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INVESTIGATIONS ON TRACE ELEMENTS IN THE
NETHERLANDS*

E. G. MULDER**

Introduction.

The beneficial effect of irace elements on plant growth in the
Netherlands was shown for the first time by Sjollema and Hudig -
in experiments on a disease of oats on neutral and slightly alka-
line peaty soils (14). Although in those days Hudig was of the
opinion that this effect of manganese had to be attributed to the
correction of some unfavourable condition of the organic mat-
ter, it was shown by further investigations that the oats disease
was caused by lack of available manganese. Sthngen (16) and
particularly Gerretsen (6) demonstrated the effect of micro-
organisms in rendering soluble manganese compounds in soil
unavailable for the plants.

In 1924 it was found by Hudig and Meyer (7) that the so-
called reclamation disease which was found on newly reclaimed
peaty and sandy soils in the Netherlands may be cured by adding
copper sulphate to the soil. In the same way as with manganese,
the beneficial influence of the heavy metal was attributed to
some mysterious effect on the soil organic matter. Other investi-
gators were of the opinion that the disease was caused by micro-
organisms (2). Copper should have a disinfecting effect. After
the discovery of the indispensability of copper for plant growth
{(Sommer (15}, Brandenburg (3) ), it was shown by the author
{10) that the reclamation disease is caused by copper deficiency
of the plants.

In 1933 Sjoliema published a report on copper deficiency in
cattle (licking disease) which was found in areas where the
plants suffered from the reclamation disease (13).

In addition to manganese and copper a beneficial effect of
iron, zine, horon and molybdenum on plant growth has been found
in the Netherlands.*** More details concerning these elements
will be given helow.

Occurrence of trace element deficiencies in the Netherlands.

Irow deficiency is found only sporadically in agriculturél crops
in the Netherlands. In horticulture this element is of more im-
portance. ‘

Moanganese deficiency may be found on sandy and peaty soils
“---Presented by Dr. Geo, A, Thornton, Asso. Microbiologist, College of
Agricutture, Univ. of Florida, Gainesville,
“*_Prof, of Soil Mirrobiclogy, Agriculiural Experiment Station and Insti-
tute for soil Research T.N.O., Groningen, Helland. . .
et Magniesium i3 not listed to the trace elements by the author. Therefore
the investigations carried out on this element will not be recorded in
this lecture. . .
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where the reaction is approximately neutral. After the extensive
investigations carried out by Dutch workers in the past, this fact
is well-known by the farmers and therefore the reaction on this
type of soil is maintained mostly between pH 5.0 and 5.6. At
these values no manganese deficiency of the plants will be found.

On some clay soils containing a certain amount of organic
matter and with a high content of calcium carbonate, where
manganese deficiency also may be found, this adjustment of pH
is not feasible. This is particularly the case on the light clay
and szandy soils in the yvoung poldersz of the Zuiderzee, which
may contain more than 10 percent of calcium carbonate. Here
applications of manganese salts have to be carried out every year.
In some cases spraying of the crops with a 1.0-1.5 percent so-
lution of manganese sulphate appearcd to he more successful
than application of the salt on the woil.

According to Gerretsen of this Experiment Station the in-
solubilization of manganese in neutral =oils containing a certain
amount of crganic matter has to be attributed to the activity of
microorganisms (6).

In liming experiments on a lowmoor peat containing a high

amount of clay, carried out by the duthor, no manganese de-
ficiency was observed within a period of 10 vears after liming
of the soil. It is unknown whether this result was due to the ab-
sence of manganese-oxidizing microorganisms or to the particular
condition of the soil organic matter.

Zine deficiency is found on apple, pear and cherry frees grow-
ing on =il very rich in phosphate (9).#

Copper deficiency (reciamation disease) may he found on
sandy and peat soils, particularly shorvtly after reclamation of
these soils. It is well-known by the farmers that under these
circumstances they have to apply 50-100 kg of copper sulphate
per ha. Therefore heavy symptoms of copper deficiency are
found oniy sporadically in agricultural evops. A slicht increase
in yield after a copper dressing muy be obtained rather fre-
quently. More recently copper deficiency has been observed in
orchards by Dr. D. Mulder, Laboratorium van Zeelands Proef-
tuin, Goes.

