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ABSTRACT

This investigation was to study the effects of Mo, S and lime on
yield, biological nitrogen fixation and nutrient concentration of tropical
pasture legumes; to determine the external and intermal Mo requirements
of tropical pasture legumes; and to evaluate the mycorrhiza-rhizobium-
legume association as related to Mo status in acid tropical soils.

In order to fulfill these objectives, the study was conducted in
three parts. In the first part, the experiments were conducted in the
greenhouse and in the field. In the greenhouse experiment, Desmodium
intortum was grown in the Wahiawa (Tropeptic Eutrustox) and Paaloa

(Humoxic Tropohumult) soils and Centrosema pubescens was grown in the

Wahiawa soil, Treatments were composed of five levels of Mo (none added,
seed-applied Mo at 0.1 and 0.5 kg Mo/ha, and soil-applied Mo at 2.0 and
4.0 kg Mo/ha); two levels of S (none added and 50 kg S/ha); and two levels
of 1lime (none added and lime rate so that a pH of soil is raised to 6.0).
In the field experiment, the treatments were composed of two legume
species (Q. intortum and C. pubescens) and ten fertilizer treatments
(none added; lime; seed-applied Mo at 0.1, 0.3, 0.5 and 0.5 kg Mo/ha plus
lime; soii-applied Mo at 1.0, 2.0, 4.0 and 4.0 kg Mo/ha plus lime).

In the second part, D. intortum was grown in the Wahiawa and Paaloa
soils in the greenhouse. Seven rates of Mo (0, 0.5, 1.0, 2.0, 4.0, 8.0,
and 16.0 kg Mo/ha) were added to the soil. Molybdenum adsorption and
desorption curves were also studied.

In the third part, treatments were composed of three legume species

(D. intortum, C. pubescens and Stylosanthes humilis); three Mo levels




(none added, seed-applied Mo at 0.3 kg Mo/ha and soil-applied Mo at 2.0
kg Mo/ha); and two mycorrhizal inoculation rates (non-inoculation and

inoculation). Mycorrhiza used was Glomus mosseae. So0il was fumigated

with methyl bromide one month before planting.

Molybdenum increased dry matter yield of desmodium and centrosema
grown in the Wahiawa and Paaloa soils. Soil-applied Mo at 2.0 kg Mo/ha
was adequate for legumes grown for one cutting in the greenhouse. However,
soil-applied Mo at 4.0 kg Mo/ha should be used for excellent stands of
legumes harvested five times a year. Seed-applied Mo at 0.5 kg Mo/ha was
as effective as soil-applied Mo at 2.0 and 4.0 kg Mo/ha. Seed-applied Mo
at 0.1 kg Mo/ha was less effective than seed-applied Mo at 0.5 kg Mo/ha
and soil-applied Mo at 2.0 and 4.0 kg Mo/ha.

Molybdenum did not affect nodule fresh and dry weights of desmodium
grown in the Wahiawa soil. However, seed-applied Mo at 0.5 kg Mo/ha
decreased nodule fresh and dry weights of desmodium grown in the Paaloa
soil, Molybdenum did not affect nodule number and ndéﬁle fresh weight of
centrosema grown in Wahiawa soll. However, soil-applied Mo at 2.0 and 4.0
kg Mo/ha increased nodule dry weight of the legume.

Nitrogenase activity of desmodium grown in the Wahliawa soil tended
to increase when Mo was applied. Seed-applied Mo at 0.5 kg Mo/ha, soil-
applied Mo at 2.0 and 4.0 kg Mo/ha increased nitrogenase activity by 29.1%,
37.0% and 31.8%, respectively, above the no-Mo treatment. Molybdenum also
increased nitrogenase activity of centrosema grown in the Wahlawa soil,

Molybdenum increased N concentration in the tops of desmodium and
centrosema grown in Wahlawa soil. Seed-applied Mo &t 0.3 and 0.5 kg Mo/ha
and soil-applied Mo at 1.0, 2.0 and 4.0 kg Mo/ha increased N concentration

from the first to fifth cutting. At the fifth cutting, plant N concentration
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of legumes receiving seed-applied Mo at 0.3 kg Mo/ha was lower than those
of legumes receiving seed-applied Mo at 0.5 kg Mo/ha and the three soil-
applied Mo rates. Seed-applied Mo at 0.1 kg Mo/ha did not increase plant
N concentration. The residual effect of seed-applied Mo at 0.5 kg Mo/ha
appeared to be less than that of soil-applied Mo at 4.0 kg Mo/ha.

Molybdenum application increased Mo concentration in the tops of
legumes grown in the Wahliawa and Paaloa soils. Plant Mo concentrations in
the later cuttings decreased when compared to those in the earlier cuttings.
Critical Mo concentrations in plant top associated with 807 and 95% maximum
yield of desmodium grown in the Wahiawa s0il were 0.13-0.20 and 0.22-0.30
ppm, respectively. Comparable Mo concentrations of desmodium with the
Paaloa soil were 0.40 and 1.30 ppm, respectively. Critical Mo concentra-
tion in the top associated with 80% maximum yield of centrosema grown in
the Wahiawa soil was 0.20 ppm.

Molybdenum application also increased Mo concentration in the nodule
of legumes. Critical Mo concentrations in nodule associated with 80% and
95% maximum yield of desmodium grown in the Wahiawa soil were 2.2-3.5 and
7.85 ppm, respectively. Comparable Mo concentrations of desmodium with the
Paaloa soil were 4.0 and 13.2 ppm, respectively. Critical Mo concentration
associated with 807% maximum yield of centrosema grown in the Wahiawa soil
was 4.2 ppm,

Molybdenum application increased available Mo in soil. The avail~
able Mo associated with 95% maximum yield of desmodium grown in the Wahiawa
and Paaloa soils were 0.09 and 0.10 ug Mo/ml, respectively. Predicted
quantity of applied Mo required to establish 0.09 ug Mo/ml available Mo
for the Wahiawa soil was 4.4 kg Mo/ha. For the Paaloa soil, predicted

quantity of applied Mo to established 0.1 ug Mo/ml was 4.7 kg Mo/ha.
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Molybdenum had no effect on S concentration in the tops of desmodium
and centrosema but tended to increase Cu concentrations. The potential
harmful effect of Mo regarding Mo-induced Cu deficiency in animals should
not occur since Cu/Mo ratios in plant tops were well above 3, which is the
ratio under which Mo-~induced Cu deficiency usually occurs.

Sulfur did not increase dry matter yield, nodule number, nodule
fresh and dry weights,nitrogenase activity, plant N concentration and
other nutrient concentrations of desmodium and centrosema grown in the
Wahlawa soil. Sulfur increased yield of desmodium grown in the Paaloa
soil. Nodule fresh and dry weights of desmodium grown in limed Paaloa
soil and recelving seed-applied Mo with S was higher than that of desmodium
grown in the same treatment without S.

Lime increased dry matter yields of desmodium and centrosema grown
in the Wahlawa soil. Lime increased plant N, Mo but decreased Cu concen-
trations of desmodium grown in the Paaloa soil. However, lime increased
Cu concentrations in the tops of desmodium and centrosema grown in the
Wahiawa soil, Lime increased nodule number, nodule fresh and dry weights,
nitrogenase activity and plant N concentration of centrosema grown in the
Wahiawa soil. Lime did not increase Mo and S concentrations in the tops
of desmodium and centrosema grown in the Wahiawa soil,

Mycorrhizae enhanced plant growth and increased yields of desmodium,
centrosema and stylosanthes., Mycorrhizae strongly stimulated nodulation
of legumes. Nonmycorrhizal plants did not nodulate. Mycorrhizae did not
affect Mo concentration in the tops of desmodium, centrosema and stylosan-
thes. Seed-applied Mo at 0.3 kg Mo/ha increased the percentage of mycorr-
hizal infection, suggesting that there is a relationship between Mo con-

centration and mycorrhizal infection.
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GENERAL INTRODUCTION

Pasture/forage production in the tropies 1s relatively low compared
to the production in the temperate zone. Solls of the tropics are generally
low in fertility, high acidity, and deficient in phosphorus and some
micronutrients such as molybdenum. Increasing forage production on the
highly weathered, acid solls of the tropics seem probable with proper
fertilizers, soil amendments, and crop management practices.

The vast majority of the grazing lands in the tropics are acid.
These acld solls are considered infertile because of low pH, excessive
levels of aluminum and/or manganese, low base saturation and deficiencies
of calcium, magnesium and molybdenum. These components may affect the
performance of rhizobia, the nodulation, the nitrogen fixing process and
the host plant. In many situations, it is difficult to determine what
factor of soil acidity affecting the symbiotic nitrogen flxing process and
the growth of the legume.

One of the important factors affecting pasture/forage yield is
molybdenum. Molybdenum is involved in at least two essential plant
functions. It 1s required in all plants for protein synthesis and for
symbiotic nitrogen fixation in legumes. Molybdenum deficiency usually
occurs in acid soll because its avallablility decreases as soll pH decreases,
and it is adsorbed strongly by iron and aluminum oxides and hydrous oxides
which are present in large amount in acid tropical solls,

The role of molybdenum, as well as other micronutrients, has not

been evaluated in a systematic and definitive way in food production in




the tropics. In a case such as molybdenum where limits between deficiency
and toxicity for animals are narrow and where imbalance between micro-
nutrients (e.g. molybdenum and copper) can easily occur due to over-appli-
cation of one mocronutrient, more refined studies on rates and methods of
molybdenum application and on interactions between molybdenum and other
nutrients must be carried out. Pronounced interactions between molybdenum
and sulfur on the growth of pasture/forage crops have been reported. It is
recognized that one direct effect of sulfur addition to the soil is to
decrease the molybdenum uptake by plants. Sulfur application, therefore,
could be used to overcome molybdenum toxicity.

Lime can be used to decrease excessive aluminum and/or manganese and
increase molybdenum availability. However, the use of massive doses of
lime would be prohibitive, both economically and from an availability
standpoint. Therefore, the main purpose of liming acid tropical soils
oftén is to lower toxicity of aluminum and/or manganese and increase
avallability of molybdenum,

Molybdenum reaction 1n soll is simllar to that of phosphorus because
the available form of both nutrients is an anion and both nutrients are
adsorbed by iron and aluminum oxides and hydrous oxides. For phosphorus,
the value of the diffusion coefficient depends on the proportion of the
labile phosphate which is in the soil solution. This principle should also
be applied to molybdate.

There 1s well-documented evidence that vesicular-arbuscular mycorrhiza
alds the host legume by increasing phosphorus uptake in infertile tropical
solls., By the same basis of phosphorus uptake, molybdenum uptake by plant

should also increase in the system of plant-mycorrhiza symblosis. There is




a need to find out how such association affects uptake of molybdenum as
well as plant growth.

This research was conducted: (1) to study the effects of molybdenum
sulfur and lime on growth, ylelds and biological nitrogen fixation of
pasture/forage legumes grown in acid tropical soils; (2) to study the
effects of lime in alleviating aluminum and/or manganese toxicities and
in correcting molybdenum deficiency; (3) to study the effects of molybde-
num, sulfur and lime interactions on growth, yield and some nutrient
concentrations of pasture/forage legumes; (4) to determine the extermal
molybdenum requirement of pasture/forage legumes grown in acid tropical
solils; and (5) to evaluate the influence of mycorrhizae on yleld and

molybdenum response of pasture/forage legumes.




REVIEW OF LITERATURE

Molybdenum is one of the seven micronutrients essential for normal
plant growth and development. This element is somewhat unique when
compared to other micronutrients because its availability increases as
soil pH increases. Molybdenum is required in small quantities for
correcting deficiency in plants. It is involved in at least two
essential plant functionss It is required in all plants for protein

synthesis and for symbiotic nitrogen fixation in legumes.

Adsorption of Molybdenum in Soil

Molybdenum adsorption in solls has been used as an index of soil
potential for decreasing the availability of molybdenum to plants.

The molybdenum status of a soil depends not only on the amount of
mdlybdate present in the adsorbed and solution phases but also on the
distribution between them,

In considering the molybdenum status of soils it is convenient to
subdivide molybdate in soil into three states: (1) molybdate in soil
solution, (2) adsorbed molybdate, and (3) molybdate held in the crystal
lattice of minerals (firmly-held molybdate). Adsorbed molybdate may be
defined as molybdate on the soil solid phase which is in equilibrium
with molybdate in soil solution, However, this definition is somewhat
ambliguous because equilibrium between solid and solution is not
instankaneous. It is also difficult to make a sharp separation between

adsorbed molybdate and firmly-held molybdate, Firmly-held molybdate is




not in direct equilibrium with the molybdate in solution, but a slow
interchange can occur between the adsorbed and firmly-held states.
Although these states are hard to define unambiguously, they are
nevertheless useful concepts in considering molybdenum status in soil.

In the short term, the availability of molybdate depends on the amount
in the adsorbed and solution states and on the distribution between them.
In the long term, status of availability depends on the rate of transfer

between adsorbed molybdate and firmly-held molybdate.

Mechanism of Adsorption of Molybdate

One of the earliest observations on molybdenum status was that the
molybdenum availability was increased by raising the pH and decreased by
lowering it (Lewis, 1943). Subsequently, it was indicated that adsorption
of molybdate by soils or oxides of iron and aluminum was decreased as
the pH was raised above 4 (Jones, 1957; Reisenauer et al., 1962).
Theng (1971) investigated the adsorption of molybdate by some soil clays
containing dominantly allophane or layer lattice silicate minerals
(kaolinite and illite) as a function of pH. He found that all soil
samples, irrespective of their composition and charge characteristiec,
exhibit maximum adsorption close to pH 4., He further stated that
adsorption could be satisfactorily explained in terms of the theory of
the specific adsorption of anions developed by Hingston et al. (1967,
1968) for goethite systems., The theory postulates that the undissociated
free acid such as molybdic acid and the most highly charged form of the

anion are not adsorbed when present alone, i.e., at low and high pH with




respect to pK. For adsorption to occur, the simultaneous presence in
2—

solution of proton-donating (e.g. HMooa) and proton-accepting (e.g. MoO;, )

species, as well as that of the clay surface, are required, Further,

it was indicated that for monovalent anions there was an optimum pH for
adsorption, and that this pH coincided with the pK of the dissociated
acid, With polyvalent anions there were points of inflection in the
curves of adsorption versus pH which coincided with the pK's of the acid.
According to the theory of specific adsorption of anions (Hingston et al.,
1967, 1968), the pH of maximum adsorption should coincide with pK 2.
Maximum adsorption of molybdate occurs near pH 4 may be due to the fact
that this is close to the pK 2 of molybdic acid (Barrow, 1977).

If the concentration is low enough so that polymeric forms can be
ignored, molybdate may be present below pH 4 as H2M004 and Mooﬁ- (Theng,
1971). As the pH increases, the proportion of Mooi- lons increases
until, at the pK 2 of molybdic acid, the proportion of H2M004 and Mooi-
are equal., In an earlier paper by Hingston et al. (1967) it was argued
that this proportion provided the best conditions for adsorption because
it was necessary to have both proton donor and proton acceptor present.
In a later paper (Hingston et al.,, 1972) it was argued that at this pH,
the energy required to dissocilate a proton from the acid was at a minimum,
In either case, the mechanism envisaged is that the acid donates a
proton to the clay surface and thus converts an OH group to a water
molecule. This water molecule is displaced by the anion, The anion
approaches the clay surface closely and forms a chemical bond with it.

Specific adsorption can occur on surfaces which are negatively charged,




and as a result of adsorption, the negative charge is increased (Barrow,
1977). Amw alternative view of the adsorption mechanism has been proposed
by Bowden et al. (1977) who argue that the apparent maximum adsorption
near the pK is due to a balance between positive and negative charges of
clay surface: As pH rises the positive charge on the surface decreases
but the proportion of negatively-charged ions increases. The rate of
change of positive and negative charges on clay surface differ and the

net effect is an adsorption maximum near the pK.

Characterization of Adsorption:

Adsorption isotherms for molybdate are always found to be curvilinear.,
Hence, at least two coefficients are needed to characterize adsorption.
A common approach has been to use Langmulr isotherm to describe the
curve (Reyes and Jurinak, 1967; Theng, 1971y Gonzelez et al., 1974).
The linear form of the Langmuir equation may be written as C/A = 1/kv + C/V,
where C and A refer to the equilibrium concentration and the amount
adsorbed, respectively; k is a constant related to the energy of adsorptions
and V is the adsorption maximum (Theng, 1971)., The Langmuir isotherm
only describes adsorption of molybdate over a limited range of concentra-~
tion. Reyes and Jurinak (1967) studied the adsorption of molybdate on
haematite at pH 4,0 and 7.75 by equilibrium dialysis at 22%nd 40° c.
They found that there were two distinct adsorption reactions occured at
PH 4.0, The first reaction was insensitive to a change in temperature
but the second reaction was endothermic. The lack of temperature dependence

of the first reaction indicates a definite specific-site adsorption process




which is one of the assumption of the Langmuir isotherm. Reyes and Jurinak
(1967) also indicated that the potential adsorption sites of haematite
occupied an average surface area of 22 to 23 2 2. Since the area of the
tetrahedral form of molybdate (HxMoOi_Z) closely approaches this value

(25 2 ?7, it was adsorbed on the basis of geometric fit and possible
electrochemical neutrality.

The adsorption maximum may be identified with a "monolayer" composed
of molybdate ions and solvent molecules (Gile et al., 1960)., The isotherm
at pH 5.5 shows that the adsorption maximum decreases in proportion to
its value at pH 4 (Theng, 1971). This decrease can be ascribed to a
decrease in the affinity of molybdate for the clay surface as is also
indicated by the parallel reduction in the initial slope of the respective
isotherm, Barrow (19??) noted that the adsorption maximum indicated from
within the limited range of concentration by Langmuir isotherm may not
predict actual adsorption at higher concentrations. because adsorption
makes the surface more negative; hence, adsorption of one increment of
molybdate makes adsorption of the next increment more difficult, i.e,
the affinity term decreases as the amount adsorbed increases. Molybdate
adsorption maxima, according to Langmuir equation, obtained from different
soils have been reported as: 0,01 to 0,30 mmole/100 g for some Australian
soils (Barrow, 1970), 2.6 to 10.0 mmole/100 g for New Zealand soils
containing allophane minerals (Theng, 1971), and 2.5 to 19.3 mmole/100 g
for volcanic-ash-derived soils in Chile (Gonzalez et al., 1974).

The isotherm for layer lattice silicate minerals (e.g. kaolinite and

illite) at pH 4 shows two distinct reglons of adsorption (Theng, 1971).




The shape of the isotherm clearly indicates that there are two energetic-
ally distinet sites on which adsorption takes place. Theng (1971)
suggested that at the first region there was considerable "“edge-to-face"
aggregation in the original material causing a proportion of such sites
to be difficult accessitble. This type of particle arrangement is probably
promoted by the presence of sesquioxides acting as cementing agents,
The commencement of the second region of adsorption may therefore
correspond to adsorption on the less accessible sites which gradually
become exposed as molybdate begins to penetrate into crystal edges of
silicate minerals when its concentration is raised beyond 3.5 ug/ml.
Once such penetration is occurred, the presence of a molybdate ion would
favor adsorption of the next anion on the adjacent sites (Theng, 1971).
Studies on desorption suggested that desorption of molybdate from layer
silicate minerals cannot be reversed by simply decreasing the solution
concentration at constant pH and lonic strength as 1s predicted by the
general specific adsorption theory of Hingston et al. (1967, 1968).
Theng (1971) suggested that a specifically adsorbed anion can only be
displaces by either increasing the pH or adding an anion which is capable
of making the clay surface more negative than the equilibrium value at
which adsorption takes place,

Another equation used to determine the molybdenum adsorption is the
Freundlich isotherm., The Freundlich isotherm may be written as
x/M = kCi/ng where x/M is the amount of molybdenum adsorbed per unit
weight of soil, C is the concentration of molybdenum in the equilibrium

solution, k and n are constants. This equation was used by Reisenauer
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et al. (1962) who studied soils from northern California and hydrous
oxlides of iron, aluminum, and titanium. They indicated that molybdate
adsorption by these materilals at a given pH follows the Freundlich
isotherm, Freundlich isotherm has the advantage of simplicity. Further,
it can be shown (Hayward and Trapnell, 1964) that it is appropriate to
adsorption in which an affinity term decreases as the amount adsorbed
increases, The 1/n coefficient is not constant, but tends to increase
with pH (Reisenauer et al., 1962; Barrow and Shaw, 1975). Nevertheless,
the variation in 1/n coefficient is fairly small and the k term provides
a useful index of the curve. The value of the k term indicates adsorption
when the concentration is unity. Its value thus depends on the scale
used for concentration. Karimian and Cox (1978) studied the adsorption
of molybdenum from aqueous solwtion of eight soils from the Atlantic
Coastal plains and Piedmont regions and reported that the data followed
the Freundlich isotherm more consistently than the Langmuir isotherm,
Adsorption isotherms for histosols showed that the level of molybdenum
adsorbed increased with the organic matter content while adsorption iso-
therms for mineral soils showed that the amount of molybdenum adsorbed

increased with the free iron oxides content.

Factors Affecting Molybdenum Adsorption in Soils
Soil pH
Soil pH is one of the most important factors affecting the
adsorption of molybdenum in soils, Molybdate adsorption shows a

maximum at a pH close to 4. (Theng, 1971). Above and below this pH the
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adsorption sharply declines. Reisenauer et al. (1962) indicated an
increase in molybdenum adsorption with decreasing pH from 7.75 to 4,45,
Reyes and Jurinak (1967) found no marked increase in adsorbed molybdate
on haematite beyond 1.0 ppm Mo at pH 7.75. The adsorption of molybdate
at pH 7.75 appeared to be completed at an equilibrium concentration of
2.0 ppm Mo. About five times as much molybdenum was adsorbed by haematite
near saturation at pH 4.0 as at pH 7.75 (Reyes and Jurinak, 1967). The
molybdate concentration in soil increased hundred-fold for each unit
increase in pH (Vlek and Iindsay, 1977). Even wulfonite (PbMoOu), one
of the most stable minerals likely to form in soils, becomes more soluble
as pH increase,

Concentration of Molybdate in Soil Solution

The adsorption of molybdate by soils and hydrous oxides of iron,
aluminum and titanium increases exponentially with the equilibrium phase
molybdate concentration at constant pH (Reisenauer et al., 1962). They
also indicated that the solubility of molybdate in a soil system is a
function of the percentage saturation of the molybdenum adsorbing surface
and soil reaction, Molybdenum solubility increases with the amount of
adsorbed molybdate present and with pH, and decreases with the molybdate
adsorbing capacity of the soil,.

Soil Iron and Aluminum

Molybdenum is not lost by reaching from acid soils other than
sands, but is adsorbed on sesquioxide surfaces and slowly changed into

less soluble form (Smith and Ieeper, 1969). Jones (1956, 1957) reported
0

I3

that freshy prepared ferric oxides and a soil high in ferric oxides
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removed large amount of molybdenum from aqueous solution, He also
indicated that aluminum oxides are capable of removing molybdenum from
aqueous solutions but thelr effectiveness is much less than that of
ferric oxides under the same conditions, It was suggested that molybdenum
in ferruginous soils is held on the surface of the colloidal ferric oxides
as the Mooﬁ% anion, which is replaceable by OH ions (Vlek and Lindsay,
1977). Jarrel and Dawson (1978) studied the sorption of molybdenum in
soils of Western Oregon Which had pH ranges of 4.5 to 5.3 and concluded
that the amorphous fraction of ferric oxides Which was extracted with
ammonium oxalate at pH 3.3, can be assigned a major role in molybdenum
sorption in these soils. However, Karimian and Cox (1978) indicated
that the amounts of molybdenum adsorbed increased with free ferric oxide
content. Smith and Leeper (1969) suggested that molybdenum bound to
ferric and aluminum oxides can be thought of as a semi-permanent form.

Phosphate, Sulfate, and Hydroxyl Ions

Gorlach et al. (1969) reported that competition from phosphate
limited adsorption of molybdate, and also that phosphate could be used
to displace some of the previously adsorbed molybdate., It seem possible
that the amount of molybdate which could not be displaced by phosphate
might indicate the amount converted into a more stable form. Barrow
(1973) indicated that phosphate solutions can displace adsorbed molybdate
from soil and the specific effect of the phosphate reached a maximum
near pH 7 which is near the pK 2 of phosphoric acid. Gonzalez et al. (1974)
indicated that adsorption of molybdate Was decreased by the presence of

phosphate solution When the ratio of Mo/P was 1/10, Increased
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effectiveness of phosphate in displacing molybdate with increase in
phosphate concentration is also evidence for competitive displacement.
However, this trend was reversed by further increases of phosphate
concentration. It was suggested that very high concentration of phosphate
disrupted the surface (Barrow, 1973). This disruption may have exposed
further sites for molybdate adsorption or it may have caused some of the
adsorbed molybdate to be "trapped" by a change in the molecular arrange-
ment. Gonzalez et al. (1974) reported that sulfate ions did not compete
with molybdate for the adsorption sites. High concentrations of hydroxyl
ions were also able to displace previously adsorbed molybdate (Barrow,
1973). After prolong incubation of soil plus molybdate, displacement by
hydroxyl ion was slow. This is further evidence that the nature of the
bond to the surface had changed.

Organic Matter

The level of molybdenum adsorbed is closely related to soil
organic matter (Karimian and Cox, 1978). Smith and Leeper (1969)
proposed that for the molybdenum that is combined with organic matter,
the association may be due to the incorporation of molybdenum into
cellular structure by micro-organic activity or due to chelation of some
of the molybdenum by poly-dentate organic compounds. Extracellular
polysaccharides produced by bacteria have been shown to bind molybdenum
with the consequence that less molybdenum was absorbed by plants (Lee and
Loutit, 1977). They also reported that the polysaccharides which contain
uronic acids appear to be responsible for binding molybdenum. Szalay and

Szilagyi (1968) reported that the retention of molybdemum by organic soil
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is presumably due to the reducing properties of humic acids which
transform anionic—(MoOu)Z- to -(Mo)5+ that becomes fixed in the cationic
form. However, iron oxides have been known to adsorb molybdenum by several
workers (Jones, 1956; Reisenauer et al., 1962; Reyes and Jurinak, 1967)
and the reaction of organic matter and iron in the soil has been
demonstrated (Oades, 1963). It is therefore suggested that iron oxides
bound to organic matter 1s actwally responsible for molybdenum adsorption.
This mechanism would required no reduction of molybdate to cationic form.
Bonding of phosphate to fulvic acid through iron also has been reported
(Levesque and Schnitzer, 1967). It is conceivable that a similar
mechanism may be operative in molybdenum adsorption. The removal of
organic matter from the soil resulted in a decrease in molybdenum
retention by soils of 16.8 to 25.9 percents (Misra et al., 1977).

Time

Residual effects of molybdenum applied to soils vary widely.
On some soils the effects may persist for several years; on others,
further applications may be needed after two years (Smith and Leeper,
1969). This could be due to differences in adsorbing capacity of soils.
Smith and Leeper (1969) concluded that, except in very sandy soils, the
low residual value observed in some soils was caused by continuing
reaction between molybdate and the soil; i.e., the initigl adsorption
was followed by a slow reorganization of molybdate on the colloid surface
of soil particles. This reorganization results in a more-ordered arrange-
ment, and bonds which are more difficult to break. Barrow (1973) reported

that with prolonged incubation, the amount of molybdate which could be




extracted by the phosphate solution fell at a decreasing rate. After
12 months' contact with the soil, about one-half to two-thirds of the
molybdate added to some soils could be displaced by phosphate. Barrow
(197?) stated that the adsorption reaction between soil and molybdate 1is
first order with respect to the effect of concentration, i.e., the
amount changed is proportional to the amount added. The effect of time
differ from that expected for a first order reaction. The pertod
required for each successive halving in concentration is not constant
but increases with time, i.e., the reaction rate decreases with time.

Temperature

Whereas high temperatures of incubation resulted in low solution
concentrations, high temperatures of measurement had the opposite effect
(Barrow and Shaw, 1975). By these results, i1t was concluded that there
were two distinct effects of temperature. High temperatures increased
the rate of conversion of molybdate to a more tightly bound form and
hence, indirectly resulted in low solution concentrations. However, the
adsorption step itself was exothermic and high temperatures favored
high solution concentration. These opposing effects of temperature
could be separated by the procedure used but can be confounded using
other techniques. Reyes and Jurinak (1967) studied the molybdenum
adsorption of haematite and reported that at low molybdenum equilibrium

concentration (0-15 ug/ml), the adsorption (the first surface reaction)

was insensitive to temperature change and was completed at an equilibrium

concentration of 10 ppm molybdenum. At high equilibrium concentrations

(15-150 ug/ml) the adsorption (the second surface reaction)was dependent

15



on temperature changes and the reaction was completed at about 55 ppm

molybdenum,

Measurement of Adsorption

In all methods of measurement the general approach is to mix soil and
molybdate solution and to calculate how much molybdate that is adsorbed
from the change in solution concentration. In a simplest approach, only
one level of molybdate is used. A difficulty with this approach is that
if a range of adsorbing capacities is present, there may-be some treatments
on which most of the added molybdate is adsorbed. Differences between
these treatments may then pass unnoticed. A more complete approach is to
use several initial levels of molybdate and to plot the amount adsorbed
against the final concentration at equilibrium. The resulting isotherm
is taken as characteristic of the soil. A problem with this approach is
that the position of the isotherm depends on the conditions of measurement.
At a given concentration, the amount adsorbed increases with time (Barrow,
1970). The increase is rapid in the first few hours but then becomes
slower and the reaction continues, through at an ever decreasing rate,
for a long time. This problem is usually dealt with by making the
measurements after an arbitrary period, e.g., 72 hours (Reisenauer et al.,
1962), 24 hours (Barrow, 1970), 18 hours (Theng, 1971), or 6 hours (Gonze-
lez et al., 1974; Karimian and Cox, 1978)., Adsorption also depends on
the concentration of electrolytes in the medium in which adsorption is
measured, When calcium chloride is used, adsorption increases as the

electrolyte concentration increases (Barrow, 1972). The effect of
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electrolyte could partly be explained by assuming that the surface near
the adsorbed molybdate is negatively charged. The effects of concentration
are then seen as affecting the distribution of anions between the layer

near the surface and the bulk of the solution (Barrow, 1972).

Absorption and Translocation of Molybdenum in Plants

It was.reported that tomato plants absorbed and translocated sub-micro-
gram amounts of radiocactively tagged molybdate from single salt solutions
of phosphate, chloride, nitrate and sulfate (Stout and Meagher, 1948).

The greatest translocation of molybdate took place when present with
phosphate salts and least in the presence of sulfates. Stout et al.
(1951), who studied the absorption of molybdenum from culture solutions
using radicactive isotopes of molybdenum, found that where sulfate salts
were used, the lowest molybdenum concentrations were found in stems and
blades of tomato plants, and where phosphate salts were used, the highest
amounts of molybdenum were found in stems and blades. Since the total
accumulation of molybdenum by roots in the presence of either phosphate
or sulfate salts was not significantly different, Stout et al. (1951)
suggested that there was a direct competition between sulfate and
molybdate ions within translocation pathways through which divalent anions
are transferred from roots to the conducting system of the plant. Stout
and Meagher (1948) found a distinctly different pattern of distribution of
absorbed molybdate from the patterns of other absorbed nutrient ions,

such as phosphorus, potassium, manganese, and zinc. They reported that

molybdenum was preferentially accumulated in interveinal areas of leaves
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whereas the other nutrient ions were preferentially absorbed in the midribs
and veins., Fried (1948) has found precisely the same pattern of distribu-

tion of absorbed sulfates in alfalfa (Medicago sativa L.) as Stout and

Meagher (1948) discovered for absorbed molybdate with the tomato

(Lycopersicum esculentum L.) plant. This similarity may help to explain

the competitive effect between molybdate and sulfate ions. Moreover,
Fried (1948) reported that the distribution pattern of absorbed phosphates
is directly opposite to that of sulfates. Calcium sulfate added to soils
exercised a marked depression of molybdenum accumulated by tomatoes and

peas (Pisum sativum L.) (Stout et al., 1951). The degree of inhibition

could be quantitively assessed at different levels of added calcium sulfate
ranging from low application of 219.7 kilograms per hectares to 3496.9

kilograms per hectares. Molybdate absorption by rice (Oryza sativa L.)

grown in Hoagland solution was greater than those raised in calcium
sulfate (Kannan and Ramani, 1978).

The absorption and transport of molybdate follow a biphasic pattern
(Kannan and Ramani, 1978). Molybdate supplied to the primary leaf of
rice plant was translocated to other parts, although most of it was
transported to stem and root, suggesting that molybdate was mobile in
plant. The presence of copper, chloride, and sulfate ions inhibited
molybdenum absorption (Kannan and Ramani, 1978). There is also a marked
reduction in molybdenum uptake in the presence of manganese and zinc ions.
Kannan and Ramani (1978) also reported that the presence of Fesqu

enhanced molybdate uptake and this enhancement did not occur in the

presence of FeEDDHA. They commented that molybdate may possibly combine
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with Fe2+ dissociated from FeSOu and enter as iron molybdate.
Investigations on the absorption and translocation of molybdenum in
soybean (Glxcine max L. (Merr.)) grown in alluvial soil and Andosols
were conducted in the field (Ishizuka, 1982). The molybdenum in the
cotyledons was first translocated mainly to the stems, and then to the
roots. With growth of the nodules, molybdenum was intensively transferred
to the nodules, and more than 50 percents of the molybdenum was found in
the nodules at early pod-filling stage. From the pod-setting stage, the
molybdenum concentrations in the stems and leaves increased up to maturity.
During the pod-filling stage, the molybdenum in the roots and pod shells
is translocated to the seeds, and accumulated there. However, transloca-
tion of large amounts of molybdenum from the nodules, leaves and stem

to the seeds does not appear to occur.,

Roles of Molybdenum in Biological Nitrogen Fixation

Molybdenum is the only second-row transition element known to possess
defined biological functions and has been identified as a cofactor in a
variety of bacterial, plant, mammalian, and nonmammalian enzymes (Schrau-
zer, 1976). The most important molybdenum enzymes are the niﬁrogenases.
Nitrogenase is a key enzyme in the biological nitrogen fixation. It
catalyzes the ATP-dependent 6 electron reduction of nitrogen to ammonia.
Nitrogenase consists of two dissociating protein components, both of
which are required for enzymic activity (Mortenson and Thorneley, 1979).
The larger (Mo-Fe) protein (molybdoferredoxin) contains 2 Mo, 28-32 Fe

and about 28 acid labile S atoms. The Fe protein is a dimer of molecular
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weight 57,674-73,000. The Mo-Fe protein contains two Fe-Mo cofactor
centers. The Fe-Mo cofactor isolated by Shah and Brill (1979)'s method
was extremely Oz-sensitive, but relatively stable under aerobic conditions
in non-aqueous solvents.

The nitrogenase system has an absolute requirement of ATP. The
nitrogen reduction catalyzed by nitrogenase is energy-demanding; the
transfer of each pair of electrons is accomplished by the hydrolysis of
four molecules of ATP (Winter and Burris, 1968). Kinetic studies have
shown that ATP is required for electron transfer from the Fe protein to
Mo-Fe protein (Eady et al., 1980). Under physiological conditions,
ferredoxin or flavodoxin serves as a source of electron for the reduction
of Fe protein (Ljones and Burris, 1978 ). Iron proteins transfer
electrons to Mo-Fe protein. The Mo-Fe protein then can bind substrate
and reduce it. Iron protein is a one-electron transfer agent (Ljones
and Burris, 1978). As Mo-Fe protein must have multiples of two electrons
to reduce substrates, a single transfer from one electron transfer agent,
Fe protein, is insufficient. The transitory complex between the two
proteins must dissociate after each electron transfer between them to
accomplish the needed buildup of the electron pool on Mo-Fe protein
(Hageman and Burris, 1978a). Until the Mo-Fe protein accumulates an
adequate supply of electron to a proper state, it is not capable of
transferring electrons to substrate.

The nitrogenase system 1s versatile in regard to the substrates that
it can reduce. Not only does it reduce N2’ but it is also capable of

reducing azide, cyanide, methyl isocyanide, acetylene, nitrous oxide,
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cyclopropane, and protons, and some analogous compounds (Burris and Hageman,
1980). All of the substrates apparently bind to Mo-Fe protein and
receive their electrons from it; hence, all of them are in competition
for electron from a single source. The question arises on how the Mo-Fe
protein pool of electrons will be partitioned among substrates when more
than one substrate is present at a time. Hageman and Burris (1978b)
changed the balance between Mo-Fe protein while maintaining the electron
flux through the whole nitrogenase system relatively constant. They
found that under conditions of constant electron flux, electron transfer
to N2 was effective when there was approximately a one-to-one balance
between Mo-Fe proteins and Fe protein. As the Mo-Fe protein concentration
Wwas increased, fewer of the electrons were transferred to N, and a higher
percentage of them were used to produce H2 and ethylene. It is also
possible to alter the electron flux through the system and to determine
how the alteration influences the partitioning of electrons to substrates.
Hageman and Burris (1980) found that under conditions of rapid electron
flux, N2 functions effectively as an electron acceptor, whereas at low
electron flux N2 functions poorly and the bulk of electrons are utilized
in the reduction of acetylene to ethylene or proton to H2. They suggested
that the electron flux through Fe protein or the concentration of ATP
does not directly control electron allocation but rather indirectly
controls it via their influence on the electron flux through Mo-Fe
protein.

The model studies on mechanism of nitrogenase action established that

the substrate chemistry of nitrogenase is molybdenum chemistry (Schrauzer,
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1980). All substrate reactions are characteristic of a mononuclear
Mo-active site located in a sterically partially obstructed or "pocket"
enviromment. The Mo-active site 1s acecessible to the protons of the
medium as well as to substrates other than N2. ATP hydrolysis is
associated with the reduction of the Mo-active site. Substrates are
bound either "end-on" or "side-on" (Schrauzer, 1980). Acetylene is a
"side-on" substrate.

The stereospecific reduction of acetylene to cis-1,2-dideuterioethylene
by nitrogenase in DZO by analogy suggested that N2 should be reduced to
cis-diazene as the initial product (Schrauzer, 1980). Diazine (or diimide)
is a highly reactive, unstable compound which has a great tendency to
decompose into H2 and N2 or to disproportionate into N2 and N2H2.
Schrauzer et al. (19?4) formulated the comprehensive diazene mechanism of

biological nitrogen fixation as shown schematically in the figure belows
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Nitrogen gas is assumed to interact with the reduced Mo catalyst in
the side-on fashion just like acetylene (Schrauzer et al., 1974). The
resulting nitride type intermediate complex undergoes hydrolysis to yield
cis-diagzene, Cis-diazene is not a substrate and accumulates in the vicinity
of the active site, possibly within a "pocket" and either disproportionates
into hydrazine or dinitrogen or decomposes into H2 and N2 without leaving
the"pocket"., Once formed, hydrazine is reduced to NH3 at the Mo-active

site (Schrauzer et al., 1974).

Responses to Molybdenum in Legumes

The criteria for response to added molybdenum in agricultural terms
are increases in growth and yield of plant, nitrogen concentration,
nitrogenase activity and Mo concentration in plant. Sometimes a visible
symptom of deficiency may be present, and its disappearance or prevention
form part of response.

Plant species differ in their response to molybdenum (Gladstone et al.,
1977). Johansen et al. (1977) studied the response of several tropical

pasture legumes, grown with Panicum maximum, to an initial application of

MoO3 over a five year period at six sites in southeastern Queensland.

The most responsive legumes were found to be Glycine wightil and

Desmodium intortum, followed by Macroptilium atropurpureum and Medicago

sativa . Lotononis bainesii and Stylosanthes guianensis were least

responsive,
Yield responses to molybdenum were always accompanied by increased

nitrogen in plant tops but where a reduction in legume growth could be
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attributed to Mo deficiency, legumes showed chlorotic symptoms typical
of N deficiency (Johansen et al., 19?7). For example, desmodium plants
growing at 10 percent? of their maximum capacity were pale yellow with
strong anthocyanin pigmentation. Plants became increasingly green with
Mo treatment until maximum yield was reached., Nitrogen concentration of

Desmodium intortum, Macroptilium atropurpureum, Lotononis bainesii, and

Glycine wightii increased when molybdenum was applied (Kerridge et al.,

1973). Johansen and Kerridge (1981) studied the relation between dry
matter yield and N concentration in shoot samples that were collected
for tropical legumes responding to Mo application. They reported that
critical N concentration, those at 90% of the maximum yield, varied
widely (2.2 to 3.6% N). They concluded that the wide variation of
N response curves obtained prevented the establishment of critical N
concentration sufficiently precise to indicate whether growth of Siratro,
desmodium, glycine or lotononis was being limited by N supply. Only
extreme cases of deficieney (less than 2% N) and sufficiency (more than
3.6% N) could be reliably defined. A substantial increase in leaf
nitrogen of soybean was obtained from Mo applications regardless of lime
treatments (Parker and Harris, 1962). Hagstrom and Berger (1963) also
reported that the N content of soybean leaf was positively related to
Mo supply.

The accumulation of molybdenum by plants was proportional to the
amount added to the soil, with an increase of 5.2 ppm in alfalfa for each
kg/ha Mo added to the soil (Jensen and Lesperance, 1971). Depth to water

table was also associated with Mo accumulation in plant. Forage legumes
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grown where the water table was near the soil surface contained more

molybdenum than did legumes grown where depth to water table was greater
(Jensen and Lesperance, 1971). Molybdenum concentration in forage varied
from cutting to cutting. At the 0.88 kg Mo/ha rate, the tissue Mo level

of alfalfa and red clover (Trifolium pratense L.) grown on podzolic soils

decreased sharply between the first and second cutting whereas only small
differences was observed in the subsequent cuttings (Gupta, 1979).
However, there was no such decline when lower rate of molybdenum was
applied. A sharp decline in the tissue Mo concentration was likely due
to the fact that high rates of molybdenum, its absorption by the plants
is very rapid (Gupta, 1979). With soil application of 0.88 kg Mo/ha,
tissue Mo concentration of greater than 10 ppm occurred in alfalfa and
red clover limed to soil pH 5.6, 5.9 and 6.3 (Gupta, 1979). However.
with soil application of 0.44 kg Mo/ha, tissue Mo concentration of only
0.92 and 0,31 were found in alfalfa and red clover, resﬁectively.

Gupta and MacLeod (1975) reported that applications of 0.5 to 1.0 ppm Mo
to podzolic soil produced red clover tissue containing as high as

15 ppm Mo. However, Mo concentration in the second cutting tissue was
reduced to 7.46 ppm for 1.0 ppm applied Mo treatment. Application of
molybdenum to lateritic podzolic and red-brown earth soils consistently
and markedly increased the concentration of molybdenum in subterranean

clover (Trifolium subterraneum L.), particularly when applied with

phosphorus (Reddy et al., 1981). The effect of phosphorus on the
concentration of molybdenum in the plant was dependent on the levels of
Mo applied, At low levels of Mo application (O to 0.15 kg Mo/ha),

phosphorus had only a small effect on concentration of molybdenum in the
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plant, but when 1.5 kg Mo/ha was applied, phosphorus markedly increased
the concentration of molybdenum (Reddy et al., 1981). Generally,
concentration of molybdenum increased as the level of molybdenum applied
previously increased (Hawes et al., 1976). For crops sampled at maturity
dates, Mo concentration was higher in plants sampled at earlier dates
than when plants were matured. The lower values at mature harvest may
be attributed to a dilution effect of dry matter yields (Hawes et al.,
1976). Molybdenum content in the plant and total Mo yield of Siratro
responded strongly to the two higher rates of Mo application (Ostrowski
et al., 1978). Concentration of plant Mo ranged from 0.01 to 5.28 ug/g
in alfalfa and from 0.12 to 9.44 ug/g in clover, and generally increased
with Mo rate. Maximum yields of alfalfa were assoclated with plant Mo
concentration greater than 0.5 ug/g (Mortvedt and Anderson, 1982).

S
Molybdenum concentrations observed in nodu1g¢ of Phaseolus vulgaris L.

were higher than those observed in the root and leaf at the lowest
external Mo concentration (Franco and Munns, 1981). At the highest
external Mo (1 uM) both stems and leaves were important sinks, each
containing about 330 ug/g compared with about 60 ug/g in nodules and
roots. The highest correlation coefficient (0.982) was obtained for

a linear relationship of molybdenum in nodule with that in stem. They
suggested that the critical Mo concentration in nodule is between 3
and 5 ug/g. Franco and Munns (1981) also stated that in general over
the whole range of experiments, root Mo evidently varies most with
external Mo, and nodule Mo varies the least. Molybdenum application at

high rates increased the number of nodules of $iratro (Ostrowski et al.,
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1978). However, there was a large increase in weight of nodules at all
levels of applied Mo and Mo content in the nodule tissue increased with

Mo application up to 280 g/ha.

Effects of Lime on Molybdenum Response in Legumes

Availability of molybdenum to both the nodule bacteria and plants is
dependent on soil pH. Raising the pH of an acid soil to neutral or
slightly alkaline levels by liming not only increases the availability
of molybdenum to plants but also provides a favorable environmental
condition for the growth of rhizobia (Date, 1970). However, nodulation
‘of certain specles was depressed when a Hawaiian Oxisol was limed at
rates to raise soil pH to above 6 (Munns and Fox, 1976). A variety of
reasons has been proposed to explain lime-induced depression of growth
in the soil pH range of 6 to 7 (Kamprath, 1971), including induced
phosphate deficiency in oxidic soil and direct adverse effects of
calcium (Munns ard Fox, 1976). Under certain conditions, the amount of
lime required for maximum production of legumes may be sharply reduced
or eliminated by Mo fertilization (Sim et al., 1974). Anthony (1967)
suggested that the combination of lime and molybdenum appears to be the
best approach to increase soybean yield. deMooy (1970) stated that the
response to molybdenum was not related to soil pH; he reported soybean
yield increases from added Mo at pH 6.7 that were of the same magnitude
as those at lower pH's. This finding supports the observation by lavy
and Barber (1963) that responses were more related to soil type than to

pH. Johansen et al. (1977) reported that soil sites differed markedly
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in their magnitude of legume response. For example, the most responsive
site (xanthozem soil) required 200 g Mo/ha over five years for maximum
growth of Siratro whereas there was no response of Siratro to Mo

application at another site. However, Franco and Munns (1981) reported

that shoot growth, nodulation and N2 fixation of Phaseolus vulgaris L.
grown in an Ultisol subsoll were restricted at pH below 5.9, regardless
of Mo level. They indicated that once the inhibitory factor for
nodulation or growth was removed by liming to pH 5.9, there was a
tendency of Mo application to increase nitrogenase activity. Giddens

and Perkins (1960) obtained an alfalfa response from 226,8 grams of
sodium molybdate plus 560 kilograms of lime per hectare equivalent to
that obtained from 2 tons of lime. ZILime increased the Mo content of the
alfalfa plants but did not produce a detectable increase in the available
soil Mo (Giddens and Perkins, 1960). Liming increased both concentration

and uptake of molybdenum in white clover (Trifolium repens L.) (Widdowson

and Walker, 1971; Edmeades et al., 1983). Gupta et al. (1971) reported
an herbage Mo concentration of 0.18 ug/g on a PH 4.9 soil which increase
up to 0.62 ug/g when the soil pH was increased to 6.8 by liming. Lime
alone did not increase available Mo to a level adequate for alfalfa
production on highly oxidized soils of the Georgia Piedmont (pH 5.8 to
6.0), and additional Mo at 110 g Mo/ha was required to maintain the
stands (Giddens and Perkins, 1972).

