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of these acids alone. This combined effect is illus- 
trated particularly clearly by Hallman's4 work with 
the heart muscle. 

Detailed investigations have now convincingly shown 
that pyruvic acid and the 4-carbon acids act in the 
animal organism as primary sources of the enzymic 
citric acid synthesis. I n  these investigations it  was 
possible, under suitable conditions, to produce in the 
heart muscle enzymically about 0.2 per cent, of citric 
acid within a short period of time. The most pro-
nounced effect mas noted when pyruvic acid together 
with malic acid was used as  substrate under aerobic 
conditions. Table 1s h o ~ ~ sthe results of one of such 
combination experiments. 

TABLE 1 

20 g MINCED ~IUSCLE;  BIC.~RBONATEHEART 50 ml BUFFER. 
INCUBATED AEROBICALLY ; 30 311NS. A T  37 . 

Substances 
added 

Na pyrurate 
15.0 mg 

iYa ~na la te  
39.0 mg 

Na pyruvate 15 0 mg
Ka malate 30.0 mg 

Citric acid 
produced 1.2 mg 3.1 tng 

When larger quantities of malic and pyruvic acid 
were employed, under the above conditions, the amount 
of citric acid could be substantially increased. F o r  in- 
stance, in an experiment with 325 mg Na pyruvate and 
510 mg Na malate, 20 g heart muscle produced in 30 
minutes 151mg citric acid. 

I n  the synthesis of citric acid, nlalic acid is obviously 
first dehydrated enzymically to oxalacetic acid, which 
then immediately reacts with the excess pyruvic acid 
to form an intermediate compound of citric acid. 
(That citric acid can be synthesized by purely chemical 
methods from pyruvic acid and oxalacetic acid, has 
been shown earlier by Knoop and Martius.j) 

To our surprise we found, however, that the effect of 
oxalacetic acid in the heart muscle was distinctly less 
pronounced than that of malic acid. The effect of 
fumaric acid was approximately equal to that of oxala- 
cetic acid. I n  the other tissues examined, oxalacetic 
acid produced the best effects. 

When boiled tissue was used, synthesis of citric acid 
could not be demonstrated-even in the presence of 
oxalacetic acid. Hence it can be concluded that under 
the conditions of our experiments, the citric acid for- 
mation is ascribable to enzymic processes. 

I t  should also be observed that in the combination 
experiments the effect of phospho-py lv~ ic  acid was 
definitely less than that of pyruvic acid alone. 

Our experiments indicate that a t  least in the heart 
muscle-which, according to unpublished work of Hall- 
man, effects a vet7 powerful decomposition of citric 

4 N. Rallman,  Sz~omen ICemistilel~ti (Actn  cl~emica fen- 
nicai B. 12: 11. 1939. 

5 $. . h o o p  And C. Martius, Zeits. f .  Physiol. Chem., 
242: I ,  1936. 

acid-pyruvic acid is transformed to a large extent 
via citric acid. From the citric acid stage the decom- 
position follo~vs the course discovered by Martius and 
Knoop,O to a-keto-glataric acid and then further to  
succinic, fumaric, malic and oxalacetic acid. Follow-
ing the union of the 4-carbon skeleton with p j ~ u v i o  
acid, to form the primary stage of citric acid, the cycle 
proceeds further. ( I t  is probable that the vitamin B, 
plays an important role in the decarbosylation of this 
precursor of citric acid, formed from pyruvic and 
oxalacetic acids.) As a result of successive dehydra- 
tions and additions of water molecules, pyruvic acid 
is in  this process ultimately burned to carbon dioxide 
and water, whereby each nlolecule of pyruvic acid 
requires 5 atoms of oxygen and produces 3 molecules 
of carbon dioxide. 
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LOSS O F  BIOLOGICALLY FIXED NITROGEN 

FROM SOILS AND ITS BEARING ON 


CROP PRODUCTION 

IT is well known that application of readily fer- 

mentable carbohydrates to soil leads to increased micro- 
bial activity, resulting in the h a t i o n  of considerable 
quantities of atmospheric nitrogen. With a view to 
finding out how f a r  the nitrogen thus fixed is available 
for  plant nutrition, a number of pot and field trials 
were carried out with different crops. Using molasses 
(a waste product obtained from the local sugar factory 
which is rich in sugars, having a total percentage of 
from 50 to 60 per cent. of sugars), it was found that 
although useful amounts of nitrogen are h e d  in the 
soil, the major part of it  was somehow not available 
fo r  plant growth. Thus, in a typical field experiment 
using Ragi (Eletcsi?ze coracalza) the results given in 
Table 1were obtained: 

TABLE 1 

Treatment Yield of grain 
in ams. 