As to the occurrence of copper deficiency in animals the
situation {s more complicated. On soils poor in available copper,
cattle may show svmatoms of copper deficiency (licking dizease).
In some cases, however, a beneficial effect of feeding small
amounts of copper to cattle has heen observed notwithstanding
the herbage which was fed had a normal copper content. This
result ix obtained particularly in the reclaimed North West polder
of the Zuiderzee. Apparently uptake of copper {rom the food
may be affected by some unknown factor. Although it is gsome-
times supposed that excess of molvhdenum in the herbage mav

1y Gerretzen at this Station has worked o0 o o Coochivlogical mperbund
to estimate available zine in soil,
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be the cause of the high copper requirement, more evidence is
needed 1o confirm this hypothesis.

Boron deficiency may be found rather sporadically on sandy
soils in the South of the country and on river-clayv soils. Besides
beots and turnips, leguminous erops may respond sometimes to
small amounts of this element. In experiments with peas the
author has shuwn that on horon deficient soils nitrogen fixation
may be badly affected as a result of which the plants become
\ deficient in nitrogen and die at an early date (11).

Recent tnvestigations on frace elements carvied out in the Ne-
therlands.

During the last 15 vears much work has been done by the
author on the effect of copper and molybdenum on plant growth
and on some physiological phennomena in beth higher plants
and microorpanizms. These investigations started in 1935 when
an extensive study was undertaken to elucidate the role of cop-
per in preventing e sovalled reclamation disease in plants. This
disease which may cceur on sandy and peaty soils particularly
when they are newly recluimed, oceurs in many areas of Western
Furope as well as in the U.8. A, and Australia.

To prove that the reclamation disease has to be attributed to
a lack of plant-available copper the following three sets of ex-
periments were undertuken,

a) A compurisun was made of the sinmptoms of copper deficiency
in cnlture solutions with thoese of the reclamation disease.

These symptoms appeared to be quite similar. This was not
only true of the pronounced cases in which dead white tips
oveur at the yvoungest leaves of cereals and no ears emerge, but
alzo of the light cuses in which the ears emerge normally but
the grain production is reduced. Plant species less susceptible
to the reclamation disesse {potatoes, rve) required less copper
than highly susceptible plants like wheat, barlev and oats. In
addition the former have a greater absorption capacity for less
avatlable soil capper than the latter, This was concluded from
the fact that the difference in copper requirement between both
groups ol plants growing in soil is wuch greater than when
growing in nutrient seluticns,

A erop very susceptible to eopper deficiency is canary grass

(Phalaris eanariensis) which was successfully used by the author
in pot tests us an 1ndwutnr plant for copper deﬁcmncv

When a comparison ix made of the amounts of copper re-
quired for normal plant growth in nutrient solution and in
peaty or sandy =oil, it will be found that in the former case an
amount of 50 »r* of copper per 2 | of nutrient solution, added
only once, is enough to secure normal plant growth. When ap-

o goaeng, here and elsowhore below, ™
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plied to the soil 5 mg. of copper per 2 kg of soil are required.
This discrepancy is caused by the fixation of copper by soil or-
ganic matter. This was demeonstrated by employing the root
separation technique. One half of a cyviinder was filled with
“diseased’ soil, the other half, separated by a glass plate, with
guartz sand or with a nutrient solution, Plants were grown with
part of their roots in the soil and the other part in the sand or
the nutrient medium. When the copper was added to the nutri-
ent-solution half, amounts similar to those required in the culture
solution experiments were able to give normal plants. When
added to the soil half, twenty times greater amounts of copper
were unable to give normal plants,

normal and “diseased so0ils.” In the latter case much lower cop-
per values were obtained than in cereals grown on ‘“healthy”
soils.

' b)Y Copper determinations were earried out in plants grown on

¢} Plaut availadle copper was deterntined in the soil by using a

- mierobiclogical azsay. This method is bused on the fact that-the
fungus Aspergillus niger requires small amounts of copper for
the development of normal black spores. In a nutrient solution
purified from copper this fungus develops a white sterile my-
celium. With 0.2r of copper in 40 cc of nutrient soiution vellow
spores are formed, with 0.4r the colour of the spores is vellow-
ish brown, with 1.0» grey-brown, with 1.5+ grey-black, while
2.5v of available copper and higher amounts give black spores.
For the estimation of available copper in soil one gram of air-
dried soil is added to 40 c¢ of a purified nutrient solution in 11
Erlenmever flasks. This medium is inoculated with a saspension
of Aspergillus spores and after 4 days of incubation at 30" C
the colour of the mycelia is compured with the colour scale of a
set of standard cultures to which different amounts of copper
have been added.