Iime was needed for successful alfalfa production in Canada on a silty
clay loam (1.0 ppm total Mo) and on sandy clay loam (0.35 ppm total Mo)

with pH level of 5.0 (Gupta, 1969). Additional Mo did. mot increase yield
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on the high-Mo soil, but Mo plus lime significantly increased yield on
the low-Mo soils. Application of 650 g Mo/ha to soil (pH 5.0 to 6.0)
averaging 0.74 ppm available Mo (by the anion exchange method) resulted
in increasing subterranean clover yield by 20 percents, and plant Mo was
increased from 0.16 to 0.58 ug/g (Dawson and Bhella, 1972). Application
of lime, phosphorus, and molybdenum increased Mo concentration in the

subterranean clover-ryegrass (Lolium perenne L.) mixture from 1 to over

5 ug/g (Petrie and Jackson, 1982). 1In Oregon, James et al. (1968)
obtained an alfalfa yield response with lime applied to seven soils and
with molybdenum applied to five soils having initial soil pH levels

ranging from 5.0 to 5.8.

Effects of Molybdenum Seed Coating on Legumes

Dramatic yield increases are obtained on many soils from application
of very small quantities of molybdenum fertilizers. Recommended soil
applications of molybdenum is very low as compared to other nutrients,
thus introducing application problems. Application of molybdenum in a
macronutrient fertilizer has usually been used for establishing legume
based pastures (Kerridge et al., 1973). This has generally proved a
satisfactory method but there have been some instances of failure to
correct deficiency due to uneven distribution of fertilizer and/or
inadequate mixing of molybdenum in the macronutrient fertilizer.

Application of molybdenum with inoculated legume seeds has been
recommended as an alternative method to soil application. Molybdenum

applied as a seed treatment to pea was 30 to 60 times more efficient than
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equivalent amounts applied to the soil (Reisenauer, 1963). It appeared
that application of molybdenum as a seed treatment provided less oppor-
tunity for reaction with the soil complex and, as a consequence, the
seed-applied-Mo remained in a form usable by the plant. Thompson and
Hsieh (1971) indicated that when molybdenum was coated on seed along with
CaCO3, alfalfa forage yields in a greenhouse experiment were more than
doubled. Kerridge et al, (19?3) found that the application of MoO3 at

a rate of 100 g Mo/ha in rock phosphate pellet was as effective as soil

application in correcting Mo deficiency. They also reported that

nodulation, yield and Mo concentration of Desmodium intortum, Glycine

wightii, Lotononis bainsili and Macroptilium atropurpureum were similar

whether molybdenum was applied with the seed pellet or to the soil.
Hagstrom and Berger (1963) noted that the availability of Mo in the
region around the seeds was greatly increased when inoculated seeds were
planted in a mixture with peat, lime and Mo. Harris et al. (1971)
reported that seed treatment with compourds containing Mo generally
increased soybean grain yields on acid soils if the materials were
applied as a slurry. No compound used in these studies was superior to
sodium molybdate as a source of molybdenum. They also found no evidence
of incompatibility between Mo and fungicide used. Giddens (1964) studied
the effect of adding Mo compounds to soybean inoculant by mixing 7.09
and 28.35 grams of sodium molybdate, ammonium molybdate, molybdic oxide,
or Moly-Gro (commercial material) with 141. 75 grams of inoculant and
stored for the periods of 6 hours, 12 days, and 40 days before it was

used to coat 27, 18 kilograms of seed. HKe found that the Mo treatment
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significantly reduced nodulation. Burton and Curley (1966) also reported
that 99 percents of rhizobia was killed when sodium molybdate at 28.5
grams was mixed with 300 g inoculant for 4 days before inoculating to
27.18 kg soybean seed, However, they noted that the harmful effect of
sodium molybdate on rhizobia was not manifested quickly. Highly effective
nodulation was obtained when the sodium molybdate and inoculant were

mixed and applied to the seed just before planting.

Relationships of Molybdenum, Sulfur, and Copper on Nutritional Quality of

Forage Legumes

Metabolic disorders in grazing animals known as molybdenusis are
widespread (Underwood, 1977). Characteristic symptoms of molybdenosis
are diarrhea, listlessness, lost of hair colors and occasionally results
in death (Alary et al., 1981)., While the disorder may be due to deficien-
cies of Cu in the diet, they are frequently associated with ingestion of
'normal’ amount of Cu., Retention of Cu by the animal is influenced by
Mo and S and the latter elements are closely implicated in the development
of Cu disorder (Wynne and McClymont, 1955 ). According to a review by
Whitehead (1966), the amount of Mo which will induce Cu deficiency will
depend on the Cu content of the diet. For example, when a pasture legume
contains 5 ppm Cu, there must be about 7 ppm Mo to cause molybdenosis
(Whitehead, 1966). Copper deficiency was observed in sheep when herbage
Mo was in the range of 3 to 9 ppm and Cu in the range of 5 to 10 ppm
(Wynne and McClymont, 1955 ). Kubota and Allaway (1972) pointed out that

Mo toxicity (Mo-induced Cu deficiency) is an endemic nutritional problem
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of ruminant animals and is associated with plant accumulation of 10 ppm
or more Mo in the presence of 4 to 10 ppm Cu concentrations, The critical
Cu/Mo ratio with respect to the incidence of molybdenosis (hypocuprosis)
in animal feeds from western Canada was found to be 2 (Miltimore and
Mason, 1971), whereas in some English pasture legumes the ratio was
reported to be closer to 4 (Allaway, 1973). However, Alary et al. (1981)
reported that when the Cu/Mo ratio of fodder was less than 3, the live-
stock showed symptoms of molybdenosis. On the other hand, Cu toxicity
may develop in sheep when the animals graze on pasture legumes containing
10 to 15 ppm Cu and extremely low levels of 0.1 to 0.2 ppm Mo (Underwood,
1971).

All cattle are susceptible to molybdenosis, with milking cows and
young stock suffering the most, with sheep next in susceptibility, and
with horses and pig being the most tolerant farm livestock (Underwood,
>1976). In general nonruminants are less subject to molybdenosis (Allaway,
1968). Thiomolybdate, formed by the reaction between molybdate and
sulfate, was proposed to be responsible for the depletion of Cu normally
stored in the liver (Suttle, 1980),

Fertilizers can influence the chemical composition of pa.sture/fora,ge
legumes indirectly, by changing the botanical composition of the sward
(Rossiter, 1966) or, directly, by influencing uptake of nutrient from
the soil, Sulfur has an antagonistic influence on the adsorption of
Mo (Stout et al., 1951). Application of S fertilizer has been reported
to decrease Mo concentration in alfalfa and red clover (Gupta and MacLeod,
1975). Whereas Mo application of 0,5 to 1.0 ppm to fine sandy loam soil
of pH 6.0 produced forage containing as much as 15 ppm Mo, tissue

FRPN JUS
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contration was less than 10 ppm when S was applied concurrently at 50 to
200 ppm. In the second and subsequent cuttings, 50 ppm applied S was
adequate in alleviating Mo toxicity at all levels of applied Mo; more-
over, resulting S concentrations were 0.15 to 0.21 percents. These
concentrations are well below the plant tissue level of 0.6 to 0.9% S
required to induce hypercuprosis (Gupta and MacLeod, 1975). Application
~of S.at 22,5 and 67.5 kg/ha decreased the concentration of Mo in plants
grown in lateritic podzolic and red brown earth soils (Reddy et al., 1981).
They also reported that application of Mo to the soil had no effect on the
concentration of Cu in the plant, but it consistently and markedly
increased the concentration of Mo, The concentration of Cu in the plant
was affected by soil type and the amount of S applied (Reddy et al., 1981).
Application of S increased the concentration of Cu in plants grown in
lateritic podzolic soils but not on those grown on red brown earth and

calcareous sand,

Influence of Mycorrhizae on Legumes

Most of the nodulated legumes so far examined are also mycorrhizal
(Barea and Azcon-Aguilar, 1983). Two of the three subfamilies included
in the family Leguminosae (i.e., Papilionoideae and Mimosoideae) are known
to have vesicular-arbuscular mycorrhiza (VAM) and rhizobial nodules.

The formations of vesicular-arbuscular fungal entry points and nodules
on a legume root occur simultaneously, usually within a few days after
seed or seedling inoculation, and it appears that the two endophytes do
not compete for infection sites (Smith and Bowen, 1979). Legume nodules

are usually not invaded by the VAM fungus (Smith et al., 1979).




Influence of Mycorrhizae on Legume Growth

From the point of view of plant ecology and crop production, legumes
are special because they can be supplied with the two major nutrients, P
and N by naturally existing biological systems. As a consequence of
simultaneous infection with rhizobia and mycorrhizal fungi, legumes can
receive growth benefits because of improved P and N supplies (Munns and
Mosse, 1980). Redente and Reeves (1981) found a decrease in mean
root/shoot ratio in plants infected with both symbionts when compared
with either symbiont inoculated alone. This decrease reflects the
increased effeciency of the root system in providing the plant with
essential levels of P and N for growth of plant. Crush (1974) reported
that in phosphate-deficient soils, VAM increased growth of Centrosema

pubescens, Styloxanthes guyanensis, Trifolium repens and Lotus pedunculatus.

He indicated that the tropical legumes were much more dependent on
mycorrhizae for growth than the temperate species and their difference
seems to be related to the degree of root hair development. Lotus
pedunculatus, a temperate legume which has well-developed root hairs, was
able tggrow well without mycorrhizal infection. The tropical legumes

Centrosema pubescens and Stylosanthes guyanensis, which form few root

hairs, exhibit a strong dependence on-mycorrhizae. Trifolium repens

hold an intermediate position with regard to both root hair production

and response to mycorrhizae,

Influence of Mycorrhizae on Nodulation and Nitrogen Fixation
Vesicular-arbuscular mycorrhizae strongly stimulate nodulation and

nitrogen fixation of temperate and tropical legume (Crush, 1974) . Using
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the 15N2 tracer technique, Kucey and Paul (1982) confirmed that nodulated
root systems of mycorrhizal faba beans (Vicia faba L.) fix more nitrogen
than nodulated root systems of non-mycorrhizal plants. An increase in
nodule biomass for plants infected with both rhizobia and mycorrhizal
fungi was concluded to be the major factor increasing nitrogen fixation
rates,

Early observations on this subject suggested several approaches to
elucidation of physiological aspect of the legume-rhizobia-mycorrhiza
interactions. One of these was whether mycorrhizae enhanced symbiotic
nitrogen fixation only through the stimulation of host-plant nutrition,
or whether they also exerted a more direct effect on nodulation and
nitrogenase activity. The existence of such a direct availability of P
to the nodules by mycorrhizal hyphae does not preclude, however, the
importance of a suitable P nutrition, as acheived by mycorrhizal inocula-
tion of the host as a condition for effective symbioticlnitrogen fixation
(Barea and Azcon-Aguilar, 1983). If the plant is well-nourished, the
nodules also will receive a sultable P supply for their function. The
existence of a close relationship between host nutritional status and
nodule formation has been reported by Mosse et al. (1976) who found that
a plant did not nodulate unless its P concentration was at least 0.15%.
Mycorrhizal infection helped the plant to reach this required level, and
nodulstion then occurred., Smith and Daft (1978) also confirmed that VAM
increases the rate of nitrogen fixation,

Waidyanatha et al. (1979) reported that nitrogenase activity in
Pueraria sp. still increased when the phosphate response growth curve

become asymptotic, This finding therefore supports the suggestion that
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nodule function may be preferentially stimulated by mycorrhizal infection,
Smith et al. (1979) indicated that mycorrhizal effect on nodulation,
nitrogenase activity, and nodule efficiency (specific nitrogenase activity)
occurs before any positive growth response to VAM in a low nutrient soil
but not in a more fertile soil. They stated that a steady supply of P to
root cells and to adjacent nodules, as would be available from continuous
polyphosphate conversion at the fungus-root interface, would be stimulating
to the development of effective nodule symbiosis and associated nitrogen
fixation. Because there is no contact between the mycorrhizal fungi and
rhizobial bacteroids, any phosphate ions must pass through the host cells
(Barea and Azcon-Anguilar, 1983). The role played by the VAM-specific
phosphatase in the arbuscules developed inside root cells adjacent to
nodules was suggested as being of great significance in phosphate transfer
to bacteroids (Asimi et al., 1980). Soluble phosphate can replace VAM in
increasing nitrogenase activity in nodulated soybeans (Carling et al., 1978).
Thus, they suggested that P is almost exclusively responsible for the
mycorrhizal effects. However, the increased mycorrhizal uptake of water
(safir et al., 1972) and elements, other than P which are related to the
infectivity and/or effectiveness of legume-rhizobia systems, may also be

involved,

Influence of Mycorrhizae on Nutrient Uptake of Legumes

Phosphorus is probably the most important nutrient for growth and
effective nodulation of legumes (Gibson, 1976). Vesicular-arbuscular
mycorrhizae, which are common in legumes, can increase P uptake of plants

growing in infertile or high phosphate fixing soils (Mosse, 1973; Powell
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and Daniel, 1978), mainly due to the capacity of mycorrhizal fungi to
absorbed phosphate from soil and transfer it to the host root. In a
P-deficient situation of a Tropeptic Eutrustox, plant concentration of P
was enhanced by the mycorrhizal association (Yost and Fox, 1979). The
levels of soil P at which fumigation cease to make a difference in the

P percentage in plants of Glycine max (L.) Merr., Vigna unguiculata L.,

Leucaena leucocephala, and Stylosanthes hamata were 0.1, 0.2, 1.6, and

1.6 ug P/ml, respectively. They suggested that this P concentration
order may be the order in which these legumes depend on mycorrhizae in
P-deficient soils., They also noted that at the two lowest soil P levels,
P uptake by mycorrhizal plants was 25 times greater than by plants
without mycorrhizal associlations.,

It has been reported that mycorrhizal infection also increases the
concentration of nutrients other than P in plant tissues, but it is un-
clear if this enhancement of nutrient uptake is merely a consequence of
improve P supply. Mycorrhizal hyphae will help the plant to overcome
uptake limitations in the case of nutrients that diffuse slowly and give
way to depleted zones around roots (Barea and Azcon-Aguilar, 1983).
Conversely, mycorrhizae will confer little additional advantage for the
uptake of ions such as sulfate which may move through soil by mass flow
with no rate-limiting step in its way to the root surface. In fact,
Cooper and Tinker (1978) observed that the flux of S into clover seedlings
was small suggesting that S nutrition may not be aided greatly by VAM.
However, Gray and Gerdemann (1973) reported that VAM on red clover

absorbed 358 at higher rate than did comparable nonmycorrhizal roots.
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Cowpea and soybean grown on a nonfumigated Tropeptic Eutrustox with scil
P levels below 0,025 to 0,05 mg P/l contained higher Ca and K percentages
than plants grown on fumigated, low P-status soils (Yost and Fox, 1982).
However, they indicated that differences in Ca and K percentages in the
plant were more closely related to crop growth rates than to VAM infection
levels. Yost and Fox (1982) also found that Si percentages of mycorrhizal
soybean plants were 0.5 to 0.9% Si while nonmycorrhizal plants contained
0.2 to 0.3% Si. Silicon content of cowpea, however, was not altered by
the presence or absence of mycorrhizae. They hypothesized that if mycorr-
hizae consistently enhance Si uptake by plants, such as soybean, then Si
uptake may indicate mycorrhizal activity.

Ross (1971) reported that concentrations of N, P, Ca, and Cu in foliage
of mycorrhizal soybean plants were greater than those from nonmycorrhizal
plants at the various P levels. However, since concentrations of Ca and
N in nonmycorrhizal plants were directly related to phosphate fertiliza—
tion, accumulation of these elements may be associated with increased
phosphate absorption per se rather than with fungal activity. Lambert
et al. (1979) indicated that two micronutrients, Cu and Zn, are frequently
at higher concentration in shoots of mycorrhizal plants, compared with
that in nonmycorrhizal plants. Moreover, P fertilization significantly
reduced Cu and Zn concentrations in mycorrhizal soybeans, but concentra-
tions of these nutrients in nonmycorrhizal treatments were not affected.

Hayman and Day (1978), who grew black beans (Phaseolus vulgaris var.

Venezuela) in low phosphate (3 ppm P) soil from Brazil, suggested that
the mechanism whereby mycorrhizae greatly increase phosphate uptake do

not apply to molybdate which seem to be the main factor limiting plant




growth under these conditions, They reported that bean plants inoculated
with endophyte develop very dense mycorrhizal infection and took up twice
as much P as the uninoculated control plants. However, plants in both
inoculated and uninoculated treatments remained stunted and only those
given monocalcium phosphate nodulated well and grew quite extensively
and showed no symptoms of Mo deficiency.

It is clear that direct experimentation on the role of mycorrhizae in

the uptake of plant nutrients is required. The formation gained would
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have application in the field of nutrient deficiencies and crop production.
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GENERAL MATERTALS AND METHODS

Soil Used

Wahiawa Series:

This series is classified as a clayey, kaolinitic, isohyperthermic
family of Tropeptic Eutrustox. These soils developed in residuum and
0ld alluvium derived from basic igneous rock. They are nearly level to
moderately steep. Elevations range from 150 to 365 m. Rainfall amounts
to 1000 to 1500 mm annually. The mean annual soll temperature is 22° ¢.
This series consists of well-drained soils on uplands on the island of
Oahu. The clay fraction in this soil is abundant in kaolinite, haematite,
maghemite, and gibbsite. The soil used in the experiments was collected
from the Poamoho Research Station of the Hawaii Institute of Tropical

Agriculture and Human Resources (HITAHR), Island of Oahu.

Paaloa Series:

This series is classified as a clayey, oxidic, isothermic family of
Humoxic Tropohumult. This soils developed in old alluvium and residuum
derived from basic igneous rock. They are gently to moderately sloping.
Elevations range from 305 to 518 m., The annual rainfall amounts to 1778
to 2286 mm. The mean annual soil temperature is 21° G. These soils are
well-drained. The clay fraction is abundant in haematite, maghemite,
gibbsite and goethite. The soil used in the experiments was collected
from a field of the Waialua Sugar Co, Inc. located about 8 miles east

of Waialua, Island of Oahu,
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Plant Species Used

Some characteristics of plant species used in the experiments as

described by Bogdan (1977) are as follows:

Desmodium intortum (Mill,) Urb. cv. Greenleaf desmodium:

It is a large perennial herb with erect, ascending or scandent, much
branched, and often with reddish-brown stems. Leaves are trifoliate with
ovate leaflets which are 2-7 cm long and 1.5-5 cm wide. Brown- or red-
speckling usually occurs on the upper side of the leaf. The numerous pink
or mauve flowers are in terminal and axillary racemes. Pods are falcate,
with 8-12 one-seeded joints., Seeds are small. Tolerance to soil acidity

of pH 5 is good. Desmodium intortum is highly specific for Rhizobium

inoculant.

Centrosema pubescens Benth. cv, Centro:

It is a climbing and trailing perennial with slender pubescent stems.
The leaves have three leaflets, The leaflets are oblong to ovate-laceolate,
1.5-7 cm long and 0.6-4.5 cm wide, finely pubescent on the lower side,
and seldom glabrous., Flowers are in dense and short axillary racemes,
on a peduncle up to 6 cm long. Pods are linear, 4-17 cm long and 6-7 mm
wide, with hard-raised margins and a narrow straight beak at the apex,
and dehiscent at maturity., Seeds are red-brown, streaked with black,
L4-5 mm long, 3 mm wide and 2 mm thick., It is slightly less sensitive to

Mn toxicity than the majority of other legumes., Centrosema pubescens is

highly selective in its Rhizobium requirement,
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Stylosanthes humilis H.B.K. cv. Townsville stylo:

It is an erect or subprostrated annual with stems up to 1 m long.
Leaves are trifoliate, with narrow-ovate sharply pointed leaflets up to
2 cm long, Flowers are yellow to orange, in terminal clusters. Pods are
7-10 mm long consisting of two joints, of which the lower part contains
one seed, whereas the terminal joint, which is 4-6 mm long, is empty and
is hook-shaped., Seeds are kidney-shaped, 2-3 mm long, sometimes yellowish,

but mostly brown or purplish-black. Stylosanthes humilis tolerates soil

acidity up to pH 4 and a high level of Al and Mn. The inoculant of the

cowpea group can be used to inoculate stylo seeds.

Seed weight, Mo concentration in seeds and amount of Mo per seed of

Desmodium intortum, Centrosema pubescens and Stylosanthes humilis are

as follows:

legume species Wt of 300 seeds 'Conc' of Mo Amt of "M per seed’
g ug/e ug

Desmodium intortum 0.183 1,080 0.002

Centrosema pubescens 2.410 0.597 0.014

Stylosanthes humilis 0,350 0.721 0.003

Soil Test and Plant Analysis

Molybdenum Analysis in Soil and Plant
Methods of so0il and plant analyses for Mo including sample preparation

are based on methods described by Purvis and Peterson (1956), Sandell(1959),
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and Reisenauer (1965).
Preparations of Samples for Analysis:
a, Soil Samples
Ten grams of soill were shaken with 100 ml of acid ammonium
oxalate solution (pH 3.3) for 12 hours at room temperature. The mixture
was centrifuged or filtered and 70 ml of filtrate was evaporated to dryness
in Pyrex beaker, The beaker was heated in muffle furnace-af-h500 C for
L hours to destroy the oxalate. The residue was dissolvea-in 20 ml of
6.5 N HC1l, and filtered. The filtrate was made up to 100-ml volume for
Mo determination.
b..Plant Samples
Eight-gram sample of oven-dried, finely ground plant material
was weighed into a porcelain crucible. The crucible was ignite to 500o Y
for 18 hours in a muffle furnace. The residue was dissolved in 20 ml of
6.5 N HC1 containing 0.5 g/l FeCl3. The dissolving residue was covered
with a watchglass and was left overnight. The dissolved residue was
filtered through a No. 42 filter paper into a 100 ml volumetric flask and
was diluted to volume,
¢c. Nodule Samples
Oven-dried nodule was weighed into a porcelain crucible. The
crucible was ignited to 500o C for 8 hours in the muffle furnace. The
residue was dissolved in 20 ml of 6.5 N HC1 containing 0.5 g/1 FeCl,.
The dissolved residue was filtered through a No. 42 filter paper into

a 100 ml volumetric flask and was diluted to volume,




Determination of Molybdenum
A 100 ml of test solution was transferred to a 125-ml

separatory funnel, Ten ml of a mixture of 1:1 carbon tetrachloride-
isoamyl alcohol was added and the mixture was shaken vigorously for
100 times to saturate the agueous phase. The liquid phase was allowed
to separate for 15 minutes and the organic phase was removed quantitatively.
Two ml of 40% (w/v) potassium thiocyanate was mixed and the mixture was
shaken vigorously. Two ml of 40% stanous chloride in 1.5 N HCl was added
into the mixture. Exactly ten ml of carbon tetrachloride-isocamyl alcohol
mixture was added. The mixture was shaken vigorously for 150 times and
the phase was allowed to separate for 15 minutes. The colored extract
was transferred to spectrophotometric cell and the optical density of
the solution was measured by a Klett-Summerson photoelectric colorimeter

using filter # 47 (475 millimicrons).

Sulfur Analysis in Soil
A turtidimetric method for determining sulfates in soil extracts
(Rs L. Fox, unpublished mimeograph. University of Hawaii, Manoa) was
used,
Extraction Procedure:
Two and a half grams of oven-dried soil was welighed into a
50-ml centrifuge tube., Twenty five ml of the phosphate extracting
solution (0.04 M Ca(HzPOu)Z) was added and the mixture was shaken for
16 hours at room temperature. The suspension was centrifuged and then
20 ml of the supernatant solution was decanted into another centrifuge

tube, Two-tenth gram of washed charcoal was added. After 30 minutes,
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the suspension was filtered to obtain a clear extract.

Barium 2ulfate Precipitation Procedure

Five to ten ml of the decolorized extract was transferred into
a 25-ml1 beaker and was evaporated to dryness in a drying oven at
approximately 100° ¢. One ml of 0.25 N HC1 containing 20 ug 504—5 was
added. The beaker containing the residue was rotated with the acid-
sulfate reagent. After the residue has dissolved, one ml of BaClz, seed
crystal-gelatin-reagent was added. The content in the beaker was swirled
and the suspension was allowed to stand for 5 minutes and then 10 ml of
1% Ba.Cl2 solution was added. The suspension was swirled again, and after
25 minutes it was titurated with a rubber policeman. The suspension was
swirled again and it was immediately transferred to a cuvette. The
absorbance at the wavelength of 600 millimicrons was read. Gross 504-5

was determined from an appropriate standard curve.

Determination of Other Nutrient Elements in Plant
Whole plant materials were analyzed for P, K, Ca, Mg, S, Fe, Mn, Cu,

Zn, Al, and Si by x-ray emission spectroscopy. Nitrogen was determined by
micro-kjeldahl digestion and a colorimetric procedure of a Technicon Auto-

Analyzer,

Acetylene Reduction Assessment of Nitrogen Fixation

The acetylene reduction assay used was modified from the method

described by Hardy et al. (19%8).
Roots with nodules intact were placed in a 500-ml glass Jjar that was

made air tight with a screw cap fitted with a rubber serum stopper. Ten
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percents of the air in the Jar was withdrawn by hypodermic syringe and
replaced with an equivalent amount of C2H2. The jars were incubated at
room temperature. After 1 hour, 2-ml sample of gas was transferred by a
gas-tight syringe from the jars to a 20-ml pyrex vial. A 0.2-ml volume of
gas sample was analyzed for C2H4 by hydrogen flame ionization in a Perkin-

Elmer Model Sigma 3B gas chromatograph.

Lime Requirement Determination

Fifty-g sample of seived alr-dried soil was placed in beakers.
Graduated quantities of Ca.(OH)2 were added to separate soil samples, mixed
together and water required to meet 1:2 water to soil ratio was added. The
treated soils were equilibrated at room temperature for 2 weeks. The pH of
suspension was determined using a glass electrode., Liming standard curves
relating pH values to quantity of lime were then prepared from these data
and were used to determine the lime required to raise soil pH to any desired

level,




CHAPTER 1

EFFECTS OF MOLYBDENUM, SULFUR AND LIME ON GROWTH, YIELD AND NUTRIENT

CONCENTRATION OF DESMODIUM INTORTUM AND CENTROSEMA PUBESCENS GROWM IN

ACID TROPICAL SOIIS

b7
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INTRODUCTION

One way to increase the production of pgsturellegumes grown in acid
tropical soils is to apply Mo fertilizer SiHF?ZMO a;ailability of these
soils is generally low. The typical Mo deficient soll is a very acid
(pH 4.5-5.0) highly weathered soil with sesquioxides and kaolin making up
much of the soil mineralogy (Kanehiro et al., 1983). Molybdate is adsorbed
strongly by oxides of Fe and Al (Jones, 1957; Jarrell and Dawson, 1978).

By these findings, Oxisols and Ultisols should be quite low in available
Mo.

Response of legumes to Mo vary from place to place. While there was
no response when total Mo in soils exceeds 1.64 ppm for Loulsiana soils
(Boswell, 1980) there was a response of legumes grown in Hawaiian Oxisols
containing 2.8 ppm Mo (Sherman and Xapteyn, 1966; Younge and Takahashi,
1953). Recommendation rates of Mo fertilizer also vary from location to
location, In Australia the recommendation rate for forage legumes is
140 g Mo/ha (Ostowski et al., 1978), whereas in the southern states of the
U.S. the rate is 50 to 100 g Mo/ha (Mortvedt and Anderson, 1982). These
rates are quite low when they are compared to Mo fertilizer rates of
1 kg Mo/ha and 2,24 kg Mo/ha for Hawaiian Ultisols and Oxisols, respectively
(Taal, 1979; Younge and Takahashi, 1953).

Dramatic yield increases are obtained on many soils from application
of very small quantities of Mo fertilizers. Recommended soil applications
of the nutrient used in such small quantities introducing application

problems. The importance of seed reserves in supplying plant needs for the
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element (Peterson and Purvis, 1961; Lavy and Barber, 1963) and the response
reported from soaking seed in molybdate solution (Donald and Spencer, 1952)
suggest seed application as an alternate method of applying Mo fertilizers.

Seed coating is enefe£~iheﬁg£fective method recemmended for Mo
application. Application of Mo as a seed treatment provides less
opportunity for Mo reaction with the soil complex and as a consequence
the seed-applied Mo remains in a form available to plant. However, it is
known that Mo salt may kill rhizobia and consequently reduce nodulation,
ai%hough/gge detrimental effect of Mo salt may not manifest quickly if it
is coated to the seed Jjust before planting. Coating seed with Mo is also
beléived to be responsible for high Mo concentration in pastu?e %fgumes
because of the high concentration of Mo around seed. High Mo in ﬁaant
in turn may cause molybdenosis when the ratio of Cu/Mo is lower than
2-4, However, high rate of S fertilizes has been used to decrease the
toxic level to animal of Mo (Gupta and Macleod, 1975) as well as to
increase plant growth, application of S along with seed-applied Mo should
increase plant growth and prevent molybdenosis.

Liming is also one of the practical methodiused to correct Mo
deficiency. Liming increases soil pH and as a consequence increases
Mo availability. Lime also alleviates Mn and/or Al toxicity which is a
serious problem in many acid tropical soils ifteft—unecorrected. Manganese
and/or Al toxicity may limit response to Mo in legumes. Liming therefore
not only increases the availability of Mo to plants but also provides
a favorable environmenté}:égggitign’;;r the growth of rhizobia.

Since Mo, S and lime are important factors affecting growth and
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chemical composition of legumes in the tropics, studies on these components
as affecting response to Mo and nutritional quality of pasture/forage
legumes become necessary.

This part of the study was conducted in the greenhouse and in the
field with the following objectives:

1. To stydy the effects of Mo, S, and lime on growth, yield and

biological nitrogen fixation of Desmodium intortum and Cemtrosema pubescens

grown in acid tropical soils;

2. To s}udy the effect: of lime in alleviating Mn and/or Al toxicity
and in correcting Mo deficiency; and

3. To sbday the effects of Mo, S and lime on some nutrient concen-

trations in Desmodium intortum and Centrosema pubescens.
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MATERIALS AND METHODS

a. Greenhouse Experiments

. ,\ b
P AR
y

a.1l. Procedures
Pot experiments were conducted at the Agronomy and Soil Science
Fileld Laboratory, Mauka campus of the University of Hawail at Manoa.

Desmodium intortum was grown in the Wahiawa and Paaloa soils,

&
Centrosema pubescens was grown in ,Wahiawa soil. Some chemical properties

of both soils are shown in Table 1.1.

Treatments were composed of five levels of Mo (none added, Mo
seed coating at rates of 0.1 and 0.5 kg Mo/ha, and Mo soil application
at the rates of 2.0 and 4.0 kg Mo/ha); two rates of S (none added and
50.0 kg S/ha); and two rates of lime (none added and lime rate so that
the soil pH is raised to 6.0). These treatments made up the 5x2x2
factorial arrangement in a randomized complete block design with three
replications. The legumes were inoculated with the appropriate Rhizobium
strains. Phosphorus, X, Mg, Zn, and B were added to all treatments as
part of the basal fertilizer application. Thirty percent gum arabic
solution was used as adhesive material for Rhizobium inoculation and
Mo seed coating treatment.

Fifteen treated seeds of a legume were planted in a pot.
After three weeks from planting, the seedlings were thinned to three
uniformly growing plants per pot. Throughout the experiment the pots

were watered to 100% field capacity. The plants were harvested at




Table 1.1,

Some chemical properties of soils used in the greenhouse and field
experiments.

Chemical properties Wahiawa soil Paaloa soil
pH (1:1 soil:water) 5,20 4,67
Organic carbon (%) 1.12 3.26
Available P (modified Truog) (ug/g) 146.0 -
Water soluble P (ug/ml) 0.07 -

Exchangeable btases (NHquc extraction) (meq/100 g)

K 0.65 0.20
Ca 4,13 1.14
Mg 1.30 0.70
Na 0.17 0.25
Exchangeable Al (KC1l extraction) (meq/100 g) 0.05 2.60
Effective C.E.C. (meq/100 g) 6.25 4,89
KC1 extractable Mn (ppm) 26.0 17.25
Extractable Mo (ppm) 0.38 0.30

Available S (ppm) 49,2 80.0
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60 days after planting. They were cut approximately 1 cm above the soil
surface and the roots were carefully removed from the soil with a minimum
detachment of nodules., The roots with nodules were put into a glass Jar
for acetylene reduction assessment. Plant samples were washed and oven-
dried at 70O C in air-draft oven for three days for determining dry
matter yield. The oven-dried samples were ground(20 mesh) in a stainless

steel Wiley Mill and kept for elemental analysis.

a.2. Treatment Preparation
a.2.1, Fertilizers and Lime Used

Fertilizers and lime used in the greenhouse experiments

were as follows,

Basal fertilizers:

Calcium phosphate, monobasic (Ca(HzPOL‘_)2 at 600 kg P/ha.

Potassium chloride (XCl) at 200 kg ¥/ha.

Magnesium chloride (MgClZ.éHZO) at 200 kg Mg/ha.

Zinc chloride (ZnClZ) at 20 kg Zn/ha.

Boric acid (HBBOB) at 2 kg B/ha.

Fertilizers and lime used for treatments:

- Sodium molybdate (NaZMoOM.ZHZO) as source of Mo.

- Magnesium sulfate (MgSOu.7H20) as source of S.

- Calcium hydroxide (Ga(OH)Z) as source of lime,

For the Wahiawa s0ill , basal fertilizers were used in the

solid form. Each chemical was weighed separately at the required amount
for each pot and the five chemicals were mixed together before applying

to the soil. The basal fertilizers were thoroughly mixed with the soil.




The fertilized soil was then put back into the pot and it was readied for
seeding.

For the Paaloa soil, basal fertilizers except the phosphate fertili-
zer were used in the solution form. Each chemical was weighed at the
required amount for the whole treatment, mixed together in solution form
and made up to 1.8-1 volume. The solution fertilizer was used at 30 ml
per pot. Phosphate fertilizer was weighed separately at the required
amount for each pot and mixed with soil along with the solution

fertilizer.

a.2.2. Preparation of Seed-Coated Treatment
Molybdenum-coated seeds were prepared by adding the required
amount of sodium molybdate to gum arabic solution, mixing together, and
then coating the seed. Rhizobium bacteria were inoculated to the seed
after the seed was coated with sodium molybdate-~gum arabic solution
mixture. The treated seeds were spread to dry before they were used for

planting. These Mo-coated seeds were prepared just before planting.

a.2.3. Seed Preparation

Seeds of Centrosema pubescens were scarified by immersing

in concentrated stou for 10 minutes. After draining the acid, the seeds
were washed many times with delonized water. The scarified seeds were
spread to dry before they were treated with sodium molybdate and
inoculated with the appropriated Rhizobium strains. Seeds of Desmodium

intortum needed not to scarify.
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a.2.4. Soil Preparation

The soil was sieved through a 1-cm sized sieve to preclude
gravels, stones and large roots and spread on benches to dry. After air-
drying and thoroughly mixing to attain homogeneity, a sample was taken to
determine moisture content as well as to conduct soil test for fertilizer
application, e.g. test for pH, lime requirement, available P, etc. Six
kilograms of oven-dried soil was put into 8-1 plastic pots for subsequent
liming and fertilizer application. For lime treatment, Ca(OH)2 at the
amount needed to raise soil PH to 6.0 according to the lime requirement
curve was mixed with soil and the limed soil was incubated for 2 weeks

before fertilizer application and seeding.

b. Field Experiment

A field experiment was conducted at the Poamoho Research Station of
the Hawaii Institute of Tropical Agriculture and Human Resources (HITAHR),
Island of Oahu. Two pasture legumes were grown in the Wahiawa soil at
Field F of the Station. The experimental design used was a 2x10
factorial arrangement in a randomized complete block design with three
replications. The treatments were as follows.

Crops:

- Desmodium intortum

- Centrosema pubescens

Molybdenum and lime treatments:

- No Mo.
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was compared. The interaction of Mo, S and lime on yleld was examined.
The relationship between yield and Mo concentration in plant was

determined,

c.2. Nodulation
The nodule number and weight of legumes from the greenhouse

experiments were determined at harvest in order to assess the effects

of Mo, S and lime on nodulation.

Ce3. Nitrogenase Activity
Nitrogenase activity of nodules from the greenhouse experiments
was evaluated by using acetylene reduction technique. Nodule efficiency
(specific acetylene-reducing activity of nitrogenase) was determined.
The relationship between nitrogenase activity and Mo concentration was

evaluated,

c.4. Chemical Composition of Plant
Plant tops at harvest were analyzed for N, P, K, Ca, Mg, S,
Fe, Mn, Cu, Zn, Si, Al, and Mo. Nodules were analyzed for Mo. The
relationship between Mo concentration in plant tops and Mo concentration
in nodules was determined. The relationship between some nutrient
elements, especially N, S and Cu and Mo concentration in plant tops and
nodules waég‘ so determined. A Cu/Mo ratio in plant tops was calculated

QXA l?

in-order toﬁfvaluate;ﬁutritional quality, oflegumes.

c.5. Chemical Composition in Soil

Soil samples were analyzed for organic carben, pH, C.E.C.,
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P, X, Ca, Mg, Na, S, Al, Mn, and Mo in order to evaluate the fertility
status of soils used in the experiments. The relationships between
extractable Mo and dry matter yield, nitrogenase activity and some

nutrient elements in plant, e.g. N, S, and Cu were also determined,
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RESULTS AND DISCUSSION

a. Greenhouse Experiments

a.1l. Effects of Mo, S and ILime on Growth, Yield and Nutrient Concentration

of Desmodium intortum Grown in the Wahlawa Soil

Yield Response

Applications of Mo as seed coating and soil treatment
significantly increased dry matter yield of desmodium grown in the Wahiawa
soil (Table 1.2). Yield of desmodium grown from seed coated with 0.5 kg Mo/ha
was significantly increased 25.3% above that of desmodium grown without
Mo application. Yields of desmodium applied with Mo as soil treatment at
2.0 and 4.0 kg Mo/ha were significantly increased 27.3% and 29..4%,
respectively, above those of desmodium receiving no Mo. However, yield
obtained from the 0.1 kg Mo/ha seed-applied treatment was increased only
6.9% above that obtained from the no-Mo treatment and this difference was
not significant. Yield obtained from the 0.5 kg Mo/ha seed-applied
treatment was not significantly different from that obtained from 2.0 or
4.0 kg Mo/ha soil-applied treatment, suggesting that seed-applied Mo at
this rate provides adequate amount of Mo for plant need. Yield obtained
from the 0.1 kg Mo/ha seed-applied treatment was significantly lower than
that obtained from the 0.5 kg Mo/ha seed-applied treatment, 2.0 and 4.0
kg Mo/ha soil-applied treatments, indicating that coating seed with Mo at
0.1 kg Mo was not enough for the requirement of desmodium grown in the

Wahiawa soil.
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Effectsof Mo, S, and lime

s,

Table'1.2 . , .
on dry matter yleld of Desmodium intortum grown in the Wahlawa soil.

Mean

No lime Lime
Mo treatment No S S No S Mean
——— g/pot -—
No Mo added 25.3 35.1 33.1 .6 32,01
0.1 kg Mo/ha (seed applied) 33.4 33.0 34.2 36.3 4.2 b
0.5 kg Mo/ha (seed applied) 34.6 40.3 43,7 41,7 40.1 a
2.0 kg Mo/ha (soil applied) 37.1 Lko.o 46.1 39 .4 40.7 a
4,0 kg Mo/ha (soil applied) 43.5 38.9 39.9 L3.4 L4 a
34.8 . 37.5 39.4_, .39.1

Mean 36.1 b 39.2 a

No S S

37.4 a 38.3 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.

09
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Sulfur application at the rate of 50 kg S/ha slightly increased
desmodium dry matter yield (3.2%) above the no-S treatment when averaged
over all Mo and lime rates. Lack of response to S fertilizer was due to
sufficient amount of available S in soil (Table 1.1).

Application of lime at a rate such that soil pH was raised to 6.0
significantly affected dry matter yield of desmodium (Table 1.2). When
averaged over all Mo and S rates, yield obtained from the lime treatment
was significantly higher (8.6%) than that obtained from the no-lime
treatment. When no Mo and S were applied, lime greatly increased yield
(30.8%) above the no-lime treatment. The influence of lime tended to
decline as the rate of Mo was increased, especially for the Mo soil
application (Fig. 1.1), suggesting that there may be an interaction between
Mo and lime, although the interaction effect between these two factors was
not statistically significant. Lime increased yleld of desmodium when
applied with both levels of Mo as seed coating (Fig. 1.1). However, when
lime was not applied along with the Mo-coated seeds, the rate of increase
of yleld decreased as the level of Mo was increased, i.e. the increment of
increase of yield due to lime at 0.5 kg Mo/ha was higher than that of yield
at 0.1 kg Mo/ha., Effect of lime in increasing yield may in part be due to
the influence of lime on nodulation.Seed-applied Mo at 0.5 kg Mo/ha tended
to reduce nodulation (Table 1.4). Molybdenum salts were reported to reduce
nodulation if they are mixed with inoculated seed (Giddens, 1964; Burton
and Curley, 1966). Lime therefore may alleviate the detrimental effect of
Mo salt since it provides favorable condition for Rhizobium growth.

In order to compare the efficlency of seed-applied Mo and soll-applied
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Mo, dry matter yilelds that would be obtained by using other rates of seed-
applied or soil-applied Mo (e. g. 0.08 and 0.2 kg Mo/ha seed-applied or
0.5 and 1.0 kg Mo/ha soil-applied) were estimated from yield response
curves (Fig. 1.2 and 1.3). According to the curvés it can be estimated,
for example, that yield of 33.8 g/pot would be obtained from seed-applied
Mo at 0.08 kg Mo/ha or soil-applied Mo at 0.3 kg Mo/ha. The quantities

of seed-applied or soil-applied Mo that would produce the same yield
including the ratio of seed-applied to soil-applied Mo were shown in

Table 1.3. These ratios were plotted against dry matter yields (Fig. 1.4).
At the low levels of Mo, it was observed that the ratio of seed-applied
to soil-applied Mo yield is low indicating that Mo applied is not adequate
for plant need. At increasing rates of Mo applied, as the ratio increases,
yield increased highly suggesting that at these Mo levels, seed coating

is more efficient than soil application. At low rates of Mo applied,
seed-applied Mo was adequate for plant need since it was concentrated
around the seed, whereas soil-applied Mo was inadequate because Mo concen-
tration around the seed was low. However, rate of yield increase leveled
off as the ratios were increased above 0.28, suggesting that seed-applied
Mo at high rate as compared to soil-applied Mo may be less efficient than
seed~applied Mo at low rates. At high rates of Mo applied, soil-applied
Mo became efficient since Mo concentration in soil was sufficient for
plant need. The implication of this demonstration is that seed-applied

Mo is more efficient than soil-applied Mo when low rates of Mo are used.
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Dry matter yield, estimation of Mo applied and ratio of seed-applied to
soil-applied Mo obtained from Mo response curves.

Mo fertilizer rate

Ratio of
Dry matter yield Seed-applied Soil-applied Seed- to soll-applied Mo

g/pot  ememeee—- kg/ha -----=su---
33.0 0.04 0.17 0,235
33.5 0.06 0.23 0.261
34.0 0.09 0.34 0.265
3.5 0.11 0.40 0.275
35.0 0.14 0.50 0.280
35.5 0.17 0.60 0.283
36.0 0.20 0.70 0.286
36.5 0.24 0.80 0.300
37.0 0.27 0.95 0.284
37.5 0.31 1.00 0.310
38.0 0.35 1.15 0.304
38.5 0.385 1.30 0.296
39.0 0.42 1.45 0.289
39.5 0.46 1.55 0.297
40.0 0.495 1.75 0.283
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Nodulation Response

Nodule Fresh Weight

There was no significant difference in nodule fresh weight
of desmodium applied with or without Mo although soil-applied Mo had a
tendency to increase nodule weight whereas seed-applied Mo tended to
decrease nodule weight (Table 1.4). A tendency to decrease nodule weight
with seed-applied Mo was due to the detrimental effect of Mo salt to
rhizobia since it has been reported that Mo salts can kill rhizobia and
reduce nodulation (Giddens, 1964; Burton and Curley, 1966). ILime and S
tended to increase nodule fresh weight although the magnitude of increase
was small, However, comparison of the control treatment (no Mo, no S and
no lime) with lime treatment (no Mo and no S) indicated that lime increased
fresh weight by 66.5% above the control treatment. When averaged over
all Mo rates without S application, lime had a positive effect on nodule
weight. Sulfur, when averaged over all Mo and lime rates, did not
significantly increase nodule weight. However, S tended to increase
nodule weight when no lime was applied and the effect of S disappeared
when lime was applied. It is probable that lime could have at least
partially eliminated the S deficiency since it has been indicated that
sorbed sulfate not readily available to plants becomes increasingly

available as the pH of the soil is increased (Elkins and Ensminger, 1971).

