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W. B. HEALY, Chemist, Soil Bureau, D.s.I.R., Wellington. 

INTRODUCTION: 

Molybdenum, the most recent of the trace elements to be found 
essential for higher plants, is required in lower amounts than any 
other known mlcronutrient. While elements such as iron, manganese, 

zinc, Seem to be limiting to growth at levels in the plant below, say, 
15 P.P.m., mobbdenum becomes deficient only when the concentration 
in the Plant is less than about 0.5 p.pm. It is not surprising then 
that micronutrients such as iron, manganese, zinc, boron, were found 
to be essential to plants early this century while molybdenum 
requiring exacting techniques of purification was added to this group 

_ only about 15 years ago, 

It is perhaps interesting to note that P. R. Stout who was associ- 
ated with D. Arnon at the University of California in showing moiyb- 
denum to be essential to higher plants, visited New Zealand a few 
weeks ago on his way through to Australia. He was most keen to see 
a molybdenum deficient soil, somethin g for which he has been search- 
ing for years in California. He recalled that when he and Arnon pro- 
duced molybdneum deficiency in solution cultures, they felt that 
molybdenum must remain a laboratory curio, for it seemed unlikely 
considering the amounts required and the difficulties they had had 
in purifying their solutions that any soil should be lacking in molyb- 
denum. Yet only 15 years later, Australia and New Zealand can 
point to considerable tracts of land where molybdenum applications 
have been beneficial. Dr. Stout remarked that basic research seems 
to have a way of becoming useful. 

Molybdenum is certainly the most elusive of the micronutrients. 
In deficient soils applications of 1. or 2 ozs. per acre can produce 
striking responses in pasture. In solution cultures, levels of 0.01 p.p.m. 
are adequate for normal plant growth. Sometimes sufficient molyb- 
denum is stored in the seed to ensure an adequate supply throughout 
the life of the plant. When these points are considered it is not sur- 
prising that our knowledge of molybdenum chemistry in so hetero- 
geneous a medium as soil is rather sketc:hy. Because some consider- 
able concentration takes place in the transfer of molybdenum from 
soil to plant more is known of the bioche:mistry of molybdenum in the 
plant. Indeed most soil studies have relied on the plant to integrate 
the range of molybdenum levels in the soil and so assess the avail- 
ability of the soil as a whole. 

MOLYBDENUM SOURCES IN SOILS: 
The molybdenum content of the parent rock influences the levels 

in our present day soils by providing a starting point for modification 
by soil forming processes such as climate and vegetation. The geo- 
chemists tell us that as the silicate magmas of the lithosphere cooled 
and crystallised there was a sorting of the various atoms or ions 
according to their size, and ability to fit into certain Crystal lattices. 
The evidence suggests that molybdenum in the hexavalent state 1s 
associated with silicon and will be more abundant in acidic rather 
than basic rocks. An average composition for silicic rocks is 2g./tOn 
or 2 p.p.m. but granites may have as much as 12 p.p.m. (5). Thus 
on a 2 p.p.m. basis in a 6” acre there might be about 4lb. of molyb- 
denum, On a high production pasture perhaps 0.03lb. of molybdenum 
1s removed per year and if there were no cycling of this nutrient the 
supply would be exhausted after about 150 years, certainly a very 
short time. Cycling of molybdenum must take place in the same way 
as for other nutrients. 

Weathering of parent rock will free molybdenum as oxides in 
various stages of hydration. Leaching will remove this molybdenum as 
alkali molybdates unless the soil has some Capacity to retain molyb- 
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date, This undoubtedly occurs. MoIybdate behaves in a similar way 
to phosphate, and where fixation of phosphate occurs, retention of 
molybdate is also high. Fieldes and Wells (1) at Soil Bureau have 
shown that synthetic amorphous oxides of iron, aluminium and 
titanium fix both phosphate and molybdate and suggest that high levels 
of total molybdenum noted in basa1.t soils may be due in part to 
fixation of this type. 

Little or nothing is known of the role of soil organic matter and 
soil microorganisms in ensuring that supplies of molybdenum are 
available to plants. Organic matter is constantly being broken down 
by soil microorganisms and some molybdenum would be expected to 
be made available by this process just as it is for other nutrients. 

