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INVESTIGATIONS ON THE NITROGEN
NUTRITION OF PEA PLANTS

by E. G. MULDER *)

- j -Agricultural Experiment Station and Institute for Soil Research T.N.Q., Groningen

Inivoduction. Pea plants, like other members of the Leguminosae,
generally derive the nitrogen required for their proteins and other
nitrogenous compounds from the gaseous nitrogen fixed by the
nodules. Extensive investigations on the biochemistry of the nitro-
gen fixation have been carried out by Virtanen ef al 8),?)
and by Wilson efal ).

The question. whether the nodules of leguminous plants are fully
capable of supplying their hosts with nitrogen fixed from the at-
mosphere, or that an additional absorption of combined nitrogen
from the soil may still improve the growth of the plants, is important
not only from a theorethical point of view but also in respect of the
growing of these crops in practice.

The bad results sometimes obtained by Dutch farmers with the
growing of peas, gave rise to an investigation of the effect of nitro-
genous fertilizers on the growth of pea plants on certain soils. In
addition to field experiments, investigations with pea and oat
plants in nutrient solutions with increasing amounts of nitrogen
were carried out. In other experiments the value of different nitro-
gen compounds as a nitrogen source for peas growing in nutrient
solutions without Rhizobium was determined.

In experiments with nutrient solutions and with soil the influence
of zinc and boron on the fixation of gaseous nitrogen was investi-
gated.
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Experimental methods. In the experiments with culture solutions
a medium of the following composition was used:

distiled water . . . 11 MnS0,.4H, O . .. ! mg
KH,PO,. . . . .. 325 mg ZnS0,.7H,0 . . . 0.25mg
Na,HPO, . . . . . 70 mg CuSO,.5H,0 . . . 0.25mg
MgSO,.7H,0. . . . 250mg HBO, . ... .. 0.25 mg
CaS0,.2H,0, . . . 250mg Na,Mo0,.2H,0 . . 0.05mg
FeCl,.611,0 . . . . 25mg -

In preparing these solutions water distilled in a glass apparatus
was employed in most cases.

The pea seeds were germinated in quarz sand previously cleaned
with nitric acid and washed free from acid with distilled water. The
nutrient solutions were periodically aerated. They were changed
every three or four weeks.

Ejfect of different amounts of anorganic nitrogen compounds on the
growth of pea plants tn nutrient solutions. In order to elucidate the
behaviour of pea plants to anorganic nitrogen compounds, experi-
ments with culture solutions supplied with different amounts of
ammonium nitrate were carried out. ,,Mansholt” peas were trans-
planted into glass jars of 700 cc capacity on April 18, 1942, each
jar holding three plants. On April 25 ammonium nitrate was added
in amounts of 0, 20, 50, 100 and 200 mg N per jar respectively.

In order to prevent the development of nodules the jars and the
nutrient solutions as well as the pea seeds were disinfected. Although
no special precautions were taken in this experiment to keep the
solutions free from spontaneous infection, no nodules developed.

On May 1 the first symptoms of nitrogen deficiency were ob-
served: a light green shade of the leaves and a decrease in growth.
On May 11 a good many of the lower leaves of the nitrogen-deficient
plants had died, the dead tissue showing a gray white colour.

At the latter date one set of cultures was harvested. The fresh
weights were determined and the plants were analysed for some
nitrogenous compounds. Of the remaining cultures the nutrient
solution was changed; the concentration of the nutrient salts was
doubled, .except that of ammonium nitrate which was given in the
same amounts as before. '

S?me plants grown without nitrogen and some with 20 mg of
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nitrogen were supplied with 23.3 mg of nitrogen in the form of
ammonium sulphate and as calcium nitrate respectively, to find
out to what extent nitrogen-deficient pea plants respond to anor-
ganic nitrogen compounds. Precautions were taken to prevent an
acidification and an alkalinisation of the culture solution by these
salts.

On May 21 a second set of pea plants was harvested and on May
28 a third. The fresh weights of the plants are recorded in table L.
At both dates again some nitrogen-deficient plants were supplied
with 23.3 mg nitrogen in the form of ammonium sulphate and cal-
cium nitrate respectively.

- TABLE I
Influence of nitrogen on the yield of pea and oat plants
Peas - Qats
Fresh Dry Fresh Dry
mg of nitrogen Time of Vf'zlghts wejlghts Wfflghts W(?lghts .
per jar ¥) harves{ e ng ng ing
Leaves Leaves, Leaves Leaves
<4 |Roots| + [Roots| -+ {Roots| + |Roots
stems stems stems stems
0 1 May 21(20) 1.66 | 6021 — — | 0.341) —_ —_
20 »: 8791 859 — — | 403 | 294 — —
50 T 9.15| 995 — -— | 826 | 392 — —
100 - 14.06 | 8.78] — — |i1.21 | 3.91 —_ —
200~ ” 15— { 10.68] — — |10.62 | 3.89 | — —
o] May 28 - .25} 5.26| 0.54 | 0.33 | 0.73 [ 0.86 | 0.14 | 0.05
20 ' 6881 973 1.25 [ 0.65| 9.13 | 5.76 | 1.59 | 0.56
S0 . 10.70 | 10.75] 2.— | 0.51 {16.33 | 5.46 ] 2.67 | 0.50
100 s 20.36 1 10.78) 3.45 | 0.93 124.70 | 9.77 | 3.20 | Q.77
200 's 24,43 1 10.91] 4.88 | 0.79 121.35 | 8.01 | 3.03 | 0.75

¥) these amounts were added two times
1) weight of total plants

On June 10, after photographs of the plants had been taken, the
experiment was brought to an end. The pea plants without nitrogen
had completely died. The same was true of the greater part of the
plants with the low rate of nitrogen (see fig. 1).

These results were in contrast with those of a similar experiment
with oat plants which was carried out simultaneously. Although
without the addition of nitrogen the development of the oat plants
was much poorer than that of the peas, probably due to the much
lower amount of nitrogen in the oat seeds, these plants were able
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to complete their normal life cycle. Pea plants apparently require
a considerably higher nitrogen level in their tissues than oats and
other cereals do. When the nitrogen content comes below this level
the pea tissue turns yellow and dies shortly afterwards. Nitrogen-
deficient oat leaves, however, although showing a yellow colour
and often dead tips, remain alive until the seed has ripened.

The different behaviour of pea and cat plants to nitrogen was
not only apparent in the deficiency symptoms but also in the res-
ponse of the deficient plants to newly introduced ammonium and
nitrate nitrogen. Pea plants generally responded very badly to the

Fig. 1. Pea plants in nutrient scluticn without Rhizobium with different
amounts of ammonium nitrate (1 : without nitrogen, 2 : 40, 3 ; 100, 4 : 200
and 5 : 400 mg N per culture; added in two parts).

added nitrogen (see fig. 2 and 3). Leaves showing a light green shade
were unable to retake a normal green colour following the addition
of the nitrogen compounds, Only young emerging leaves responded
to the added nitrogen. The light green leaves of the oat plants, on
the contrary, readily turned normal green when the nutrient me-
dium was supplied with nitrogen (see fig. 4).

Analysis of the nitrogen fractions of pea
andoat plants grown with different amounts
of ammonium nitrate. In order to obtain some informa-
tion concerning the cause of the above-mentioned differences be-
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Fig. 2. Nitrogen-deficient pea plants without Rhizobiwsm, supplied with

23.3 mg N on May 28 (1 and 2}, on May 20 (2 and 4) and on May 13 (5 and &)

Tc the pots 1, 3 and 5 the nitrogen was added in the form of (NH,),5S0,,
to 2, 4 and 6 as Ca(NOj),. Photograph taken on June 10,

[ La . O+

Fig. 3. Pea plants grown
with 20 mg of N in the
form of NH;NO; without
Rbhizobium; supplied with
23.3mg N as (NH,),30,(5)
and Ca(NO3'; (6) on May 13.
Photograph taken on June
11

Fig. 4. Nitrogen-deficient oat plants
supplied with 23.3 mg N as (NH,),50,
{pot 4) and Ca(NQj;), (pot 5) on May
20. To pot ! no nitrogen was added.
Photograph taken on June 11.
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tween pea and oat plants chemical analyses of the fresh tlssues of
these plants were carried out.