Nodule Dry Weight
Although there was no significant difference in nodule dry
weight of desmodium applied with or without Mo, soil-applied Mo tended to

increase nodule weight whereas seed-applied Mo tended to decrease nodule




Table 1 04

Effectsof Mo, S, and lime on nodule fresh weight of Desmodium intortum grown in the Wahiawa soil,

No lime Lime

Mo treatment No S S No S S Mean
--------------------- g/plant-------—- s
No Mo addeil 3.88 5.90 6.46 5.40 5.41 a
0.1 kg Mo/ha (seed applied) 4,82 5.09 5.55 5,94 5.35 a
0.5 kg Mo/ha (seed applied) 4,32 6.10 4,78 6.03 5.31 a
2.0 kg Mo/ha (soil applied) 5.75 5,66 7.10 5,15 5.92 a
4,0 kg Mo/ha (soil applied) 6.65 5,07 6.33 5,91 5.99 a
5.08 5.56 6.04 5.69
Mean 5.32 a 5.86 a
No S S
Mean 5,56 a 5.63 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.

69
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weigh%}ab%%i%'%ignd was similar to the tendency observed with nodule fresh
weight. It should be noted that nodule size of desmodium receiving Mo

was larger than that of desmodium receiving no Mo. This result is likely
due to the vigorous growth of plants receiving Mo application. A

vigorously growing plant can supply a large amount of photosynthates to

nodule such that nodule size is increased.

Nitrogenase Activity Response .

There was no significant difference in nitrogenase activity in
desmodium applied with various rates of Mo, S, and lime (Table 1.6).
Acetylene reduction among replicated samples was quite variable and
although treatment differences were sizable, treatment effects were not
statistically significant. Much of the variability was probably caused
by variation in the degree of nodulation among plants. Despite a lack of
significant difference,some definite trends were evident. Nitrogenase
activity tended to be higher where Mo was applied, either by seed coating
or soil application. Soil-applied Mo at 2.0 and 4.0 kg Mo/ha increased
nitrogenase activity by 37.0% and 31.8%, respectively, above that of the
no-Mo treatment. Seed-applied Mo at 0.1 and 0.5 kg Mo/ha increased
nitrogenase activity by 21.3% and 29.1%, respectively, above that of the
no-Mo treatment. Seed-applied Mo at 0.5 kg Mo/ha appeared to be as
effective as the two soll-applied Mo treatments although it tended to
decrease nodulation as discussed before. Nitrogenase activity of plant
from the S treatment was increased by 5.5% above that of plant from the
no-g treatment. Nitrogenase activity of plant from the lime treatment

was increased by 7.6% from the no-lime treatment. It was observed that




Table 1.5

Effectsof Mo, S, and lime on nodule dry weight of Desmodium intortum grown in the Wahiawa soil.

No lime Lime

Mo treatment No S S No S S Mean
------------------- g/plant —-oec-.—- -—- ——————————————
No Mo added 0.65 1.17 1.17 0.90 0.97 a
0.1 kg Mo/ha (seed applied) 0.79 0.87 0.99 1.13 0.95 a
0.5 kg Mo/ha (seed applied) 0.73 1.04 0.88 1.07 0.93 a
2.0 kg Mo/ha (soil applied) 1.07 1.02 1.20 0.87 1.0 a
4,0 kg Mo/ha (soil applied) 1.19 1.15 0.81 0.98 1,03 a
0.89 1,05 1,01 0.99
Mean 0.97 a 1.00 a
No S S
Mean 0.95 a 1,02 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table1l .6

Effects of Mo, S, and lime on nitrogenase activity of Desmodium intortum grown in the Wahiawa soil.

No lime Lime

Mo treatment No S S No S S Mean

No Mo added 3.70 4,86 5.72 5.72 4,84 a
0.1 kg Mo/ha (seed applied) 5.18 5,33 6.72 6.24 5.87 a
0.5 kg Mo/ha (seed applied) 5.14 7.70 L. 47 7.70 6.25 a
2.0 kg Mo/ha (soil applied) 8.46 5.54 6.43 6.12 6.63 a
4.0 kg Mo/ra (soil applied) 5.66 6.22 6.90 6.74 6.38 a
5.63 5.93 6.05 6.38
Mean 5.78 a 6.22 a
No S S
Mean 5.84 a 6.16 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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there was an interaction trend between Mo and S on nitrogenase activity.
When no S was added, nitrogenase activity of plant receiving high rates
of Mo (0.5 kg Mo/ha seed-applied and 4.0 kg Mo/ha soil-applied) was lower
than that of plant receiving low rates of Mo counterpart (0.1 kg Mo/ha
seed-applied and 2.0 kg Mo/ha soil-applied) (Fig. 1.5). However, when

S at 50 kg S/ha was added, nitrogenase activity of plant receiving high
rates of Mo was higher than that of plant receiving low rates of Mo
counterpart. It may be speculated from these results that Mo/S ratio in
nodule may have a significant effect on nitrogenase activity since both
Mo and S are constituents of nitrogenase enzyme. It was shown in Table
1.13 and 1.18 that while S concentrations in plant top were similar among
treatments receiving various rates of Mo, Mo concentration was significantly
different. Molybdenum and S concentration in plant top may reflect Mo and

3 in.nodule since it was observed that Mo concentration in plant top was
correlated with Mo concentra£ion in nodule (Fig. 1.6).

Since the nodule is the location where nitrogen fixation takes place,
it is worthwhile to evaluate nodule efficiency by determination of specific
acetylene-reducing activity of nitrogenase (acetylene reduced per unit weight
of nodule), There was no significant difference in specific acetylene
reduction of plant receiving different rates of Mo, S and/or lime (Table
1.7). However, Mo tended to increase specific acetylene reduction. Seed-
applied Mo at 0.1 and 0.5 kg Mo/ha increased specific acetylene reduction
by 15.7% and 24.1%, respectively, above the no-Mo treatment. Soil-applied
Mo at 2.0 and 4.0 kg Mo/ha also increased acetylene reduction by 26.4%
and 20, 1%, respectively, above the no-Mo treatment. This result indicated

that nodules fixed nitrogen efficiently when they received an adequate
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Table 1,7

Effectsof Mo, S, and lime on specific nitrogenase activity of Desmodium intortum grown in the
Wahiawa soil.

No lime Lime

Mo treatment No S S No S S Mean

No Mo added 5.56 L, 74 5.04 5.74 5.27 a
0.1 kg Mo/ha (seed applied) 7.03 5.61 6.15 5.59 6.10 a
0.5 kg Mo/ha (seed applied) 6.73 . 7.4 5.06 6.96 6.54 a
2.0 kg Mo/ha (soil applied) 8.11 5.60 5.50 742 6.66 a
4,0 kg Mo/ha (soil applied) L.61 5.71 8.41 6.60 6.63 a
6.41 5.81 6.03 6.46
Mean 6.11 a 6.24 a
No S S
Mean 6.22 a 6.14 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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amount of Mo.

Influences of Mo, S and Lime on Some Chemical Compositions in Plant

Nitrogen

Soil-applied Mo at 2.0 and 4.0 kg Mo/ha significantly increased
N concentration in plant (Table 1.8). Nitrogen concentrations of legume
receiving soil-applied Mo at 2.0 and 4.0 kg Mo/ha were 37.9% and 42.9%,
respectively, higher than those of legume receiving no Mo. Soil-applied
Mo at both above rates also significantly increased N concentration above
seed-applied Mo at 0.1 kg Mo/ha. Nitrogen concentration of legume
receiving seed-applied Mo at 0.5 kg Mo/ha was not significantly different
from soil-applied Mo at both rates, indicating that seed-applied Mo at
0.5 kg Mo/ha supplied an adequate amount of Mo to the requirement of
legume for nitrogen fixation. Seed-applied Mo at 0.1 kg Mo/ha did not
supply adequate amounts of Mo to plant needs since N concentration
obtained from legume receiving seed-applied Mo at this rate was signifi-
cantly lower than that of legume receiving seed-applied Mo at 0.5 kg Mo/ha
or soil-applied Mo at both rates. Moreover, N concentration of plant
receiving seed-applied Mo at 0.1 kg Mo/ha was not significantly higher
than that of plant receiving no Mo strongly suggesting that it is
necessary to apply more than 0.1 kg Mo/ha if the seed coating method is
to be used for pasture/forage legume production. However, seed-applied
Mo at 0.5 kg Mo/ha appeared to be as effective as soil-applied Mo at 2.0
and 4,0 kg Mo/ha in increasing N concentration of plant.

Sulfur and lime had little effect on N concentration of plant. No




Tablel1.8

Effects of Mo, S, and lime on N concentration in the tops of Desmodium intortum grown in the

Wahiawa soil.

No lime Lime

Mo treatment No S S No S S Mean
......................... B e e e ——— e
No Mo added 1.59 . 1.84 1.84 1.79 1,77 b
0.1 kg Mo/ha (seed applied) 2.28 1.71 2,00 1.67 1.92 b
0.5 kg Mo/ha (seed applied) 2,28 2.24 2.45 2.18 2.29 a
2.0 kg Mo/ha (soil applied) 2.60 2,36 2.48 2.32 2.4 a
4,0 kg Mo/ra (soil applied) 2.55 2.79 2.71 2.06 2.53 a
2,26 2.19 2.30 2.00
Mean 2,23 a 2.15 a
No S S
Mean 2.28 a 2,10 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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interaction among Mo, S and lime was observed in this experiment.

Phosphorus

Soil-applied Mo at 2.0 and 4.0 kg Mo/ha significantly decreased P
concentration in plant top (Table 1.9). Phop#orus concentration in
legume receiving seed-applied Mo at 0.5 kg Mo/ha was not significantly
different from that in legume receiving soil-applied Mo at both rates,
Phosphorus concentration in legume receiving seed-applied Mo at 0.5 kg Mo/ha
was also not significantly different from that in legume receiving seed-
applied Mo at 0.1 kg Mo/ha. Phosphorus concentration in legume receiving
seed-applied Mo at both rates was not significantly different from that in
legume receiving no Mo. Lime also significantly decreased P concentration
but S had little effect on P concentration in this experiment.

The reason that Mo or lime decreased P concentration may be due to
a "dilution effect" of plant growth since Mo or lime significantly
increased dry matter yield of desmodium (Table 1.2). It should be noted
that P concentration in plant top was rather high compared to the critical
P concentration of 0.21 to 0.24% for desmodium as suggested by Andrew and

Robins (1969a).

Potassium

The K concentrations in desmodium receiving various rates of Mo was
not significantly different from each other (Table 1,10). Sulfur and lime
also had no effect on K concentration in plant top. However, it should
be noted that K concentrations in plant were quite high compared to the
critical K concentration of 0.7% to 0.8% as suggested by Andrew and Robins

(1969b). Such high K concentrations in the plant top reflect an adequate




Table 1,9
Effectsof Mo, S, and lime on P concentration in the tops of Desmodium intortum grown in the Wahiawa
soil.
No lime Lime

Mo treatment No S S No S S Mean

______________________ B e e e ———— e e
No Mo added 0.43 0.40 0.41 0.37 0.40 a
0.1 kg Mo/ha (seed applied) 0.42 0.37 0.39 0.35 0.38 ab
0.5 kg Mo/ha (seed applied) 0.37 0.35 0.35 0.35 0.36 abc
2.0 kg Mo/ha (soil applied) 0.35 0.35 0.30 0.38 0.35 bc
4.0 kg Mo/hz (soil applied) 0.34 0.34 0.31 0.32 0.33 ¢

0.38 0.36 0.35 0.35
Mean 0.37 a 0.35 b
No S S
Mean 0.37 a 0.36 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1,10

Effects of Mo, S, and lime on K concentration in the tops of Desmodium intortum grown in the Wahiawa soil,

No lime Lime

Mo treatment Lo S S No S S Mean
_— ——— B e e
No Mo added 2.22 2.26 2.19 2.17 2.21 a
0.1 kg Mo/ha (seed applied) 2,35 2,13 2,26 2,05 2.20 a
0.5 kg Mo/ha (seed applied) 2.27 2.28 2.27 2.30 2,28 a
2.0 kg Mo/ha (soil applied) 2.46 2.28 2.30 2.22 2.32 a
4,0 kg Mo/ka (soil applied) 2,25 2.40 2,22 2.20 2.27 a
2.31 2.27 2.25 2.19
Mean 2.29 a 2.22 a
No S S
Mean 2.28 a 2.23 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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supply of K in the soil,

Calcium

Molybdenum application significantly decreased Ca concentration in
plant top (Table 1.11). The Ca concentration in tissue of plant receiving
seed-applied Mo at 0.5 kg Mo/ha, soil-applied Mo at 2.0 or 4.0 kg Mo/ha
was significantly lower than that of plant receiving no Mo. The Ca
concentration in plant receiving seed-applied Mo at 0.1 kg Mo/ha was not
significantly different from that in plant receiving no My or other rates
of Mo. Sulfur had no significant effect on Ca concentration in plant.
Lime significantly increased Ca concentration above the no-lime treatment.
This effect is due to the fact that lime directly supplies Ca to the soil.

The influence of Mo in decreasing Ca concentration in plant top may
be due to a "dilution effect" of growth since Mo significantly increased
dry matter yield (Table 1.2). Molybdenum per se may not directly influence

Ca concentration in plant top.

Magnesium

Magnesium concentration in the top of plant receiving seed-applied Mo
at 0.5 kg Mo/ha and soil-applied Mo at 2,0 kg Mo/ha rate was
significantly lower than that of plant receiving seed-applied Mo at 0.1
kg Mo/ha and no Mo (Table 1.12). Magnesium concentration in plant receiving
seed-applied Mo at 0.1 kg Mo/ha was significantly lower than that in plant
recelving no Mo. The decrease in Mg concentration in plant top as affected
by Mo application may be due to a "dilution effect" of growth because
yield of desmodium increased as rates of Mo applied increased (Table 1.2).

Sulfur application did not significantly affect Mg concentration in plant




Table 1.11

Effects of Mo, S, and lime on Ca concentration in the tops of Desmodium intortum grown in the Wahiawa soil.

No lime Lime
Mo treatment No S S No S S Mean
_______________________ A e e
No Mo added 1.25 1,11 1.32 1.24 1.23 a
0.1 kg Mo/ha (seed applied) 1.14 1.10 1.19 1.20 1,16 ab
0.5 kg Mo/ha (seed applied) 1.06 1,04 1,13 1.16 1.10 b
2.0 kg Mo/ha (soil applied) 1.06 1.06 1.09 1.16 1.09 b
4,0 kg Mo/ha (soil applied) 0.96 1.02 1.19 1.15 1.08 b
1.09 1.07 1.18 1.18
No S S
Mean 1,14 a 1.13 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1.12
Effectsof Mo, 3, and lime on Mg concentration in the tops of Desmodium intortum grown in the Wahiawa soil.

No lime Lime

Mo treatment No S 3 No S S Mean
_________________________ e B mm e ————— e e e
No Mo added 0.28 0.24 0.23 0.24 0.248 a
0.1 kg Mo/ha (seed applied) 0.24 0.25 0.22 0.22 0.233 b
0.5 kg ¥o/ha (seed applied) 0.23 0.22 0.19 0.22 0.213 ¢
2.0 kg Mo/ha (soil apolied) 0.22 0.24 0.20 0.21 0.219 ¢
4,0 kg lo/ha (soil applied) 0.22 0.24 0.22 0.21 0.221 be
0.24 0.24 0.21 0.22
Mean 0.24 a 0.22 b
No S )
Mean 0.22 a 0.23 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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top. Iiming significantly decreased Mg concentration in plant top. The

effect of lime in decreasing Mg concentration is 1n accord with the result

reported by Andrew and Johnson (1976). They indicated that in some tropical

and temperate pasture legumes an increase in Ca resulted in a marked

decrease in Mg concentration in plant top. They also noted that the change
in Mg concentration in the plant top due to Ca application may not be

due to a direct effect, but rather to the capacity of the plant to preserve

cation balance.

Sulfur

Since it was observed that S concentrations in plant receiving
various rates of Mo were similar, it can be concluded that Mo had no
effect on S concentration in plant top (Table 1.13). Application of S at
50 kg S/ha did not increase S concentration in plant top. Sulfur concen-
tration in plant remained the same even where S supply in soil was higher
in the S treatment than in the no-S treatment. The reason for this non-
increase is due to the adequate amount of available S in the Wahiawa soil;
even plants receiving no S showed a higher S concentration than the
critical S concentration of 0.15-0.18% as suggested by Andrew (1977).
Bouma (1975), in a review of published information, mentioned that sulfate
uptake is proportional to its supply until maximum growth is reached, with
little or no further uptake at higher levels. Lime had little effect on S

concentration in plant top.

Iron

Although Mo, S or lime have no significant effect on Fe concentration




Table 1,13

Effectsof Mo, S, and 1lime on S concentration in the tops of Desmodium intortum grown in the Wahiawa soil.

No lime Lime

Mo treatment No‘S S No S S Mean
_______________________ B e e e e e
No Mo added 0.25 0.23 0.23 0.22 0.23 a
0.1 kg Mo/ha (seed applied) 0.22 0.25 0.24 0.22 0.23 a
0.5 kg Mo/ha (seed applied) 0.22 0.20 0.19 0.21 0.21 a
2.0 kg Mo/ha (soil applied) 0.23 0.24 0.20 0.20 0.22 a
4,0 kg Mo/ha (soil applied) 0.21 0.23 0.20 0.21 0.21 a
0.23 0.23 0.21 0.21
Mean 0.23 a 0.21 a
No S S
Mean 0.22 a 0.22 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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in plant top, there was a slight effect of S on Fe concentration since 3

tended to decrease Fe concentration (Table 1.14).

Zinc

Molybdenum had no significant effect on Zn concentration in plant

’

R 0
top, although there was a tendency t@;t‘Zn concentration decreased when

Mo was applied (Table 1.15). Sulfur also had little effect on Zn concen-

tration in plant top but lime significantly decreased Zn concentration.

Manganese

Molybdenum and S had no significant effect on Mn concentration in
plant top (Table 1.16). Lime significantly decreased Mn concentration.
Manganese concentration in plant applied with lime was 12.5% lower than
that in plant receiving no lime. The decrease in Mn concentration
reflected liming effect in decreasing Mn availability in soil. This
negative effect of lime on Mn availability in soil is one of the important
beneficial effects of lime applied in acid tropical soils since many of

these soils contain toxic levels of Mn.

Silicon

Molybdenum application significantly decreased Si concentration in
plant top (Table 1.17). Seed-applied Mo at 0.5 kg Mo/ha and soil-applied
Mo at 2.0 and 4.0 kg Mo/ha significantly decreased Si concentration.
Silicon concentration of desmodium receiving seed-applied Mo at 0.5 kg Mo/ha
was not significantly different from that of plant receiving soil-applied
Mo at 2.0 and 4,0 kg Mo/ha. Silicon concentration in plant receiving seed-

applied Mo at 0.1 kg Mo/ha was significantly lower than that in plant




Ta.ble 1.14
Bffects of Mo, 3, and lime on Fe concentration in the tops of Desmodium intortum grown in the Wahiawa
soil
No lime Lime ©

o treatment Ko S S No S S ' Hean

————————————————————— ppm - e e e e s G e e o . T S e = e D L S n S e W st St b i aal
No Mo added 216.3 191.0 198.7 180.3 196.6 a
0.1 kg Mo/ha (seed applied) 193.3 177.7 211.0 178.7 190.2 a
0.5 kg Mo/ha (seed applied) 200,7 174.3 173.7 172.0 180.2 a
2.0 kg Mo/ha (soil applied) 172.7 197.0 168.0 177.7 178.8 a
4.0 kg Mo/ha (soil applied) 186.0 183.3 187.3 208. 3 191.2 a

193.8 184,7 187.7 183.2
Mean 189.3 a 185.5 a
No S S
Mean 190.8 a 184.0 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1.15

Effectsof Mo, S, and lime on Zn concentration in the tops of Desmodium intortum grown in the Wahiawa

soil,

No lime Lime °

Mo treatment No S S No S S " Mean
____________________ DD - === = m e
No Mo added 67.3 55,7 47.3 47.3 544 a
0.1 kg Mo/ha (seed applied) 62.3 54.0 49,7 42,3 52,1 a
0.5 kg Mo/ha (seed applied) 54,0 50.7 39.7 51.7 49.0 a
2.0 kg Mo/ha (soil applied) 54,3 55,7 38.7 43,3 L4L8.0 a
4,0 kg Mo/ha (soil applied) 49,3 53.3 43.3 45,3 47.8 a
57.4 539 43.7 46,0

Mean 55.7 a 4.9 b

_No S5 3

Mean 50.6 a 50.0 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.,
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Table 1.16
Effectsof Mo, S, and lime on Mn concentration in the tops of Desmodium intortum grown in the Wahiawa
soil,
No lime Lime -
Mo treatment No S S No S S ' Mean
____________________ PPM = === = — e e
No Mo added 309.7 278.7 '277.0 313.3 294.,7 a
0.1 kg Mo/ha (seed applied) 342.0° 2.7 273.4 277.3 309.1 a
0.5 kg Mo/ha (seed applied) 325.7 2644,0 24k, 3 287.5 280.4 a
2.0 kg Mo/ha (soil applied) 204,7 321.7 247.0 283.0 286.6 a
4,0 kg Mo/ha (soil applied) 305.7 293.0 296,0 237.0 282.9 a
315.6 300.0 267.7 279.6
Mean 307.8 a 273.7 b
_Yos s
Mean 291.7 a 289.8 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1.17
Effects of Mo; S, and lime on Si concentration in the tops of Desmodium intortum grown in the Wahiawa
soil,

No lime Lime -

Mo treatment No S S No S S ] Mean
______________________ A SO U
No Mo added 0.45 0.41 0.30 0.29 0.36 a
0.1 kg Mo/ha (seed applied) 0.43 0.38 0.32 0.26 0.35 b
0.5 kg Mo/ha (seed applied) 0.35 0.31 0.25 0.29 0.30 ¢
2.0 kg Mo/ha (soil applied) 0.38 0.38 0.23 0.26 0.31 ¢
4.0 kg Mo/ha (soil applied) 0.3 0.37 0.27 0.27 0.31 c
0.39 0,37 0.27 0.27

Mean 0.38 a 0.27 b

_NoS S

Mean 0.33 a 0.32 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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receiving no Mo but significantly higher than that in plant receiving other
levels of Mo. The reason that Si concentration decreased as Mo level
increased was likely due to a "dilution effect" since dry matter yield
increased. In this situation, desmodium responded to Mo which is the
limiting element and dry matter production increased. Uptake of Si
probably proceeds more slowly than dry matter accumulation, so Si concen-
tration in plant decreases.

Sulfur had no effect on Si concentration in plant top but lime

significantly decreased Si concentration.

Copper

The Cu concentration in desmodium receiving seed-applied Mo at
0.5 kg Mo/ha was significantly higher than that in plant receiving seed-
applied Mo at 0.1 kg Mo/ha and no Mo (Table 1.18). The Cu concentration
in planéZreceiving seed-applied Mo at 0.5 kg Mo/ha was not significantly —
higher than that in planégreceiving soil-applied Mo at 2.0 and 4.0 kg Mo/ha.
Although Cu concentrations in plant receiving soil-applied Mo at both
rates were higher than those in plant/receiving seed-applied Mo at 0.1
kg Mo/ha and no Mo, the differences among these concentrations were not
significant. Sulfur slightly increased Cu concentration. Gupta and
MacLeod (1975) who worked with alfalfa and red clover, also reported
that Mo and S slightly increased Cu concentration in forage tissue.
However, they noted that such increases did not appear to be consistent
at all levels of Mo and S applied.

Lime significantly increased Cu concentration. This result was

not expected since Cu in soil is more available at a lower pH. The




L ® ® ® ® L ® ® ®
Table 4 .18
Effects of Mo, S, and lime on Cu concentration in the tops of Desmodium dintdrtum grown in the Wahiawa
soil,
No lime Lime
Mo treatment No S S No S S Mean
_____________________ 3] 0) . R SR
No Mo added 7.0 8.7 10.3 10.3 9.1 b
0.1 kg Mo/ha (seed applied) 9.7 8,0 10.0 9.7 9.3 b
0.5 kg Mo/ha (seed applied) 10.0 10.3 11.3 12.7 11.1 a
2.0 kg Mo/ha (soil applied) 10.0 9.0 10.7 11,3 10.3 ab
4,0 kg Mo/ra (soil applied) 9.7 10.3 10.3 10.7 10.3 ab
9.3 9.3 10.5 10.9
Mean 9.3 Db 10.7 a
_MoS S
Mean 9.9 a 10.1 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.

26



93

possible reason that lime increased Cu concentration in this experiment is
that soil pH raised to 6.0 may not be high enough to significantly decrease
Cu availability. Raising soil pH to 6.0 provides a favorable condition
for plant growth and, as a consequence, may increase Cu absorption.
Increased Cu abson%gion influenced by the vigorous growth of plant may

also be the reason that Mo increased Cu concentration,

Influences of Mo, S and Lime on Mo Concentrations in Plant and Soil

Molybdenum Concentration in Plant Top

Molybdenum fertilizer significantly increased Mo concentration
in plant top (Table 1.19). The Mo concentration in plant receiving soil-
applied Mo at 2.0 and 4.0 kg Mo/ha were significantly higher than that in
plant receiving no Mo or seed-applied Mo at 0.1 and 0.5 kg Mo/ha. The
Mo concentration in plant receiving seed-applied Mo at 0.1 kg Mo/ha was
not significantly different from that in plant receiving no Mo. Although
Mo concentration in plant receiving seed-applied Mo at 0.5 kg Mo/ha was
153.1% and 166.7% higher than that in plant receiving seed-applied Mo at
0.1 kg Mo/ha and no Mo, respectively, the differences were not significant.
It should be noted that the recovery of Mo, measured by plant Mo concen-
tration, from seed-applied Mo was higher than that from soil-applied Mo.
For example, Mo concentration in plant from soil-applied Mo at 4.0 kg Mo/ha
treatment was four times higher than that in plant from seed-applied Mo at
0.5 kg Mo/ha. However, the quantity of Mo added to soil by soil-applied
Mo at 4.0 kg Mo/ha was elght times higher than that added to soil by seed-

applied at 0.5 kg Mo/ha. The results indicated that addition of Mo by seed




Table 1,19
Effectsof Mo, S, and lime on Mo concentration in the tops of Desmodium intortum grown in the Wahiawa
‘ soil.
No lime Lime °

Mo treatment No S S No S S Mean

_____________________ PPN e e e e
No Mo added 0.06 0.10 0.09 0.12 0.09 ¢
0.1 kg Mo/ha (seed applied) 0.07 0.09 0.14 0.09 0.10 ¢
0.5 kg Mo/ha (seed applied) 0.31 0.21 0.26 0.22 0.25 ¢
2.0 kg Mo/ha (soil applied) 0.39 0.76 0.33 0.40 0.47 b
4.0 kg Mo/ha (soil applied) 1.14 1.00 0.92 1.22 1.07 a

0.39 0.43 0.35 0.41
Mean 0.41 a 0.38 a
No S S
Mean 0.37 a 0.42 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1,20

Effect?of loy S, and lime on Mo concentration in nodules of Desmodium intortum grown in {he Wahiawa

soil,

No lime Lime -

Mo treatment Xo S S No S S ' rean
____________________ PP o e e e e e e e o e e e o e 2 e e
No Mo added 1.05 1.78 2.10 1.08 1.50 4
0.1 kg Mo/ha (seed applied) 2.07 2.43 3.50 2.78 2.70 ¢
0.5 kg Mo/ha (seed applied) 5,41 b5 5,89 4,96 5,18 b
2.0 kg Mo/ha (soil applied) 6.16 6.51 L, 58 5.78 5.76 b
4.0 kg Mo/ha (soil applied) 7.79 7.98 8.10 6.85 7.68 a
L, 50 4,63 4.83 h.29

Mean 4,57 a 4.56 a

oS S

Mean 4,67 a L.46 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Extractable Mo in Soill

Extractable Mo in soil with soil-applied Mo at 4.0 kg Mo/ha was
significantly higher than that in soil with other rates of Mo (Table 1.21).
Extractable Mo in soil treated with soil-applied Mo at 2.0 kg Mo/ha and
seed-applied Mo at both 0.1 and 0.5 kg Mo/ha rates were not significantly
different. BExtractable Mo obtained from the no-Mo treatment was signifi-
cantly lower than that obtained from the 0.1 kg Mo/ha seed-applied Mo and
2.0 kg Mo/ha soil-applied Mo treatments but was not significantly lower
than +that obtained from the 0.5 kg Mo/ha seed-applied Mo treatment. The
reason that extractable Mo obtained from 0.5 kg Mo/ha seed-applied Mo
treatment was not significantly different from that obtained from 0.1
kg Mo/ha seed-applied or no-Mo treatment may be due to the high Mo concen-
tration in nodule and the top of plants receiving seed-applied Mo at 0.5
kg Mo/ha. Desmodium receiving seed-applied Mo at 0.5 kg Mo/ha absorbed
more Mo from soil than plants receiving seed-applied Mo at 0.1 kg Mo/ha
and no Mo (Table 1.19 and 1.20).

Sulfur application had little effect on extractable Mo in soil after
harvesting. When averaged over all Mo and S treatments, lime had no
effect on extractable Mo, However, when Mo and S were not applied, 1lime
increased extractable Mo 14.0% above the no-lime treatment. This effect
suggests that lime had some influence on the Mo status in soil.

It should be noted that extractable Mo was not really Mo that is
readily available to plant. The amount of Mo that the plant absorbed at
one time should be less than the amount extracted by acid ammonium oxalate
solution. This happens because this extracting solution also dissolves

the fraction of Fe and Al oxides and in doing so it extracts Mo in
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Table 1.21

Effectsof Mo, S, and lime on extractable Mo in soil after harvesting of Desmodium intortum grown
in the Wahiawa soil.

No lime Lime -
Mo treatment ¥o S S o S S ' Mean
_____________________ PPM -~ = o e e e e
No Mo added 0.37 0.30 0.43 0.26 0.34 ¢
0.1 kg Mo/ha (seed applied) 0.46 0.50 0.41 0.47 0.46 b
0.5 kg Mo/ha (seed applied) 0.47 0.45 0.36 0.48 0.44 be
2.0 kg Mo/ha (soil applied) 0.64 0.52 0.56 0.35 0.52 b
4.0 kg Mo/ha (soil applied) 0.69 0.73 0.61 0.67 0.68 a
0.53 . 0|50 0.""8 O.LI-LI—
Mean 0.51 a 0.46 a
No S S
Mean 0.50 a 0.47 a

¥ Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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combination with the oxides. Molybdenum held at the Fe and Al oxide

surfaces is not readily available to plant. Smith and Leeper (1969)
suggested that the Mo bound to Fe and Al oxides could be thought of as a
semi-permanent form.. Although extractable Mo may not represent readily
available Mo, it is still useful in evaluating Mo status of soil (e.g. the
capacity of soil to supply Mo) for plant need since the amount of Mo in
soil solution is so small that it is very difficult to detect by the

conventional thiocyanate method.

Relationships between Mo Concentrations in Plant and Soil

Relationship between Mo Concentration in Plant Top and

Mo Concentration in Nodule

There was a highly significant correlation between Mo
concentration in plant top and Mo concentration in nodule (Fig. 1.6).
According to the curve, plant Mo concentration at very low nodule Mo
concentration (e.g. less than 1.0 ppm) was higher than that at nodule Mo
concentration in the range of 1.0 to 3.0 ppm, suggesting that Mo in -
plant top was transferred to the nodule. A similar translocation pattern
was also observed in soybean (Ishizuka, 1982). During the early growing
period, the Mo in soybean cotyledons was at First translocated mainly to
stems, and then to roots. With growth of the nodules, the Mo was
intensively transferred to the nodules.

As the Mo concentration in nodule increased, the Mo
concentration in the desmodium top increased exponeﬁtially (Fig. 1.6),
suggesting that when Mo concentration in nodule was adequate for nitroge¥

nase activity, excess Mo was transferred to the plant top. Plant top then
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was the main sink for Mo.

Relationship between Mo Concentration in Plant Top and

Extractable Mo in Soil

Tﬁere was a highly significant correlation between Mo concen-
tration in plant top and extractable Mo in the Wahiawa soil;éfter harvesting
(Fig. 1.7). Molybdenum concentration in the top increased as extractable
Mo increased. This result indicated that Mo accumulation in the top
depend on Mo concentration in soil which may be considered as external Mo.
Although extractable Mo is not Mo in soil solution as discussed before, it
can be useful as one of the criteria to assess Mo response in plant since

it is correlated with Mo concentration in plant top.

Relationship between Mo Concentration in Nodule and

Extractable Mo in Soil

There was a highly significant correlation between Mo concen-
tration in nodule and extractable Mo in~soil (Fig. 1.8). Molybdenum
concentration in nodul%}linearly increased as extractable Mo increased
suggesting that Mo concentration in nodule also depended on Mo concen-
tration in soil. Franco and Munns (1981) who worked with Phaseolus
vulgaris concluded that root Mo evidently varied the most with external

Mo, whereas nodule Mo varied the least.
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Relationship between Dry Matter ¥ield and Mo Concentration

in Plant Top

There was a highly significant correlation between dry matter
yield and Mo concentration in plant top (Fig. 1.11); Yield of desmodium
increased as Mo concentration in the top increased. However, when Mo con-
centration was higher than 0.9 ppm yield tended to decline, suggesting that
high level of Mo would have a negative effect on plant growth. There was
also a highly significant correlation between relative yield and Mo concen-
tration in the top (Fig; 1.12). The critical Mo concentration in plant top

required to obtain an optimum yield was 0.2 ppm.

Relationship between Dry Matter Yield and Extractable Mo in

Soil

There was a significant correlation between dry matter yield
and extractable Mo in soil (Fig. 1.13). Dry matter yield of desmodium
increased as extractable Mo increased with a correlation coefficient of
0.452. This coefficient is smaller than that obtained from the relation-
ship between yield and Mo concentration in plant top or in nodule. There
was a significant correlation between relative yield and extractable Mo in
soil (Fig. 1.14). The extractable Mo in soil required to obtain an
optimum yield of desmodium was 0.47 ppm.

In considering the relative importance of the correlations between
relative yield and Mo coﬁcentration in nodule, Mo concentration in plant
top, and extractable Mo, the coefficients of determinatiop and the degree
of scatter observed in Fig. 1.10, 1.12, and 1.14 indicated that the Mo
concentration in nodule was the most highly correlated : index with relative

yield.
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Relationship between N and Mo Concentrations

Relationship between Plant N Concentration and

Mo Concentration in Nodule

There was a highly significant correlation between N concen-
tration in plant top and Mo concentration in nodule (Fig. 1.15). Nitrogen
concentration increased as Mo concentration increased, indicating that
N concentration in plant top depends on Mo concentration in nodule,
Nitrogen fixation in nodules is believed to increase as Mo concentration
increases since Mo is required for nitrogenase enzyme responsible for
nitrogen fixation. As nitrogen fixation increases, N concentration in

plant top should increase.

Relationship between Plant N and Mo concemtrations

There was a highly significant correlation between N and Mo
concentrations in plant top. Nitrogen concentration increased as Mo con-
centration in the top increased (Fig. 1.16). However, when Mo concentra-
tion was higher than 0.7 ppm N concentration decreased, suggesting that
high concentration of Mo is likely to have a negative effect on nitrogen
fixation., The reason that the correlation coefficient between N and Mo
concentrations in the top was lower than the coefficient between plant N
concentration and Mo concentration in nodule is due to the fact that Mo
in nodule directly influencé}N concentration through its role in nitrogen

fixation in nodule. In legumes Mo plays a more critical role in nodule

than in plant top.




114

3. 04
N
c
v}
N
c
1
N
P
L
A 4
N
T 1- 0—
; ] Y =1.57 + 0.13K
T 0. 5+ r = 0.856**
X

0. 0

M 1 M v M T M f v 1 M LI 1 L ] T
0 1 2 3 4 S 6 7 8 9 i0
MO CONC IN NODULE -« PPM

Fig. 1.15. Relationship between N concentration in plant top and Mo

concentration in nodule of Desmodium intortum grown in the
Wahiawa soil.




e VA= —=ZDrv =2x=— OZGOH =Z

™~

Fig. 1- 16-

3. 0—

1- 0"“
. Y= 0.75 - 2.65% + L.uoxl/?
0. 5+
J r = 0.841**
0.0
h | ] I 1 3 o ) | I | | M LD v 1 v  §
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1. 4

MO CONC IN PLANT TOP - PPM

Relationship between N and Mo concentrations in the top of Desmodium intortum grown
in the Wahlawa soil,

STT



116

Relationship between Plant N Concentration and

Extractable Mo in Soil

There was a highly significant correlation between N concen-
tration in plant top and extractable Mo in soil (Fig. 1.17). Nitrogen
concentration increased as extractable Mo increased. The correlation
coefficient of this relationship (0.620) was lower than that of the
relationship between N concentration and Mo concentration in plant top
(0.841) and that of the relationship between N concentration and Mo
concentration in nodule (0.856).

Iqbonsidering the correlation coefficlents of the relationships
between N concentration and Mo concentration in nodule, Mo concentration
in plant top, and extractable Mo, it was indicated that the Mo concentra-
tion in nodule was the most highly correlatéd:  index to N concentration
in plant. The high correlation between Mo concentration in nodule and
N concentration was due to the nitrogen fixation system that requires Mo

locates in the nodule.

Relationship between Nitrogenase Activity and Mo Concentrations

Relationship between Nitrogenase Activity and Mo

Concentration in Nodule

There was no significant correlation between nitrogenase
activity and Mo concentration in nodule. However, at low concentration
of Mo in nodule (i.e. from 1 to 4 ppm), nitrogenase activity increased

as Mo concentration in nodule increased (Fig. 1.18). This relationship
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revealed that when Mo concentration in nodule was low and seems inadequate
for the requirement of nitrogenase enzymes, increasing Mo concentration
in nodules increased nitrogenase activity up to a critical point where

Mo concentration might be adequate for nitrogenase activity. When Mo
concentration in nodule was adequate, thg correlation between Mo concen-

ad J

tration and nitrogenase activity becamcigéignificant. According to a
scatter diagramn, i%—ma;jépp:oximate that-the critical Mo concentration in
nodule for high activity of nitrogenase was 4 ppm. For other legumes,
Jensen (1946) reported that the critical Mo concentration in nodules for
full activity of nitrogen fixation in alfalfa and clover was 10 and 4.8

ppm, respectively.

Relationship between Nitrogenase Activity and

Mo Concentration in Plant Top

There was no significant correlation between nitrogenase
activity and Mo concentration in plant top. The correlation coefficient
of this relationship (0.126) was lower than that between nitrogenase
activity and Mo concentration in nodule (0.479). Iack of the relation-
ship between nitrogenase activity and Mo concentration in plant top
suggests that Mo concentration in this plant part does not reflect the

influence of Mo on nitrogenase activity of legume.

Relationship between Nitrogenase Activity and

Extractable Mo in Soil

There was no significant correlation between nitrogenase
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activity and extractable Mo in soil, However there tended to be a
relationship betweeh nitrogenase activity and extractable Mo. The
correlation coefficient of this relationship was 0.427 (p = 0.06).

lack of a significant correlation between nitrogenase activity and
Mo concentration in plant and soil may partly be due to the variation of
acetylene reduction values and Mo concentration. Acetylene reduction
among replicated samples was quite variable, Molybdenum concentrations
in the top and nodule of plant as well as extractable Mo in soil were also
quite variable due to the very low concentration of Mo which made analysis

difficult,

Relationship between 3 and Mo Concentrations

Relationship between S Concentration in Plant Top and

Mo Concentrétion in ftbdule

There was a significant correlation between S concentration
in plant top and Mo concentration in nodule with a correlation coefficient
of 0.446. The relationship obtained by a scatter diagram (Fig. 1.19)
indicated that Mo concentration decreased as S concentration in plant top
increased. Sulfur concentration in plant top could reflect S concentration
in root; i.e. S concentration in plant top is high when S concentration
in plant root is high (Bouma,'1975). Therefore, S in the root may suppress
Mo translocation from root to nodule, such that Mo concentration in nodule
is decreased. The competitive effect between Mo and S was suggested by

Stout et al. (1951). More over, Fried (1948) has found precisely the
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same pattern of distribution of absorbed sulfates in alfalfa as Stout and
Meagher (1948) discovered for absorbed molybdate with tomato plant. These
findings may help to explain the competitive effect of sulfate and molyb-

date in plant.

Relationship between S and Mo Concentrations in Plant Top

There was no significant correlation between S and Mo concen-
trations in plant tog.. o'”Tl'?e’ relationship between S and Mo concentrations
in plant top, therefore, should not be used to determine the competitive
effect between Mo and S. The effect of S in decreasing Mo concentration
as reported by many researchers (Stout et al., 1951; Stout and Meagher,
1958; Gupta and MacLeod, 1975) should be due to the competitive effect
of S at the root. A high concentration of S at the root may block the
translocation of Mo to the top wﬁile 3 concentration in the top remains

unchanged. The total S concentration of red clover receiving S fertiligzer

up to 200 ppm S was not changed (Gupta and Macleod, 1975).

Relationship between S Concentration in Plant Top and

and Extractable Mo in soil

There was no significant correlation between S concentration
in plant top and extractable Mo in soll. The correlation coefficient of
the relationship was very low (0.067). This result suggested that molybdate

in soil had no effect of sulfate absorption by plant.
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Relationship between Cu and Mo Concentrations

Relationship between Cu Concentration in Plant Top and

Mo Concentration in Nodule

Although there was no significant correlation between Cu
concentration in plant top and Mo concentration in nodule (r = 0.427 and
p = 0.06), Cu concentration in plant top tended to increase as Mo concen-

tration in’quule increased.

Relationship between Cu and Mo Concentrations in Plant Top

There was no significant correlation between Mo and Cu concen-
trations in plant top. The correlation coefficient was 0.180 (p = 0.45).
The potential harmful effect of Mo regarding Mo-induced Cu deficiency in
animals should not occur because Mo concentration in desmodium top is
not exceptionally high and Cu concentration is in sufficient range.
Copper to Mo ratio was well above three, which was the ratio under which
Mo-induced Cu deficiency usually occurs (Alary et al., 1981). However,
as the Mo application rate increased, Cu/Mo ratio decreased significantly.
At the 4.0 kg Mo/ha soil-applied treatment, Cu/Mo ratio dropped from 153
to 11 (Table 1.22). Although the ratio of 11 was still safe for animals,
this ratio was obtained only;;ne cutting. For subsequent cutting of
desmodium, the Cu/Mo ratio may be lowered until it approaches the
harmful level. Thus the Cu/Mo ratio in legume tissue should be
determined for each cutting in order to monitor and control it within a

safe range for animals.




~~
Table 1,22
Effectsof Mo, S, and 1lime on the Cu/Mo ratio in the tops of Desmodium intortum grown in the Wahilawa
soil,
No lime Lime
Mo treatment No S S No S S Mean
____________________ Cu/MO TAtIO o e e
No Mo added 287 97 115 115 153 a
0.1 kg Mo/ha (seed applied) L 85 79 138 111 ab
0.5 kg Mo/ha (seed applied) 33 60 b5 61 50 be
2.0 kg Mo/ha (soil applied) 30 13 35 H 28 c
4,0 kg Mo/ha (soil applied) 10 13 11 8 11 ¢
100 53 57 71
Mean 77 a 64 a
No S S
Mean 79 a 62 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.

2T
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Relationship between Cu Concentration in Plant Top and

Extractable Mo in Soil

There was no significant correlation between Cu concentration
in plant top and extractable Mo. The correlation coefficient of the
relationship was 0.105 (p = 0.66). This result suggested that Mo in soil

had no effect on Cu absorption by desmodium.







Table 1.23.

Effects of Mo, S and lime on the dry matter yleld of Desmodium intortum grown in the Paaloa soil.

No lime Lime
Mo treatment No S S No S s Mean

-- “=~ gfPOt === e e
No Mo added 2.63 6.53 19.73 15.63 11.13 a"
0.1 kg Mo/ha (seed applied) 7.46 7.77 12.90 26.87 13.75 a
0.5 kg Mo/ha (seed applied) 8.63 6.93 17.50 31.00 16.02 a
2.0 kg Mo/ha (soil applied) 7.50 11.53 13.50 19.07 12.90 a
4,0 kg Mo/ha (soil applied) 5.43 5.17 20.70 32.17 15.88 a

6.33 7.59 16.87 24,95

Mean 6.96 b 20.91 a

No S S

Mean 11.66 b 16.27 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.

42T
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and 105.8%, respectively, above that of desmodium receiving no Mo. The
results suggested that when growth of legume was limited by Al toxicity
and/or S deficiency, the plant may not respond to Mo application. When
Al toxicity was alleviated by liming and S fertilizer was applied, legume
responded to Mo. Lime and S are the important factors limiting the dry

the
matter yield of desmodium grown in,Paaloa soil.

Nodulation Response

Number of nodule-

Lime significantly increased the number of nodules of desmodium
grown igriaaloa soil (Table 1.24). Desmodium grown in unlimed soil did not
nodulate whereas that grown in limed soil nodulated very well indicating
that lime was the most critical factor essential for nodulation of desmodium
grown igt%aaloa soil,

Although Mo had no significant effect on nodule number of desmodium
when averaged over all S and lime rates, there was a trend indicating that
seed-applied Mo had a detrimental effect on Rhizobium inoculant since
nodule number of legume receiving seed-applied Mo was less than that of
legume receiving no Mo or soil-applied Mo at both 2.0 and 4.0 kg Mo/ha rates.

Sulfur applicatioﬁ?did not significantly increase nodule number of
desmodium when averaged over all Mo and lime rates. It was noted that while
S had no effect on nodule number of desmodium grown in limed soil. and
receiving soil-applied Mo, it tended to increase nodule number of desmodium

grown in limed soil and receiving seed-applied Mo. Nodule number of

desmodium receiving seed-applied Mo at 0.1 kg Mo/ha with S was 160.8%




Table 1.24,

ths
Effects of Mo, S and lime on number of nodules of Desmodium intortum grown in*Paaloa soll.

