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FOREWORD

Protein malnutrition is a serious problem in most developing
countries. With the rapid population increase in these countries, the
need for bridging the protein gap has become a matter of real urgency.
Recognizing this, the FAO, in its "Provisional Indicative World Plan for
Agricultural Development" a969) emphasized the need to work on the pro-
blem from all possible angles, one of the most important being to in-
crease production of the high protein grain legumes. About 70 % of the
world's total protein production is derived from vegetable sources, which
are also the cheapest, and hence the primary sources of protein in the
developing countries. Of this, more than two-thirds came from the cereals,
and about one-fifth from the grain legumes which contain 18 to 25 % pro-
tein (about double that in cereals). The grain legumes are widely grown,
and often form part of the staple diet in many developing countries. But,
in comparison to the cereals, little research work has been done to im-
prove the productivity of grain legume crops which is very low due to
poor fertilizer and other cultural practices and inherent characteristics

of varieties grown.

The Joint FAO/IAEA Division of Atomic Energy in Food and Agriculture
has already embarked on a research programme to increase the quality and
quantity of protein in grain crops using nuclear techniques. The problem
is being attacked in two directions -~ breeding high yielding and high
protein varieties through radiation induced mutations, and increasing
yields and pretein contents through efficient fertilizer utilization. This
panel was convened to advise the Joint FAO/TAEA Division on the potential
for a research project using isotope techniques on how fertilizer utilization
byvgrain legumes can be maximised without losing any benefits from their

capacity to fix nitrogen.

The papers presented at the meeting dealt with the numerous factors in-
fluencing symbiotic nitrogen fixation and yield responses to fertilizer
application by legume crops. It is considered that this publication would
be of particular value to research workers in the field of legume ferti-~

lization.
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FACTORS AFFECTING THE RESPONSE OF GRAIN LEGUMES TO THE
APPLICATION OF FERTILIZERS

E.G. Hallsworth
C.5.I.R.0. Division of Soils,
Adelaide, Australia

ABSTRACT

The cbssrvation that grain legume crops in the tropics do not respond
to fertilisers may be largely due %to (a) failure *o appreciate that legumes
can fix nitrogen only when they have an adeguate supply of essential trace
elements, and {b) failure to ensure that appropriate strains of rhizcbium
are present on their roots: The trace elements should be present in adeguate
amounts not only to satisfy the needs of the plant, but also of the nodule
organisms. If the latter do not function effectively, applications of P and
K fertilizers can only produce a limited response in the absence of adequate
combined nitrogen -~ as any other crop. The paper reviews the various factors
vhich influence the availability of trace elements and effective nodule
systems, and it discusses the importance of taking these into account in

planming fertilizer experiments with legumes.

Tremendous improvements in the yield of crops in the temperate lands
of the world have followed the use of various chemicals containing N,P or
K as fertilisers., The most expensive element to apply has normally been
nitrogen. As a conseguence, the ability of members of the genus Leguminosae
to fix atmospheric nitrogen and hence not to need applications of nitrogenous
fertilisers has been widely exploited. The view that has been expressed,
that the legumes commonly grown for grain in the tropics do not respond to
fertilisers is thus at variance with experience in temperate climates. It
is the purpose of this article to review factors that have lead to this

divergence.

The major reasons appear to have been firstly a failure to appreciate
that for the legumes to utilise their ability to fix nitrogen it may be
necessary to supply them with a range of nutrient elements only required in

traces, and secondly to ensure that appropriate strains of rhizobia are



present on their roots. With the pasture legumes, the practice of adding
trace elements to the major fertiliser has been one of the outstanding
features in post-war égricultural development throughout the world, and par-
ticularly in Australia. The grain legumes have received less attention, but
even for them positive responses have been recorded to molybdenum, vanadium,
manganese, boron, zinc and copper for a wide range of crops. The failure to
obtain responses to fertilisers in experiments on the tropical grain legumes
probably simply reflects tle inherent difficulties of such investigations,
for not only is it necessary to satisfy the needs of the plant itself, but
also of the nodule organisms, for without an effectively functioning nodule
system, the legumes are as dependent on combined nitrogen from the soil or
from fertiliser as are any other crops, and applications of P, X or P and

X together could only be expected to produce a limited response.

In any experiment to determine the potential response of grain legumes
to the application of the major fertilisers, the result obtained will be
affected by -

(a) the level of supply in an available form of the nutritional ele-
ments required at trace levels both by the plant and by the nodule
system.

(b) by the presence or absence of strains of rhizobia capable of form-
ing effective nodules on the legume concerned.

(¢) by competition between the plant and nodule for nutrient elements
present in limited supply.

(d) by variations in the quantity of trace elements in the seeds used
in the experiment, and

(e) by the methods by which trace elements or bacterial inoculants are
applied.

The trace elements: -

Of the nutrients generally required by plants, the response to P, K,
Mg and S is much the same for legumes as for other plants, with the excep-
tion that the optimum levels for growth for P is higher for the legumes
(Czanne, Keay and Biddiscombe 1969). Ioneragan has already drawn attention

to the higher need for Ca in the nodulated legume.

The absolute level of the trace nutrient may be too low, either due to
a lack of the element in the rocks from which the soil has formed or to
rapid or long continued leaching, the former occurring on coarse textured
soils (e.g. Donald and Riceman 1952) or over drains (e.g. Judy, Lossman &
Rozycka 1964), the latter on the ancient and often lateritized land surfaces

of the tropics.



Where the quantities of the element present are larger, its availability
for plant growth may be affected by the acidity or alkalinity of the soil, by
specific reaction with certain soil constituents, or by interaction with an-

other nutrient element.

The trace elements required fall into three groups, according to the
extent to which their availability is affected by soil reaction.

(i) those which become less available in alkaline conditions, i.e.
Mn, Fe, B and Zn,

(ii) those which show little change in availability with change in
pll, i.e. Cu and Co,

(iii) those which become less available under acid conditions, i«e. Mo
and V.

On alkaline soils, failure to respond to the phosphatic fertilisers may
consequently be due to fixation of the Mn, Fe, B or Zn in forms unavailable
to the plant. The need for these elements must be tested under such condi-
tions, as well as the possibility that liming an acid soil may induce defi-
ciency of such elements. Examples of this affect for Mn, Fe and B have been
found frequently in the past, and more recently for zinc (Button & Fiskell
1963). Copper and cobalt, although showing little change in availability
with change in reaction per se show a fall in availability in certain acid
soils, Copper is strongly chelated,/and made less available in highly or-
ganic soils. In many acid soils, the cobalt is adsorbed almost entirely on
the surface of the concretions of manganese oxide (Tiller, Honeysett and
Hallsworth 1969), whilst in neutral and alkaline soils it is adsorbed on the

montmorillonite lattice.

Since the requirements for copper, cobalt, vanadium and molybdenum are
proportionally much higher for the effectively functioning nodule than it
is for the plant itself, the legumes show a better response to nitrogenous
fertilisers on an acid soil than they do on neutral or alkaline scils. The
application of molybdenum or vanadium in quite small amounts to crops grown
on acid soils may produce responses as great as heavy application of lime,
since the effect of the latter may in large part be due to an increase in

availability of the Mo and V already present in the soil.

There are several other interactions that need to be noted. High levels
of manganese may cause a reduction in the quantities of Cu and Fe absorbed

(Hallsworth E.G. et al 1965). The application of high levels of P may be
3



associated with evidence of zinc deficiency (Melton, Ellis, Doll 1970; Ambler
& Brown 1969). An interaction between zinc and soil temperature has also

been reported, a more marked response being obtained at 26°C than at 14° or
20° (Wallace, Romney, Hale 1969), and the effect of such higher applications
of P will only be realised if steps are taken to supply additional Zn at the
same time. Experiments in sand culture show an interaction between levels

of supply of Fe and Cu. At low levels of Fe supply, levels of Cu may be
{oxio, whilst at a higher level of Fe, those same levels will enhance growth,

(Polson, Adams 1970).

The manner in which the trace element is supplied may also affect the
balance between nutrient elements, and the application of manganese -
E.D.T.A. has recently been shown to increase the uptake o¢f Fe rather than
¥n as iron is more strongly chelated by E.D.T.A. than is manganese (Knezek,
Greirert 1971).

The number of trace elements that may be required to be added at any
particular site varies with the nature of soil. With the pasture legumes
in Australia optimum response may be obtained to phosphate on its own, to
phosphate with Mo on the New South Wales tablelands, to phosphate with zinc
and copper at Bsperance in Weet Australia and to phosphate with zinc, copper
and molybdenum in S,.E. South Australia, whilst in the York Peninsula in South
Australia the optimum response has been obtained only to a fertiliser mixture
which as well as phosphate and sulphur contained Fe, B, Mn, Zn, V, Cu, Co,
Mo and S (Cartwright and Harris, priv. comm. 1970) and the omission of any

one of these elements resulted in a 40 to 60 % reduction in yield.

In the grain legumes, a similar pattern of varying needs is now beginning
to show itself, and responses to P + Mo, P+ Mo + V, P + Mo + Co etc.have
been reported (Table 1). In spite of the importance of Cu for the pasture
legumes, very little attention has been paid to its use for the grain legumes.
No soil showing a response by a grain legume to the simultaneous application
of eight trace elements has yet been reported, but such a field trial does

not yet appear to have been attempted!

The need for inoculation: -

The importance of inoculating legume seeds with an effective strain of

rhizobium is perhaps best appreciated in Australia where, following British
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settlement every cultivated crop that was introduced was being grown in soil
in which it had never grown before and in which, so far as the temperate
legumes except lupins were concerned, rhizobial species or strains capable
of forming effective symbionts were absent. In Burope on the other hand,
inoculation has not been generally practised, in the belief that the appro-
priate rhizobia were widespread, but there has been growing evidence that
the lack of an appropriate host crop over several years can reduce the
numbers of rhizobia to very low levels. Under these circumstances responses

to inoculation are obtained. (Manil, 1958).

In the absence of an appropriate rhizobial population, the legumes
will fail to develop effective nodules. Their response to the addition of
phosphorus, potassium or trace elements as fertilisers in such‘cases will
be dependent on the level of nitrogen supply from the soil. Since in many
tropical and subtropical areas supplies of combined nitrogen from the soil
are likely to be very low, it seems that in many cases where legumes have
been reported to show little or no response to fertilisers, the plants have
been ineffectively nodulated or not nodulated at all., In several experi-
ments reported from the tropics in which negative results have been obtained,
no attempt was made to inoculate the seeds (Kanwar 1962 with berseem; Jain
and Mehta 1963 with grams). In other cases, even when seed inoculation
has been used, no mention was made of any attempt to see whether an effective

nodule system had been developed (Miyasaka, Freire, Abramides 1966).

The inoculation of the seed with an effective strain, on its own, is
no guarantee of the development of effective nodulation. The lack of such
trace elements as molybdenum, copper, cobalt or vanadium in sufficient
quantities will prevent the nodule system from fixing significant quantities

of nitrogen, even in the present of effective strains of rhizobia.

There is an increasing evidence that leguminous crops in tropical areas
are not as effectively nodulated as they could be, and the inoculation with
specific strains cof rhizobia has been shown to preduce significant response
even in areas where the crop under test has been traditionally srown, e.ge. inv
Madagascar (Denarie 1968), in India (Belasemdaram V.R; Iswaran V;

Rao W.V.B.S. 1970)and in Egypt (Loufti, El Sherbini and Ibrahim 1966).



TABLE T

Recorded responses in the last decade vwhere yield of grain legumes has
increased following application of trace elements in the fertiliser mixture.

Single element responses:-

ELEMENT CROP
B Pea
Bean
B Groundnuts
B Beans
B Beans
B Soyabearns
Co Soyabeans
Cu Soyabeans
Fe Groundnuts
Fe Groundnuts
Mn Peas
Hn Soyabeans
Mn Groundnuts
¥n Soyabeans
Mn Pen
Mn Soyabeans
Fo Horse beans
Mo Soyabean
Mo Pea
Vetch
Horse beans
Mo Pea
Mo Pea
Mo Groundnmuts
Ho Beans
Mo Soyabeans
Mo Horse beans
Mo Soyabeans
Ho Horse beans
Ho Vetch
Mo Soyabeans
Mo Peas
Ho Soyabeans
Mo Peas
Mo Groundnuts
Mo Peas
Ho Soyabeans
Ho Soyabeans

Mo

Soyabeans

REGION
Estonia

U.Se

Russia
Poland

China

Russia

Ching

East Africa
Bast Africa
England

Usa (Ohio)
India (Madras)
UsA (Florida)
Russia

China

Russia
Siberia

Russia

Usa (Wisconsin)
Russia
Senegal
Bulgaria
Siberia
Russia
China
Russia
Russia
France
Hungary

. USA

Russia

Java

Latvia

UsA (Arkansas)
Usa

Brazil

REFERENCE

Kalmet 1965

Harris & Gilman 1957

Berzipa 1965

Tuchoka, Szukalslki, Kukurenda 1964
Chu, Liang, Chen 1963
Piroshnikov 1962

Chu, Liang, Chen 1963

Hartzook, Fichman, Karstadt 1971
Lachover, Fichman, Hartzook 1970
Rose, Dermott 1962

Mederski, Hoff, Wilson 1960
Sanjeevaiah 1969

Robertson, Thompson 1969
Kanijnine 1965

Chu, Liang, Chen 1963
Bashinskaya 1966

Sakolova 1966

Gladkii 1965

Hagstrom & Berger 1965
Eamynine 1965

Martin & Pourrier 1965
Radomirov 1965

Kurkaev & Golov 1964
HMusakanov 1964

Chu, Lianz, Chen 1963
Silchenko 1963

Zhorikov 1963

Bertrand 1962

Gleria & Tamasy 1962

Parker & Harris 1962
Ozolinya & Zhurovskaya 1959
Newton & Said 1956

Peive & Rinko 1957

Joseph, MHaples, Hardy 1971
de Mooy 1970

Ruschel, Britto, Carvalho 1969



ELEMENT

CROP

Ho
Mo
o
o

Io

Za
Zn

Zn

Zn

Soyabeans
Peas

Peas

Kidney beans

Phaseolus
vulgaris

Peas
Peas
Peas
Groundnuts

Beans
(Vicia faba)

Pea (Pisum
sativun)

Soyabeans
Xidney beans
Pea

Pea

Ragi (Eleusine
coracana)

Soyabeans
Soyabeans

Peas
Beans

Groundnuts

Beans (Phassolus

vulgaris L)

Beans (Phassolus

valgaris L)

Beans (Phassolus

vulgaris L)

Multiple Effect

B + Co + Ho Horse beans

B + o

B + Cu + Mo

Cu + tn
o + B

Cu + Mo

+ Mo

Lupins
Soyabeans

gHorse beans

;Horse beans

REGION

China

India (Madras)
India
Bulgaria
Bulgaria

Hyssia

Russia

UsA (Visconsin)
Ve Africa

Bulgaria
Russia

USA

Bulgaria
Russia
Bulgaria

USA (Florida)

USA (Vashington)

China
US4 (Michigan)

India {Mysore)
UsA

UsA

UsA

Russia

Latvia

Russia

Russia

REFEREHNCE

Lee, Tang, Tsai 1967
Sharge & Jauhari 1970
Kherde & Yawalkar 1966

Rikolov & Peterburgski 1967

Radomirov, Kasarowa,

Muravin, Shumilin 1969

Xamijnine 1965

toimanov 1969

Hagstrom & Berger 1963

Martin & Fourrier 1967

Todorov 1963

Zhorikov 1963

Lavy & Barber 1963

Nikolov & Peterburgski 1967

Kamijnine 1965

Peterburgski 1966
Button & Fiskell 1963

Nelson, Roberts, Nelson 1962

Chu, Liang, Chen 1963

Brinkerhoff, Ellis, Davis 1965

Yadahalli, Radder, Pattil 1570
Melton, Ellis, Doll 1970

Wallace, Romney, Hgle 1969

Judy, Lessman, Rozycka 1964

B8rzips 1965

Bambergs 1964

Klincare 1964

Zhiznevskaya 1961



Bffect of nitrogen fertilisers: — For all the nutrient elements re-

guired in trace quantities, there is competition between the nodule and the
plant for what is available. It is in terms of this competition that the
effect of supplies of combined nitrogen can best be understoocd. There are
three aspects. In the past it has been accepted that the effect of nitro-
genous fertilisers has been to depress nodulation. Numerous papers have
demonstrated this and several of these are reported in earlier papers at
this symposium. A second aspect which has been reported on more recently
has been the stimulating effect on nodulation of small additions of nitro-
genous fertiliser, The third aspect 1s the even more recent demonstration
that additions of nitrogenous fertiliser late in the growing period can

enhance the nitrogen content of the crop.

The effectively nodulated plani, growing in the absence of any extra-
neous source of nitrogen compounds is clearly a system in balance. Some of
the photosynthate produced by the cotyledons and early leaves passes down
the roots to the bacteroids in the nodule, which can utilise it to fix at-
mospheric nitrogen into forms which become available to the plant. The need
of either the plant or the nodule for the supply of any trace element must

consequently remain in balance.

The effect of this balance has been illustrated for copper, which has
been shown on numerous occasions in the past to be essential for plant
growth and more reécently to be essential for nitrogen fixation (Hallsworth,
Wilson and Greenwood 1960). The plant and the nodule system can be considered
as two alternative sinks into which the copper supplied to the plant can be
directed. Where the nodulated legume is entirely dependent on the nodules
for its supply of soluble nitrogenous compounds, its growth and hence its
demand for copper is directly related to the quantity of nitrogenous com-
pounds received from the nodule. Any reduction in the supply of copper to
the nodule, because of an increased consumption by the plant, would be fol-
lowed by a reduction in the fixation of nitrogen by the nodule, which would
result in a reduction in the supply of nitrogenous compounds from the nodule
to the plant even though photosynthate was accumulating in the nodule
(Carwright and Hallsworth 1970). This is accompanied by a concomitant
reduction in growth and consequently in a reduction in the demand by the
plant for copper. The two alternative sinks for copper will thus remain

in balance.



Where nitrogenous compounds are added to the plant/nodule system, as
occurs when nitrogenous fertilisers are used, the situation is changed. The
plant can now continue to grow without reference to the supply of nitrogenous
compounds from the nodule. The dimensions of the plant sink are increased
relative to those of the nodule sink, and in increasing proportion of the
copper available to the system goes to the plant. Where the copper supply
is limited, this results in a reduction of the quantity of copper available
to the nodules, and as the old ones wither away, the newly initiated nodules
will fail to develop. That this is the logical explanation of the classical
pattern of reduction or inhibition of nodulation following the application
of nitrogenous fertilizers, is supported by the finding that with suitable
increases in the level of copper supplied to the plant (Table 2) a 500-fold
increase in available nitrogen can be accepted without significant reduc-

tion in weight of effective nodules (Hallsworth, Greenwood and Yates 1963).

It can be noted also in ''able 2 that increased N-supply leads to an
increase in the number of nodules, although in the absence of an increase
in the copper supply very few of them become effective. Consequently,
under conditions where the copper supply is not limiting, the small addi-
tion of nitrogenous fertilisers would be expected to be beneficial to the
growth of the nodule system, particularly with the small seeded legumes.
The growth of the photo-synthesising system of the seedling depends on the
supply of combined nitrogen from the seed, and with a small seed this is
limited. The effect of an added supply of combined nitrogen at this stage
will be to increase the rate of growth of the leaves, and hence of the supply
of photosynthate to the nodule. This in turn would lead to a better supply
of combined nitrogen from the nodule system to the plant, always provided
that the elements needed for the nodule were not limiting. On soils very
low in available trace nutrients, no benefit would be expected to result
from early application of a small dressing of nitrogen unless at the same

time steps were taken to redress such deficiencies.

Whilst for most trace elements the effects will be analogous to those
with copper, for cobalt and perhaps vanadium this interaction between trace
elemeni and combined nitrogen may be too slight to show. With cobalt,
which has been shown to be stimulating to the growth of the non-nodulated
or ineffectively nodulated legume (Hallsworth; Wilson and Adams 1965), a
1000-fold increase in the level of cobalt supplied was without effect oun

the number or weight of nodules produced (Wilson and Hallsworth 1965).
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TABLE 2

Effect of variations in supply of copper and nitrate nitrorcn cn
the development of nodulation in T. subterraneum (var. :t, Barior)
Spring/Summer 1959

N ] 0.01 i Cu 0.1 pll Cu 1.0 j Cu 5:0 yi Cu

(a) No. of nodules per plsnt (No. excised given in { )):

Barvest 1
1000 37. (1) 123 (45) 106 (56) 155 (59)
*1,56 (0.20) | *2.08 (1.64) |*1.98 (1.72) 1=*2.16 (1.77)
500 41 (10) 96  (50) 75 (29) 50 (24)
*1,60 (0.92) | *1.97 (1.68) |#%1.85 (1.46) [*1.70 (1.3)
0 64  (38) 33 (18) 17 (9) 9 Eg
%1,79 (1.55) | *1.49 (1.22) |%1.20 (0.93) 1{=*0.86 (0.8¢C)
Harvest II |
1000 252 (2) 215 (128) 232 (86) 143 (102)
%2,38 (0.30) | #2.26 (1.95) |%2.32 (1.92) |=*2.14 (2.00
500 131 (61) 116 (40) 91 48) 58  (35)
%2,09 (1.75) | %2,05 (1.60) }%1.96 (1.65) |[=*1.75 21064)
0 51 44.) 32 §22) 3 (25) 10 8)
*¥1.69 (1.62) | *1.49 (1.33) |[*1.45 (1.34) |*0.96 (0.88)

*ean log. 10 number l :
Difference for significance in log. numbers Total 5% 0.31; 1% 0.41; 0
Excised 5% 0.38; 1% 0.51; O

(v) Dry weight of excised nodules per plant (mg):

Barvest I
1000 0.5 17 50 67
*C,00 *1,16 *1.698 *1,80
500 2 18 19 3 22
* 0,30 *¥1,16 *1,.69 *1.80
0 26 15 9 19
*¥1.38 *1,19 *¥ 0,89 *1,18
Harvest II
1000 3 151 188 260
*0.36 *¥2.10 *2.27 * 2,41
500 23 64 g2 183
*1,33 *1.77 *1,68 *2,23
0 62 31 69 106
*1,72 *) .32 *1,73 J *1.,95

*Hean log g
Difference for significance (log. wt) 5% C.41; 1% 0.55; 0.1% 0.72
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The use of small dressings of nitrogenous fertilisers as starters for
leguminous crops would consequently be expected to improve nodulation and
enhance yield, and this has been shown to be the case, the optimum level of
nitrogenous fertiliser depending on the conditions. (Litynski 1956, Thornton
1956, Young 1958, Dart & Wildon 1970, Ezedinma 1964).

The value of late applications of nitrogenous fertilisers on legume
crops to enhance yield or protein contentrhas been investigated more re-—
cently (see Hera, this symposium). The theoretical justification of this
is that the nodule system becomes less effective at the end of the growing
period, partly due to the so6il drying out and partly to a diminution of
supply of photosynthate, since at this stage the developing seeds constitute
a major sink for carbohydrate produced. Late application of W as NH4NO
has been shown to increase considerably the N content of pea shoots
(Schalldach and Schilling 1966), and the vse of labelled nitrogen showed
that 70 % of the late-applied N has been used in synthesis of the lysine-
rich seed proteins legumin and vicillin. This, however, does not imply
that late application of nitrogenous fertilisers improve the gquality of the
seed protein, for the total lysine-N content of the seed remained constant

at 80.6 % (Schilling and Schalldach 1966),

Whether the practice of late application of N is worth considering in
a major co-operative investigation in the developing countries is a moot
point. I would suggest that it is a refinement to be introdﬁced later.
The potential enhancement of the protein level would seem to be too small to
justify the complications that would result from the introduction of such

a treatment.

Trace element of seeds used: -

In fertiliser irials in general, the only attention paid to the seed
is that it should be of an appropriate variety, disease free and of high
viability. No attention is paid to its composition. Since the amounts of
P, X, N, Ga and other macro nutrients present in the seed are insignifi-
cant in relation to the quantities that the plant will require during its
life-time, this neglect is justified, but with the trace nutrients the po-
sition is different, for the guantities of molybdenum, vanadium and cobalt
required by the crop may be extremely small, The quantity of these elements

present in the seed may vary widely, depending on the level available in the
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s0il on which the plants from which the seed was obtained were grown. I

have found the Cu content of subterranean clover seeds to vary from 7 p.p.r.
in seeds grown on non-deficient soils in New South Wales to 3 PeDsM. ON geecds
grown on copper-deficient soils in Western Australia, even where Cu con-
taining fertilisers had been used. Growing lupin seeds on a molybdenum defi-

cient soil in the English midlands reduced the Mo-content 10-fold when
compared with the mother seed. The likelihood that such variations in

seed content will affect the response in fertiliser trials is obvious. For
molybdenum, for example, it has been shown that soya bean seed grown in

six States in U,S.A. varied from 0.6 to 22.4 p.p.m. Mo, and that plants
grown from the seed containing 22.4 p.p.m. Mo failed to show any response
to the application of Mo-fertilisers (Harris, Parkes and Johnson 1965).

An increase in molybderum in the seed has also been shown to occur follow-
ing liming orbapplying Mo as a foliar spray, the high molybdenum seeds
supplying the Mo needs when grown on Mo-deficient soils, but there was

very little carry-over into the next crop (Gurley and Giddens 1969).

In field experiments designed to investigate the responses of legumes
to the application of trace elements, it is consequently essential that
the level of trace elements present in the seed it is intended should be
used is known, for high seed content of Mo, V, Co and Cu at least, may

vitiate the results obtained in annual crops.

Method of application of trace elements: —

The response to trace élements added as fertilisers also varies with
the manner in which they are applied. Since the gquantities needed are
very small, the distribution of the chemical concerned over the entire
surface of the area to be planted is likely to be unsatisfactory, or to
require larger applications. For the many trace elements applied to
pasture legumes in Australia the technigque that has proved very successful
has been to mix the salt, oxide, etc. of the element concerned with super-
phosphate, which may then be broadcast. This technique has been used for zinc,
eopper or molybdenum treated superphesphate. For wheat or peas, the copperized,
Zincized or manganized superphosphate has been drilled with the seed. In
both of these techniques, the placing of the trace element at the same series
of points at which the phosphate is concentrated has resulted in effective
absorption of the trace element concerned, bresumably because the roots of

the plant concentrate around the granules of superphosphate. This treatment,
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however, is used where large areas are to be treated, by farmers accustomed
to the use of large machinery. On the uncultivated pasture lands, success
has generally attended the practice of coating the seeds with superphosphate
containing the element, sometimes coated further with ground limestone and
spreading the fertiliser from aircraft. There have been reports that coating
inoculated weed with superphosphate and ground limestone have had a de-

pressing effect on yield (Mascarenbus, Myasaka, Freire et al 1967).

For seed legume crops, particularly when grown on the smaller areas more
characteristic of tropical agriculture, neither of the Antipodean practices
described above may be satisfactory. As an alternative, the practice of
soaking the seeds in solutions containing the element concerned have been
found successful in several parts of the world. With molybdenum the rate of
3 to & gr per kilo seeds have been found to give satisfactory response, but
when treated seeds were stored at high humidity a considerable loss in ger-
mination resulted. (Johnson, Harris and Parker 1960). Soaking beans in
0.02 % solution of manganese sulphate, ammonium molybdate and zinc sulphate
has also been reported to be satisfactory (Phillipova K.F: Kalatove S.S. and
Ovchara K.E. 1965). With soyabeans, molybdenum applied to the seeds at
sufficient to give a rate of 28 grams/hectare was quite satisfactory, and
gave as good a yield increase at 6-12 times the quantity applied as a foliar

spray (Thomson 1965).

Although soaking the seed in solutions of the trace nuirient before
inoculating with rhizobia has been generally successful, the alternative

of adding the element (M1) to seeds treated with peat based inoculum has

not, up to 99 % of the rhizobia being killed as a result.

Satisfactory responses have also been reported on numerous occasions
when the trace element has been applied as a foliar spray to the young crops,
but for most purposes this would seem to be the least satisfactory, and only
to be adopted if both seed treatment with the trace element, or mixing the
trace element with another fertiliser =such as the phosphate was unsatisfac-
tory. Direct application of the trace element to the soil, by broadcasting
or drilling would seem to be generally unsatisfactory except perhaps for
copper on highly organic soils, when rates of CuSO47 H20 of up to 48 kg/h

may be reguired.
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Planning: -

In planning for fertiliser experiments with legumes it is consequently
necessary to take into account three factors, as well as the levels of the
mgjor nutrients P & K. The first is that steps should be taken to secure a
strain of rhizobia known to be effective on the legume concerned, and to
arrange that inoculation of the seed is carried out in such a manner that
an adequate number of viable rhizobia are still on the seed when it is
finally sown. Storing seed that has been inoculated and dusted with ferti-
liser has too often in the past been found to be associated with loss of

viability of inoculum.

The second is that an effectively fixing nodule system needs a number
of trace elements and unless all are present in the soil in adequate quanti-
ties, some or all of the trace elements will need to be added. In the ab-
sence of any information about the soil concerned it is necessary that at
least one treatment of the experiment should include all the trace elements
required. If these mixtures of the salts or oxides of the trace elements
are to be compounded some time before application, it will be necessary to
check beforehand that the availability to the plant of the elements in the

mixture does not fall during storage.