Proteins were precipitated by heating the ground plant tissue for
18 min. above 90°C and after cooling, adding trichloroacetic acid. Protein
and soluble N were separated by filtration and both fractions were analysed
for total N according to Kjeldahl-Lauro. Soluble N estimated by this
method dees not include nitrate-N.

NitrateN was determined-according to the xylenol method (1).

Ammonia-N was distilled undér reduced pressure at 40°C after
adding a borate buffer of pH 9, ‘

A mide-N was determined by hydrolysing an ahquot part of the fil-
trate in 59, H,S0y and distilling the ammonia formed. NH,-N originally
present has to be subtracted.

The results of these analyses are reported in table IT.

TABLE IL
Nitrogen fractions in mg per 10 g of fresh plant tissue
mg of Projein-N | Soluble-Nt) | Nitrate-N A.mmch Amide-N
itro- | Time of nium- N
mgen harvest Leaves| Teaves Leaves| Leaves Le_aves
per jar 4+ [Roots] -+ |Roots] + |[Roots|] + |Roots| -+ |Roots
stems stems stems stemy stems

0 |Peas 21,1 {1211 102 5.9 0 0 1.0 0.4 2.1 0.6
20 |May1l | 255 | 17.6 6.3 9.2 0 0 Q.5 0.3 1,0 1.5
50 32,8 | 205 3.~ | 123 0 0 0.3 0.9 .5 1.0
100 47,1 1 18.31( 148 | 157 0 0.2 0.2 0.9 2.5 1.8
200 . 48.6 | 2091 23.7 | 168 0.3 0.7 0.4 0.9 5.~ 2.7
O (Peas 36.3 0.8y 198 5.~ Q 4] 0.3 0.1 2~ 0.5
20 |Mayzl*)| 43.7 | 14.2 7.8 6.2 0 0.6 0.6 04| 22 0,3
50 | J| 525 120921 124 | 111 0 0.3 0.3 0.6 —_ 0.7
100 37.5 [ 245 181 [ 17— 0 0.6 0.2 0.6 2.~ 0.6
200 58.4 [ 247 267 | 21.4 | 0.1 0.9 0.3 1.1 3.9 1.7
0 Oats — —_ — — —_ — o — — —
"20 {May20%)| 28.3 | 111 &1 [ 43( o 0 [.07 | 07| 06 | L0
50 . 38.7 | 122} 11.9 58] 03 0 0.3 0.3 07 7 19
100 453 | 15.5| 17.9 | 48| 28 08 0.3 0.8 3.6 3.7
200 493 [ 171 2¢3 [ 20,1 ] 5.1 1.8 0.6 {.- 5.6 7.3

%) two applications of nitrogen
1} except nitrate

It can be seen that pea plants showing heavy symptoms of ni-
trogen deficiency are very low in protein nitrogen. The content of
soluble organic nitrogen of leaves plus stems, however, is much high-
er than in plants with a moderate nitrogen supply. Apparently a
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considerable part of the proteins is converted into soluble organic
nitrogen compounds. Although the breaking down of the proteins
in the pea leaves undoubtedly is connected with the dying down of
the leaves and stems, it may be a result and not the cause of this
process.

Nitrate nitrogen was very low in the pea plants, even when these
were growing in solutions with high applications of ammonium ni-
trate. Apparently after absorption it is readily converted inte or-
ganic nitrogenous compounds. In oats, however, a considerable
accumulation of nitrate in leaves and stems occurred under the same
circumstances. :

Ammonia-N was very low in- all cases.

Amide nitrogen was low in plants supplied with a meoderate
amount of ammonium nitrate. Tt increased considerably with higher
applications of nitrogen. In oats this rise was more evident than in
peas. This was true for leaves and stems as well as for roots. As the
latter three fractions were not or only very little higher in the nitro-
gen-deficient pea leaves and sterns, the high concentration of soluble
nitrogen must be due to the high content of some other fraction,
presumably aminoacids.

Field experiments with dressings of nitrogenous compounds fo pea
plants. As the pea plants growing on certain soils showed an appear-
ance of nitrogen deficiency, as observed in the above-described ex-
periments with nutrient solutions, field experiments with applica-
tion of different amounts of nitrogen were carried out. The experi-
mental fields were laid out on clay soils on which the plants showed
the above symptoms as well as on soils with a normal plant growth.
,Unica” peas were used in most of these experiments. The seed
was inoculated with an effective strain of Rhizobium before being ~
SOWIL.

In 1943 three experimental fields were laid out on soils on which in
previous years the pea growth was inadequate, (field numbers 730,
757 and 770}, and two on normal soils (field numbers 755 and 756}.
The soil of field 770 was a moderate clay that of the other fields
was a sandy clay. The pH-value of these soils was about 7, the phos-
phate and potassium contents were moderate.

A basic dressing of 200 kg of PyOg as superphosphate and 160 kg of
. K,0 as potassium chloride per -ha was given to the fields 755, 756 and
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Tig. 5 and 6. Effect of different amounts of calcium nitrate on the yield
of peas grown on a clay soil. Some plots were supplied with (NH,);50,
and NH,NO; respectively (1 q = 100 kg).
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757, Field 730 was fertilized with 250 kg P05 and 125 kg K0 per ha and
field 770 with 100 kg P,O and 125 kg Ko0. Nitrogen was supplied as am-
monium nitrate in applications of 0, 50, 100, 150, 200 and 250 kg of nitro-
gen per ha on field 730. On the fields 755, 756 and 757 nitrogen was added
at a rate of 0, 30, 60, 90, 120 and 160 kg per ha as calcium nitrate. To some
plots it was given as ammonium sulphate and ammonium nitrate respec-
tively. Field 770 was dressed with ammonium nitrate at a rate of 50, 100,
150, 200, 250 and 500 kg of N per ha.

As was expected no response to the nitrogenous fertilizers was
observed on the fields 755 and 756. The pea plants grew luxuriantly,

Field 757
50, ir- dried matter in g, per ha
481
4 .
- =7 straw
44k a P
42l -7
40F -
8f- - & ©
a6]- -
% grain
32
+ande N as {NH‘LSQ
30 xanda Nag NHNO,
28 i 1 { | . H
0 0 60 90 120 160
N kg per ha

Fig. 7. Effect of different amounts of calcium nitrate on the yield of peas
grown on a clay soil. Sume plots were supplied with (NH,),S0, and NH,NO;
' respectively {1 q = 100 kg).

both those without the application of combined nitrogen as well
as those supplied with nitrate, indicating that fixation of gaseous ni-
trogen by the nodules was fully capable of supplying the plants with
nitrogen. As can be seen in fig. 5 and 6 only the yields of straw were
somewhat increased by the nitrogen fertilizers *).

On field 757 the pea plants responded clearly to the added nitro-

*} The values plotted in Fig, §—9 are average yields of two or three plats.



188 E. G. MULDER

gen. On the nil plots a somewhat poor growth of the plants with a
yellow green colour and a dying back of the lower leaves was ob-
served. Supplied with combined nitrogen the peas grew more vi-
gorously with a dark green shade of the leaves. The effect of am-
monium sulphate was somewhat inferior to that of calcium nitrate
and ammonium nitrate. Not only the yield of straw but that of

*seed as well was considerably increased by the nitfogen fertilizing
(fig. 7). Obviously the fixation of N, by the nodules was inadequate
to supply the pla,nts with nitrogen.