AVAD.ABILITY OF SOIL MOLYBDENUM: 
As with other nutrients only a fraction of the total molybdenum 

is available and since a variety of factors influence availability this 
fraction need have no relation to the total. Plant roots meet with 
a variety of conditions and the molybdenum content of the plant is an 
integration of these. By the use of chemical extractants an attempt 
is made to evaluate this range and to “see” the soil as the plant “sees” 
it. The plant still remains the final judge of what the soil is like 
and methods for estimating available soil molybdenum must line up 
with responses in the field. J. 1~. Grigg of the Soil Research Station 
at Rukuhia has carried out an investigation of this type. He compared 
the amount of molybdenum extracted by phosphate, hydroxyl, oxalate 
and acetate on a series of soils showing graded field response to 
molybdenum. Only the oxalate gave reasonable correlation and this 
extractant is beine used in an evaluation of available molvbdenum in 
a survey of New Zealand soils. The oxalate extracts the molybdenum 
by the formation of a stable co-ordination complex with the molybdic 
acid. However the amounts of molybdenum extracted must be inter- 
preted in relation to soil pH and Grigg suggests the oxalate soluble 
molybdenum represents a potentially available supply, the readiness 
of release depending on pH. 

Another technique used to assess available molybdenum in soils 
is that of bioassay using the fungus Aspergillus niger. In this method 
a known amount of soil is added to a nutrient culture solution con- 
taining all the necessary nutrients but molybdenum. Thus growth is 
dependent on molybdenum supply from the soil and is compared with 
a standard series. 

SOIL FACTORS INFLUENCING MOLYEDENUltP AVAILABILITY: 
Soil pH: 

Solution culture work shows that uptake of molybdenum by plants 
is encouraged by acid pH. And yet it has been clearly demonstrated 
that limins can correct molybdenum deficiency. Two factors are 
operating here, uptake of molybdenum by the plant, and supply from 
the soil; it appears that the soil factor is usually the limiting one. 
When lime is added to a deficient soil, the increase in available 
molybdenum is apparently sufficient to overcome the decreased 
ability of the plant to absorb molybdenum with rise in pH. 

Mulder (4) has pointed out that while from these field responses 
it seems most likely that raising soil pH increases molybdenum 
availability, it is also possible that the beneficial effects of liming 
could be due to an indirect effect such as removal of substances 
inhibiting uptake of molybdenum by the roots. Using the bioassay 
technique he has shown that although relatively high levels of avail- 
able molybdenum were indicated for a number of acid soils, cauliflower 
showed symptoms of severe deficiency. The discrepancy of growth 
between Aspergihs niger and cauliflower he ascribes to the high 
concentration of manganese in these acid soils inhibiting uptake of 
molybdenum by cauliflower but not by Aspergihs niger. By liming 
and raising soil pH, levels of available manganese are reduced. 
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The increased uptake of molybdenum by plants following liming 
would appear then to result from increases in available molybdenum 
following exchange reactions; reducing toxic levels of manganese; 
and possibly other as yet unknown effects;. 

Soil Phosphate: 
Molybdenum deficient soils are frequently found to be poor in 

available phosphorus and phosphate fertilization has been reported to 
increase molybdenum uutake (4. 8). Stout and others (8) in California 
showed quite early that a positive relationship existed between phos- 
phate level in solution cultures and uptake of molybdenum by the 
plant. Recent Australian work has ciemonstrated a close tie up 
between molybdenum and acid phosphatase activity in tomato plants 
(5, 7), i.e., in the conversion of inorganic to organic phosphate. Dr. 
Davies will no doubt discuss this role of molvbdenum in plants in his 
paper. The point to be made is that beneficial effects of phosphate 
in soils in regard to molybdenum may merely be a reflection of its 
positive physiological effect noted in solution cultures. 

However, the occurrence of molybdenum and phosphate deficiences 
in the same soils may indicate that the same soil conditions are 
responsible for rendering these nutrients unavailable to plants. Mulder 
(4) suggests that because molybdenum deficient soils are often 
characterized by high levels of iron this may be an important factor. 
He suggests that iron may have a dual effect on the molybdenum 
level in the plant, viz., an immobilizing effect on soil molybdenum, 
and a similar effect on phosphate. It may be that at acid pH con- 
ditions leading to phosphate fixation also lead to molybdenum fixation. 
Addition of phosphate could assist in the correction of molybdenum 
deficiency by the occupation of fixation sites leading to an economy 
of molybdenum. It is interesting that New Zealand and Australia, 
both heavy users of superphosphate, should also be the two countries 
where molybdenum deficiencies in pasture are most prevalent. Further 
the two soils in New Zealand which appear to be molybdenum 
responsive, the leached yellow grey and yellow brown earths are 
also very responsive to phosphate fertilization and are characterized 
by “active” iron and alumina. . 