The third is that the method of application of the trace elements to
the crop needs to be standardised between the different localities, for the

variations in response that can result from the method of application can

easily outweigh the other effects.
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THE SOIL GIEMICAL ENVIRONMENT IN RELATION TO
SYMBIOTIC NITROGEN FIXATION
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ABSTRACT

This paper reviews the principles elucidated in the relations
between the soil chemical environment and symbiotic N fixation in
" legumes,

Seieral phases of the overall process of N fixsgtion are
recognized. The peculiar sensitivity of each phase to particular soil
conditlons renders the whole process sensitive to that condition.
Survival and growth of some nodule bacteris are especially sensitive
to soil acidity mainly through effects of H ions but probably also
through effects of Ce ions in the rhizosphere. Nodule formation in
some species is sensitive to H ions, to combined N, and to B. Nodule
function in all species needs more Mo and Co than does plant growth:

in at least some specles it may need more Ca. Host legumes are also

sensitive to adverse soil conditions but variation among legumes 1s as
great as between lsgumes and other species.

Successful treatment of adverse soil conditions requires an
understanding of the fundamental nature of the problems for the
particular legume concerned. Specifié treatments should be devised
to correct the adverse condition and blanket treatments should be

avoided. Resolution of the factors involved in responses of temperate
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pasture legumes to lime provide ontstanding examples of the walue of
this approach. They provide excellent models of an approach which can
profitably be used in the study of the fertilizer needs of all legumes,

including those grown for grain production in tropical areas.

I. INTRODUCTION

I have been asked to review the relation of the soil chemical
environment to symblotic nitrogen fixation with special emphagis on the
production of legume grain in tropical and sub-tropical regions. I do
not propose to make a catalogue of responses oblained by specific crops
in certain regions but rather I propose to discuss the prineciples

involved in the relations between soil properties and symblotic systems.

II. SYMBIOTIC NITROGEN FIXATION

The soil chemical environment may profoundly affect symbliotic
N fixation in each of 4 phases of the overall process:-
1. Survival and growth of nodule bacteria
2. Nodule formation
3. Nodule function
4o Growth of the host legume.

Each of these phases has some particular reguirement which
mzakes it peculierly sensitive to the soll chemical environment. These
are of gpeclsl interest since they make the whole process of N fixstion
peculiarly sensitive to that soil condition. Moreover, an understanding
of the relation between soil conditions and the nature of their effects

on gymbiotic N fixation has frequently assisted in the diagnosis and
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treatment of field problems. This peper will therefore conszider the
relationship of those factors in the soil chemicsal environment which

have special significance to each phase of N fixation,

S /o) £ n e _bacte

Where they do not already exist in the soil, suitable strains
of nodule bacteria must be introduced with the legume crop. Masefield
(75) has pointed out that nodule bacteria for tropical annusl legumes
fall egsentially into 2 distinet classes - the cowpea type and other
types. Cowpea. type bacteria are very widespread and will resdily infect
gppropriate, indigenous or introduced leguminoug crops. Problems will
arise if the existing bacterial strain is not fully effective. For
other leguminous crops grown in the tropies (lentils, French beans,
gometimes soybeans end many temperate legumes grown at high altitudes -~
lupins, peas, field beans), suitable nodule bacteria are ususlly absent
and effective strains must be introduced,

Nodule bacteris of the cowpea type differ so greatly from
other types in their physiological behaviour that some workers classify
them in a genus, Phytomyxs, separate from Rhizobium (41). Such
differences appear to be importent in some areas where soil character-
istics are asssociated with differences in the survival of cowpes type
bacterie and of Bh. trifolii (74): on grey, siliceous sands Rh.
trifolii was more sensitive to heat (73) and to antagonism by indigen-
ous micro-organisms (29, 31). Differences in sensitivity to the soil

chemical environment have yet to be shown to be important. However,

from a consideration of the origin and evolution of root nodule bacteria
Norris (88, 91) has postulated that the couwpea type bacteria should be
much more tolerant of soil acidity than other types and that this would

be a mgjor factor in their distribution in soils. There is as yet
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little evidence to support this interesting hypothesis and its theoret-
ical basis has recently been challenged (98,99).

Where sppropriate, effective nodule bacteria must be intro-
duced into solls with legume crops it is essential that soll conditions
pernit their survival and growth. Only the soil, chemical environment
is discussed here and it must be remembhered that the physical and
biological environment assume overriding importance in some situations
(95, 126).

(a) Soil acidity

Acidity is a particularly important factor in the growbth and
survival of nodule bacteria in soils. Sensitivity of nodule bacteria
to acidity has long been thought to account for nodulation problems in
some legumes. For example, Anderson and Moye (10) observed that
subterranean clover sown on moderately acid soils (pH«<.5.5)1 in south
eastern fAustralia nodulated poorly in the year of sowing unless soil pH
was increased by treatment with celeium carbonate: however, on untreat-
od soils, nodulation improved steadily in successive seasons suggesting
that some factor was limiting the rate of growth of nodule bacteris.
Increasing the numbers of bacteria at inoculation replaced the effects
of lime on nodulation of both subterrasnean clover (8, 117) and Medicago
species (80, 109). Once nodulated, N fixation and growth of the legumes
did not respond to lime (10, 109).

The distribution of several Bhizobium species in soils also
suggests an important determining role of soil pH. The distribution of

Bh. meliloti in soils of Nebrasks correlsted strongly with soil pH and

1Soil pH determined in a 1/5 suspension of soil/water: soil pH values
vary greatly with the technique of determination (130), but unfortunately

few workers specify their technique.
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the bacteria were virtuelly absent in soils more acid than pH 6 (102).
In eastern Australia Rh. meliloti end Rh. trifolii were also virtually
dbsent from soils more acid than pH 6, even when the acid soils were
adjoined by less acld soils carrying dense swards of nodulsted host
legumes (127). In New Zesland, Rh. meliloti was restricted to neutral
and alkaline soils: Rh. irifolii occurred more freely on slightly
acid soils (Greenwood 1964 cited by (106)) as would be expected from
its greater tolerance of acidity in agar cultures (55, 56).

Nodule bacteria also grow poorly or not at all when introduced
into ecid soils. Although few strsgins have yet been tested in soils,
cowpea, type organisms appear to grow almost as poorly on acid soils as
do other types of ncdule bacteria. Thus, not only did Rh. trifolii
fail to grow but 6 strains of cowpea type organisms alsoc grew poorly
when inoculated into acid solls of pH 4.8 to 4.9: when addition of
alkaline earth carbonates or hydroxides increased the soil pH to above
6, all organisms grew vigorously (91, 128). Hence the evidence fails
to support the suggestion that the ubiquitous distribution of cowpea
type nodule bacteria in itropicsl regions results directly from their
greater tolerance of soil acidity (88, 89). It suggests rather that
all types of nodule bacteria grow poorly in soils more acid than pH 5
and that all respond strongly to increasing soil pH to near neutrality.
Some nodule bacteris appear especlally sensitive to soll acldity:

Bh, meliloti disappeared from goils of pH 5.3 to 5.7 in the season
following its introduction with host seed: where trestments raised

soil pH to 6.8, sbtundant bacteria survived (123).

(1) Components of soil acidity
4cid scils are characterised by several properties potentially
harmful to nodule bacteria., In addition to their high concentrations of
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H ions, acid soils often have high concentrations of available Mn and Al
and low concentrations of avallsble Mo, Mg, and Ca. Treatment of acid
goils with lime will usually modify all of these properties. While
there ig little criticsl information on the sénsitivity of nodule
bacteria to Me, Mn, and Al, there is evidence that nodule bacteria are
less sensitive than other phases of the symbiosis to low Mo and to high
Mn and Al. Experiments purporting 4o show the opposite effect - that
Mn toxicity specifically inhibits nodulation (35, 116) - fail to
establish this point: application of Mn galt depressed plant growth so
severely that it could have caused the concomitant depression in nodule
numbers.

Species and strains of nodule bacteria vary widely in their
acid tolerance. However, increasing H ion concentration in pure
cultures in solution or on sgar strongly inhibits the growth of them
all - Trifolicae, Vicieae, and cowpea (53, 55, 56). Some gtrains of
nodule bacteris are so sensitive to acidity that their growth may be
inhibited at pH values which have no effect on growth of the host plant °
(62)s At very acid pH values the effect of scidity on growth of nodule
bacteria is not important in some legumes, since infection is completely
inhibited regardless of the mumber of bacteria present (see below). At
less acid pH velues it may be very important. It probably explains the
marked effects of increasing pH in increasing nodulation of clover and
lucerne in moderately acid solutlions with relatively low Ca levels: 1in
such solutions, increasing bacterisl numbers increased the nodulation
of both species (lucerne pH 5.1 and 5.7, (83): subterranean clover
pH 5.0, (68)%.

The divalent cations, Ca and Mg, have marked effects on

growth of nodule bacteria. Their effects are complex. An early
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report indicated that strains of Rh. trifolij grew poorly in colloidal
c¢lay suspensions unless relatively large amounts of Ca were added: by
contrast, cowpea type organisms did not respond to Ca (71). Norris (88)
later confirmed this observation and suggested that Viceae-Trifolieae
type organisms had a higher Ca requirement than the cowpea type. His
subsequent extensive researches have failed to confirm any difference
between these groups of organisms in their Ca nutrition on scils or in
solution culture and the reason for their different behaviour towards
Ca in clay suspensions remains unknown (91).

When grown in solution in isolated cultures, all nodule
bacteria require only traces of Ca (22, 62, 90, 91, 118, 124, 125).
They require somewhat larger quantities of Mg (90, 91, 125). In addit-
ion to their specific requirements for Ca and Mg, nodule bacteria have
a relatively large non-specific requirement for divalent cations. Con-
sequently a shortage of either the Ca or the Mg ion will make a
relatively greater demand on the other ion (125). From these studies
of lsolated organisms in solution culture, workers have assumed that
Ca would have no effect on growth of nodule hacteria at levels above
those required for plant growth (62). Norris (90, 91) has also
postulated that Mg should be especilally important for growth of nodule
bacteria. But Vincent (126) has pointed out that, for growth of
nodule bacteria in the rhizosphere of legumes, some account would need
to be taken of the extent to which plants competed with bacteria for
Ca and Mg. Indeed, recent research has shown that Ca above levels
required for plant growth strongly stimulated the growth of nodule
bacteris in the rhizosphers of sublerranean clover seedlings: at low
levels of inocculation, Ca also stimulated nodulation but, surprisingly,
Mg could only partially replace Ca (68). These results indicate either
that Ca and Mg modify the ability of the root to adsorb nodule bacteria
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or that the Ca~Mg environment for the growth of nodule bacterla in the
rhizosphere differs grestly from that in solution. Whatever the reason,
the growth of nodule bacteria in the rhizosphere of subterranean clover
can, under certain conditlons, be far more sensitive to Ca or, to a
lesger extent, to Mg concentrations in solution than is nodule develop-
ment or host growth: once initiated, nodule development can proceed

at Ca concentrations even lower than those required for plant growth
(69, 86).

The effects of divalent cations on nodulation have only been
observed in solutions of moderste acidity (pH 4«5 - 5.5 in subterranean
clover (62, 68): pH 4.8 - 5.6 in lucerne (86)). Under more acid con~
ditions, as slready mentioned, acidity completely inhibits nodulation
and Ca has no effect (pH 4.0}§ubterranean clover, pH 4.8 in lucerne).
At pH values near neutrallity, plants schleve maximal nodulation at all
levels of Ca above those which are deficlent for plant growth. In the
pH renge between the upper and lower limits where Ca has no effect,
increaging Cs and increasing pH replace each other in their effects on
nodulation. This phenomenon, formerly so puzzling, now seems readily
explained by effects of Ca and H ions on the numbers of nodule bacteria
in the rhizosphere. It receives strong support from the evidence
already cited that the effects of both high Ca and high pH on nodulation
can only occur at low levels of inoculum in solution and can be
replaced by increasing bacterial inoculation to very high values.
Clearly the relation between the numbers of root nodule bacteria in the
rhizosphere and nodulation of subterranesan clover and medies in
moderately acid media is in a state of delicate balance which can
easily be changed by one or more of several interacting ions - H, Ca,
and, to a lesser extent, Mg. All could be involved in nodulation
problems arising from poor survival and growth of nodule bacteria on
moderately acid soils.
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(ii) Correction of nodulation problems in acid soils

The conclusion that the problem of subterranean clover estab-
lishment on moderately acld soils in eagstern Australia resulted from a
peculiar sensitivity of its nodule bacteria to soil acidity led to the
technique of coating seeds with calcium carbonate: apparently frace
amounts of calcium carbonate modify the soil micro-environment near
the seed sufficiently to permit survival and growth there of introduced
nodule bacteria (63). The same effect probably also explains the
success of lime-coated seeds in overcoming nodulation problems in peas
(Sniezko cited by (93)}) and clovers (47, 48) in other areas.

Coating seeds with lime csn only be expected to overcome
problems of nodulation in legumes on those soils whose acidity retards
growth of introduced strains of nodule bacteria but does not retard
growth of the host plant. It is possible that some species of nodule
bacteria which are very tolerant of high scidity are less sensitive to
acidity than host plant growth, However suggestions that nodule
bacteria of the cowpea group are so tolerant of soil acidity that their
hosts would not benefit from lime pelleting of seeds sown into acid
soils (92, 93) need re-evaluation. Recent evidence suggests that some
cowpea type bacteria may be mcre sensitive to soil acidity than growth
of their host legume. When sown into sand of pH 5.0 - 5.5, Acacia spp.
failed to nodulate even though growth of the host given combined N was
as good as at pH 6.5 - 7.0 where plants nodulated freely with organisms,
presumably of the cowpea type (43). In some acid soils nodulation of
these species could therefore be expected to respond to lime-pelleting.
Indeed, 4 species of tropical legumes which nodulated poorly with cow-
pea organisms on an acid soil (pH 4.3 in CaCly) gave 100% nodulated

plants when inoculated seeds were lime-coated: however, lime was not
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esgential to this responss since other pelleting materials were equally
effective possibly by an effect of the adhesive in influencing the

survival of bacteria on the seed (94). In other situations the
alkaliniyy of a lime-coal appears to harm cowpea type nodule hacteria

as Norris (91, 92) predicted it might, Thus, in near neutral soils,
lime-coating of lupins and serradella seeds depressed nodulstion of
their seedlings by cowpea type organisms (100, 113). The reasons for
the varlisble response of cowpea type organisms to lime-costing are not
clsar. A better understanding would help in the resolution of
nodulation problems of cowpea type host species on acid soils.

Even where the technique of lime~costing seeds overcomes
nodulation problems of legume species on acid soils it may not replace
liming for maximal legume production. The need to treat many acid
solls with Mo is discussed later. In addition, some soils are suffic-
iently acid to restrict growth of the host plant through effects of
excess H, Mn, or Al ions and on these soils the crop will only achieve
maximel ylelds after amelioration of the acidity of the bulk soil
(e.g. 80, 81, 82, 101), Pelleting techniques should therefore only be
used to replace other soil treatments when soil conditions are adverse
for growth of nodule bacteria but not adverse to other phases of the
symblosis.

(b) Fertilizers

Fertilizers can be toxic to nodule bacteria inoculsted on
seeds Direct contact should be avoided. Acidity, as in superphosphate
(30) and heavy metals (Cu, Zn, (54): Mo, (39)) have been shown to act
as toxic agents.

(¢) Organic matter
Addition of orgenlc matter to soils has sometimes improved

nodulation of legumes (76). However there is no evidence that organic
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matter affects nodulation through chemical factors other than those
discussed in this or the next section. In hot climates, mulches of
organic matter could critically modify the physical soil environment

for survival of nodule bacteria {95).

2. Nodule formgtion
(a) Acidity

The striking effects of acidity on infection of rools by
nodule bacteria have already been mentioned. At pH 4.6 in lucerne
(83) and at pH 45 in peas (59) no nodules formed even when extremely
large numbers of bacteria were added to cultures. The bacteria con-
gregated on roots but root hairsg either failed to develop properly, as
in peas, or failed to curl as in lucerne. Munns (85) postulated that
acidity inhibited infection by inhibiting activity of the exo~enzyme,
pectinase: he observed that pectinase, was almost completely inhibited
in lucerne at pH 4.5.

Once'infected, nodule formgtion, N fixation, and plant growth
can proceed at pH values too low for infection (59, 68, 83, 85).
(b) Calcium

Earlier conclusions that Ca inhibits nodule formation (62)
have now been ghown to be invelid as the result of experiments,

discussed above, demonstrating that Ca can increase the number of
nodule bacteria in the rhizosphere. Moreover, once initiated, nodule
development in both subterranean clover and lucerne was able to proceed at

Ca concentrations in solution too low even for plant growth (62, 86).
{e¢) Boron

In 1925, Brenchley and Thornton (27) observed that B-defic-
iency inhibited the development of vescular strands from roots to
nodules in beans: bacteria did not form bacteroids and appeared to

become parasitic on the cells in the nodule. They suggested that B
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had a specific effect on N fixation. Mulder {79) confirmed this
suggestion in peas but only at very low levels of B supply. A4t low

levels of B supply, peas without I salts developed symptoms of N-defic-
iency and did not develop any symptoms of B-deficiency. Addition of N
salts overcame N-deficlency symptoms, promoted growth, and induced
symptoms of B-deficiency. By contrast, at higher but still deficient
levels of B supply, peas given no N salts fixed N, developed symptoms
of B-deficiency, and did not respond to addition of N salts. Mulder
concluded that the host plant had a higher requirement for B than did
development of the nodule. More likely the results reflect the critical
importance to the expression of B-deficiency symptoms of plant develop~
ment at the time B becomes defielent. All meristems are extremely
gensitive to B-deficiency during their development but mature organs
are relatively insensitive. As a result, B-deficiency mey induce N-
deficiency when B beccmes deficilent during the formation of nodules but
not when B hecomes deficient after nodule formation has heasn completed:
in this latter stage, B-deficiency would not hinder N fixation and
gymptoms would develop as B-deficiency of the host plant.
(d) Combined nitrogen

Combined nitrogen depresses nodulation of many legumes by
many strains of organism - cowpeas, vetch (33), clovers (40), peas (79),
lucerne (105). Very high concentrations of N (c. 4 mM NOE) are required
to completely inhibit nodulation. The most effective forms of N are
NOS and NOE which possibly act by destroying 14A which, in clovers, is
active in root-halr curling and infection. Other forms of N may also
guppress nodulation possibly by influencing other stages In the process.
Concentrations of N as low as 0.5 mM may delay nodulation when present

as NOS but have no effect when present as NHZ, asparagine, or urea (40).
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In many situations low concentrations of combined N enhance
nodulation as, for example, in lucerne (84) and in cowpeas (33). This
sppesrs to be a secondary effect of N treatment resulting from the
habit of nodules in this plant to develop in successive crops and from
the primary effect of treatment in delaying nodulation: because of the

delay in nodulation, N-ireated roots have more foci for infection when

it does occur. The pattern is repeated in subsequent crops of nodules
so that the effects of treatment on nodulation vary with the time of
harvest, In all cases the primary effect of combined N gppears to be
one of depressing nodulation (84).

Combined N slso has marked and complex effects on N fixation.
As a result it is difficult to assess the likely importance of the
effects of combined N on nodule development to symbiotic N fixation

in the field.

3s Nodule function
(a) Molybdenum

Field responses of plants to Mo were first observed in
subterranean clover growing on acid, ironstone soils in southern
Australia (6). Deficienciesbof Mo are now known to be widespread in
leguminous crops and pastures, on a variety of soils in gll continents.
In herbage legumes, Mo~deficiency occurs almost invariebly as N-
deficiency: responses of herbage legumes to Mo mey be largely or
entirely replaced by N fertilizers evén when they depress sbsorption of
Mo from goils. This is not due to any effect of Mo-deficlency on
nodulation but to a specific and striking effect of Mo-deficiency in
inhibiting the bio-chemical reactions of N fixation (13, 15).

Legumes also regquire Mo for their growth when given

fertilizer N but the amounts of Mo required are very much smsller than
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those required for symbiotic N fixation. The amounts of Mo required

by plants for their growth and for N fixzation are very small. Indeed
legumes such as beans and peas mgy contain sufficient Mo in their seeds
to sustain production for a full generation (50, 77) and may prevent
development of Mo-deficiency in crops grown from seeds imporied into

low Mo regions (132)s This can make diagnosis of potential Mo-deficiency
problems difficult with grain crops (57). The difficulties can be
accentuated by ineffective nodulation of the legume or by tillage
practices which release soil N,

Molybdenum~-deficiencies have been reported for several legume
grain crops in temperate areas (see (8)), and for peanuts in Java (87).
All evidence indicsates that the special relationship of Mo to N-fixation
in temperate legumes is universal for all legumes, including those of
tropical areas.

(b) Cobalt

There is as yet no satisfactory evidence that plants require
Co for their growth in the presence of N. Bub nodule bhacteria require
Co for their growth in pure culture (67) and nodulated legumes clearly
require Co for symbiotic N fixation (1, 2, 34).

The amounts of Co required for these purposes are extremely
small, being even less than the amounts of Mo required for these
functions. As a result, the presence of Co in seed imported from other
areas may make diagnosis of Co-deficiency in test areas difficult.
Nevertheless Co-deficlency has been reported for subterranean clover
growing on siliceous sands in the field (97, 103). In these cases,
Co~deficient legumes were nodulated and showed symptoms of N-deficiency.
There is as yet no evidence that Co-deficiency induces nodulation
problems in soils although this could be expected on soils extremely

deficient in Co.
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(c) Caleium

Calcium~deficiency, like Mo-deficiency, mey depress the growth
of the host legume when severe, and interfers specifically with the
process of N fixation when moderate (20, 42, 60). But unlike Mo-defic~
iency, Ca~deficiency seldom appears as a simple N-deficiency in
legumes: specific symptoms of Ca~deficiency usually appear with those
of N-deficiency. How Ca~deficiency interferes specifically with N

fixation is not known.

(d) Acidity

Nodulated legumes frequently become yellow and N~deficient on
acid soils. In these situations legumes often, but not invariably,
regpond to lime. Several phenomena may be involved and successful
treatment requires an asppreciation of the factors responsible.

Occasionally Ce-~deficiency is responsible as, for example, in
subterranean clover on acid peaty sands. Here the aymptoms wers
expressed as a combination of gympioms of N-deficiency and of Ca-
deficiency of the host legume. Dressings of calcium sulphate were
ineffective on such acid sands and the problem was only cured by treat-
ment with heavy dressings of lime (37). On low-Ca, high-Na or high-Mg
soils, liming would not be needed.

More frequently, Mo-deficiency causes legumes to be N-defic-
ient on acid soils. Liming mgy or may not overcome this problem, Where
liming overcomes the problem, it does so as a result of the release of
Mo from soll colleids by increasing pH (11)e The extent of the lime
responge varies with the amount of Mo released from Mo-deficient soils
by liming: where solls sre low in native Mo, liming msy have no effect,
but where soils are high in native, unavailable Mo liming mey increase

Mo content of legumes to levels harmful to livestock (8).
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Many Mo~deficient soils are also sufficiently acid to induce
nodulation problems in the absence of lime. However, the effects of
1ime in releaging Mo from soils are quite distinet from those in improv-
ing nodulation (8, 10). Failure to recognize this point may result in
fallure to diagnose Mo-deficlency becamse of unsatisfactory nodulation
(eege. by the failure to nodulate crops with effective strains of nodule
bacteria at sowing) or in failure to diagnose nodulation problems
because of an unsatisfactory Mo supply (e.g. by expecting lime to
release Mo from soils in which Mo is totally deficient). Unfortunately,
a great deal of research has failed to recognize the need to correct
both problems on acid soils and as a result, interpretation of lime

responseg, especilally in tropical legumes, has often been confusing.

(e) Combined nitrogen

The amount of N fixed by various legumes seems to wary
directly with the plant's demand for N. Congequently soil N can
influence N fixation in a number of ways (see reviews 121, 126). The
primary effect of combined N is to suppress N fixation. For example,
the amount of N fixed by peanuts, soybeans, lucerne, and clovers
decreased with increasing levels of combined N beyond those necessary
for growth (4, 5). However, the extent of the inhibition varies
greatly with plant specles, strain of nodule bacterium, growth condit-
ions, and the time and level of N application., In some cases, as with
vigorously growing cowpeas, combined N may stimulate the amount of N
fized: this may indicate that judicious use of N fertilizers at
strategic times during plant growth and nodule development could be
beneficial to N fixation in soils of low N status (33).
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rowth of the host legume

Even when soil conditions permit the formstion and the
function of nodules to proceed satisfactorily, the symbiotic system msy
fail to fix much N becamse soil conditions do not permit satisfactory
growth of the host legume. Soil conditions which limit N fixation
through effects on the growth and metabolism of the host plant are
characterised by the failure of the legume to respond to fertilizer N,
In their response to these soil conditions, legumes thus behave in the
same way as do plants which do not fix N. Consequently, in the present
context, no special interest attaches to these soll conditions unless
legumes are unusually sensitive to them.

Before discussing the sensitivity of legumes to adverse soil
conditions, it is useful to consider briefly how nutrients affect the

growth and the N metabolism of the host plant itself,

(a) Nature of interference with legume growth

Soil conditions whieh interfere with host plant growth may be
divided infco 2 categories - those which restrict N metabolism of the
host plant thereby causing its N concentrations to fall and those which
restrict some other process of growth in the host thereby frequently
cansing N concentrations to rise.

(1) Interference with metebolism of fixed nitrogen

Severel nutrient deficiencies restrict host plant growth by
interfering with its metabolism of fixed N, Deficiency of S in
subterranean clover behaves in this way. Anderson and Spencer (12, 14),
noted that S-deficlent plants had low concentrations of N and appeared
pale green as if N-deficient, But, unlike pale green, Mo-deficient

subterranean clover, S-deficlent subterranean clover failed to respond
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to fertilizer N. Deficiency of S prevented the conversion of non-
protein N to protein and did not interfere primarily with the process
of N fixation. In other legumes and in non-legumes, S-deficiency
interferes with N metabolism in a similar way (see 36).

Deficiencies of Cu and of P under some circumsitances may also
depress the percentage N in subterranean clover plants (28, 42, 72).
However, no responses to N have been reported and it is not yet clear
vhether these deficiencies interfere with N metabolism of the host or
gspecifically with reactions of N fixstion. More generally, P-deficiency
increases the N concentrations in the host legume, indicating a prime
effect on some other aspect of host plant growth as discussed below.

(11) Interference with other processes

Most nutrient deficlencies and soil toxleitles do not inter-
fere primarily with N metsbolism but with some other process of growth.
For example, Ca~deficiency may develop in the host before soil N has
been depleted. In both soybean (3, 52) and in subterranesn clover (60)
severe GCa-deficlency depreséed N-fixation manyfold by inhibiting host

growth. By contrast with the effects of moderate Ca-deficiency which
interfered with the functioning of the symbiotic process itself, severe

Ca~deficiency actually increased the concentyation of N in plants and
addition of fertilizer N failed to increase thelr yield. Many other
nutrients behave in a similar way - Zn (79), K (24), P (120).
Toxicities of Mn (e.g. various tropical and temperate pasture
legumes (17), beans (115), peanuts (25)) and of Al (e.g. lucerne (49, 81,
82), soybeans (38))may also severely depress host plant growth: there
is no evidence that excess concentrations of elther of these elements
interfere with other phases of the symbiotic system before they affect

host plant growth.
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(b) Sensitivity of legumes

Phosphorus and S deficiencies are emerging as major problems
to growth of legumes and othef ‘erops in tropical and sub-tropical
regions (96, 114, 119, 129). Phosphorus-deficiency is widespread and is
frequently severe. Some tropical soils have notoriously high capacities
for fixing P and most crops, including grain legumes, require very large
fertilizer dressings to achieve maximal production. Sulphur-deficlency
has glso been recognised in many areass. Its importance mgy be expected
to increase for 2 reagsons. Firstly, high P fertilizers of low $ content
are replacing superphosphate for treatment of P deficiency in crops.
Secondly, in many soils in high.rainfall regions, the residual value of
S in fertilizers is much lower than that of P (21, 46).

In addition to P and S, many other nuirients can be expected
to affect growth of tropieal grain legumes on particulsar soils. But,
apart from their.insensitivity to low levels of combined N in soils,
legumes as a group do not behave towards adverse soil conditions in
ways which are very different from all other specles. Suggestions that
legumes have especially high requirements for P and for Ca do not seem

valld for reasons discussed below.

Legumes have frequently responded dramatically to P-fertilizers
while grasses in the same pasture have shown little or no response.
Experienées of this nature may have led to erroneous conclusions that
legumes have unusually high P requirements., Usually they indicate that
the soils under investigation are N-deficient as well as P-deficient.
When N is added to such soils, grasses respond strongly to P-fertilizers
and may even suppress legume growth by competing with legumes for P (120).
Similar differences between legumes and grasses may be expected in their
response to many nutrients on soils with concomitant N-deficiency (e.ge.