The question arises to what extent the poor mtrogen fixation of
the nodules in this experiment was due to a deficiency of some nu-
irient element which might have influenced the fixation process,
without having affected the growth of the plants when supplied
with combined nitrogen. Another possibility is that the formation
of the nodules or the fixation of N, was suppressed by a parasite
such as the larva of Svlona lineatus or by a bacteriophage.

Although this point will be dealt with in the following paragraphs,
it may already be pointed out that no evidence was obtained that a
mineral deficiency was the cause of the poor nitrogen fixation on
this field. Applications of phosphate, potassium, boron and molyb-
denum had no effect on the growth and the appearance of the pea
plants.

In a number of cases larvae of Sifona lineatus were found to have
destroyed manynodules. It is unlikely, however, that these organisms
alone were responsible for the poor nitrogen fixation. Although it
was believed that bacteriophages played a part in the poor nitrogen
fixation, no evidence was obtained that this was true.

Similar results as observed on field 757 were obtained by Miss
J.C. Schreuder at this station on some other fields.

Highly significant resporises to nitrogen dressings were also found
on the figlds 730 and 770 (fig. 8 and ¢). On these fields, especially on
the latter, the pea plants developed very poorly. Investigations
carried out by Miss J. C. Schreuder revealed that the plants
were infected by a Fusarium sp. Fertilizing with nitrogen com-
pounds induced a much better growth of the peas, obviously due to
a greater resistance against infection. When the soils were very
heavily infected by Fusarium, however, only slight improvements in
growth were obtained by nitrogen fertilizing (see fig, 9). Miss J. C.
Schreuder in cooperation with Dr. F. C. Gerretsen
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and the present writer who are studying Fusarium diseases of pea
plants, will give a more detailed description of these latter experi-
ments in a separate paper.

Field 730

4bhmir-dried matter in g per ha

- VP\

42
40
a8
36
34
a2
30
28
26

24,
22

] | | }
(I> 30 14Q 130 200
N Iy perha
Fig. 8. Effect of different amounts of ammoninm nitrate on the yield of
peas grown on a clay seil infected by a Fusarium sp. (1 ¢ = 100 kg).

J

The asstmilation of different nitrogen compounds by pea plants.
In the above-described experiments the nitrogen-deficient pea plants
responded much better to nitrate than to ammonium nitrogen (see
fig. 2 and 3). .

To find out whether pea plants prefer nitrate.to ammonium ni-
trogen an experiment with KNO,, NH,NO, and (NH,),S0, as the
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sole source of nitrogen was started on May 28, 1942. The nutrient
solution used in this experiment contained per litre 0.6 g of
Ca(H,PO,),, 0.25 g of Na,HPO, and 0.4 g of K,S0,.Mg- and Ca-salts
and minor elements were supplied in amounts twice as high as
above-mentioned.

Field 770
32-air -dried matterin q per ha
m_
28
26 *
2% VAN
22

- P I R - S *
I - —Q_ .? sraih 1 J
50 00 150 200 250 30D 400 500
N kgper ha

Fig. 9. Effect of different amounts of ammoniam nitrate on the yield of
peas grown on a clay soil infected by a Fusarium sp. *) is a heavily diseased
part 1), a moderately diseased part of the field. (1'q = 10C kg).

The pH of this solution was daily adjusted to a value of 6.0 with
sulphuric acid and a dilute solution of sodium carbonate respecti-
vely. ' C

Nitrogen was added to-an amount of 25 mg N per jar containing
600 cc of the basic nutrient solution. In these solutions the pea
plants with KNO,; and NH,NO, showed a normal development.
Supplied with ammonium sulphate, however, the growth of the
plants was very poor with withered lower leaves (see fig. 10). These
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withering symptoms commenced with a wilting at the marging of
the leaves. As the pH of the nutrient solutions with the three
nitrogen compounds was practically the same, i.e. 6.—, it was clear
that the poor growth of the plants supplied with ammonium sul-
phate had something to do with the ammonium salt as such. The
possibility exists that under these circumstances pea plants were
unable to assimilate ammonium nitrogen. In the following experi-
ment the assimilation of different nitrogen compounds was studied
more in detail,

Sterile pea and oat plants were grown in 100 cc Erlenmeyer flasks
containing a nitrogen-free nutrient solution.

Fig. 10. Pea plants in nutrient solution without Rhizobium; 1 is supplied
with (NH,),S0,, 2 with NH,NO, and 3 with KNO,.

When symptoms of nitrogen deficiency became apparent, 11.6 mg
of nitrogen per plant in the form of ammonium sulphate, calciom
nitrate and asparagine respectively were added. In addition a
phosphate buffer was added to keep the pH as constant as possible. .

After some days the plants were harvested and analysed for pro-
tein, soluble organic nitrogen, nitrate and ammonia, Similatly to
the results of the above-mentioned experiments, the pea plants
supplied with ammoenium sulphate showed a poor growth with
many dead leaves; those with nitrate and asparagine had a much
better appearance. During the last days of incubation the asparagine
solution of the pea plants became infected by bacteria what re-
sulted in the formation of ammonia **),

**) In a later experiment with sterile cultures a good response of pea plants to aspara-
gine was found,
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The oat plants responded similarly to the different nitrogen
compounds; the solutions with asparagine remained sterile during
the whole incubation period.

The results of this experiment are given in table TIL

TABLT 11T
Assimilation of different nitrogen compounds by pea and oat plants
Secluble
Nitrogen Assimi- Fresh Protein-N org. NH;-N of | NOg-N of
Plants compound lation | weight of | of 6 plants [N+ NH,-N| 6 plants | & plants
added period 6 plants in mg of 6 plants in mg in mg
in dawys ing in mg
QOats | Control, no N 4 1.5%9 - 3.48 2.40 0.03 —
. Ca(NOg), 4 1.46 4.42 5.08 0.12 0.20
" {NH,),S0, 4 1.36 4.26 401 - 0.09 0.00
. (NH,),S0,; *) 4. 1.59 4.19 4.54 0.16 —
" Asparagine 4 1.25 4,43 4.20 0.13 —
' Contrel, no N 10 1e26 ) 2.46 217 0.11 —
5 Ca{NOy), 10 2.13 1) 7.05 7.37 0.11 —_—
. {NH,),80, 10 1.82 1) 7.11 7.21 0.21 —
. {NH,):S0, %) 10, 181 1) 5.40 4,81 0.15 —
Peas | Control, ne N- 9 10.08 .| 20.84 14.96 0.47 0
. Ca[NO,), 9 9.68 32.76 17.40 0.36 2.6
' (NH,),50, 2 7.62 27.51 23.50 2.40 0
" (NEL),80,%) | . 9 8.76 25,64 17.63 1.18 0
" Asparagine 9 8.94 34,74 29— 0.86 Q

*) these plants were not exposed tc direct sunshine.
%) 5 plants harvested and analysed.

These data show that in spite of the bad growth of the pea plants
supplied with ammonium sulphate, the content of protein and of
soluble organic nitrogen had considerably increased, thus indicating

.that under these circumstances pea plants were able to assimilate
the added ammonium nitrogen.

A camparison of the plants supplied with nitrate and ammonium
nitrogen shows that in the latter case the ratio protein-N to soluble-N
was much lower than with nitrate, whereas a considerable amount
of ammonium-N was present. As it is a well-known fact that plants
with a non-acid or slightly acid cell sap are unable to accumulate
ammeonium nitrogen without damage, it is very probable that the:
high concentration of ammonium nitrogen was the cause of the
wilting and necrosis of the pea leaves. The fact that the plants
growing at reduced light intensity which, showed less necrotic
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leaves, had a considerably lower content of soluble and ammonium
nitrogen, is in accordance with the above hypothesis. The plants
supplied with asparagine had a high content of soluble N and of
protein. Ammonia was relatively low, however, and damage of the
leaves was not observed.

The oat plants assimilated the different nitrogen compounds to the
same extent; symptoms of damage were not observed.