Soil Manganese: 
High levels of available manganese a.ppear to reduce molybdenum 

uptake by plants in the field but the nature of this effect is not clear. 
Since the response of Aspergillos niger is independent of manganese 
levels, Mulder (4) has used the bioassay method to determine if the 
level of available soil molybdenum was affected by added manganese. 
No such effect could be detected by this test. Millikan reports a 
manganese-molybdenum antagonism in solution cultures (3), while 
Hannay and Street working with excised roots suggest a similar 
antagonism (2). Other workers however have found that molybdenum 
rather than correcting chlorosis from excess manganese, accentuates it. 
Dr. Walker and Mr. Adams here at Lincoln have been investigating 
some of these manganese-molybdenum effects. 

Sulphate: 
Work at the University of California. has shown that increase in 

sulphate can reduce the molybdenum content of plants in solution 
cultures (8). They suggest that sulphate and molybdate ions compete 
for absorption sites on the root during the first stage of absorption. 
This sulphate effect has been shown to hold true for plants grown in 
soil (4). It is not known if there is any interaction between sulphate 
and molybdate in the soil in addition to that noted in solution cultures. 

MOLYBDENUM RESPONSES IN NEW ZEALAND SOILS: 

About 600 field trials with molybdenum have been laid down in 
New Zealand by the Department of Agriculture, about half in each 
island. Mr. Pohlen of the Soil Bureau has attempted to correlate 
molybdenum responses with soil classification using the data supplied 
by Mr. During and Mr. Lynch of the Department of Agriculture. 
Broadly the picture is as fdloWS:- 
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Molybdenum Response on New Zealand Soils, 
Soil Type. Degree of Leaching. soil pEL Molybdenum Response. 

Brown-Grey Earths weak high Nil 
Yellow-Grey Earths !a! weak high Nil 

(b) moderate-strong medium Slight to good 
Pcllow-Brown Earths (a) weak-moderate high-medium Nil to slight 

(b) strong low Good 
Podzolized Yellow- 

Brown Earths and 
Podzols very strong very low Slight to nil 



The picture presented here is necessarily broad and exceptions 
will, of course, occur. 

The bulk of response come from the well leached members of the 
yellow-grey and yellow-brown earth groups.. These soils respond well 
to phosphate fertilization. Both these types would appear to be well 
supplied with “active” iron and alumina and it is tempting to correlate 
this with their low levels of available molybdenum. Perhaps this idea 
is supported by the fact that the podzolized yellow-brown earth and 
podzols, although of very low pH, do not appear to respond strongly 
to molybdenum. In these soils, iron (as well aa alumina, titanium and 
clay) has been removed from the A horizon and they no longer fix 
phosphate strongly. Perhaps molybdenum is made unavailable by a 
combination of low pH and adequate iron and alumina. 

It is difficult to correlate molybdenum with parent material but 
it seems fair to say that many soils responding to molybdenum are 
derived partly or wholly from greywacke or its sediments. Soils 
derived from andesites may also be responsive but there appears to 
be little response on: 

Red-brown loams from basalts. 
Yellow-brown loams from fine andesitic ashes. 
Yellow-brown pumice soils from coarse rhyolites and pumice. 
Rendzinas and related soils from limestones. 

On these intrazonal soils, however, a few strongly leached mem- 
bers have shown some response. 

TO SUMMARISE THEN: 

(1) Molybdenum is more likely to be found in the acid Primary 

(2) 

(3) 

(4) 
(5) 

(6) 

(7) 

(a) 

rocks than the basic ones. _ 
Molybdenum locked up in parent material is freed by 
weathering and this molybdenum probably enters some sort 
of cycle in the soil. 
Available soil molybdenum can bee measured with some degree 
of success by a chemical method using oxalate or by a micro 
bioassav usine Asueraiilus nicer. 
Low soil pH f>vo&s molybdenum deficiency. 
Toxic levels of soil manganese may interfere with molybdenum 
uptake. 
Liming can in certain cases correct molybdenum deficiency, 
probably by raising soil pH and lowering levels of soil 
manganese. 
Soils deficient in phosphorus may also be deficient in molyb- 
denum and it is suggested that iron and perhaps aluminium 
may be active in this respect. 
The bulk of molybdenum responses in New Zealand appear 
to come from the well leached members of the yellow-grey and 
yellow-brown earth groups. These are known to respond well 
to phosphate. 
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