S-deficiency in subterranean clover (14), and in medics (51)).
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The high Ca content of legumes compared with grasses has led
to suggestions that they have unusually high Ca requirements. Legumes
do indeed seem to need about twice as much Ca in their tissues as do
ceregls and grasses. But since they absorb Cs much faster than do
cereasls and grasses, legumes are no more sensitive to Ca~deficiency
vhere the deficiency develops as the result of low but rapidly replen-
ished Ca concentrations in sclution. But where Ca-deficiency develops
as the result of depletion of a limited amount of Ca in the root zone,
legumes will be much more sensitive to Ca-deficlency than grasses and
cereals, However, herbaceous dicotyledons also absorb Ca very rapidly
and would be as sensitive to Ca~deficiency as most legumes (64, 65, 66).
Legumes which bury their fruits show an exceptional sensitivity of fruit
development to Ca: +this is discussed later.

Suggestions have elso been made that tropical legumes are much
more tolerant of low Ca than are temperate legumes (18). The evidence
indicates rather that both groups of legumes very widely in their
response to dressings of Ca fertilizers (126). Moreover, response to
Ca fertilizers frequently involves factors other than Ca nutrition.

Thus dressings of Ca salts have complex effects on both the concentrat-
iong of other ions in and the absorption of other ions from the soil

solution. For example, because Ca stimulates P absorption strongly,

plants may respond to Ce in solutions containing low concentrations of
P bul mgy fail to respond to Ca in golutions containing high concentrat-
jons of P: the effect is more marked in some species (e.g. medics) than
in others (e.g. subterranesn clover (107)). Calcium can also suppress
Mn absorption and in this way can prevent Mn toxicity from developing
(eoge in medics (108))s Such indirect effects of Ca may explain some

of the spparent differences in the Ca requirements of legumes as for

example, between Mt. Barker strain of Irifolium gybterrsneum which
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grew well with 2.5 /uM Ce in nutrient solutions and 0.2% Ca in its tops
and Medicago truncgtulg which grew poorly at these Ca levels and
responded strongly to increasing Ca up to 1000 /uM in solution and 2.5%
in its tops (64, 66, 66a).

In soils, interpretation of responses to Ca fertilizers are
further complicated by changes in concentrations of ions other than Ca
in the soil solution. Thus applications of Ca sulphate or chloride
incresse the acldity of the soil solution and often also increase Mn
and Al and decresse Mo concentrations. Applications of calcium
carbonates or oxides have opposite effects on the concentrationsg of
these ions. For growth of the host legume on acid soil, Mn and Al
concentrations may be particularly important, since these ions mgy be
toxic to legume species. Treatment of Mn and Al toxicities is expens-
ive since it generally requires the treatment of soll to some depth
with heavy dressings of lime. It may be preferable to grow alternative
species or cultivars with greater tolerance of high concentrations of
Mn and Al in the soil solution: for example, subterranean clover is
much less sensitive to Mn and to Al toxicities than are medics (49, 108)
and soybean cultivars vary in their sensitivity to Al toxicity (38).

4is with other factors which affect host plant growth, there is
no evidence that legumes are any more sensitive to Mn and Al toxicities
than are plants from other groupss Host plant growth of individual

genersa, species, or cultivars within the legumes shows a vast range of

senagitivity to various soil conditions., Their behaviour probably
encompasses the extremes in behaviour of all plant groups. Therefore,
there is n¢ reasci o treat the response of the host legume to
fertilizers any differently from the response of apy other crop on a
goll well supplied with N, Indeed it is often desirable o consclously

treat the legume as a non-legume and to supply it with an sdequate
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supply of fertilizer N. In this way the response of the host legume
to other rertilizers can be examined independently of any special

problems associated with the symbiotic system (111).

III. GRAIN PRODUCTIION

Much of the N fixed by legumes during their vegetative growth
is transported from other organs to flowers and to grain during their
development. Fixed N may also be supplled directly from the nodules
to the reproductive organs., But the extent to which symbiotic fixat-
ion can supply all the N required for maximal grain production in
legumes is not clearly established. Some experiments show no response
to N fertilizers while others show large responses (122). However, it
is important to emphasize that in no case showing large effects of
fertilizer N on grain production has the effectiveness of the baciteria
in the nodules been unequivocsally established: the responseg could
have resulted from an inefficient N fixing gystem. More critical work
is needed on this question.

Other nutrients affect grain production in legumes in much
the same way as they affect seed production in all speciss. Nutrients
which move in plant phlcem (P, S, K) move readily from other organs to
developing seeds. However, nutrients, such as Ca, B, and probably Cu
and Fe, which do not move in phloem, can not move to developing fruits
from leaves even when they are present there in luxury amounts (23).
Ag a result, the plant can only supply these nuitrlents to developing
flower and seed via the transpiration stresm. Seed development is
therefore usually dependent upon & continuous external supply of all
phloem-immobile nutrlents. This makes seed production mmch more sens-

itive to deficiencies of phloem-immobile nutrients than to phloem-
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mobile nutrients. When phloem-immobile nutrients become deficient in

the later stages of growth, vegetative growth may be uneffected but seed
development may fail completely as reported, for example, in B-deficiency
of clover on some soils (58). Nutrients such as Zn, Mg, and Mn appear

to be intermediate in thelr ability to move from leaves to developing
flowers and fruits. For example, in plants containing luxury amounts,
Zn. moved in apprecigble quantities from leaves to flowers and fruits

but none moved in plants with deficient or merginal Zn supplies (104).

Special problems are encountered with phlosm-immobile nutrients
in legumes such as peanuts which bury their geed. Seed buriel eliminates
transpiration to developing peanut fruits (131). As a result, any
phloem-immobile nutrient such as Ca must be absorbed directly from the
soil surrounding the developing peanut fruit (44). Since the fruits
and roots of peanut plants differ in their characteristics of Ca absorpt-
ion from soil colloids (78) seed production and vegetative growth may
respond differently to soil Ca leveld. Indeed it has long been known
that, wherees a low level of Ca is adequate for vegetative growth of
peanuts, a relatively large supply is necessary for proper development
of fruit (32).

Other phloem-immobile nutrients may also need to be supplied
directly from the soil to developing underground fruits. Where the
buried fruit is more sensitive to adverse soill conditions than is
symbiotic N fixation or growth of the host plant, the requirements of
the fruits will determine the soil treatments for optimal grain product-
ion. Fertilizers would need to be incorporated into the surface layer
of soil and would be ineffective if drilled. Once agaln, the peculiar
sensitivity of a particular phase of growth is seen to dominate the

response of the legume to the soil environment.
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IV. CONCLUSION

This review has surveyed the problems which can arise in
legume production from various factors in the soil chemical environment.
It has stressed the value of understanding how each factor influences
each phase of the symbiotic system for the legume crop under study.

It has shown how this knowledge can result in the solution of problems
by use of specific treatments which are much more reliable than blanket
treatments, This approach has proved particularly valusble on acid soils
where lime dressings were shown to have several effects which could be
replaced by simple, specific treatments. It has the added advantage of
avoiding possible harmful effects of blanket treatments as, for example,
the inducement of Zn deficiency in legumes by liming (112).

While most of tﬁe examples cited involve work with temperate,
pasture legumes the general principles should be equally valid for
growth of all legumes., Bubt because plant species and nodule bacterila
vary in thelr sensitivity to soil conditions, the relevance of specific
findings for one crop may not be directly applicable to another, They
mist be assessed critically for each crop.

Diagnosis of adverse factors in the soil chemical environment
can be difficult and complex in legume crops. It is especially diffi-
cult where several factors operate simultaneously as, for example, in
the acid soils of eastern Australia where conditions are unfavoursble
for growth of nodule bacteria and where Mo, P, and S mey all be defic-
ient (10). Where such multiple problems exist, satisfactory diagnosis
of each problem can only be achieved when no other problem limits plant
growth, Anderson (9, 61) has pointed out that this is a direct consequence
of Blackman's law of limiting factors and has rightly emphasized its pre-

eminence in diagnosis of nutritional deficiencies of plants. In these
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situations, applications of fertilizers in traditional factorial com-
binations are sometimes less useful than are epplications of fertilizers
in complex basel mixtures from which individual nutrients are omitted in

turn (7).
The problem of diagnosis may sometimes be simplified by using

fertilizer N to differentiate those factors influencing nodulation and
the symbiotic process from those affecting host plant growth. A sub-
stantial response of legumes to N fertilizers indicates that some factor
iz 1limiting nodulation or N fixation: further deflnition of the limit-
ing factors may then proceed in the absence of fertilizer N. In this
case it 1s essential to have available a satisfactory source of effect-
ive nodule bacteria. This has often proved unusuelly difficult as, for
example, in many of the early asttempts to establish subterranean clover
on problem soils in Australia which failed because inoculants were
ineffective (126): the resulting deficiency of N can limit plant growth
80 severely that it prevents diagnosis of other nutrient problems.
Similar problems are likely to arise with grain legume crops in develcp-
ing countries. They must be resolved before the limitations of the soil
chemical environment on the production of grain legumes can be completely

assessed,
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THE INFLUENCE OF PHYSICAL ENVIRONMENTAL FACTORS ON THE ACTIVITY OF
RHIZOBIUM IN SOIL AND IN SYMBIOSIS

by

P.S. NUTMAN
Soil Microbiology Department
Rothamsted Experimental Station, Harpenden, Herts, England.

Abstract

Nodule bacteria, which are abundant in soil only when associated with
their host legumes, are strongly influenced by adverse physical conditions
such as heat, drought and acidity. These factors also affect the intro-
duction of nodule bacteria into soil by natural or artificial means. Some
stages of root-infection, nodule development and function, are more sensi-
tive to adverse physical conditions than others, and nitrogen fixation
seems speclally responsive to temperature, light intensity, day-length and
their interaction. The differential effects of genetic host/strain fac-

tors are discussed,

Radiation (including temperature) and water relations are clearly
concerned in the subject under review, and also aeration and the
physical effects of the concentration of ions in the soil solution,
particularly H. However, purely physical and chemical influences are not
easy to separate when mechanisms are incompletely understood. The p Op
or p No, or the total ion concentration in the soil solution, may have
purely physical effecta or impinge on the chemical reduction of nitrogen,
or may directly sffeoct the host's nutrition. Also, it is difficult to
discuss pH without considering base exchange or Ca levels, or to cover
energy relations without including photsichemical effects. Nevertheless
I shgll interpret my subject restrictively; anticipating that gaps

will become filled during discussion.
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Before considering these matters, I will first remind you of the
characterigtics of the Rhizobium cell and of the functioning rooct
nodule - of the structures involved in their different relationships
with the external physical environment.

Bhizobium is a rod-shaped Gram-negative organism, (0.5 - 0.9 x
1.2 - 3.0um). I% has a cell wall membrane overlying an intermediate
'rigid' layer of variable thickness, a cytoplasm enclosed in a unit—
menbrane, a prokaryotie nucleus, ribosomes snd sometimes contains poly-
hydroxybutyric acid storage granules. Spores or resting bodies are
unknown. The cell can be motile by one or more flagella and can
produce copious amounts of polysaccharide slime. In culture the optimum

tomperature ranges from 25 ~ 30%, and the lothal temperature is low
(between 30 and 40°), depending on species and strain. It can live

freely in the soil as an aerobic heterotroph, as well as symbiotically
in the nodule under conditions that are thought to be almost anaerobic
(Kieszkowski, Nutman, Skinner and Vincent 1968).

The nodule is much more complex. The outside coat of loose cortical
tigsue offers some protection but little impedence to the free diffusion
of gases and solutes. In contrast, the interior tissue of the nodule
is enclosed in an endodermis (except at the meristematic tfp), which,
poasibly restricts the transfer of material between the nodule and
outside.

The nodule's central tissue consists of large isodiametric cells,
moatly closely adhering one to the other, except for a network of
intercellular air-spaces. MNoat of the cells of the interior are
infected by Rhizobium and the bacteria in them are enclosed in plant-
derived membrane. These bacteroids, as they are called, are much
larger than the free-living form. Their nuclear material is usually

reduced and they seem to have loast their ability for indspendent
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exigtence. The host cell, in contrast, retains all its normal organelles:
membranes and granules, golgi apparatus and vesticles, plastids and
mitochondria. Incidentally most of the plastids and mitrochrondia are
to be found next to the intercellular channels, for which there may be a
good physieal reason. The host cell nucleus is tetraploid or of greater
ploidy. The nodule vascular system has its own endodermic sheath and
regions of ‘transfer cells' the internal wall surfaces of which are
very much extended by complex folding; +these presumably function in the
movement of material to or from the nodule (Allen and Allen 1958, Mosse
1964, Dart and Mercer 1966, Pate, Gunning and Briarty 1969).

This general description fits all nodules, although there is very
mch variation in detail depending upon host, strain and conditions.

Rhizobium in the Soil

Bacause Rhizobium species cannet be distinguished unequivocally
by cultural means, bio-assay must be used to study their behaviour in soil.
Dilutions of soil suspension are inoculated to sterile-grown plants,
which then nodulate if Rhizobium of the appropriate species are present.
From the dilution, the most probable number (M.P.N.) of Rhizobium
present in the original sample can be estimated (Vincent 1970). To
distinguish strains other methods must be used such as those based on
serology (Vincent 1970) or antibiotic resistance (Obaton 1971). By the
M.P.N. method many studies have been made of Rhizobium populations in
s80il, of their phenamenal build-up under a legume crop, and decline in
its absence and on the influence of various conditions on these
processes (Brockwell and Dudman 1968, Bell and Nutman 1971).

I will first illustrate, using some of our own results, the
importance of soil pH and of drought during fallowing on the four
agriculturally important species of Rhizobium in the U.K., namely

Retrifolii, R. leguminosarum, R.meliloti and R.lupini, and then go on

to consider more adverse environmenis.
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We counted these rhizobia in soil from a fertilizer trial on
meadowland cut for hay (Park Grass), which has been in progress since
1856, in which individual plots are given the same fertilizer dressing
each year. During this period very distinct herbage differences have
developed on the differently treated plots of this experiment, depending
on the agount and form of N applied, on other mineral or organic fertilizers
used, and on liming (Nutman and Ross 1970).

Rhizobia of these species were found (with very minor exceptions)

only on plots carrying their host plante; species of Trifolium, Vicis,

Lathyrus and Lotus. No plot contained any detectadle populations of

R.meliloti the hosts of which were sbsent. Thesse differences were
correlated with pH, which between different plots ranged from 3.6 — T.6.
The critical pH for survival of each species was in the range 3.8 - 4.2.
Population density was also broadly correlated with pH, the largest
numbers being>109 per g. dry rhizosphere soil. Seasonal fluctustions
were negligibls.

The ability of the populations of clover strains im the plotsto fix
nitrogen was also examined. FKFearly all those isolated were effective
in fixing nitrogen; ineffective or partially eoffective strains of
Re.trifolii were slightly more frequent only in those plots were pH
wags marginal for survival. There was no evidence that nitrogen
fertilizer per se had any influence on nitrogen fixing effectiveness
of the strains. Up to 160 Kg N ha~l (as ammonium sulphate) applied
annually for more than a hundred years to this soil did not affect
nitrogen fixing activity of the rhizobip found in the soil, provided
that lime was also added to prevent acidity. On the other hand the
proportion of poorly effective strains of R.trifolii in a permanent pasture
at Wye, Kent on a surface water gley soil (pH 6.7) and heavily fertilized

with nitrogen, was somewhat larger than in surrounding fields (Escuder 1972).
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A correlation between soil acidity and loss of effectiveness of the
indigenous Rhizobium population has been noted in many other studies, and
there is some evidence that the availability of certain metals and soil
meisture interact with pH in determining the proportion of effective strains;
the deleterious effects of pH are much less in some soils than others (Jensen
1942, Holding and King 1963, Munns 1965 a and b, Jones 1966, DSbereiner,
Arruda and Penteado 1966, O'Tocle and Masterson 1968, Jensen 1969, Jones
and Burrows 1969, Holland 1970, Masterson and Sherwood 1970, Robson and
Loneragan 1970 a and b, Holding and Lowe 1971.)

These studies indicate that the different specles of Rhizmobium
differ to some extent in their ability to tolerate acidity, and some
workers have now obtained strains that can grow at quite low pEH;
these may have value as inoculants in Acid soils (¥unns 1965 a and b,

ILie 1971 c¢). Rhizobia are also intolerant of alkaline goils, some
species more than others (Jensen 1942, Ibrahim, Kamel and Khada 1970
Wilson 1970, Wilson and Norris 1970)s Both drying, through concentrating

the soil solution, and increase in soil p CO, tends to lower pH.
These effects which are somewhat larger in alkaline soils are probably
not important for the survival of the rhizobia. In saline soils drying
also damages rhizobia by increasing salt concentration in the soil
golution.

The nodule bacteria from the tropics, which are mostly strains

of R. phaseoli and the cowpea miscellany (R. japonicum), and which

form nodules on a vast range of legumes are more tolerant of acid
conditions, and this has led to the theory that the ancestral form
of Rhizobium developed in warm climates and acid soils, and the much
more studied nodule bacteria of the clevers and medica are derivative
(Ishizawa 1953, Norris 1964, Norris 1965, Brockwell 1966). Whether or

not this is so, it is unwise to apply uncritically to tropical legumes
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and conditions all that has been learnt in temperate agriculture.

The production of acid by rhizobia in pure culture also wvaries between
species and from strain to strain, but is independent of the pH of

the soil from which the strain was originally isolated (Brockwell 1966).

The comparatively narrow range of soil pH for survival and
multiplication of rhizobla is the reason for the widespread liming of
legume crops.

In the absence of the host the population of nodule bascteria in
the soil declines at a rate depending on conditions. This is illustrated
by the numbers of Rhizobium in two fields at ocur farms st Rothamsted
and Woburn that were kepi permanently bare of vegetation by cultivation.
Over a periocd of several years the average rate of declinme 4ended to be
exponential, but was quicker in dry years and in the sandier soil of

Woburn than in the heavier scil of Rothamsted. Rhizobjium msliloti

disappeared famter than the other kinds of Rhizobium. Although the
decline was at first rapid 2 small population of some species survived even
after long abdbsence of the host. Possidbly bacteria were sporadically
re-introduced from neighbouring fields, for there is evidence that
this can oceur (Greenwood 1961, Nutman 1969, Nuiman and Ross 1970).
Such reinfestation, on farm implements; on dust and by animels may
or may not be sufficient for good nodulation of the next lggume crop;
in the Woburn and Rothamsted fields inoculation was found essential for
lucerns.,

The soil itself, possibly its colloid fraction,has some protective
property that aids survival. Certainly, cultures of Rhiz bium in
soil allowed to dry slowly in the laboratory retain a small residusl
population over: many years, some species and strains beinjg more
resistant to drying than others. (Jensen 1961, Marshall 1964, 1970,
Chowdbury, Marshall and Parker 1968, Marshall 1968
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In tropical regions with dry seasons, the rhisobia in the

surface layers of moil become drastically diminished in numbers, often
to the point of elimination by the end of the dry period ( Diatloff
1970). When rains come recolonization can ocour from the deeper layers ,

but this may be too slow to be of practical value, especially in
nitrogen~deficient mz0il where early nodulation is essential. ¥ovement
of rhizobia in soil requires free water and does not occur in small
moisture tensions adequate for seed germination (Hamdi 19T1). The
small dressings of fertilizer nitrogen applied at sowing that can
aid establishment, may do so by bridging the gap before nodules can
form. Mulching meems to help in protecting the s0il rhizobia from

drought and heat. ( Norris 1964, Philpotts 1967, Ratner and Samoilova 1970)

Similar considerations with regard to Yemperature and moisture spply,
but with even more force to the

survival of Rhigobium in artificial inoculants which are often made
up in soil or peat mixtures and where drying and high temperatures are
inimical to long life. Some improvements may come from the use of
temperature-resistant strains, but because Rhizobium is basically a
delicate micro-organism, very easily pasteurized by low heat, the
benefits are doubtful or likely to be smzll.

Like other organisme, rhizobla can be preserved by rapid freeze-
drying. Many attempts have been made to produce dry inoculantis for
commercial use by freezing and uasing other methods, but without much
success, because good inoculants must contain many viable bacteria when
added to seedor soil for estadblishment to succeed in possibly unfavourable
conditions. FEnough work has been done to advise producers on control
methods and standardsfor manufacture andfor the final product, (Date
1970, Roughley 1970b, Vincent 1970), but very pcer iroculants continue

+0 be produced.

61



It should perhaps be mentioned that acidity, heat and drought
are not the only factors with which the soil rhizobia have to contend.
They are eaten by protozoas, sttacked and lysed by bacteriophage,
killed by toxins from seeds and micro-organisms, digested by enzymes
and inhibited by antibiotics and bacteriocins - and they have also to
compete with the rest of the soil inhabitants.

EFFECTS ON THE NODULATED LEGUME

Soil Reaction

The proceas of nodule initiation in clovers and medics is more
sensitive than is the survival of the bacteria, to the pH of the
mediumyand root hair infection fails to take place at marginally low
pH (4.4). But once infection-threads have formed nodulatiocn then
usually proceeds normally. (Munns 1957, Munns 1968, Lie 1969b, Munns 1970).
In practice, this can severely restrict the number of nrodules formed in
acid soils without apparently affecting crop growth. For example,

nodules may form only in the immediate neighbourhood of a lime-pelleted

seed, but these few nodules become so big that they can provide much or all
of the nitrogen the plant needs.

Within the host the bacteroids are subjected to the pH of the
host's sap, which is little affected by the reaction of the medium in
which it is grown. Further effects of pH are thus indirect, acting
through the legume's nutrition and growth, and response to available
major and minor nutrient slements, which may be strongly affected Dby
goil reaction. Nodulated legumes require more Mo and Co, than ones
grown on mineral nitrogen and posaibly also more B and S. Acid soils
have less available Mo than alkaline ones, but some other elements, for
example I}, can accumulate to toxic levels in the host (0tToole and
Masterson 1968, Souto and D8bereiner 1969 a and b, 1970, Mandal and

Tewari 1970, Holding and Lowe 1971, Odu, Fayemi, Ogenwale 1971, Truong,
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Andrew and Wilson 1971). In some soils nodulated plants suffer less
from metal toxicity than those given fertilizer nitrogen.
Liming saffects the ionic relationships in the soil and may have
harmful as well as beneficial consequences (Souto and D¥bereiner 1969). For
this reason it is sometimes better and more economic to smelicrate the
PH in the immediate neighbourhood of the seed by combining inoculation
with lime-pelleting rather than to lime heavily (Brockwell and Whalley 1970).
Although the rhizobia of the cowpea and phaseolus groups are more
tolerant than others to acidity, gensralizations cannoct be made about
the tolerances or lime requirements of their hosts.

Water relations and the composition of the soil atmosphere

Fewer nodules form in dry than moist soil, even when the moil
rhizobia populationa are similar. This may reflect the requirement
of many legumes for conditiens for good root-hair development during
infection. Under dry comditions (or when the foliage is removed by
cutting or heavy grazing) nodules may be sloughed off, and new ones
form when growth is resumed. BEven g single wilting can reduce the

nodules'N-fixing efficiency. The effect of unrestricted water supply
depends on the legume and conditions, especially temperature (Socute and

Dbereiner 1968, Sprent 1971). White clover can tolerate conditi ons
of flood irrigstion whereas cowpeas may fix less in soil at its water-
holding capacity than in drier soil (Doku 1970).

Water relations affect the composition of the soil atmosphere, but
excapt under extreme counditions, such as waterlogging, or mechanical
compaction, the¢ partial pressures of 02, N2 o 002 uguglly found in
soil probsbiy have little influence on fization. Carbon dioxide is
always present ir soil and appears to be necessary for N-fixation in
clover, beans and peas especially at lower pH. {iflder and van Veen

1960). These species are unaffectsd by as much as 4% €Oy, btut the
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nodulation of Phaseclus is reported to be completely inhibited at 3%
co, (Grobbelaar, Clark and Hough 1971). Augmenting the atmosphere
above the soil with CO@ increagses growth and nodulation and can counter—
act the effect of low light intensity (Wilson, Fred and Salmon 1933).
Increased soil respiration can stimulate fixation indirectly by affecting
the host's rooting behaviour dbut there is no evidence that Né can be
limiting or 0, inhibitory.
The processes of acitual fixation in the nodule reguire near—anaerobic

conditions whereas the nodule itself needs a good supply of 02; the
first is regulated by noduls respiration and a sequence of reducing
processes in which leghaemoglobin mayhaw a controlling function, and
the gscond mainly by the normal ventilating system of the root

(Bergerson 1962).

Acetylene strongly inhibitg N-fixation, becoming reduced o

ethylene in the process (a reaction used as & sensitive test for
fixation), and there is evidence that the small amounts of hydrocerbons
that can form in soil (Ilag and Curtis 1968) may inhibit nitrogen
fixation; ethylene also completely inhibits nodule formation (Gottelaar,

Clarke and Hough, 1971, Day and Dart 1972). The enzymes for producing
sathylene from methylated thic organic acids are known (Yang 1969).
Whether the production of ethylene in soil has practical significance

on nodulation remains to be seen.

Temperature and light

Since Jones and Tisdale showed in 1921 that nodulation and
nitrogen fixation by lucsrne, clover, peas and soybean wers differently
affected by soil temperature, a very large literature has accumulated.

Because of observational difficulties the situdy of how
temperature (and light) influence the infection process has been
neglected and is as yet confined to small - seeded pasture species.
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Root-hairs of subterranean clover can he infected over a very wide
temperature range (7o - 35°), but infections are much delayed and
fewer in the cold. Infections formed in the cold do not immediately
give rise to nodules, unless the plants are tranasferred to warmer condi-
tions. (Gibson 1967,1971 Roughley, Dart, Nuitman and Rodriguez-Barrueco
1970). On the other hand, a short period of chilling of the very
young seedlings of several clover species stimulatesinfection of the
root-hairs (Nutman, Roughley, Dart and Subba-Rac 1970).

Nodules normally form in the dark recesses of the soil, and not
usually on completely etiolated plants, or if so very sparsely and
more often at lower than higher temperatures (Lie 1969 a). Root-hairs
by contrast can be infected on plants grown in complete darkness
and given no carbohydrate; +the numbers infecied can be quite large
(¥utmen 1965). PFairly strong light on the root does not much affect
root-hair infection although it strongly inhibits nodulation in some
hosts (Small, Hough, Clarke and Grobbelaar 1968). Weak light
stimulates later nodulation (in the dark) of isolated roois of
Phaseolus, when these rooté are supplied with nutrients from the cut
end. The active radiations are in the blue and far red parts of the
spectrum indicating that & high-energy photoreactive system is
involved {Grobbelaar, Clarke and Hough 1971 a). With whole pea and
bean plants, however, low—energy radiation is active in initiating
nodulation and this response is thought possibly to involve phytochrome
(Lie 1969, Lie 1971 a, Lie 1971 c). Nodulation of Pisum sativum

is reported to be strongly affected by darkness, given &l ther before
after inoculation at 10 days. No nodules formed (by 40 days) on plants

transferred to darkness after 13 days, or on dark—grown plants
transferred to light at later than 25 days; other times of transfer
showed that nodulation was diminished more by darkness given early

than late (Rudin 1956).
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When we come to consider the more general effects of temperature,
light intensity and duration and their interaction on nodulation and
nitrogen fixation, the relations are very complex, especially as they
are often strongly influenced by Rhizobium strsin and differ from one
host cultivar to another.

The temperature range for nodulation corresponds generally to
that for root growth, except at the upper limits, where nodulation may be
limited although growth continues (Gukova 1945, Pate 1962, Gibson 1971).
The temperature for optimum nodulation may al so be different for main
and lateral roots (Dart and Mercer 1965). In high latitudes, such as
in Alaske or Greenland {Porsild 1930, Allen, Allen and Klebesadel 1963),
and in Alpine regions, legumes and their bacteria havse becoms adapted
to cold growing conditions, and although their efficiency may b®® lesa than
that of similar asscciation from more temperate climates these
differences become less when examined in warmsr conditions. This
adaptation seems greater nearer the climatic extremes (as for example
between Lapland and South Sweden (Vartiovaara 1937, Ek~Jand& and
Fihraeus 1971). Over extensive regions of temperate S.E. Australia
physical factors of the environment seems not to influence the distribution
of nodulation, except in-so~far as they affected the actual occurrence
of legumes in the vegetation (Brockwell and Robinson 1970).

An unuaual adaptation has been described for the Pigum sativum

cv Iran which does not nodulate with most strains at 200, at which
temperature other varieties nodulate satisfactorily, but does so at

26°; exceptional strains of rhizobia, however, nodulate this cultivar

at both temperatures (Lie 1971 b). Adaptation to temperature and
cultivar should be itaken into account when selecting strains for inocula-

tion.
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The influence of sub-optimal temperature (7° - 19°) on the morpho-
logical development of the nodule has been extensively studied in a
range of cultivars of subterranean clover incculated with different

strains of Rhizobium trifolii (Roughley amd Dart 1969 a and b, Roughley

1970 b, Gibson 1971). Nodulation occurred at each temperature but

wag much delayed by cold. Cold also prolonged the time for the bacteroids
to mature and delayed degeneration, to different extents, according

$0 cultivar and strain only one strain formed bacteroid tissue at T°.

At 199, nearer the optimum for growth, there was proportionately more
degenerate bacteroid tissue. The extended life of the bacterocid tiasue
in the cold may account for the overwintering of nocdules in ¥. Ireland

or sub-alpine regions of Southern Australia (Pate 1958, Bergersen,

Helij and Costin 1963).