A great number of “diseased” and normal soils from different
parts of the Netherlands were tested for available copper accord-
ing to the above method. Part of the results iz given in Table 1.

From these figures it will be seen that =oils on which the
plants show symptoms of the reclamation disease have a very low
content of available copper. Scils on which the plant grpwth is
normal have a considerable higher copper content.’

The results of these voporiments elearly show that the re-
clumation discase is hrought abeout by a lock of availabie copper
i the soil.

*—-The microbiological assay is employved by the Soil Testing Laboratory
at Gromingen to test soil samples for avhilable copper. The method s
madificd by D Gerretsen of this Experiment Station in order to he
able to ertimate amants of availabic copper in the range -« 15, por
gram of soil. This is possible by doubling the concentration of nutiicnts
in the solution. =







TABLE 1.—PLANT GROWTH AND AvAILABLE-CoPPER CONTENT

Aspergillus-available
Soil Plant growth copper per 1 g of
air-dri~d soil, »

Sandy soil Normal wheat

Sandy soil Normal white oats

Sandy soil White cats, severzly discased
Sandy soil White ozats, moderately diseased
Sandy soil White oats, normal

Sandy soil White oats, normal

Sandy soil ‘White oats, diseased

Peaty soil Wheat, severely diseasced, rye normal
Sandy soil Normal wheat

Sandy soil Normal canary prass

Peaty soil Normal wheat

Peaty soil Normal wheat

Sandy soil Normal wheat

Sandy soil Wheat, slightly diseased

VvV

VVVV
P ORI OOrOCOM NN DO = O
TP D T = Nt

Sandy soil White ocats, normal 8
Sandy soil Whike oats, diseased 4
Sandy soil White oats, severely diseased 2
Peaty soil White oats, severely diseased .1
Pesaty soil Wheat, slightly diseased -
Sandy soil - White oats, severely diseased 2B
Same field Slightly diseased area 80
Same field Normal area 70
Same field Plants cured by copper sulfate > 2.50
Peaty soil Wheat, severely diseased 20
Same field Normal area 25

*—p == gamma

The low content of available copper is often a result of the
presence in the soil of black humus. This was shown in experi-
ments with Aspergillus niger and also in percolation experiments.
In the former copper sulfate was added in different amounts to
the black humus from a healthy soil very poor in available copper.
The mixture was incubated for 24 hours at room temperature,
sterilized at 110¢ C for 10 minutes and thereafter added to a
copper-free nutrient solution of Aspergillus niger. The following
results were obtained.

Fungus
available. copper
2 g black heath humus (total copper 2.67) 0.2r
2 g black heath humus + 3r Cu, as sulphate, added 0.6r
2 g black heath humus + 5» Cu, as sulphate, added 0.8r
2 g black heath humus + 10# Cu, as sulphate, added 1.0r
2 g black heath humus + 20r Cu, as sulphate, added 2.0r

It will be seen that this black humus fixed added copper to a
considerable degree.

In a subsequent experiment a sandy soil very poor in plant-
available copper was percolated with a 0.25 percent copper sul-
phate solution for 810 hours with a speed of 100 ec per hour.
Then the soil was washed with distilled water until a practically
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negative reaction on copper by carbamate reagent was obtained.
Subsequently the soil was percolated with a solution of 1 percent
caleium nitrate until no more than 2r of copper per 10 ce of
liquid was washed out. Then the exchanged and still bound cop-
per were determined. The following figures were obtained:

Exchanged by Ca(NO ), Retained in

(per 1 g, of org. soil (per'l g. of
matter). org. matter).
Soil with severe
copper deficiency 46.7 mg Cu 24.3 mg Cu
Normal soil 37.8 mg Cu 5.1 mg Cu

These data show that in the copper-deficient soil the total
amount of copper which can be retained after treatment with’
distilled water is considerably higher than in the normal soil.
Of this copper 84 percent was not liberated after treatment with
calcium nitrate. In the normal soil only 11.5 percent was retained
after treatment with calcium nitrate. :

In a subsequent experiment the same copper-deficient soil
was compared with a peaty soil on which plants grew normally.
In this case the total amount of copper which was retained by
the copper-deficient soil after removal of the excess copper sul-
phate with distilled water was also nearly twice as high as the
amount retained by the normal soil. Upon treatment with 14
N hydrochloric acid practically all of the copper was liberated
from both soils.

Fivation of copper by hydrogen-sulphide producing dacteria.