No lime Lime

Mo treatment No S S No S ] Mean
-—- e number -=+-- Rttt
No Mo added 0 0 598 496 274 a”
0.1 kg Mo/ha (seed applied) 0 0 293 764 265 a
0.5 kg Mo/ha (seed applied) 2 0 130 456 147 a
2.0 kg Mo/ha (soil applied) 0 1 561 264 207 a
4,0 kg Mo/ha (soil applied) 0 0 483 L84 242 g
0 0 413 493
Mean 0b 453 a
No S s
Mean 207 a 247 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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above that of desmodium receiving the same rate of Mo without S. Nodule
number of desmodium receiving seed-applied Mo at 0.5 kg Mo/ha with S was
250.8% above that of desmodium receiving the same rate of Mo without S.
Although the difference in nodule number was not statistically significant,
a definite trend is evident. Nodule number of desmodium receiving seed-
applied Mo with S tended to be higher than that of desmodium receiving
seed-applied Mo without S. It was also observed that nodule number of
plantj;eceiving seed-applied Mo at 0.1 kg Mo/ha with S was significantly
highe; than that of plané\receiving seed-applied Mo at 0.5 kg Mo/ha
without S. The results suggested that S alleviated the detrimental effect
of Mo salt to Rhizobium inoculant. Sulfur may help to increase the
multiplication of rhizobia that were not killed by Mo salt so that the

population of rhizobia is high enough to infect plant roots effectively.

Fresh Weight of Nodule

Lime significantly increased nodule fresh weight of desmodium
grown iﬁ:%aaloa soil (Table 1.25). The increase in nodule weight as
affected by lime was due to the influence of lime in increasing nodule
number (Table 1.24).

Although Mo had no significant effect on nodule fresh weight of
desmodium when average over all S and lime rates, Mo had a significant
effect on nodule weight of desmodium grown in limed soil without S appli-
cation. Nodule weight of desmodium receiving seed-applied Mo at 0.5
kg Mo/ha was significantly lower than that of desmodium receiving no Mo.
Although it was not significantly different, nodule weight of desmodium

recelving seed-applied Mo at 0.1 kg Mo/ha was 64.2% lower than that of




Ta,ble 1 .25.

the
Effects of Mo, S and lime on nodule fresh weight of Desmodium intortum grown in‘Paaloa soil.

No lime Lime

Mo treatment No S S No S S Mean
—- &/pot S
No Mo added 0d" 0d 6.78 ab 4.23 abed  2.75 a
0.1 kg Mo/ha (seed applied) 0d | 0.01 d 2.43 bed 8.47 a 2.73 a
0.5 kg Mo/ha (seed applied) 0.00d4 04 1.5 cd 6.84 ab 2.10 a
2.0 kg Mo/ha (soil applied) 04 0d 5.74 abc 3.80 abed 2.39 a
4.0 kg Mo/ha (soll applied) 04d 0ad 6.92 ab 7.40 a 2.58 a
0.002 0.002 4,69 6.15
Mean 0.002 b 5.42 a
No S S
Mean 2.34 a 3.08 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.

1€T






Table 1.26.

the

Effects of Mo, S and lime on nodule dry weight of Desmodium intortum grown in,Paaloa soil

No lime Lime

Mo treatment No S S No S S Mean

- - gfpot e e
No Mo added 0d 0d 1.14 ab  0.69 abed 0.46 a
0.1 kg Mo/ha (seed applied) 0d 04d 0.42 bed 1.43 a 0.46 a
0.5 kg Mo/ha (seed applied) 0d 04 0.21 cd 1.13 ab 0.34 a
2.0 kg Mo/ha (soil applied) 0d 0d 0.97 abc 0.66 abcd 0.41 a
4,0 kg Mo/ha (soil applied) 0d 04 1.16 ab 1.24 ab

0 0 0.78 1.03

Mean 0b 0.91 a

No S S

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Yo at 0.1 kg Mo/ha was 63.2% lower than that of legume receiving no iHo.
Nodule weight of desmodium receiving soil-applied Mo at both rates was
not significantly different from that of legume receiving no Mo.

When S was applied to desmodium grown in limed soil, there was no
significant difference in nodule dry weight of legume receiving various
rates of lo. However, S significantly increasd nodule weight of desmodium
receiving seed-applied Mo at bothAO.i and 0.5kg Mo/ha rates. ~odule
weight of desmodium receiving seed-applied Mo at 0.1 kg Mo/ha with S was
significantly higher than that of legume receiving the same rate of 1o
without S. MNodule weight of desmodium receiving 0.5 kg ‘o/ha with 3 was
also significantly higher than that of legume receiving the same rate of
Mo without S. The results suggested that although seed-applied Mo had a
detrimental effect on rhizobia and reduced nodulation, 3 gér%ilizer seems

to be—a—~factor alleviat%hg that effect by increasing the nodulation of

desmodium grown in limed Paaloa soil.

Influences of Mo, S and Lime on Some Chemical Composition in Plant

Nitrogen:

Liming significantly increased N concentration in plant top
(Table 1.27). ‘hen averaged over all Mo and S rates, lime increased 3
concentration by 40.3% above unlimed treatment. Molybdenum did not
significantly increase N concentration in plant top. HNitrogen concentra-
tion in the top of desmodium grown in unlimed soil and recelving various
rates of lMo was not significantly different among the treatments.

Molybdenum fertilizer had little effect on I concentration in the top of




Table 1.27.

the
Effects of Mo, S and 1lime on N concentratlon in the top of Desmodium intortum grown in,Paaloa soil.

No lime Lime

Mo treatment No S S No S ] Mean
% - -
No Mo added 2.2 2.03 3.4 2.98 2.67 a*
0.1 kg Mo/ha (seed applied) 2.50 2.39 2.98 3.08 2.74 a
0.5 kg Mo/ha (seed applied) 1.90 2.32 3.05 2.96 2.5 a
2.0 kg Mo/ha (soil applied) 2.5 1.88 3.1 2.82 2.66 a
4.0 kg Mo/ha (soil applied) 2.21 2,06 2.93 3.37 2.65 a
2.28 2.14 3.16 3.04

Mean 2.21 b 3.10 a

_NoS S

Mean 2.72 a 2.59 a

* Values of each factor followed by the same letter are not significantly different at the

5% probabllity level according to Duncan's Multiple Range Test.
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desmodium grown in unlimed soil because the plant had no nodule.
r

-

Therefore, 1 concentration in plant top was likely to have been obtained
from soil N and not from the nitrogen fixation process which requires Mo.

Sulfur had no significant effect on I concentration in the top of plants.

Phosphorus

There was no significant difference in P concentration in the
tops of desmodium receiving various rates of Mo, S and lime (Table 1.28).
Molybdenum did not significantly increase P concentration in plant tops.
Sulfur and lime also had little effect on P concentration., Due to the
lack of nodules in legume grown in unlimed soil, it should be noted,
therefore, that P concentrations in the tops of non-nodulated and nodulated

desmodium were similar.

Potassium:

Molybdenum application did not significantly increase K
concentration in the tops of desmodium grown in Paaloa soil (Table 1.29).
Liming significantly decreased K concentration. The effect of lime was 1in
accord with the results reported by Andrew and Johnson (1976). The
change in K concentration in plant tops as influenced by lime may be due
to the effect of Ca on X absorption or to the capacity of plant to preserve

cation balance.

Calcium:

Molybdenum application did not significantly increase Ca




Table 1.28,

the
Effects of Mo, S and lime on P concentration in the top of Desmodium intortum grown in,Paaloa soil.

No lime Lime

Mo treatment No S S No S S Mean
B mmmmm——— e
»*
No Mo added 0.23 0.28 0.28 0.32 0.28 a
0.1 kg Mo/ha (seed applied) 0.32 0.32 0.29 0.24 0.29 a
0.5 kg Mo/ha (seed applied) 0.27 0.35 0.35 0.22 0.30 a
2.0 kg Mo/ha (soil applied) 0.34 0.27 0.33 0.32 0.32 a
4,0 kg Mo/ha (soil applied) 0.32 0.31 0.27 0.28 0.30 a
0.30 0.31 0.30 0.28
Mean 0.30 a 0.29 a
No S S
Mean 0.30 a 0.29 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Ta.ble 1 -29.

the
Effects of Mo, S and 1lime on K concentration in the top of Desmodium intortum grown in,Paaloa soil.

No lime Lime
Mo treatment No S S No S S liean
———— % - e o e e e
No Mo added 2.81 3,24 2.49 2.72 2.82 a2
0.1 kg Mo/ha (seed applied) 3.73 3.89 2.99 2.14 3.19 a
0.5 kg Mo/ha (seed applied) 3.64 3.33 2.63 1.98 2.90 a
2.0 kg Mo/ha (soil applied) 3.69 3.39 J.41 2,52 3.26 a
4.0 kg Mo/ha (soil applied) 3.74 4,05 2.19 2.72 3.05 a
3.53 3.58 2.74 2.32
Mean 3.55 a 2.53 b
No S S
Mean 3.13 a 2.95 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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concentration in plant tops of desmodium.grown in Paaloa soil (Table 1.30).
Liming significantly increased Ca concentration while S had little

effect.

Magnesium:

Molybdenum had no significant effect on lig concentration in
the top of desmodium (Table 1.31). Hagnesium concentration did not change
when Mo was applied as seed coating or as soil treatment. Sulfur also
did not affect llg concentration. Lime, however, significantly decreased
Mg concentration. The effect of lime in decreasing Mg concentration was
likely due to the capacity of the plants to preserve cation balance

(Andrew and Johnson, 1976).

Sulfur:

Molybdenum had no significant effect on S concentration in
plant top (Table 1.32). Sulfur also had no significant effect on S
concentration. Lime significantly decreased S concentration in plant top.
Sulfur concentration in the toﬁ;of desmodium grown in limed soil was
25.0% lower than that of desmodium grown in unlimed soil. The reason that
S concentration in the top of desmodium grown in limed soil was lower
than that of legume grown in unlimed soil may be due to a "dilution
effect" of growth since yield of desmodium grown in limed soil was much
higher than that of legume grown in unlimed soil. It should be noted +that
although S concentration in desmodium grown in limed soil was lower than

that of plant grown in unlimed soil, S concentration was still high when




Table 1.30.

the

Effects of Mo, S and lime on Ca concentration in the top of Desmodium intortum grown in,Paaloa soil,

No lime Lime

Mo treatment Ko S S No S S Mean
B cmmmmmmm— e ————————
No Mo added 0.60 0.85 1.54 1.93 1.23 a"
0.1 kg Mo/ha (seed applied) 1.35 1.02 1.52 1.46 1.34 a
0.5 kg Mo/ha (seed applied) 0.86 1.33 1.54 1.47 1.30 a
2.0 kg Mo/ha (soil applied) 1.21 0.87 1.52 1.73 1.33 a
4.0 kg Mo/ha (soill applied) 1.04 1.00 1.54 1.57 1.29 a
1.01 1.01 1.53 1.63
Mean 1.01 b 1.58 a
No S S
Mean 1.27 a 1.2 a

* Values of each factor followed by the same letter

5% probability level according to Duncan's Multiple Range Test.

are not significantly different at the
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Table 1.31.

the
Effects of Mo, S and 1ime on Mg concentration in the top of Desmodium intortum grown in,Paaloa soil.

No lime Lime

+

Mo treatment No S S No S - S Mean

% - o o
No Mo added | 0.7 0.45 0.22 0.30 0.3 a
0.1 kg Mo/ha (seed applied) 0.42 0.9 0.32 0.22 0.3 a
0.5 kg Mo/ha (seed applied) 0.4 o4l 0.30 0.22 0.34 a
2.0 kg Mo/ha (soil applied) 0.43 0.43 0.3 ° 0.28 0.37 a
4.0 kg Mo/ha (soil applied) 0.46 0.51 0.22 0.26 0.36 a

0.4l 0.47 0.28 0.25
Mean 0.45 a 0.36 b
No S S
Mean 0.36 a 0.3 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1 0320

the
Effects of Mo, S and lime on S concentration in the top of Desmodium intortum grown in,Paaloa soil.

+ No lime Lime
Mo treatment No S S No S S Mean
%
NO MO. added ) 0.38 0.""2 0.30 0-39 0.3? a*
0.1 kg Mo/ha (seed applied) 0.47 0.47 0.37 0.27 0.39 a
0.5 kg Mo/ha (seed applied) 0.42 0.4 ’ 0.37 0.24 0.37 a
2.0 kg Mo/ha (soil applied) 0.48 0.1 044  * 0.35 0.42 a
4.0 kg Mo/ha (soil applied) 0.47 0.9 0.29 0.31 0.9 a
0.l 0.45 0.35 0.31
Mean 0.44 a 0.33 b
No S S
Mean 0."’0 a. 0-38 8.

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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compared to the S critical level of 0,15 to 0.18% in desmodium as
suggested by Andrew (1977). Despite the fact that S concentration in
plant top was higher than their suggested critical level, desmodium still
responded to-S application (Table 1.22). Sulfur concentration in plant

top alone appears to be not enough for evaluation of plant response.

Iron:

Molybdenum and S had no significant effect while lime
significantly decreased Fe concentration in desmodium tops (Table 1.33).
Iron concentration in plants grown in limed soil was decreased 30.1% from
those grown in unlimed soil., The decrease in Fe concentration was likely
due to a "dilution effect" of growth and/or the decrease of Fe availability

in soil as the soil pH was raised.

Manganese:

Manganese concentration in the tops of desmodium receiving
seed-applied iio at 0.5 kg Mo/ha was significantly lower than in those of
desmodium receiving no Mo or seed-applied Mo at 0.1 kg No/ha but was not
significantly lower than in those of desmodium receiving soil-applied Mo
at both 2.0 and 4.0 kg Mo/ha (Table 1.34). Manganese concentration in
the tops of desmodium receiving no Mo, seed-applied io at 0.1 kg ¥o/ha
and the two rates of soil-applied Mo were not significantly different
among them. Sulfur had 1little effect on Mn concentration., ILime signifi-
cantly decreased Mn concentration. Manganese concentration in desmodium
grown in limed soil was 54.0% lower from that in legume grown in unlimed

soil when averaged over all lMo and S rates.




Table 1.33.
the
Effects of Mo, S and 1lime on Fe concentration in the top of Desmodium intortum grown in,Paaloa soll.

> No lime Lime
Mo treatment No S S No S S Mean
=== ppm

No Mo added . 190 230 129 165 159 a*
0.1 kg Mo/ha (seed applied) 164 267 169 130 154 a

0.5 kg Mo/ha (seed applied) 178 162 ‘ 135 142 154 a

2.0 kg Mo/ha (soil applied) 289 213 200 . 123 167 a

4,0 kg Mo/ha (soil applied) 178 221 121 149 154 a

200 219 151 142
Mean 209 a 146 b
No S S
Mean 175 a 180 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.

i



Table 1. 3"'"
the
Effects of Mo, S and 1ime on Mn concentration in the top of Desmodium intortum grown in Paaloa soil.

N No lime Lime

Mo treatment No S S No S S Mean
ppm
No Mo added 197 178 72 6k 128 a"
0.1 kg Mo/ha (seed applied) 160 197 110 66 128 a
0.5 kg Mo/ha (seed applied) 137 114 60 uly 89 b
2.0 kg Mo/ha (soil applied) 126 132 107 . 78 111 ab
4,0 kg Mo/ha (soil applied) 162 174 62 81 120 ab
156 159 82 63
Mean 158 a 72 b
No S S
Mean 119 a 111 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Copper:

There were no significant differences among Cu concentrations
in desmodium tops receiving various rates of lio by seed coating or by
soil application (Table 1.35). Sulfur had no effect on Cu concentration.
Lime, however, significantly decreased Cu concentration. Yhen averaged
over all o and 3 rates, Cu concentration in tops of desmodium grown in

limed soil was 19.5% lower than that of plant grown in unlimed soil,
Zinc:

tiolybdenum had no significant effect on Zn concentration in
desmodium tops since the concentration did not change when various rates
of Mo was applied (Table 1.36). Sulfur also had no significant effect on

Zn concentration. Lime significantly decreased Zn concentration.

Silicon:

Silicon concentration in desmodium tops receiving soil-applied

Yo at 2.0 kg Mo/ha was significantly higher than in those receiving seed-
applied o at 0.5 kg ’0/ha but was not significantly higher than in those
receiving other rates of Mo (Table 1.37). The reason that Si concentra-
tion in plant receiving seed-applied Mo at 0.5 kg Yo/ha was lower than in
those receiving other rates of lio was probably due to a "dilution effect”
of growth since the dry matter yield ofvthis treatment was higher than
other treatments (Table 1.22), Silicon concentration in desmodium tops
receiving no Mo, seed-applied Mo at 0.1 kg Mo/ha and soil-applied Mo at

both rates were not significantly different from each other.




Table 1.35.

the

Effects of Mo, 8 and lime on Cu concentration in the top of Desmodium intortum grown in, Paaloa soil.

s No lime Lime

Mo treatment No S S No S S Mean
2
No Mo added | 11.7 9.3 6.7 6.3 8.5a
0.1 kg Mo/ha (seed applied) 7.3 8.7 7.3 7.3 7.7 a
0.5 kg Mo/ha (seed applied) 10.0 8.7 8.3 7.0 8.5 a
2.0 kg Mo/ha (soil applied) 9.3 10.3 7.7 7.7 8.8 a
4,0 kg Mo/ha (soil applied) 8.0 7.7 7.7 7.3 7.7 a
9.3 8.9 7.5 7.1
Mean 9.1 a 7.3 b
_NoS S
Mean 8.4 a 8.0 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1.36.

the

Effects of Mo, S and lime on Zn concentration in the top of Desmodium intortum grown in,Paaloa soil.

N No lime Lime

Mo treatment No S ] No S S Mean
bpm
No Mo added | 54.6 56.7 39.0 U7 48.8 a"
0.1 kg Mo/ha (seed applied) 53.0 53.7 46.0 36.0 47.2 a
0.5 kg Mo/ha (seed applied) 53.3 56,7 47.3 36.0 48.3 a
2.0 kg Mo/ha (soil applied) 55.0 49.3 47.0 43.3 48.7 a
4,0 kg Mo/ha (soil applied) 62.3 56.3 39.7 40.0 49.6 a
55'? 5405 u’3.8 u’o.o
Mean 55.1 a 41.9 b
_Nos§ s
49,7 a 47.3 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1.37.
the
Effects of Mo, S and 1lime on Si concentration in the top of Desmodium intortum grown in,Paaloa soil.

v No lime Lime
Mo treatment No S S No S S Mean
4
No Mo added | 1.15 1.34 0.95 1,07 1.13 ab"
0.1 kg Mo/ha (seed applied) 1.50 1.66 1.28 0.83 1.32 a
0.5 kg Mo/ha (seed applied) 1.15 1.77 1.10 0.77 1.05 b
2.0 kg Mo/ha (soil applied) 1.42 1.38 1.21 . 1.0 1.28 a
4,0 kg Mo/ha (soll applied) 1.40 1.43 0.89 1.04 1.19 ab
1.32 1.40 1.08 0.97
Mean 1.36 a 1.03 b
No S S
1.21 a 1.18 a

Mean

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Lime significantly decreased Si concentration. This similar effect
of lime on Si concentration was also observed in desmodium grown in
Yahiawa soil at the previous greenhouse experiment. Sulfur had no

significant effect on 31 concentration.

Aluminum:

Alumunum concentration in desmodium tops receiving soil-applied
Yo at 4.0 kg lo/ha was significantly lower than those receiving seed-applied
Yo at 0.5 kg o/ha (Table 1.38). Aluminum concentrations in plant receiving
no o, seed-applied Yo at 0.1 kg Yo/ha and soil-applied o at both rates
were not significantly different from each other. Sulfur tended to reduce
Al concentration. Iime also tended to reduce Al concentration. It should
be noted that Al concentration in the top of desmodium grown in unlimed
soil was not significantly higher than in that of plant grown in limed
soil although Al toxicity symptom was observed in plants grown in unlimed
soil. Those results suggest that Al concentration in plant tops is not

a good criterion to assess Al toxicity level.

Influences of lMo, S and Lime on Mo Concentration in Plant and Soil

Molybdenum Concentration in nodule

Desmodium did not nodulate when lime was not applied.
Molybdenum concentration in nodule, therefore, could not be determined.
For limed soil, iio application significantly increased o concentration in
nodule (Table 1.39). Molybdenum concentration in nodule of desmodium

receiving soil-applied lio at 4.0 kg Mo/ha was significantly higher than




Table 1.38.

the
Effects of Mo, S and 1lime on Al concentration in the top of Desmodium intortum grown in,Paaloa soil.

No lime . Lime

¥
Mo treatment No S S No S S Mean
- ppm
No Mo added 488 260 222 315 321 ab’
0.1 kg Mo/ha (seed applied) 243 231 340 306 280 ab
0.5 kg Mo/ha (seed applied) L88 288 4o6 335 379 a
2.0 kg Mo/ha (soll applied) 280 24 279 . 195 270 ab
4,0 kg Mo/ha (soil applied) 171 21 105 203 180 b
334 269 271 27
Mean 301 a 271 a
No S S
Mean 302 a 270 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1.39.

the

Effects of Mo, S and 1lime on Mo concentration in nodule of Desmodium intortum grown in,Paaloa soil.

N No lime Lime
Mo treatment No S S No S ] Mean
ppm
No Mo added - - 2.33 2.75 1.27 ¢
0.1 kg Mo/ha (seed applied) - - 2.88 3.07 1.49 ¢
0.5 kg Mo/ha (seed applied) - - 2.81 6.39 2.30 c
2.0 kg Mo/ha (soll applied) - - 8.23 9.83 4.52 b
4,0 kg Mo/ha (soil applied) - - 12.29 14,04 6.58 a
- - 5071 7'22
Mean - 6.46 a
No S S

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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those of desmodium receiving other rates of io. i‘olybdenum concentration
in nodule of desmodium receiving soil-applied Mo at 2.0 kg Mb/ha was signifi-
cantly higher than those of plant receiving no Yo and seed-applied Yo at
both rates. Although o concentration of plant receiving seed-applied Yo
at 0.5 kg Yo/ha was 81.17% above that of plant receiving no o, the different
was not significant. Molybdenum concentration of plant receiving seed-
applied Ko at 0.1 kg lo/ha was not significantly higher than that of plant
receiving no lo.

Lime significantly affected Mo concentration in nodule. However,
there was no nodule development in plants grown in unlimed soil.
Therefore the effect of lime was due to its influence on nodulation.
Sulfur did not significantly affect Mo concentration in nodule of desmodium

growvn in Paaloa soil.

Yolybdenum Concentration in Plant Top

The stunted growth of plants from unlimed treatment required
the pooling of treatment replications for Mo analysis, thereby precluding
statistical evaluation of the data. The trends and differences, however,
tended to accord with the previous study on the effects of o, S and lime
on desmodium grown in Wahiawa soil. MNolybdenum concentration in the top
of desmodium receiving soil-applied lio at 4.0 kg Mo/ha was the highest

Table 1.40). liolybdenum concentration of plant receiving soil-applied ¥o
at 2.0 kg Mo/ha was 09.8%%, 329.4:5, and 1116.7% higher than those of plant
receiving seed-applied o at 0.5 kg lo/ha, 0.1 kg ¥o/ha and no Ko,
respectively, Lime also increased Me concentration in plant top. Sulfur

had little effect on Mo concentration.




Table 1.40.

the

Effects of Mo, S and lime on Mo concentration in the top of Desmodium intortum grown in,Paaloa soil.

N No lime Lime
Mo treatment No S S No S S Mean
~ ppm -
No Mo added . 0.01 0.08 0.09 0.08 0.06
0.1 kg Mo/ha (seed applied) 0.2k 0.17 0.13 0.13 0.17
0.5 kg Mo/ha (seed applied) 0.35 0.76 0.99 0.82 0.43
2.0 kg Mo/ha (soil applied) 0.26 0.19 0.47 0.79 0.73
4,0 kg Mo/ha (soil applied) 0.73 1.23 1.92 1.88 1.44
0.32 0.49 0.72 0.74
Mean 0.40 0.73
_Nos S
0.52 0.61

Mean

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.,
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‘lhen rio concentrations in the top of desmodium grown in unlimed
(nonnodulated plant) and limed (nodulated plant) soil were plotted against
the amounts of Mo applied by seed coating or soil application, a similar
trend of relationship between io concentration and seed-applied or soil-
applied was observed (Fig. 1.20). At the same rate of soil-applied Mo,

Mo concentration in the top of nodulated plant (limed treatment) was

higher than in nonnodulated plant (unlimed treatment). At no-¥o and 0.5

kg lio/ha seed-applied lio treatment, lio concentration in nodulated plant
(1imed treatment) was also higher than in nonnodulated plant {unlimed
treatment) (Fig. 1.20). The results suggested that nodulated plant
absorbed more Mo from soil than nonnodulated plant. The reason for this
effect was probably due to the high requirement of o for nitrogen fixation

of nodulated plant.

ixtractable o in 30il after Harvesting

Molybdenum application significantly increased extractable ®o
in soil (Table 1.41). =xtractable ¥o in soil with soil-applied Yo at 4.0
kg Fo/ha was significantly higher than in soil added with Mo at other rates.
Ixtractable "o in soil with soil-applied 1o at 2.0 kg Ro/ha was not
significantly higher than that in soil with seed-applied o at 0.5 kg ¥o/ha
but was significantly higher than that in soil with soil-applied Mo at
0.1 kg Yo/ha and no lio. =Extractable o obtained from the 0.5 kg i‘o/ha
seed-applied treatment was not significantly higher than that obtained
from the 0.1 kg Mo/ha seed~applied treatment but was significantly higher
than that obtained from the no-io treatment. Sulfur and lime had no effect

on extractable o in soil after harvesting.
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Figs 1.20. Effects of seed-applied and soil-applied Mo, with or without
lime, on Mo concentration in the top of Desmodium intortum
grown in the Paaloa soil,




Table 1.41,

the
Effects of Mo, S and lime on extractable Mo in,Paaloa soll after harvesting Desmodium intortum.

No lime Lime

Mo treatment No S S lio S S Mean
------------------- Ppm Bttt bttt
No Mo added 0.34 0.32 0.34 0.39 0.35d
0.1 kg Mo/ha (seed applied) 0.41 0.3 0.38 0.45 0.40 cd
0.5 kg Mo/ha (seed applied) 0.41 0.42 0.56 0.40 0.45 be
2.0 kg Mo/ha (soil applied) 0.45 0.63 0.4 0.52 0.51 b
4.0 kg Mo/ha (soil applied) 0.84 0.79 0.90 0.81 0.84 a
0.49 0.50 0.53 0.51

Mean 0.50 a 0.52 a

_NoS s

Mean 0.51 a 0‘51 a

* Values Jf each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Relationship between Ilo Concentrations in Plant and Soil

Relationship between Mo Concentration in Plant Top and

o Concentration in XNodule

There was a highly significant correlation between o
concentration in plant top and o concentration in nodule of desmodium
grown in Paaloa soil (Fig. 1.,21). The shape of the curve drawn from a
scatter diagram was similar to that drawn from a diagram of the relation-
ship of desmodium grown in Yahiawa soil (Fig. 1.6). The results suggest
that the relationship between lio concentration in top and nodule of

legume grovn in different soil types was the same.

Relationship between Mo Concentration in Plant Top and

tractable ¥o in Soil

There was a highly significant coxrrelation between lio
concentration in desmodium top and extractable ¥o in soil (Fig, 1.22).
FMolybdenum concentration increased as extractable 1o increased. The
result suggested that although there were some factors (e.g. Al toxicity,
S deficiency) limiting plant growth, lo concentration in top was still

dependent on extractable ¥o in soil.
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Relationship between Try lMatter Yield and o Concentrations

Relationship between Dry Matter Yield and Yo Concentration

in Nodule

There was a highly significant correlation between dry matter
yield and Mo concentration in nodule. “he yield of desmodium increased as
the Mo concentration in nodule increased (7ig. 1.23). “here was a highly
significant correlation between relative yield and Mo concentration(Fig, 1.24),
The Mo critical level could not be determined because lime and S were
limiting factors for plant growth. The magnitude of a response curve was
low suggesting that the response of desmodium to Mo was low. The low
response of Mo was due to the strong influences of Al toxicity. The dry
matter yields obtained from desmodium receiving high rates of Mo without
lime were low while the Mo concentration of plants receiving the same
treatment were high (Table 1.23). The results suggested that the critical
level of lo concentration cannot be defined when there were factors other

than Mo limiting plant growth.

Relationship between "ry Yatter ¥Yield and ‘o Concentration

in Plant Top

There was no significant correlation between dry matter yield
and Yo concentration in plant top (Fig. 1.25). There was also no significant
correlation between relative yield and Mo concentration (Fig. 1.26).

Lack of a significant difference between dry matter yield or relative yield

and Mo concentration was due to Al toxicity and S deficiency in the

Paaloa soil,
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Relationship between Dry ratter Yield and Extractable Yo

in Soil

There was no significant correlation between dry matter yield
and extractable i‘o as shown in the scatter diagram (Fig. 1.27).
The correlation coefficient of the relationship was 0,176 (p =
0.46)., There was also no significant correlation between relative yield
and extractable Mo (Fig. 1.28). The correlation coefficient of the
relationship was 0.176 (p = 0.46). Lack of the significant correlation
between yield and extractable Mo was due to Al toxicity and/or S deficiency.
fxtractable Ko was significantly increased when rates of llo application
increased (Table 1.41) but yield did not significantly increase when lo-

applied rates were increased.

Relationship between N Concentration in Plant Top and

1’0o Concentrations

Relationship between 7 Concentration in Plant Top and

7o Concentration in odule

There was a highly significant correlation between I
concentration in the top and Mo concentration in nodule of desmodium
grown in Paaloa soil (Fig. 1.29). !itrogen concentration in top increased
as Mo concentration in nodule increased. The fact that 1o is required
for nitrogenase enzyme responsible for nitrogen fixation is the reason
for the increase of ii concentration in plant top when Mo concentration in

nodule increased.




Fig. 1.27.

OfFMr DPM—A-DX <XDO

1 v T M T M 1 M ! M 1

0.0 0.2 0.4 0.6 0.8 1.0
EXTRACTABLE MO IN SOIL - PPM

“1QONG -
o
|

Relationship between dry matter yleld of Desmodium intortum and extractable Mo in the
Paaloa soil,

Lo1

T CEoEm N wesev o



Fig. 1.28.

100 A
A
-
R
£ 804 é
L
A 4
T A
I 60-- A A
v A
£ 4 A
Y 40 a 8
I B a
E 1 A
A
D 20— ns A 8,48
. r= 0,176 A &
. i A
0
M ) M T v ] M 1 M H
0.0 0.2 0.4 0.6 0.8 1.0

EXTRACTABIE MO IN SOIL » PPM

Relationship between relative yield of Desmodium intortum and extractable Mo in the
Pagloa soil,

89T



[ o
N
C
a
N
C
1
N
P
L
A
N
T
T
0
P
A
Figl 1-29.

- r = 0.675
0. 5
0. 0—
| 1 M || v ' M T M T M 1 M 1 v T
0 2 4 6 8 10 12 14 16

MO CONC IN NODULE « PPM

Relationship between N concentration in plant top and Mo concentration in nodule of

Desmodium intortum grown in the Paaloa soil.

691



170

Relationship between I and Mo Concentrations in Plant Top

There was no significant correlation between i and o concen-
tration in the top of desmodium (Fig. 1.30). The correlation coefficient
was 0.236 (p = 0.32). Iitrogen concentration did not increase as o
concentration increased, suggesting that under condition in which factors
other than Mo 1limit plant growth, 11 concentration as affected by *o is

likely not correlated with Mo concentration.

Relationship between ¥ Concentration in Plant Top and

IxXtractable Mo in Soil

There was no significant correlation between '/ concentration
in plant top and extractable o (Fig. 1.31). The correlation coefficient
of the relationship was 0.017 {p = 0.94). The lack of a significant
correlation was not unexpected because extractable rio significantly
increased when i‘o-applied rates increased but 1 concentration of desmodium

grown in unlimed soil did not increase.

Relationship between S Concentration in Plant Top and
Yo Concentrations
There was no significant correlation between S and o concen-
trations in plant top. The correlation coefficient of this relationship
was 0.129 {(p = 0.32). There was also no significant correlation between
3 concentration and extractable Fo in soil. The correlation coefficient
of this relationship was 0.034 (p = 0.80). However, there was a highly

significant correlation between S concentration in plant top and o
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concentration in nodule with a correlation coefficient of 0.511. 3Sulfur
concentration in plant top decreased as lio concentration in nodule
increased (Fig.1.32). A similar relationship was observed in the earlier

the
experiment on desmodium grown in,/ahiawa soil (Fig. 1.19).

Relationship between Cu Concentration in Plant Top and

Mo Concentrations

There was no significant correlation between Cu concentration
in plant top and o concentration in nodule of desmodium grown in the
Paaloa soil. The correlation coefficient of the relationship was 0.441
(r = 0,06). There was also no significant correlation between Cu and Mo
concentrations in plant tops The coefficient of the relationship was
04270 (r = 0425)s There was no significant correlation between Cu concen-
tration in plant top and extractable lio in soil after harvesting desmodium,
The coefficient of the relationship was 0.142 (r = 0.142). The results
indicated that there were no relationships between Cu concentration in
plant top and lMo concentrations in nodule, in plant top or extractable Ho

in soil,
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a.3. Iffects of lio, 3 and Lime on Growth, Vield and ‘Tutrient

Concentration of Centrosema pubescens Grown in the Wahiawa Soil

Yield Response

Molybdenum application significantly increased Centrosema
pubescens dry matter yield (Table 1.42). Centrosema plants receiving
no o produced significantly lower yield than those receiving various
rates of Mo, except the 0.1 kg Mo/ha seed-applied rate. Seed-applied Mo
at 0.5 kg Mo/ha produced the highest yield. However, that yield was not
significantly higher than yield obtained from other o treatments. Soll-
applied Mo at both 2.0 and 4.0 kg No/ha rates also produced high. yields.
Seed-applied Mo at 0.5 kg lMo/ha increased yield by 16.5% above the no-io
treatment whereas soil-applied !o at 2.0 and 4.0 kg No/ha increased
yield by 13.27 and 12.9%, respectively. Although the yield obtained from
the 0.1 kg ¥o/ha seed-applied iio treatment was not significantly different
from that obtained from other o treatments, the yield obtained from this
treatment was 10.8%, 7.3% and 7.17 lower from that ottained from 0.5
kg Yo/ha seed-applied o, 2.0 and 4.0 kg ¥o/ha soil-applied Vo treatments,
respectively. Dry matter yield obtained from 0.1 kg ¥o/ha seed-applied
o treatment also was not significantly different from that obtained from
the no-ltio treatment, suggesting that seed-applied o at this rate may not
be enough for optimum yield of centrosema grown in the Wahiawa soil. The
results indicated that seed-applied Mo at 0.5 kg Mo/ha was as effective
as soil-applied Mo at 2.0 and 4.0 kg Mo/ha. The same trend of Mo response

has also been observed with Desmodium intortum grown in Wahiawa and Paaloa

soils at the greenhouse experiments previously conducted.




Table 1.42.

‘ the
Effects of Mo, S and lime on dry matter yleld of Centrosema pubescens grown in,Wahiawa soil

No lime Lime

ko treatment ¥o S S No S S ean
_________________________ &/Pot e
No Mo added 7.7 9.77 10.07 8.40 8.85 b
0.1 kg Mo/ha (seed applied) 10.70 9.53 8.00 9.73 9.49 ab
0.5 kg Mo/ha (seed applied) 12.07 10.90 9.63 9.93 10.63 a
2.0 kg Mo/ha (soil applied) 11.03 9.10 10.80 10.03 10.24 a
4.0 kg Mo/ha (soil applied) 12.00 9.20 10.07 9.53 10.20 a
10.59 9.70 9.71 9.53

Mean 10.15a 9.62 a

_Nos 5

Mean 10.15 a 9.61 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Sulfur application did not significantly increase dry matter yield
of centrosema (Table 1.42). One explanation for the lack of S response
can be offered from the soil test data which indicated that this soil
contained 49 ppm available 3 (Ca(HZPOQ)Z-extractable 304-5). Correlation
studies by Fox et al. (1964) showed that 6 ppm of available 3 in the soil
was the critical level for 3 response. In the range of 6 to 10 ppm a
response to S might occur and above 10 ppm a response to 5 was unlikely.

Iime application did not significantly increase dry matter yield
of centrosema. However, comparison between lime and no-lime treatment
for legumes receiving no lio and no S revealed that liming increased
vield by 28.7% above the no-lime treatment. The result indicated that
lime had a tendency to increase yield. The positive effect of lime is
likely due to the influence of lime on Vo availability to plant since
¥o availability increases as soil pH increases and plant respond verv
well to Yo application. However, when o was applied along with lime,
effect of lime on yield became less significant than when o was not
applied,

It should be noted that the percentage yield increase of centrosema
due to o was lower than that of desmodium grown in the same soil and
receiving the same rates of ‘o applied. Centrosema responded to }o
application less than did desmodium. The difference in Vo response of
both legumes should be due to their seed size\;ng‘ﬁo concentration in the
seed. Although desmodium seed containsogof;,&é ééncentration (1.08 ppm)
than centrosema seed (0.597 ppm), the amount of ‘o per seed of desmodium

(0.002 ug) is lower than that of centrosema (0.014 ug) since seed size

of desmodium is smaller than that of centrosema. Desmodium, therefore,




requires more o from external sources than centrosema.which has a high

¥o reserve in the seed.

Nodulation Response

Number of Nodule:

Molybdenum and S application did not significantly increase
nodule number of centrosema but liming significantly increased nodule
number (Table 1.43). The effect of lime should be due to the fact that
lime provides good soil condition for rhizobia multiplication and
infection since acidity of soil prevents nodulation by inhibiting the
survival or multiplication of rhigzobia in soil or the initial build-up
of rhizobia populations in the rhizosphere ’“ulder and van Jeen, 1960;
Robson and Loneragan, 1970).

There was a significant interaction between S and lime. The results
indicated that when no lime was applied, 5 tended to increase nodule
number but when lime was applied, S tended to decrease nodule number.
A1lthough _ did not have a significant effect on number of nodules within
lime or no-lime treatments, it did have a significant effect between lime
and no-lime treatment. :lumber of nodules obtained from lime applied
without S was significantly higher than that obtained from no lime
applied with 3 treatment.

when S fertilizer vas not applied it was observed that although
there were no significant differences among nodule number of centrosema
recelving various rates of o without lime, there were significant

differences among those of centrosema receiving various rates of o with
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Table 1.43,

the

Effects of Mo, S and lime on number of nodule of Centrosema pubescens grown in,Wahlawa soil.

No lime Lime
Mo treatment No S S No S S Mean
I number TTTTTTTTTTTTTTTTTToT oIS
No Mo added 111 & 1M e 204 de 155 e 153
0.1 kg Mo/ha (seed applied) 85 e 174 de 395 ab 153 e 202
0.5 kg Mo/ha (seed applied) 81 e 96 e 147 e 286 abed 152
2.0 kg Mo/ha (soil applied) 110 e 221 bede 428 a 221 becde 245
4,0 kg Mo/ha (soil applied) 113 e 191 de 265 abcde 391 ab 240
100 ¢ 164 be 288 a 241 ab
Mean 132 b 265 a
No S S
Mean 194 a 203 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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lime (Table 1.43). The number of nodules of plants grown in limed soil

and receiving soil-applied o at 2.0 kg Mo/ha without S was higher than

that of plants receiving 0.5 kg Ho/ha seed-applied "o with lime but with-

out S, no ‘o without 3 but with lime, 0.1 kg o/ha seed-applied Yo with

lime and 3, or 2.0 kg l'o/ha soil-applied ¥o with S but without lime. It
should also e noted that nodule number of centrosema receiving seed-

applied ‘o without lime and 3 tended to be less than:that of other treatments,
The decrease in nodule number was due to the detrimantal effect of iio

salt to rhizobia in the inoculant as reported by many researchers

(Giddens, 1964; Z2urton and Curley, 1966).

Fresh ‘eight of :odule:

liolybdenum and S did not have significant effect on nodule
fresh weight of centrosema (Table 1.44). However, soil-applied Yo tended
to increase nodule fresh weight. Liming significantly incréased nodule
weight of centrosema. The influence of lime in increasing nodule weight
can be considered as a consequence of the effect of lime in increasing

nodule number.

Dry ‘Jeight of odule:

“olybdenum and lime significantly increased nodule dry weight
of centrosema (Table 1.45). 3Sulfur did not significantly increase nodule
weignt, 1liodule weight obtained from centrosema receiving no o, and
seed-applied Mo at 0.1 and 0.5 kg Mo/ha were not significantly different
from each other. Iiodule weights of centrosema receiving soil-applied Mo

at both rates were not significantly different from each other. FKHowever,




Table 1.44,

the
Effects of Mo, S and lime on nodule fresh weight of Centrosema pubescens grown in,Wahlawa soil.

No lime Lime

Mo treatment Xo S S No S S Mean
------------------------- g/pot e e e e
No Mo added 1.08 1.25 2.28 1.46 1.52 a"
0.1 kg Mo/ha (seed applied) 0.85 1.23 1.58 0.88 1.14 a
0.5 kg Mo/ha (seed applied) 0.98 0.85 1.42 1.76 1.25 a
2.0 kg Mo/ha (soil applied) 0.81 2.54 2.7 1.82 1.97 a
4,0 kg Mo/ha (soil applied) 1.1 1.03 2,06 2.36 1.72 a
1.03 1.38 2.47 1.66
Mean 1.21 b 2.07 a
No S S
Mean 1,75 a 1.52 a

* Values of each factor followed by the same letter are not signiflcantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1 014‘5-

Effects of Mo, S and lime on nodule dry welght of Centrosema pubescens grown in the Wahiawa soil.

No lime Lime
Mo treatment No S S No S S Mean
----------- &/pot -
*
No Mo added 0.11 0.14 0.30 0.16 0.18 ¢
0.1 kg Mo/ha (seed applied) 0.09 0.19 0.36 0.17 0.20 ¢
0.5 kg Mo/ha (seed applied) 0.15 0.15 0.23 0.41 0.23 be
2.0 kg Mo/ha (soil applied) 0.16 0.37 0.49 0.30 0.33 ab
4,0 kg Mo/ha (soil applied) 0.26 0.26 0.35 0.32 0.37 a
0.15 0.22 0.35 0.32
Mean 0.19 b 0.34 a
No S S
Mean 0.25 a 0.27 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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nodule weights of centrosema receiving both rates of soll-applied o were
significantly higher than those of centrosema receiving no Mo or 0.1 kg
¥o/ha. iiodule dry weight obtained from centrosema receiving seed-applied
Mo at 0.5 kg Mo/ha was not significantly different from that obtained from
legume receiving soil-applied o at 2.0 kg o/ha but was significantly
lower than that of legume reveiving 4.0 kg Eo/ha soil application.
Influence of o in increasing nodule weight was likely because !0 increased
plant growth; thus, photosynthates required for nodule growth increased.
As a consequence, nodule weight increased.

When averaged over all Yo and 3 rates, lime significantly increased
nodule dry weight by 78.9: above the no lime counterpart. The results

suggested that lime provides favorable condition for nodule growth.

Nitrogenase Activity Response

Molybdenum application significantly increased nitrogenase
activity of centrosema grown in Yahiawa soil (Table 1.46). Titrogenase
activity of legume receiving soil-applied Mo at 4.0 kg Ho/ha was signifi-
cantly higher than that of legume receiving no lo. However, nitrogenase
activity of legume receiving soil-applied to at 4.0 kg Mo/ha was not
significantly higher than that of legume receiving soil-applied Yo at 2.0
kg ¥o/ha and seed-applied Yo at 0.5 kg ¥o/ha. Although nitrogenase
activity of centrosema receiving no Mo was 3.0, 1663, and 199+ lower
than those of centrosema receiving 0.1 kg No/ha and 0.5 kg Uo/ha seed-~
applied o and 2.0 kg Mo/ha soil-applied o, respectively, the differences
were not statistically significant. Sulfur had no effect on nitrogenase

activity. Liming tended to increase nitrogenase activity since nitrogenase




Table 1.46.

the
Effects of Mo, S and lime on nitrogemase activity of Centrosema pubescens grown in,Wahiawa soil.

No 1lime Lime

¥o treatment Xo S S No S S Mean

No Mo added 0.19 0.24 91.47 112,70 26,15 b
0.1 kg Mo/ha (seed applied) 0.23 0.31 102 20 37.38 35.03 b

0.5 kg Mo/ha (seed applied) 26.59 96.72 26.15 128.33 69.45 ab
2.0 kg Mo/ha (soil applied) 0.45 15.08 262 13 35.35 78.25 ab
4.0 kg Mo/na (soil applied) 173.73 136.82 57.24 160.58 132.09 a

40,24 49,84 107.84 74,88
Hean 45,04 a 91.3 a
_NoS S
Mean 74.04 a 62,36 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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activity of centrosema grown in limed soil was 1037 higher than that of

legume grown in unlimed soil.

Influence of o, 3 and Lime on Some Chemical Compositions

in Flant

Hditrogen:

¥olybdenum application tended to increase .! concentration in
the top of centrosema although there was no significant difference among
)] concentrations of planis receiving various rates of lo (Table 1.47).
Lime had little effect on I concentration in plant top. Sulfur applica-
tion significantly decreased N concentration in plant top. However, it
should be noted that N concentration was low, suggesting that some factors

other than Mo may have limited nitrogen fixation.

Phosphorus:

Phosphorus concentration in the top of centrosema receiving
seed-applied Yo at 0.5 kg ~o/ha was significantly lower than that in
plants receiving no to (Table 1.48). Iiowever, the decrease was only 8.1%.
Phosphorus concentration in plants receiving seed-applied o at 0.1
ke Ho/ha and soil-applied o at 2.0 and 4.0 kg Ko/ha rates as well as
that in plants receiving no o was not significantly different.

Phosphorus 1in the top of plants receiving seed-applied o at 0.5 kg ¥o/ha
vas also not significantly different from that of plants receiving other

rates of o application. The reason that P concentration of plants




Table 1 OL"? .

the

Effects of Mo, S and lime on N concentration in the top of Centrosema pubescens grown in,Wahiawa soil.

No lime Lime

Mo treatment lo S S No S S Hean
_____ . e B e
No Mo added 1.27 1.40 1.64 1.30 1.40 2
0.1 kg Mo/ha (seed applied) 1.66 1.31 1.39 1.39 1.4 a
0.5 kg Mo/ha (seed applied) 1.58 1.49 1.58 1,33 1.50 a
2.0 kg Mo/ha (soil applied) 1.71 1.40 1.40 1.43 1.48 a
4.0 kg Mo/ha (soil applied) 1.51 1.9 1.4 1.63 1.49 a
1.55 1.40 1.48 1.42
Mean 1.48 a 1.45 a
No S S
Mean 1 052 a 1 041 b
the

* Values of each factor followed by the same letter are not significantly different at

5% probability level according to Duncan's Multiple Range Test.
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Table 1.48,

the

Effects of Mo, S and lime on P concentration in the top of Centrosema pubescens grown in,Wahiawa soil.