The question now arises why in the pea plants of this experiment
the absorbed ammonium nitrogen was partly accumulated as such
and not quantitatively converted into organic nitrogen compounds.
As it was expected that the pH of the nutrient medium was an im-
portant factor in the assimilation of ammonium nitrogen, an experi-
ment at different pH-values was carried out in 1943,

Assimilation of ammonium nitrogen by pea
plants at different pH-levels. In the nutrient solu-
tion used in this experiment the concentration of magnesium and
calcium sulphate and of minor elements was twice as high as the
concentration of the elements above-reported.

For the adjustment of different pH-values the following mixtures
of KH,PO, and K,HPO, were used:
pH 5: 272 mg of KH,PO, per jar, containing 600 cc of nutrient

solution
pH6:218 ,, " + 71.3 mg of K,HPO,
pH 7: 82 ”n ”n 1 + 249 » Jr 1
PH 8: 356 IV IR

The potassium content of every jar was brought up to the same
level with potassium sulphate. ' '

“Unica’ peas were transplanted into the glass jars on July 20,
every jar containing three plants. On July 31 5 mg of nitrogen as
ammeonium sulphate was added to four cultures of every pH range.

On August 3 again 10 mg of ammonium nitrogen was given and on
August 7 again 25 mg. One set of cultures was supplied with potas-
siwm nitrate.

At the latter date clear differemces were shown. At pH 5 the
plants supplied with ammonium sulphate were poorly developed
with many dead lower leaves. Of the higher leaves the margins were
bent down. Supplied with nitrate these symptoms did not occur and
the plants made a good growth.

Plant and Soil I 13*
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At pH 6 an only slightly better appearance of the NH,-plants was
observed than at pH 5. At pH 7 and 8, however, a normal develop-
ment occurred without any damage of the leaves. This result clearly
shows that the assimilation of ammonium nitrogen by pea plants
depends on the pH of the nutrient solution. Only in media with a
newntral or alkaline reaction these plants are able to use ammoninm
sulphate as a source of nitrogen. In media with a pH of 6 or lower,
however, this compound is very toxic, It is very probable that the
contradictory results of various authors in respect of the nitrogen
nutrition of leguminous plants {Pardo) 7) are due to a different
pH of the nutrient medium used.

After being supplied with another 50 mg of nitrogen per jar as
ammonium sulphate and potassium nitrate respectively on August
21, the plants of this experiment were harvested on August 25. At
this date a great part of the leaves of the NH -plants growing at
pH 5 was wilted, At pH 6 also a considerable damage of the leaves
was observed. At pH 7 and 8 the plants grew quite nermally without
any damage of the leaves.

The yields of the plants (fresh weights) are recorded in table IV.

TABLE IV
Effect of ammoenium sulphate and potassium nitrate on the yield of peas grown in
mutrient solutions at different pH
, R Leaves Stems Roots
pH of m..ltuent Nitrogen cor‘n- _ fresh weight fresh weight | fresh weight
solution pound supplied . . .
ing ing in g
5 {NH,).50, 0.91 1.55. 4,—
5 KNO, 3.19 3.56 4,97
6" {NH,):50, 2,10 1.99 4,93
6 KNG, 3.80 - 2.94 6.83
7 {(NH,):50, 593 4,35 7.16
7 KNO, 6.— . 4,77 8.56
8 (NH,).S0,; 5.36 3.85. 6.13
8 KNO, 5.55 5.67 10,42

- These results clearly show the essentiality of a non-acid reaction
of the nutrient solution for the development of pea plants supplied
with ammonium nitrogen. Although the NO;-plants gave higher
yields at pH 7 and 8 than at lower values, they made a normal
growth in the latter case, without necrotic leaves.

The fresh tissues of these plants were analysed for ammonium
nitrogen by adding a borate buffer and distilling the ammonia
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under reduced pressure at 40°C. The results of the analyses are re-
corded in table V.

TABLE V
Ammaonjum nitrogen in pea tissues grown at different pH-values
mg NH,-N per 10 g of fresh tissue *)
pH of Nitrogen Leaves
nutrient compound Wilted but :
solution supplied not nﬁcrotiit N(.n'mal Stems Roots
. tissue
tissue .
5 (NH,},S0, 10.94 — 1.78 0.23
5 KNO, 0.40 0.05 0.10 0.04
6 (NH,),50, 5.96 1.54 1.40 0.20
6 KNO; —_ 0.00 0.02 i 0,07
7 (NH,),S0, = 0.1¢ 0.16 012
7 KNO,; — 0.04 0.22 0.22
8 {NH,},50, — 0.03 0.08 0.28 )
8 KNO, - 0.00 0.01 0.18 |

*} average values of two determinations.

These data reveal a close connection between the occurrence of
wilted leaves and the content of ammonium nitrogen. The higher
the pH of the nutrient medium the lower this content. Thus it
seems very probable that a ready assimilation of ammonium nitro-
gen by pea plants can take place only when the pH of the nutrient
solution is 7 or higher. In the following paragraph the influence of
the pH on the ammonia assimilation will be dealt with more in
detail. As in the above-mentioned experiment the nutrient solutions
were not kept completely sterile, the following one was carried out
with sterile cultures.

Assimilation of ammonium and nitrate ni-
trogen by sterile pea plants. In this experiment 11
Erlenmeyer flasks were used as culture vessels. They were provided
with rubber stoppers containing three tubes, one holding the plant,
one for aerating the nutrient solution.and a third for taking samples
and adjusting the pH.

Germinated sterile peas were placed in the tubes which according
to Gerretsen? were filled with paraiffined cork filings con-
taining a silver preparation (katadyne bolus, diatomaceous earth,
covered with porous silver), which prevents the intrusion of moulds
and bacteria into the nutrient medium, while the plants are not
damaged.

Plant and Soil I 13
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The nutrient solution used in this experiment, had about the
same composition as in the previous experiment, different mixtures
of KH,PO, and K,HPO, being used to obtain pH-values of 5.2, 6.0,
7.0 and 7.6 respectively. 50 mg of nitrogen as KNO,, (NH,),SO,
and (NH,),HPO, respectively were supplied on September 28.
Some plants remained without nitrogen. As in the other experiments
the pH-values were carefully maintained at the above values by
adjusting with diluted sulphuric acid and a solution of sodium
carbonate respectively.

The results of this experiment agreed well with those of the pre-
ceding one. At pH 5.2 the growth of the plants with (NH,),S0, and
(NH,),HPO, was very poor with a wilting and afterwards a necrosis
of the leaves. Supplied with nitrate normal leaves developed.
At pH 6 the plants made a considerably better growth but many
leaves still showed the symptoms of ammonium injury. At pH 7 and
7.6 normal plants were obtained. The fresh weights of the plants of
this experiment are given in table VI. It should be stressed that
these plants were harvested at different dates. The data of this table
agree well with those of the previous experiment.

TABLE VI
Fresh weights of pea plants grown in sterile culture solutions at different pH-values
pH=52 | pH=6 | pH=7 | pH=76
Nitrogen Date of |182Ves Leaves Leaves! Leaves
d ate of |
compo.un harvesting ER Roots| - Roots | + Roots | 4 Roots
supplied ) stems stems | ~ stems stems

ing |ing |ing [ing | ing |ing | ing | ing
no nitrogen Oct, 21 050 | 1.0 | 080 | 3.30 | 1.00 | 434 | 991 | 3.70
25 0.62 | 230 | 0.78 | 4.55 | 0.47 | 2.06 | 0.49 | 2381

KNO, L 20 | 178 { 348 | 1.45 | 3.39 | 253 | 460 | 1.14 | 2.31
" » 25 | 1.89 | 3.40 | 197 | 3.53 | 4.77 | 7.60 |, 2.97 | 5.62

(NH,),80, ., 15 o083 ) 230 138 | 428 | 1.86 | 353 | 1.56 | 3.55
N . 22| o080 | 1.93 | 112 { 3.06 | 200 | 440 | 3.05 | 530

" . 23 | 053 130 1.40 ] 377 | 294 | 7.50 | 3.80 | 6.70
(NH),HPO,| ,, 18 | 095 | 3.08 | 1.32 | 283 | 216 | 547 | 228 | 4.53
,, ,, 22 |osal 232 cse | 240 | — | — | 235 431

22 1.14 | 284 | 096 | 2,25 | 1.85 | 3.05 | 3.565 | 7.62

LX) 23

In order to find out what might be the cause of the ammonia
- injury of the NH,-plants growing in acid media, starch tests were

]
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carried out in leaves showing a different rate of damage. The
leaves were boiled in alcohol to remove the chlorophyll and then
treated with a solution of J, in KJ. The rate of blackening of the
leaves being a measure of the starch content, estimates of this
compound were thus made in a simple way. Table VII contains the
results of these estimates.