In experiments with Aspergillus niger and cereals it was
found that copper precipitated by hydrogen-sulphide forming
bacteria was unavailable. Since copper precipitated chemically
by hydrogen sulphide is readily absorbed by Aspergiilus as well
as by higher plants it must be assumed that the copper com-
}ound formed by the microorganisms is either copper sulphide,
present inside the bacteria cell, so that it is protected from being
oxidized, or is not copper sulphide.

In experiments with sterile cultures of harley and oyts #imi-
lar symptoms of copper deficiency were obiained as in solutions
which were not sterilized.

Interaction of copper and other witrients.

Copper-Manganese. Application of copper sulphate Lo copper-
deficient soils sometimes may result in the appearance of man-
ganese deficiency in the plants grown on these soils (8). Al- -
though the possibility that such soils are deficient in available
manganese as well as in avuailable copper may nol be excluded,
evidence is available that copper may catalvze the oxidation of
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available manganese to less soluble compounds. Although it is
unknown to what extent the insolubilization of manganese in
s0il has to be attributed to microbial activity, it is rather simple
to demonstrate the oxidation of manganese compounds to man-
ganic oxide by microorganisms (Gerretsen (6), Sohngen (18),
Beverinck (1). The author isolated a manganese-oxidizing fun-
gus and studied the effect of copper on its capacity to oxidize
manganous to manganic compounds. It appeared that traces
of copper stimulated the formation of black manganic oxides
to a considerable extent (10). Although it is unknown whether
in copper-deficient soil a similar stimulation may oceur after
application of a copper salt, it is likely that under certain cir-
cumstances this may be true.

In an experiment with rye in nutrient solutions a clear effect
of copper on manganese deficiency of the plants was observed.
In this experiment copper was added in amounts of 0, 2, 10 and
50 » per culture. When the plants were about one month old,
heavy symptoms of manganese deficiency were observed in the
solutions supplied with 50 + ot Cu. Those with 10 + were free
from manganese deficiency. Some vessels were supplied with
3 mg of MnSQO,; thev recovered within a few days (Table 2). It
is unknown whether in this experiment copper has stimulated
the oxidation of manganese in the nutrient solution (the nu-
trient medium was nof sterile) or that precipitation has taken
place in the plant tissue,

TABLE 2.—ErrFECT 0F COPPER SUPPLY 0N MANGANESE DEFICIENCY IN RYE.

C:)—p_po_r, r/pot | 0.2 mg_l-\i_nnsn_(i 4 I-I:-O. 7 3 mp Mr;SS. 4 H.O
| Grain, g ‘ Straw, g Grain, g ! Straw, g
0 o N AR L6l
2 : 0 3.18 ; 0 5.08
10 ] 0.2 i 9.06 1.04 i 6.43
50 ‘

0 1.18 0.15 1 5.03

In barley, oats and wheat no effect of copper on the manganese
supply was observed.

Copper-Zine, Copper-Tran. R

In culture solution experiments with different amounts of
copper, zine and iron no interaction between copper and zinc
and copper and iron was ohserved (barley).

Capper-Cadmivut,

In experiments with Aspergillis niger a clear interaction of
cadmium and copper was observed. With increased amounts of
cadmium more coppet had to be supplied to induce black spores
(Tauble 3). In Larley no effect was observed.
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TABLE 3.—EFrEcT oF CApMitiM SULPHATE oN COLOUR oF ASPERGILLUS
SporEs SUPPLIED WitH DIFFERENT AMoUNTS oF COPPER. -

Gr Cu

g_Cd S0, . 8 I—{.,.(); No copper | 2 i 20r Cu
oy i supplied | . f
" | bright yellow ' black " black * black
25 . bright vellow | black * black black
50 bright yellow brown-black ' black . black
100 - ! bright vellow = brown-black black . hiack
200 no spores . grav-brown  brown-black - black
. 500 ! no spores U yollow brown-black - brown-black
1000 ' no spores | _ve{{ow  brown " brown-black
vellow

- 2000 ; o spores - yellow-brown | brown

Copper-Nitrogen.

In pot experiments with wheat growing in a copper-deficient
. soil supplied with different amounts of copper and nitrogen (as

ammonium nitrate), an interaction between copper and-nitrogen
was observed. In the absence of supplied nitrogen and copper,
small but entirely nofmal plants developed which were able to
produce normal seeds. Supplied with a small amount of nitro-
gen, heavy symptoms of copper deficiency appeared and no grains
were produced. As will be seen from Fig. 1, increasing amounts
of added ammonium nitrate required increaging amounts of cop-
per to obtain normal plants.