Under the limited conditioms of test~tube culture fewer nodules were
formed at temperatures above and below the optimum, but the largest
nodule volume per plant was produced at 11°. Cultivar differences were
great; thosze selected to form few or many nodules were true to type at
15% and 19° but not at the lower tomperatures (Gibson 1963, Roughley and
Dart 1970 b). The cultivar Cranmore was particularly sensitive to
tempsrature: A4t T° it did not form nodules but instead produced lateral
roots at exactly the positions where at 19° nodules were formed (Roughley
and Dart 1970 a). Ths temperatures for maximum amount of N fixed and
for maximum efficiency were different. Nitrogen fixing efficiency per
unit mass of nodule was most at a temperature sub optimal for growth
(Roughley and Dart 1969 a), and transfer of plants from sub optimal to
optimal temperatures can, with some strains, lead to a decline in
amounts of nitrogen fixed per gram of nodule and to retention of fixed
ritrogen in the nodule (Gibson 1969). A% 30° bactercid development is
inhibited, with more bacteroids per cell and per endoplasmic membrane
and with hypertrophy of infection,threads within the nodule (Gibson 1971),
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but the same temperature applied to the shoot only does not have these
deleterious effects (Possingham, Moye and Andersonl965).

The optimum temperature for nitrogen fixation in Loius corniculatus

is betwsen 18 and 24° depending on strain (Kunelius and Clarke 1970),

and for Medicago tribuloides and Vicia atropurpures the optimum tempsrature

for nitrogen fixation is 2400 On these hosts the smallex fixation

above 27° can be partly alleviated by lowering night temperature (Pate

1962). There is a sharp temperature optimum {25°C) for the incorporation

of 19K into excised nodules of Soybean (Aprison, Magee and Burres 1954 ).
Mogt tropical species need a higher temperature for nodule

formation and maximum N-fixstion than temperstie species; +the highest

recorded temperatures for affective nodule funciion is 35° for Acacia

in the Sudan and 34° (mean daily max.) for Stylosanthes gracilis in

Brazil (Habish 1970, Soutoc and D8bersiner 1970). Tropical species may
be more sensitive to diurnsl changes (low night temperatures) than
are temperate legumes (Mes 1959 a and b), but they are more exposzed %o

damagingly high tempersiures. For soybeans, Dolichos lablab and

cowpeas grown in the warmer parits of Australis, such harmful effects, either
during establishment or afterwards canbe ameliorsted by deeper sowing and

heavier inoculation, or by watering or mulching with straw (Cloonan and Vincent
1967, Philpotts 1967, Brockwell and Philips 1970). As with root-hair

infection, nodule formation seems more sensitive to high temperature
than nodule growth. Thus Phaseolus roocts at 30° will nodulate as well
ag roots at 25° providing they are first held at 25° for a few days
(Barriss, Raggio and Raggio 1963). In fack, actual nodule growth may
be stimulated at temperatures above those at which bacteroid %tissue
remains active. Subterranean clover and lucerne nodules transferred
from 259 to 35° grow very large and may become lobed and then produce

uninfected rootlets from the nodule lobes (Day and Dart 1971).
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In Trifolium subterraneum temperature affects the amounts of

nitrogenase formed but does not influence its activity (as determined

by acetylene reduction (Roughley and Dart 1969 b). The nitrogensases
from other species of legume have alsc been examined over a wide

temperature range. No activity was observed at 0°, but was present
at 3° and the enzyme was inactivated at 459; Dbetween these extremes
the optimum temperature for activity differed between hosts. Vicia

faba, V. sativa, Trifolium pratense, T. subterraneum, Medicage

truncatulata and Glycine max had optima betwsen 20 and 30°. The optimum

for Medicago sativa was 3159, and for Vigna sineses it was 400.

(Stalder 1952, Possingham, Moye and Anderson 1965, Small,Hough, Clarke
and Grobbelaar 1968, Souto and D8bereiner 1968, Roughley and Dart 1969,
Day and Dart1970, Dart and Day 1971 a and b, Day and Dart 1971, Gibson
1971). These results suggest that the actual chemical reduction of
nitrogen is not very sensitive to the normal temperature conditions
of cold or hot climates. Rather, it is the formation of the nodule,
the synthesis of the nitrogenase and possgibly also the iransformation
and translocation of the fixed nitrogen that is affected.

The photosynthetic and morphogenstic influence of light on
nodulation and nitrogen fixation are manifold and the amounts of ligh#
that are required for nodule initiation vary from host to host.

PTrifolium subterraneum needs s 4-hour day of moderate light intensity

to initiate nodules but any increase beyond 8 hours has little further
effect. Variatior. in length of day from 12 - 16 h. has no effect on

the nodulation of Stizolobium deeringisnum (Mss 1959 b, Gibson 1967).

T, glomeratum, which is also & short-day plant, forms nodules soonest

in short days and these become fewer and larger as day length increases

(Subba, Raoc, Wutman and George 1969} Vigna unguiculata

requires more than 8 hours to form effective nodules (Doku 1970). Theae
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species and Glycine max, Vicia sativa and Fhaseolus vulgaris also form

more and larger nodules in long days, and the distribution of nodules
between the primary and secondary roots is affected by day length.

Phaseolus vulgaris nodulgtes well on lateral roots at low light

intensity (15,000 1x) (Day and Dart 1969), but tropical species seem

$0 require brighter light than temperate species for primary root nodulas-—

tion. Medicago truncatula, Medicago sativa and Trifolim pratense

are little affected in their nodulation by differences in intensities
in the range 15,000 - 30,000 1x (Day and Dart 1970).

Some legumes, for example Glycine max and Vicia atropurpurea

are reported to have fewer and poorer nodules in intense light and
this is thought to be the cause of "nitrogen hunger™ symptoms sometimes
seen in young crops, and which can be overcome by shading or applica-
tion of nitrogen fertilizer (Dart and Wildon 1970, Davidson, Gibscn
and Birch 1970). Shading reduces nodule formation in soyabean but
increases nodule efficiency (Sampaio and DBbereiner 1968).

The effect of day length on the nitrogenase activity of nodules
has been examined using the acetylene reduction method in typical

short-day (Glycine max) and long-day (Trifolium subterraneum) plants.

Transferring plants from a non-inducing to an inducing day length at
first led to a decreased activity, but then fixation increased until
flowering, when it declined. Thias decline was not associated with the
shedding of nodules. Activity then increased again as pods filled and
this renewed fixation was correlated with the formation of new nodules
on the lateral roots (Day and Dart 1971). Other workers have reported
no increased fixation during fruit formation (Pate 1958, Howell 1963).
Nitrogenase activity is closely related to leaf area. 1In relation to
the amount of nodule tissue formed, nitrogenase activity per g nodule

is unrelated to light intensity in Trifolium subterraneum and Medicago

70



truncatula but in nodules of Vicia faba, V. hirsuta and V. atropurpurea

18 greater in bright than in dim light. At low light intensity (7500 1x)

in short days, nodules of V. atropurpurea fixed less at the end of the

light period, probably because of substrate limitation. In the
experiments on day length, when plants were transferred from darkness
to full light there was a temporary short reduction in nitrogenase
activity, (Day and Dart 1971).

Discussion

The following general conclusions can be made about the effect of
physical factors on the growth and survival of Rhizobium in soil:
80il acidity greater than about pH 3.5 is lethal to Rhizobium and some
strains cannot live in strongly alkaline soils. Rhizobium tolsrates
temperatures colder than about 30° but are destroyed at only slightly
higher temperatures. Rhizobium is not resistant to drying, especially
at elevated temperatures, but resistance is strongly affected by the
characteristics of the soil. As facultative aerobes, species of
Rhizobium are not much influenced by differences in the soil‘'s
atmosphere or water content, above about the plant wilting point. The
effects of these factors often interact and species and strains of
Rhizobium differ slightly in their responses to them.

In striking contrast, nearly all aspects of nodule initiation,
growth and function react to the physical environment in a complex
manner. Adding the plant component seems to add more than a dimension
of complexity, the study of which is at an exploratory stage. Only
very general trends can be discussed: nodulation and fixation are
limited to various extents in different host/strain associations by
the physical enviromment, and to extremes of soil reaction, heat, drought
or regimes of ligh$, Mest irregularity and sceming unpredictability is

in respect to temperature and light. This may be because thesae faoctors
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have strong formative influences in plant development. The nodulgted
legume growing in soil is the epitome of the carbon and nitrogen cycles,
and it may be necessary to know more about its normal controlling
mechanisms before we can interpret effects of the changing environment.
Let us, therefore, look at a legume growing in, say, solution
culture under optimal conditions in a constant environment. It nodulates,
fixes nitrogen and completes its life cycle, and the functional
integration between plant and bacterias is such that the number of
nodules formed, their growth and decay and the quantity of nitrogen

fixed is oxactly adjusted 4o the host's requirements. This degree of

coordination means that the intrinsic mechanisms of control are thosse
sppropriate $0 normal development; namely, thosse determining the
balance of top and root increment under the changing physioclogy of
vegetative and reproductive growth, whether dependent or not on
symbiotically fixed nitrogen. This involves energy transformations,
metabolic and synthetic pathways, assimilation, translocation and
morphogenesige.

Enviroamental factors undoubtedly influence rate and efficiency
of the nitrogen-fixing process but there is as yet no evidence that
they directly have an important regulatory function, but there is good
evidence that regulation can be through size.

This question has been examined in clover, which like many legumes,
has nodules with apical growing meristems. The size of the entire
fixing system (proportional to aggregate nodule volume) is therefore
an expression of the total amount of meristematic activity in the root.
By comparing cultivars that have equal aggregate nodule volumes but
form very different numbers of nodules, it can be shown that the growing
nodules, through the operation of normal apical dominance, limit the

appearance of new meristeme in the rocot, including those of incipient
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nodules., In this way the first-formed nodules tend to suppress
further formation of more nocdules, to an extent depending on the
nodule's size. This can explain the inverse relationship, almost
universal in legumes, beitween the number of nodules on a plant and
their average size, and provides a working hypothesis of a mechanism
for controlling the balance between the demand and supply of fixed
nitrogen (Nutman 1958, Nutman 1967T).

Under adverse conditions, such as high temperature, nodule
numbers become restricted and this is not fully compensated for by
increased nodule growth or activity.

It remains important to determine the restrictive factors in soil,

climate, nutrition and management, to know how to amellorate them and

to try and adapt the bacteria and its host to prevailing conditions,
but effort and resources should also be given to the task of
manipulating symbiotic nitrogen fixation through a better under-—

standing of ites genetics and physiclogy.
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ASSAY OF NITROGENASE ACTIVITY BY ACETYLENE REDUCTION*
PN J. DART, J. M. DAY & D. HARRIS
SOIL MICROBIOLOGY DEPARTMENT,
ROTHAMSTED EXPERIMENTAL STATION,
HARPENDEN,
HERTS.
(presented by P.S. Nutman)
ABSRRACT
The acetylene reduction assay for nitrogenase
activity of plant material, soil cores and soil-plant
systems is described in detail and comments made on the

teohnique.

INTRODUCTION

Nitrogenase (Naase) from different organisms has
very similar enzymatic properties. The two protein
components, one containing Mo and Fe with a MW. ¢ 200,000
and the other only Fe (MW. ¢ 50,000), even when isolated
from different organisms, can often be recombined to
yield active preparations E1—S). N2ase is a versatile
enzyme reducing N2 to NHB’ CH2 to CH, and various other
substrates (e.g. N,0, N, H-CN, R-NC, R-CCH). The Nyase
system apparently functions in a similar fashion for each
substrate reduced. ATP and reductant are required and

NH_, and 02H4 do not inhibit the reduction of N2 or C.d4

3 272
[ﬁ - 5]. The assay is based on the similarity in the

rate of electron activation and transfer to either N2

. +
or 02H2 as substrate assuming that N2 + 6H EE;EHHE

85



+ + . .
and C2H2 + 2H 2e >C2H4 and C2H2 + 2H 2eE C2H4 giving
a theoretical ratio of aN, = 3C,H,.  Acetylene and
ethylene can be readily measured by gas chromatography,
with aﬁ increase in sensitivity over 15N methods of

some 1000 times.

METHODS

Sample Preparation

Assays shbould be made immediately after sampling [9].
Nodules are best assayed while still attached to the roots
{?OJ. Removing the tops usually has no measurable effect
on short-term assays.

Some Nease systems are apparently cold labile [4,

12] and samples should not be stored cold before assay.
N2ase activity of nodulated roots may vary with the light
intensity and temperature throughout the day [9, 10, 11,
13] , and activity of plants érown in artificial cabinets
oscillates for up to 2h after the lights turn on at the
beginning of the day. For comparisons, sampling and
assays should take place at the same time each day.

Activity is diminished when the surface film of H2O
remaining after washing nodulated roots is not carefully
removed [ﬁ4]. Drying of nodules also diminishes activ-
ity [15]. When possible, nodulated roots should be

shaken free from soil and assayed without washing.

Samples are assayed in conveniently sized containers,
e.g. glass bottles, with a rubber septum in the stopper
to allow it to be pierced by a hypodermic needle.

N,ase is sensitive to oxygen tension 9, 11, 16].  The
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activity of nodules decreases as the p02 falls below 0.20
atm. For rhizosphere, non-symbiotic, organisms, a pO2
about 0.04 atm. is often optimal [ﬂ?]. Agsay vessels
should be large enough to minimise changes in p02.
Liquid samples should be well shaken during assay. It
is preferable to assay soil as intact cores. Samples
containing blue-green algae should be illuminated at
light intensities corresponding to those in situ in the
field. Small samples of nodules can be conveniently
assayed in wide-mouthed McCartney vials (c. 28 ml capacity)
stoppered with serum caps or Suba~seal rubber stoppers[ﬁ&].
For assays of soil-plant systems, soil cores can be
placed in an airtight plastic container (such as a plastic
plant pot with a clear plastic bag or rigid, clear plastic
cover [j9] ) connected to the base by a water or 2% agar
seal (Fig. 1). The containers should be incubated in
the light as the activity of the rhizosphere-associated,
nitrogen~-fixing, bacteria is influenced by photosynthesis
{ﬁ?, 2@]. Alternatively, a metal tube can be driven into
the soil and the top covered for in situ assays Kgﬂ].
A known amount of propane to give ¢. 100 vpm is injected
and used as an internal calibration standard to measure
the volume of gas in the incubation chamber and to monitor

leaks and other losses of CoH, (s0il absorption?).

87



Suba-seal , . .
Metal ring araldited to plastic
$ d

Fig.l. CyH, incubation
assembly for
sotl-plant cores

88

|

Clear plastic

or glass dome
(or plastic bag)

HyO or 24 AGAR

as seal for dome

Sail core n
plashc pot

Hole with rubber plug
?J to drain excess HZO




Assay Procedure

For active systems - e.g. nodules or blue-green algae
Eg] - assays can be made in air, provided c. 10% CoH,
is used. The affinity of Nzase for 02H2 much exceeds

that for N for a wide range of organisms, the Km of

23
02H2 reduction by Nzase, is in the range 0.C04 - 0.01:
atm. both in vivo and in vitro [1 ~ 4]. The atmosphere
in the vials can be altered by alternately evacuating to
¢. 30 mm Hg and flushing with an appropriate gas mixture
(usaally Ar/02) two or three times. We have built a
suitable gas line from commercial metal gas fittings
(Fig. 2). If gases premixed in cylinders are not avail-
able, they can be conveniently mixed by displacing water
in suitable glass vessels (e.g. aspirator) with volumes
marked.

Some gas is withdrawn from the sample container by
syringe and replaced with acetylene to give a final con-
centration c¢c. 10% or acetylene may be premixed with the
gas phase introduced into the sample container. Samples
without 02H2 added should be assayed for 02H4 produced
endogenously {?5—25] . Temperature affects Nease activity
[9] so that samples are best incubated at either temperatures
which are constant, or related to the in vivo temperature.

After a suitable time (30' for legume root nodules,
up to 24h for soil), gas samples (0. 5-1 ml) are taken
with a disposable plastic syringe. For periods up to about
3h, the samples can be stored by stabbing the syringe

needle into a rubber bung. For storing samples over
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long periods, gas samples can be transferred to pre-
evacuated containers (e.g. B-D Vacutainer) (26, 27].
The gas volume of the assay vessel is measured by
displacesient with water (using a burette) after assay;
this is not necessary with propane used as an internal

standard.

Gas Chromatography

Gas mixtures can be separated by gas chromatography
and then quantitated by flame ionisation or thermal con-
ductivity detectors. For acetylene, ehtylene and propane,
various column packing materials can be used; a convenient
system is 80 -100 mesh Poropak N or T in a 2m x 0.003m
diam. stainless steel column at 10000, with a nitrogen
carrier gas flow rate of 25 ml/min, using a hydrogen/air
flame ionisation detector. Most detectors can routinely
detect 0.1 vpm C2H4 in a 0.5 nl gas sample. For Poropak
N and T, CH4 hastthe shortest retention time followed by
02H4, 02H2 and CEHS (Fig. 4). At most concentrations
encountered in the assay, peak heights can be taken as
linearly related to concentration without any great inac-
curacy. Durapak(R> phenyl isocyanate om Porasil C,

80-100 mesh in 2m x 0.006m diam. glass (or metal) columns

at 350 is convenient for assays whibh include propane.
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Calculation

A suitable calculation for the 02H4 produced, in
M C,H,/h, is as follows: '

vol. gas in sample container
C,H, sample C.U. X X assay time (h) X K

2
vol. injected into G.L.C.

vol. gas in blank container
minus 02H4 blank C.U. X XK
vol. injected into G.L.C.

Where C.U. = chart units used to measmre peak height.
The blank is a sample cqntainer with added 02H2 only.
K = conversion factor obtained using a standard
mixture to calibrate the chromatograph.

e.g. for 100 vpm 02H4 standard, XK is derived as follows:-

1 ml of 100 vpm C,H, containe 100 x 10™° m C,H, and = x C.U.
22.4 1 02H4 at 5S.T.P. = 1 Mole C2H4
100 x 107

1 ml of 100 vpm C,H, = —————— moles G.H
28 o5 4 x 10 274

0.00446 umoles 021{1+ = x C.U.

then K (or 1 C.U.)

0.00446
pmoles 02H4
x
02H2 reduction methodology is also presemted in other

accounts [11, 13, 21, 22, 28-30].

PRECAUTIONS AND COMMENTS
1. C.H, is soluble in silicone rubber [?3, 51] and
274
produces
sutoclaving CEHA from rubber such as Suba-Seals [;2].
C2H4 contamination in rubber can be decreased by steanming

with water for 10 - 15 mins. and leaving to stand 24 h

before further use.
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2. Disposable plastic syringes and 25 G needles (¢c. 0.5
mm O.D.) are suitable for samples and gas transfers [?2].
Contaminating 02H4 can be decreased by evacuating and
flushing the syringes with air about 6 times. |

3. 02H2 can be bought in cylinders (welding grade is
suitable) or it can be pfoduced by reacting calcium
carbide with water (Fig. 3); 02H2 from either source
contains a variable amount of contaminating 02H4

(in addition-to CH, and phosphine) and suitable control
blank samples should be taken to monitor this.

4, 02H2 can be used as an internal standard in the
assay to monitor sampling and injection errors. Propane
can also be used in the assay atmosphere as a standard.
Most F.I.D. detectors respond linearly to increasing
amounts of 02H4 over the range of concentrations 1ikely
to be encountered, but it is important to work within

the linear range of the detector.

5. The chromatography of each series of assays should
be calibrated; avstandard, premixed cylinder of C2H4

(c. 100 vpm) in Ar or N, is useful for this.

6. 02H4 is glplantygrowth hormone, and most responses
are saturated by 2 ppm C,H, {}5]. Plant membrane integ-
rity is affected by 0234 and/or Col,.

7. Because C2H2 is more soluble than N2 in water, the
theoretical conversion factor of 3 may not apply and the

actual ratio should be found by using 15N2 or Kjeldahl
methods |10, 11, 13, 28, 34, 55] . '
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Fig.3.  C,H, production
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ABSTRACT

Soybeans, the world's most extensively produced grain legume crop, has
significant human nutrition implications by reason of the high quality
protein flour produced from the residue after oil and fat extraction. Al-
though the crop is high in mineral nutrient content it is not especially
responsive to direct fertilizer application. This paper elaborates studies
on fertilizer response of soybeans and considers measures which might assist
in breaking current yield barriers. Lime responses are reasonably assured
where the crop is grown on soils of pH less than 6.2. Because N fixation
accomplished symbiotically in nodulating lines is inadequate for producing
maximum possible yields, yield increases from fertilizer N are commonly
achieved. Straight-forward K responses are obtained on soils of low
exchangeable K supply. Conventional rates of fertilizer P rarely influence
yields unless soil P level is very low but heavy P rates, even at modest
soil P Tevels, increase nodulation and, depending on variety, may increase
yields due to enhanced N nutrition. Tracer methods afford an invaluable
tool for sorting out the interactions involved.

Introduction

Although the soybean crop has one of the oldest histories of cultivation
among modern crops, it is Targely produced in only two countries, the United
States and China. The crop's world-wide significance is apparent from the
fact that the 30 million tons total production approximately doubles that of
peanuts or dry peas and triples that of dry edible beans, the next most
extensively produced grain legume crops. Beyond its value for the oils and
fats extracted, the soybean flour produced from the remaining cake has very
significant human nutrition implications. Protein of this meal contains
moderate amounts of sulfur-containing amino acids which are deficient in such
grains as corn and wheat. Consequently, soybean meal is being used increas-
ingly as an additive to other flours for improving their nutritional value.

As with most Leguminosae, mineral nutrient contents of soybeans are
notably higher than occurs in cereals. This would seem to portend exception-
ally good response to applied fertilizer nutrients. Consensus of most
agronomists who have worked with soybeans, however, is that the crop is not
especially responsive to fertilizers and that nutritional needs are better
served by a high level of residual soil fertility. At the same time, soy-
beans are more dependent than other field crops on various ether practices
involved in effective soil and crop management for economic yield. Most
troublesome is the fact that average soybean yield was 62 percent of that of
corn in the U.S. in 1939 and only 37 percent in 1970, a period during which
fertilizer consumption more than quadrupled.

*) Published as paper no. 3322, Journal Series, Nebraska Agricultural
Research Station.
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It will be the objective of this paper to review fertilizer response
studies with soybeans in the U.S. and to consider measures which might
assist in breaking current yield barriers. Emphasis of this Panel being on
fertilizer utilization for protein production, coverage will be restricted
to matters dealing with soil fertility and plant nutrition.

Rooting Habit

Character of the root system of the soybean crop undoubtedly has sub-
stantial bearing on the uptake of required nutrients from the soil and,
correspondingly, the most effective manner and depth of fertilizer appli-
cation. Root studies of Borst and Thatcher [1] suggest that the taproot
system of the crop has potential, depending on soil type, for rooting to
150 cm depth, but with most of the system concentrated in the upper 60 cm.
Lateral root spread was noted to be 1imited to a circle of approximately 45
cm diameter, contrasted with the 180 cm lateral spread of maize. Also
differing from maize was an observed dominant primary root contrasted with
the completely fibrous system in maize with all roots of secondary origin.
Most of the soybean root nodules were found concentrated around the primary
root in the surface 15 or 20 cm of soil.

Mitchell and Russell [2] found 90 percent or more of the total root
weight in the upper 15 cm of soil in the latter portion of the growing
season. During the earlier stages of root development, four verticle rows of
laterals developed off the upper 10-15 cm of the radicle at 900 angles around
its circumference which reached 35-40 cm length before turning downward. The
5-6 major laterals among these reached depths of 122-183 cm, exceeding the
depth of taproot penetration.

Soybeans appear to actively absorb nutrients from greater depth than
most cereals, presumably due to the taproot system. Tracer studies with 85y
by Menzel et al. [2a] showed uptake at 50 cm depth to be only slightly less
than that from the soil surface. Additionally, substantially more P is taken
up by the crop late in the season than by corn [3]. The combination suggests
that optimum fertilizer placement might be different than for Maize.

Why Do Soybeans Respond Poorly to Fertilizers?

The data of Table I acquired with the use of 32p tagged fertilizer give
evidence of the strong feeding capacity for soil P exhibited by soybeans
compared with other common crops E4]. In this study soybeans utilized soil
P approximately 70 percent more effectively than other Tegumes and 30-50
percent better than the non-legume crops investigated. The greater fertil-
izer utilization associated with banding compared with mixed placement may
be partially attributed to the influence of contiguous N in promoting fertil-
jzer P uptake. Along with lower utilization of fertilizer P by soybeans
noted, other treatments not presented in the table [P only vs NP] indicated
significantly larger positive effects of N on P uptake with all other crops
than with soybeans.

It has been suggested that the primary reason why soybeans give limited
response to applied nutrients is that the crop evolved on quite infertile
soils such that natural selection enhanced its capacity to produce reasonably
well even on soils very poor in nutrients. Under these circumstances the
genetic components for high yield under more favorable nutrient environment
did not develop. Furthermore, with 20th century acceptance of the crop in
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the U.S. the primary use was for hay. Yields of hay were quite readily
increased by fertilizer treatments, not so for seed. It has only been since
the early 1940's that seed production exceeded production for hay and the
interval thereafter for varietal improvement through breeding has been short
compared with the time during which cereal breeding has gone on in the U.S.

Contributing to the varietal deficiency suggested above is the fact that
storage of energy in oil and protein [21 and 40 percent average composition,
respectively] of the bean requires twice as much energy as for starch storage
in the grain of maize [5]. Also, no hybrids are available in soybeans by
reason of self pollination, whereas corn hybrids are known to be more
fertilizer responsive than open pollinated lines.

Liming Results
Limited information exists in the literature on the subject of 1iming

the soybean crop. Optimum pH reported by different investigations varies
rather widely from 6.0 to 6.9. Thatcher et al. [6], for example, growing the

Table I. Utilization of fertilizer P by soybeans compared with that of
other common crops grown at the same time in greenhouse pots

[4].
Crop Utilization of applied P [80 + 50% + 01,% from fertilizer a/
Mixed Banded Mean
% % %
Soybeans 30.8 42 .4 36.6
Other Tegumes
Alfalfa 52.6 62.1 57.3
Red Clover 56.6 67.7 62.1
Sweetclover 54.2 73.0 63.6
Nonlegumes
Maize 46.6 48.0 47.3
Wheat 38.9 56.7 47.8
Oats 43.3 60.4 51.8
Bromegrass 52.4 53.1 52.7
Sorghum 63.1 44.8 53.9

a/ Tagged fertilizers were either ‘mixed' with all of the soil in the pot
or were ‘banded' 2.5 cm to the side of the seed row for nonlegumes,
and 1 cm to side and 1 cm below Tegume seeds. Harvest and assay were
effected at or near flowering for each crop. Data represent meah
values for three soils -~ Crofton [Calcarecus|, Moody [heutral], and
Nemaha [acid].
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crop on soils varying in pH from 4.6 to 7.7 obtained maximum yields at pH 6.8.
Soil acidity is probably a larger factor in Rhizobium survival and effective
nodulation than is Ca availability [7]. Adequacy of Ca may be the major
determinant of crop yield response, however, since Ca requirement of the
plant itself for growth is much greater than that of the Rhizobia.

Data from the Field Laboratory of the University of Nebraska at Mead on
Sharpsburg silty clay loam are Eerhaps representative of yield results from

Timing soils of medium acidity [8]:
Treatment Yield
kg/ha
Control 3091
Lime only 3293
P+K 3494
Lime + P + K 3763

Soil pH without liming was 6.0 and 6.8 after applying 3 tons lime/acre. The
unanswered question here, of course, is in how far a small rate of fertilizer
N might have afforded the same effects.

It seems most probable that the first requirement for effecting economic
soybean yields on many humid tropical region soils will be provision of an
adequate calcium supply for normal nutrition of the crop. Certainly the
majority of soils in these regions possess inadequate calcium release
potentials for the introduction and successful growth of the soybean.

Pertinent to 1iming results reported in the literature for acid soils
is the recognized differential aluminum tolerance of different varieties [9].
Deficiency of Ca observed in many cases may well be Al induced, as Al appears
to interfere with uptake and utilization of Ca. Foy et al. suggest that
plant breeders should consider developing varieties that can root more
effectively in acid, Al-toxic subsoils.

An additional malady of soybeans noted on acid soils of southeastern U.S.
is that of ‘crinkle leaf' due to Mn toxicity. It is accentuated by the
acidifying action of high rates of fertilization and alleviated by Timing
[10]. Equating the Latosolic soils of this portion of the U.S. with similar
soils in the developing world would portend a strong likelihood of Mn
toxicity problems there as well.

Nitrogen Fertilizer Results

A number of field experiments as summarized by Ohlrogge [11] have
indicated that N fixation by R. japonicum on nodulating soybean lines is
inadequate for producing maximum possible yields. Importance of N for
maximum yield is confirmed by work of Lathwell and Evans [12] in which yield
was shown to be determined by number of pods retained by the plant, and that
number in turn by the N available during the bloom period. One of the early
reports of N response of soybeans was by Eastin [13] with irrigation culture
in Nebraska evidencing small but economic responses from application of low
rates of fertilizer N.