TABLE VII

Influence of the pH of the nutrient medium and the nitregen compound supplied
on the starch content of peas growing in sterile solutions
(Yields in table VI)

leof Nitrogen Appearance of the leaves
nitrient compound : . Starch test
s N investigated *) .
solutien supplied
5.2 no nitregen | young leaves, pale green, margins
somewhat neerotic . . . . . . negative
5.2 KNO, yeung leaves, no damage . highly positive
5.2 {NH,)sS0, voung, light green leaves with ne-
crotic margins . . . . . . . . negative
5.2 (NH,),S0, normal, without damage moderately positive
52 (NH,),HPQ,| heavy symptoms of ammoenium in- | -
' jury negative
5.2 (NE,), PO, normal, somewhat hght green slightly positive
6 ne nitrogen | young, pale green leaves, no

damage .. . . . . . moderately positive
6 KNO, young, normal leaves . . highly positive
6 (NH,),S0, damaged . ., . . . . . negative
[ (NH).S0, [normal . . . ... .. moderately positive
6 (NH,),HPOQ,| damaged . . . . . . . . . negative
6 {NH,),HPO,| normal . . . . . . . . . moderately positive
7 no nitrogen | pale green, slightly damag&d positive
7 KNO, normal . . . . . . . . highly positive
7 {NH,}),50, | normal . . . . . . L. "
7 (NH};HPO, normal . . . . . . . ... "
7.0 nto nitrogen | pale green, slightly necrotic positive
7.6 KNQO, normal green . . . . . . . . highly positive
7.6 (NH,),.S0, normal green . . . . . . . . s
7.6 (NH,;),HPO,| normalgreen . . . . . . . . . "

*) 4-5 leaves of every sample were tested.

These data show that the poor growth of the ammonium-supplied
plants and the rate of damage of the leaves are correlated with
the starch content. Heavily damaged leaves are practically free
from starch. The higher the pH of the nutrient medmm the higher
the starch content of the leaves.

The fact that the starch content of the plants growing in a ni~



168 E. G, MULDER

trogen-free solution also depends on the pH of the nutrient solution,
shows that it is the hydrogen ion concentration rather than the
ammonium salt which influences the formation of starch. Since the
assimilation of ammonium nitrogen requires the presence of carbo-
hydrates to convert the absorbed ammonia into organic nitrogen
compounds, it is probable that the poor assimilation of ammonium
nitrogen by pea plants growing in acid nutrient media is due to
the low carbohydrate level in the plant. As a result ammonia is
accumulating to a concentration which is toxic to the cells.

To answer the question in what way the pH of the nutrient me-
dium may influence the starch production in the leaves, pH deter-
minations were carried out in leaf and root tissues of the above
plants. The fresh plant tissues were ground in a mortar and in the
pulp the pH was determined by a quinhydrone electrode. The results
of these determinations, given in table VIIIL, show that the hydrogen

TABLE VIII

Influence of the pH of the nutrient solution on the pH of tissues of peas grown in
nutrient solutions at different pH-values

Nitrogen
compound
supplied  |pH=5.2| pH=6 | pH=7 |[pH=7.6)pH=5.2] pH=6 | pH="7 |pH=7.6
noe nitrogen | 5.89 5.93 6.07 6.17 5.56 5.61 5,73 5.83
o (5.651%) (5.96) | (6.09) | (6.00}
5.40 5,80 5.92 5,94 5.48 5.85 5.70 5.90
" {5.40) (5.96) | (6.02)
KNG, 6.18 6.20 6,24 6.24 5.86 5.96 6,04 6.24
. 6.10 6.13 6.40 6.32 5.69 5.80 5.91 6,12
(NH;)450, 5.6% 58C [ 6.30 640 5.54 5.62 5.82 6.12
" (5.21) | (5.67)
5,90 5.82 6,20 6,36 5.58 5.53 5.68. 5.93
' (5.43; | (5.50) ‘
(NH,) HPO, | 5.86 604 | 633 | 648 | 580 | 588 | 600 | 6l6
5.73 5.70 6.13 6,30 5.54 5.70 B.72 5.90
(5.52) | (5.50)

Leaves and stems " Roots

i1

71

2

rr

*)} { ) necrotic tissue.

ion concentration of the leaf plus stem tissue is influenced by the
pH of the nutrient medium and by the nitrogen compound absorbed.
In solutions containing ammonium sulphate or ammonium phos-
phate in which the hydrogen ion concentration varied from pH
5.2-7.6, the pH of leaf plus stem varied from 5.70 {5.20 in necrotic
tissues) to 6.40. Plants supplied with KNO; although grown in a
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nuirient solution of the same hydrogen ion concentration as those
with ammonium sulphate had a considerably higher pH in the leaf
plus stem tissues. The differences between ammonium and nitrate
plants only existed in the acid media; in the neutral or alkaline
solutions they were negligible..

These results are in contrast with those obtained in similar
experiments with tomato and potato plants. The tomatoes were
grown in nutrient solutions at the same range of pH-values as in the
above experiment with peas. Nitrogen was supplied as ammoniom
sulphate and potassium nitrate respectively. Neo influence of the
nutrient media on the hydrogen ion concentration of the leaf and
stem tissues was exerted, however, a pH of 5.8 being found at al]
the pH levels and with both nitrogen compounds. In the ground root
tissues the pH-values ranged from 5.6 in the acid media to 5.8
in the neutral and alkaline solutions,

In the case of potatoes the pH of the soil in which the plants
had grown varied from 4.2-7.0 The pH of the ground potato tubers
only ranged from 5.80-5.95. The results of the experiments with
tomato and potato plants are in good agreement with those reported
by Hoagland and Davis?) and by Mevius®).

From the results of the experiments described in this paragraph
it may be concluded that pea plants growing in acid nutrient media,
without combined nitrogen or supplied with ammoniom phosphate
or ammonium sulphate have a considerably higher hydrogen ion
concentration in their leaf and stem tissues than those growing in
neutral and alkalihe solutions. Due to (or perhaps parallel with)
this low pH the starch content of the leaves is low, and the assimi-
lation of ammonia which requires a high carbohydrate level in the
plant, is inadequate. Accumulation of ammonia takes place, followed
by wilting and necrosis of the leaves and a poor growth of the whole

plant,

The effect of zinc and bovon on the fixation of nitrogen by the nodules
of pea plants. The question whether or not a certain element is es-
sential for the production of nodules or for the fixation of nitrogen,
is not easy to solve. It can be done by growing the leguminous plants
with increasing amounts of the element concerned, both without
and with combined nitrogen. In the former case the nodules have
to supply the plants with nitrogen. When the element has a specific



200 E. G. MULDER

function in the fixation of nitrogen, differences between the two
sets of plants may be expected due to a different nitrogen supply.
However, when no differences can be observed, it is not sure that
the element in question is not essential for the formation of nodules
or the fixation of nitrogen. It only means that the requirements of
the nodules are less than those of the other parts of the plant
so that nitrogen fixation can take place. An exact observation of
the habit and growth of the plants as well as of the nodules, in com-
bination with nitrogen determinations carried out at the right mo-
ment may in this respect provide more information. This is particu-
larly of importance in the case of elements in the absence of which
deficiency symptoms occur, quite different from those of nitrogen
deficiency.