Ey

Physiological effect of copper.

Zopper plays a role as the prosthetic group of oxidizing en-
zymes (tyrosinase, laccase, ascorbinase ete.). Apparently due to
this function the effect of copper on a number of oxydation re-
actions, studied by the author, may be explained. These reac-
tions are: a) blackening of Aspergillus niyer spores, b) black-
ening of aging cultures of Azotobacter clivoococenm, ¢) oxidation
of manganous compounds to manganic oxid hy fungi, d) trans-
formation of aethyl aleohol to acetic acid by Acetobacter aceti
(10).

More recently the effect of copper on tyvrosinase activity in
potato tubers was investigated in the author’s laboratory., In
an extensive study on the blackening of potassium-defitient po-
tato tubers it was found that this phenomenon is due to the oxi-
dation of tyrosine fo red and then black oxidation products by
tyrosinase.  This reaction can proceed only when the cells are
injured, so that tvrosine is subjected to tvrosinase activity. Po-
tassium-deficient tubers are much more liable to injury than
those with a normal potassium supply. In addition their tyro-
sine content is much higher (12). Both faclors are responsible
.for the blackening. 4

When potatoes are cultivated on soils poor in available copper
and poor in available potassium, blackening of bruised tubers
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Figure 2.—Effect of the supply of copper to potatocs on
the tyrosinase activity in che tubers. On the Chart:
¢ no copper supplied
10 copper sulfate, 10 kg.-ha.
100 copper sulfate, 100 k. /ha,

occurs only to a small extent. This is due to the low tyrosinase
activity of potatoes poor in copper (Fig. 2).

The question may be put whether or not tyrosinase piays the
part of a terminal oxidase in the respiration of petato tubers.
Although some authors ave of the opinion that this is true, little
evidence can be found in literature.

In the author’s experiments no difference in respirstion rate
of copper-deficient and normal tubers was observed. Infiltration
of tuber slices with the copper reagent diaethyl-dithio-carbamate
gave a considerable decrease of carbon dioxide output, however,
indicating that conper may be of considerable interest in respira-
tion. These investigations are being continued. .

Effect of molybdenn on plant growth and nitrogen metaliolism
of plants and microorganisms.

A second trace element which has been studied extensively
by the author in the last few years is molybdenum. In compari-
son with copper it is required by higher plants and microorga-
nistns in considerably lower amounts.

Some vears ago the effect of molvbdenum on growth and
nitrogen metabolism of a number of higher plants and micro-

4
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organisms was studied. From these investigations which are
publizhed in Plant and Soil 1, 94, 1948, the following conclusions
may be drawn:

a) Molybdenum i8 an cssential element for the normal de-
velopment of green plants and a number of microorganisms.

b) In the green plant as well as in the cells of bacteria and
fungi, molybdenum is required tor the assimilation of nitrate
nitrogen. This was shown in experiments with tomato and barley
plants and with denitrifying bacteria and the fungus Aspergillus
Hl_(]f?'. s -

c)' Moi}-‘bdenu_m is essential for the firation of nitrogen by
free-living bacteria as well as by symbiotic bacteria (Riizobium).
In experiments with peas many nodules developed on the roots
in nutrient seolution without supplied molybdenum but the niiro-
gen fixation of these nodules was insignificant so that the plants
became nitrogen-deficient and died at an early stage,

Evperiments with soil

In order to investigate whether or not molybdenum deficiency
might occur in Dutch soils, pot and field experiments were car-
ried with peas on soils where the pea growth was poor. No ef-
fect of molybdenum application was observed so that it was con-
cluded that molvbdenum deficiency did not occur in the Nether-
lands.

After the war some pot experiments were carried out with
molvbdenum-deficient soil recetved from Australia by courtesy
of Professor Prescott, Waite Instifute, Adelaide. A clear re-
sponse to molybdenum was found in white clover and subter-
ranean clover but not in pea (Table 4). Since the Australian
soils used in these experiments were rich in ironstone and rather
acid, pot experiments were undertaken with an acid lowmoor
peat soil, rich in ironstone, from the province of Groningen
(arganic matter 60spercent, pH 5.0).

TARLE 4. —BEprrect oF MoLvepENUM ox YIELD AND NITROGEN FIXATION
or (‘l_o_vm, GROWN IN AUSTRALIAN SOILs.