Use of 15N as a tracer has facilitated studies on the effects of combined
nitrogen on the fixation process. By tagging the applied N, Norman and
Krampitz [14] were able to confirm that nitrogen fixation decreased with
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increasing amounts of fertilizer N applied even though total N per plant
increased. Atmospheric origin of N in the plant varied from 100 percent with
no fertilizer N applied to a low of 30 percent with a large rate of fertilizer
N added to the soil. Weber [15] reported a high correlation between nodule
mass and symbiotic N fixation, further that nodule weight, number and size
were inversely related to applied N.

A recent study by Beard and Hoover [16] including rates and times of N
application compounded with straw residue treatments found essentially no
differences in yield from the treatments. A linear inverse relation was
found between nodule number per plant and rate of N applied. Nodule number
was reduced by 56 kg/ha or more of N applied at planting time, but little
reduction accompanied twice that amount when applied at flowering. Thus,
timing of applied N would appear to assume major significance for assuring
maximum N utilization without penalizing the symbiotic relationship. Burning
off the straw residue also resulted in greater reduction in nodule number
with increasing N rate than occurred without burning.

It seems quite clear that the key question concerning N fertilization
for soybeans revolves around the amount of available N that can be counted
on from symbiotic fixation plus the amounts residually present in the soil
rooting zone and that 1ikely to be mineralized from the soil organic matter
during the growing season. Procedures for balancing these three sources
against the amount of fertilizer N to be applied will be required if the
producer is to capitalize on all possible ‘free' nitrogen and simultaneously
limit the chances of mineral N escaping the root zone and contributing to
environmental pollution.

Phosphate Fertilizer Results

The majority of fertility investigations with soybeans in midwestern
U.S. have shown Tittle or no response to applied phosphate unless the sites
involved were extremely low in available soil P. Thus, Walker and Long [17]
reported a strong relation between soil P tests and yield even though
applied P did not influence yield in their studies. Their maximum predicted
yield came with pH of 6.92,s0il1 P level of '105 pounds per acre' and soil K
of '24 pounds'. Kamprath and Miller [18] similarly concluded from a
Nerth Carolina survey that yields throughout the state were highly related
to soil P test and pH.

Investigations with tagged phosphate have shown that little difficulty
is experienced in getting P into the soybean plant [19, 20], so iphibited
uptake of P cannot be given as cause for limited response. The 94P tag has
also demonstrated, howeyver, that gross absorption of P continues later into
the season with beans than with corh [20]. Studies of Bureau et al. [3]
detected that 83 percent of the recovered P was taken up in the 39 days
between late bloom stage and just prior to leaf fall. These observations
would suggest that soybeans are more capable than most annual crops of
effectively utilizing the deep subsoil available P supplies commonly found in
zonal soils of the midwestern U.S., as depicted in the loessial soil profiles
of Nebraska of Figure 1 [21]. They may further partially explain the Timited
fertilizer P responses noted by most investigators since the late root
arrival and activity in this zone would correspond with the substantial late
uptake of total P by theé crop.
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There are indications that adequate P for the plant's nutrition may not
be the full resolution of the plant's needs and rather additional P may be
needed for other functions. Thus, deMooy and Pesek [22] have found that
maximum nodule weight and activity occurred only at very high levels of
applied P and K salts. By applying P at rates of 400-500 pp2m and K at
600-800 pp2m nodule weight at flowering was tripled, and maximum nodule
activity required eveh higher levels of applied P. The amount of N in the
plant leaves also peaked at the point where nodulation was at its maximum.
Weber [23] confirmed that increased N fixation was directly related to
nodule number and size.

Evidence has been provided by Lathwell and Evans [12] and by Erdman and
Means [24] that N supply of the soybean plant is highly related to yield.
Such being the case, there would seem to be good probability that increased
nodule formation and activity from P application should increase the plant's
N supply with potential yield effects.

Potash Fertilizer Results

Yield responses of soybeans from direct application of potassium
fertilizers have been more common and striking than reported for phosphate.
Thus, Nelson et al. [25] report striking seed yield responses to applied K
for three different varieties on a medium textured soil of North Carolina.
A larger number of pods, a higher degree of pod filling and greater seed
weight were associated with the increase. Such responses are common in the
humid southeastern U.S. They are much less common Mollisols [Brunizem and
Chernozem] in the midwestern U.S., and there primarily with the sandier
soils, the thoroughly leached Alfisols [Gray Wooded and Gray-Brown Podzolic]
on fine textured till, and some of the organic types. Prediction of Tikely
;espﬁnsedtg K fertilizer through so11 testing has been 1ess difficult than

or N an

Soluble-salt damage to germination is likely with any fertilizer
material applied in contact with the seed as soybeans are very sensitive to
such injury. Potash salts are notably more damaging than phosphates. As
with P, there is no certainty that optimum placement of K is known for the
crop.

Other Secondary and Trace Element Results

Magnesium deficiency of soybeans has been rarely observed in the corn
belt of the U.S., a region of temperate subhumid climate and soils of the
Mollisol order. In the warmer, more humid southeast, however, responses to
applied Mg are fairly common, exemp11f1ed by data of Nelson et al. [25] on
a moderately sandy Ultisol of North Carolina. A general consensus exists
that a Mg response is 1ikely when exchangeable Mg is less than 10 percent of
the cation exchange capacity. Certainly many soils of the warm and humid
regions of the developing world fit this description suggesting a good
likelihood of extensive Mg needs if soybeans are to be grown.

Sulfur responses of soybeans are rarely observed in the U.S. Explanation
perhaps lies in the fact that the crop is not commonly grown on sandy soils
of the midwest known to be S deficient, while in the southeastern production
area fallout S and residuals from low analysis S-containing fertilizers of
past years have restricted responses to date. In consideration of the known
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effect of S on o0il production, however, there is good reason to anticipate
response to the element in soils of low organic matter content of tropical
regions as reported by Venema [26] and as observed for the groundnut in
northern Nigeria [27].

Problems of Fe deficiency have frequently been observed where soybeans
were produced on calcareous soils. Inactivation of absorbed Fe in the roots
in the calcareous soil medium is apparently due to combined effects of pH,
Ca and P [28]. Two or more foliar applications of ferrous sulfate have been
found effective for control [29]. Ratio of Fe:Mn is critical, with some
authors contending that Fe deficiency and Mn toxicity are synonomous [30].
Large differences have been found between varieties. The better growth of
efficient varieties was controlled by a single gene which causes lower pH
of the expressed cell sap and thereby less inactivation of Fe [31].

Deficiency of Zn is also observed on occasion where soybeans are grown
on calcareous sojl, especially where land grading has exposed a horizon of
low organic matter content and compacted the soil in the process. Deficiency
appears most severe on oldest leaves [32], and is readily corrected by
foliar spray and by soil treatment with soluble Zn carriers or even Zn0 if
finely divided: It is believed now that many of the early reports of yield
reduction from applied P [33, 34, 35, 36] may have been the result of P
induced Zn deficiency. It is suggested by data of Paulsen and Rotimi [37]
for soybeans and reported in maize by Stukenholtz et al. [38] that Zn may be
readily absorbed but its translocation from roots to tops is inhibited by
increased P availability to and absorption by the root system.

Seed treatment with Mo solution has afforded yield response in some acid
soil locations. Lavy and Barber [39] concluded that a concentration of 1.6
ppm Mo or less in seed of untreated plots assured response to applied Mo.
Seed treatment would seem to be good insurance for regions of highly leached
ancient soils, acid in reaction, as has proved desirable for maize production
in the high veldt of Swaziland [40]. Neither sources nor rates of Mo seed
treatment within practical means followed by extended seed storage have
caused germination loss of significance [41].

Few field data exist on yield response of soybeans to Cu and Mn except
on organic soils. Neither is there much evidence of B deficiency of the
crop with soils on which it is commonly grown in the U.S.

Variety-Fertility Interactions

Significant varietal differences in yield response were reported over
a wide range of P treatments by Howell [34]. Later, Howell and Bernard [36]
classified 44 varieties according to sensitivity to high rates of fertilizer
P. Certain plant introduction T1ines were reported by Dunphy et al. [42] to
be outstanding in their response to P and K fertilizers, which characteristic
was consistent from year to year. Highest yielding 1ines were also the
most responsive to fertilizer. Hughes [42a] grew 18 varieties and 2
experimental lines for two years on a productive soil with two fertility
levels provided, viz., none and 108 + 47 + 65 kg/ha annually. Significant
differences between treatments and between genotypes were found for seed
yield and for uptake and accumulation of N, P, K, Ca, Mg, Cu and Fe. Close
relation existed between yield and leaf N, leaf N and leaf P, and leaf N
and pods per plant. It seems quite apparent, therefore, that yield response
to nutrient investigations must take into account the genetic materials
employed as these may determine results and recommendations.
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Peterson [43] carried out a detailed field study for identifying soy-
bean Tines more responsive to P fertilization than those commercially grown
and for evaluating chemical composition and nodulation properties of the
responsive lines. Four promising experimental Tines were selected from a
preliminary study involving two P levels of 0 and 560 kg/ha broadcast.
Fertilizer P was placed in a 15 x 15 cm zone of the seed row for the four
promising 1ines and two standard varieties at rates of 0, 150, 300, 600 and
1200 pp2m P. Seed yield increases were quite consistent up to 600 pp2m P.
Response was due to seed set rather than seed size increases and occurred at
rates where concentration of P in leaves exceeded recognized optimum levels.
He concluded that improved N supply for the plants and not improved P
nutrition per se was responsible for the yield increases at the highest P
rates. Increased nodulation due to P was not solely responsible for the
altered N supply, since even those varieties without seed yield response had
increased nodulation from P fertilization. An interesting adjunct to this
Study would have been a nominal fertilizer N application to determine if it
would have similar yield effects.

A philosophic attitude has developed on the part of some who have worked
with soybeans that if the nodules were removed the new genotypes might act
1ike other crops in their response to N and thereby allow higher yields.
Evidence to date with non-nodulating 1lines, however, has not been especially
promising in this respect. For example, in no case did Weber [23] working
with a pair of nodulating and non-nodulating soybean isolines obtain seed
yield of the latter exceeding the nodulating line, irrespective of rate of
applied N. With moisture Timiting, 56 kg N/ha was needed to approximately
equalize yields of the two lines, but with favorable moisture 169 kg N/ha was
not quite sufficient to bring the non-nod line to equivalence. Where severe
N deficiency was induced by addition of ground maize cobs, 675 kg N/ha was
required to bring the non-nod Tine up to the approximate yield level of the
nod Tine. At the 675 kg rate the nodule mass of the nod Tine was reduced to
about 1/5 that where no ¥ was applied.

Influence on Subsequent Crops

In the central U.S., soybeans most commonly are planted after a year or
more of maize in anticipation of the crop having access to significant amounts
of residual fertility from that applied for the maize. Previous discussion
has emphasized the limited response of the beans to fertilizer directly
applied but also the benefit derived from a good overall nutrient supply in
the soil. It has been well recognized, too, that maize following soybeans
commonly yields better than when following maize or other nonlegume crops.
This has been attributed to higher levels of available nitrogen and a better
physical condition of the soil. Thus, Weber [15] reported the residual
benefit in,short-term rotation studies of a nodulating soybean crop to be
some 37 kg/ha. Prior to the advent of extensive fertilizer N use on the
maize crop, i.e., before the mid 1950's the greater residual soil N supply
was presumably the dominant factor. Even with N compensated in recent years,
however, benefits are still noted following beans which must be in large
part related to soil physical properties.

Farmers readily observe that soils on which soybeans have grown are more
friable than following other crops. Experimental data have confirmed in-
creased soil aggregation and this has been attributed to the protective
canopy of the crop, desiccation of soil due to high root concentration, and
increased aggregation from decomposition of roots, nodules and tops [44]. It
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is believed that wetting and drying was the dominant aggregating agent.

Soils under soybeans have been noted to be notably drier in the surface

30-40 cm than under corn, explained by the proportionately greater root )
concentration in surface layers and by the greater water requirement per unit
of dry weight.

The looser and better aggregated soil, especially when very fine text-
ured, has also been responsible for better water penetration from rain or
irrigation [45]. The consequent reduction in runoff loss, too, may have
been a factor in the increased yields noted after soybeans in cases where
moisture supply was critical.
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Fertility Studies (m Some Legume Cropa In Bgypt
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ABSTRACT

e present report degcribes and dilscusses the results
that were obtained from sevceral series of field snd greenhouge

experinents to situdy the following topiles

I - Response of bean plant ( Vicia Faba ) to N, F & K .
11 - The comparative cffect of the soil and foliar applicatiocn
of F. on bean plant.
111~ The effect of salinity ¢n nodule formation, yield, ¥ and
- F uptake by bean plant arnd cowpcas.

The main targzot of these studies is %o increase the pro-
duction of such crxops through the efficient ugse of fertilizor

and s0il reclamation.

I=- The ¥First Topic .

Response of bean plant ( Viein Paba ) to &, ¥, & K.

&~ Introduvection =

oo oxmIRE ST eErT

( 7icia faba ), the bean plant is one of the most impoxtant

winter legumincus crops ralsed for sceeds in Baypt. It ouecs ito

Inpcrtance cheifly to ita hish protein content as it containg
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about 24 ¢, It ig 8loo well supplled wilih P and Ca. In
2 )

addltion, it is relatively not cxvensive crop to produce mnd it

protiices hign return winen properly Irown.

According to the available gtatiastica ( 1 ) an area of
about 3L5.722 acres wag cultivated by this crop in 197C. e
total production of wnilch was 277.4%4 metric tons of grains wiih
en average yield of 876 Kzs / acre. guch an average iz nueh
hizher than any of thoge of Italy, Spain, Mexdeco & Brazil; buk

it is o$ill lower than those of vest Germany and Britain,

It ig beleived toat under loenl conditions, the averave
yield of this crop could be raised by planting the high yield
potential varictiecs and iaproving the cultural practices.
among these practices, ia the adoptlon of proper fertilization.

B = (bjectives =

SO GEIERTNENERNRNER

fhe objectives of thig topic could be swmnarized in the
fellowing
1~ oitudying the responge of bean plant to H, 2 & K and detersine
inz tne optinmum cconronical rgte of fextilizer reccuncndation,
2- gtudying the relationship between the soil $est values gnd
the response of bean plant 40 various nutrient elemonts.

C= Experimental work

¢ o
8 -
Bt -t 11

For the perpose, two serles of fleld experiments were
conducted. The mgin festure of these experiments was that
they were carried out yearly in different locations for congide-
rable length of times. Thus valuable gccumulation of experi-

mentel rTesults wore secured wilith great number of replicatlions.
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The firgt series of experiments was initiated in 1959 /Go.
During a four yeaxr pexriod ( 1958 / 60 - 62 / 63 ) fiftecen simple
field trials were conducted in Lower, Middle & Upper Hzypt as
e pilot work to explore the major nutrients which are lacking
in Egyptian Soils fo#ﬁean production, Sites were chogen <o

tupif& major bsan cultivation regions.

Each experiment consisted of 5 manurial treatments as shown
in table (1). The experimental set up was desigsned in randoe
mized complete blockas in four replications.

In the 1ight of the experimental dats obtained from the 15%
geries, the manurial ireatments of the second series were planned
to have mcre information about the response of this narticular
crop to different rates of nitrogen and phosphcrus and the inter-
action between thege two nutrient elements whén they are spplied
together in different combinations. In addition; the relation~-
ghip between the s0il test values and the response of bean plant

t Ny P was also exanined,

A series of 25 field trials - over z five year period
{ 1956/67 = 7¢/T1 ) = was conducted throué;ut the country rep~
resenting the major area of bean plantatlon in Baypt,

Each experiment consisted of nine fertilizer treatments
including three levels of each of § & F and +the differont combina-
tions of the two elements. The levels of nitrogen were ¢, 18 &

36 Kg N/ha end three levels of ¥ were O, 36 & 72 Kg ons/ha.

The experiluental set up was designed as a factorial, experi-~

ment in randomized complete blocks having five replications.
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Compocite =oll samples were iaken from the experimental
sites 1o the depth of 25 c.m, The soll camples were sirdried,

ground to pass through 1 nm.m,

Available N, which include the total somonium and nitratbe
nitrogen soluble in 1 &% K2304 solution was determined according

e,
to Xoing method (193C).

available P was determined by two methods namely; Clsen

et als (1954) & Hibbard (1931).

————

Other chemical constituents vere determined according to

the Cfficial chemical methods ( Jackson 1958 ).

D - Results & Discussion :-

[-3-3-F -+ 3~3 32 -F 31 % -t -F_ 2 3 R F-3-2 4 3£}

l, The First Seriesg :=

Data obtained from this series are presented in table {1).
It is clearly demonestrated {throusnout the results that bean
plant did respond sigaificantly to M and ¥ when each of them

vag applied alone or when N was combined with P.

The % increase in yield due to N application at the rate
of 18 Kg B/ha was 12.4 over that obtained from the check treatment.
Increase in yield due 1o P applicatiorn at the rate of 54 Ko P205/ha
anmovated to 14.3 5 When I & P were applied together at the

same rates the yleld was nore pronounced than that obiained from
elther & or F alone. % increagse in yield over that obiained

from the control was 19.3%.

Cn the other hand yield increase due to X anplication uas

neilther simificsnt nor economieal and counld bhe neglected,
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Table (1)

Response of bean plant (Vicia Faba) %o N, P & K
( Average results of 15 field expts).

Manurial Treats. in Yield in Increase %o
ke / ha over
trol Increase
N E.0 X,.0 Kg/na %%
- - - 3118 - -
- 54 - 3565 447 14.3
18 54 e - 3720 602 19,3
18 54 35 3761 643 20.68
L.S.Ds ( .C1 ) 284
(.05) 214

Therefore, such pilot work has revealed that N & P are
of significant importance for aschelving high yield of tzan plant.
As for potash, experimental data proved that fSgyptian soils have
enough availadble K to mecet the nutritional requirements of this
particular czop . such result was in close agreement with tne
previcus findings of several workers ( Shaleby 195C) Serry &
Banna 1962 & Harissa gt al. 1969 § who pointed out the adeguate

semounts of available potassium in Kzyptian soils.

117



2. The gecond Jericsg :=

The dats cbtained from this scries are presented and dis—

cugged under the following headings.

a. Reasponsce of bean plant to H.

b. Responae of bean plant to P.

Cc. Responce of bean plant to N & T interactions.

d. Yield production of B & P unit.

2. S0ll description and the relationship between soil tegt

valueg and the responae of been plant to F & .

a— Respcnse of bean plant Lo N.

SN SENR O OmSoDTNNISRNNT oIS mEEmn s

Average results of 25 experiments are reported in table
(2). It is cleaxr out of these data that besn plant responded
gilgnificantly to N when applied alone. In this series of
experiments, the incresse in yield due to N application renged
between 10 to 11 % over that obtained from the check treatmeant.
However, i¥ has been shown that no significant effect had been
obtained when the rate of ¥ was increased from 18 to 36 Kg N/ha.
indicating that if nitrogen has to be applied slone high rate is
not preferable, It has been also reported ( Wakoman 1932 &
Erdman 1953 ) that in fertile soil well supplied with available
N there may be little fization as the legume plants seem to use
thig available N rather than encourage the bacteria to fix more

of it.
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( Table 2 )
Responge of bean plant to N at different rates
{(Mean results of 25 field expta,.)
Ko i fha. Yield in Increase over %
Kg/na. cont, Kg/ha. Increase
— 2687 o——— —
13 2956 269 10
36 2982 295 11
19 188
IJ. S. :!)0
5 b 140
b= Response of bean plant to P

Table (3) illustrates the effect of P in different rates

on the yield of bean plant.

The results sghow that the yield

vias consistently and significently increased as a vesult of P

application,

% increage in yield over that obtained from the

check treatment due to P application amounted to 11.7 & 19.8

for 36 & 72 Kg P205/ha. respectively.

Iarther work in this

regpect (82 indicated that no eignificant increase in yield was

obtained beyond these rates,
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Table (3)- Responge of bean plant to P at different rates.
( Kear results of 25 Ffield expte. )

kg P 0g /e Yield in  ~ Increase over %
Ka/ha. cont. Rg/ha. Increase
36 3000 %1% 11.7
T2 3218 531 19.8
.01 251
L. e Do . C 5 185

C- Effect of N & r in different co.mb:lnations.
Data reported in table (4) indicate Fe=t the effect of
the interaction bdbetwesn N & P when they are applied in different

combingtionsg

As it is shown that the maximum Increase in yleld was
attained by the use of 36 kg X & 72 Ke P205/ ha. at this
rate the increase in yield over that obiained from the conirol

emounted to about %0 %.

In general; such resulis were in cloge agreement with
the zesults obtained from the 1-@:E series confimming tne nece-
psity of the two mejor nuitrlent eleumente ( N & F ) for acheiving

high production of this particular crope.

The data also support the previous findings of Cracis &
Khalil (1948) and Taha, Zaki & Hammad (1368),

120



able (4)- Responsc of been plent to W & § in different
conbinations.

( Mean of 25 field expis. )

Kg /ha Yield in Increase %
“ o over cont.

8 ¥a¥% Kg /ha. Ke/ha. Incrense
- - 2687 e ——
18 36 3166 479 17.9
36 36’ 3218 531 19.8
18 72 3351 664 24,7
36 72 3484 697 29,7

.01 273
L. S. D.
.05 207
d— Yield }rocuctloﬁ of B &p unlf.

The over all aversge increase in yield due to the applics-
ticen o 1 kg of each of § & rzoq when they were combined together
in the wost effective treatuent - (72 kg By & 36 Kg ¥/hn).

was calculated and presented in tablee ( 5 & 6 ).

Table (5)= average increase in yileld in Xg bean sceds
per cre XKz h/ha.

(Average resulis of 25 field expts. )

S e W s s B Gt D S e I S I S S TS TR D K N e e b s e -

Fertilizer rate {(Xg/ha) Yield in Increase in  av, increace

s e yield due to due to

¥,0 N Kg/ha. w.(kw /hal) 1 X311
- e R, SR tié@a_“_

72 - 3218 -— -

72 36 3484 266 Ted

w— Y P — - v e -

AS indicated in table (%) aversage increase in yield per onc

Kg i was T.4 Kge. bean sceds /ha.
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Alnost the samo result was obilained as far as ¥ is concemned,
Data reporied in table (6) indicate an average increame in yield
per cie I'g P205 was obout T Kgs. bean grain /hs. which was compe-
table with that obtained frcm one ¥g. of W, Taking the eccnonical
gide in consideration and sccordirgz to the current prices of the
fertilivere ¥ & F and the crop produced, such increases in yield
gecnre a very good return, &nother point could be detected from
the data obtainead concerning the net retnrn resulting from each of
the tuo nutrient elements. Ag the P umit ia much cheaney than
the ¥ unit, therefore)it could be stated according to the results
at hard, that ¥ application is more profitable than W application
for bean production. Hewever, to obtain iine highest yield both

nutrient elenents should be applied.

Table (6)= Average incresse in Yield Sin Kg bean

seeds per one Kg k205/hvb

s - o - wote acme mave i

Fertilizer rate (Kg/ha) Yield Yield AVv. increage dus
— —— increase {0 one
N ¥205 Ke/ne Kg /he.  Kg F,04
Hpiec S 2
36 - 2982 — —
35 72 3484 502 7.0

x MNean rvesults of 25 field experiments.

e~ Degcriplion of the soil gamples used in the study:~

S N S N N N N N N S R P N N S o SN TSNS m T o ome S T T e

As mentioned before, 301l samples were taken from 25 cxporine=
ntal sites for deccription and chemical analyses. The samvles

covered eleven main governorates and represent to a fair extont
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the type of soils under bean plent culilvation, In genoral nost
of these zoils arc classified according to the world soil map as
Fluviael sodl. The chenicsl anealyces of these samples are vre-
sentcd in table (7). It i1g clear from the data reported in the
table that thore io a wide range in the different chemicel congti-
tueents of the various soils. However, saverage resulie indicstcn
that pii values of the goil tested fell in the range of the alkaline
reaction, Goilg are gencrally rich in calciun carbonste and
poor in crganic natter. Average determinagticng of the total
solvbhle calits are low and undsr the level of towicity. Ag far as
the &, ¥ & K are concerned, in gencral noet of the scil essmples are

poor in nitvogen, moderate in P but fairly rich in K.
Table (7)~ Chemical analyses of soil samplea taken

from the different gitesg of the

experinental Tields.

O SRR e U SRS S T LT T e
Determination Range of results FMean
of the different samples Values
PO P RSO Ay N I S o DU ey oy par
pH Te2 = 8.7 8.1
Calecium Carbonate % 2,3 - 1C. 4 3,7
Orszenic matter % 1,29- 2,38 1.6%
Total Sol. Salts % 0,08- 0,20 0e1%
Total N content % 0.08= 0,18 0.1
Soluble H in 1 % K2504 prm 21,0 = 94,0 52.0
Hiltrate N ppm 3.0 = 36,0 15:0

Available = ¥ in Soil

Olgen Method ppm 4.0 = 23,0 16.0

Hibbard Method ppm 0.l = 4.4 1.8
Availagble = K Ppm 175 - 800 423
CAram. Aeehbsbe exhr)
==$==$=========§====ﬂ====ﬂl=========3§B=;’:E=z=======2==:}=====-“:.‘::—'===



Relationghip bziween goil test values and the responge of bean

ol &P i~

Gorrelation coefficients were used to study tane relation-
ship between the soil test values and the fiecld results. Tae
total scluble nitrogen content In the soll was correlated with
the - index, which indicates average yield vesponse of bemn to
B fertilizer treatiments. Anounty of available P in soil samples
were aloo correlated with FP-index which indicates average yield
response to phospnorug manured treatments, In other words, ¢
yield wags taken as an index for evaluating the validity of soil
test values. The % yileld was calculated accordiug to the follow-

iag equation

% Vielg = —Yield without the tested nutrient
e -
Yield with tested nutrient.

x 1006 .

The obtained statistical correlations show the followinags

1)~ Nitrogen enrrelationg :-

As indicated from the regults presented in table (8) the ¢
yield values showed that bean plant in 20 out of the 25 ficld
experiments were positively responsive to N fertilization.

However no significant correlation:waa obtained between N~index
snd the s0il test values for soluble § extracted by 1 % K2804
soluticn.  Thug,other chemical methods for estimating the availa-
ble K in soll ghould be tzied in ihiga respect,

2)- Fhosphorug correlations :-

The available phosphorus content in the soil samples as
determined by Olsen's et al. (19%4) and Hibbard's (1931) methods—

van corxrelated with k- index. I% is obviouns from the resuvlts
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Table (8)~ Correlation between response of horse~bean

to N & P fertilization and Soil testing values.

No. | . _Available Available Available
Locdlty N-indexX y ppm____ F=IndeX p qoen b Hibbard
bp p Ppn P
1 Behera 63 25 52 4 Sy
2  Kafr Elfheik 95 33 97 20 1.1
3  Garbia 85 63 88 20 0.8
4  Garbia 85 63 93 13 0.8
5 Garbia 76 22 66 27 1.7
6 Garbia 96 33 101 21 0.4
7 Gardbia 82 — 81 — ——
8 Garbis, 82 60 93 16 2.7
9 Kalubia 97 75 97 13 464
10 Kalubia 99 - 101 - —
11 lionofia 88 -— 71 — ———
12 Fionofia 98 34 92 6 1.5
13 lonofia 84 75 88 18 2.5
14 Sharkia 89 — 90 5 1.2
15 Giza 84 65 71 27 3.9
16 Giza 1cl — 99 -_— —
17 Beni=-3uef 75 94 60 28 2.7
18 Fayoum 105 40 94 T 0.7
19 Fayoum 94 28 54 25 3.1
20 Minia » 77 51 86 14 0.1
21 iinie 103 - 49 115 7 0.9
22 Iinia 160 65 72 13 1.9
23 Hinig 1089 33 102 28 G.9
24 Souhage 91 70 105 14 2.4
25 Souhage 19 - 74 - ——
d.f. 17 18 17 )
T - 0.15 - 030 ~ Ce39
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presented in table (8), that about 80 7 of the soils gave positive
regponge to ¥ fertilization while 20 % was not reopomsive. The
correlation coefficients betwecen F-index and amounts of available
phosphorus determined by the two chemical methods were also found
10 be insignificant indicating a real need for a concentrated

regearch effort on soll testing methods.

I~ Summary and Conclusion :-

oI oomsRlgeeSSSa2Ty

A long term gtudy was carried out through out the covntry
to check upon the response of bean plant ( Vicia Faba ) to H, F
&K .

Two pmeries of experiments were cenducted, The firgt series
wes a preliminary study to explore the major nutrient elements which
ave lacking in igyptian soils for besn production. It dncluded 15

field trials accomplished through the period ( 19%9/60 - 1962/5% ).

In the light of the data obtained from the first sevrles, the
manurial {reatnents of the second series were planned to have more
information about the response of this particular crop to gifferent
rates of N & P and the interaction between the two nuitrient elements
waen they are applied in different combinations. In addition ,
the relationship between the soil test values and the rosponge of
besn plant to N & P was examined. 25 field {rials weze
conducted over a five year pezriod ( 1966/67 = 1970/71 ).