In the following paragraphs some experiments will be described
dealing with the influence of zinc and boren on the growth and ni-
trogen fixation of pea plants.

The importance of zinc in the nitrogen fi-
xation by peas. To find out whether or not zinc is an im-
portant element in the fixation of nitrogen by the nodules of pea
plants, culture solution experiments were carried out in 1943. In
this experiment a nutrient solution of the following composition
was used:

Water, distilled in a glass apparatus, 11

KH.PO,. . . . .. 0279 g FeCl;.6H,O . . . . 15 mg
KHPO,. . . . .. 0.193g  MnSO,.4H,0 . .. 06 mg
KNO;. . . .. .. 0200g  CuSO,.5H,0 . .. 0.15mg
MgSO,.7H,O. . . . 0.108g HBO, .. .. .. 0l5mg
CaSO,.2H,0 . . . . 0225g  NaMoO, . . . . . 0.06 mg

“Weck” glass jars of 1.51 capacity were used as containers. In every,
jar three germinated ““Unica” peas were planted on March 27. The
root system as well as the nutrient medium were inoculated with an
effective strain of Rhizobinm.

In the first days of May symptoms of zinc deficiency became ap-
parent. The margins of the lowest leaves became necrotic, taking a
gray white colour, Some days later the whole leaves had died. This
process advanced upwards so that in the middle of May only the
youngest leaves were still alive. The poorly growing plants were able,
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however, to develop flowers and pods with some seeds. In contrast
to other trace elements as for instance copper and boron, zinc ap-
parently plays no part in the emerging of young leaves and in the
seed formation.

The zinc-deficient plants developed many root nodules. Although
these nodules were of a small size, probably due to the necrosis of a
great deal of the plants, they fixed nitrogen from the atmosphere
normally, as was deduced from the dark green colour of the living
leaves, and from the fact that plants without combined mtrogen *)
showed the same appearance as those supplied with 200 mg of ni-
trogen as KNO, per pot.

The yields of the plants of this experiment are given in table IX.

TARLE I_X
Effect of zinc on the yield of pea plants
Yields, dry weight in
ZnS0,.7H,0 | N as KNO, ‘ y Welgh nE

Seeds *) | Siraw | Root

4 28 1.26 2.14 l-—

o 200 0,56 2.52 1,35

0.5 mg 28 —1 7.44 2.18
0.5 mg | 200 9.54 7.69 1 .52

*) average vields of two and three pots respectively.
¥} the planis of these pots were harvesied before the seeds had developed.

The importance of boron in the formation

of nodules and the fixation of nitrogen. Ina .

preliminary experiment with pea plants in nutrient solutions,
carried out in 1941, no development of nodules was observed in the
absence of boron, notwithstanding that the culture solution as well
as the root system were inoculated with an effective strain of
Rhizobium. The fact that in this solution the secondary roots of the
plants were very short, makes it highly probable that it is the plant
rather than the bacteria which is affected by the lack of boron. This
is in agreement with the fact that Rhizobium, similar to other bac-
teria, does not require boron, whereas pea plants need considerable
amounts of it.

Due to the lack of nodules the nitrogen supply of the boron-
deficient plants became inadequate; light green leaves appeared

*} the very small amount of nitrate nitrogen initially supplied, was used up in the first
stage of growth.
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and some weeks later the plants died from nitrogen deficiency. The
typical symptoms of boron deficiency, which particularly can be
seen in the young leaves and buds of the plant and which are quite
different from the symptoms of nitrogen deficiency, were not ob-
served. ‘

Supplied with 0.5 mg of boric acid normal nodulation and nitrogen
{ixation occurred (table X)}.

TABRLE X
Effect of boron on the nitrogen fixation of pea plants
H,BO, Vields, dry weightin g | N in total plants
mg per pot Tops i Roots in mg §}
0 1,10 %) 0.93 40.7
0.5 3101 1.04 110.8

*) average values of two cultures.

1) average values of four cultures.

§) the nutrient solution was initially supplied with a very small amount of combined
nitrogen, .

The results of this experiment are in full agreement with those of
Brenchley and Thornton# whoin 1925 showed that boron
15 essential for the development of nodules on roots of Vicia faba.

In order to find out to what extent an application of combined
nitrogen may decrease the boron requirement of pea plants, an
experiment with increasing amounts of boric acid at two different
nitrogen levels was carried out in 1942. “Unica” pea plants were
transferred to glass jars containing 1.8 1 of a nutrient solution on
April 23. :

This soluticn had the same composition as above-mentioned ex-
cept that phosphate was supplied in a concentration of 180 mg of
KH,PO, and 60 mg of K,HPO, per 1.

Boric acid was added in amounts of 0,10, 20, 150 and 1650 *)y
per culture. One set of cultures was supplied with 130 mg of nitrogen
per culture in the form of KNO, and 30 mg N as (NH,),SO,, the
other one received only 10 mg of nitrogen as KNO; and 5 mg as
(NH,},S0O,. As in the preceding experiments the roots of the plants
and the nutrient solution of all the cultures were inoculated with an
effective strain of Rhizobium.

After four weeks growth pronounced differences were observed.

*) the largest amounts were added in three or four parts.
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In the absence of combined nitrogen *) the plants without boron and
those supplied with 10y of boric acid developed only very small,
light yellow, somewhat slimy nodules which apparently were unable
to fix nitrogen. The leaves and stems of these plants showed pro-

Fig. 11

Fig. 12
Fig. 11 and 12. Pea plants in nutrient solution with different amounts of
boric acid (1: without B, 2 : 10, 3: 20, 4 : 150 and 5 : 1650 y of H3BO;

per pot).
Fig. 11; nitrogen supplied by the nodules. Fig. 12: plants supplied with

-combined nitrogen. The plants of the pots 1 and 2 in fig. 11 show pre-

nounced symptoms of nitrogen deficiency, those of 3 and 4 in fig. 11 and
of 1, 2, 3 and 4 of fig. 12 show symptoms of boron deficiency.

*} the very small amount of combined nitrogen initially-supplied to these cultures
was used up in the first stage of growth,
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nounced symptoms of nitrogen deficiency, but not the characteristic
symptoms of boron deficiency. Some weeks later these plants died
from nitrogen starvation.

The plants supplied with 20 y of boric acid had many well-de-
veloped nodules on their roots and consequently they were well-
supplied with nitrogen. The leaves were dark green and until June
! the growth of these plants proceeded quite normally. At that date,
however, symptoms of boron deficiency became apparent. The
youngest leaves showed yellow margins -while their tops often_bent
upwards and became necrotic. If this happened whien the leaves were
very young no further growth took place and usually the whole-
growing-point died off. Secondary buds developed and this resulted
in a bushy character of the whole plant {see fig. 11 and 12).

Supplied with 150 y of boric acid only light deficiency symptoms
were seen' in the youngest leaves. Some growing-points died, but in
other cases normal blooming and fruit setting took place. With the
highest amount of H,BO; no deficiency symptoms were observed.

 The plants supplied with combined nitrogen did not respongd less
to boron than those depending on the nitrogen fixation of the no-
dules. Only in the absence of boron and with the loviest amount of
boric acid did these plants make initially a better growth, due to the
fact that they did not suffer from nitrogen deficiency. Pronounced
symptoms of boron deficiency became apparent however, at an
early date and as a result the plants developed very poorly. In .
contrast to the plants without combined nitrogen they remained
alive for a considerable length of time.

With application of 20 ¢ and particularly with 150y of H;BO, the
symptoms of boron deficiency became apparent at an earlier date
and more seriously than was, the case with plants depending on the
nitrogen fixation of the nodules. Obviously this was due to a better
supply of nitrogen, which enabled the plants to make a somewhat
quicker growth with a higher production of dry matter, and as a
result a higher consumption of boron.

