
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Table 36b 

initial 
ammonia absorbed (0.00001 N) 

N-absorbed per 
No. 

during the interval (days) 
I gm. of dry 

pH 

I 6 I 8 I I I I total root (mg.) 
3 10 12 14 

I 3.0 18 40 I2 10 0 0 80 85.25 

2 3·6 30 40 15 15 5 0 105 72.10 

3 4·0 35 40 20 18 8 0 121 78.00 

4 4·2 35 43 20 22 6 0 126 74.50 

5 4·4 35 38 15 20 6 0 II4 72.60 

6 4.6 35 42 17 20 2 0 JI6 70.40 

7 5·0 43 48 20 20 8 5 144 78.50 

8 5·2 42 43 20 20 8 2 135 64.80 

9 5·4 35 37 22 22 2 2 120 90·50 

10 5.6 44 45 22 25 5 4 145 83·20 

II 5.8 54 59 25 27 10 -2 173 go.oo 

12 6.0 44 43 18 28 18 4 155 84045 

13 6.2 42 40 13 18 8 0 121 76.50 

14 6.4 37 35 16 22 IS 2 127 72'40 

15 6.G 45 40 24 26 18 0 153 73·90 

16 6.8 43 30 16 22 0 -5 III 86.50 

17 7.0 38 32 15 8 8 0 101 96.00 

18 7·2 38 33 13 8 2 0 94 100.85 

19 7.6 52 33 10 14 8 2 II9 164.50 

20 8.0 52 13 6 5 8 0 84 S9·50 

21 8.6 42 13 10 10 IO 10 95 179.00 
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Table 37a 

Zea 1l1ays: 6 seedlings in each culture containing 350 ce. of nutrient 
solution (complete solution + Na-phosphate), the amount of anions in these 
solutions being equal to each other. The nutrient solution was renewed 
every 24 hours. Concentration of NH4 N03 : 0.00650 N. Experimental 
duration: Aug. 20-31, 1929. Temp. IS-2S o·C. 

PH 
dry weight of 

No. daily changes plants (gm.) 
initial 

I I 2 I 3 I 4 I 5 I 6 I 7 r 
8 I 9 

1
10 

I 
II shoot I root 

I 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3·0 3.0 3·0 3.0 0.3470 0.0655 

2 3-5 3·5 3·5 3·5 3·4 3·5 3·5 H 3·5 3·5 3·5 3·4 0·3990 0.1000 

3 3.8 3·7 3·7 3·8 3·7 3.6 3·6 3·7 3·7 3·7 3·7 3·7 0·3995 0.1060 

4 4·5 4·5 4·5 4-5 4·4 4.2 4.2 4. 2 4·2 3.8 4.2 4.2 0.5465 0.13 2 5 

5 5·0 4·9 4.8 4·9 4.8 4.7 4.8 4·7 4·7 4·7 4.8 5.0 0.5010 0.1230 

6 5·2 5.2 5·2 5.11 5.0 5.0 5·1 4-9 4·9 5.0 5·0 5.1 0·4970 0.1250 

7 5·4 5·4 5·3 5·4 5·2 5·2 5·2 5.2 5. 1 5.1 5.2 5.2 0-47 10 0.1080 

8 5.6 5·5 5·5 5·5 5,4 5·4 5,4 54 5·5 5·4 5·5 5·4 0.5875 0.1230 

9 5·8 5·7 5·7 5.6 5.6 5·5 5.6 5.6 5·6 5·7 5·7 5·7 0.5855 0.1250 

10 6.0 5·9 5·9 5·9 5.8 59 5·9 5·9 59 5·9 6.0 5·9 0.5290 0.1255 

II 6.2 6.1 6.1 6.1 6.0 6.0 6.1 6.1 6.1 6.1 6.2 6.1 0·4745 0.1290 

12 6,4 6.4 6,4 6·4 6.2 6,4 6·4 6·3 6·3 6·4 6·4 6·4 0.5465 0.1355 

13 6.6 6.6 6.6 6.6 6·5 6·4 6.6 6·5 6.6 6.6 6.6 6.6 0·5700 0.1380 

14 6.8 6.8 6·7 6·7 6.6 68 6.G 6.8 6.8 6.8 6.8 6.8 0·5545 0.132:) 

15 7.0 7.0 7.0 7.0 7·0 7·0 7·0 7.0 7.0 7·0 7.0 7.0 0·5595 0.1300 

16 7·4 7-4 7·4 7-4 7,4 7-4 7,4 7-4 7·4 74 7'4 7·4 0.4930 o.rroo 

17 7.6 7.6 7·6 7.6 7·6 7.6 7. 6 7.6 7.6 7·6 7.6 7.6 0.5695 0.1I00 

18 8.0 8.0 8.0 8'°1 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 0.4045 0.0785 
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Table 37b 

ammonia absorbed (o.oeon N) N-absorbed 

No. initial during the interval (days) per I gm. 

pH 
1 I 2 I I 4 I 5 \ 6 I 7 I 8 I 9 I 10 III I 

of dry 
3 total TOot (mg.) 

I 3.0 9 8 12 13 17 12 12 IO 10 10 10 123 99.50 

2 3·5 II IS 14 IS 22 20 20 IS 20 IS 14 181 88.70 

3 3.8 12 IS 20 17 25 20 20 IS 25 20 2) 209 96.50 

4 4·5 13 18 26 35 32 30 25 20 33 22 25 279 103·00 

5 5.0 20 25 30 33 32 30 2{ 25 25 20 2) 28+ II3·20 

6 5·2 15 23 25 45 40 35 40 30 25 20 20 318 124.80 

7 5·4 20 28 32 33 35 30 25 2) 20 10 IS 268 121.50 

8 5.6 20 27 33 33 38 30 27 25 23 14 17 287 114.20 

9 5.8 23 ro' 20 32 35 42 35 30 30 25 18 23 321 12550 

10 6.0 22 27 33 40 48 35 42 30 25 20 23 3t5 134.80 

II 6.2 28 30 37 52 38 30 40 25 25 25 20 350 133.00 

12 6.4 25 25 37 55 55 4t 40 35 30 25 36 397 143.50 

13 6.6 30 34 42 68 67 54 50 55 35 30 30 495 176.00 

14 6.8 30 35 42 58 55 50 47 45 30 30 35 457 169.50 

IS 7.0 35 37 50 55 55 50 40 40 30 30 25 447 168.50 

16 7·4 30 40 44 45 48 35 40 35 35 30 25 407 I8LOO 

17 7.6 35 40 43 42 45 35 40 35 35 30 30 4 10 182.60 

18 8.0 20 35 30 32 35 15 33 35 35 30 30 330 202.80 
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