Conposite soil samples were brought from each experimental site

for so0il degeription and chemical anslyses 1o asses their fortility
status,. Available nitrogen was extracted by 1 % Kzso4 solntion

and avallable phosphorus was determined by (lsen's and Hibbard's
methods. Correlaticn coefficients were used to otudy the relationw

ghip between the soll test values and the % yields.
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The main findings of the two series could be sumnarized

in the following i~

1.

20

4.

(1]
)

Bean plant { Vicia Faba } did respond significantly to N
applicsaticn in different rates. Increaase in yield due 1o

11 epplication renged between 10 = 12 7 over that obiaincd
from the gheck treatment. However, no gimificent differe-

nee was detected botween the avplication of 18 and 36 Ko U/he.

The general magniiude of . F responsge by bean plant wag vather
highe Yileld increased gradually end significantly as the rate
of P application increased up o 72 Kg ?u5/ha Increase in

-

yield due to P application ronged beiween 11,7 and 15.8 5

over that obtained from the control for 36 and 72 Kg 2ol /h

regpectively.

The maxircur yield was odbiasined from the combination of ¥ &

? &t the »ate of 36 Kg ¥ and 72 Kg PEOB ner hectar. Increagse in
yleld due to the application of one kg of N under such treatment

was estimated on the average by 7,4 Kgs bean seeds. For one kg
of EQOS, the incresse in yield waé T.0 Kgg of bean seeds. Such

increases in yield secure a vexry good relurn.

Fo slgnificant effect was detected due to K, indicating that

bean plant does not reguire any aprplicaticn of potash.

H-snd P- indox gtudlecs revealed that about 80 % of the fisld
trigle did rospond positively to N amd F. The rest did not

give any responsc .
The responses of Demn plant to N & P applications were not well

correiated with the so0il test values indicating a real need fox

a concentrated research elffort on the seil) testing metheds.
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I¥- The Second Topic

The Comparative Bffect of The Soil and
Foliar aApplication of ¥. on Bean Plant (Vicia Faba)

BN T T I N I S T I S T N N T N N I I N N TN NN SRS RN R DL R A R

A= Introduetion :—

Daring the recent years, there has been a surge of
interest in the espray application of fertilizer to the foliage
of plants as a means of fceding plants the major elements ,

particularly phosphorus.

Much research has been done throughout the world on
this subject, but very little studies were carried out under

20cel conditions.

As 1t 1is Known that ¥ when applied to the s0il undergoes
several reactions and may become bound to the soll complex
resulting in zeducing 1ts availability for the plant. Thus,
it is thought that foliar application may provide more effici-
ent utilization of this particular element. On thils concept
the investigation was based » Research on thls subject is
gt1ll under way tackling aeveral angles, such as the utiliza-
tion percentage of the P applied to the plant, the time of
spraying and the concentrations of the solution to be used on

different crops.

The present work will deal only with the increagse in
yield due to foliar application in comparison with soil
application.
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B= Hxperimental Work :=

-3 —J -2 g g 5

Trree field trials were conducted in different location
to compare the foliar application of fertilizer phogsphoxrus
with so0il application.

Ag shown in table (4) each experiment wag consisied of
seven treatments including P in two rates namely 18 and 36
Kg P05 /ha. Each rate was subjected to different methods
of appiication, The experiment was also included a control

treatment to check upon the response to F. in general .

P was applied in the form of monocalcium phosphate.
Soil application of P was applied preplanting, while the
foliar application was gplitied into three equal doses tc be
sprayed three times namely; after one, 1} and two montha
after planting. The concentration of the phosphatic solution

was 2 % e

The experimental eget up was designed in randomized
complete blocks in four replications. A Tepresentative
surface soil sample to the depth of one foot was taken from

site
each expervimental.for chemical analysis and soil descriplion.

C~ R€sults and Digcusgion :~

SIS ouEmImomERT

TETOEmII_TNE

1, Soll Descripiion :=-

Average data of the chemical identifications of the
goll samples vged in the study are presented in table (1),
In gencral, it could be noted from the backeround data cf the
poll gnalysls that the soils tested are slightly alkaline in
reaction and contain ample amounts of caléiuvm earbonaise,
Soil organic matier content is rather poor. & failrly
low concentration of the water—-goluble salts prevailed in the
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s0il samples. Available nitrogen - extracted by 1 7 KQS 4

golution is 55 ppm. Avallable ¥. determined by Olsen method
is 3.4 ppm,

Table (1)

Background data on soil analysis (Depth: 0=25 cm)

-

CeM Ga003 E.C Total Avallable Ng P in ppmn

pH
% % MM N % N %Z.80luble
{5 K,80, UHo3 P Olscn
8.0 1.6 342 0440 C.088 55 10.5 304

2 Yield Datag :~

The .experimental data are summarized and grouped under the
following headings .

a. Regponge of bean plant to E.

b, Comparison between a0ll and follar application of
fertilizer P,

¢, The various conbinationg of the fertilizer treatments:

a. Regponse of bean plant to F.

Yields obtained from the control treatment, 18 and 35 kg
2205 / ha. were grouved - regardless the methods used for appli-
cation - and presented in table (2). As demonestrated from
+the data reported, bean plant responded markedly to P applied
in different rates. Average yield in the check treatnent was
2827 Kg /ha; with 18 Kg P205/ha. it was 3387; and with 326 Kg
P205/ha. it was 3711, Increase In yield due to ¥, arrlication
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gmovnted to 19.8 ¢ and 31.3 ¥ when 18 & 35 kg PZOS‘/ha’ were
enplied respectively. Phis fact gshowed that the reaulis arc
veluable to discuss the effect of F application on Yield wunwun
epplicd by diffevent methods,

Again the data obtained, in general, coincided with the
resulis of the series of experimentis previously discussed under

the first topice.

Table (2)

Response of besn plant to P ( average of 3 field trials)

-

Yield Increage over ¢
Kgs P205/ha. control
Ke / ba Keg /na. Increase
0 2827 —— —-—
18 3337 560 19.8

36 3711 884 31le3

b~ Comparison between es0il and foliar application of

fertilizer P.

Data reported in table (3) represent the average ylelds
obtained from the different methods used for P application -
regardiess the rates of fertilizer application used. Congider-
ing the general average yileld of the soil application as loo,
the relative value when half of the amowmnt of ¥ was applied as
foliar end the rest as s0ll application was 109, The yield

was more pronounced when the whole gmount of F wae arplied eaa
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foliar spray, as the relative value in this case was found to

be 1317 iIndicating a higher efflciency c¢f the phospheyug when
applicd as a foliaxy application t¢ bean plant. Such result

was in close zgreement with the Tindings of (Lgorov (1957) ,
Wittwer (1957), Lant & Hour {1961), Kabish (1965) & abdon (1968)
who pointed out the superiozity of the foliar spray of fertilizer

¢ to the soill spplication.
Table (3)

Compariason betuween soil and follar application of

fertilizer P (Average results of 3 exptg.).

Treatment Yield Kg/ha. Relative yicld
Scil application 3268 100
% Soil + % foliar 3568 109
Foliar application. %310 117

c- The varioug combinations of the fertilizer tregtrentgi=

Data reported in table (4) indicate the average yields
of various combinations of the vates of F when applied by
differeat methods. The data show conclusively that vnder
each rate of ¥ application, the fcliar method overyiclded the
soil method, Vhen the amount of P was dévided into two halves
to be equally applied as soll and foller application, thes yiclé

in thig case was in between those obtained from the two methods.

The most interresting result which could be detected from
the data given in table (4) is that 18 Xg P205/ha. applied sas
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foliar avplication did produce the same yield, but little nore
then that obtained frem 36 kg F,0g/ha. added ag soil application,
in other words, foliar application had increased the relative

effectiveness of the P wnit,

Table (§)

Varioue combinations of ratons and method of ¥ applisation

( aAverage resulis of 3 expis.).

I AT W e 3 P TR U e Y T, WY T A 200w P St H ol nctn A ccm - o m12¢ 2 e O e S s 30 A W e A B

Fethod of 3205 Yield Increass 4
arplieation Kg/Mae Kefha. over control FRCTRASe
_ . lf\_g fhe « — ~

O o 28327 m— -
Hoil 18 3¢99 272 9.6
spvlication 36 3435 608 21.5
¥ Goil # 18 3391 564 20,7
4 Foliar 36 3746 919 %2e5
Foliax 18 36566 839 29,7
Application 36 3954 1127 39,9
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D~ Suomary and Conclugion :=

Three field trisls were conducted in different locag-
t2onas to compare the foliay application of fertilizex P with
scll application, Zach experiment was conasisted of seven
treatnents ineluding ¥ in two rates namely; 18 and 36 Kg
¥ 4G /ha. Each rate was subjected to different methodas
of apnlications. The experiment was also included a con-

{rol treatment to check npon the response to P in general,

P was applied Jo the form of morocelcium phoeprhate.
So0il epplicaticn of P was applied preplanting, vhile the
folisr application was gplitted into three ecqual doses %o be
goroyed three times namely; after one, lﬁ'and two monihs
after planiing. The concentration of the phosphatie eolution

was 2 % .

The experimental set up was desigmed in randomized
conplete blocks in four replicationsg. A repregentative
surface so0il amsmple to the depth of one foot was taxen from

each experiment for chemical analysis and soll description.

The following are the most impdrtant results :

l., Bean plant did respond markedly to P applicaticn. The
yield increased gradually as the rate incremced. %
increage in yield over e=mer that obtaired from the check
treatment amounted to 19.8 & 31.% vhen 18 and 36 Kg ?50¢ /
ha. were aprlicd respectively,

2., Foliax application of F to bYean plant was markedly superior
to the soil epplication. 13 Kg Egos/ha. applicd as foliar
grplication yielded 1ittle wore than 36 Kgfzos/ha. aid

vhen arrlied as soil application,
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IIT - The Third TopicE

#ffect of Zelinity on Hodule Formation ,Yield,

0 S o B 5 o S AT Y et D TR

B & P Uptske by Ocnme Legume Cropse

A= Introduction :=

The nnead to provide agditiconszl lané for farning, in
order to feed ever increasing populations in Igypt hao
intensitied the interest of the agriculiurists and the
goverment planning swthorities in wvarious types of umproduc~
tive lande,  Amcug taese types are the saline soilg which
copprise vast areas in the Kile Valley particularly in the
novthern purt of Ehe Deltu. Such areas are soils on which
most cropa caunot make normal growth owing to the preseace

of soluble salts in the soil solution in high concentratlon.

It was the target of this investigation to study the
effect of reclgnation of saline soils on nodule formation,
yield, nitrogen 2nd phospborug uptake hy two legumiiaous plants

namely, bean plent and covwpeas.

B~ iiaterialas & Methods :~

the effect of ge2linity and acil reclsmation on nodule
foxmation, yleld, ¥ smd ¥ contaut of two Leguminous croypg
nemely; besn plont (Vieiz Paba) and cow peas (Vigna Sinensis),

uss studied in a greenhouse pot sxperiment,

¥ This topic was done with collaboration of Dr. e Kamel &
Lre leNe lbrahnim of the Face of agrice El=wazhar Unive. and
HeJe kadr plant Nutriiion jection Min. of agriculiure,
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The physical &« Chenlcal properties of the goil used
were delermined using the official nethods reported by
(Jackscon 1953),

The toxic salts were Leached by tap water, Leaching
vag done by flooding the go0il each week after which, it wzs

left to natural drainage,

Soll wasg divicded to five parts where the firet part
vae left withont lesching, the second part was Ieached once,
the third,; the 4th and the 5th parts were ILeached twice,

three & 4 times reppectlvely,

Esrthenware pots measurzd 25 em in diameter uere used,

each pot received % kgn of soil and replicated for 4 times.

Bean plant and cow peuas seeds were planted asg legume
test plantse. Inoculation was carried out at planting time,

Tuo weeks lateg,eeedlings were thirmed 4c 3 planta / pot.

Fregh, dry yleld, K & ¥ contents oi the plants were
cntinated using the analywicsl methode reported by piper

1647 & Jackson 1958).

C~ Resulis & Discussion :-

1. Definiiion of the soil sample -

The physicsl and chemical composition of the soil uased
for the investigation are presented in table (1) . The data
indicate that the soil is a clay soil having 50 4 & 18,5 %
clay and silt particles respectively. I+t is poor in 0Q.ld.
but very rich in exchangeable K. The concentraticn of avai-

lable N & ¥ was rather high, As for the total soluble salts,
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5 % could be considered as a high toxic level of salt content
inder which no or very poor growth of plants ghould he
expected.

Table (1)

inglyses of the soil gample used in the astudy

analyses Contents analyses Contente
Texture ri value 7.8
Coarse @and 0,78 %  Total N 0.072 %
I'ine sand 20.90 % Total P 124 %
S11t 18.5 %  Soluble N (1% X,80,) 100 ppm.
Ciay 50.0 % Available P (Olsen) 3%«9 mpm.
Calcium carbonate 2.81 ¢ Exchangeable 920 Dppm.
Orzonic Matter 1,17 X (Amm. acetate)

Total Soluble Salts 5.20

2= fpffect of Lenching on ezlt content & pd wvalue of the goil :=-

Data reported in +table (2) indicate that Leaching of the
goil inarkedly decreased the amounts of toxic salts. In both
experiments, the maximum amount of salt were removed after the
first Leaching; Taere-after a gradual decrease in the saltl
content was noticed, llowever in the bean plant experiment ,
the drop in the salt content as a result of Ieachinz was greater
than that in the cow peas experiment., (n the other hend pH
values showed a gradusl incresse as a result of leaching of
the toxic salts. Similar results were recorded by Taha,
Mahmoud & Ibrzhim (1967),.
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Table (2)

Effect of leaching on salt content and pH value

Fumber of Bean plant Expts Cowpeas Hxpt.

Leachings  TeSefie™ PH TeSeBe PH
- 502 7;8 502 708
I C.98 8.0 2.13 7+9%
11 0.60 840 1.98 : 8.00
Ii1 0.23 8.15 1,46 8.00
Iv 0.20 8.35 1.04 8,00

X 0,8.8 » = Total soluble galts.

3= Effect of Ieaching on the nunber of nodules of bean plant

gnd cowpeas plants =

A5 indicated in table ( 3 ) number of nodules was simi-
ficantly affected by leaching. The more the number of leach-
inges the higher counta of nodules in both crops. It 49 aloo
noted that the number of nodules om 1he bean plant roots wuas
higher than thet formed on the c¢owpess whicn showed no nodules
vhen the soll was not treated,

Table (3)~ Effect of Jeaching on the nurbher of nodules
of bean plant & coupess plant

Humber of Bean plaznt Cowneas
leachings oo o o Mumber of 4 o o . Humber of
L8 e e v 30 de 9
nodules nodules

- He 2 26 De2 ¢

I «98 133 2.13 12

IT .60 133 1.8 39

111 253 176 1.46 72

v « 25 151 1.C4 Q3%
Jei3eDe 5 % 8L 363
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Effect of leaching on the dry matter of the broad Aecchs

Table (4)

& Cow peas in g. / pcb.

Nurber of Bean Piant Cow Peas
- s Seed leaves Seeds Seed Ieaves
Leachings -
Seeds Coats & Stens Roots Total Coats 8 Stems RO0LS Total
® I 5549 8,86 12,83 4.78 63430 1.6 03 a2 l.1 a2
iT 23547 9428 13.43 0e97 0505 2.7 1.4 10,6 Jel 13,8
III 4‘106 9088 15.14 6.-79 75.4‘8 4'01 l.l 11.3 300 1905
v 42,1, 9.69 12.65 5:97 70625 8.7 2.4 10.0 2,8 23,9
LeleDe 5 % 28.2& 2e4 0.69 5,55 1,869 9.04
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The effect of lcaching of the towic asalts cn the dxy
matter yicld of bean plant and cow peas is presented in table
(4). Ieaching of toxic saltso sigmificantly increaged the

yield of the beans and cowreas.

For beans the average dry welght of scseds were found
t0 be 13.70 g./pot in the saline soil and increased up to
36,9, 36,70, 4L.60 and 42.70 g./pot as a vesult of 1, 2, 3 &
4 lenchings respectively. The pame trend was recorded for

the dqifferent plant parts.

Similar trend wag olso noticed in cow peas results.
However, the data clearly show thatl bean plant was move tolerant
to the toxic salts than cowpeas uwhich fdiled to grow uvnder
original s%lt content of the soil. Such vresults were in cloge
agrecmen{i&he findings of Bernatein (1958) & Ayers and Eberhard
(1960)%

It was alwo moticed that one leaching for the bean plant

and two leachings for the cowpeas had almost the game effect

of more leachings without any sigmificant difference.

Ds  Effect of leaching on_the N & I contents of bean plant

& cow peng i

Results of N & P contents irn bean plants shew & cow-
peas plants which are recorded in table (5 ) show the same
trend of yileld results. Leaching the toxic salts significan-

tly increased the N & ¥ content in the plants. For N., of
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coarge, no doubt that a part of the utilized ¥ came from the
symbiotic N fixation by the increasing number of nodules as a

Tesult of leaching tne toxic salts.

It i3 also noticed that the amcunt of nitrogen utilized
by bean plant plants wexe much higher thaa that utilized by cow
peas plants denoting the great feeding power and the higher

nutritional reguirements of the former crop.

Table (5) - Effect of 1eaching on the N & P contents

of bean plant & Cow peas.

Number of Mege N & P / pot.
leaching bean plant - cow peas
N 3 N-- ) P
—— 712.3 73.8 - -
I 1567.4 185.4 158.8 22.6
II 1600.1 181.7 362.2 ] 59.1
II1I 1948, 5 169.0 402,6 57.9
Iv 1780.9 156,65 528.6 59.9
L.Se D % 807.3 180;3 23,2

D= gummary & Cenclugion =

the effect of veclamation of saline soil on the nodule
formation, yield, § & ¥ content c¢f twc leguminous crops namely,
bean ﬁlant (Vicin Faba) and cow peas (Vigna 3inensig) was

gtudied in a green house pot erpt,

9he physical snd chosical composition of the saline so0il

used were estinated.
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The tecxic salty were leached by tap water. Soil gample
was divided to five parisy, where a part was left without leach-
ing, lesched once, Twice, ihxee and four times respectively,
Bean plant end cow peas were planted in the soil, where inocu-
lation was carried out with effective rhizobial cultures.
Results could be summarized in the following.

1. Reclamation of the saline s0il significantly decreased the
total soluble malte. Thig however was accompanied by an

incresse in pH values,

2. Nunber of nodules showed a significant increase as a result

of lceching of the toxic salis.

3. Yields of bean plant & cow peas were significantly increased
by leaching the toxiec salts,
However, bean plant has showm to be more salt tolerant

than ¢ow peas.
w

4, N & P contents of bean plant & col peas plants were signifi-
cantly iuncreased as a result of leaching the toxic salts in
the soil,

e amounts of H & & utilized by bean plant were much higher

then thoge utilized by cow peas.
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BEAN FERTILIZATION IN CENTRAL AND SOUTH AMERICA

E. Bornemisza
Instituto Interamericano de
Ciencieas Agricolas de la OEA

Lima, Peru

Abstract

Beans and other pulses are very important as cheap and high quality
protein sources for over 80 % of the population of Latin America. If
adequate varieties were used, in most instances, fertilizers containing
N and P have increased appropriately and economically the production in
volume but not in gquality. Many problems remain however, to be solved,
the solution of which could contribute and to a better nutrition as to a

better economy of the rural population of a significant part of the region.

General considerations

The main grain legume crop of South and Central America is beans

(Phaseolus vulgaris L.). In accordance to archeological evideace,
this crop is used as food for n{nny miilenia (8}, It's widely difiuse

consume has various explanations, as the antiquity of its cultivation,
its great adaptability to variable climatic and soil conditions and the
fact that it is the cheapest high quality protein which guite adequately
complements the main vegetable proteias derived from rice for about
one half of the population of Latin America and the proteins from cora,
used by about one third of the population.

As a result, large areas are cultivated to beans, Other pulses as
broad beans (Vigia faba L.) and peas (Pisum sativum L.} are also of

some importance in parts of the area. The extension of the land used
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for these crops in some countries forms an important percentage of
the total cultivated area, as for ex, in Pert where approximately
T 5% of the agriculturally nsed land is planted to these crops.

Colombis slso has an area exceeding half a million hectares in beans,

Soybeans (Glycine max L.) and peanuts (Arachis hypogaca L.) are
also growing in importance in Latin America are important crops.

In spite that many areas have the adequate ecological conditions, the
average production figures for beans are low, a3 shown in Table 1 R

which presents some representative aversge results.

It is considered that theze low productivities, shown in Table | arze
generally caused by low yielding varieties, not responsive to fertii-
izer application {17}, the damages caused by dizcases and pests and
by low soll fertility, Many experiments have shown that an adequate
control of one of these limiting factors can result in increases of pro-
duction in order of 30 to 100% and that 2 control of all main limiting
conditions allows yield incresses up to 300 to 400% (6, 11, 20),

It is alsoc reported, that in spite that in many conditions it is economa
ically sdvisable to use fertilizers, even tn arens of rather progreesive
sgriculture, only a fraction of the bean growers use fertilizers. The
Cauce valley of Colombia can be cited a¢ ax. example, where in accord-
ance to recent studies only one third of the bean produced receives

fertilizers,

The present paper presents a selection of experiments, hoping te
{llustrate the problems of the region. This is not & complete liter-
ature review for which the Bean Bibliography, compiled ia the library
of the Inter -American Institute of Agricultural Sciences should be

consulted (15).
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'As most of the literature is concerned with responses to N, P and K,
these elements will receive special attention while the problems of
liming and application of minor elements will only be considered
briefly.

Fertilization w us

Ag P defictency is widespread {n Central and in South America, re~
ponses of beans and other grain legume te this element are common
(84 25 3, 5,6, 7, 40, 12, 13, 15, 19, 20). In some instances, these
responses where small, a fact which varicus authors attribute to the
inability of the used varieties to respond well to fertilizers (3, 13, 17).

It is believed also, that a lack of more complete informstion, obiain.
akle by more sofisticated investigations, as for example tracer exper~
iments on fertilizer placement or fertilizer form evaluation, could
shed light on many poorly understood problems, permiting 2 more
adequate use of feriilizers and of the natural resources present,

In some experiments, the lack of response to P is due to the residual

effect of the fertilizers applied previously, This was reported for
many experiments in Ceatral America by Lizarraga (10) who noticed

a favorable response of beans to P applied to the previous cora crop.
As this rotation is rather common, it contributes appreciably to a
better use of fertilizer P, The effect of P application on the protein
content and protein quality of beans was investigated by Bressant (5)
who found litile iafiuence of the fertilization ou these characteristics,
Only & fow suthore have evaluated economisally their results (6, 10),
In an interesting paper, Consgin has shown the sconomic soundness
to apply variable P amounts to all studied sofls of 8o Paulc (6). The
economic optima indicated varied from 46 0 138 kg P,04 per ba in
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accordance to soil type (1). Evaluating 103 experiments with 45 or 90
kg/bs of P;0g with or without other nutrients, Lizarrags obiained the
results shown on Table 2, These data resumed from the FAO fertil-
jzer experiments show that for Costa Rica and Guatemala the results
for P alone or a8 part of 3 complets fertllizer are encouraging and
economically sound, silowing substantial gains, particularly in the
case of the use of NPK., The margin for £l Salvador io quite narrow
and the results for Honduras were not included,

it is considered, that better underatanding of the conditions in Honduras
and E) Salvador could have indicated ways for an economical use of P,
a5 many of the sollsd these countries are known to responde to it (2),
The results from Perd indicate economical optims between 40 and 80
kg of Py05/ha for most of the studied sress, in 8ccordance of the P
availabllity of the corresponding soils.

In Colombis on volcanic solis up to 90 ky/ha of P,0g s reported as

adequate (11).

While in most experiments triple superphosphate {s suggested the
peruvian results indicate simple superphospheie as most adequate.,
The high S content of the material might be the sxplanation.

Generally, it 1s estimated that most solls where beans and other pulses
are grown in the ares respond well to P and that the correct use of the
element represents an appreciable economic gain for the growers under

moast conditions.

Eertilization with posssium

Responses of beans to K in Latin Anw rica are less common than tc N
or P, in accordance to Vieirs (20). Lack of response to spplied K {s

quite commonly reporited (3, 13, 15, 19),
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The positive responses usuklly occure in case of higher P applications
as shown by the work of Lizarraga (10} and Conagin (6). The positive
responses are mors common or the strongly acid soils developed in
the wet areas (7) and these soils , ususlly respond to complete fertil-
izere as in Sdo Paulo (6}.

Experiments in Peru indicate the necessity of K application in about
one third of the studied locations, even on some soils with pH above 7.
It is belleved that this is particularly importént 4f the amounts of N
applied are rather high.

Coaeldering the importaunt crop losses due to diseases and the known
effect of K on improving disease resistance, this aspect of bean fer-

tilization would deserve e larger attention,

Generally, {f N and P are rpplied, K is used 2lso, in part as a pre.
ventive practice, in part due to the geameral availability of NPK conte
aining fertilizers. It is belleved, that with the intensification of agri«
culture X needs will become more common and should receive atien-

tion accordingly.

There are also reporis indicating a harmful effect of K application
(15).

Fertilization with aitrogen

In spite that beans as N fixers can contribui§ positively to the N bale
ance of soile, favorable reaponses to this element are very cominen

in Latin America {20).% Vielra estimates an sverage need of 40 kg/ba
for the reglon and explaing it as caused by problems in N fixation. The

positive respouses reported {6, 7, 9, 10, 11, 12, 14, 15, 20} are

27 irgin soils represent an important group well provided with initial
N, which do not respond to N (3).
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widespread and when no responses are reported, many authors coneider

that this is caused by varisties unresponsive to fertilizers.

By far, too little is known on the microbiological aspects but a few
suthors report no responses to inoculation (5, 20) which clearly indi.
cates the need of sdditions] work.

Studying the amounts of N to which positive responses are obtained,
one can ocheerve that these amounts are quite high, far above the
quantities considered or “starter nitrogen," recommended by many

to overcomse a potential low N statue of the soil, prior to the contribu-
tion of the N fixed by the bean Rhyzobia. The only area where the N
recommendations are lov). of the starter type, is Sdo Paulo State,
where Conagin suggests 9, 12 and 35 kg/ha of N as economic optima
for different soils (6). On the contrary, the amounts to which positive
results where noticed in Central America were of the order of 45 to
90 kg/ha {15). For Colombia similar amounts were suggested (i1,
14), and the data from Peru agree with those of Central America.
There is little work on different N sources but no differences were

reported so far,

Ag it is well known that nitrogen fixation decreases with increasing
amounts of fertillzer N applied, one should not overdue the applica-
tion of N as this represents » loss of valuable fixable material. How-
ever, as little is known on nitrogen fixation under the variable condi-
tions of Latin Americs, more work {s required in the area to secure

the optimum use of this capacity of the plant.

Due to the high price of N in fertilizers the value/cost ratios for N
8lone are generslly lower than for P,05 as shown in Table 2, except
for Guatemala where the low available N status o { the solls makes N

application very profitable,
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It is believed, that st least moderate N amounts will be needed for
successful bean production even if it will be possible to increase to
efficiency of fixation by better understanding of it in Latin America

conditions.

Liming and minor elements

For nodule formation adequate calcium levels are needed and some

Rhi zobhium strains are adversely affected by already medium soil
acidity while others are quite tollerant., As liming also influences

the availability of most nutrients, it was considered in various exper-
iments in the area. In Honduras, at the Panamerican School of
Agriculture, Awan reported over 507 bean yleld increase by liming,
attributing the favorable response mainly to an increase in P availa-
bility {2). For the volcanic soil area of Colombia, Parra (13) reported
positive results for low levels of liming (2 - t/ha) but negative ones for
medium and high levels {over 4 - t/ha) so for field beans as for peanuts,
Peanut production was also economically increased on "campo cerrado”
sofils of Central Brazil, particularly if dolomitic limestoneswas applied
with complete fertilizer, as reported by Mikkelsen et al (12},

It i» believed thatquite & lot more information is needed on liming,
considering it from the point of view of pH as affecting Rh!soblum
development of the effect of the practice on Ca and eventually Mg
ievels, and considering the influence of it on the general availabllity of

the nutrients present.

Magnesium deficiency was reported and successfully corrected by soil
application (4) of the element. The same paper presents evidence
showing the interactions between different minor elements indicating
the necessity of rather complete studies {f an understanding of the

phenomena observed is desired. 153



In the Zn deficient "Bajio" region of Mexico, Schmidt (18) obtained
excellent results when ZnSO, was applied to the soils or Zn chelates
was applied as sprays. It was observed, that response to mayor nutrie
ent application was almost nil unless the Zn deficlency was also cor-
rected. Thie observation might be extrapolated concluding that possi«
bly many variable responses, as found for example in Peru to applied
mayor elements, could be explained by variable levels of minor ele-
ments present, which limit the use of the other nutrients. The need of
minor elements including Zn, was shown aleo {or the 'campos cerrados"
area of Brazil (12} also and for the bean area in Sio Paulo, in the came

county {20},

Table 1. Average bean production for difierent areas of Latin America

Average
Area production Authors Period
kg/ha
580 Paulo Brazil 408 Conagin 1957 - 62
Colombia 379 - 600 Lopera & |
Hildebrandt
Peru 967 E!ﬂd.ﬂgl‘ic. 1%9
South America Aprox, 500 Vieira

Table 2. Net gains (in US$) and value/cont (v/c) ratios from bean
fertilizer experiments (10).