Although the plants supplied with combined nitrogen gave higher
yields of dry matter than those deriving their nitrogen from the
nodules the general frend of both yleld curves is about the same
(fig. 13).

The results of this experiment have shown that the boron re-
quirement of the growing leaves and stems in general is considerably
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higher than that of the nodules, Apparently a small amount of
boron initially available in the culture solution is high enough to
develop the nodules and once being formed nitrogen fixation pro-
ceeds normally, independent of the occurrence of pronounced symp-
toms of boron deficiency in the tops. Only when boron is totally
absent in the nutrient- solution when the nodules are developing,
is the nodule-forming tissue more affected by the lack of this ele-
ment than the tops. As a result normal nodules are not developed
and the plants die from nitrogen deficiency.

Experiment with borondeficient sandpeat

14 dry matter in g par pot
cambined N -
- i et < ¥4

3
12 . -~

) r- 1 A B S |
0 W0 20 150 1650
H,B0, mg per pot

Fig. 13. Effect of different amounts of boron on the yield of pea plants
grown in nutrient solution, inoculated with RAizobiwm, with a very small
and a normal supply of combined nitrogen respectively.

mixtures. In order to elucidate the behaviour of pea plants
towards boron when growing in seils poor in this element, experi-
ments with a sand-peat mixture were cartied out.

The quarz sand used in this experiment was treated with 209, ni-
tric acid and then washed free from acid with distilied water, The
peat was in the same way treated with 5%, sulphuric acid.

Six parts of sand were mixed with one part of peat. To this mix-
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ture calcium carbanate was added to attain a pH-value of 6.2.
Glass jars containing 2 kg of the mixture were used as culture ves-
sels. Every pot was dressed with the following salts:

Ca{l,LPO), . . . . . l—g FeCl,.6H,0 . . . 25—mg
KSO,.. o o o o L. 05 g CuS0,.5H,0 . . . 10.—mg
(1.5g when the small amount of

nitrogen wasadded) . . . . MnS0,.4H,0 . . 10—mg
MgSO,.7HO . . .. 05 ¢ ZnS0,.7TH0 . . . 5~—mg
KNO, . . ... .. 0.2 g Na,MoQ.2H,0. . 2—mg

As usual the experiment consisted of two sets of pots, one with
only a small amount of nitrogen (0.2 g KNO, per pot) and one
with 2.— g of KNO,. Boron was supplied in amounts of: 0, 0.05,
0.1, 0.2, 0.3, 0.4, 0.5, 1.2, 3, 4, 5 and 10 mg of boric acid per pot.
Germinated “Unica” peas inoculated with a suspension of Rhizo-
bium were planted on March 23, 1943,

Very pronounced symptoms of boron deficiency were seen at an
early date in the pea plants, not only in those where boron was
absent but also in the plants supplied with 50, 100, 206 and 300 ¥
of H,BO.. An application of 0.5 mg of boric acid gave a considerably
better development but with higher amounts of HyBO, much higher
yields were obtained (fig. 14). These results suggest that considerable
amounts of boron were fixed by the peat.

In contrast to the above experiment with nutrient solutions,
symptoms of nitrogen deficiency were not observed in the boron-
deficient plants, notwithstanding the fact that the nodulation of these
plants was very poor. Obviously the small amount of potassium ni-
trate gave an adequate supply of nitrogen to the poorly growing plants

A remarkable difference was found between the two sets of plants.
Those supplied with 2.0 g of potassium nitrate suffered much more
from B-deficiency than the corresponding ones with 0.2 g (fig. 14).
This different behaviour was still more clearly shown when pea
plants were grown for the second time in the above pots in which, in
the first experiment, plant growth totally failed. After the poorly
developed plants of these pots had been removed, additional
- amounts of H,BO, were given and on May 14 peas were planted
for the second time. The yields of this second experiment are given
in table XI. In the plants without nitrate, boron deficiency was
only observed at a rate of 300 and 400 y of H;BO, per pot, while
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supplied with nitrate even the plants with the highest amounts
of boric acid were still slightly deficient in boromn.

TABLE X1
Eifect of boron on the yields of pea plants grown in sand-peat mixtures
H,BO, ‘Without combined nitrogen Supplied with KNO,
vperpot | Grainin g | Straw in g | pH of soil | Grain in g | Straw in g | pH of soil
300 3.02 11.12 6,75 — 6,35 6.90
400 20— 8.— 6.65 0.38 7.68 6.95
500 7.25 8.85 6.70 2.35 8.02 6.95
600 7.22 8.65 6,90 1.68 8.85 6.85
630 11.47 12.32 6.65 0,13 5,45 6.93
700 10.95 12.10 6,65 1.82 1— 7—
750 9.25 8,98 6,55 1.82 9.83 T
900 8.10 10.37 6.70 3.— 8.33 7.10
1000 9.20 11.05 6,70 5.77 9.75 6,95
24, 9 por pot
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Fig. 14. Effect of different amounts of boron on the yield of pea plants
grown in a sand-peat mixture, inoculated with Ekizobinm, with a very
small and a normal supply of nitrate respectively.
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As it was suggested *) that the higher requirement of boron of the
nitrate plants was due to a more alkaline reaction of the nutrient
medium following the absorption of the nitrate, pII-values of the soil
were measured after harvesting the plants.

As is seen from table XI the sand-peat mixtures to which nitrate
was added had consistently higher pH-values. It may be expected
that in the rhizosphere, from which the roots absorb the nutrients,
the differences would have been more evident.

Experiments with soil In the antumn of 1941 a pot
experiment was carried out with 24 different soils from fields in
the southern part of the Netherlands on which boron deficiency -
in beets had been observed, and from fields in the province of Gro-
ningen on which the growth of peas was inadequate.

Eight glass jars containing about 2.5 kg of soil per jar were filled
with each soil. Per pot the following basic dressing was added: 0.5 g
of K,S0,, 0.5 g of Ca(H,PO,), and 50 mg of MnSQ,. 2 pots remained
without further dressing, 2 were supplied with 1.25 g of NH,NO,
per pot, 2 with 20 mg of boric acid and 2 with 20 mg of H,BO, and
in addition 1.25 g of NH,NO,. Each s0il was inoculated with 5ccof a
suspension of Rhizobium. ‘“Mansholt” peas were planted on August
27, 1941, :

Due to the warm weather in September and October 1941 a fairly
good growth of the pea plants took place. Although in many cases a
beneficial effect of the combined nitrogen was observed, a response
to boron was only in a few cases perceptible. On one sandy soil this
was particularly true (see fig. 15). Without application of boron the
nodules were small with an abnormal pale white yellow and some-
times black brown colour. Supplied with boric acid norma.l nodules
with a reddish brown colour developed.

The experiment was repeated in the spring of 1942 with five
soils, on which the plants more or less had responded to boron. Asin
the preceding year glass jars were used containing about 2.5 kg of
soil. As a basic dressing the following salts were added per  pot:
0.5g K,50,, 0.5g Ca(H,PO,),, C. 2g MgS0,.7H,0. The plan of this
experiment was as follows:

@) no boron, 62.5 mg of ammonium nitrate.

b) 20 mg of H;BO,, 62.5 mg of ammonium nitrate.

*) gee Lehr {5).
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¢} no boron, 1250 mg of ammonium nitrate.

d) 20 mg of H,BO;, 1250 mg of ammonium nitrate.

On two soils, a sandy and a clay soil, the plants responded to
boron. Deficiency symptomns became only apparent, however, after
the plants had already grown for nearly two months. The growth of
the plants slackened and the leaves showed a light green and later a
yellow colour. They ripened at an earlier stage than those supplied
with either boron or nitrogen and gave lower yields (see table XII).
These symptoms resembled those of nitrogen deficiency.