No lime Lime
Mo treatment Yo S S No S S Mean
_________________________ % - - [
»*
No Mo added 0.23 0.24 0.25 0.24 0.24 a
0.1 kg Mo/ha (seed applied) 0.21 0.22 0.26 0.25 0.24 ab
0.5 kg Mo/ha (seed applied) 0.21 0.22 0.23 0.23 0.22 b
2.0 kg Mo/ha (soil applied) 0.21 0.24 0.24 0.23 0.23 ab
4.0 kg Mo/ha (soil applied) 0.21 0.22 0.24 0.25 0.23 ab
0.21 0.23 0.24 0.24
Mean 0.22 b 0.24 a
No S S
Mean 0.23 a 0.23 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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receiving seed-applied o at 0.5 kg “o/ha was lower than that of plant
receiving no .0 was due to a "dilution effeci" since dry matter yield of
plant receiving seed-applied o at this rate was significantly higher than
that of plants receiving no !lo.

Sulfur had little effect on F concentration in plant top but liming
significantly increased P concentration. Lime rendered P in soil to be
more available to plant since P adsorption by soil decreased when lime
was applied. Interaction among ilo, 3 and lime on P concentration was not

observed in this experiment.

Potassium:

lolybdenum, 3 or lime had no significant effect on ¥ concen-
tration in the top of centrosema since i concentrations of plants
receiving various rates of 'o, 3 and lime were not significantly different
from each other (7atle 1.49). lio interaction among o, S and lime on

concentration was observed.

Calcium:

“0lybdenum and 3 had no significant effect on Ca concentration
in the top of centrosema (Table 1.50). The effect of ko on Ca concentration
in centrosema was slightly different from that in desmodium since Ca
concentration in desmodium was decreased when o was applied. This
difference must be due to the difference of legume species in Ca adsorption
and relative growth rate regarding o response. Liming significantly
increases Ca concentration in plant top. This result was expected since

lime provides Ca for plants as well as its influence in soil pH.




Table 1.49.

the

Effects of Mo, S and lime on K concentration in the top of Centrosema pubescens grown in,Wahlawa soil.

No lime Lime
Mo treatment No S S Mo S S Mean
_________________________ % e e e e e e e e et e e i e o e e e e e e
*
No Mo added 1.23 1.21 1.25 1.21 1.22 a
0.1 kg Mo/ha (seed applied) 1,30 1.12 1.18 1.2t 1.20 a
0.5 kg Mo/ha (seed applied) 1.17 1.21 1.32 1.20 1.23 a
2.0 kg Mo/ha (soil applied) 1,34 1.16 1.22 1.24 1.24 a
4.0 kg Mo/ha (soil applied) 1.19 1.17 1.23 1.26 1.21 a
1.25 1.17 1.24 1.22
Mean 1.21 a 1.23 a
No S S
Mean 1.25 a 1.20 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.

681



Effects of Mo, S and lime on Ca concentration in the top of Centrosema pubescens grown in Wahiawa soil.

Table 1.50.

the

No lime

Mo treatment No S S No S S Mean
— B e ————————— e e e e e e
No Mo added 1.07? 1.18 1.9 1.17 1.20
0.1 kg Mo/ha (seed applied) 1.01 1.1? 1.’4_? 1.36 1.25
0.5 kg Mo/ha (seed applied) 1.15 1.04 1.25 1,31 1.19
2.0 kg MO/ha (5011 applied) 1.07 1.13 1.29 1.31 1.20
4.0 kg MO/ha (5011 applied) 1.03 1.16 1,22 1.34 1.19
1.07 1.14 1.32 1.30
Mean 1.11 b
No S
1.20 a 1.22 a

* Values of each factor followed by the same letter are not significantly different at tne

5% probability level according to Duncan's Multiple Range Test.
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Yagnesium:

lagnesium concentration in the top of plants receiving soil-
applied lo at 2.0 kg tio/ha was significantly higher than that of plants
receiving no io, seed-applied o at 0.1 kg io/ha and soil-applied ¥o at
4,0 kg Mo/ha but was not significantly higher than that of plants receiving
seed-applied lo at 0.5 kg :.o/ha (Table 1.51). lagnesium concentrations in
the top of plants receiving no o, seed-applied .0 at both rates, and soil-
applied o at 4.0 kg Lo/ha were not significantly different from each
other.

Sulfur had no significant effect on ‘g concentration in plant
top suggesting that there was no influence of S5 on lig absorption by plant.
Although the difference was small, liming significantly decreased lg
concentration in plant top (Table 1.51). This effect was due to the
influence of lime on Mg absorption. This result was similar to that
reported by Andrew and Johnson (1976) that an increase in Ca resulted in
a marked decrease in Mg concentration in plant top of some tropical and

temnerate pasture legumes.

sulfur:

tolybdenum had no significant effect on S concentration in
plant top (Table 1.52). 3Sulfur application also did not increase 3
concentration in plant top. The reason that S application did not increase
5 concentration was due to an adequate supply of S in the soil for plant

need, It has been indicated by Zouma (1975) that when 5 is present at

levels higher than necessary for maximum growth, there is little or no




Table 1 051 .

the
Effects of Mo, S and lime on Mg concentration in the top of Centrosema pubescens grown in,Wahlawa soil.

No lime Lime

Mo treatment No S S No S S Mean

- % e e —emmm
No Mo added 0.20 0.20 0.20 0.19 0.20 b
0.1 kg Mo/ha (seed applied) 0.23 0.20 0.20 0.23 0.22 b
0.5 kg Mo/ha (seed applied) 0.24 0.24 0.22 0.19 0.23 ab
2.0 kg Mo/ha (soil applied) 0.28 0.25 0.23 0.24 0.25 a
4.0 kg Mo/ha (soil applied) 0.22 0.21 0.18 0.20 0.16 b

0.24 0.22 0.21 0.21

Yean 0.23 a 0.21 b

No S S

Mean 0.22 a 0.22 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Effects of Mo, S and 1lime on S concentration in the top of Centrosema pubescens grown in, Wahlawa soil.

Table 1.52.

the

No lime Lime
Mo treatment No S S No S S Mean
_________________________ % e
No Mo added 0.17 0.16 0.18 0.16 0.17 a"
0.1 kg Mo/ha (seed applied) 0.16 0.17 0.20 0.19 0.18 a
0.5 kg Mo/ha (seed applied) 0.18 0.16 0.18 0.18 0.18 a
2.0 kg Mo/ha (soil applied) 0.19 0.17 0.18 0.18 0.18 a
4.0 kg Mo/ha (soil applied) 0.16 0.17 0.17 0.18 0.17 a
0.17 0.17 0.18 0.18
Mean 0.17 b 0.18 a
No S S
Mean 0.178 a 0.174 a

* Values of each factor followed by the same letter are not signifilcantly different at the

5% probabllity level according to Duncan's Multiple Range Test,
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further uptake at high level. However, he also noted that some revorts
showed a continued uptake., So the different effectis of 3 fertilizers on
S uptake by plants suggest that the relationship between 3 applied and 3
concentration in plants varied with species and ontogenic changes. ile
also pointed out that although "luxury uptake" of sulfate, i1 the sense
of uptake in excess of the plant requirements, does occur, most of the
evidences indicate that this 1s not as pronounced as for other nutrient
elements.

Iiming significantly increased 3 concentration in plant top. The
increase in 3 concentration with application of lime most likely resulted
from increased 3 availability in soil due to a higher soil pH. Hlskins
and Ensminger (1971) have reported that sorbed sulfate not readily
available to plants becomes increasingly available as the pH of the soil

is increased.

Tron:

"olybdenum,3 and lime had little effect on Fe concentration
in »lant top (T7able 1.53). Although there was a tendency that lime and S
applications decreased #Fe concentration in plant top, such difference

was not significant.

‘anganese:

"anganese concentration in plants recelving soil-applied o
at 4.0 kg ¥o/ha was significantly lower than that in plants receiving
soil-applied Mo at 2.0 kg o/ha and seed-applied o at 0.5 kg ti0/ha

(Table 1.54). langanese concentration in plants receiving soil-applied
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Table 1.53.

the

Effects of Mo, S and lime on Fe concentration in the top of Centrosema pubescens grown in,Wahliawa soil.

No 1lime Lime
Mo treatment Lo S S Ko S 3 lean
_________________________ B e
lio Mo added 176 158 163 167 166 a”
0.1 kg Mo/ha (seed applied) 167 160 165 166 165 a
0.5 kg Mo/ha (seed applied) 237 171 169 159 184 a
2.0 kg Mo/ha (s011 applied) 186 17 172 177 177 a
4.0 kg Mo/ra (soil applied) 160 160 165 164 162 a
185 164 167 167
Mean 175 a 167 a
No S S
Mean 176 a 166 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1 -5"".

the

Effects of Mo, S and lime on Mn concentration in the top of Centrosema pubescens grown in Wahiawa soil.

No lime Lime
Fo treatment No S 3 No S S Mean
------------------------- ppm et e

*

No Mo added 285 291 243 223 261 ab

0.1 kg Mo/ha (seed applied) 305 265 235 219 256 ab

0.5 kg Mo/ha (seed applied) 357 307 232 237 283 a

2.0 kg Mo/ha (soil applied) 322 282 262 240 277 a

4.0 kg Mo/ra (soll applied) 289 251 227 214 245 b

312 280 240 227
Viean 296 a 233 b
No S S
Mean 276 a 253 b

¥ Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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o at 4.0 kg Zo/ha, however, was not significantly lower than that of

&)

plants receiving no ‘o and seed-applied o at 0.1 kg “o/ha.
Sulfur application significantly decreased :in concentration in

nlant top. This result suggested that there might e an interaction

tween 3 and in regarding n absorption by centrosema. Lining signifi-
cantly decreased 'n concentration in plant top since lime rendered soil
‘n unavailable to plants. “his 1s a beneficial effect of lime bvecause it
alleviates n toxicity which usually occurs in plants grown in acid soil
containing high amount of "'n. Ilowever, 'n toxicity symptom was not
observed in this experiment and “n concentration in plant top was not
high. The reason that 'n toxicity did not occur was duvue to the fact that
pH of the ‘ahiawa soil used in this experiment (5.2) was high enough to

decrease n availability in soil.

e

LlNc e

olybdenum and S had no significant effect on Zn concentration
in the top of centrosema (Table 1.55). Liming significantly decreased
“n concentiration in plant too. The influence of lime in decreasing Zn
concentration is due to the fact that Zn availability in soil was
suppressed by liming. Interactive effect of o, 3 and lime on Zn concen-
tration in plant top was observed in this experiment. ‘Then seed-applied
o at 0.1 kg Ko/ha and no lime were applied, application of S tended to
increase 7Zn concentration. However, when the same o treatment and line
were applied, application of 3 decreased 7n concentration. ihen seed-
applied o at 0.5 kg Mo/ha and no lime were applied, S application

decreased Zn concentration but when the same Mo rate and lime were applied,




Table 1.55,

the
Effects of Mo, S and 1lime on Zn concentration in the top of Centrosema pubescens grown in Wahlawa soil.

No lime Lime

Mo treatment No S S No S S ean
_________________________ Ppm oo e o o o e e s 2 2 . s 2 S e b o o
No Mo added 28.0 27,7 23.3 16.7 23.9 a2
0.1 kg ¥o/ha (seed applied) 23.3 29.3 26.7 23.3 25,7 a
0.5 kg Mo/ha (seed applied) 32.0 23.0 20.3 22.0 243 a
2.0 kg Ho/ha (soil applied) 29.0 26.7 24.0 21.0 25.3 a
4.0 kg Mo/ha (soil applied) 24,7 24,0 21.0 24.0 234 a
27.4 26.1 23.1 21.4

Fean 26.8 a 22.3 b

_Fo S S

Mean 25.3 a 23.8 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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application increased Zn concentration {Table 1.55). The Zn concentra-

93]

tion in plants supplied with seed-applied and soil-applied io within S
and line treatments varied and the trend of variation was different fron

treatment to treatment.

Silicon:

Jolybdenum application significantly increased 3i concentra-
tion in plant top (Table 1.55). Silicon concentrations in plants
receiving seed-applied o at 0.1 kg Mo/ha and soil-applied o at 2.0 and
L,0 kg Io/ha rates were significantly higher than those in plants receiving
no o, unouever 31 concentration in plants receiving seed-applied .0 at
0.5 kg Ho/ha vas not significantly higher than that in plants receiving
no ilo., 3Sulfur had no significant effect on Si concentration in plant top.
Liming significantly decreased 3i concentration in plant top. The effect
of lime in decreasing Si concentration in the top of centrosema was similar

to that observed with desmodium grown in Yahiawa soil at the earlier

exveriment conducted previously (Table 1.17).

There were no significant differences among Zu concentrations
in plants receiving various rates of o {7Table 1.57). 3ulfur or lime
also had no significant effect on Cu concentrations in the top of
centrosema, ilowever, when averaged over all o and S rates, lime tended

to increase Cu concentration,




Table 1.56.

the

Effects of Mo, S and lime on Si concentration in the top of Centrosema pubescens grown in, Wahlawa solil.

No lime

Mo treatment No S S No S S Mean
_________________________ % e e e e
No Mo added 0.% 0.% 0.26 0.2k 0.30 b
0.1 kg Mo/ha (seed applied) 0.37 0.45 0.32 0.31 0.3% a
0.5 kg Mo/ha (seed applied) 0.43 0.40 0.27 0.27 0.34 ab
2.0 kg Mo/ha (soil applied) 0.40 0.44 0.34 0.29 0.37 a
4,0 kg Mo/ha (soil applied) 0.41 0.40 0.32 0.30 0.3 a
0.39 0.1 0.30 0.28
0.40 a 0.29 b

Mean

Mean

0.35 a

0.35 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1.57.

the

Effects of Mo, S and lime on Cu concentration in the top of Centrosema pubescens grown in Wahlawa soil.

No lime Lime

Mo treatment KXo S S No S S ean
------------------------- Ppm e e e e e e o e e
No Mo added 6.33 7.00 9.33 9.67 8.08 a"
0.1 kg Mo/ha (seed applied) 6.00 8.67 10.33 7.67 8.17 a
0.5 kg Mo/ha (seed applied) 4.33 4,33 9.00 8.00 6.42 a
2.0 kg Mo/ha (soil applied) 5.33 3.69 7.33 8.33 6.17 a
4,0 kg Mo/ra (soil applied) 11.67 6.00 6.00 8.33 8.00 a
6'?3 5.93 8.40 8.%
Mean 6.33 a 8.“0 a
No S
Mean 7.57 a 7.17 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Aluminums

Aluminum concentration in the top of desmodium receiving no

o was significantly lower than that of plants receiving soil-applied :lo
at 2.0 kg Eo/ha but was not significantly lower than in other Io treatments
(Table 1.53). Aluminum concentrations in centrosema receiving various
rates of Yo were not significantly different from each other. The results
suggested that legumes supplied with ¥o tended to accumulate more Al than
those supplied with no ¥o. 'he reason for this effect may partly bve due
to the ability of legumes to absorb a large amount of Al when their growth
was increased by o application.

Sulfur had no significant effect on Al concentration although
Al concentration in the top of centrosema tended to decrease when 3 was
applied. Although it has been established that lime alleviates Al
toxicity of plant (¥amprath, 1970; Adams, 1981), liming did not signifi-~
cantly decrease Al concentration in plant top. ‘owever, there was no Al
toxicity symptom was observed. .Jahiawa soil used in this experiment
contains low Al {Table 1.1) so Al toxicity might not be a problem for

legumes grown in this soil.

Influences of i+o, S and lime on o Concentrations in Plant and Soil

“olybdenum Concentration in Jodule

Application of o by both seed coating and soil treatment
significantly increased o concentration in nodules of centrosema (Table
1.59). Molybdenum concentration in noduled of plants receiving soil-applied

Vo at 4.0 kg Ko/ha was significantly higher than those of plants receiving




Table 1.58,

the
Effects of Mo, S and lime on Al concentration in the top of Centrosema pubescens grown in,Wahiawa soill.

No lime Lime

Mo treatment No 3 S No S S tiean
“““““““““““““ ppR TS TS T TS msoTmemree
No Mo added 221 218 176 220 209 'y
0.1 kg Mo/ha (seed applied) 400 226 267 245 285 ab
0.5 kg Mo/ha (seed applied) 247 219 215 209 223 ab
2.0 kg Mo/ha (soll applied) 245 266 377 338 306 a
4.0 kg Mo/ha (soil applied) 25 313 3 3 287 ab
273 248 275 251

Mean 261 a 263 a

_VNos g

Mean 274 a 249 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1. 59 .

the

Effects of Mo, S and lime on Mo concentration in nodule of Centrosema pubescens grown 1nAWahiawa soil,

Nollime Lime
Mo treatment Wo S S No S S ean
_________________________ ppm e e
No Mo added 2.27 2,10 3,02 3.82 2.80 4"
0.1 kg Mo/ha (seed applied) k.10 4.79 L.4o 577 b.77 ¢
0.5 kg Mo/ha (seed applied) 5454 b.32 5465 5427 5420 ¢
2.0 kg Mo/ha (soil applied) 5.67 5499 6.84 6.90 6.35 b
4,0 kg Mo/ha (soil applied) 7.57 7.07 7.60 7.89 7.53 a
5.03 L.86 5.50 5.93
Nean 4.95 b 5.72 a
No S S o
Mean 5027 a 5.""0 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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no i‘o or other rates of 'o. i‘olybdenum concentration in nodules of vlants
receiving soil-applied Mo at 2.0 kg io/ha was significantly higher than
in those of plants receiving seed-applied o at both rates or no Io.
riolybdenum concentration in nlants receiving seed-applied Mo at both rates
were not significantly different from each other. Iolybdenum concentration
in nodules of plants receiving seed-applied o at both rates were signifi-
cantly higher than in those of plant receiving no ‘o. - .olybdenum concen=-
tration in nodules of plant receiving soil-applied "o was significantly
higher than in those of plants receiving seed-applied 0. The reason that
o concentration in nodules of plant receiving soil-applied !'o was higher
than in those of plants receiving seed-applied o was due to the high
rate of soil-applied lio.

Sulfur fertilizer had little effect on !o concentration in
nodules of centrosema but lime significantly increased i'o concentration,
Yolybdenum concentration in nodules of plants grown in limed soil was
increased 15.5% above that in plants grown in unlimed soil. ILiming
increased soil pH and consequently increased o availability in soil.

o interaction among o, S and lime on Mo concentration in nodule of

centrosema was observed.

Molybdenum Concentration in Plant Top

Application of o fertilizer by soil treatment at both rates
significantly increased i'o concentration in the top of centrosema grown
in the ¥ahiawa soil (7able 1.60). Folybdenum conceniration in the tops

£~

of plants receiving soil-applied lio at 4.0 kg lo/ha was significantly

higher than in those of plants receiving soil-applied "o at 2.0 kg o/ha,




Table 1.60.

the

Effects of Mo, S and 1lime on Mo concentration in the top of Centrosema pubescens grown in Wahlawa soil.

No lime Lime

Mo treatment No S S No S S Mean
"""""""""""""""" ppm TETTmTTTETETTT T
No Mo added 0.06 0.07 0.19 0.50 0.21 ¢
0.1 kg Mo/ha (seed applied) 0.21 0.23 0.38 0.33 0.29 ¢
0.5 kg Mo/ha (seed applied) 0.17 0.23 0.4k 0.70 0.38 ¢
2.0 kg Mo/na (soil applied) 0.18 0.27 0.96 1.45 0.71 b
4.0 kg MO/I—Aa (Soil applied) 0.?9 0.6? 1.59 1.“’9 1.14 a
0.28 0.29 0.71 0.89
Fiean 0.29 b 0.80 a
No S S
Mean 0.50 a 0.59 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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seed-applied 0 at both rates, or no “o. 0 eoncentration in the top of
plants receiving soil-applied o at 2.0 kg “o/ha was also higher than in
those of vplant receiving seed-applied .o at both rates or no :o. Ilolyb-
denum concentrations in plants receiving seed-applied o at both rates
and no “o were not significantly different from each other., It was
observed that Yo concentration in the top of centrosema was relatively
high as compared to that of desmodium grown in the same soil {Table 1.19).
High o concentration in the top of centrosema may likely be due to the
high o concentration in the seed (0.597 ppm). :olybdenum concentration
in the seed has a significant effect on the o concentration in plant top
since Mo infotyledons are first translocated mainly to stems (Ishizuka,
1982). molybdenum are then stored in stems before translocated to roots
and nodules. It might be assumed that o concentration in the top of
large-seed legumes may be higher than in that of small-seed legumes.
Yolybdenum reserved in seed could have an influence on the response of
plant to o fertilizer.

Sulfur had little effect on ‘o concentration in plant top.
Lime significantly increased o concentration in the top. The influence
of lime in increasing i'o concentration in plant top was due to the effect
of lime in decreasing o adsorption in soil and, as a consequence, !0

availability increased.

ixtractable Mo in 3o0il

Ixtractable ¥o in soil with soil-applied ¥o at both rates were
significantly higher than those in soil with seed-applied o at both rates

and no o (Table 1.51). Ixtractable Yo in soil with soil-applied ;io at




Table 1.61.

the
Effects of Mo, S and lime on extractable Mo in Wahlawa soil after harvesting Centrosema pubescens.

No lime Lime
Mo treatment No S S No S S Hean
------------ - ppm e e —————
No Mo added 0.37 0.58 0.53 0.58 0.52 ¢
0.1 kg Mo/ha (seed applied) 0.49 0.61 0.61 0.60 0.58 ¢
0.5 kg Mo/ha (seed applied) 0.60 0.61 0.52 0.67 0.60 ¢
2.0 kg Mo/ha (soil applied) 0.79 1.19 0.62 0.98 0.90 b
4,0 kg Mo/ha (soil applied) 1.32 1.70 1.13 1.29 1.3 a
0.71 0.94 0.68 0.82
Mean 0.82 a 0.75 a
No S S
Mean 0.70 b 0.88 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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4,0 kg Ho/ha was significantly higher than that in soil with soil-applied
o at 2.0 kg Yo/ha. Ixtractable o in soil with seed-applied o at both
rates and no "o were not significantly different from each other.

Sulfur application significantly increased extractable o

in soil after harvesting. This result suggested that there was likely
an interaction between sulfate and molybdate in soil., However, Gonzalez
et al. (1974) reported that sulfate ions did not compete with molybdate
ions for the adsorption sites on clay surface. It should also be noted
that S aprlication did not increase extractable "o in soll after harves-
ting desmodium grown in the same soil, 3Rhizosphere activity of different
legume species may play a role in the nutrient status of soil.

‘Jnen averaged over all o and S rates, there was no signifi-
cant difference bvetween extractable ¥o in limed and unlimed soils.,
Towever, an interaction between o and lime on extractable o was observed
in this experiment. For the no-o and seed-applied 'o at 0.1 kg Io/ha
treatments, liming increased extractable iio (Table 1.51). For seed-applied
Yo at 0.5 kg Ho/ha and soil-applied o at both rates, liming decreased
extractable Yo. It should be noted that o concentrations in nodule and
in the tops of plants receiving high rates of o along with lime were much
higher than in those of plants receiving no o and seed-applied ;o at 0.1
ke Mo/ha (Table 1.59, 1.60). Low extractable o observed after harvesting
centrosema from 0.5 kg Io/ha seed-applied, 2.0 and 4.0 kg Ko/ha soil-
applied treatments, along with lime, might result from high absorntion of

o by the legume.
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Relationship between o Concentrations in Flant and Soil
Relationship between :‘o Concentration in Plant Top and

Yo Concentration in Jodule

There was a highly significant correlation between ‘o concen-
tration in plant top and ‘o concentration in nodule. The relationship
fitted a quadratic curve with a correlation coefficient of 0.840 (Fig. 1.33).
At low o concentration in nodule, o concentration in plant top was also
low indicating that ‘o did not accumulate in the plant top when nodule
still neecd much o for nitrogenase aetivity. As the 7o concentration in
nodules increased, the llo concentration in plant tops increased exponent=-
ially, suggesting that when o concentration in nodules was adequate for
nitrogenase activity the excess o was transferred to the plant topn. 3o
plant top was the sink of o when high rates of o were applied. The
nattern of relationship between o concentration of nodule and plant top
of centrosema was similar to that of desmodium grown in Jahiawa and Faaloa
soils in the greenhouse experiments conducted earlier. This similarity of
both legumes suggested that the distribution and translocation of o
within the whole plant of different pasture legume species could be the

same.

Felationship between o Concentration in Plant Toop and

Ixtractable o in soil

There was a highly significant correlation between :io concen-
tration in the top of centrosema and extractable Mo in soil after harvesting

with a correlation coefficient of 0.569 (Fig. 1.34). Tolybdenum
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concentration in plant top increased as extractable o increased.

Relationship betveen o Concentration in “odule and

xtractable Yo in soil

Threr was a highly significant correlation between o concen=-
tration in nodule and extractable o in soil with a correlation coeffi-
cieant of 0.817 (Fig. 1.35). lolybdenum concentration in nodule increased
as extractable o increased. According to a scatter diagram, Mo concen-

tration in nodule highly increased when extractable Yo increased from

(@]

.2 to 0.3 ppm. The rate of increase in nodule o concentration declined
as extractable o was higher than 0.8 ppm, suggesting that excess Mo

concentration in nodule was translocated to plant top.

Relationship between Dry atter Vield and o Concentrations

“elationship between Try “atter °‘ield and o Concentration

in ¥odule

There was no significant correlation between dry matter yield
and .0 concentration in nodules. (Pig. 1.35). Dlespite the lack of signi-
ficance, sone definite trends are evident. Dry matter yield tended to
increase as the io concentration in nodule increased. The high yield was
observed when 0 concentration in nodule was in the range of 5 to 3 ppm.

‘Then nodule »o concentrations were plotted against relative
vields in a scatter diagram (Fig. 1.37), there was no significant correla-
tion between relative yield and o concentration in nodules. Critical No
concentration in nodule associated with 807 maximum yield was approximately

4.2 ppm.
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Zelationship between Dry Tatter Yield and ‘o Concentration

in Plant Yop

There was no significant correlation between dry matter vield
and .0 concentration in plant top (Fig. 1.33). ILack of significant corre-
lation between yield and o concentration suggest that centrosema is less
responsive to .o than desmodium. Although o concentration in plant top
of ceantrosema was az high as desmodium, the increment of increase in yield

of

centrosema as affected by o application was less than that of desmodium
(Table 1.2 and 1.42). Dry matter yield of legumes usually depends on
nitrogen fixation of nodule which requires !o. :Iiolybdenum concentration
in nodule should therefore be more correlated with dry matter yield than

i’o concentration in plant top.

:lhen .0 concentrations in plant tops were plotted against
relative yields in a scatter diagram (Fig. 1.39), there was no significant
correlation between relative yield and o concentration in plant top.
However, it may be approximated that ‘o concentration in the top ve at

least 0.2 ppm for optimum growth of centrosema.

Relationship between Dry Jatter yield and Extractable 'o

in soil

Tnere was no significant correlation between dry matter rield
and extraetable Yo in soil after harvesting (¥igz. 1.40). There was also
no significant difference between relative yield and extractable o in
soil (#iz. 1.41). However, it may be approximated that at least 0.4 vpm

extractable o is required for optimum growth of centrosema.
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Aelationship between U Zoncentration in Flant Top and

o ZJoncentrations

nelationship between 1 Concentration in Plant Top and

I'o Concentration in .odule

“here was no significant correlation vetween 'i concentration
in plant top and o concentration in nodule of centrosema grown in lahiawa
soil (Tig. 1.42). itrogen concentration in plant top was slightly
increased as o concentration increased . ‘liowever, 1 concentration in
plant was quite low due to low nitrogenase activity. There was also no
significant difference between ! concentration in nlant receiving
different rates of o (Table 1.47). These results likely may have been

2 s

the reason for no significant correlation between ‘o concentration in
nodule and 7 concentration in plant top. 3Some factors other than Yo may
have limited nitrogenase activity, such that 7 concentration was low and

did not correlate well with ilo concentration in nodule.

Relationship between I and o Concentrations in Plant Top

There was also no significant correlation between N and o
concentrations in the top of centirosema. ‘fitrogen concentration in the
top did not change as i'o concentration increased (Fig. 1.43). Although
Mo concentration in the top was less concerned with nitrogen fixation
than ‘o concentration in nodule, it was expected to correlate with 7
concentration in the top because it correlated with o concentration in
nodule. Lack of significant correlation between 'l and .lo concentration in

tops was, partly, due to the lack of significant correlation between
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concentration in plant top and o concentration in nodule.

T

Relationship between I Concentration in Flant toov and

Xtractable ..0 in soil

There was no significant correlation between 7 concentration
in plant top and extractable ‘o in soil after harvesting centrosena
(™Mg. 1.44).  Jitrogen concentration in plant top did not significantly
increase as extractable Mo increased., However, 1t may e avproximate from

this scatter diagram that at least 0.4 vpm extractable io is requires to

increase 7 concentration in plant top.

Relationship between ‘Titrogenase Activity and Mo Concentration

in Zodule

There was a significant correlation between nitrogenase activity
and ‘o concentration in nodules with a correlation coefficient of 0.546,
Jitrogenase activity increased as 7o concentration in nodules increased
(Mg, 1.45). lolybdenum concentration in nodule, therefore, can be used

as one oi the criteria to assess nitrogenase activity of legumes.
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—~

Nelationship between 3 Concentration in Plant Top and

1’0 Concentration

ol

Relationship between S Concentration in Plant Top and

o Concentration in llodule

There was no significant correlation between S concentration
in plant top and ‘o concentration in nodule of centrosema. The correla-
tion coefficient of the relationship was 0.072 {p = 0.58). This result

indicated that tnhere was no relationship between S concentration in plant

top and o concentration in nodule of centrosema.

-

lelationship between 3 and Mo Concentrations in Flant Top

A}

There was no significant correlation vetween 3 and o concen-
trations in the top of centrosema grown in Jahiawa soil., The correlation
of the relationship was 0.031 (p = 0.81). This result indicated that
there was no relationship between o0 and 3 concentrations in the top of

centrosena.

fa]

Relationship between 3 concentration in Plant Top and

xtractable o in Soil

~

There was no significant correlation between S concentration
in plant top and extractable o in soil after harvesting centrosema. The
correlation coefficient of the relationship was 0.037 (p = 0.78). the
result indicated that there was no relationship between S concentration in

the
the top of centrosema and extractable o in,lWahiawa soil.
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Relationship betiwieen Ju Concentration in Flant Top and

"o Concentrations

Relationship between Cu CJoncentration in Plant Top and

0 Concentration in odule

There was no significant correlation between Cu concentration
in plant top and Mo concentration in nodule of centrosema. The correla-
tion coefficient of the relationship was 0.03% (p = 0.82). The result
indicated that there was no relationship between Cu concentration in plant

top and o concentration in nodule of centrosema.

Relationship between Cu and o Concentrations in Plant Top

There was no significant correlation between Cu and i‘o concen-
trations in the top of centrosema. The correlation coefficient of the
relationship was 0.140 (p = 0.29). The result indicated that there was no

relationship between Cu and o concentrations in plant top.

Relationship between Cu Concentration in Plant Top and

Mxtractable o in 3o0il

There was also no significant correlation between Cu concen-
tration in plant top and extractable [0 in soil after harvesting centrosema.
The correlation coefficient of the relationship was 0.082 (p = 0.53). The

result indicated that there was no relationship between Cu concentration

in plant top and extractable 0o in soil.
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b. Field Experiment

Effects of Mo and Lime on Growth, Yield and Nutrient Concentration of

Desmodium intortum and Centrosema pubescens Grown in the Wahiawa Soil

Yield Response

First Cutting:

Molybdenum application by seed coating and soil treatment
significantly increased desmodium and centrosema dry matter yield (Table
1.62). When averaged over the two legume species, yield of legumes
receiving soil-applied Mo at 4.0 kg Mo/ha plus lime was the highest.

Yield obtained from this treatment was 144,0% above that obtained from the
no-Mo treatment. Yield of legumes receiving soil-applied Mo at 4.0 kg Mo/ha
plus lime was significantly higher than those of legumes receiving seed-
applied Mo at 0.1 kg Mo/ha and soil-applied Mo at 2.0 kg Mo/ha but was not
significantly higher than those of legumes receiving lime, seed-applied Mo
at 0.3 and 0.5 kg Mo/ha, and soil-applied Mo at 1.0 and 4.0 kg Mo/ha.
Legumes receiving seed-applied Mo at 0.3 and 0.5 kg Mo/ha significantly
produced higher yield than those receiving no Mo. Plants which received
no Mo were light green, slightly stunted, and appeared N deficient in
comparison to treated plants. Legumes which received seed—apﬁiied Mo at
0.1 kg Mo/ha did not significantly produce higher yield than those which
receiwvaed no Mo, suggesting that seed-applied Mo at this rate was not
enough for optimum yield of pasture legumes grown in Wahiawa soil, This
result was similar to that obtained from the greenhouse experiments

previously conducted with desmodium and centrosema grown in the same soil.




Table 1.62.
Effects of Mo and lime on dry matter yields of Desmodium intortum and Centrosema Pubescens grown in

the Wahiawa soil (First Cutting)

Mo treatment Desmodium intortum Centrosema pubescens Mean

- --'ton/ha o e e e o e o
No Mo added 1,64 2.12 1.88 d"
Lime t L, sk 3.95 L,24 ab
0.1 kg Mo/ha (seed applied) 2.98 2.86 2,92 cd
0.3 ké Mo/ha (seed applied) 5.55 3.09 4,32 ab
0.5 kg Mo/ha (seed applied) 5.33 2.39 3.86 abe
0.5 kg Mo/ha (seed applied) plus lime bhot1 2.88 3.49 abe
1.0 kg Mo/ha (soil applied) 3.43 2,74 3.09 bed
2,0 kg Mo/ha (soil applied) : 3.61 2 2.90 cd
4,0 kgA Mo/ha (soil applied) h.82 3.25 4,0k abe
4,0 kg ¥o/ha (soil applied) plus lime 5.94 3.24 4.59 a
Mean 4,20 a 2.87 b

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Legumes receiving soil-applied Mo at 4.0 kg Mo/ha significantly produced
higher yield than those receiving no Mo. Yield obtained from this treat-
ment was 114.9% above that obtained from the no-Mo treatment. Although
yields obtained from the 1.0 and 2.0 kg Mo/ha soil-applied treatments were
also higher than those obtained from the no-Mo treatment, these differences
were not significant. Yields of legumes receiving seed-applied Mo at 0.3
and 0.5 kg Mo/ha were not significantly different from those of legumes
receiving soil-applied Mo at 4.0 kg Mo/ha, suggesting that seed-applied Mo
at those rates were as effective as the high rate of soil-applied Mo.

Lime applied alone significantly increased yield (Table 1.62).
Yield obtained from the lime treatment was 125.5% above that obtained
from the no-Mo treatment without lime., Yield obtained from the lime
treatment was not significantly different from that obtained from the
4.0 kg Mo/ha soil-applied treatment suggesting that lime also plays an
important role in pasture production. When lime was applied along with
the high rate of Mo (e.g. 0.5 kg Mo/ha seed-applied and 4.0 kg Mo/ha soil-
applied), yield response due to lime was not evident. Yields obtained
from the 0.5 kg Mo/ha seed-applied treatment, with or without lime, were
not significantly different from each other and so were those obtained
from the 4.0 kg Mo/ha soil-applied treatment, with or without lime. These
results suggested that a response to lime by pasture legumes was due to an
influence of lime in increasing Mo availability in soil.

When averaged over all Mo and lime rates, yleld of desmodium was
significantly higher than that of centrosema. It should be noted that
desmodium grew faster than centrosema. Desmodium was more responsive to

Mo than centrosema since yield increase by the same rate of Mo application
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1

esnodiun than for centrosema. ‘owever, the trend of

Ih

£n

vas nigher for
response of both species was similar, i.e. yleld increased as ‘o rate

increased.

Legures were harvested at o0 days after the first cutting.
There were no significant differences anong dry matter yields ottained
from treatments receiving various rates of o when averaged over the two
legune species (Tadle 1.63). However, the trend of yield increase was

irst cutting (Table 1.52) which showed that yield

-y

similar to that of the
increased as lo rate increased. It should be noted that while rield
obtained from the no- o treatment at the second cutting did not decrease
from that obtained from the same treatment at the first cutting, yield
obtained from the Mo treatment decreased markedly, especially for desmo-
dium. This result was due to the effect of cutting on a regrowth of plant.

tefore the first cutting pasture legumes were allowed to grow 112 days for

ct

establishment. At harvest time of first cutting, desmodium stands from
the (‘o treatment were quite large and stems were widespread. Such great
Zrowth may have drained out the reserved carbohydrate from the stem close
to the soil so that the regrowth of plant after harvesting was affected.
Jowever, desnodium receiving various rate of Mo grew vigorously after cne

nonth from the first cutting.

Third Zutting:

Legumes were harvested at 50 days from the second cutting.

Dry matter vields of desmodium and centrosema were increased when o was




Table 1.63,

Effects of Mo and lime on dry matter yields of Desmodium intortum and Centrosema pubescens grown in

the Wahiawa soil (Second Cutting)

Mo treatment Desmodium intortum Centrosema pubescens Mean
—— —_— ton/ha _________ ———

No Mo added 1.64 . 1,87 1.76 a*
Lime 2.40 2.02 2.21 a
0.1 kg Mo/ha (seed applied) 2.19 1.69 1.94 a
0.3 kg Mo/ha (seed applied) 2.2 1.93 2.17 a
0.5 kg Mo/ha (seed applied) 2.79 - 1.65 2.22 a
0.5 kg Mo/ha (seed applied) plus lime 2.37 1.61 1.99 a
1,0 kg Mo/ha (so0il applied) 2.39 1.64 2.01 a
2,0 kg Mo/ha (soil applied) 2.28 ‘ 1.99 2.13 a
4,0 kg‘Mo/ha (soil applied) 2.52 1.66 2.10 a
4,0 kg Mo/ha (soil applied) plus lime 2.46 1.63 2.05 a
Mean 2.35 a .77 b

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test,

+(2
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apnlied (Table 1.64)., “/hen averaged over the iwo legume species, riel

Q.

of
legumes receiving no .0 was significantly lower than those of legumes
receiving seed-applied o at 0.5 kg l.o/ha and soil-applied o at 2.0
kg Io/ha. 7ield of legumes receiving no .o, however, was not significantly
lovwer than those of legumes receiving other rates of lo. VYields obtained
from legumes recelving various rates of seed-applied or soil-applied o
were not significantly different from each other. Yield of legumes
receiving seed-applied o at 0.5 kg Ro/ha with lime or soil-applied o at
4.0 kg fo/ha with lime was not significantly different from that of legumes
receiving the same rate of "o without lime. Although yield of legunmes
grovm in limed soil without Mo was 23 " higher than that of legume grown
in unlimed soil without o, it was not statistically significant.

7ield of desmodium was significantly highexr than that of
centrosema indicating that desmodium regrowth was more vigorous and faster
than centrosema. There was no interaction between o treatments and

legume species.

Tourth Cutting:

Legumes were harvested at 60 days after the third cutting.
At this cutting the differences among dry matter yields obtained from io
treatiments became evident (Table 1.65). ‘Then averaged over the two
legume species, yield of legumes receiving soil-applied ¥o at 4.0 kg Io/ha
with lime was significantly higher than those of legumes receiving other
rates of soil-applied lo. Yield obtained from this soil-applied o
treatment was 1095 above that obtained from the no-io treatment. vield of

legume receiving soil-applied io at 4.0 kg lo/ha with lime was




Table 1.64
Effects of Mo and lime on dry matter yields of Desmodium intortum and Centrosema pubescens grown in

the Wahiawa soil (Third Cutting)

Mo treatment Desmodium intortum Centrosema pubescens Mean

- - ton/ha ------- ———
No Mo added 1.52 1.18 1.35 b
Lime 2.00 1.33 1.67 ab
0.1 kg ¥o/ha (seed applied) 1.79 1.20 1.50 ab
0.3 kg Mo/ha (seed applied) 2.00 1.13 1.57 ab
0.5 kg Mo/ha (seed applied) 2.35 1.38 1.87 a
0.5 kg Mo/ha (seed applied) plus lime 2.07 1,00 1.53 ab
1.0 kg Mo/ha (soil applied) 2.06 1.08 1.57 ab
2,0 kg Mo/ha (soil applied) ) 2.63 L3 1.88 a
4,0 kg. Mo/ha (soil applied) 2.10 1.21 1.66 ab
4,0 kg Mo/ha (soil applied) plus lime 2.30 1.13 1.72 ab
Mean 2.08 a 1.18 b

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.

gcz



Table 1.65
Effects of Mo and lime on dry matter yields of Desmodium intortum and Centrosema pubescens grown in

the Wahiawa soil (Fourth Cutting)

Mo treatment Desmodium intortum Centrosema pubescens Mean

——— ——— ton/ha ---------------------------
No Mo added | 1.31 0.70 1.00 4"
Lime 2.37 1.15 1.76 b
0.1 kg Mo/ha (seed applied) 1.83 1.04 1.44 ¢
0.3 kg Mo/ha (seed applied) 2.35 1.06 1.70 be
0.5 kg Mo/ha (seed applied) 2.71° : 1.15 1.93 ab
0.5 kg Mo/ha (seed applied) plus lime 2.49 1.11 1.80 b
1.0 kg Mo/ha (soil applied) 2.39 0.97 1.68 be
2,0 kg Mo/ha (soil applied) ) 2,26 1.0k 1.65 be
4,0 kg'Mo/ha (soil applied) 2.53 0.97 1.75 b
4,0 kg Mo/ha (soil applied) plus lime 3.01 1.18 2.10 a
Mean 2.33 a 1.04 b

* Values of each factor followed by the same letter are not significantly different at the

5% probablility level according to Duncan's Multiple Range Test.,
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significantly higher than that of legumes receiving +the same rate of o
without lime. ‘“ields of legumes receiving soil-applied ¥o at 1.0, 2.0
or 4.0 kg Yo/ha were not significantly different from each other.
Although yield of legumes receiving soil-apvlied "o at 4.0 kg o/ha plus
lime was significantly higher than those of legumes receiving other rates
of Yo, it was not significantly higher than that of legumes receiving
seed-applied "o at 0.5 kg i'o/ha. These results suggested that seed-applied
I'o at this rate also has a residual effect on growth of pasture legumes
that are harvested many times a year. 7ield of legumes receiving seed-
applied “o at 0.3, 0.5 and 0.5 kg No/ha plus lime were not significantly
different from each other. Yield of legumes receiving seed-applied o at
0.5 kg ¥o/ha was significantly higher than those of legumes receiving seed-
applied o at 0.1 kg Mo/ha and no “o. Yield of legumes receiving only
lime was significantly higher than those of legumes receiving seed-applied
Yo at 0.1 kg Ho/ha and no o but was not significantly different from
those of legumes receiving seed-applied o at 0.3 and 0.5 kg lio/ha or
soil-applied ¥o at 1.0, 2.0 and 4.0 kg Io/ha.

It should be mentioned that at this fourth cutting which performed

on January 3, 1984 desmodium and centrosema had flowers and pods through

the experimental plots.

Fifth Cutting:

"hen averaged over all legume species, dry matter yield of
legumes receiving soil-applied lo at 4.0 kg Fo/ha plus lime was signifi-
cantly higher than those of legumes receiving soil-applied %o at 1.0

kg i'o/ha, seed-applied ¥o at 0.1 and 0.3 kg Yo/ha, and no ¥o (Table 1.%56).




Table 1.66
Effects of Mo and lime on dry matter yields of Desmodium intortum and Centrosema pubescens grown in

the Wahiawa soil (Fifth Cutting)

| Mo treatment Desmodium intortum Centrosema pubescens Mean
- ton/ha cm e

No Mo added 1.63 1.15 1.39 ¢
Lime t 3.53 1.49 2.51 abe
0.1 kg Mo/ha (seed applied) 2.19 1.47 1.83 d
0.3 ké Mo/ha (seed applied) 3.40 1.40 2.40 be
0.5 kg Mo/ha (seed applied) 4.09 - 1.30 2.70 abe
0.5 kg Mo/ha (seed applied) plus lime L.38 1.30 2.84 ab
1.0 kg Mo/ha (soil applied) 3.40 1.20 2.30 ¢
2.0 kg Ko/ha (s01l applied) 3.51 1.51 2.51 abe
4,0 ke Mo/ha (soil applied) 3.58 1.38 2.48 abo
4,0 kg Mo/ha (soil applied) plus lime b4 1.38 2.86 a
Mean 3.41 a 1.36 b

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.

6ce



230

Yields of legumes receiving soil-applied Mo at 1.0, 2.0 and 4.0 kg Mo/ha
were not significantly different from each other. Yields of legumes
receiving those soil-applied Mo rates were also not significantly
different from those of legumes receiving seed-applied Mo at 0.3 and 0.5
kg Mo/ha but were significantly higher than those of legumes receiving
seed-applied Mo at 0.1 kg Mo/ha and no Mo. Yield of legumes receiving
seed-applied Mo at 0.5 kg Mo/ha plus lime was also significantly higher
than those of legumes receiving soil-applied Mo at 1.0 kg Mo/ha, seed-
applied Mo at 0.1 kg Mo/ha and no Mo, Yield of legumes receiving only
lime was not significantly different from those of legumes receiving high
rates of Mo but significantly higher than those receiving seed-applied Mo
at 0.1 kg Mo/ha and no Mo. It should be noted that when averaged over
all Mo and lime rates, yield of desmodium was significantly higher than
that of centrosema.