“Treatment '
Country N Py0g NPK
vie gsin v/e gain v/e gain
Costa Rica 1.7 30.6 2.6 83,6 2.5 102,7
K] Sslvador 1.8 32,3 1.3 40,9 1.4 5%.0
Guatemala 3.4 61,8 2.3 1.5 2,7 108.0
Honduras 1.2 39.2 - - - -
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RESPONSE AND CURRENT FERTILIZATION PRACTICE OF
GRAIN LEGUME CROPS IN ROMANIA

BY

Christian Hera
Research Institute for Cereals
and Industrial Plants
Fundulea

Bucharest, Romania
ABSTRACT

The increased importance of grain legume crops in Romania may be
asigned both to their high nutritive value and to the fact that the le-
gumes are good previous crops for small grains. Among the grain legumes

soybean is preponderent, followed by beans and peas.

Owing to specific biological traits of these plants, the experimen-
tal results obtained with classical methods in the field of fertiliza-

tion are contradictory and limited.

Field experiments were carried out in order to study some aspects
concerning the judicious use of N and P fertilizers. Labelled fertili-
zers with 15N and 32

Romania -~ on a medium leached chernozeme, in the Fundulea Research

P were applied to soybeans ~ the main legume crop in
Institute for Cereals and Technical Plants.

First results obtained during 1970 emphasized the advantage of the
band and mixed applications of N and P fertilizers. This method increased
the efficiency of fertilizers, especially in case of P. N - fertilizers
proved to be most efficient when side-dressed during the growing season.
Application of W -~ fertilizers increased the protein content in soybean

grainse.

The results obtained during 1971 are under study.
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INTRODUCTION,

Estimated at world range,approximately one third of
the population of the develeoping ceuntries is presently inguffi,
ciently provided with proteinsﬂﬁ]@ﬂ.

Extension ef legume crops and increase of their yleld/ha
could widely contxibute to meet world requirements in proteins.

Among legumes cropped on wider areas soybeana, peas
and beans should be mentiened.Particularly soybeans comstitute
the main gource of proteln forage and also form the raw matter
for industrial products.Their use in human food -~ especlally
by scme peoplas of Asia - should also be mentioned.

Seybean exceptional economic value incited the agricule
turally advanced counitries %o confer great lmportance to these
crops so0 as t0 meet protein requiriments.

The fact that lsgumes symbiotically fix atmospheric
nitrogen,contributes to the raising of soll fertility,and en-
riches it with organic nitrogen[2] [3] [4][5] [6] [7].

Investigation are now under way in the great cropping
countries in order to raise production per hectare,by impro-
ving seed genetic potential and by improving cultural practices
[8] . Special attention should be conferred to fertilization
methed, In thie field results obtained in different countries
often are contradictory[9] [le] [11) [12). Bome authors consider
that legumes do not raequlre nitrogen fertilizers as thy can
meet thelr requiremsents through éymbiosis with bacteria(Rhigobium)
Other researchers assert that legumes should bhe fertilized with
small nitrogen rates,acting as a " starter "[lg [11] [13] [i#].
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Use of high fertilizer rates,by fractioned application or by
different incorporation methods (at varions depths,on band,by
side dressing at 5 om frem the seeds)[lé][li][lﬁ] bas been
lately used,

Bacterlal seed treatment wlth Rhizoblum is compulsory
when legumes are grown for the first time on a soil,or when
the crop 1s again grown on a land after a long time [12] [16] A7)
[18] [19) [2q] .

On poorly fertile (acid and cold) soils,fertilization
with high nitrogen rates is often used alengeide hacterial seed
treatment,

DISCUSSION AND RESULRE.

In Romanlam the legumes most spread in crops are peas,
beans and soybeans, Formerly peas and beans ware mogt frequently
growen,but lately,soybean planted areas increased due to the
importance of this crop.

In EBurope,Romania held the first place in seoybean
cropping [1] }_?m] .

Fig.l « shows the development ef soybean cropped areas
between 19%0 and 1971.

Prospectively,the areas planted with legumes for grains

is shown in table nm.l.

Bimultaneously with oropped area increase,mean yield
per ha also increased as a consequence of bYechnelogy improvement
in soybean crops from one year th the ether (Fig.2).

As compared to peas and beans,soybeans are more exacting

regarding seil and climate.Soybean waber consumption for the
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whole growth period is in the south of the country (Fundulea)
of about 340 mm in nen-irrigated crops and of about 650 mm in
the lrrigated crops.Highest consumptien is recerded in July,at
flower-budding - anthesis - grain formation lhenolegic stages,
i.e, of 4,0 mmn/day in neh~irrigated and 6.7 mm/day in irrigated
erops (Fig.no,3).

Water amount frem rainfall is much lower than plant
consumptien during this peried and this is why high seybean
Ylelds can be ebtained only in on irrigation regime under these
conditiens,When analysing the erigin of water used by soybeans
and its eoffect on yleld,it appears that 19 % ef the water comes
from goll supply,41 % from rainfall and 40 % from irrigation
(Fig.4).

Consldering the rather high environment requirements,
three ecologic zones were differentiated in Romania in seybeans
orops.in the highly favourable zone,in which yields of eover

2000 kg/ha may be obtained most of the years,fertile soils are
encountered and climate conditions are particularly faveurable
especlially at fruiting period.Water supply of plants 1s provided
by rainfall,water table or irrigation.These conditions are
encountered in Meldavia,Transylvania and Banat¥ and especlally
on meadow solls,

The favourable soll includes mest of the NHoldavia and

of the Romaenian Plain as well as zcnes close to the highly
favourable zones of Transylvania, Banat and Crigana.In this

zone 1t ls necessary to compensate the limitative factors,e.g.
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water (by irrigation) in case of the Bir#gan plain or seil
fertility (by fertilization) - in case of the Sub-Carpathian

Zone,
Under non-irrigation seybean is orepped in a corn -

wheat - goybean rotation,and under Arrigation a 3 year rotatien
with 4 crops (soybean -~ wheat - stubble cocrep -~ cern), or a 4
Year rotation with 5 crops,adding sugar beebt to 1v,

The selil improving qualities of the plant are thus tur-
ned to profit,emphasizing its good features as previons plant,
especlally for wheat,

Unlike soybeans,peas and beans are grown in Romania in
nearly all reglons,giving oznopﬁionally good results in the west
of the country and peorer results ln the pre-mountaln regien,in
the north eof Dobrogea and on sands. In many regions suitabi-
lity 1s shown either by climate or by soil conditiems, In rota-
tion, these plants always precede winter wheat crops.

In order to increase yleld per hectare in these cmeps,
& vast research programme lig carried 6ut in Roumania undey
different pedeclimatic conditions,both concerning development
of new varieties and improvement of cropping technelegy.

With respect te fertilizer use,the investigations eme
phashzed [2i] that legumes are generally little effected
by both N and P fertilizers,particularly en fertile soils (ta-
ble 2,3,4),.

The experiments carried out in soybean crops under
natural non-irrigated conditions,proved that in this crop fer-
tilizers bhave a weak effect especially in zenes wilth unfavou-
rable rainfall regime. Under such condltions, yield is reduced

as compared to the zones in wich natural meisture regime is

better,
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Thus fer instance, at the Albota Experiment Statien
(Table ne.5) mean yields in the Chipewa variety werw 18.9 g/ha
and in the Vieleta variety 21,2 g/ha,while at the Secuieni,
Experiment Station,with a deficient rainfall regime,the same
varieties avaraged a 14.3 q/ha(Chippewa) and a 12.9 g¢/ba

(Violeta)yleld respectively(Sarpe and co - workers 1971), In
the same experiments yleld gains rese to 5.4 g/ba in the Chi-
ppewa variety and %o 7.8 g/ha in the Violeta variety at the
Albota Station and to only 2.8 and 0,6 g/ha in the 2 varieties
at the Beculeni Btation,

Pavourable results emergend at the Tg. Mures Expe-
riment Station, sited in the flood plain of the Mures River,
in a zone mobe favourable with respsct te molsture regime
and with a lower temperature in summer (tabls no.6), Under
such conditions,ylelds ranged from 1%,2 ¢/ba te 20.0 g/ha
presenting thus a 6.8 ¢/ha rate,

Optimum nitreogen rates are of about 30 - So kg N
active ingredient/hs. Rate exces may some times lead to har—
vest decrease, a phenemenon recorded in a series of experime-
nts and proved by the results obtained at the Turda and Se-
culenl Experiment Station(Table ne.5) The same was stressed
in the seuth of the country, om a reddigh - brown forest seil
(table ne,7), where fertilizer rates ef NggF108 k&/ba avara
ged a mean yield varyling from 20,1 ¢/ha,i.e that obtained
in the N, Pc, kg/ba tratment te 16.9 g/ha,this yield being
close te control (16,4 g/bx),

Undex irrigation,ylelds in soybean are much higher,
reaching frewuently 25 - 30 ¢/ha er even more.Thus in the
experiments undertaken by Dormeanu and co-workers(197e) em a

redidishbrown ferest soil in the eutskirts of Bucharest, the
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ylelds ranged accerding to variety and soil from 14.3% g/ha and
22.2 ¢/ha in non-irrigated crops and from 25.,e g/ha and 33¢5
¢/ba in irrigated cropa (Table no,?7).Mean results (by varieties
and years) indicate substantial gains as to the non-irrigated
treatment both in the non-fertilized ( 26.7 ¢/ha as to 16.4 g/ha)
and in the fertilized treatment (32.3 as te 20,6 g/ha),

In experiments undertaken by Hulpol and co-~workers
(1971) under varions domestic pedoclimatic cenditions om irri-
gated soils mean ylelds by years and stations rose up to 23.7
g/haiin the steppe mone and to 25.7 g/ha in the forest steppe
(table no.8) . Nitrogen fertilizers increased mean yield by
6,0 g/ha,highest yieds (average by station )achieved being
8.1 g/ba,

From the analysed investigations as well as from other
gtudies it apears that in the steppes,with high sumesr tempera-
tures and a deficlent rainfall regime,high and economic yield
gains in soybean crops may be obtained only under ireigatien.

Referring to fertilizer rates,we consider that they must
not exceéd %0 -~ 51 kg/ha when no irrigation is applied and
fo = 70 kg/ha under irrigation; phosphorus rate must be in good
agroement with nitrogen,i,e.21tl or ¢,7:1 N:P in non-irrigated
crops and 120,7 or l:l N:P under irrigation,

It is generally net recoemmended to use excessive nitro-
gen rates,especlally when biological fertilization by bacterial
seed treatment is used.(Table ne.9).

The investigationa undertaken by Bilan and co-workors
with dofferent Rhizobium strains proved that in this way high
yields simultaneeusly with yield gainsg coult be ebtained(Fig.5),

(table no.lo).
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From data shewn in table lo 1t appears that certain
types of Rhizobium (80-75) gave yleld gains,as compared to those

with no bacterial seed treatment ranging from 5.0 to 9,0 q/ha,
However,from investigations started these last yearas

it appears tha% in erder to exceed a certain yleld level,
bacterial seed treatment alone is not sufficient and nitrogen
fertiligzer should also be intribduced.

From this viewpoint 1t appears that a cemtain advan-
tage would be presented by top dressing after bacterial symbio-
sls was estabilighed,

A gerles eof aspects connected to soybean fertllizatien,
gsuch ast establilishment of utlilization coefficient of fertili-
ZOrs aoéording to application rate and method,interaction
between fertilizing elements and soil elementm,etc.,cannot be
elucidated by help eof classical methods.This is why , begining
with 1970,a series of trials were conducted at the Fundulea
Institute and it is tried te solve these problems by help of
fertilizers labelled with the 155 and 52p izotopea (table me.ll).

Thus,1it was found that different incorporation metheds
affect the way in which soybean plants uge fertilizers partiou~
larlyduring early development stages (table no.1l2),During thisg
atage,application of nitrogen fertilizer broadoast proved-
inferior to band application.Simultaneously with progress in
vegetation,the differences dlsappeared, ,

As distinguished from nitrogen uptake,phespherus uptake
from fertilizers is fawoured fertilizers(table ne.l3).

In 1971,a new trial was conducted 80 as %o investigate
interactien between fertlilization and bacterial seed btreatment,

The results are being prosessed (table ne.l4),
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Future investigations should be channeled so as to melve
certain matters correlated te fertilizer efficiency under in=-
tensive cropping.A besic field experimental programme to study
the effects and interactlens of innooulant,nitrogen and phes~
phorus fertilizer should be taken inte consideration,The most
important problems which can be studied in a coordonated pro-
gramme by using labelled fertilizers with stable and radioactlve
izotopes are rates,time,method eof application and source of
nitrogen and phosphomus under irrigated and nen-irrigated

conditions.
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Table no,l

Areas (in thousand ba) in the 1971 - 1975 perioed

B e D O A T B T T T e T T o T o L L I T o L S L o L T S L R N I N S T T e s e e oo T oRm e
Plant 1o

1971 1972 1973 1974 1975
Soybeans 161,5 186,5 231,5 271,5 301,5
Peas 87,5 90,5 90,45 89,5 75,5
Beans™) 92 75 78 81 84
B T S T S T o o e B B e Y T O D e R S e T T I e e T T T N I o A T N I s S S S R e s S T e e T

X) 9o these areas 1360 ha underssedsd corn crop has to be added.
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9.4 Origin of water yseq by soybean
crops and if's effect on yields

Byleld gfba Firiclilc 1062-1638
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Table nos 2

Effect of fertilizers on bean yields

Fundulea

Treatment Yield Difference
q/na qg/ha
Control 17,7 -
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Table noe3

Effect of fertilizers on bean yields obtained at

the Experiment Station Podu Iloaie -~ 1971

Yield Difference
Treatment q/ha q/ha
N, (Bg,) 12,6 -
N30 (Bgo) 14,8 2,2
N6O(P6O) 15’6 3’0
N90(P60) 15’5 299
D 5 % 1,2
Table nNoe

Effect of fertilizers on peag yields at the

Experiment Station Podu-Iloaie - 1971

ke v e = ot e e A s S0e2 SAmr Aae wer S0ir AN e e e v T Mt SN te Bem s SNS e\ ek b S Sit det e S B S SN A s e e fe S wemt e bt s wve
N N T T N N N T I T T NN T ST NN T S

Yield Difference
Preatment o/ha q/ha
i\To (P6O) 15’5 -
NSo (P60) 17,7 242
Heo (Pgo) 19,8 4,3
D 5 % 1,4
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Table no. &5

Effect of d-fertilizers on yields of Chippewa and
Yioleta varieties of soybean - 1970

R N I N R N I N N I N L S R R I s S L L ST I S T e R e e R I s SR T T s m s =,

Variety fxperiment , , R L
Stations N¥oPso N3oFso Yeofgo Ygofgo Average

ey e Ao weve o e et e ey wrw o e S B e St Smar ek o TYr T m e A Ay mant b AVE ry it SN T Sn Seer meee Fe T ot ATH Svw  ATY e Ath St et VAR S rer W A bk v MR s S e e e e e e S fom
RN I I T I I T S I N I T N T N N L I I I S T T N T o NN NSNS NSNS I ST mmm e

Turda 11,5 14,2 13,1 14,1 13,2

Albota 15,3 2040 19,4 20,7 18,9
Chippewa

Secuieni 13,0 13,6 15,8 11,1 13,4

Average 13,2 15,9 16,1 15,3 -

Turda 14,4 20,3 15,7 13,6 16,0

Albvota 16,2 21,9 22,6 24,40 21,2 .
Violeta

Secuieni 13,7 14,3 12,9 lo,6 12,9

Average 14,7 18,8 17,1 16,1 -
Average 13,9 17,3 16,6 15,7 -

P T T —
RN N N N N N N I N N N N L N T L S S I T N N T T L TN T T S I T I o TR SO E T aAoT T smEmm ==

Table noe. 6

Effect of N and P fertilizers on soybean yields at
the Experiment Station Tge Mureg ( Average

1969 ~ 1970)

T s —
R I N I I S N R T N S N T N N N T N N T TN SO TS o mTmNROoonNomn T SE S mwms

P205 N - kg/ha

kg/ha 0 50 loo 150 Average
O 13’2 16'8 18’2 19'0 16’8

40 14,6 16,9 18,0 20,0 17,4

Average 13,9 16,8 18,1 19,5 -
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Table no. 7

Effect of fertilizers on three soybean varietieg on a
redish brown foregt soll in the South-Romania

( g/hz )
' Chippewa Her it Mfandarin Average
Fertilizers 1966-1968 1966 ~ 1968 1966~1967
non s it non . . non . non .
irpigateqd rrigated  ;igioapeq 1TTIE206d jipipgpeq 1TTISBTEd  ;opgiogeq 1TTisated
Control 17,5 28,7 14,3 25,0 17,5 2644 16,4 26,47
P64~ 18,4 29,0 14’5 26,2 18’5 28,6 17,1 27’9
N64P64 21,1 32,8 16,5 28,9 21,3 31,2 19,6 30,5
N64P96 19,6 32,0 16,2 28,7 20,8 30,9 18,9 30,5
N48P64 21,5 31g2 17,1 27’4- 21,7 28,9 20,1 29,2
N48P64K60 22,2 31’9 17,7 28’4 21,8 31,1 20,6 30,4‘
N96P64 17,3 33,5 15,4 30,44 19,3 33,0 17,3 32,3
Averege 19,2 31,3 15,7 28,0 19,9 31,3 18,3 30,2
Difference - 12,1 - 12,3 - 11,4 - 11,9

o i et ha s S Ave e MY A poge S P %8 YT PO T e v v e M S A aem Mee Sk Sk A e meae et Lo A At M Aitu Ak whm Sy Fts g AT T A Y s Y A Y v e AR vy ST S T gy mn W e sy S S Sy G bt 4y ST 4000 s St S TR MY VY 0% mrve S v wvv st ST ST 7YY £ S PN St MW e rmre T ewm Teb et S mear sy wn o
T T T N N ST T T T T N T T L N N N N R N N R L L N N L R S N S R N N e S N N N N L R NN I I R N T T T T e T e e S SRS s IR ERE s Em T



Table no. 8

EBffects of ¥ P X fertilizastion on average yilield of
irrigeted soybean (g/ha)

M it e ek e S v s e At i S ot i it e Ty ST TS T e Yew e AR YR YR S e S FIUS BVY Mok M sk Beb £TV7 e Sub il e mmk Tum M S Sen As ba Shm MR ner ke el S s e oo o S miar Shnd eay AR v by v Sy T T S Py ST M W Aoy AV b [T P A e S0 Mk S S A AN T SO ek el e ean e o e T s e
L N T T N O N T T L T T T I N N S N N N N N N N N N N I N T N N S S N N N e T N L S L S T S N N T N e e L T T T N I T N N I T N NSNS s s s s oS

Rate of Steppe Z one FPorest-stenppe zZ one

I :
kg/ha PX -~-rate PX~1rate Average

P K, PpK, PgK, Pg.Kg, Average PK, PpoK, Pg K, PgKg, 4Average

0 15,9 1549 15,6 15,8 15,8 21,2 21,1 20,8 20,6 20,9 18,4
4o 19,0 18,9 18,3 18,9 18,8 22,9 23,1 23,2 23,0 23,1 21,0
80 20’5 20,’8 20’3 20,8 20’6 24’4 24’3 24-’5 24’0 24’3 22,5
120 22,3 22,6 21,6 21,9 22,1 24,8 25,1 25,2 24,7 25,0 23,6
160 23,0 23,7 23,3 22,9 23,2 25,3 25,6 25,7 25,7 25,6 24,4

Average 20,2 20,4 19,8 20,1l - 23,7 23,8 23,9 23,6 - -

£ T rr Gtm W vw S e YER SE s BAG G G Amw MG SO SUV MMM MG Mai S MR SEE dne SHSC b SAS dmd gty St At oy e e e e SIS A TIT ST v T e Sy et e ok ¥ mma T Saar oo mar 4o M e VAR Ath Bew it Aeis sis AL S e ¢ Te = o Eyw AAE ey T g T W AT P e YT B YA WER SRS YD YN NS B S e Soh e i e S e WA pes s M
P S N R S R N N N L R S S R N s T S SR S RS R T I L S N O N S L N N R S N N N N T S N N S N N L N S e T O e T I T I N T SR T TN SR mEsSTEEm msnEmEnsEs



Table no« 9

Effect of soybean geed treatment with
nodulating bacteria on yields, under irrigation

(g/ha) (average of 5 locations)

B I N N T N N S N R T L S N T T S O T S s T T S S N N T T S S N S N e
Pertilizer ’ Seed
treatments treatment
No bacterial Bacterial
treatment geed treetment

N0P5o 19,8 24,8
NBOPSO 22’0 25’4‘
N60P50 23,3 25,1
N90P50 23,8 24,7
Average g/ha 22,2 25,0

% loo,o 112,6

M s S v iy Sm oy o g S0 M St EOE mow S Mt e o R oy v S g Seed Dy et dmar A A At i e A g v S n Sut B hove St e g one P et Mo o M ot S puey B s o S e gt
— N NS T N NN T T NN T TS n ETmnsTaron oSN TSN nn s
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Fg.5  Influence of sced #reatrmant with Mitragzen om irrisaied
505:‘2{:@*7 _yfe/ds. o P
: (overage v 3 yaars in 7 i:0ai0ns)

yield g Jha

A

5
/:24,3
’ 23,9 e 73,6
239
23
22
A
% 20,6 unireated
o
grem 75 3 &0
o; bacfer? % w 6
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Table noe. lo

Bffect of soybean seed treatment with different
gtrains of Rhizobium japonicum on yields,
in different locations (on a 40 kg/ha
P205 backgraund) - 1970

£ S0 e 200 2o W e Y Sy e S i i W S P o At S S D T S mt e STU Tee S e AUR S D TN wEY MR T L sy A Sk Y A e Tt T2 AP PR TP TUR o E TS JER vy SIS ST S YR M SUT DA AT su M A S STV ik e Sase
SERE= = ==ES === R NN SN NSNSl EINENSEIRCsSEEST oSSR TR =

Dohangia Oltenita Dalga
Treatment Alluvial soil Alluvial soil Brown chernozem soil
- irrigated - =~ irrigated -~ - un irrigated -~
Yield Dif. Yield Dif. Yield Dif.
q/ha q/ha q/ha

I S0 N% SR e Wt s S G NS TS M TR VAL TES S SYE Tep AR A AN AL Gea 0L ey S W S TS S ST v AN Ve M e S S SULR st AVE AR el n S A S U A Bk Y T AN ekl e o erad i Y ey AT SO o SN Yo S s st A wom &
R R S R S N R T S S N N S e T N e s R R N N S S S T N e S TS s ST EE e m T s o TSR sReEamTm s xess

No bacterial geed

treatment - N 24,3 = 18,5 - 13,0 -

¥No bacterial seed

treatnont + K 2315 1,2 21,0 2,5 17,8 4,8
SO -~ 69 27,2 2,9 23,3 4,8 17,5 4,5
50 - 75 29,3 5,0 28,4 -9,9 20,0 7,0
50 - 97 29,5 552 22,6 4,1 19,8 6,8
S0 - 146 30,5 6,2 25,7 ~=T,2 18,5 555
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1970 EXPERIVEHT WITH ~-H and

Table no. 11

2p

Rate, time and method of application of fertilizers

g R D D e R -
R N T N I S T N N N N T SIS

At sgeeding During the

tine vegetation

N P205 periode (i)
o o -
3o™ 6o™ -
30" 60™ -
30% 6o* -
o 60> 30%
60™ 6o -
90™ 60% -
120% 6o™ -

g bt i oG g pireh e e e o g e g o]

Kethod of
application

e e St o At e A S fp o T Yo e B o e e Sere A% A rase e Be% T
i agep A S et e g

Broadcasted

N and P, mixed in band

N and P Separated in band
In band

¥ and P mixed in band

N and P mixed in band

N and P mixed in band
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Table noe 12

#ffect of N and P fertilizers application method on N-uptake from fertilizers

mhnn ot o0t s e ot s 4047 SVY VT Poe e TV v Ay ot e Sk e il g S P T Sr Vrh Svd SR VI brve o o AL i St it S iad s i LAS A e BV i vt v S S0t % SE TRt /ey £ A Y Sy e e o o e o by M A e M St S tvd et S e A8 e e Ay ek it bl Y% Sad e o Wit S8 pon S oty e e e it e A i e

v First yileld Second yield Final yield
{ethod of 4
application w— 15eVIe~ _ - JoVIII.- _ - Graing -~
% N of whigh % N of which 2 N of Which
(30 kg ¥ + 60 kg P,05) in % 1 in % N from in % N from
plants from plantg fertilizex grains fertilizer
fertilizer
Broadcasting 3,14 14,6 2400 13,3 4466 lo,7
Mixed bandsg 3,13 28,9 2slo 12,3 4,95 8,1
Wand F in soparated 3,36 26,0 2,11 12,4 4,75 7,8
N applied in period 2,98 - 2,03 21,2 4,82 12,4

of vegetation

et e e e o et e v s T o T T T T S AN X S AR ST N T SN D A U A I U e AN S T A T nm T A N o me i I DD S N A o I TN D Sn S ST IS A I I T e v s oes e am mm e T o oo i e St T I o S DS T T I T e e e R o A o o= e
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Effect of ¥ and P fertilizers application method on the P

ey ot e ot P o et o S Yt Ao = S T . pw ey v R e e

T T pa——

uptake from fertilizer

Table nos 13

Pirst yield Second yield

AN
Final vield

. - ]_SOVI. — 10« VITT o= - (Graing -

Method of application 5 F,0;  of which % P05 of Which % F,U0;  of which
u o] e oz
(30 kg X + 60 kg P205 in % P205 in % PZOS in b P205
plants from plants from grains from
fertilizer fertilizer fertilizer
Broad casting 0,746 1,5 0,660 s 4 1,67 359
Mixed bands 0,750 27,0 0,682 15,4 1,C0 9,0
N and P in égeparated 0,750 13,0 0,671 Ty 7T 1,61 6,5
bands

N applied in period of 0,752 14,1 0,690 9,5 1,60 6,3

vegebtation

- ot i Bt e A e Sk e ot e ey T b ey A A Tt T T B i P T Ty = o ay VI PE ek hrm ans M To Mk TEY N S e PO S e vy B e Mk A PLIS ok Mot bond i maoe Moy A e e e S mm et s M S T S o Ay i Ties s ey ov g wme BT TN G vt STV S Wew Arw s s SN da As oie Do o



Table nos. 14

1971 EXPERIVENT WITH ‘7N and -°P

with bacterial treatment

e i swct Tt e b it e ¥ Aot o = Yt e ¥ S e i Th may i S T YA Ty T S e v Ehe e ek S e e e Y e A e St tmm e A e e A et ol o w Evm A e oS Mo Aa Poe hay e oA e s e
NN NN I N N T NN N I O T T S T L L T S T I N T N T N s NN NN SRR

4t seeding Duri?g the Liethod of
time ;ziigit%g? application

it P205

30% 8o%* - Nand P broadcasted

60* 8o* - "I and P broadcasted

9c* 8o% - § and P broadcasted

30% 8o™ - N and P mixed in band

60~ 80~ - N and P mixed in band

90~ 80> - ¥ and P mixed in band

30> 8o% 30 30 K and 80 P broadcasted
30 ¥ in band

307 80% 30% 30 ¥ and 8o P broadcasted
30% # in band

30° 8o* 6o 30 N and 8o P broadcasted, 6o N

mixed in band
30 8o™ 6o* 30 Il and 8o P broadcasted, 60°N
in bhand
o bacterial ftreatment
o 8o - In band
60™ 80% - N and P btroadcasted
ol 8o* 60* In band

x) labelled N and P fertilizers — ~°H, -°P
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THE EFFECT OF NITROGEN AND SULPHUR TREATMENTS ON
PHOSPHORUS ABSORPTION AND YIELD OF GROUNDNUTS ON SOILS
OF SANDSTONE ORIGIN

By C.S. Ofori

Soil Research Institute, Kumasi, Ghana

Abstract

Sulphur and nitrogen application together with phosphate fertilizer
to groundnut crop grown on a soil of sandstone origin with a short fallow
period showed no influence on phosphate absorption of the crop. Increas-
ing rates of combined nitrogen application to groundnuts increased the
proportion of combined nitrogen in the harvest but showed no significant
difference in total nitrogen absorbed by the crop. The proportion of the

combined nitrogen to total at the time of flowering reduced considerably

at the stage of maturity.

Groundnut cultivation in West Africa hes been predominantly on
the sandy to loamy sendy soils in the savannah belt., These soils are
mostly of low inherent fertility and are deficient in nutrients
especially phosphorus. Nitrogen and Sulphur are also known to limit

crop yields considerably.

The importance of phosphorus im the production of groundnuts in
West Africe is shown by its proportion in the fertilizer formulag in / 27
these countries. Nye (1952), and Stephens (1960) obtained results which
showed considerable yield incregses of the crop in Northem Ghana by
applying 1 cwt. per scre of single superphosphate. Recent results from
extensive trials by Djokoto (1969) showed responses to phosphate to range
from 40 to over 50 per cent when the fertiliger was applied at rates of
20 and 40 1b P205 per acre., Goldsworthy and Heathcote (1963) in Nigeria
obtained large yield increases by applying half that quantity. Evelyn
and Thornton (1964) also obtained similar results in the Gembia through

the application of single super phosphate coupledl with potash. Fertiliger
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recommendations in most of Senegal, the second largest groundnut producer
in Africa,are based on this large proportion of phosphorus in the
formular. In the Gembia, Ashrif et. el. (1962) also stressed the impor-
tance of this nutrient in the recommended formular.