TABLE XI1

Effect of boron cn the yields *) of pea plants grown in soil
62,5 mg of NH,NO, per pot 1250 mg of NH,NO, per poi
20 mg of H;BO, 20 mg of H,BO,
Soil No boron per pot No boron per pot

Grain | Straw | Grain | Straw | Grain | Straw | Grain | Straw

ing ing ing ing in g ing ing ig

Clay soil 5.25 | 4.60 7.45 692 '] 4.201)] 617 | 10.05 8.82

FTT 560 1 4.60 8.05 6,40 7.13 7.94 8,62 8.45

Sandy soil 497 | 4.45 9.22 .17 5891 6.12 .19 7.46

' " 4.71 | 4.94 10.30 7.1C 13— 11.12 2,554 5,16

*) dry weight.
1) the low yield of these pots was due te an ixregular germination of the seeds,

- Fig.15. Effect of boron and combined nitrogen on the development of

pea plants growing in a sandy soil. 1: without B and combined N, 2: 20 mg
of HzBO; per pot (no N), 3: 1.25 g of NH,NO; per pot (no Bj,

Although many nodules were present, their colour was black and
they were shriveled at the time of harvesting. Supplied with 20 mg
of H,BO, normal nodules occurred. When NI NO, was applied,
practically no nodules had been developed.
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The most important result of this experiment was, however, that
no typical symptoms of boron deficiency were observed in the tops
of the plants growing without application of boric acid. The bloom-
ing and fruit setting were quite normal and the lower yields of seeds
and straw were only due to the early ripening of the plants owing to
an inadequate {fixation of nitrogen by the nodules. It is not clear
why in these soils the boron requirement of the nodules seems higher
than that of the tops, while in the experiment with nutrient solu-
tions in general an opposite result was found. Tt may be that the
development of nodules in the soil started relatively late when most
of the available boron already had been absorbed by the plants.

Summary

The effect of different amounts of ammonium nitrate on the development
of pea plants growing in nuirient solutions in the absence of Rhizobium
was investigated. Tt was found that these plants behaved to nitrogen
quite differently from ocat plants which were grown in a similar set of
culture solutions. Nitrogen-deficient pea plants became yellow and died
some weeks later. This was in contrast to oat plants which were able to
complete their life cycle in a solution free from nitrogen.

Nitrogen-deficient oat plants responded much more readily to newly
introduced nitrogen than pea plants.

Tops of pea plants with pronounced symptoms of nitrogen deficiency
had a considersbly higher content of scluble nitrogen and less protein-N
than plants supplied with a small amount of combined nitrogen. With
higher applications of nitrogen protein as well as soluble nitrogen increased.

In field experiments with peas no response to combined nitrogen was
ohserved on soils on which always a good growth of these plants tock place.
On soils with a poor pea growth in previous years a clear response to the
supplied nitrogen was observed. In one case the inadequate fixation of
nitrogen was partly due to the tarvea of Sitona lineatus which destroyed the
nodules. On two other fields the plants growing in the absence of combined
nitrogen were more heavily attacked by a Fusarium sp. than those well-
supplied with nitrogenous fertilizers. As a result the latter plants gave much
higher yields,

In nutrient sclutions of pH € the effect of some nitrogenous compounds
on the growth of pea plants was investigated. Ammonium nitrate and
potassium nitrate provided a much superior source of nitrogen than am-
monium sulphate. Plants supplied with the latter compound developed
poorly and had many wilted and necrotic leaves. It was shown that the
poor growth of these plants was not due to their inability to assimilate
ammonium nitrogen. The ratio soluble N to protein N was much higher in
the plants supplied with (NH,);S0, than in the nitrate plants. In addition
the concentration of ammonium nitrogen in the former plants was high.
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In culture solutions of different hydrogen ion concentrations a ready
assimilation of ammonium sulphate by pea plants without necrosis of the
leaves was found at pH-values of 7 and higher. The ammonia content was
very low in these plants, while at pH 6 and 5 many necrotic leaves were
observed and the NH,-content of the leaves and stems was considerably
higher. ' '

In a similar experiment with sterile plants it was found that the leaves
of pea plants growing at pH 5.2 and 6, and supplied with ammonium
sulphate or ammonium phosphate had a very low content of starch, In the
wilted leaves practically no starch was found. The pH-values of the ground
leaves and stems of these plants were considerably lower than those of
plants supplied with KNO; or with (NH,),50, in neutral or weakly alka-
line solutions, which had a much higher starch content in their leaves. It
was concluded that the necrosis of the leaves and the poor growth of the
pea plants supplied with (NH,),S0, at pH-values of 6 and lower were due
to an injury by ammonia, which accumulated owing to an inadequate as-
similation of this compound in leaf tissnes without starch and with a re-
latively high hydrogen ion concentration,

Pea plants growing in a zinc-deficient culfure solution inoculated with
Rhizobiwm developed very poorly with many necrotic lower leaves. Bloom-
ing and formation of seeds took place relatively normally. Although the
nodules were small they were able to supply their hosts with nitrogen,

The effect of boron on the growth and nitrogen fixation of pea plants was
investigated. In agreement with the results of Brenchley and Thornton
with broad beans it was found that no nodules developed on the roots of
peas growing in nutrient solutions in the absence of boron. Due to this the
plants died from nitrogen deficiency. Supplied with small amounts of
boric acid normal nodules developed, which fixed nitrogen independently
of the fact that pronounced symptoms of boron deficiency became apparent
at an early date in the tops of these plants. To obtain normal plants con-
siderably higher amounts of boric acid had to be applied. .

Supplied with combined nitrogen the pea plants required somewhat
higher amounts of boron than in the absence of this compound, probably
due to a higher production of dry matter.

In an experiment with sand-peat mixtuvres pea plants supplied with”
potassium nitrate required considerably higher amounts of boron than
plants supplied by the nodules. Presumably the more alkaline reaction
of the peat in the former case had decreased the availability of the boron.

In experiments with natural soils a response of the pea plants to boron
was found in some cases. In contrast to the experiments with culture solu-
tions no symptoms of B-deficiency were seen in the tops of these plants,
The fixation of nitrogen was decreased, however, and due to this the plants
ripened at an earlier date and gave lower yields.

Received June 2, 1948 ~
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INVESTIGATIONS ON THE NITROGEN
NUTRITION OF PEA PLANTS

by E. G. MULDER ¥)

'Agricultural Experiment Station and Institute for Soil Research T.N.Q., Groningen

Intyoduction. Pea plants, like other members of the Leguminosae,
generally derive the nitrogen required for their proteins and other
nitrogenous compounds from the gaseous nitrogen fixed by the
nodules. Extensive investigations on the biochemistry of the nitro-
gen fixation have been carried out by Virtanen e al %), %)
and by Wilson e al ).

The question whether the nodules of leguminous plants are fully
capable of supplying their hosts with nitrogen fixed from the at-
mosphere, or that an additional absorption of combined nitrogen
from the soil may still improve the growth of the plants, is important
not only from a theorethical point of view but also in respect of the
growing of these crops in practice.

The bad results sometimes obtained by Dutch farmers with the
growing of peas, gave rise to an investigation of the effect of nitro-
genous fertilizers on the growth of pea plants on certain soils. In
addition to field experiments, investigations with pea and oat
plants in nutrient soiutions with increasing amounts of nitrogen
were carried out. In other experiments the value of different nitro-
gen compounds as a nitrogen scurce for peas growing in nutrient
solutions without Rhizobium was determined.

In experiments with nutrient solutions and with scil the influence
of zinc and boron on the fixation of gaseous nitrogen was investi-
gated.

s .“'_“_%
#) Agronomist of the ,,Staatsmijnen in Limburg”. ﬁaUWFﬁ'ﬂ«g;;E" |

PP

— 179 — D nTREDY
FHGL R TTLLN o 8
‘AX}‘ ?' - -t '&"“\;

k> P 4 - B T P
B R U T R S S S Lo

.0,


file:///f/rurc/f