Consideration of the differences in dry matter yields of desmodium
and centrosema receiving various rates of Mo and/or lime from cuttings
1 to 5 indicated that seed-applied Mo at 0.3 and 0.5 kg Mo/ha were as
effective as soill- applied Mo at 1.0, 2.0 and 4.0 kg Mo/ha in supplying
Mo to desmodium and centrosema. Seed-applied Mo at 0.1 kg Mo/ha, although
increasing yield above the no-Mo treatment, was not considered adequate
for optimum yields of the two legume species. Lime also increased
pasture legume yield at the same magnitude as Mo. Seed-applied Mo at 0.3
and 0.5 kg Mo/ha also had residual effect similar to that of soil- applied

Mo.
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Influences of Mo and Lime on Some Chemical Compositions in Plant

Nitrogen

First Cutting:

When average over all legume species, N concentration
in the top of legumes receiving no Mo was significantly lower than those
of legumes receiving various rates of seed-applied and soil-applied Mo
(Table 1.67). However, N concentration in the top of legumes receiving
no Mo was not significantly lower than that of legumes receiving seed-
applied Mo at 0.1 kg Mo/ha, suggesting that seed-applied Mo at this rate
was not enough for plant need to produce optimum N concentration which
contributed to high yield. Nitrogen concentrations of legumes receiving
seed-applied Mo at 0.3 and 0.5 kg Mo/ha, and soil-applied Mo at various
rates were not significantly different from each other., Nitrogen concen-
tration of legumes receiving soil-applied Mo at 4.0 kg Mo/ha was signifi-
cantly higher than that of legumes receiving seed-applied Mo at 0.1 kg Mo/ha.
Nitrogen concentration of legumes receiving only lime was significantly
higher than that of legumes receiving no Mo but was not significantly
different from those of legumes receiving various rates of seed- or soil-
applied Mo. Nitrogen concentration of legumes receiving seed-applied Mo
at 0.5 kg Mo/ha and soil-applied Mo at 4.0 kg Mo/ha with lime were not
significantly different from those of legumes receiving the same rates of
Mo without lime.

When average over all Mo and lime rates, N concentration
of desmodium was significantly higher than that of centrosema, suggesting

that nitrogen fixation as affected by Mo or lime of desmodium was higher




Table 1,69,

Effects of Mo and lime on N concentration in the top of Desmodium intortum and Centrosema pubescens

the
grown in,Wahiawa soil (First Cutting)

Mo treatment Desmodium intortum Centrosema pubegcens Mean

-~ g ’ SO,
No Mo added 1.85 1.92 1.88 ¢
Lime , 2. 74 2.58 2.66 ab
0.1 kg Mo/ha (seed applied) 2.28 2.27 2.27 be
0.3 kg Mo/ha (seed applied) 2.82 2.66 2.74 ab
0.5 kg Mo/ha (seed applied) 3.15 ' 2.37 2.76 ab
0.5 kg Mo/ha (seed applied) plus lime 3.05 2,63 2.84 ab
1,0 kg Mo/ha (soil applied) 2.65 2.40 2.53 ab
2,0 kg Mo/ha (soil applied) ) 2.91 o2m 2.66 ab
4,0 kg‘ Mo/ha (soil applied) 3.13 2,67 2.90 a
4,0 kg Mo/ha (soil applied) plus lime 3.11 2,66 2.89 a
Mean 2.77 a 2.46 b

¥ Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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than that of centrosema. There was no interaction between Mo rates and
legume species on N concentration in plant top. It should be noted that
N deficiency symptoms occurred with desmodium receiving no Mo, Nitrogen
concentration in the top of desmodium receiving no Mo (1.85%) was lower
than the critical N concentration of 2.7% to 3.0% suggested by Johansen

and Kerridge (1981).

Second Cutting:

When averaged over the two legume species, N concentra-
tions of legumes recelving various rates of soil-applied Mo were not
significantly different from each other (Table 1.68). Nitrogen concentra-
tions of legumes receiving soil-applied Mo at 1.0, 2.0 and 4.0 kg Mo/ha
were also not significantly different from those of legumes receiving
seed-applied Mo at 0.3 and 0.5 kg Mo/ha but were significantly higher
than those of legﬁmes receiving seed-applied Mo at 0.1 kg Mo/ha and no Mo.
Nitrogen concentrations of legumes receiving seed-applied Mo at 0.3 and
0.5 kg Mo/ha were not significantly different from that of legumes receiv-
ing seed-applied Mo at 0.1 kg Mo/ha but were significantly different from
that of legumes receiving no Mo. Nitrogen concentration of legumes
receiving seed-applied Mo at 0.1 kg Mo/ha was not significantly different
from that of legumes receiving no Mo. Nitrogen concentrations of legumes
receiving lime alone and lime along with seed-applied Mo at 0.5 kg Mo/ha
or soil-applied Mo at 4.0 kg Mo/ha were not significantly different from
those of legumes receiving other rates of seed-applied and soil-applied Mo
but were significantly higher than that of legumes receiving no Mo. When
averaged over all Mo and lime rates, N concentration in the top of desmo-

dium was significantly lower than that of centrosema. At this cutting



Table 1.68.

Effects of Mo and 1lime on N concentration in the top of Desmodium intortum and Centrosema pubescens
the
grown in,Wahiawa soil (Second Cutting)

Mo treatment Desmodium intortum Centrosema pubescens Mean
_____ % - - ——— e -

No Mo added 1,96 2.57 2.26 ¢
Lime _ 2.77 3.50 3.14 ab
0.1 kg Mo/ha (seed applied) 2.45 2.99 2.72 be
0.3 kg Mo/ha (seed applied) 2,96 3.10 ' 3.03 ab
0.5 kg Mo/ha (seed applied) 3.27 3.13 3.20 ab
0.5 kg Mo/ha (seed applied) plus lime 3.46 3.46 3.46 a
1.0 kg Mo/ha (soil applied) 3.11 3.51 3.31 a
2.0 kg ¥o/ha (soil applied) ) 3.43 | 3.26 3.35 a
4,0 kg. Mo/ha (soil applied) 3.43 3.58 3.50 a
4,0 kg ¥o/ha (soil applied) plus lime 3.50 3.53 3.52 a
Mean 3.03 b 3.26 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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nitrogen fixation of centrosema was likely to be more effective than
that of centrosema in the first cutting. Moreover, N concentration in
the top of centrosema receiving no Mo was higher than that of desmodium

receiving the same Mo treatment.

Third Cutting:

Molybdenum application significantly increased N concen-
tration in the top of desmodium and tended to increase N concentration
in the top of centrosema (Table 1.69). Nitrogen concentrations of desmo-
dium receiving various rates of seed-applied Mo and soil-applied Mo,
except seed-applied Mo at 0.1 kg Mo/ha, were significantly higher than
that of legume receiving no Mo. Nitrogen concentration of desmodium
receiving seed-~applied Mo at 0.1 kg Mo/ha was not significantly higher
than that of legume receiving no Mo. Nitrogen concentrations of desmodium
receiving seed-applied Mo at 0.3 and 0.5 kg Mo/ha were not significantly
different from each other. However, N concentrations of desmodium recei-
ving seed-applied Mo at 0.3 and 0.5 kg Mo/ha were significantly higher
than that of legume receiving seed-applied Mo at 0.1 kg Mo/ha. Nitrogen
concentrations of desmodium receiving various rates of soil-applied Mo
were not significantly different from each other. Nitrogen concentrations
of desmodium receiving soil-applied Mo at 1.0, 2.0 and 4.0 kg Mo/ha were
also not significantly different from those of legume receiving seed-
applied Mo at 0.3 and 0.5 kg Mo/ha. Nitrogen concentrations of desmodium
receiving lime alone, lime along with seed-applied Mo at 0.5 kg Mo/ha,
and lime along with soil-applied Mo at 4.0 kg Mo/ha were also significan-~

tly higher than those of desmodium receiving seed-applied Mo at 0.1 kg Mo/ha




Table 1.69

Effects of Mo and lime on N concentration in the top of Desmodium intortum and Centrosema pubescens

the
grown in,Wahiawa soil (Third Cutting)

Mo treatment Desmodium intortunm Centrosema pubescens Mean

................... % e o e o e
No Mo added 1.88 " 3.01 abed 2.45
Lime t 2,59 d 3.43 a 3.01
0.1 kg Mo/ha (seed applied) 2.16 e 3.16 ab 2.66
0.3 ké Mo/ha (seed applied) 2.68 cd 3.30 a 2.99
0.5 kg Mo/ha (seed applied) 2.83 bed 3.10 abe 2.96
0.5 kg Mo/ha (seed applied) plus lime 2.83 bed 3.16 ab 3.00
1.0 kg Mo/ha (soil applied) 2.79 bed 3.33 a 3.06
2,0 kg Mo/ha (soil applied) ’ 2,67 cd 3.00 abed 2.83
4,0 kg.Mo/ha (soil applied) 2.86 bcd 3.42 a 3. 14
4.0 kg Mo/ha (soil applied) plus lime 2.66 4 3.39 a 3.02
Mean | 2.59 a 3.23 b

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test,
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and no Mo.

Nitrogen concentration in the tops of centrosema
receiving various rates of seed-applied and soil-applied Mo and/or lime
were not significantly different from each other. However, Mo application
tended to increase N concentration of this legume. When averaged over
all Mo and lime rates, N concentration in the top of desmodium was signi-

ficantly lower than that of centrosema.

Fourth Cutting:

Nitrogen concentrations in the top of desmodium
recelving various rates of soil-applied Mo were not significantly different
from those of desmodium receiving seed-applied Mo at 0.3 and 0.5 kg Mo/ha
but were significantly higher than those of desmodium receiving seed-applied
Mo at 0.1 kg Mo/ha and no Mo (Table 1.70). Nitrogen concentration of
desmodium receiving seed-applied Mo at 0.1 kg Mo/ha was not significantly
higher than that of no Mo. It should be mentioned that at this cutting
desmodium receiving seed-applied Mo at 0.1 kg Mo/ha and no Mo showed N
deficiency symptoms. Nitrogen concentrations of desmodium receiving lime
alone or lime with high rates of seed-applied and soil-applied Mo were
not significantly different from those of desmodium receiving various rates
of soil-applied Mo and seed-applied Mo at 0.3 and 0.5 kg Mo/ha but were
also significantly higher than those of desmodium receiving seed-applied
Mo at 0.1 kg Mo/ha and no Mo,

There were no significant @&ifferences among N concentra-
tions of centrosema receiving various rates of seed-applied and soil-

applied Mo and/or lime. Nitrogen concentration of centrosema receiving




Table 1. 70,

Effects of Mo and lime on N concentration in the top of Desmodium intortum and Centrosema pubescens

the
grown in,Wahiawa soil (Fourth Cutting)

Mo treatment Desmodium intortum Centrosema pubescens Fean

- - % ..............................
No Mo added 2.16 ¢ 3.72 a 2.9
Lime i 2.70 b 3.84 a 3.27
0.1 kg Mo/ha (seed applied) 2.32 ¢ 3.73 a 3.03
0.3 kg Mo/ha (seed applied) 2.78 b 3.81 a 3.30
0.5 kg Mo/ha (seed applied) 2,84 v 3.63 a 3.24
0.5 kg Mo/ha (seed applied) plus lime 2.83 b 3.88 a 3.35
1.0 kg Mo/ha (so0ll applied) 2.84 b 3.72 a 3.29
2,0 kg Mo/ha (soil applied) ) 2,96 b 3% a 3.45
4,0 kg. Mo/ha (soil applied) 3.04 b 3.70 a 3.37
4,0 kg Mo/ha (so0il applied) plus lime 2,90 b 3.87 a 3.39
Mean | 2,74 b 3.78 a

* Values of each factor followed by the same letfer are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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no Mo was not significantly lower than in other Mo treatments. When
averaged over all Mo and lime rates, N concentration in the top of desmo~

dium was significantly lower than that of centrosema.

Fifth Cutting:

Nitrogen concentration in the top of desmodium receiving
no Mo was not significantly lower than in that of desmodium receiving seed-
applied Mo at 0.1 kg Mo/ha but was significantly lower than those of des-
modium receiving other rates of seed-applied and soil-applied Mo (Table
1.71). Nitrogen concentration of desmodium receiving seed-applied Mo at
0.1 kg Mo/ha was also significantly lower than those of desmodium recei-
ving other rates of Mo. Nitrogen concentration of desmodium receiving
seed~applied Mo at 0.3 kg Mo/ha was significantly lower than those of
desmodium receiving seed-applied Mo at 0.5 kg Mo/ha and soil-applied Mo
at the various rates, suggesting that seed-applied Mo at 0.3 kg Mo/ha
likely may not adequately supply Mo to plant need after 4 to 5 cuttings.
Nitrogen concentration of desmodium receiving seed-applied Mo at 0.5 kg
Mo/ha was not significantly different from those of desmodium receiving
various rates of soil-applied Mo, indicating that seed-applied Mo at this
rate was still as effective as soil-applied Mo for desmodium which had
been cut five times. Nitrogen concentrations of desmodium receiving lime
alone or lime with high rates of Mo were not significantly different from
those of desmodium receiving seed-applied Mo at 0.5 kg Mo/ha and soil-
applied Mo at rates of 1.0 and 2.0 kg Mo/ha but were significantly lower
than that of desmodium receiving soil-applied Mo at 4.0 kg Mo/ha.

Nitrogen concentration in the top of centrosema Peceiving




Table 1,71,

Effects of Mo and lime on N concentration in the top of Desmodium intortum and Centrosema pubescens
the
grown in,Wahiawa soil (Fifth Cutting)

Mo treatment Desmodium intortum Centrosema pubescens Mean

e g mmm-— , —_—
No Mo ad@ed 1,45 h 3.06 bed 2.25
Lime . 2,60 ef 3.36 ab 2,98
0.1 kg Mo/ha (seed applied) 1.69 h 3.30 ab 2.49
0.3 kg Mo/ha (seed applied) 2.23 g 3.33 ab 2.78
0.5 kg Mo/ha (seed applied) 2.73 def 3.13 abe 2.93
0.5 kg Mo/ha (seed applied) plus lime 2.51 efg 3.29 ab 2.90
1,0 kg Mo/ha (soil applied) 2.37 ef 3.46 a 2.92
2,0 kg Mo/ha (soil applied) ) 2.72 def  3.29 ab 3.01
4,0 kg.Mo/ha (so0il applied) 3.07 abed 3.20 ab | 3. 14
4,0 kg Mo/ha (soil applied) plus lime 2.80 cde 3.25 ab 3.03
Mean 2.42 b 3.27 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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no Mo was significantly lower than that of centrosema receiving soil-
applied Mo at 1.0 kg Mo/ha but was not significantly lower than those of
centrosema receiving other rates of Mo and/or lime (Table 1.71). Nitrogen
concentrations of centrosema receiving various rates of seed-applied and
soil-applied Mo were not significantly different from each other. When
averaged over all Mo and lime rates, N concentration in the top of desmo-
dium was significantly lower than that of centrosema. Nitrogen concen-
tration in the top of desmodium receiving no Mo was significantly lower
than that in the top of centrosema, indicating that the supply of Mo was
not enough for desmodium whereas that of Mo was enough for centrosema.
These results suggested that desmodium is more responsive to Mo than

centrosema.

Molybdenum

First Cutting:

Molybdenum application significantly increased Mo con-
centrations in the tops of desmodium and centrosema (Table 1.72). When
averaged over the two legume specles, Mo concentration of legumes
receiving soil-applied Mo at 4.0 kg Mo/ha was significantly higher than
those of legumes receiving other rates of Mo. Molybdenum concentration
of legumes receiving soil-applied Mo at 2.0 kg Mo/ha was also significantly
higher than those of legumes receiving soil-applied Mo at 1.0 kg Mo/ha
and seed-applied Mo at various rates. Molybdenum concentrations of legumes
receiving various rates of seed-applied Mo were not significantly different

from each other. Molybdenum concentrations of legumes receiving lime alone




Table 1.72.

Effects of Mo and lime on Mo concentration in the tops of Desmodium intortum and Centrosema pubescens

fhe
grown in,Wahiawa soil (First Cutting)

| Mo treatment Desmodium intortum Centrosema pubescens Mean

- Ppm - - ——-——————
No Mo added 0.11 0.11 0.11 4"
Lime | 0.19 0.08 0.14 d
0.1 kg Mo/ha (seed applied) 0. 14 0.10 0.12 d
0.3 kg Mo/ha (seed applied) 0.16 0.12 0.14 4
0.5 kg Mo/ha (seed applied) 0.16 ° 0.13 0.15 d
0.5 kg Mo/ha (seed applied) plus lime 0.16 0.13 0.15 d
1.0 kg Mo/ha (soil applied) 0.17 0.15 0.16 d
2,0 kg Mo/ha (s01l applied) 0.35 0.27 0.31 ¢
4.0 kg.Mo/ha (so01l applied) 0.52 0.41 0.46 b
4,0 kg ¥o/ha (s01l applied) plus lime 0.51 0.68 0.60 a
Mean 0.25 a 0.22 a

* Values of each factor follawed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test,
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or lime with seed-applied Mo at 0.5 kg Mo/ha were not significantly
different from those of legume receiving no Mo, soil-applied Mo at 1.0 kg
Mo/ha, and seed-applied Mo at 0.1, 0.3 and 0.5 kg Mo/ha. However, Mo
concentration of legumes receiving soil-applied Mo at 4.0 kg Mo/ha with
lime was significantly higher than those of legumes receiving other rates
of Mo. When averaged over all Mo and lime rates, Mo concentration in the
tops of desmodium and centrosema were not significantly different from

each other.

Second Cutting:

When averaged over all legume species, Mo concentration
in the tops of legumes receiving soil-applied Mo at 4.0 kg Mo/ha was
significantly higher than those of legumes receiving soil-applied Mo at
1.0 and 2.0 kg Mo/ha, seed-applied Mo at various rates and no Mo (Table
1.73). Although Mo concentration of legumes receiving soil-applied Mo at
2.0 kg Mo/ha was not significantly higher than those of legume receiving
soll-applied Mo at 1.0 kg Mo/ha and seed-applied Mo at different rates, it
was significantly higher than that of legumes receiving no Mo. Molybdenum
concentrations of legumes receiving lime alone or lime with seed-applied
Mo at 0.5 kg Mo/ha was not significantly different from those of legumes
receiving no Mo and seed-applied Mo at other rates. However, Mo concentra-
tion of legumes receiving soil applied Mo at 4.0 kg Mo/ha with lime was
significantly higher than those of legumes receiving other rates of Mo.
When averaged over all Mo and lime rates, Mo concentration in the top of
desmodium was not significantly different from that in the top of centro-
sema., There was no interaction between legume specles and Mo or lime

treatments.




Table 1.73

Effects of Mo and lime on Mo concentration in the tops of Desmodium intortum and Centrosema pubescens

the
grown in,Wahiawa soil (Second Cutting).

Mo treatment Desmodium intortum Centrosema pubescens Mean
- ——— PPl eemccea—o- - o -

No Mo added 0.08 0.08 0.08 4"
Lime ‘ 0.13 0.12 0.12 cd
0.1 kg Mo/ha (seed applied) 0.10 0.13 0.12 cd
0.3 kg Mo/ha (seed applied) 0. 14 0.09 0.11 cd
0.5 kg Mo/ha (seed applied) 0.20 " 0.11 0.16 cd
0.5 kg Mo/ha (seed applied) plus lime 0.18 0.13 0.16 cd
1.0 kg Ho/ha (soil applied) 0.20 0. 14 0.17 cd
2.0 kg Mo/ha (soil applied) ) 0.28 0.24 0.27 ¢
4.0 kg Mo/ha (soil applied) 0.51 0.35 0.43 b
4,0 kg Mo/ha (soil applied) plus lime 0.85 0.56 0.70 a
Mean 0.27 a 0.20 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Third Cutting:

Molybdenum concentration in the tops of desmodium recei-
ving soil-applied Mo at 4.0 kg Mo/ha with or without lime were significantly
higher than those of desmodium receiving other rates of Mo (Table 1.74).
Molybdenum concentration in the top of desmodium receiving soil-applied Mo
at 4.0 kg Mo/ha with lime was significantly higher than that of desmodium
receiving the same rate of Mo without lime, indicating that lime had a
significant effect in increasing Mo concentration in plant top at this
cutting., Molybdenum concentration of desmodium receiving seed-applied Mo
at 0.5 kg Mo/ha was not significantly different from that of desmodium
receiving soil-applied Mo at 1.0 and 2.0 kg Mo/ha but was significantly
higher than those of legume receiving seed-applied Mo at 0.1 kg Mo/ha and
no Mo.

Molybdenum concentration in the top of centrosema recei-
ving soil-applied Mo at 4.0 kg Mo/ha with or without lime were also
significantly higher than those of centrosema receiving other rates of Mo
(Table 1.74). Molybdenum concentration in the top of centrosema receiving
soil-applied Mo at 4.0 kg Mo/ha with lime was significantly higher than
that of centrosema receiving the same rate of Mo without lime. Molybdenum
concentration of centrosema receiving seed-applied Mo at 0.5 kg Mo/ha was
not significantly different from those of centrosema receiving soil-applied
Mo at 1.0 and 2.0 kg Mo/ha. Molybdenum concentration of centrosema recei-
ving no Mo was not significantly different from those of centrosema
receiving seed-applied Mo at various rates or lime.

When averaged over all Mo and lime rates, mean Mo con-

centration: in the top of desmodium was not significantly different from




Table 1.7Y,

Effects of Mo and lime on Mo concentration in the tops of Desmodium intortum and Centrosema pubescens

(A
grown insWahiawa soil (Third Cutting).

Mo treatment

Desmodium intortum Centrosema pubescens Mean

““““““““““ pPpm Tessesss == ==
No Mo added 0.03 g 0.05 fg 0.0k
Lime 0.06 fg 0.10 efg 0.08
0.1 kg Mo/ha (seed applied) 0.03 g 0.08 fg 0.06
0.3 kg Mo/ha (seed applied) 0.08 fg 0.12 efg 0.10
0.5 kg Mo/ha (seed applied) 0.15 défg 0.13 defg 0.14
0.5 kg Mo/ha (seed applied) plus lime 0.11 fg 0.15 defg 0.13
1.0 kg Ho/ha (soil applied) 0.16 def 0.15 defg 0.16
2.0 kg Mo/ha (soil applied) 0.22 de 0.24 4 0.23
4,0 kg.Mo/ha (soil applied) 0.61 b 0.37 ¢ 0.49
4,0 kg ¥o/ha (soil applied) plus lime 0.77 a 0.53 b 0.65
Mean 0.22 a 0.19 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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that of centrosema. However, while there there was no significant differ-
ence among Mo concentrations;of desmodium and centrosema receiving soil-
applied Mo at 1.0 and 2.0 kg Mo/ha and other rates of seed-applied Mo or
no Mo, Mo concentration of desmodium receiving soil-applied Mo at 4.0 kg
Mo/ha, with or without lime, were significantly higher than those of

centrosema receiving the same soil-applied Mo rates.

Fourth Cutting:

Molybdenum concentrations in the top of desmodium
recelving soil-applied Mo at 4.0 kg Mo/ha with or without lime were
significantly higher than those of desmodium receiving other rates of Mo
(Table 1.75). Molybdenum concentration of desmodium receiving soil-applied
Mo at 2.0 kg Mo/ha was also significantly higher than those of desmodium
receiving seed-applied Mo at various rates, no Mo, and lime. Molybdenum
concentrations of desmodium receiving seed-applied Mo at 0.1, 0.3 and 0.5
kg Mo/ha were not significantly different from each other. Molybdenum
concentration of desmodium receiving no Mo was not significantly different
from those of desmodium receiving lime, seed-applied Mo at all rates, and
soil-applied Mo at 1.0 kg Mo/ha.

Molybdenum concentrations of centrosema receiving soil-
applied Mo at 4,0 kg Mo/ha, with or without lime, were significantly higher
than those of centrosema receiving other rates of Mo or lime (Table 1.75).
Molybdenum concentrations of centrosema receiving seed-applied Mo at 0.1,
0.3 and 0.5 kg Mo/ha were not significantly different from each other.
Molybdenum concentrations of centrosema receiving those rates of seed-
applied Mo were also not significantly different from those of centrosema

receiving soil-applied Mo at 1.0 and 2.0 kg Mo/ha. Molybdenum concentrations




Table 1.75

Effects of Mo and lime on Mo concentration in the tops of Desmodium intortum and Centrosema pubescens

the
grown inaWahiawa soil (Fourth Cutting).

Mo treatment

Desmodium intortum Centrosema pubescens Mean
PPM eeeee -

No Mo added 0.05 d° 0.07 d 0.06
Lime 0.07 d 0.11 4 0.09
0.1 kg Mo/ha (seed applied) 0.03 d 0.14 cd 0.09
0.3 kg Mo/ha (seed applied) 0.08 4 0.11 4 0.11
0.5 kg Mo/ha (seed applied) 0.16 d’ 0.13 cd 0.13
0.5 kg Mo/ha (seed applied) plus lime 0.11 d 0.14 cd 0.13
1.0 kg Mo/ha (soil applied) 0.17 cd 0.14 cd 0.16
2.0 kg Mo/ha (soil applied) 0.29 be 0.19 cd 0.24
4.0 kg Mo/ha (soil applied) 0.66 a 0.38 b 0.52
4,0 kg ¥o/ha (soil applied) plus lime 0.65 a 0.40 b 0.53
Mean 0.22 a 0.18 v

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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of centrosema receiving no Mo was not significantly different from those

of centrosema receiving lime, seed-applied Mo at all rates, and soil-
applied Mo at 1.0 and 2.0 kg Mo/ha. While there were no significant differ-
ences among Mo concentrations of desmodium and centrosema receiving the

same rates of seed-applied Mo and soil-applied Mo at 1.0 and 2.0 kg Mo/ha,
Mo concentrations of desmodium receiving soil-applied Mo at 4.0 kg Mo/ha,
with or without lime, were significantly higher than those of centrosema
receiving the same rates of Mo.

When averaged over all Mo and lime rates, mean Mo con-
centration of desmodium was significantly higher than that of centrosema.
This result was different from the result obtained from the previous
third cuttings where mean Mo concentrations of desmodium and centrosema
were not significantly different from each other. The difference in results
was due to the difference in the growth stages of legumes at harvesting.
While the legumes were in a vegetative growth stage at the previous three
cuttings, they were in a reproductive stage with flowers and pods appearing

at the fourth cutting. At this reproductive stage, desmodium and centro-
sema were quite different from each other. Desmodium bore much more

flowers and pods than centrosema., This difference should account for the

difference in Mo concentration in plant tops.

Fifth Cutting:

When averaged over all legume specles, Mo concentrations
in the tops of legumes receiving soil-applied Mo at 4.0 kg Mo/ha, with or
without lime,were significantly higher than those of legumes receiving
other rates of Mo (Table 1.76). Molybdenum concentrations of legumes

receiving soil-applied Mo at 1.0 and 2.0 kg Mo/ha were not significantly




Table 1.76

Effects of Mo and 1lime on Mo concentration in the tops of Desmodium intortum and Centrosema pubescens

the
grown in,Wahiawa Soil (Fifth Cutting)

Mo treatment Desmodium intortum Centrosema pubescens Fean
—— e PPN e e

No Mo added 0.02 0.04 0.03 b
Lime _. 0.04 0.05 0.05 b
0.1 kg Mo/ha (seed applied) 0.03 0.06 0.05 b
0.3 kg Ho/ha (seed applied) 0.04 0.07 0.06 b
0.5 kg Mo/ha (seed applied) 0.09 - 0.08 0.08 b
0.5 kg Mo/ha (seed applied) plus lime 0.06 0.10 0.08 b
1.0 kg Mo/ha (soil applied) 0.05 0.05 0.05 b
2.0 kg Mo/ha (soil applied) 0.16 0.07 0.12 b
4,0 kgl Mo/ha (soil applied) 0.37 0.29 0.33 a
4.0 kg Mo/ha (soil applied) plus lime 0.40 0.22 0.31 a
Mean 0.13 a 0.10 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test,
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different from those of legumes receiving seed-applied Mo, lime, or no Mo.
When averaged over all Mo and lime rates, Mo concentrations of desmodium
and centrosema were not significantly different from each other. It
should be noted that Mo concentrations of plant tops obtained from the
different treatments were relatively low as compared to those from the

previous cuttings, suggesting that Mo in soil was being depleted.

Sulfur

First Cutting:

Sulfur concentration in the top of desmodium receiving
no Mo was significantly higher than those of desmodium receiving other
rates of Mo and/or lime (Table 1.77). Sulfur concentrations of desmodium
receiving various rates of seed-applied Mo, soil-applied Mo, and/or lime
were not significantly different from each other. Sulfur concentrations
of centrosema receiving no Mo, seed-applied Mo, soil-applied Mo and/or
lime were not significantly from each other (Table 1.77). There was an
interaction between legume species and Mo fertilizer treatments since
Mo fertilizer decreased S concentration in the top of desmodium whereas
it tended to increase S concentration of centrosema. When averaged over
all Mo and lime rates, S concentration of desmodium was significantly

lower than that of centrosema.

Second Cutting:
Sulfur concentration in the top of desmodium receiving
no Mo was significantly higher than those of desmodium receiving various

rates of seed-applied Mo, soil-applied Mo, and lime (Table 1.78). There




Table 1.77

Effects of Mo and 1lime on S concentration in the tops of Desmodium intortum and Centrosema pubescens

&
grown in,Wahiawa soil (First Cutting).

Mo treatment

Desmodium intortum Centrosema pubescens Mean

................... B mmmmcem—a————————————————m——
No Mo adﬁed 0.23 a 0.22 a 0.23
Lime 0.16 b 0.25 a 0.21
0.1 kg ¥o/ha (seed applied) 0.17 b 0.24 a 0.21
0.3 kg ko/ha (seed applied) 0.14 b 0.25 a 0.20
0.5 kg Mo/ha (seed applied) 0.16 b 0.23 a 0.19
0.5 kg Mo/ha (seed applied) plus lime 0.15 b 0.24 a 0.20
1.0 kg Mo/ha (soil applied) 0.14 b 0.24 a 0.19
2.0 kg Mo/ha (soil applied) 0.15 b 0.23 a 0.19
4.0 kg Mo/ha (soil applied) 0.15 b 0.24 a 0.20
4,0 kg Mo/ha (soil applied) plus lime 0.15 b 0.24 a 0.20
Mean 0.16 b 0.24 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1.7'8

Effects of Mo and lime on S concentration in the tops of Desmodium intortum and Centrosema pubescens

he
grown in,Wahiawa soil (Second Cutting).

Mo treatment Desmodium intortum Centrosema pubescens Fean

e B = emmemeee———m————— e e ————
No Mo added 0.21 ¢ 0.24 abe 0.22
Lime ,. 0.16 d 0.25 a 0.21
0.1 kg ¥o/ha (seed applied) 0.18 d 0.22 be 0.20
0.3 kg Mo/ha (seed applied) 0.16 d 0.25 a 0.21
0.5 kg Mo/ha (seed applied) 0.16 @ 0.24 ab 0.20
0.5 kg Mo/ha (seed applied) plus lime 0.16 d 0.26 a 0.21
1.0 kg Mo/ha (soil applied) 0.16 d 0.26 a 0.21
2.0 kg Mo/ha (soil applied) - 0.17 d ~ 0.23 abe 0.20
4,0 kg.Mo/ha (soil applied) 0.17 d 0.25 a 0.21
4,0 kg Mo/ha (soil applied) plus lime 0.16 d 0.26 a 0.21
Mean 0.17 b 0.25 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test,
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were no significant differences among S concentrations of desmodium
receiving various rates of seed-applied and soil-applied Mo. The trend

of S concentration of desmodium was similar to that obtained in the first
cutting. Sulfur concentration in the top of centrosema receiving no Mo
was not significantly different from those of centrosema receiving other
rates of Mo and lime (Table 1. 78). Sulfur concentration of centrosema
receiving seed-applied Mo at 0.1 kg Mo/ha was not significantly lower than
those of centrosema receiving no Mo, seed-applied Mo at 0.5 kg Mo/ha and
soil-applied Mo at 2.0 kg Mo/ha but was significantly lower than those of
centrosema receiving other treatments., When averaged over all Mo and lime
rates, S concentration in the top of desmodium was significantly lower

than that of centrosema,

Third Cutting:

Sulfur concentration in the top of desmodium receiving
no Mo was significantly higher than those of desmodium receiving various
rates of seed-applied and soil-applied Mo and lime (Table 1.79). However,
that concentration was not significantly higher than the concentration of
desmodium receiving seed-applied Mo at 0.1 kg Mo/ha. Sulfur concentrations
in the top of centrosema receiving various rates of Mo and/or lime were
not significantly different from each other (Table 1.79). It should be
noted that except for 0.1 kg Mo/ha seed-applied and no-Mo treatments, S
concentrations in the top of centrosema receiving other rates of Mo or
lime were significantly higher than those of desmodium receiving compara-
ble treatments. When averaged over all Mo and lime rates, S concentration

of centrosema was significantly higher than that of desmodium.




Effects of Mo

Table 1.79.

and lime on S concentration in the tops of Desmodium intortum and Centrosema pubescens

The

grown in,Wahiawa soil (Third Cutting).

Mo treatment

Desmodium intortum Centrosema pubescens Mean

___________________ % S _——— - ——
No Mo added 0.20 ab 0.21 ab 0.21
Lime 0.16 c 0.21 ab 0.19
0.1 kg ¥o/ha (seed applied) 0.19 b 0.19 ab 0.19
0.3 kg Mo/ha (seed applied) 0.16 ¢ 0.20 ab 0.18
0.5 kg Mo/ha (seed applied) 0.16 ¢ 0.19 ab 0.18
0.5 kg Mo/ha (seed applied) plus lime 0.16 ¢ 0.21 ab 0.18
1.0 kg to/ha (soil applied) 0.16 ¢ 0.22 a 0.19
2,0 kg Mo/ha (soil applied) 0.16 ¢ 0.19 ab 0.18
4.0 kg Mo/ha (soil applied) 0.16 ¢ 0.22 a 0.19
4,0 kg Mo/ha (soil applied) plus lime 0.15 ¢ 0.20 ab 0.18
Mean 0.17 b 0.21 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test,
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Fourth Cutting

Sulfur concentration in the top of desmodium receiving
no Mo was significantly higher than those of desmodium receiving different
rates of seed-applied and soil-applied Mo (Table 1.80). Sulfur concentra-
tion of desmodium receiving various rates of Mo were not significantly
different from each other. There were no significant differences among
S concentration in the top of centrosema recelving different rates of
seed-applied and soil-applied Mo (Table 1.60). When averaged over all
Mo and lime rates, Mo concentration in the top of centrosema was signifi-

cantly higher than that of desmodium.

Fifth Cutting:

Sulfur concentration in the top of desmodium receiving
no Mo was significantly higher than those of desmodium receiving other
rates of seed-applied and soil-applied Mo, and lime (Table 1.81). Sulfur
concentration of desmodium receiving seed-applied Mo at 0.1 kg Mo/ha was
significantly higher than those of desmodium receiving other rates of Mo.
Sulfur concentrations of desmodium receiving various rates of seed-applied
and soil-applied Mo were not significantly different from each other.
Sulfur concentration in the top of centrosema receiving soil-applied Mo
at 1.0 kg Mo/ha was significantly higher than that of centrosema receiving
seed-applied Mo at 0.5 kg Mo/ha but was not significantly higher than those
of centrosema receiving other rates of Mo (Table 1.81). When averaged
over all Mo and lime rates, S concentration in the top of centrosema was

significantly higher than that of desmodium.



Table 1.80,

Effects of Mo and lime on S concentration in the tops of Desmodium intortum and Centrosema pubescens
the
grown in,Wahiawa soil (Fourth Cutting).

Mo treatment Desmodium intortum Centrosema pubescens Mean
—— ce B e ————————————————

No Mo added 0.25 a" 0.25 a 0.25
Lime 0.18 b 0.24 a 0.21
0.1 kg ¥o/ha (seed applied) 0.23 b 0.24 a 0.23
0.3 kg Yo/ha (seed applied) 0.18 b 0.25 a 0.22
0.5 kg Mo/ha (seed applled) 0.17 b 0.24 a 0.21
0.5 kg Mo/ha (seed applied) plus lime 0.17 b 0.25 a 0.21
1.0 kg Mo/ha (soil applied) | 0.17 b 0.24 a 0.21
2,0 kg Mo/ha (soil applied) 0.18 b ~ 0.25a 0.22
4,0 ke Mo/ha (soil applied) 0.18 b 0.24 a 0.21
4,0 kg Mo/ha (soil applied) plus lime 0.17 b 0.24 a 0.21
Mean 0.19 b 0.24 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test,

492



Effects of Mo and lime on S concentration in the tops of Desmodium intortum and Centrosema

Table 1.81.

the
grown in,Wahiawa soil (Fifth Cutting)

pubescens

Mo treatment

Desmodium intortum Centrosema pubescens Fean

___________________ % e ot e e o 2 0 2 o e e 2 o e o o
No Mo added 0.27 a" 0.23 be 0.25
Lime 0.17 d 0.23 be 0.20
0.1 kg Mo/ha (seed applied) 0.23 be 0.23 be 0.23
0.3 kg Mo/ha (seed applied) 0.18 d 0.23 be 0.21
0.5 kg Mo/ha (seed applied) 0.17 4 0.21 ¢ 0.19
0.5 kg Mo/ha (seed applied) plus lime 0.17 d 0.24 be 0.21
1.0 kg Yo/ha (soil applied) 0.19 d 0.24 b 0.22
2,0 kg Mo/ha (soil applied) 0.18 d 0.23 be 0.21
4.0 kg. Mo/ha (soil applied) 0.18 d 0.23 be 0.21
4.0 kg Mo/ha (soil applied) plus lime 0.17 d 0.23 be 0.20
Mean 0.19 b 0.23 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test,
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Copper

First Cutting:

Molybdenum fertilizer and lime had no effect on Cu con-
centration in the tops of desmodium and centrosema (Table 1.82). Since
there was no interaction between legume species and Mo and lime treatment,
it was possible to average all legume species, Mo and lime rates. When
averaged over all legume species, there were no significant differences
among Cu concentrations of legumes receiving no Mo, seed-applied Mo, soil-
applied Mo and lime. When averaged over all Mo and lime rates, Cu concen-
tration in the top of centrosema was significantly higher than that of

desmodium.

Second Cutting:

At this cutting Mo and lime applications significantly
increased Cu concentrations in the top of desmodium and centrosema (Table
1.83). When averaged over all legume species, Cu concentrations of legumes
receiving seed-applied Mo, soil-applied Mo and lime were significantly
higher than those of legumes receiving no Mo. Copper concentrations of
legumes receiving seed-applied Mo, soil-applied Mo and lime were not
significantly different from each other. When averaged over all Mo and
lime rates, Cu concentration of desmodium was significantly lower than

that of centrosema.

Third Cutting:
When averaged over all legume species, Cu concentrations

in the tops of legumes receiving soil-applied Mo at 4.0 kg Mo/ha, with or




9 [ ] ® ® L L L ®
Table 1.82.,
Effects of Mo and lime on Cu concentration in the top of Desmodium intortum and CentrOSegg pubescen§
grown inTr;ahiawa soil (First Cutting)
Mo treatment Desmodium intortum Centrosema pubescens Fean
. PP et

No Mo added 12.0 14.3 13.2 a"
Lime 12.0 16.3 14.2 a
0.1 kg Mo/ha (seed applied) 12.3 15.3 13.8 a
0.3 kg Mo/ha (seed applied) 11.7 16.3 14,0 a
0.5 kg Mo/ha (seed applied) 11.3° 15.7 13.5 a
0.5 kg Mo/ha (seed applicd) plus lime 12.3 16.7 14.5 a
1.0 kg Mo/ha (soil applied) 11.3 15.7 13.5 a
2.0 kg Mo/ha (soil applied) 12.7 | 15.3 14.0 a
4.0 kg‘ Fo/ha (soil applied) 12.0 17.0 14.5 a
4,0 kg ¥o/ha (soil applied) plus lime 11.0 16.3 13.7 a
Mean 11.9 b 15.9 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test,
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Table 1.83.
Effects of Mo and lime on Cu concentration in the top of Desmodium intortum and Centrosema pubescens
grown in,Wahiawa soil (Second Cutting)
Mo treatment Desmodium intortum Centrosema pubescens Nean
- - PP e S

No Mo added 13.3 14.0 13.7 b*
Lime 15.3 22.3 18.8 a
0.1 kg Mo/ha (seed applied) 15.0 20.0 17.5 a
0.3 kg Ho/ha (seed applied) 16.7 19.3 18.0 a
0.5 kg Mo/ha (seed applied) 17.0° 18.7 17.8 a
0.5 kg Mo/ha (seed applied) plus lime 16.7 20.3 18.5 a
1.0 kg Mo/ha (soil applied) 15.0 20.0 17.5 a
2,0 kg Mo/ha (soil applied) 18.3 19.0 18.7 a
4.0 kg ¥o/ha (soil applied) 17.3 21.3 19.3 a
4,0 kg Mo/ha (soil applied) plus lime 17.0 21.3 19.2 a
Mean 16.2 b 19.6 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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without lime, were not significantly different from each other (Table 1.84).
Copper concentrations of legumes receiving the two treatments were signi-
ficantly higher than those of legumes receiving soil-applied Mo at 2.0

kg Mo/ha and no Mo. Copper concentrations of legumes receiving various
rates of seed-applied Mo were not significantly different from each other.
Copper concentrations of legumes receiving seed-applied Mo were also not
significantly different from those of legumes receiving soil-applied Mo.
When averaged over all Mo and lime rates, Cu concentration in the top of

desmodium was significantly lower than that of centrosema.

Fourth Cutting:

When averaged over all legume specles, Cu concentration
in the top of legumes receiving no Mo was significantly lower than those
of legumes receiving lime and soil-applied Mo at 2.0 kg Mo/ha (Table 1.85).
However, Cu concentration of legumes receiving no Mo was not significantly
different from those of legumes receiving various rates of seed-applied
Mo and soil-applied Mo other than the 2.0 kg Mo/ha rate. Copper concen-
tration of legumes receiving seed-applied Mo, soil-applied Mo, and lime
were not significantly different from each other. When averaged over all
Mo and lime rates, Cu concentration in the top of desmodium was not signi-
ficantly different from that of centrosema. It should be noted that Cu
concentration in the top of legumes was low as compared to the Cu concen-
tration obtained from the previous cuttings. This was probably due to the
different growth stage of legumes since both legumes had flowers and pods

at this cutting.



Table 1.8y,

Effects of Mo and lime on Cu concentggtion in the tops of Desmodium intortum and Centrosema pubescens
grown in,Wahiawa soil (Third Cutting) .

Mo treatment

Desmodium intortum Centrosema pubescens Mean
- ame PPM e

No Mo ad@ed 10.3 12.3 11.3 be'
Lime 11.7 15.0 13.3 ab
0.1 kg ¥o/ha (seed applied) 12.0 13.0 12,5 abe
0.3 kg kHo/ha (seed applied) 12.0 13.0 12.5 abe
0.5 kg Mo/ha (seed applied) 12,7 12.0 12.3 abe
0.5 kg Mo/ha (seed applied) plus lime 12.3 12.7 12.5 abe
1.0 kg Ho/ha (soil applied) 11.7 12.0 11.8 abe
2.0 kg Mo/ha (soil applied) 11.0 10.7 10.8 ¢
4,0 kg Mo/ha (soil applied) 12.7 14,7 13.7 a
4,0 kg Mo/ha (soil applied) plus lime 12.7 15.3 14.0 a
Mean 11.9 b 13.1 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1.85.

Effects of Mo and lime on Cu concentrqﬁion in the tops of Desmodium intortum and Centrosema pubescens
grown insWahiawa soil (Fourth Cutting)

Mo treatment Desmodium intortum Centrosema pubescens NMean
------------------- PPl —mcemmmrce e

No Mo added 2.3 4.3 3.3b
Lime , 5.3 5.7 5.5 a

0.1 kg Mo/ha (seed applied) 3.3 5.3 4.3 ab
0.3 kg to/ha (seed applied) 4.7 6.0 5.3 ab
0.5 kg Mo/ha (seed applied) 5.0 - 4.0 L.5 ab
0.5 kg Mo/ha (seed applied) plus lime 6.0 b.7 5.3 ab
1.0 kg Mo/ha (soil applied) 4.0 5.7 4.8 ab
2,0 kg Mo/ha (solil applied) b.7 6.7 5.7 a

4,0 kg Mo/ha (soil applied) 5.0 L.7 4.8 ab
4,0 kg Yo/ha (soil applied) plus lime 5.7 4.0 4.8 ab

Mean 4.6 a 5.4 a

¥ Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Fifth Cutting:

When averaged over all legume species, there was no
significance difference among Cu concentrations of legumes receiving no
Mo, seed-applied Mo, soil-applied Mo and lime (Table 1.86). When averaged
over all Mo and lime rates, Cu concentration in the top of desmodium was

significantly lower than that of centrosema.

Copper to Molybdenum Ratio

First Cutting:

Molybdenum application at high rates significantly
decreased Cu/Mo ratio in the tops of desmodium and centrosema (Table 1.87).
When averaged over all Mo and lime rates, Cu/Mo ratios of legumes recei-
ving soil-applied Mo at 2.0 and 4.0 kg Mo/ha were significantly lower
than those of legumes receiving no Mo and lime. Cu/Mo ratios of legumes
receiving various rates of soll-applied and seed-applied were not signi-
ficantly different from each other. When averaged over all Mo and lime
rates, Cu/Mo ratio in the top of desmodium was significantly lower than

that of centrosema.

Second Cutting:

At this cutting, Mo application at high rates still had
an influence on Cu/Mo ratios in the tops of desmodium and centrosema
(Table 1.88). When averaged over all legume species, Cu/Mo ratio in the
top of legumes receiving soil-applied Mo at 4.0 kg Mo/ha was significantly
lower than those of legumes receiving seed-applied Mo, lime and no Mo.

Cu/Mo ratios of legumes receiving various rates of soil-applied Mo were




Table 1.86.