Control (untreated) ................... 3,560

Rongay cake ......................... 5,701 

Sugars* (as  molasses) ................. 4,810 


* T h e  sugar (as  molasses) was applied in quantities such 
that  i t  fixes the same amount of nitrogen in the soil a s  sup-
plied in  the form of Ilongay cake. , 

From the foregoing table, i t  is evident that only a 
part of the fixed nitrogen is rendered available to  the 
crop; probably the rest is being lost from the soil 
system. A9irchandani1 has reported a similar type of 
nitrogen loss. 

6 C. Mart ius  a n d  F. Rnoop,  Zeits. f. physio7. Chem., 
246:  I ,  1937. 

1 T. J. Rlirchanuani, Proc. Nut. Ilzst. Sci., Vol. 111, 185, 
1937. 



The results of the laboratory studies relating to the 
fate of the nitrogen fixed in the soil are represented in 
Fig. 1. 

i ime  in days. 

HS o i l ( l o g )  a lone  
Soi/(/og.) +Rice s t r a w  (0.49) 

w so ; i ( )og . )  +Glucose (o.sg;) 
-So;/  (10 g.) +Rices t r a w  o.pyt Glucose (0.59.) 

These results show that the fixation of nitrogen under 
these conditions is almost immediately follo~ved by its 
loss, so that both the processes proceed simultaneously 
till about three weeks, when the period of maximum 
fixation is reached, and during. this period the rate of 
fixation is obviously greater. The loss continues stead- 
ily even after this period so that, mithin the follo~ving 
three to four weeks, more than 60 per cent, of the fixed 
nitrogen disappears from the soil system. This, com- 
bined ~vi th  the fact that a period of rest extending up 
to four ~ ~ e e k s  is necessary between fertilizer applica- 
tion and sowing or transplanting, would indeeci shorn 
that the crop can not fully ntilize the nitrogen fixed by 
these materials. I n  presence of straw in the medium, 
however, the loss is prevented and the fixed nitrogen 
is retained in the system for  a longer time. 

The same type of loss is also observed when nitro- 
gen in thc form of dried Azotobacter cells is added to 
the soil (Table 2 ) .  

TABLE 2 

Time in days : 5 7 12  17 

Nitrogen lost in mg
from 10 g of soil 0.74 0.80 1.08 1.62 

I t  has also been observed that this loss of biologically 
fixed nitrogen can be prevented to a n  appreciable 
extent by the addition of cellulosic n~aterials like straw. 

Probably this loss of fixed nitrogen is of a general 
character in the soil even under natural conditions, 
more especially in tropical climes; and this same loss 
which is going on to a lesser extent to which natural 
fixation is also taking place, lnay have been magnified 
under the above experimental conditions. Full details 
of the experiments will be published elsewhere. 

Experiments with a view to finding out the exact 
mechanism of this loss and methods of preventing it 
in actual field operations are hi progress. 

Our thank;; are  due to Dr. V. Subrahmanyan and 
hIr. B. N. ~ a n e r j e e  fo r  their kind interest in the 
progress of the work. 
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T H E  AVAILABILITY O F  T H E  IRON IN  
DRIED PEAS AND BEANS 

SIXCEdried peas and beans have been considered 
important sources of dietary iron on tlle basis of their 
relatively high content of this element, an investigation 
has been made of the actual availability of the iron in 
blackeyed peas, green and yellow split peas, navy 
beans, pinto beans and butter beans. Blackeyed peas, 
mhich had been cooked preliminary to drying and 
grinding, mere found to have all the iron available.% 
The deta~ls of the biological technic used may be found 
in a previous report upon the availability of iron.1 
I n  general the method consists of measuring the rise 
of hemoglobin in rats rendered anemic by an exclusive 
milk diet in response to the addition of the test food. 

The process used in preparing the dried peas and 
beans for feeding consisted of drying them a t  60' to 
65' C., breaking in a mortar and grinding in a ball 
nlill untll the particles mere fine enough to pass through 
a 40-mesh sieve. Analyses of the dried products fo r  
total iron by Farrar's method showed tlle following 
values expressed in mg per gm : blackeyed peas, 0.087; 
green split peas, 0.053; yellow split peas, 0.053; navy 
beans, 0.0'77; pinto beans, 0.W7; butter beans, 0.78. 

The experimental animals n7ere meailed at  2 1  days 
of age and placed on a diet of fresh whole milk. 
TFThen the level of hemoglobin had fallen below 3.0 gm 
per 100 cc of blood, the test foods were aclded to the 
diet a t  levels providing 0.2 mg of iron per clay through- 
out the 6-week expenmental period. Positive controls 
were fed 0.2 mg of iron, a s  ferric chloride. Negative 
controls were kept on the milk diet alone as a aheck 
on its freedom from contamination. Each animal re- 
eeiving an iron-containing supplement mas given daily 
0.05 mg of copper, as copper sulfate, to insure that 
hemogIobin synthesis might be as complete as possible. 

1hschaim L. M. Speirs and D. Maddox, Jour. Xutrition, 
16: 425, 1938. 