B0il received Na.Mo0. ., 2 H.O White clover  Subterrancan clover
from pH  per pot {2 kg Yield, g Nitrogen Yield, g Nitrogen
soil} mp. Dry-wt. mg. Dry-wt. * mg.
Tasmaunia fi,2 0 1.2 LIS 12.9 272.0
Tasmania 6.2 8 12.2 3g2.0 16.8 428.5
8. Australia 5.4 0 4.3 03.4 11.1 243.0
S. Australia 5. A 5.9 170.0 17.3 305.0

In agreement with the results obtained with the Australian soils

2 hig vesponse to molyvbdenum was observed in white and red
vlover. Without application of molybdenum many nodules had
developed in hoth plant species. These nodules were smaller

—
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than those of plants supplied with molybdenum, whereas the
colour was not pinkish as usaal but vellow or brown-gray. Nitro-
gen fixation was quite inadequate, as a result of which the plants
became pale green and grew much poorer than those supplied
“with traces of molybdenum. With improved molybdenum supply
the number of nodules decreased but their nitrogen fixing ca-
pacity increased considerably (Table 5).

TABLE 5.--EFFECT OF APPLICATIONS oF MOLYBDENUM 0N NITRUGEN
FixaTionN axD YIELD oF WHITE CLOVER GROWN ON AN ACID LowMoOuR
PrRAT Soin BicH N IRONSTINE,

fe "

Con 3 § 3 e
=3 25 - Y
N 2, g = - =8
: %1 El g = £ o g z ; :’(g

.. o Y- T X g E
A E Aag S0 E s
= o B £t - E® ZeT
Y E -2 =3 .
 Aa S “ZER Z 58 =23

0 2.1 51.6 456 < 1
10 279 7.1 368 1.8
50 4.1 131.0 254 2.4
100 4.7 152.0 151 3.7
500 4.8 158.7 87 1.3
1000 4.8 155.0 116 3.3
2500 4.7 150.0 123 6.5
5000 4.6 147.9 116 13.7
10000 4.8 161.0 107 254
20000 3.8 127.0 109 20.0
50000 4.4 147.0 0 33.1

o —
|

*—Each pot contained about 500 ¢ of soil.
*—Averages of duplicate values

i
|
I
|

As will be seen from these resuifts, optimal nitrogen fixation
of white clover was attuined already at 100 r Na.Mo0O,. 2 H.O
ner pot (about 200 g per ha). With higher rates, nitrogen fixation
was only slightly changed. The molybdenum content of the
plant tissue rese considerably, however. Since it is a4 well-known
fact that a molybdenum content of the herbage of 20 mg per kg
of dry matter may cause cattle-poisoning, eare shouldsbe taken
that these values will not be reached.

With red clover similar results were obtained. Peas and
beans did not respond to molvbdenum.

In a subsequent pot experiment with 33 soils from different
parts of the Netherlands the response of white clover to molyh-
denum wuas studied. These #9ils were mostly rich in iron. On
about 20 of these soils big respohses to molybdenum sere ob-
tained. Amongst the latier soils there were two clay soils.

In another experiment vesponses to molyhdenum in white
clover were observed on aci<d sandyv-soils with pH-values varyving
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fiom 4.2-4.9. The difficulty here was that independently of molyb-
denum supply, nodulation was nuch depressed by an acid soil
reaction. Once nodules had developed, a clear stimulation of
nitrogen fixation was observed when molybdenum had been sup-
plied to the plants.

From these results it may be concluded that molybdenum de-
ficiency is of much more general importance in the Netherlands
than was originally believed, No doubt in other countries of
Western Europe and perhaps in the U.8.A. similar results may
be found. Further research is in progress to study the effect of
molybdenum on white clover under field conditions and to see
whether other leguminous erops, particularly alfalfa, respond
to molybdenum similarly to white clover.

Another problem which is being studied by the author is
the interaction copper-molybdenum. It iz a well-known fact
that on pastures high in molybdenum cattle will be poisoned by
a high molybdenum content in the herbage (teart pastures of
Somerset (5) ). Under such circumstances copper shows a
beneficial effect on the health of the cattle. Burema and Wie-
ringa (4) described an interaction between copper and molyb-
denum in Azotobacter some years ago. Although in nitrogen
{ixing white clover in some cases a clear effect of copper on molyb-
denum supply has been observed by the author, more research
has to be done before conclusions can be drawn.
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