Effects of Mo and lime on Cu concentr%Eion in the tops of Desmodlium intortum and Centrosema pubescens
grown in,Wahlawa soil (Fifth Cutting)

Mo treatment Desmodium intortum Centrosema pubescens Mean
------------------- Ppm e e e e e e e e

No Mo added 12.0 13.3 12.7 a°
Lime 11.0 14.0 12.5 a
0.1 kg ¥o/ha (seed applied) 11.0 ' 14.0 12.5 a
0.3 ké Fo/ha (seed applied) 10.3 14.0 12.2 a
0.5 kg Mo/ha (seed applied) 10.7 13.0 11.8 a
0.5 kg ¥o/ha (seed applied) plus lime 10.3 14.0 12.2 a
1.0 kg Ho/ha (soil applied) 11.0 13.0 12.0 a
2,0 kg Mc/ha (soil applied) 11.7 | 14.0 12.8 a
4,0 kg‘Mo/ha (so1l applied) 12.3 13.3 12.8 a
4,0 kg ¥o/ha (soil applied) plus lime 10.7 13.3 12.0 a
Mean 11.1 v 13.6 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1.87

Effects of Mo and lime on Cu/Mo ratio in the tops of Desmodium intortum and Centrosema pubescens
grown in.Wahiawa soil (First Cutting)

Mo treatment Desmodium intortunm Centrosema pubescens Fean
== - CU./MO -----------------------------

No Mo added 116 331 223 a"
Lime ,l 70 250 160 a
0.1 kg Mo/ha (seed applied) 103 ' 165 134 abe
0.3 ké Fo/ha (seed applied) 91 164 127 abe
0.5 kg Mo/ha (seed applied) 102: 145 123 abe
0.5 kg Mo/ha (seed applied) plus lime 140 142 141 abe
1.0 kg Ho/ha (soil applied) 85 130 107 abe
2,0 kg Mo/ha (so0il applied) a2 66 53 be
4.0 kg.Mo/ha (soil applied) 24 48 36 c
4.0 kg Yo/ha (soil applied) plus lime 22 25 23 ¢
Mean 79 b 146 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1.88,

Effects of Mo and lime on Cu/Mo ratio in the tops of Desmodium intortum and Centrosema pubescens
grown in’ Wahiawa soil (Second Cutting)

Mo treatment Desmodium intortum Centrosema pubescens Nean
___________________ CU/MO e

No Mo added 213 200 207 a*
Lime 127 169 158 ab
0.1 kg Mo/ha (seed applied) 165 | 201 183 a
0.3 kg Mo/ha (seed applied) 123 253 188 a
0.5 kg Mo/ha (seed applied) 102 167 135 ab
0.5 kg Mo/ha (seed applied) plus lime 102 168 135 ab
1.0 kg Mo/ha (soil applied) 101 148 125 abe
2.0 kg Mo/ha (soil applied) 68 112 90 abe
4,0 kg.Mo/ha (soil applied) 38 62 50 ed
4,0 kg Mo/ha (soil applied) plus lime 32 L6 39 d
Mean 107 b 155 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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not significantly different from each other. Cu/Mo ratios of legumes
receiving various rates of seed-applied Mo were also not significantly
different from each other., When averaged over all Mo and lime rates,
Cu/Mo ratio in the top of desmodium was significantly lower than that of

centrosema.

Third Cutting:

When averaged over all legume species, although Cu/Mo
ratio in the top of legumes receiving no Mo was not significantly differ-
ent from those of legumes receiving lime and seed-applied Mo at 0.1 kg Mo/ha,
it was significantly lower than those of legumes receiving other rates of
Mo (Table 1.89). Cu/Mo ratios of legumes receiving seed-applied Mo at
various rates were not significantly different from each other. When
averaged over all Mo and lime rates, Cu/Mo ratlios of desmodium and centro-

sema were not significantly different from each other.

Fourth Cutting:

When averaged over all legume species, Cu/Mo ratio in the
top of legumes receiving no Mo was not significantly different from those
of legumes receiving other rates of Mo (Table 1.90). Cu/Mo ratios of
legumes recelving various rates of seed-applied Mo and soil-applied Mo were
not significantly different from each other. Cu/Mo ratio of legumes
receiving lime was significantly higher than those of legumes receiving
soil-applied Mo at various rates. However, Cu/Mo ratio of legumes recel-
ving lime was not significantly different from those of legumes receiving
seed~applied Mo, When averaged over all Mo and lime rates, Cu/Mo ratios of

desmodium and centrosema were not significantly different from each other.




Table 1 .89 .

Effects of Mo and lime on Cu/Mo ratio in the tops of Desmodium intortum and Centrosema pubescens
grown in Wahiawa soil (Third Cutting)

Mo treatment Desmodium intortum Centrosema pubescens Mean

e CU/MO e
No Mo added 42 267 4ol a”
Lime " 210 150 180 ab
0.1 kg Mo/ha (seed applied) 625 ' 169 397 a
0.3 ké Ho/ha (seed applied) 187 115 151 b
0.5 kg Mo/ha (seed applied) 119 93 106 b
0.5 kg Mo/ha (seed applied) plus lime 116 86 101 b
1.0 kg Mo/ha (soil applied) 91 82 86 b
2.0 kg Mo/ha (soil applied) | 48 b 46 b
4.0 kg Mo/ha (soll applied) 21 | ko 31 b
4,0 kg Mo/ha (s01l applied) plus lime | 17 3 2k v
Mean 197 a 108 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Table 1.90.

Effects of Mo and 1lime on the Cu/Mo raQ}o in the tops of Desmodium intortum and Centrosema pubescens
grown in)Wahiawa Soil (Fourth Cutting)

Mo treatment Desmodium intortum Centrosema pubescens Fean
- Cu/MO =mmmm e

No Mo added b 59 57 ab
Lime 265 53 159 a
0.1 kg ¥o/ha (seed applied) 160 ' 39 100 ab
0.3 ké Ho/ha (seed applied) 80 55 67 ab
0.5 kg Mo/ha (seed applied) 73" 30 52 ab
0.5 kg Mo/ha (seed applied) plus lime 84 35 59 ab
1.0 kg Mo/ha (soil applied) 25 A“” 34 b
2.0 kg Mo/ha (soil applied) 20 37 29 b
L,o kg. Mo/ha (soil applied) 8 12 10 b
4,0 kg Mo/ha (soil applied) plus lime 9 10 10 b
Mean 78 a 37 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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It should be noted that Cu/Mo ratios of legumes at this cutting were
markedly lower than those of legumes at the previous cuttings. This
difference was likely due to the difference in the growth stage at harvest.
Legumes at this cutting had flowers and pods whereas legumes at the

previous cuttings did not reach this stage of development.

Fifth Cutting:

When averaged over all legume species, Cu/Mo ratio in
the top of legumes receiving no Mo was significantly higher than those of
legumes receiving other rates of Mo and lime (Table 1.91). Cu/Mo ratios
of legumes receiving various rates of soil-applied Mo were not significant-
ly different from each other. Cu/Mo ratio of legumes receiving seed-
applied Mo at 0.1 kg Mo/ha was significantly higher than that of legumes
receiving seed-applied Mo at 0.5 kg Mo/ha but was not significantly
higher than that of legumes receiving seed-applied Mo at 0.3 kg Mo/ha.
Cu/Mo ratio of legumes receiving lime was significantly lower than that
of legumes receiving no Mo but was not significantly different from those
of legumes receiving other treatments. When averaged over all Mo and lime
rates, Cu/Mo ratios of desmodium and centrosema were not significantly
different from each other. It should be noted that Cu/Mo ratio of this
cutting was relatively higher than those of the previocus cuttings. This
effect was likely due to the fact that Mo concentration in the top of

legumes from this cutting was lower than those of legumes from the previous

cuttings.




Table 1.91.

Effects of Mo and lime on the Cu/Mo ratlo in the tops of Desmodium intortum and Centrosema pubescens
grown in;Wahiawa soil (Fifth Cutting)

Mo treatment

Desmodium intortunm Centrosema pubescens Mean
— e CU/MO e

No Mo added 925 369 647 a”
Lime | 274 276 275 bed
0.1 kg Mo/ha (seed applied) 586 356 471 ab
0.3 kg Ho/ha (seed applied) 496 227 361 be
0.5 kg Mo/ha (seed applied) 155 184 170 cd
0.5 kg Mo/ha (seed applied) plus lime 179 192 186 cd
1.0 kg Mo/ha (soil applied) 243 260 252 cd
2,0 kg Mo/ha (soil applied) 84 231 157 cd
4,0 kg' Mo/ha (soil applied) 38 L7 42 d
4,0 kg Mo/ha (soil applied) plus lime 35 64 50 d
Mean 302 a 221 a

* Values of each factor followed by the same letter are not significantly different at the

5% probability level according to Duncan's Multiple Range Test.
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Relationship between Dry Matter Yield and Mo Concentration in

Plant Top

First Cutting:

There was no significant correlation between dry matter yield
and Mo concentration in the top of desmodium. The low coefficient of
determination (r2) of 0.311 indicated that only 31% of the dry matter
yileld data correlated with Mo concentration in plant top. However,
according to a scatter diagram, in the Mo concentration range of 0 to 0.3
ppm dry matter yield increased as the Mo concentration increased (Fig.
1.46). There was also no significant correlation between yield and Mo
concentration in the the top of centrosema. The correlation coefficient
of the relationship was 0.310 (p = 0.70). The rz of this relationship
was 0.096. The fact that r2 of the relationship of desmodium was higher
than that of centrosema suggested that yleld of desmodium was more
correlated to Mo concentration than in centrosema.

There was no significant correlation between relative yield
and Mo concentration in the top of desmodium. The correlation coefficient

of the relationship was 0.558 (p = 0.27). According to a scatter diagram,

in the Mo concentration range of 0 to 0.3 ppm, relative yield increased
as Mo concentration increased (Fig. 1.47). There was also no significant
correlation between relative yield and Mo concentration in the top of

centrosema. The correlation coefficient of the relationship was 0.309

(p = 0.70).




Fig. 1 .%o
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Relationship between dry matter yields and Mo concentrations
in the tops of Desmodium intortum and Centrosema pubescens
grown in the Wahiawa soil (First cutting).
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Second Cutting:

There was no significant correlation between dry matter yield
and Mo concentration in the top of desmodium at this cutting. The corre-
lation coefficient of the relationship was 0.681 (p = 0.11). However the
scatter diagram showed that yleld of desmodium tended to increase as Mo
concentration increased in the Mo concentration range of 0 to 0.3 ppm
(Fig. 1.48). There was also no significant correlation between yield and
Mo concentration in the top of centrosema. The correlation coefficlent
of the relationship was 0.322 (p = 0.68).

There was also no significant correlation between relative yield

and Mo concentration of desmodium. The correlation coefficient of the
relationship was 0.680 (p = 0.11). According to a scatter diagrégf};;z;—
tive yield increased as Mo concentration increased in the Mo range of

0 to 0.3 ppm. There was also no significant correlation between relative
yield and Mo concentration in the top of centrosema. The correlation

coefficient of the relationship was 0.292 (p = 0.73).

Third Cutting:

There was a highly significant correlation between dry matter
yield and Mo concentration in the top of desmodium with the correlation
coefficient of 0.840. According to a scatter diagram (Fig. 1.50), yield
increased as the Mo concentration increased within the Mo concentration
range of O to 0.3 ppm. As the Mo concentration increased above 0.45 ppm,
yield tended to decline. There was no significant correlation between
yield and Mo concentration of centrosema. The correlation coefficient of

the relationship was 0.226 (p = 0.83).
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There was a highly significant correlation between relative
yield and Mo concentration in the top of desmodium with the correlation
coefficient of 0.838. According to a scatter diagram (Fig. 1.51), Mo
concentrations of 0.13 and 0.3 ppm were associated with 80% and 95%
maximum yields, respectively. There was no significant correlation
between relative yield and Mo concentration in the top of centrosema.
The correlation coefficient of the relationship was 0.228 (p = 0.83).
The approximate critical Mo level could not be defined for centrosema at

this cutting.

Fourth Cutting:

There was nqhignificant correlation between dry matter yield
and Mo concentration in the top of desmodium. The correlation coeffi-
cient of the relationship was 0,710 (p = 0.09). According to a.scatter
diagram, yield of desmodium tended to increase as Mo concentration
increased (Fig. 1.52). There was also no significant correlation between
yield and Mo concentration of centrosema. The correlation coefficient of
the relationship was 0.627 (p = 0.17).

There was also no significant correlation between relative
yield and Mo concentration in the top of desmodiég?ﬁh%ié correlation
coefficient of the relationship was 0.710 (p = 0.09). There was no
significant correlation between relative yield and Mo concentration in
the top of centrosema. The correlation coefficient of the relationship

was 0.627 (p = 0.17).
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Fifth Cutting:

There was ngsignificant correlation between dry matter yield
and Mo concentration in the top of desmodium. The correlation coefficient
of the relationship was 0.738 (p = 0.06). Although there was no signifi-
cant correlation, yield of desmodium tended to increase as Mo concentration
increased within the Mo concentration range of O to 0.15 ppm (Fig. 1.54).
It should be noted that the critical Mo concentration range was lower than
the range from the previous cuttings. The low level of Mo concentration
in the top may have been caused by the low supply of Mo in soil and/or
high requirement for Mo of nodule. Yield of desmodium receiving Mo ferti-
lizer was still high despite low Mo concentration in the top, suggesting
that Mo concentration in nodule was still adequate for the requirement of
plant for nitrogen fixation. There was no significant correlation between
yield and Mo concentration in the top of centrosema. The correlation
coefficient of the relationship was 0.297 (p = 0.72).

There was no significant correlation between relative yield
and Mo concentration in the top of desmodium. The correlation coefficient
of the relationship was 0.740 (p = 0.06). Despite the lack of significance,
it can be estimated that critical Mo concentration was in the range of
0.05 to 0.15 ppm (Fig. 1.55). There was also no significant correlation
between relative yleld and Mo concentration in the top of centrosema. The

correlation coefficient of the relationship was 0.344 (p = 0.64)
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Relationship between N and Mo Concentrations in Plant Top

First Cutting:

There was no significant correlation between N and Mo concen-
trations in the top of desmodium. The correlation coefficient of the
relationship was 0.739 (p = 0.06). Despite the lack of significance, the
scatter diagram showed aﬁendency that in the Mo concentration range of
0 to 0.3 ppm, N concentration increased as the Mo concentration increased
(Fig. 1.56). There was also no significant correlation between N and Mo
concentrations in the top of centrosema. The correlation coefficient of

the relationship was 0.531 (p = 0.31).

Second Cutting:

There was a highly significant correlation between N and Mo

concentrations in the top of desmodium with the correlation coefficient

298

of 0,915. The scatter diagram indicated that in the Mo concentration range

of 0 to 0.35, N concentration increases as Mo concentration increased

(Fig. 1.57). Nitrogen concentration declined as Mo concentration increased

above 0.35 ppm. There was no significant correlation between N and Mo
concentrations in the top of centrosema. The correlation coefficient of

the relationship was 0.684 (p = 0.10).

Third Cutting:

There was a highly significant correlation between N and Mo
concentrations in the top of desmodlium with the correlation coefficient
of 0.875. Nitrogen concentration increased as Mo concentration increased

within the Mo range of 0 to O.4 ppm (Fig. 1.58). Nitrogen concentration
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decreased as Mo concentration increased above 0.4 ppm. There was no
significant correlation between N and Mo concentrations in the top of

centrosema, The correlation coefficient of the relation was 0.449

( p= 0.45).

Fourth Cutting:

There was a highly significant correlation between N and Mo
concentrations in the top of desmodium with the correlation coefficient
of 0.887. According to the scatter diagram (Fig. 1.59), N concentration

increased as Mo concentration increased. However, rate of increase
declined when Mo concentration more than 0.4 ppm was observed and N
concentration decreased when Mo concentration was more than 0.7 ppm.
There was no significant correlation between N and Mo concentrations in
the top of centrosema. The correlation coefficient of the relationship

was 0,292 (0.73).

Fifth Cutting:

There was a highly significant correlation between N and Mo
concentration in the top of desmodium with the correlation coefficient of
0.891. The scatter diagram (Fig. 1.60) indicated that N concentration
increased as the Mo concentration increased within the Mo range of 0 to
0.3 ppm. Nitrogen concentration decrease when Mo concentration increased
above 0.3 ppm. There was no significant correlation between N and Mo
concentration in the top of centrosema. The correlation coefficient of

the relationship was 0.245 (p = 0.80),
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SUMMARY

Molybdenum fertilizer increased dry matter yield of Desmodium

intortum and Centrosema pubescens grown in Wahiawa soll, The results

obtained from the greenhouse experiment indicated that soil-applied Mo
at 2.0 and 4.0 kg Mo/ha were adequate for these legumes grown for one
cutting in the greenhouse. Seed-applied Mo at 0.5 kg Mo/ha also increased
yield of desmodium and centrosema. The efficiency of seed~applied Mo at
0.5 kg Mo/ha was similar to that of soil-applied o at 2.0 and 4.0 kg Mo/ha.
Seed-applied Mo at 0.1 kg Mo/ha did not significantly increase legume
yield, indicating that seed-applied Mo at this rate was not adequate for
the requirement of legumes grown in the Wahlawa soil

Although Mo did not significantly increase dry matter yield of
desmodium grown i;:;aaloa soll in the greenhouse because of the Al toxicity,
it still affected desmodium yield, When 3 and lime were applied, seed-
applied Mo at 0.5 kg Mo/ha and soil-applied Mo at 4.0 kg Mo/ha increased
yield by 98.3% and 106%, respectively, above the no-Mo treatment. Seed-
applied Mo at 0.5 kg Mo/ha was as effective as soil-applied Mo at 4.0
kg Mo/ha. Seed-applied Mo at 0.1 kg Mo/ha was not adequate for the
requirement of desmodium grown in the Paaloa soil.

The results obtained from the field experiment conducted with the
Wahiawa soil confirmed that seed-applied Mo at 0.5 kg Mo/ha was as effec-
tive as soil-applied Mo at 2.0 and 4.0 kg Mo/ha. The field experiment

also demonstrated that seed-applied Mo at 0.5 kg Mo/ha, as well as soil-

applied Mo at 2.0 and 4.0 kg Mo/ha, were adequate for the requirements of
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desmodium and centrosema for at least five cuttings (from February 1983
until April 1984). At the first cutting, soil-applied at 1.0 and 2,0
kg Mo/ha did not significantly increase yield, suggesting that for a
excellent stands of legumes, soil-applied Mo at 4.0 kg Mo/ha should be
applied. The alternative method for excellent 'stands was to use seed-
applied Mo at 0.3 or 0.5 kg Mo/ha. The field experiment also confirmed
that seed-applied Mo at 0.1 kg Mo/ha was not adequate for legume need.
The inadequacy of Mo obtained from seed-applied Mo at 0.1 kg Mo/ha rate
became more evident at the later cuttings (cuttings 4 and 5); plants
showed N deficiency symptoms.

Sulfur application at 50 kg S/ha did not increase dry matter yield

the
of desmodium and centrosema grown in,Wahiawa soil. However, S significan-

tly increased yield of desmodium grown iﬁTEaaloa soil, Yield of desmodium
receiving S increased by 40.3% above that of legume receiving no S.

Application of lime at a rate such that soil pH was raised to 6.0
increased dry matter yield of desmodium and centrosema groﬁn iﬁtﬁahiawa
soll, The influence of lime was obvious when Mo and S fertilizers were
not applied. The influence of lime was even more evident for desmodium
grown in Paaloa soil which has a low pH and high Al. When averaged ovex
all Mo and S rates, yleld of desmodium grown in limed soil was increased
two-fold above that of legume grown in unlimed soil. When Mo and S were
not added, yield of desmodium grown in limed soll was increased six-fold
above that of legume grown in unlimed soil. These results indicated the
beneficial effect of lime in alleviating Al toxicity in soil.

The influence of lime was also observed in the field experiment

with the Wahiawa soil. When no Mo was applied, lime increased yields of




desmodium and centrosema, However, when lime was applied along with

0.5 kg Mo/ha seed-applied or 4.0 kg Mo/ha soil-applied, yield response
due to lime was not evident. Yield obtained from the 0.5 kg Mo/ha seed-
applied treatment with lime was not significantly different from that
obtained from the same seed-applied Mo treatment without lime. Yield
obtained from the 4.0 kg Mo/ha soil-applied treatment, with or without
lime, was also not significant different from each other., The influence
of lime in increasing legume yield was similar from the first cutting to
the fifth cutting, indicating the residual effect of lime.

Molybdenum fertilizer did not significantly affect nodule fresh
weight and dry weight of desmodium grown i&?ﬁahiawa soil. Molybdenum
also did not significantly affect nodule number and nodule fresh weight
of centrosema grown iﬁt%ahiawa soil. However, Mo significantly increased
nodule dry weight. Nodule dry weight of centrosema receiving soil-applied
Mo at 2.0 and 4.0 kg Mo/ha was 83.3% and 106% higher than that of legume
receiving no Mo.

Although Mo did not significantly affect nodule number of desmodium
grown igrﬁaaloa soil, there was a trend indicating that seed-applied Mo
had a detrimantal effect on Rhizobium bacteria. Nodule number of legume
recelving seed-applied Mo was less than that of legume receiving no Mo or
soil-applied Mo. Seed-applied Mo at 0.5 kg Mo/ha decreased nodule fresh
weight and dry weight of desmodium.

Lime did not significantly increase nodule fresh and dry weights of

he
desmodium grown in,Wahiawa soil., Iime significantly increased nodule

the
number, nodule fresh and dry weights of centrosema grown in,Wahiawa soil.

Lime markedly increased nodule number, nodule fresh and dry weights of
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the
desmodium grown in Paaloa soil. Desmodium grown in unlimed Paaloa soil

did not nodulate, whereas that grown in limed soil nodulated very well,
suggesting that lime was one of the most critical factor for nodulation
of desmodium grown i;t;aaloa soil.

Sulfur fertilizer did not significantly affect nodule fresh and dry
welghts of desmodium grown iéj%ahiawa soil, Sulfur did not significantly
increase nodule number, nodule fresh and dry weight of desmodium grown in the
Paaloa soil. It should be noted, however, that while S had no effect on
nodule number of legume grown in limed soil which received soil-applied Mo,
it tended to increase nodule number of legume grown in limed soil which
received seed-applied Mo. Sulfur also significantly increased nodule fresh
and dry weights of desmodium grown in limed soil which received seed-applied
Mo. Sulfur did not significantly affect nodule number, nodule fresh and
dry weight of centrosema grown.in:ﬁahiéwa»sbilkl

Molybdenum, S and lime did not significantly increase nitrogenase
activity of desmodium grown iﬁtaahiawa soil., However, nitrogenase activi-
ty tended to be higher when Mo was applied, either by seed coating or by
soil application. Seed-applied Mo at 0.1 and 0.5 kg Mo/ha increased nitro-
genase activity by 21.3% and 29.1%, respectively, above the no-Mo treatment.
Soil-applied Mo at 2.0 and 4.0 kg Mo/ha also increased nitrogenase activity
by 37.0% and 31.8%, respectively, above the no~Mo treatment. Molybdenum
also tended to increase specific nitrogenase activity. Seed-applied Mo at
0.1 and 0.5 kg Mo/ha increased specific nitrogenase activity by 15.7% and
24, 1%, respectively, above the no-Mo treatment. Soil-applied Mo at 2.0
and 4.0 kg Mo/ha increased specific nitrogenase activity by 26.4% and 20.1%,

respectively, above the no-Mo treatment.
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Molybdenum fertilizer significantly increased nitrogenase activity
of centrosema grown inﬁﬁéhiawa soil. Soil-applied Mo at 4.0 kg Mo/ha
significantly increased nitrogenase activity by four-fold. Soil-applied
Mo at 2.0 kg Mo/ha and seed-applied Mo at 0.5 kg Mo/ha increased nitrogenase
activity by 199% and 166%, respectively, above the no-Mo treatment. Sulfur
had no significant effect on the nitrogenase activity of centrosema.
However, lime increased nitrogenase activity by 103% above the no-lime
treatment.

Molybdenum fertilizer significantly increased N concentration in the
top of desmodium grown iﬁ:%ahiawa soil. Soil-applied Mo at 2.0 and 4.0
kg Mo/ha increased N concentration by 27.9% and 42.9%, respectively, above
the no-Mo treatment. Seed-applied Mo at 0.5 kg Mo/ha increased N concen-
tration by 29.4% above the no-Mo treatment. Seed-applied Mo at 0.1 kg Mo/ha
did not increase N concentration in plant top, indicating that seed-applied
Mo at 0.1 kg Mo/ha did not supply an adequate amount of Mo for nitrogen
fixation of desmodium. Molybdenum tended to increase N concentration in
the top of centrosema grown iﬁT%ahiawa soil.

Molybdenum did not significantly increase N concentration in the top
of desmodium grown iﬁt;aaloa soil because the growth of plant grown in
unlimed soil was limited by Al toxicity which also affected N concentration
in plant top. However, N concentration increased as Mo concentration in
nodule increased.

The results from the field experiment confirmed that Mo fertilizer
increased N concentration in plant top., Soil-applied Mo at 1.0, 2.0 and
4,0 kg Mo/ha increased N concentration in the top of desmodium and centro-

sema. from the first to fifth cuttings. Seed-applied Mo at 0.3 and 0.5

kg Mo/ha increased N concentration in the top of desmodium and centrosema
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from the first to fourth cuttings. However, seed-applied Mo at 0.1

kg Mo/ha did not significantly increase N concentration of desmodium and
centrosema. Nitrogen deficiency symptoms occurred in desmodium receiving
no Mo from the first to the fifth cuttings. Nitrogen deficiency symptoms
also occurred in plant receiving seed-applied Mo at 0.1 kg Mo/ha at the
fourth and fifth cuttings. These results confirmed the results from the
greenhouse experiments that seed-applied Mo at 0.1 kg Mo/ha did not
adequately supply Mo for plant need.

At the fifth cutting, N concentration of desmodium receiving seed-
applied Mo at 0.3 kg Mo/ha was significantly lower than those of legume
receiving seed-applied Mo at 0.5 kg Mo/ha and soil-applied Mo at 1.0, 2.0
and 4.0 kg Mo/ha, suggesting that seed-applied Mo at 0.3 kg Mo/ha did
not supply an adequate amount of Mo after the fourth cutting. Although
N concentration of desmodium receiving seed-applied Mo at 0.5 kg Mo/ha
was not significantly different from those of desmodium receiving soil-
applied Mo at 1.0 and 2.0 kg Mo/ha, it was lower than that of legume
receiving soil-applied Mo at 4.0 kg Mo/ha. The residual effect of seed-
applied Mo at 0.5 kg Mo/ha appeared to be less than that of soil-applied
Mo at 4.0 kg Mo/ha.

Sulfur did not significantly increase N concentration in plant top
of desmodium grown in Wahiawa and Paaloa soils. Sulfur application
decreased N concentration in the top of centrosema grown iﬁTﬁahiawa soil.
However, it should be noted that N concentration of centrosema was quite
low, indicating that factors other than Mo limited nitrogen fixation.

Lime had no significant effect on N concentration in the top of

the
desmodium and centrosema grown in,Wahiawa soil. However, lime significan-

e
tly increased N concentration in the top of desmodium grown inAPaaloa
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soil, Lime increased N concentration by 40.3% above the unlimed treat-
ment, The effect of lime was contributed to its enhancement of nodulation.
Lime also increased N concentration in the top of desmodium and centrosema
grown igrﬁahiawa soil in the field. However, the effect of lime was not
evident when lime was applied along with Mo. Nitrogen concentration of
legumes grown in limed soil which received seed-applied Mo at 0.5 kg Mo/ha
or soil-applied Mo at 4.0 kg Mo/ha was not significantly higher than that
of legumes grown in unlimed soil which received the same rates of Mo.
Molybdenum fertilizer increased Mo concentration in the top of
desmodium and centrosema grown iﬁ:%ahiawa soil, Molybdenum concentrations
in the top of legumes receiving soil-applied Mo were higher than those of
legumes receiving seed-applied Mo. Molybdenum concentrations in the top
of desmodium receiving soil-applied Mo at 2.0 and 4.0 kg Mo/ha were 0.47
and 1.07 ppm, respectively. Molybdenum concentrations in the top of
desmodium receiving seed-applied Mo at 0.1 and 0.5 kg Mo/ha were 0,10
and 0.25 ppm, respectively. Molybdenum concentrations of centrosema
receiving soil-applied Mo at 2.0 and 4.0 kg Mo/ha were 0.71 and 1.14 ppm,
respectively. Molybdenum concentrations of centrosema receiving seed-
applied Mo at 0.1 and 0.5 kg Mo/ha were 0.29 and 0.38 ppm, respectively.
Molybdenum fertilizer also significantly increased Mo concentration
in the top of desmodium grown iﬁ:§aaloa soil. Molybdenum concentrations
in the top of legume receiving soil-applied Mo at 2.0 and 4.0 kg Mo/ha
were 0.73 and 1.44 ppm, respectively. Molybdenum concentrations in the
top of legume receiving seed-applied Mo at 0.1 and 0.5 kg Mo/ha were 0.17
and 0.43 ppm, respectively.

Molybdenum fertiligzer significantly increased Mo concentration in
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the top of desmodium and centrosema grown in the field with,Wahiawa soil.

At the first cutting, Mo concentrations in the top of desmodium ranged

from 0.11 to 0.52 ppm whereas those in the top of centrosema ranged from
0.11 to 0.60. Plant Mo concentrations in the later cuttings decreased

when compared to those in the earlier cuttings. At the fifth cutting,

Mo concentrations of desmodium ranged from 0.02 to 0.40 ppm whereas those
of centrosema ranged from 0.04 to 0.29 ppm.

Sulfur fertilizer did not significantly affect Mo concentration in
the tops of desmodium and centrosema grown in thg:%ahiawa soil. Sulfur
also did not significantly affect Mo concentration in the top of desmo-
dium grown iﬁT%aaloa soil.

Lime did not significantly increase Mo concentration in the top of
desmodium grown in the Wahiawa soil in a greenhouse experiment. However,
lime increased Mo concentration in the top of desmodium grown in the
Paaloa soil. Lime also increased Mo concentration in the top of centro-
sema grown in the Wahlawa soil. Lime did not significantly increase Mo
concentration in the top of desmodium and centrosema grown in the field.

Dry matter yield of desmodium and centrosema grown iﬁT%ahiawa soil
increased as the Mo concentration in nodule increased. Critical Mo
concentrations in nodules of desmodium and centrosema associated with
80% maximum yield were 3.5 and 4.2 ppm, respectively.

Dry matter yield of desmodium grown in the greenhouse and in the
field increased as Mo concentration in plant top increased. In the
greenhouse experiment, critical Mo concentration in plant top associated

with 80% maximum yield was 0.20 ppm. From the third cutting of the field

experiment, critical Mo concentration in plant top associated with 80%
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and 95% maximum yield were 0.13 and 0.30 ppm, respectively. Dry matter
yield of centrosema grown iéi%ahiawa soll did not correlate well with Mo
concentration in plant top. However, it can be estimated that Mo concen-
tration in plant top must be at least 0.20 ppm to be associated with 80%
maximum yield.

Molybdenum fertilizer had no effect on S concentration in the top of
desmodium and centrosema grown igtaahiawa soil. Molybdenum fertilizer
also had no significant effect on S concentration in the top of desmodium
grown i;r%aaloa soil. Sulfur application at 50 kg S/ha did not significan-
tly increase S concentration in the top of desmodium and centrosema grown
in Wahiawa soil. Sulfur fertilizer also did not significantly increase
S concentration in the top of desmodium grown in Paaloa soil.

Lime had 1little effect on S concentration in the top of desmodium

the
grown in,Wahiawa soil. However, lime significantly increased S concentra-

tion in the top of centrosema grown iﬁT%ahiawa soll, Lime significantly
decreased S concentration in the top of desmodium grown igr%aaloa soil.
The reason that lime decreased S concentration was likely due to a
"dilution effect" since lime markedly increased plant growth.

Molybdenum fertilizer tended to increase Cu concentration in the top
of desmodium grown ig:%ahiawa soil. However, Mo fertilizer did not signi-
ficantly increase Cu concentration in the top of centrosema grown in the
Wahiawa soil. Molybdenum also did not increase Cu concentration in the
top of desmodium grown iﬁtﬁaaloa soil. Sulfur had no significant effect
on Cu concentration in the top of desmodium and centrosema grown in Wahiawa
soil, Sulfur also had no significant effect on Cu concentration in the top

the
of desmodium grown in,Paaloa soil. Lime increased Cu concentration in the
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the
top of desmodium and centrosema grown in,Wahiawa soil. However, lime

decreased Cu concentration in the top of desmodium grown igtgaaloa soil,
The potential harmful effect of Mo regardind Mo-induced Cu deficien-
cy in animals should not occur because Cu/Mo ratio was well above 3,
which was the ratio under which Mo-induced Cu deficiency usually occurs.
The Cu/Mo ratios in the top of desmodium grown igjaahiawa soil in the
greenhouse ranged from 11 to 153. In the field experiment conducted
witﬁtzahiawa soil, Cu/Mo ratios in the top of desmodium ranged from
8 to 925 whereas those in the top of centrosema ranged from 10 to 369.
Molybdenum fertilizer decreased the concentrations of P, Ca, Mg,
S5i, Mn and Al in the top of desmodium and centrosema. The decrease in
these nutrients was likely due to a "dilution effect” of growth. Molyb-
denum had no significant effect on X, Fe and Zn concentrations in plant
top. Sulfur fertilizer had no significant effect on nutrient concentra-
tions in plant top. Lime increased Ca concentration in plant top but
lime had no effect on Fe concentration. Lime decreased P, Mg, Mn and Si

concentrations and also tended to decrease X concentration in the tops of

desmodium and centrosema.
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CHAPTER IT

EXTERNAL MOLYBDENUM REQUIREMENT OF DESMODIUM INTORTUM GROWN IN

AN OXISOL AND ULTISOL




316

INTRODUCTION

The nutrient requirement of a crop can be expressed as the internal
nutrient requirement and external nutrient requirement. The internal
nutrient requirement can be defined as the concentration of a nutrient in
the plant that is associated with near maximum yield, usually named the
"critical concentration". The external nutrient requirement may be defined
as the quantity of nutrient (or some proportional part of that quantity)
that constitutes a minimum pool for adequate crop nutrition (Fox, 1981).
The "external requirement" can also refer to the intensity of nutrition:
the concentration of nutrient in the so0il solution which is associated
with adequate nutrition. The quantity of nutrient frequently takes on
greater significance if it is considered in relation to the capacity of
the soil to hold nutrient (Fox, 1981). This is the case of an Oxisol or
an Ultisol which will highly adsorb Mo.

Various extraction procedures have been used to characterize soil Mo
and attempts have been made to correlate these procedures with plant response.
Among the popular procedures, acid ammonium oxalate extraction has been
frequently used. Molybdenum extracted by acid ammonium oxalate has been
found to correlate with field response where less than 0.15 ppm Mo was
extracted (Grigg, 1960). Gupta and Mackay (1966) also used acid ammonium
oxalate to extract Mo from podzolic soils. They obtained Mo values
ranging from 0.02-0.23 ppm Mo. Barrow and Spencer (1971) found that acid
ammonium oxalate-extractable Mo accounted for a large part of the regress-

ion between yield and estimates of Mo availability to plant. Sultana-
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Ahmed and Rahman (1982) indicated that acid ammonium oxalate-extractable
Mo was positively correlated with plant Mo concentration.

Barrow (1970) used adsorption isotherms to rank soils according to
the amount of Mo adsorbed to maintain a solution concentration of 0.1 ppm
Mo. Little and Kerridge (1978) related soil solution Mo, Mo adsorption
isotherms and acid ammonium oxalate-extractable Mo to the response of
tropical legumes to Mo fertilizer in the field with different soil types.
They concluded that equilibration of soil samples with solutions of Mo
and measuring the Mo adsorbed provided adsorption isotherms that indicated
the best promise of predicting Mo response.

This part of the study was conducted in the greenhouse to: (1) relate

Mo adsorption and desorption to the response of Desmodium intortum to Mo,

and (2) determine the external Mo requirement of this legume grown in

Wahiawa and Paaloa soils,
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MATERTAIS AND METHODS

1. Procedures

Pot experiments were conducted at the Agronomy and Soil Science
Field ILaboratory, Mauka Campus of the University of Hawaii at Manoa.

Desmodium intortum was grown in the Wahiawa and Paaloa soils. Some

chemical properties of both soils are shown in Table 2.1 for the Wahlawa
soll and Table 1.1 for the Paaloa soil. Molybdenum adsorption curves of
both soils were determined before applying treatments.

The experimental design used was a randomized complete block with
seven treatments. FEach treatment was replicated three times. The seven
levels of Mo fertilizer were: O, 0.5, 1.0, 2.0, 4.0, 8.0 and 16.0 kg Mo/ha.
Legume was inoculated with the appropriate Rhizobium strain. Phosphorus,
K, Mg, S, Zn, Cu and B were added to all treatments as part of a basal
fertilizer application.

Thirty inoculated seeds of desmodium were planted in a 6-1 pot.
Three weeks after planting the seedling were thinned to three uniformly
growing plants per pot. Through the experiment the pots were watered
daily to 100% field capacity. The plants were harvested at 60 days after
planting., They were cut approximately 1 cm above the soil surface and the
roots were carefully removed from the soil with a minimum detachment of
nodules. The roots with nodules were put into 500-ml glass bottles for
acetylene reduction assessment. Plant samples were rinsed with deionlzed
water and oven-dried at 70° C in an air-draft oven for three days for

determining dry matter yield. The oven-dried samples were ground (20 mesh)




Table 2 01 .

Some chemical properties of Poamoha soil

pH (1:1, soil:water)
Available P (modified Truog) (ug/g)
Water soluble P (ug/ml)
Exchangeable bases (INH,OAc extraction) (meq/100 g)
K
Ca
Mg
Na
Exchangeable Mn (XCl extraction) (ppm)
Extractable Mo (acid ammonium oxalate extraction) (ppm)

Available S (Ca(H?_Pou)2 extraction) (ppm)

4.7
128

0.05

0.69
2.23
1.19
0.21
28.5
0.22

53.0
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in a stainless steel Wiley Mill and kept for elemental analysis,

2. Treatment Preparation

2.1. Molybdenum Adsorption Curves

Adsorption studies were conducted at room temperature (about
230 C). Twenty five grams of soil was weighed into each of 11 500-ml
glass bottles to which were added 250 ml of 0.001 M Ca.Cl2 containing Mo
at 0, 0.25, 0.5, 1,0, 2.0, 4.0, 8.0, 16.0, 32.0, 64.0 and 128.0 ppm Mo as
NaZMoQu. The reciprocating bottles were shaken by a mechanical shaker
for 24 hours. The mixture was filtered and the filtrate was analyzed for
Mo. Molybdenum which was not detected in the filtrate was considered to
have been absorbed., Molybdenum adsorbed was plotted against Mo concentra-

tion in the supernatant solution.

2.2. Molybdenum Desorption Curves
The Mo~equilibrated soils obtained from adsorption studies were
used to establish desorption curves. The air-dried soil receiving each
Mo level was extracted with acid ammonium oxalate solution to determine
available Mo in soil, Acid ammonium oxalate-extractable Mo was considered
to be the available Mo in soil since it consisted of Mo in soil solution
and semi-available Mo (Mo adsorbed by Fe and Al oxides). The available Mo

was plotted against Mo adsorbed by soils.

2.3, Fertilizers and Lime Used

Fertilizers and lime used in the experiments were as follow:

2.3.1. Basal Fertilizers

320

- Calcium phosphate, monobasic (Ca(HZPOM)Z) at 600 kg P/ha.
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Potassium chloride (KCl) at 200 kg K/ha.

Magnesium sulfate (MgSOu.7H20) at 200 kg Mg/ha.

Zinc sulfate (ZnS04.7H20) at 20 kg Zn/ha.

Copper sulfate (CuSOu.SHZO) at 3 kg Cu/ha.

Boric acid (H3B03) at 2 kg B/ha.

2.3.2. Molybdenum Fertilizer

- Sodium molybdate (Na2M004.2 HZO)'
2.3.3. Lime
- Calcium hydroxide (Ca(OH)Z).

Basal fertilizers, except the phosphate fertilizer, were used
in solution form. BEach chemical was weighed at the required amount for
the whole treatment, mixed together in solution form and made up to a
volume of 630 ml. The solution fertilizer was used at 30 ml per pot.
Phosphate fertilizer was weighed separately at the required amount for

each pot and mixed with the soil along with the solution fertilizer.

2.4, Soil Preparation

The soil was sieved through a 1-cm sized sieve to preclude
gravels, stones and large roots and spread on benches to dry. After
one week of alr-drying, the soll was ground and thoroughly mixed to
attain homogeneity, a soil sample was taken to determine moisture content
as well as to conduct soil analysis for determining some chemical proper-
ties of soil. Four kilograms of oven-dried soil was put into a 6-1
plastic pot for subsequent liming and fertilizer application. For
the Paaloa soil, Ca(OH)2 at the amount needed to raise soil pH to 5.2
according to the lime requirement curve was mixed with soil and the limed

soil was incubated for 2 weeks before fertilizer application and seeding,.
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3. Measurements of Responses

3,1. Yield Response
Relationship between dry matter yield, relative yield and
avallable Mo obtained from desorption study were evaluated. The external

Mo requirement of desmodium was also determined.

3.2. Nodulation Response
Relationships between number of nodule, nodule weight and avail-

able Mo were evaluated.

3.3. Nitrogenase Activity
Relationship between nitrogenase activity and available Mo was
evaluated. The available Mo associated with optimum nitrogenase activity

was also determined,

3.4. Nitrogen Concentration
Relationship between N concentration and available Mo was
evaluated. Available Mo assoclated with optimum N concentration was

determined.

3.5. Molybdenum Concentrations
Relationship between Mo concentration in plant top, Mo concen-
tration in nodule,extractable Mo in soil af'ter harvesting and available Mo
were evaluated. Available Mo associated with critical Mo concentrations

in the top and nodule was determined.
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RESULTS AND DISCUSSION

Molybtdenum Adsorption Characteristics

The Wahiawa and Paaloa soils used for the experiments varied in their
Mo adsorption capacities as is evident from the adsorption curves presented
in Fig. 2.1. In this study on external Mo requirements the concentration
of 0,002 ug Mo/ml in solution was selected to be the standard concentra-
tion for comparing adsorption capacities of these soils. Barrow (1970)
and Little and Kerridge (1978) who worked with Australian soils used a Mo
concentration of 0.1 and 0.01 ug Mo/ml, respectively, as the standard Mo
concentration in solution. However, Oxisols and Ultisols in Hawaii highly
adsorb Mo so that the amount of Mo remaining in solution after equilibrat-
ing soil with 0.001 M Ca.Cl2 containing Na2M004 was lower than 0.01 ug Mo/ml
at the Mo adsorption range of 0 to 128 ug Mo/g (Fig. 2.1). Moreover, the
Mo concentration that the Australian workers used to equilibrate soil was
higher than the Mo concentration used in this study.

The same pattern of the adsorption curves (Fig. 2.1) of Wahiawa and
Paaloa soils reflected similar parent materials. Both soills have an
olivine-basaltic origin. However, they were different in their adsorption
capacities. The Wahiawa soil adsorbed 18.3 ug Mo/g at 0.002 ug Mo/ml in
solution whereas the Paaloa soil adsorbed 28.8 ug Mo/g at the same concen-
tration of Mo in solution. The difference in adsorption capacities of
both soils was due to the differences in their clay mineralogy. The Paaloa
soll contains less kaolinite but more gibbsite, goethite and haematite than

Wahiawa soil. The fact that the Paaloa soil contains more Fe and Al oxides
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Fig. 2.1, Molybdenum adsorption curves for Wahlawa and Paaloa soils.




325

than the Wahiawa soil is the reason that the Paaloa soll adsorbs more Mo
than the Wahiawa soil.

It should be mentioned that when Na2M004 at rates of 0 to 8 ppm
was equilibrated with both Wahiawa and Paaloa soils, no Mo was detected
in the solution. All of the Mo added appeared to be adsorbed by the soil.
This adsorbed Mo cannot be desorbed by water extraction; therefore, acid

ammonium oxalate solution was used to desorbed Mo that had been adsorbed

by soil.

Molybdenum Desorption Characteristics

Molybdenum~equilibrated soils obtained from the previous Mo adsorp-
tion study were extracted by acid ammonium oxalate solution. Acid ammonium
oxalate extractable Mo was considered to be available Mo. According to
the desorption curve (Fig. 2.2), at the Mo adsorption range of 0 to 2.0
ug Mo/g, the available Mo released from equilibrated Wahiawa and Paaloa
soils were similar. At the 2.0 ug/g Mo adsorbed level, Wahiawa soil
released 0.08 ug Mo/ml whereas the Paaloa soil released 0.09 ug Mo/ml.

As the concentration of Mo adsorbed increased above 2.0 ug Mo/g, the
available Mo of the Paaloa soil was higher than that of Wahiawa soil.

This effect was due to the finding from the adsorption study that the
Paaloa soil adsorbed more Mo than the Wahiawa soil at the same equilibrated
Mo level. When both soils was extracted by acid ammonium oxalate solution,

the Paaloa soll would release more Mo than the Wahiawa soil.,
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Yield Response

Dry matter yields of desmodium grown in Wahiawa and Paaloa soils
and receiving various rates of Mo (Table 2.2) were plotted against availa-
ble Mo in soil as presented in Fig., 2.3. The yield response curves of
desmodium grown in both soils were similar despite the overall yields of
desmodium grown in the Wahiawa soil being lower than those of desmodium
grown in the Paaloa soil. According to the response curves, yield of
desmodium tended to increase as the available Mo increased up to approxi-
mately 0.2 ug/ml. When available Mo increased beyond this level, yield
tended to decline, suggesting that high levels of Mo would have a toxic
effect to plant growth.

Actual yields from each soil were converted to relative yield (percen-
tage of the maximum yield) and plotted against corresponding available Mo
as shown in Fig. 2.4, The available Mo associated with 954 maximum yield
for Wahiawa and Paaloa soils were 0.09 and 0.10 ug Mo/ml, respectively.
This results suggested that the external Mo requirement for soils high in
kaolinite and oxides of Fe and Al like Wahiawa and Paaloa soils, could be
estimated by available Mo since both soils that had different adsorption
capacities had similar available Mo required to obtain 957 maximum yield.
Predicted quantity of applied Mo required to establish 0.09 ug/ml avail-
able Mo for the Wahiawa soil was 4.4 kg Mo/ha (Fig. 2.5). For the Paaloa
soil, predicted quantity of applied Mo required to established 0.10 ug/ml

available Mo was 4.7 kg Mo/ha.
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® Table 2,2,
Dry matter yield and relative yield of Desmodium intortum in relation to
Mo applied and the available Mo in Wahiawa and Paaloa soils.
®
Mo applied Available Mo - Dry matter yleld ' Relative yield
keg/ha ug/ml kg/pot %
Wahiawa soil
¢ 0.0 0.033 - 11,6 b 73.0
0.5 0.039 4.4 ab 90.6
1.0 0.047 14,0 ab 88.1
. 2.0 0.054 14.3 ab 89.9
4,0 0.084 15.9 a 100.0
8.0 0.143 14,9 ab 93.7
o C 16,0 0.253 14,7 ab 92.5
Paaloa soil
0.0 0.029 10.9 b 52.9
° 0.5 0.031 15.9 ab 77.2
1.0 0.041 17.7 a 85.9
2.0 0.061 20.6 a 100.0
° 4,0 0.093 20.2 a 98.1
8.0 0.154 19.1 a 92,7
16.0 0.342 15,0 ab 72.8
® ¥ Values followed by the same letter are not significantly different at
the 5% probability level according to Duncan's Multiple Range Test.
>
..
)
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Relationship between Mo Concentration in Plant Top and Available Mo in Soil

Molybdenum concentration in the top of desmodium grown in the Wahlawa
soil increased from 0.03 ug/g at 0.033 ug/ml available Mo to 0.69 ug/g at
0.235 ug Mo/ml (Table 2.3). Molybdenum concentration in plant top associ-
ated with the available Mo at 0.09 ug/ml (external Mo requirement) was
approximately 0.22 ug/g (Fig. 2.6).

Molybdenum concentration in the top of desmodium grown in the Paaloa
soil increased from 0.10 ug/g at 0.029 ug/ml available Mo to 3.77 ug/g at
0.342 ug Mo/ml (Table 2.3. Molybdenum concentration associated with the
available Mo at 0.10 ug/ml was approximately 1.29 ug/g (Fig. 2.6).

These results indicated that although the external Mo requirement of
Wahiawa and Paaloa soils were quite similar (0.09 and 0.10 ug Mo/ml, res-
pectively), the Mo concentration in plant tops of desmodium grown in both
soils (0.2 and 1.3 ug/g, respectively) were different from each other.

The reason that legume grown in Paaloa soll absorbed more Mo than Wahiawa
soil was due to the fact that Paaloa soil was limed to pH 5.2 to eliminate
Al toxiecity. At this pH, the plant was likely to absorb more Mo than plant

grown in Wahiawa soil which has a pH of 4.7. These findings suggest that

it is necessary to consider the differences between some chemical proper-
ties of different soil types if plant Mo 1s to be used to evaluate the

response of plant to Mo.




Molybdenum concentration in the top and nodule of Desmodium intortum in

Table 23

relation to the level of available Mo in Wahiawa and Paaloa soils.
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Available Mo Mo concentration
Plant top Nodule
ug/ml ppm
Wahiawa soil
0.033 0.03 ¢ 1.65 ¢
0.039 0.04 ¢ 2,80 ¢
0,047 0.07 ¢ 3.09 ¢
0,054 0.09 ¢ 4,34 c
0.083 0.15 ¢ 8.58 b
0,143 0.40 b 10.82 b
0.253 0.69 a 16.51 a
Paaloa soil

0.029 0.10 & 3.27 e
0.031 0.14 4 4,37 e
0.041 0.27 d 6.41 de
0.061 0.44 4 9.24 cd
0.093 1.13 ¢ 11.95 ¢
0.154 2,18 b 17.88 b
0,342 3.77 a 23.31 a

* Values of each factor followed by the same letter are not significantly

different at the 5% probability level according to Duncan's Multiple Range

Test.
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Relationship between Mo Concentration in Nodule and Available Mo in Soil

Molybdenum concentration in nodule of desmodium grown in Wahiawa
soil increased from 1.65 ug/g at 0.033 ug/ml available Mo to 16.51 ug/g
at 0.253 ug Mo/ml (Table 2.2). Molybdenum concentration in nodule
associated with 0.09 ug Mo/ml was 7.99 ug/g (Fig. 2.7).

Molybdenum concentration in nodule of desmodium grown in Paaloa soil
increased from 3.27 ug/g at 0,029 ug/ml available Mo to 23.31 ug/g at
0.342 ug Mo/ml (Table 2.2). Molybdenum concentration in nodlue associated
with 0.10 ug Mo/ml was 13.42 ug/g (Fig. 2.7).

It was observed that Mo concentration in nodule of desmodium grown
in the Paaloa soll was higher than that of legume grown in Wahiawa soil.
Their pattern was the same as Mo concentration in plant top. However the
different between Mo concentrations in nodules of desmodium grown in the
two soils and receiving the same Mo treatment was less than that between
Mo concentrations in plant top (Fig. 2.6 and 2.7). These results suggest
that Mo concentration in nodule is a better criterion than Mo concentration

in plant top to use in evaluating Mo response of plant grown in different

soil types.

Relationship between Extractable Mo in soil after harvesting and

Available Mo in Soil

Extractable Mo in Wahiawa soll after a crop of desmodium increased
from 0.395 ug/g at 0.033 ug/ml available Mo to 1.40 ug/g at 0.253 ug Mo,/ml
(Table 2.4). Extractable Mo in Wahiawa soil associated with 0.09 ug Mo/ml

was 0.60 ug/g (Fig. 2.8). Extractable Mo in Baaloa soil after a crop of
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Table 2-“‘-

Extractable Mo in soil after harvesting Desmodium intortum in relation to

the level of available Mo in Wahlawa and Paaloa soils.

Available Mo Extractable Mo
T ug/ml ug/g
Wahiawa soil
0.033 0.395 ¢
0.039 0.438 ¢
0,047 0.443 ¢
0.054 0.548 be
0.084 0.571 be
0,143 0.800 b
0.253 1.400 a
Paaloa soil
0.029 0.387 e
0.031 0.460 e
0.041 0.567 de
0,061 0.693 d
0.093 0.933 c
0.154 1.293 b
0.342 2.153 a

* Values of each factor followed by the same letter are not significantly
different at the 5% probabllity level according to Duncan's Multiple

Range Test.
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desmodium increased from 0.387 ug/g at 0.029 ug Mo/ml to 2.153 ug/g at
0.342 ug Mo/ml. Extractable Mo associated with 0.10 ug Mo/ml was

0.98 ug Mo/g (Fig.2.8).

Relationship between Nodulation and Available Mo in Soil

The nodule number of desmodium grown in Wahiawa soil increased from
103 at 0.033 ug/ml available Mo to 253 at 0.047 ug Mo/ml (Table 2.5).
The number tended to decline when the available Mo was higher than 0.047
ug/ml. The maximum nodule number of desmodium grown in Paaloa soil was
559 at 0.061 ug/ml available Mo. This number was significantly higher
than numbers at 0.031 and 0.342 ug Mo/ml but was not significantly higher
than numbers at 0.029, 0.041, 0.093 and 0.154 ug Mo/ml (Table 2.5).
It should be noted that nodule number of desmodium grown in Paaloa soil
was high as compared to that of desmodium grown in Wahiawa soil. This
difference was due to the fact that the Paaloa soil had highe? pH (5,2)
than the Wahiawa soil (b'7).

The nodule fresh weight of desmodium grown in Wahiawa soil increased

from 1.07 g/pot at 0.033 ug/ml available Mo to 2.97 g/pot at 0.047 ug Mo/ml

(Table 2.4). Nodule fresh weight of desmodium tended to decline when the
available Mo was higher than 0.047 ug/ml. The nodule fresh weight of
desmodium grown in Paaloa soll increased from 1.96 g/pot at 0.029 ug/ml
available Mo to 4.76 g/pot at 0.061 ug Mo/ml. Nodule fresh weight tended
to decline when the available Mo was higher than 0.061 ug/ml (Table 2.5).
The nodule dry weight of desmodium grown in Wahiawa soil increased

from 0.21 g/pot at 0.033 ug/ml available Mo to 0.53 g/pot at 0.047 ug Mo/ml




Table 2-5-
Nodule number, nodule fresh weight and nodule dry weight of Desmodium

intortum in relation to the level of available Mo in Wahiawa and

Paaloa soils.
Available Mo Nodule number rNodule welght

Fresh weight Dry weight

ug/ml —————— R 71 T ————
Wahlawa soil
0.033 103 b 1,07 b 0.21 ¢
0.039 107 b 1.51 b 0.27 be
0.047 253 a 2.97 a 0.53 a
0.054 234 a 2,95 ab 0.45 ab
0.084 191 ab 1,92 ab 0.35 abe
0.143 175 ab 1,94 ab 0.36 abe
0.253 143 adb 1.75 ab 0.32 abe
Paaloa soil

0.029 456 ab 1,96 ¢ 0.36 ¢
0.031 364 b 2.46 ¢ 0.45 b
0.041 394 ab 3.27 abc 0.61 abe
0.061 559 a 4,76 a 0.91 a
0,093 431 ab 4,31 ab 0.81 ab
0,154 451 ab 3,49 abe 0.73 abc
0.342 364 b 2.77 be 0.52 be

¥ Values of each factor followed by the same letter are not significantly
different at the 5% probability level according to Duncan's Multiple
Range Test.
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(Table 2 .5). Nodule dry weight tended to decline when the available Mo
was higher than 0.047 ug Mo/ml. The nodule dry weight of desmodium grown
in Paaloa soil increased from 0.36 g/pot at 0.029 ug/ml available Mo to
0.91 g/pot at 0.061 ug Mo/ml (Table 2.8). Nodule dry weight tended to
decline when the available Mo was higher than 0.061 ug/ml. The trend of
the relationship between nodule fresh weight of desmodium grown in the

two solls and available Mo was similar to that of the relationship between

nodule dry weight and available Mo,

Relationship between Nitrogenase Activity and Available Mo in Soil

The nitrogenase activity of desmodium grown in Wahiawa soil increased
from 0.004 umole CZHZ/plant/hr at 0.003 ug/ml available Mo to 0.056 umole
CZHZ/plant/hr at 0,047 ug Mo/ml (Table 2.6). The nitrogenase activity of
legume tended to decline when the available Mo was higher than 0.047
ug Mo/ml.

The nitrogenase activity of desmodium grown in Paaloa soil increased
from 0.033 umole CZHZ/pla.nt/hr at 0.029 ug/ml available Mo to 0.396 umole

CZHZ/plant/hr at 0.093 ug Mo/ml (Table 2.6). The nitrogenase activity
of plant tended to decline when the available Mo was higher than 0,093

ug Mo/ml (Table 2.5).

Relationship between N Concentration in Plant Top and Available Mo in Soil

Nitrogen concentration in the top of desmodium grown in Wahiawa soil
was increased from 1.50% at 0.033 ug/ml available Mo to 1.83% at 0,143

ug Mo/ml (Table 2.6). Nitrogen concentration tended to decrease when the




342

Table 2.6.

Nitrogenase activity and N concentration in the top of Desmodium intortum

in relation to the level of available Mo in Wahiawa and Paaloa soils.

Available Mo Nitrogenase activity N concentration
ug/ml umole G2H2/pla.nt/hr %
Wahiawa soil
0.033 0.004 a 1.50 b
0.039 0,007 a 1.49 b
0,047 0.056 a 1.65 ab
0.054 0.052 a 1.59 ab
0.084 0.015 a 1,63 ab
0.143 0.010 a . 1.83 a
0.253 0.011 a 1.69 ab
Paaloa soil
0.029 0.033 b 2.78 a
0.031 0,060 ab 2.85 a
0.041 0.196 ab 2.92 a
0.061 0.101 ab 2.96 a
0.093 0.396 ab 3.04 a
0.154 0.071 ab 3.05 a
0.342 0,055 ab 3.10 a

¥ Values of each factor followed by the same letter are not significantly
different at the 5% probability level accoxrding to Duncan's Multiple

Range Test,
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available Mo was higher than 0.143 ug/ml (Fig. 2.9).

Nitrogen concentration in the top of desmodium grown in Paaloa soil
was increased from 2.78% at 0.029 ug/ml available Mo to 3.10% at 0.342
ug Mo/ml (Table 2.6).

According to the curves in Fig. 2.9, N concentration in the top of
desmodium grown in Wahiawa or Paaloa soil increased as the available Mo
increased up to a certain level (0.15 ug Mo/ml for Wahiawa soil and 0.25
ug Mo/ml for Paaloa soil) and then declined. This trend suggested that

a high level of Mo was likely to decrease N concentration in plant top.
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SUMMARY

The available Mo in soil associated with 95% maximum yield of desmo-
dium grown in Wahiawa and Paaloa soils were 0.09 and 0.10 ug/ml, respective-
ly. Predicted quantity of applied Mo required to establish 0.09 ug/ml
available Mo for Wahiawa soil was 4.4 kg Mo/ha. For Paaloa soil, predicted
quantity of applied Mo required to establish 0.10 ug/ml available Mo was
4.7 kg Mo/ha.

Dry matter yield of desmodium grown in Wahiawa soil increased as
extractable Mo after harvesting increased. Extractable Mo associated with
80% and 95% maximum yield were 0.40 and 0.60 ug/g, respectively. Yield of
desmodium grown in limed Paaloa soil increased as extractable Mo increased.
Extractable Mo associated with 80% and 95% maximum yield were 0.50 and
0.98 ug/g, respectively.

Dry matter yield of desmodium grown in Wahiawa soil increased as the
Mo concentration in nodule increased. Critical Mo concentration in nodule
associated with 80% and 95% maximum yield were 2.20 and 7.85 ppm, respec-
tively. Yield of desmodium grown in limed Paaloa soil increased as Mo
concentration in nodule increased. Critical Mo concentration in nodule
associated with 80% and 95% maximum yield were 4.0 and 13.2 ppm, respec-
tively.

Dry matter yield of desmodium grown in Wahiawa soil increased as Mo
concentration in plant top increased. Critical Mo concentration in plant
top associated with 95% maximum yield was 0.22 ppm. Critical Mo concentra-
tion in the top of desmodium grown in limed Paaloa soil and associated

with 95% maximum yield was 1.30 ppm.




CHAPTER III

INFLUENCE OF MYCORRHIZAE ON YIELD AND MOLYBDENUM RESPONSE OF PASTURE

LEGUMES GROWN IN ACID TROPICAL SOIL
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INTRODUCTION

Vesicular-arbuscular mycorrhiza (VAM) has been known to aid host
legume by increasing P uptake in infertile tropical soil. In a P-defici-
ent situation of Wahiawa series (Tropeptic Eutrustox), plant concentra-
tion of P was enhanced by mycorrhizal association (Yost and Fox, 1979).
Mycorrhizal hyphae will help the plant overcome uptake limitations in the
case of nutrient like phosphate that diffuses slowly and cause depleted
zones around roots. Conversely, mycorrhiza confers little additional
advantage to ions such as sulfate which moves through soil by mass flow
with no major limiting step on the way to the root surface. Although
root interception and mass flow are considered to be the important mecha-
nisms controlling the movement of molybdate to plant roots (Barber et al.,
1966), molybdate does not move rapidly through soil by mass flow like
sulfate, especially in soil that highly adsorbs molybdate (e.g. Wahiawa
soil). In this type of soil molybdate may behave like phosphate in
regard to its availability to plant. Moreover, reactions of phosphate
and molybdate in soil are similar in that they specifically adsorbed and
they continue to react slowly over a long period in soil. With this
similarity between phosphate and molybdate, it was deemed possible that
mycorrhiza may enhance Mo absorption by plant roots and increase yield
with regard to Mo status in soils,

This part of the study was conducted in the greenhouse to evaluate
the influence of mycorrhizae on the yield and Mo response of Desmodium

intortum, Centrosema pubescens and Stylosanthes humilis .
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MATERTALS AND METHODS

1. Procedures
A pot experiment was conducted at the Agronomy and Soil Science
Field Laboratory, Mauka Campus of the University of Hawaii at Manoa.
The soil was a Tropeptic Eutrustox, Wahiawa series., Some chemical
properties of this soil are shown in Table 2.1. The soil was limed to
PH 6 and it was fumigated with methyl bromide before applying treatments.
Treatments were composed of: three pasture legume species (Desmo-

dium intortum, Centrosema pubescens and Stylosanthes humilis); three

levels of Mo (none added, seed-applied Mo at 0.3 kg Mo/ha and soil-applied
Mo at 2.0 kg Mo/ha); and two mycorrhizal inoculation rates (non-inocula-
tion and inoculation). These treatments made up the 3x3x2 factorial
arrangement in a randomized complete block design with three replications.
The legumes were inoculated with the appropriate Rhizobium strains.
Potassium, Mg, S, Zn, Cu and B were added to all treatments as part of
the basal fertilizer application. Thirty percent (w/v) gum arabic
solution was used as adhesive material for Rhizobium inoculation and
seed-applied Mo treatment.

Thirty treated seeds of a legume were planted in a 6-1 plastic
pot. After four weeks from planting, the seedling were thinned to six
uniformly growing plants per pot. Throughout the experiment the potis
were watered daily to 100% field capacity. The plants were harvested
at 90 days after planting. They were cut approximately 1 cm above the
soil surface and the roots were carefully removed from the soil with a

minimum detachment of nodules. The roots with nodules were put into




500~ml glass bottles for acetylene reduction assessment. After finishing
the assessment, the nodules were removed and the roots were kept in a
refrigerator for evaluation of mycorrhizal infection. Plant samples

were rinsed with deionized water and oven-dried at 700 C in an air-draft
oven for three days for determining dry matter yield. The oven-dried
samples were ground (20 mesh) in a stainless steel Wiley Mill and kept

for elemental analysis.,

2. Treatment Preparation

2.1. PFertilizers and Lime Used

Fertilizers and lime used in the experiment were as follow:

2.1.1. Basal Fertilizers

Potassium chloride (KCl) at 200 kg K/ha.

Magnesium sulfate (MgSO,.7H,0) at 200 kg Mg/ha.
L2

Zinc sulfate (ZnSOu.7H20) at 20 kg 2Zn/ha.

Copper sulfate (CuSOu.SHZO) at 3 kg cu/ha.

Boric acid <H3BO3) at 2 kg B/ha.
2.1.2, Molybdenum Fertiliger
- Sodium molybdate (NazMoOu.ZHZO) at 0.3 kg Mo/ha seed-
applied and 2.0 kg Mo/ha soil-applied.
2.1.3. Lime
- Calcium hydroxide (Ca(OH)Z) at rate such that the
pH of soil was raised 6.0.
Basal fertilizers were applied in solution form., Each chemical
was welghed at the required amount for the whole treatment, mixed together

in solution form and made up to 1620-ml volume. The solution fertilizer




was applied at the rate of 30 ml per pot at planting.

2.2, Seed Preparation

Seeds of Centrosema pubescens and Stylosanthes humilis were

scarified by immersing in concentrated stou for 10 minutes. After
draining the acid, the seeds were washed many times with deionized
water. The scarified seeds were spread to dry before they were treated

with sodium molybdate and inoculated with Rhizobium strains.

2.3. Soll Preparation

The soil was sieved through a 1-cm sized sieve to preclude
gravels, stones and large roots and spread on benches to dry. After
air-drying and thorough mixing to attain homogeneity, a soil sample was
taken to determine moisture content as well as to conduct chemical
analysis for determining some soil chemical properties. Four kilograms
of oven-dried soil was put into 6-1 plastic pots for subsequent liming,
fumigation and fertilizer application. Calcium hydroxide at an amount
needed to raise soil pH to 6.0 according to a lime requirement curve was
mixed with soil and the limed soil was incubated for 2 weeks before
fumigation,

Soil in the pots was fumigated with 0.8 kg/27 pots of methyl
bromide applied under a plastic cover. The cover remained in place for
48 hr., The purpose of the fumigation was to destroy mycorrhizae-produ-

cing propagules. Legume seeds were planted 1 month after fumigation.
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2.4, Mycorrhizal Inoculation

The fungal symbiont used was Glomus mosseae,stock-cultured on

corn roots (Zea mays) in 8-1 pots filled with crushed basalt. Vesicular-
arbuscular mycorrhizal inoculum consisted of coarsely chopped root
fragments and the basalt from the corn pot cultures.

At planting, 25 g of mycorrhizal inoculum was placed approxi-
mately 2-cm deep in the soil. The treated legume seeds were then planted
above the inoculum.

To ensure the introduction of similar rhizosphere microflora
into both mycorrhizal and nonmycorrhizal treatments, root washings from
the mycorrhizal-stock cultures were applied to all pots. Root washings

were passed through a 325-mesh sieve to separate mycorrhizal spores

before applying to the pots.

2.5. Mycorrhizal infection Measurement
Procedures described by Kormanik and McGraw (1982) were used
to measure mycorrhizal infection.
Root segments were heated at 90O C in 10% XOH for at least 1 hr.

The potassium hydroxide solution was poursd. off and the root segment were

washed three times with deionized water. Washed roots were immersed in
alkaline solution of HZOZ at room temperature until they were bleached
(10-20 minutes). The root segments were thoroughly rinsed with deionized
water to removed all the HZOZ and then acidified with 1% HCl. The acidi-
fied root segments were stained by simmering at 90o C for 10 to 60 minutes
in lactic acid-acid Fuchsin solution. Stained roots were examined in an

open petri dish with a dissecting microscope. Percentage of roots
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infected by mycorrhizae was estimated using Biermann and Linderman's
method (1981) by viewing 20 randomly selected root segments from each
treatment. The length of each root segment which contained fungal
structures (vesicles or arbuscles), in addition to hyphae, was estimated
and the total percentage of root infected was then calculated on the

basis of 20 root segmentsexamined,

3. Measurement of Responses

3.1. Mycorrhizal Infection
Mycorrhizal infection was evaluated by examining the fine roots
(less than 2 mm diameter) of plants at harvest. Relationship between

mycorrhizal infection and Mo concentration was determined.

3.2. Yield Response
Plants were observed for deficiency and/or toxicity symptoms.
Dry matter yield was determined at harvest. The efficiency of Mo applied
as seed coating and soil treatment regarding the influence of mycorrhizae

was compared. The relationship between dry matter yield and mycorrhizal

infection was determined,

3.3. Nodulation
The number and weight of nodules of pasture legumes were

determined at harvest in order to assess the influence of mycorrhizae

and Mo on legume nodulation.

3.4, Molybdenum Concentration

Molybdenum concentrations in plant top and nodule were determined.
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Extractable Mo in soil after harvesting was also determined. The relation-

ship Dbetween extractable Mo and mycorrhizal infection was evaluated.




35%

RESULTS AND DISCUSSION

Mycorrhizal Infection

Methyl bromide fumigation eliminated vesicular-arbuscular mycorrhi-
zal (VAM) infection; there was no VAM root colonization occurring in the
uninoculated plant (Table 3.1). Mycorrhizal infection occurred in plant
inoculated with the fungi. When averaged over all mycorrhizal and Mo
levels, percentages of mycorrhizal infection of desmodium, centrosema and
stylosanthes were not significantly different from each other. When
averaged over all legume species and mycorrhizal inoculationlevels, seed-
applied Mo at 0.3 kg Mo/ha significantly increased mycorrhizal infection
(Table 3.1). However, soil-applied Mo at 2.0 kg Mo/ha did not significan-
tly increase the infection. When individual legume was considered, it
was observed that mjcorrhizal infection of desmodium or centrosema receiv-
ing seed-applied Mo was significantly higher than those of the same
legume receiving soill-applied Mo and no Mo. Mycorrhizal infection in
stylosanthes receiving seed-applied and soil-applied Mo was significantly

higher than that in stylosanthes receiving no Mo.

The influence of Mo concentration in increasing fungal infection
has been reported (Joham, 1953). He found that high Mo concentration in
the substrate increased the rate of infection of cotton leaves by

Ascophyta gossypii. He reasoned that the Mo concentration of cotton

leaves or a high Mo requirement of the fungi may have been responsible
for a decrease in the physiological resistance of cotton to the infection

of A. gossypil. Golov and Kazakhkov (1973) also reported that Mo




Table 3.1,

Influences of mycorrhizae and Mo on mycorrhizal infection of Desmodium intortum, Centrosema pubescens

the
and Stylosanthes humilis grown in, Wahlawa soil,

Mo treatment Desmodium Centrosema Stylosanthes Mean

No Myc. Myc. No Mye. Myc. No Myc. Myc.

B i
No Mo added 0d° 250 1 04 16.6 c 04 21.7 ¢ 10.5 b
2.0 kg Mo/ha (soil applied) O d 24.9 e 04 19.9 ¢ 0d .2 ab 13.2 b
0.3 kg Mo/ha (seed applied) O d 36.9 a 04d 33.9 ab 0d  3Bha 18.2 a
0 28,9 0 23.4 0 31.5
Mean 4.5 a 11.7 a 15.7 a
No Myc. Mye.
0D 27.9 a

Mean

¥ Values of each factor followed by the same letter are not significantly different at the 5%

probability level according to Duncan'¢ Multiple Range Test.

£4¢
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accumulated in soybean leaves mainly in areas infected with fungi
resembling Ascophyta in structure. These findings suggested that there
was a relationship between Mo concentration and fungal infection.
Mycorrhizal fungi, although not of the same species of fungi that cause
a disease in cotton and soybean, may also require high Mo concentration
for their multiplication and infection. The influence of Mo concentra-
tion in mycorrhizal infection was likely since seed-applied Mo which
provided high Mo concentration in a spot significantly increased percen-

tage of mycorrhizal infection in this experiment.

Yield Response

New seedling viewed just after the cotyledon leaf stage were
uniformly healthy and green. As seed reserves of nutrient were depleted,
emerging new leaves of nonmycorrhizal plant appeared progressively more
stunted, misshappen, and bronzed, with ultimate necrosis and abscission
of some leaves as compared to leaves of mycorrhizal plant. After 4
weeks of growth in individual pots, treatment differences were strinking.
Nonmycorrhizal desmodium, centrosema and stylosanthes were smaller-£han
mycorrhizal plants. While nonmycorrhizal plants were stunted and grew
very slowly, mycorrhizal plants grew steadily and appeared healthy. It
was clear that mycorrhizae enhanced plant growth. When averaged over all
legume species and Mo levels, dry matter yield of mycorrhizal plant was
significantly higher than that of nonmycorrhizal plant (Table 3.2).

When averaged over all mycorrhizal and Mo levels, dry matter yields
of desmodium and stylosanthes were not significantly different from each

other. Yield of centrosema was significantly lower than that of desmodium



Table 3.2.

Influences of mycorrhizae and Mo on dry matter yields of Desmodium intortum, Centrosema pubescens and
the
Stylosanthes humilis grown in, K Wahiawa soil,

Mo treatment Desmodium Centrosema Stylosanthes Mean

No Myc. Myc. No Myc. Myc. No Myc. Myc.
&0t —mmmme

No Mo added 0.13 b* 16.4 a 0.20 ¢ 1.43 be 0.37 ¢ 10.9 b 4.91 a

2.0 kg Mo/ha (soil applied) 0.53 b 17.5a 040 c 4,67 ab  0.60 ¢ 18.3a  7.00 a

0.3 kg Mo/ha (seed applied) (531, 45,24 0.43c  6.00 a 0.63a .20.7a 7.25a

0.40 16,4 0.34 4,03 0.53 16.6
Mean 8.40 a 2.19 b 8.57 a
No Co Myc.
Mean 0.43 b 12.3 a

* Values of each factor followed by the same letter are not significantly different at the 5%

probability level according to Duncan'¢ Multiple Range Test.

4Se
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and stylosanthes, The reason that yield of centrosema was low may be

due to the low mycorrhizal infection (16.6% to 33.9%) in this study.
Centrosema was likely to be sensitive to mycorrhizal infection. Crush
(1974) reported that in phosphate-deficient soil, VAM strongly stimulated

growth of Centrosema pubescens. He also found that the growth of

Stylosanthes guyanensis was also strongly stimulated by VAM.

Although dry matter yields of legumes receiving soil-applied and
seed-applied Mo were 42.6% and 47.7%, respectively, higher than that of
legumes receiving no Mo, when averaged over all mycorrhizal levels and
legume species, the differences were not significant. However, these
results showed that Mo tended to increase yield. When individual legume
was considered, mycorrhizal stylosanthes receiving soil-applied and seed-

applied Mo significantly increased yield (Table 3.2).

Nodulation Response

Number of Nodules

Desmodium, centrosema and stylosanthes inoculated with G. mosseae
formed nodules. Nonmycorrhizal plants did not nodulate (Table 3.3).
These results demonstrated that VAM strongly stimulated nodulation of
these legumes. When averaged over all mycorrhizal and Mo levels, the
nodule number of centrosema was significantly lower than that of desmodium
and stylosanthes. The reason that the nodule number of centrosema was
less than that of the others legumes was probably due to its low
percentage of mycorrhizal infection. Molybdenum did not significantly
increase nodule number when averaged over all legume species and mycorrhi-

zal levels, However, nodule number of mycorrhizal centrosema and



Table 3.3.

Influences of mycorrhizae and Mo on nodule number of Desmodium intortum, Centrosema pubescens and

Stylosanthes humilis grown in Wahlawa soil,

Mo treatment Desmodium Centrosema Stylosanthes Mean

No Myc. Myec. No Myc. Myc. No Myc. Myc.

——— number eeaw—aws -
No Mo added 0 486 0 18 0 440 157 a*
2.0 kg Mo/ha (soil applied) O 436 0 92 0 915 241 a
0.3 kg Mo/ha (seed applied) O 409 0 67 0 736 202 a
0 Ly 0 59 0 697

Mean 222 a 30 b 349 a

No Mye., Myc.

0b 400 a

Mean

* Values of each factor followed by the same letter are not significantly different at the 5%

probability level according to Duncan'§ Multiple Range Test.

£5¢
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stylosanthes receiving seed-applied or soil-applied Mo tended to be higher

than that of legume receiving no Mo.

Nodule Fresh Weight

Mycorrhizal legumes significantly produced higher nodule fresh
weight than nonmycorrhizal legumes since nonmycorrhizal plants did not
nodulate. When average over all mycorrhizal and Mo levels, nodule fresh
weight of desmodium was significantly higher than those of centrosema and
stylosanthes (Table 3.4). The nodule weight of centrosema was low because
of its small nodule number (Table 3.3). Although stylosanthes had a
larger nodule number than desmodium, the nodule size was much smaller than
that of desmodium, so that nodule weight of stylosanthes was less than
that of desmodium., When averaged over all legume species and mycorrhizal

levels, Mo did not significantly increase nodule fresh weight of legumes.

Nodule Dry Weight

Mycorrhizal legumes produced significantly higher nodule dry weight
than nonmycorrhizal legumes which had no nodule (Table 3.5). When
averaged over all mycorrhizal and Mo levels, nodule weight of desmodium
was significantly higher than those of centrosema and stylosanthes.
Molybdenum application did not significantly increase nodule weight of

desmodium, centrosema and stylosanthes in this experiment.



Table 3.4.

Influences of mycorrhizae and Mo on nodule fresh weight of Desmodium intortum, Centrosema pubescens

and Stylosanthes humilis grown in Wahlawa soil.

Mo treatment Desmodium Centrosema Stylosanthes Mean

No Myec. Myc. No Myec. Myc. No Myc. Myc.

g/po't o o

No Mo added 0 3.35 0 0.15 0 0.24 0.62 a"
2.0 kg Mo/ha (soll applied) O 2.90 0 0.75 0 0.95 0.76 a
0.3 kg Mo/ha (seed applied) O 2.35 0 0.81 0 062 0.63 a
0 2.87 0 0.57 0 0.60
Mean 1.43 a ' 0.29 b 0.30 b
No Ce Myc,
Mean 0b 1.35 a

* Values of each factor followed by the same letter are not significantly different at the 5%

probability level according to Duncan' Multiple Range Test.
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Table 3.5.

Influences of mycorrhizae and Mo on nodule dry weight of Desmodium intortum, Centrosema pubescens and

Stylosanthes humilis grown in Wahiawa soil.

Mo treatment Desmodium Centrosema Stylosanthes Mean

No Myec. Myc. No Myc. Myc. No Myc. Myc.,

&/pot - -
No Mo added 0 0.65 0 0.02 0 0.09 0.13 a*
2.0 kg Mo/ha (soil applied) O 0.55 0 0.15 0 0.27 0.16 a
0.3 kg Mo/ha (seed applied) O 0.46 0 0.16 0 - 0.20 0.14 a
0 0.55 0 0.11 0 0.18
Mean 0.28 a 0.05 b 0.09 b
No Myc. Mye.
Mean . 0 0.28 a

* Values of each factor followed by the same letter are not significantly different at the 5%

probablility level according to Duncan'¢ Multiple Range Test.

(453
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Molybdenum Uptake

Molybdenum Concentration in Nodule

The small amount of nodules of some treatments required the pooling
of treatment replications for nodule analysis, thereby precluding statis-
tical evaluation of the data. However, there was a trend indicating that
Mo application increased Mo concentration in nodule (Table 3.6). When
averaged over all legume species and mycorrhizal levels, Mo concentration
of legumes receiving seed-applied Mo was 215% higher than that of legumes
receiving no Mo. When averaged over all mycorrhizal and Mo levels, Mo
concentration in nodule of desmodium was higher than those of centrosema
and stylosanthes (Table 3.6). Molybdenum concentration of stylosanthes
was also higher than that of centrosema. Molybdenum concentration in
nodule of mycorrhizal and nonmycorrhizal plants could not be compared
because nonmycorrhizal plants had no nodule to be analyzed. Although
mycorrhizal plants contained high Mo concentration in nodule, it could
not be concluded that mycorrhizae directly increased Mo concentration in
nodule. In this case mycorrhizae enhanced Mo uptake indirectly through

their stimulation of nodulation.

Molybdenum Concentration in Plant Top

The stunted growth of nonmycorrhizal plants required the pooling
of treatment replications for Mo analysis, thereby precluding statistical
evaluation of plant Mo data. However, there was a trend indicating that
Mo application increased Mo concentration in the top with a greater
effect from seed-applied Mo than from soil-applied Mo (Table 3.7).

When averaged over all Mo and mycorrhizal levels, Mo concentration in



Table 3.6.

Influences of mycorrhizae and Mo on Mo concentration in nodule of Desmodium intortum, Centrosema pubescens

and Stylosanthes humilis grown in Wahiawa soil.

Mo treatment Desmodium Centrosema Stylosanthes Mean

No Myc. Myce No Myec. Myc. No Myc. Myc.

No Mo added - 7.51 - - - 4,78 2.05
2.0 kg Mo/ha (soil applied) - 7.31 ~ 5.59 - 4.35 2.88
0.3 kg Mo/ha (seed applied) ~ 17.46 - 6. 14 - 15.13 6.46
- 10.76 - 5.05 - 8.09
Mean 5.38 2.53 4,05
—No_Myc, Mye.
Mean = 7.97

* Values of each factor followed by the same letter are not significantly different at the 5%

probability level according to Duncan' Multiple Range Test.

+9€



Table 3.7.

Influences of mycorrhizae and Mo on Mo concentration in the top of Desmodium intortum, Centrosema

pubescens and Stylosanthes humilis grown in Wahiawa soil.

Mo treatment Desmodium Centrosema Stylosanthes Mean

No Myc. Myc. No Myec. Myc. No Myc. Myc.

272

No Mo added 0.49 0.30 1.02 0.63 0.55 0.33 0.55
2.0 kg Mo/ha (soil applied) 1.56 0.33 1.20 1.03 0.84 0.46 0.90
0.3 kg Mo/ha (seed applied) 1.38 1.15 1.40 1.11 1.42 (147 1.32
1. 14 0.59 1.21 0.92 0.94 0.75
Mean 0.87 1.07 0.85
No Myc. Myc.
Mean 1.40 1.24

* Values of each factor followed by the same letter are not significantly different at the 5%

probability level accoxrding to Duncan'¢ Multiple Range Test.
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centrosema tended to be higher than that in desmodium and stylosanthes.
When averaged over all legume species and Mo levels, Mo concentration in
the top of mycorrhizal legumes tended to be lower than that of nonmycorr-
hizal plants (Table 3.7). This difference was probably due to a "dilution
effect" of growth since dry matter yield of mycorrhizal plants was much
greater than that of nonmycorrhizal plants. If plant Mo is used to
evaluate Mo uptake by plant, mycorrhizae are not likely to enhance Mo

absorption since nonmycorrhizal plant contained Mo similar to mycorrhizal

plant.

Extractable Mo in Soil

When averaged over all legume species and mycorrhizal levels,
extractable Mo in soil treated with seed-applied Mo at 0.3 kg Mo/ha was
significantly higher than that in soil treated with no Mo (Table 3.8).
When averaged over all Mo and mycorrhizal levels, extractable Mo in soil
 grown with desmodium, centrosema and stylosanthes was not significantly
different from each other. When averaged over all legume species and Mo
levels, extractable Mo in soil grown with mycorrhizal plants was signifi-
cantly higher than that in soil grown with nonmycorrhizal plants. The
reason that more Mo was extracted from the soil with mycorrhizal plants
could be due to the influence of root activities (e.g. root exudation,
rhizosphere activity) on Mo avialability. Mycorrhizal plants developed

a much more extensive root system than nonmycorrhizal plants.




Table 3.8.

Influences of mycorrhizae and Mo on extractable Mo in soil after harvesting Desmodium intortum,

Centrosema pubescens and Stylosanthes humilis grown in Wahiawa soil.

Mo treatment Desmodium Centrosema Stylosanthes Mean

No Mye. Myc., No Myc. Myc. No Myc. Myc.,

ppm
No Mo added 0.26 0.47 0.29 0.37 0.25 0.33 0.33 b
2.0 kg Mo/ha (soil applied) 0.29 0. 44 0.34 0.42 0.29 0.52 0.39 ab
0.3 kg Mo/ha (seed applied) 0.41 0.58 0.39 0.51 0.29 _0.56 0.46 a

0.32 0. 50 0.3 0.44 0.28 0.47
Mean 0.41 a 0,39 a 0.37 a
No Myc. Myc.

Mean 0.31 b 0.47 a

* Values of each factor followed by the same letter are not significantly different at the 5%

probability level accoxrding to Duncan'¢ Multiple Range Test.
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SUMMARY

Mycorrhizal infection at the range of 13.2 to 38.4% of root infection

occurred in legumes inoculated with Glomus mosseae fungl. There was no

mycorrhizal infection occurring in legumes that were not inoculated with
the fungi. Seed-applied Mo at 0.3 kg Mo/ha increased mycorrhizal infec-
tion, suggesting that there was a relationship between Mo concentration
in soil and fungal infection.

Mycorrhizae enhanced plant growth and increased dry matter yield of
desmodium, centrosema and stylosanthes. Nonmycorrhizal plants were stunted
and grew very slowly, whereas mycorrhizal plants grew steadly and appeared
healthy. Yields of mycorrhizal legumes was 29-fold higher than that of
nonmycorrhizal legumes. Molybdenum fertilizer did not increase yields of
nonmycorrhizal legumes. However, Mo fertilizer increased yields of
mycorrhizal centrosema and stylosanthes.

Mycorrhizae strongly stimulated nodulation of legumes. Desmodium,
centrosema and stylosanthes inoculated with mycorrhizal fungi had formed
nodules whereas those legumes uninoculated with the fungi had not nodulated.
Molybdenum fertilizer did not significantly increase nodule nomber of these
legumes. Nodule number of centrosema was less than those of desmodium and
stylosanthes. Mycorrhizal legumes significantly produced higher nodule
fresh and dry weights. Molybdenum fertilizer did not significantly increase
nodule fresh and dry weights of legumes. Nodule fresh and dry weights of
desmodium were higher than those of centrosema and stylosanthes.

Molybdenum concentration in nodule of mycorrhizal and nonmycorrhizal
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legumes could not be compared because nonmycorrhizal legumes did not
nodulate. Molybdenum concentration in nodule of centrosema tended to be
lower than those of desmodium and stylosanthes.

Molybdenum concentration in plant top of mycorrhizal legumes tended
to be lower than that in plant top of nonmycorrhizal legumes due to a
"dilution effect" of growth since dry matter yield of mycorrhizal legumes
were makedly higher than that of nonmycorrhizal legumes. Molybdenum
concentration in the top of centrosema tended to be lower than in
desmodium and stylosanthes.

Extractable. Mo in soil growing mycorrhizal plant was significantly
higher than that in soil growing nonmycorrhizal plant. This effect could
be due to the influence of plant roots on Mo availability in soil since
mycorrhizal plant developed a much more extensive root system than non-

mycorrhizal plant.
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CONCLUSIONS

Molybdenum fertilizer increased dry matter yield of Desmodium
intortum grown in Wahiawa and Paaloa soils, It also increased yield of

Centrosema pubescens grown in the Wahiawa soil. Both seed treatment and

soil application are practical methods of Mo fertilization. However, seed
treatment requires a smaller amount of Mo than soil application., For soil-
applied Mo, at least 1.0 kg Mo/ha was required for desmodium and centrosema
grown in the Wahiawa soil. However, in order to obtain excellent stands

of legumes grown in the Wahiawa soil in the field, soil-applied Mo at

4,0 kg Mo/ha should be used. Moreover, soil-applied Mo at 4.0 kg Mo/ha
plus lime produced the maximum yields of desmodium and centrosema in the
fifth cutting of the field experiment, indicating the combined residual
beneficial effects of Mo and lime., Soil-applied Mo at 4.0 kg Mo/ha which
was successfully used in the experimental field is close to the predicted
quantity of applied Mo (4.4 kg Mo/ha) to obtain 95% maximum yield of
desmodium grown in the Wahiawa soil in the greenhouse,

Molybdenum application rates that were effectively used in these
greenhouse and field experiments are higher than the recommended rates
(140-200 g Mo/ha) for tropical legumes grown in acid soils of sub tropical
Queensland in Australia. The difference in Mo rates was likely due to
the ability of the Hawaiian soils to absorb Mo. The Wahiawa (Oxisol) and
Paaloa (Ultisol) soils in Hawali strongly adsorb Mo. The Mo adsorbed to
give an equilibrium soil solution value of 0,002 ug/ml for the Wahiawa

and Paaloa soils were 18.3 and 28.8 ug/g, respectively.
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Seed-applied Mo at 0.5 kg Mo/ha was as effective as soil-applied Mo
at 4.0 kg Mo/ha up to the fifth cutting. Seed-applied Mo at 0.3 kg Mo/ha
also provided enough Mo upto the fourth cutting but at the fifth cutting
the residual effect of seed-applied Mo at this rate tended to decline,
Seed-applied Mo at 0.1 kg Mo/ha did not supply an adequate amount of Mo
for plant needs., Therefore, it is recommended that Mo fertilizer at a
rate higher than 0.1 kg Mo/ha should be used if seed treatment is the
method selected to apply Mo fertilizer. However, seed treatment should
be used with caution since concentrated Mo fertilizer can kill rhizobia
in the inoculant and cause nodulation failure, The results obtained
from the greenhouse experiment with desmodium grown in the Paaloa soil
revealed that seed-applied Mo at 0.5 kg Mo/ha tended to decrease nodule
number of the legume, Seed-applied Mo at this rate decreased nodule
fresh and dry weights., For the establishment of pasture legumes in areas
that have never grown any species of legume before and where rhizobia
population is expected to be small, seed-applied Mo at high rates (e.go
0.5 kg Mo/ha) should not be used.

Sulfur did not increase dry matter yield of desmodium and centrosema
grown in the Wahiawa soil. However, S increased yield of desmodium grown
in the Paaloa soil, Iime increased yield of desmodium grown in Wahiawa
and Paaloa soils and it also increased yield of centrosema grown in the
Wahiawa soil,

Molybdenum and lime did not affect nodule fresh and dry weights of
desmodium grown in the Wahiawa soil which has a pH of 5.,2. Molybdenum
also did not affect nodule number and nodule fresh weight of centrosema

grown in the Wahiawa soil. Iime increased nodule number, nodule fresh
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in the Wahiawa soil but S had no effect on nitrogenase activity.

Molybdenum fertilizer increased N concentration in the tops of
desmodium and centrosema grown in the Wahiawa soil but it did not increase
N concentration in the top of desmodium grown in the Paaloa soil, Sulfur
and lime did not increase N concentration in the top of desmodium grown
in the Paaloa soil,

Molybdenum fertilizer increased Mo concentration in nodule and in
plant top of legumes grown in the Wahiawa and Paaloa soils, Dry matter
yield of legumes increased as Mo concentrations increased; Molybdenum
concentration in nodule was the best correlated index (r = 0.770**) to
relative yield as compared to Mo concentration in plant top and extract-
able Mo in soil, Critical Mo concentrations in nodule associated with
80% and 95% maximum yields of desmodium grown in the Wahlawa soil were
2.20=3,50 and 7.85 ppmy, respectively. Comparable critical Mo concentra-
tions of desmodium grown in the limed Paaloa soil (pH 5.2) were 4,0 and
13.2 ppm, respectively,

Although Mo concentration in plant top did not coxrelate very #éll
with yleld as compared to Mo concentration in nodule, Mo concentration in
plant top can still be used to evaluate plant response to Mo fertilizer.
Critical Mo concentrations in plant top associated with 80% and 95%
maximum yields of desmodium grown in the Wahiawa soil were 0,13-0,20
and 0,22-0,30 ppm, respectively, Comparable critical Mo concentrations
of desmodium grown in the limed Paaloa soil (pH 5.2) were O.4 and 1.3 ppm,
respectively, Molybdenum concentration in the top of centrosema grown in
the Wahiawa soil must be at least 0.2 ppm to be associated with 80%

maximum yield.






effect on K, Fe, and Zn concentrations. ILime increased Ca concentration
but tended to decrease K concentration, Sulfur had no effect on nutrient
concentrations in plant top.

Not only Mo concentration in plant but also Mo concentration in soil
can be used to evaluate plant response to Mo. Dry matter yield of legumes
increased as the available Mo in soil increased. The soil-available Mo
associated with 95% maximum yield of desmodium grown in Wahiawa and Paaloa
soils were 0.09 and 0,10 ug Mo/ml, respectively. These findings indicate
that the external Mo requirement of desmodium grown in soils high in
kaolinite and oxides of Fe and Al (Oxisols and Ultisols) is 0,09-0.10 ug/ml.
The results of the Mo adsorption study suggest that Mo adsorption curves
can be used as a basis for Mo fertilization. Available Mo (acid ammonium
oxalate-extractable Mo) is likely to be used to evaluate Mo status of
soil regarding the response of plant grown in soil high in kaolinite and
oxides of Fe and Al elsewhere.

Mycorrhizae enhanced plant growth and increased yield of desmodium,
centrosema and stylosanthes. They strongly stimulated nodulation of
legumes. Nonmycorrhizal plants did not nodulate, whereas mycorrhizal
plants nodulated very well, indicating the dependence of these legumes on
mycorrhizal association. Mycorrhizal did not increase Mo concentration
in plant top so it can be surmised that they did not enhance Mo absorption.
Seed-applied Mo at 0.3 kg Mo/ha increased the percentage of mycorrhizal
infection, suggesting that there is a relationship between Mo concentra-
tion in soil and mycorrhizal infection.

The overall evaluations of the results indicate that Desmodium

intortum is more responsive to Mo fertilizer than Centrosema pubescens.,




The lower response to Mo fertilizer of centrosema is likely due to the
ability of this legume to absorb high quantity of Mo from the soil and/or
its requirement of Mo is low when compared to desmodium., Moreover,
centrosema seed contains more Mo than desmodium seed. The Mo reserves in

the seed would supply some Mo to plant needs.
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