Sulphur deficiency has been reported in a number of experiments

in the groundnut growing belt of West Africa (Greenwood (1954); Bockelee-
Morvan (1960) I.R.H.0. (1956); Stephens (1960).

This augmented the use of sulpbur containing fertilizers as the
nitrogen source generally. In some of the localities in Ghang however,
results obtained on soils developed over the same parent material were
not always consistent (Stephens 1961, Nye 1951) probably as a result of
intensity of land use and menagement., There is also an indication that
the rest-period of the land prior to cultivation may have an effect,

Soils of granite origin in the groundnut belt of northern Ghana
are exhaustively cropped and nitrogen, phosphate and sulphur have been
found essential for good crop yields. Nitrogen as "Starter dose" has
often been applied to the crop. Results from 149 trials conducted in
the savannah areas of Ghana by Djokoto (1969) showed an average increase
of 12,9 per cent in Kemel yield when 10 1bs N per acre was applied.
However, further investigations are required to establish the direct
effects of nitrogen and sulphur on the crop on these soils. Furthermore,
it is not very clear whether these nutrients directly enhance the effi-
ciency of phosphorus uptake by the plant since the latter occupies a key
position in the nutrition of groundnuts and legumes in general.

Resulis of field experiments using radio-active fertilizers
containing le, P32 and 335

sandstone are presented in this paper.

on groundnuts grown on soils developed over

Material and Method

Ejura series (Ghana nomenclature), a well dreined upland soil
consisting of dark brown to brown sandy topsoil over orange-brown sasndy
clays or clayey sands was chosen for the field experiment.

The chemical analysis of a sample from the experimental site is
shown in the table below (Table 4A) and the rainfall dete in table 1B,
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Table 1A. Soil chemical enalysis. (0-15 cm depth)
(Bjura Series)

me/100g oven-dry soil Kz/ha
P(CBC)} Ca | Mg | Mn | X| Na| % C{ EN{% Org M| o/N P205

606 2085 2-10 .22 001 0.- .07 056 0028 _°96 20 55

pH

The experimental site had been under elephant grass (Pennisetum
purpureum) fallow for 2 years., The level of phosphorus (determined by
Bray's f"1 method) was much higher then the average found in this soil.
series. The msize crop which was grown there previously might have
received some amount of phosphete fextilizer application.

Table 1B. Rainfall data: September 1969-January 1970

¥on th Septembe r |October [November | December | Jenuary
Rainfall (in) 3.39 13.21 3461 0.06 0.39
Mean for ‘!4-5 years 8.16 8078 3.18 0.87 0051

The experiment consisted of 8 treatments laid out in a randomized
block and replicated 4 times. A plot consisted of 5 rows of 2.40 m, in
length. Distance between rows was 0.60 m. Plot width was therefore
3,00 m. and area of plot was 7.20m2. Trestments are shown in Table 2,

Phosphate was applied as labelled triple superphosphate (50%
P205). Potassium treatment was omitted as from previous experiments
groundnuts showed no response to this nutrient on this as well as many
other soil series in the country.

Experimental area was ploughed and harrowed and groundnuts planted
on the flat without ridging, Planting distance within row was 15 om.
with 2 seeds per bhole; placed about 1 cm apart. Between rows planting
distance was 0,60 m, Fertilizers were applied mixed and broasdcast
evenly in a groove of 6 cm. depth and 10 cm. in width and covered with
soil gbout 2.0 om thickness. The groundnut seeds were then placed on
this 8soil layer and completely covered with soil. Groundnut veriety
"Kuomawi® was planted, a local widely cultivated variety of medium kernel
size. Plants were sampled about 4 days after flowering from the row
receiving the radic active fertilizers for laboratory analysis. At

harvest, three rows in each treatment were used for yield estimation,
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Total and radiocactive phosphorus values were determined after
ashing in an oven. Ammonium vanadste-molybdate method was used for the
2
total phosphorus whilst the liquid G.M. Counter was used in P3 counting.

Source N-Pertilizer P-Fertilizer
(0~50-0)
A None - -
B None - 50
¢ (NH#) 2304 30 Kg/ha (S labelled) 50
D co(rmz)2 30 Kg/ha labelled 50
E CO(NHZ) 5 30 Kg/ha unlabelled 50‘
F CO(NHZ) 2 30 Kg/ha unlabelled 50
G CO(NH2)2 15 Ke/ha labelled 50

*In trestment P. an equivalent amount of S in sulphate of ammonie(treat~
ment C) was added in the form of sodium sulphate (Na2 304)'

335
ground plant material was taken in each case and the standard prepared

by adding a known quantity of labelled Nazs% solution to a non-

was detemmined using end window counting., One gramme of

redioactive plant material thoroughly mixed, and dried in an oven at
about 100°C. till the sample was well dried.

RESULTS

Dry Forage yield

At flowering, nitrogen and phosphate together increased the yield
of dry forage but phosphate alone gave a slight depression in yield,
Increases in yield with urea as the nitrogen source were not significsnt
at the 5% level. Addition of sodium sulphate to 30 kg/he N as urea
lowered the nitrogen effect slightly. However, reducing the nitrogen
rete to half, identical yield effect was obtained as the higher nitrogen
rate applied together with sulphur,

The negative effect of the fertilizers on yield might have been
due largely to the unfavourable amount of rainfall during the early
growth of the crop. The crop was planted on 18th September, and the
recorded rainfall for that particular month was only 42 per cent of the
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average for 45 years. This would be particular true of the phosphate
effect which was shown to be negative at the time of flowering but

showed increase in haulm yleld at maturity.

Application of 30 kg/ha as sulphate of ammonia with 50 kg/ha
17'205 gave the highest increase in yield; the increase being signifi-
cant at the 5% level compared with the control and phosphate treatment.

Nitrogen and phosphate application increased the haulm yield at
harvest but these increases were not significant. The most effective
treatment was the phosphate which resulted in an increase of 21,5 per
cent. Nitrogen applied as ammonium sulphate was as effective as urea
applied at equivalent rate with addition of corresponding amount of
sulphur. With sulphur addition the yield in the urea treatment was
s8lightly depressed by 2 per cent at equivalent nitrogen level. The
effect of phosphate Wwas reduced by 16.9 per cent when nitrogen was
applied at 15 kg/ha.

Per cent P205

% P205 values in forage at flowering Were higher in treatments
with phosphates than in the control; the differences being significant
at the 5% level. Source of nitrogen had no significant effect on these
values. However, nitrogen application lowered the 1?2'05 content as a
result of forage yield increase., Application of sulphur together with
urea resulited in an increase of only 2.1 per cent in the P 0_ content

25
compared with corresponding urea treatment without sulphur,

With the nitrogen rate reduced to 15 kg/ha, the % P205 increased
by 9.5 per cent over the urea treatment with sulphur even though the

forage yield remained unaffected.

Phosphate application significantly increased per cent P205 at
the 5% level in the forsge at maturity. Both sulphate of ammonia and
urea applied together with sodium sulphate reduced the P205 value comw
pared with an equivalent rate of nitrogen as urea without sulphur

addition. Differences due to nitrogen source was not signifiocant,

Per cent N

Application of combined nitrogen to the cxop resulted in a slight
increase in % N which did not reach statistical significamce, There was no
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Toble 3. The effect of treatment on forage yield, and amount of P and N present

Treatment kg
Nutrient/ha

1. (=)

2, 50 kg/ba P,0,

3, 30 kg N 4 50 kg
PO, (NH,),80,

Lo 30 kg N 4 50 kg
9205 GO(NH2)2

5¢ 30 kg N 4 50 kg
P205+ 355 kg 8

P205 00(NH2)2

S.E.

LQSOD.

Plants sampled at flowering

Dry wt/10
plants

(8)

52.7
4B.9

71.6
66.3

5747

575

543
15.8

% PO,

0.342
0.572

0.483
0.484
049

0,541

0.059
0.128

%N

2.36
2.39

2,49

2.48

2.55

2.45

0.123

N.S.

PO/

Ratio

0.145

0,239

0,194

0.195

0.193

0.221

Dry forage
yield

Kg/ha

1946
2365

2302
2341
2295

1965

67
NS

Plants at maturity

% P205 % N
0.370 1.81
0.478 2,32
04455 1.95
04490 2,03
04453 2,09
0.475 1.87
0,02 0,18
0,073 NS

on 5/n

Ratio

00204
0.206

0.233
0.241

0.217

0.254



difference in the % N due to source of nitrogen. The ratio of P205/N
remgined essentirlly the same at the same level of nutrient application,

independent of source of nitrogen or addition of sulphur,

Utilization of P205 from Fertilizer Source.

Fertilizer phosphorus absorption increased considerably with the
application of nitrogen. An increase in the mte of N application from
15 to 30 kg/ha resulted in an increase of 6.6% in the P205 derived from
fertilizer source. Sulphur addition to urea increased % P205 derived
from fertilizer only slightly.

Teble 4. % P205 derived from fertilizer

Treatment kg/ha % 9205 d.f, fertiliszer
1. (=) -
2, 50 kg/he PO, 27.8
3. 30 kg N 450 kg P205 (NHA) 2504 1,9
be 30 kg N 4 50 kg 19205 co(NH?_)z_ 38.9
5. 30 kg N 4 50 kgP2°5 + 355 kg 8
(co(n,), 40k
6. 15 kg N 4 50 kg P205 (co(mq‘z)2 32.3
SoEo : 15-03
LoS.Do (P = 0.05) N.SO

Effect of treatment on yield of groundnuts

Diff'erences due to treatmént were very small and not significant.
A slight increase of 6 and 7.4 per cent was obtained in pod and Kemsl
yield respectively when sulphur was added to urea. Application of
fertilizer nitrogen increased neither kemel nor pod yield. The generml
depression in yield in the fertilizer treatments could be explained by
the dry weather at the time of planting and this most probably induced
fertilizer toxieity on such a sandy soil.
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Table 5, Fertilizer effect on groundnut yield
(Bjura Soil Series)(Kg/hs)

Treatment (Kg/ha) Pod Yield | Kemel
50 kg/ha P205 1544 870
50 kg N 4 50 kg P205 (NHh)zsoa 1549 877
30 kg N ¢ 50 kg P205 CO(NH2)2 1562 ' 847
30 kg N 4 50 kg P2°5 + (35.5 Kg s8) 1669 910
15 kg N 4 50 kg PO, 147 815
( - ) 1877 1155
L.S.D. (P = 0,05) N.S. NoSe

Per cent N derived from fertiliszer

Combined nitrogen was actively absorbed by the groundnut crop and
was as high as 30 per cent of the total nitrogen at flowering when 30 kg
N per ha. was applied. Reducing the rate of application to half, the per
cent nitrogen derived from fertilizer correspondingly reduced, There was
a sharp reduction of the proportion of combined nitrogen in the leaves at
the time of harvest. This reduction was as high as 75 per cent of the
value at flowering, The distribution of the combined nitrogen between
leaves and husk at the time of harvest seemed to be very similar; the
per cent nitrogen from fertilizer source being only slightly higher in
the forage than in the husk.

Table 6. % N derived from fertilizer

Treatment Forage Husk
Kg Nutrient/ha Flowering Harvest Flowering Harvest
1. 30 kg N » 50 kg P205 30.0 73k - 633

Per cent Sulphur in dry forage.

Application of Sulphur had no significant effect on the per cent
sulphur in the forage; although treatments receiving this nutrient showed
e slight increase. The sulpbur derived from the fertilizer source was as
high as 38 per cent of the total in the harvested forage.
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Table 7. % S in dry forage at harvest

Treatment kg/bha % S % 5 def.fe
L

1. 30 kg N 4 50 kg PO (NH,),80,"  0.1720 38.6

2. 30 kg N 450 kg p205 GO(NHZ) 0 0.,1677

3. 30 kg N 4 50 kg P205 4 3505 kg 8 0,1716

Le 15 kg 4 50 kg P205 0,1604

# Sulphur in ammonium sulphate labelled.,

Discussion

With few exceptions the response of groundnuts to phosphate
fertilizers in the savannah areas in Ghang has been high as confirmed

by recent extensive trials carried out by Djokoto (1969). Lack of
response in the present experiment might be due largely to fertilizer
toxicity on such a sandy soil under unfavourable weather condition. Thus
the haulm yield was depressed at time of flowering when the weather was
severest but increased by 21 per cent at harvest, Nevertheless kemmel
yield was adversely affected. Stephens (1961) obtained a significant

yield increase due to phosphate application on groundnuts on this soil
series in the same locality. The site had been under grass fallow for

many years. FPhosphate level of the Ejura Series is usually not as high
as was found in the soil analysis in the present experiment; and this
might be due to a previous fertilizer application. The response to this
nutrient might,therefore, not have been high under favourable weather
conditions,

Phosphate application significantly increased the per cent P205

in haulm even though the increase in yield was not significant. This
may be important in the fertilization of forage legumes. Thorton (1964)
also observed a significant increase in phosphorus content when phog-
phate fertilizer was applied to groundnuts. However, addition of
nitrogen and sulphur did not significantly affect the per cent P205,
probably because of lack of significant yield response to these two
nutrients,

Per cent phosphorus derived from fertilizer source was alove 30%
at the time of flowering., Thomton (1964) observed a very low recovery
of fertilizer P from a groundnut crop. This result might probabliy be
due to the method of fertilizer application. The groundnut plent
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rapildly develops a long radicle after gemnination., 3But the sctive absor-
bing rootlets are concentrated near to the cotyledons at the initial
stages. Fertilizer placed in this region is therefore, actively absorbed.
Thus Ofori (1965) using radiosctive phosphate showed that fertiliger
placement below groundnut seed gave the best result compared with banding
to the side or brosdecasting. On the other hand Burkhart and Collins

(1941) observed that the degree of nodulation appeared to be an important
factor in the utilization of phosphates by the peanut plant, Contradictory
results might therefore, be explained by one or a combination of thease

various.factors.

Nitrogen application increased the proportion of phosphorus derived
from fertilizer source. However, these increases were not significant.
The small increases in per cent P205 when sulphate of emmonium was applied
a8 compared with urea and an equivalent amount of sulphur, would suggest a
slight superiority of the ammonium nitrogen source, even in the legume
orop, as has been observed in many experiments with cereals,

Sulphur did not seem to be deficient in the soil and thus the
yield of the groundnut crop in this experiment was not significantly
affected. At flowering the addition of this nutrient to urea slightly
reduced the yield of the forage. At maturity a slight increase in both
pod and forage yields was obtained. The lack of effect of this nutrient
might be partly due to the comparatively high rate at which it was
applied, In another experiment with groundnuts on the same soil series
and in the ssme locality, Ofori (1970), obtained an increase in forage
vield with 15 kg §/ha whilst double that rate reduced it considerably.
In many experiments on the groundnut crop in West Africa, sulphur has
been found beneficial and its application either as ammonium sulphate
or single super phosphate greatly increased crop yield (Stephens 1960;
Greenwood (1954); Bockelee-Morvan (1966); I.R.H.0. (1956). HMost of
these responses were obtained on very intensively cropped soils where
the fertility status had decreased to a low level,

Sulphur addition even though ineffective on yield, increased the
per cent S in the forage. This could be of immense benefit to the live-
stock industry whereby some of the sulphur containing amino acids in the
legume forage might be increased even though increase in forage yield
might not occur.

Nitrogen did not give any significant response with kemel or
hsulm yield at maturity. However, the effect of sulphate of ammonia at
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flowering was significant. Stephens (1960) reported a highly signifi-
cant response of the crop to sulphate of ammonia on the same soil series,
Djokoto (1969) obtained an average of 13 per cent increase in kemel
yield over extensive savannah areas in Ghana by applying 10 1bs N per
acre. Since there was no inocculation with rhizobia in any of these
experiments, this effect might possibly be due to ineffective symbiotic

fixation. However, this would need further investigation.

The soil in the present experiment showed a very high carbon-
nitrogen ratio of 20; an evidence of the short rest under grass fallow.
Some degree of response to nitrogen was therefore expected. A possible
explanation of the lack of response might be that with the adequate
phosphate level, conditions for the nitrogen fixation were favourable
and the plants quickly had sufficient nitrogen supply. PRield
observations showed that the plants in the non-nitrogen treatments
were pale for about two weeks after gemination., In the third week,
all plots were looking green showing no colour difference between
nitrogen and plots without this nutrient. Albrecht and McCalla (1937)
suggested that dressings of phosphate on legumes might greatly increase
fixation of nitrogen as this nutrient stimulates root growth. Iudecke
(1941) also observed that the rate of nitrogen fixation per gramme of
nodule was greatly increased by phosphorus. It would,therefore, Seem
probebly that soils adequately supplied with phosphorus might not
require much combined nitrogen on groundnuts provided other conditions

are Pavourable for active nitrogen fixation,

Some of the results obtained on groundnuts in West Africa showed
the existance of a positive interaction between sulphur and nitrogen
(I.R.H.0, (1956). Anderson and Spencer (1950) working with subterannean
clover, also obtained interaction between sulphur and combined nitrogen,
But this interaction was found only when nitrogen fixation was impaired
by molybdenum deficiency. As already stated elsewhere, it would seem
that nitrogen fixation was adequate hence combined nitrogen did not

increase crop yield,

The higher per cent of fertiligzer nitrogen recovered in the
forage at flowering showed that combined nitrogen was actively absorbed
by the groundnut crop. When the nitrogen rate was reduced to half, the
per cent nitrogen derived from fertilizer source was proportionately
reduced, This showed clearly that the nitrogen fixation was decreased

with increasing rates of combined nitrogen application, On soils without

193



favourable conditions for repid nitrogen fixstion,therefore, sufficient
combined nitrogen would be required if the legume crop is to establish
properly. Using labelled nitrogen, Allos and Bartholomew (1955), also
showed the same relationship between nitrogen fixation in legumes and

combined nitrogen application.

The per cent nitrogen derived from fertilizer source reduced
considerably with maturity. At harvest only 25 per cent of the value
found at flowering stage was in the haulm. However, there was no
significant change in the total nitrogen. Again this confirmed an
active nitrogen fixation even though combined nitrogen was applied at
30 kg N per ha,

The very close values of fertilizer nitrogen found at maturiiy
in both haulm and husk in such a crop as a legume were Worth noting;
since per cent total nitrogen in the hsulm at harvest was much higher
than in the husk. PFurther work on the distribution of combined nitrogen

in a grain legume such as groundnut could be of much value.
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ABSTRACT

. 1
A sand culture experiment on beans and clover using 5N labelled
NH4+ and NO3' nitrogen solutions showed no detectable symbiotic fixation
+

of nitrogen in the presence of NH4 and NO3' nitrogen respectively -

perhaps due to too short a growth period (4 weeks).

A field experiment on the same crops using 15N labelled fertilizers
showed that the application of N fertilizers did not inhibit the symbiotic
fixation of N. PFertilizer N was utilized more efficiently when top dressed
at flowering than when applied at seeding. There was no yield response
to N.

Introduction

In agricultural practice, nitrogen fertilization of legume crops is

rather an exception than a rule.

It is generally accepted that applications of nitrogen fertilizers

may reduce the extent of symbiotic nitrogen fixation of root nodules.
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Little is known about the nature of this "inhibiting" effect, i.e.
whether the reduction of symbiotic fixation by fertilizer nitrogen is
due to absence of nodules, ineffective nodules, the chemical nature of

the nitrogen fertilizer, the timing of the applications etc.

In order to answer the question: "What is the effect of chemical
nature of nitrogen fertilizer on symbiotic N fixation'", a sand culture

15

experiment uging ~“N labelled nitrate and ammonium solutions, was carried
out. In field and pot experiments it is not possible to ensure a con-
tinuous supply of either NOB— or NH4+ ions, since nitrification reactions

are likely to transform part or all NH4+ into NO3-. The solution to the
qgquestion: "What is the effect of nitrogen fertilizer on the magnitude of
symbiotic K fixation under field conditions",requires an independant
direct estimation of soil N supply, symbiotic N supply and fertilizer N
supply. The use of 15N labelled fertilizer enables an estimation of

the sum of soil N and symbiotic N supply. If it is assumed that ferti-
lizer nitrogen effects symbiotic N fixation, but not the rate of soil N
supply, any change in amount of soil + symbiotic N induced by nitrogen
fertilizer applications, could be interpretated as a change in symbiotic
N fixation only. This approach was used for two field experiments with

beans and clover respectively.

Sandculture Experiment

The objective of the experiment was to study the extent of
symbiotic N fixation by clover and bemns, as affected by the nature
of the nitrogen source (NH4+ or NOB)'

Absence and presence of inocculum were taken as additional treat-
ments. The composition of the nutrient solutions has been given in
Table 1.

Concentrated stock golutions were made from which 25 1 culture

solutions were prepared daily. The pH was adjusted to 6.8.
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TABLE 1

Composition of Nutrient Solution (1 % 5% atom excess).

NH4+ Solution NO3 Solution
w, ¥ 3.5 me NO.,~ 3.5 me
4 L] 3 L]
+
X 1.5 me H2P04' 1.5 me
Mg++ 1.5 me SO4" 1.5 me
catt 2.0 me Kt 1.5 me
50," 7.0 me Mgt* 1.5 me
HyPO,' 1.5 me ca*tt 3.5 me

+ NaOH to make pH 6.8

micro nutrients in ppm: Fe 2.8; Cu 0.0032; Zn 0,032; Mn 0.275;

Mo 04024; B 0,165.

The solutions were supplied to pots containing about 1.5 kg
sterilized sand, at a rate of 1 drop/second. The pots were allowed
to drain freely. Inocculum was applied at the seeding of clover and

beans. The plants were harvested 4 weeks after germination.
Results

The growth and colour of the plants were excellent and identi-
cal for all treatments. Nodules were observed on the roots of phaseo-
lus for the NH," + inocculation treatment only. In the case of

4

cloveq’nodules were oObserved for all treatments.
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Table 2 lists the % N and % N derived from the nutrient solution

in phaseolus and trifolium that were found for the treatments.

TABLE

Results Sandculture Experiment.

Treatments Phaseodlus Trifolium
Source of N  Inocculation % N % Narct % w % narct
Ca(N0,), - 4.0 92 4.3 93

+ 3‘9 92 4-2 92
(NH4)2504 3.8 91 4.2 91

+ 4.2 94 4.4 88

+ % NAfC = % N in the plants derived from the culture solution.

The nitrogen contents were not affected by the nature of the
source. Also the % N in the plants that was derived from the nutrient

solution was remarkably constant.

If no symbiotic nitrogen would have been fixed, the nitrogen
from nutrient solution together with the original nitrogen in the

seed would have been the only sources.

It may be seen that 6 - 12 % N was derived from other sources
than the culture solution, which might have been symbiotic N and

seed N.

The nitrogen content of the dry plant material was of the order
of 4% and 3 - 4 g of dry matter were produced per pot. This re-
presents 120 — 160 mg N/pot in the above ground plant parts.
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B.

About 20 mg N were supplied with phaseolus seed and 25 mg with
trifolium. It is evident that in this case the 6 - 12 % N not
derived from the culture solution may well have been supplied by
nitrogen from the seeds. From the sand culture experiment it may
therefore be concluded that in the presence of NH4 and NO3 nitro-

gen, symbiotic N fixation either did not occur or was too low to be

detected with the technigue that was adopted. It may well be, of course,

that the growing period of 4 weeks was too small to enable detection

of symbiotic N fixation.

Pield Experiments.

The objective of the field experiments with clover and beans
was to study the effect of fertilizer nitrogen on symbiotic N fixa-
tion. The treatments included absence and presence of Rhizobium
inocculum and two times of application of N, i.e. a basic treatment

and a top dressing at flowering.

In order to determine the s0il 4+ symbiotic N supply in the
"absence" of nitrogen fertilizer, a small rate of nitrogen applica-
tion of 5 kg N/ha was included. It was assumed that such a low
rate of N application was unlikely to have a depressing effect on
any symbiotic N fixation. The actual nitrogen fertilizer applica-
tion was done with NaNO3 at a rate of 100 kg N/ha. The nitrate
supplied at a rate of 5 kg/ha was labelled with 20 % 15N atom excess,
whereas the nitrite applied at 100 k%/N/ha had 1 % 15N atom excess.

The experiments were arranged as split plots with inocculation
and absence of inocculation as main plots and the fertilizer - time
of application treatment combinations as sub plots. Each treat-

ment was replicated four times.

Phaseolus was seeded in rows 45 cm apart with 4 cm between
1
plants. Each subplot consisted of 7 rows, 2 m long. 5N labelled

NaNO, was applied to the centre row only, while the remaining rows

3

received non-labelled NaNO,. The whole experimental area received

3
100 kg P205/ha. as superphosphate and 100 kg K 0 as K,S0 both

4$
fertilizers applied prior to seeding.
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The inocculum was applied on the field as a suspension, after

germination of the seeds.

The trifolium was seeded as a broadcast application on treat-
ment subplots of 1.5 x 2 m. 15N labelled NaNO3 was applied as a
band, 0.5 m in width and 2.0 m in length, through the centre of the
plot.

The remaining plot area received non-labelled NaNO After

30

germination, inocculum was applied as a suspension.

Results

The observaiions relevant to the experiment have been listed
in Table III. No differencesiin bean yield were observed. The low
average yield for treatment 1007 = 0 was due to the very low yield

of some of the replications.

The nitrogen content of the beans was not affected by any
of the treatments. This seems to suggest that Rhizobium must have
been present in the soil of the experimental fields. Both yield
and N content of the treatments were identical to those of the con-
trol plots. In accordance with this assumption is the fact that
the % N in the plants derived from fertilizer was not affected by
inocculation treatment. It is obvious that the low application of
N resulted in a low and the high application of N in a high % ¥ in
the plant derived from fertilizer. It may be seen, however, that
the fraction of the fertilizer that was taken up by the crop was
not affected by the rate of application. For applications of §
and 100 kg N at seeding, 12 - 15 % of the fertilizer nitrogen was
taken up by the beans. When these applications were made at
flowering time, 22 - 28 % of the fertilizer were utilized, irrespec-

tive of rate of application.

In order to compare the amount of soil ¥ + sagymbiotic N

corresponding with each treatment, the A values were calculated

200



PABLE III - Results of Phaseolus Experiment (Field)

Treatments Inowuk~ Yield of 4 N % Nt % N AT Value
in kg N/ha tion beans in arf Fert. (kg N/ha)
ton/ha yield

Seeding Flowering

0 0 - 2.1 3.2 - - -
+ 2.3 3.1 - - -
5+ 0 - 2.2 3.2 0.8 12 748
+ 1.9 3.0 1.2 14 467
0 5* - 2.4 3.1 1.5 22 392
+ 2.4 3.1 1.9 28 270
100* 0 - 1.9 3.0 21.3 12 512
+ 1.8 3.1 27.5 15 462
0 100* - 2.1 3.1 36.0 23 180
+ 2.1 3.1 33.6 22 202
5t 100 - 2.2 3.2 0.8 12 622
+ 2.2 3.2 0.9 12 640
5 100" - 2.3 3.1 30.3 22 232
+ 2.2 3.2 28.9 20 255

+ labelled with 1oy ++ % NAff = % N in plant derived

from fertilizer.

for each plot. The last column of Table III. gives the means of
the A values. It is evident that inocculation had no effect on
the A value and therefore the mean of the fertilizer treatments
was calculated by bulking the data for presence and absence of

inocculation.

Table IV. shows the mean "A" values of phaseolus experiment.

Table IV. seems to suggest that differences in "A" value due
to rate of application are not significant. The differences due
to time of application are highly significant. This could mean that
rate of N application has little effect on the amount of nitrogen

available from symbiotic N fixation. However, when nitrogen is
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TABLE IV ~ Mean "A" Values of Phaseolus Experiment.

Treatment in kg N/ha

Seeding Flowering "A" Value in kg N/ha
5t 0 609 LSDat P = 0.05
100" 0 488 = 228
5t 100 631
5% 331 LSD at P = 0.05
100" 191 = 307
5 100" 244

*)abelled with T N.

applied as a fertilizer, the amount of N taken ﬁp from soil +
symbiotic fixed N is reduced, but the rate of supply of N from

soil + symbiotic N is not affected.

From Table 111 it is evident that much more fertilizer nitro-
gen is taken up from top dressing than from application at seeding.
The corresponding difference in "A" value due to this time effect
(Table IV) is understandable but difficult to interprete because
this difference may be due to several factors such as changes in
the intensity of N fixation, root development, changes in soil N

supply etc.
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TABLE V — Results of Trifolium Experiment (Field).

Treatments
kg N/ha
at seeding at flowering inocculation % NAff
5+ 0 + 0.1
5t 0 - 0.3
0 5t + 1.5
0 5t - 1.4
100" 0 + 0
100" 0 - 0
0 100* + 23.6
0 100* - 24.8
5+ 100 + 0.1
5+ 100 - 0
5 100" i 20.1
5 100" - 24.4
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TABLE VI

Mean "A" Value for Clover Experiment.

Treatments
in kg N/ha % N derived "A" Value
from fertilizer in kg/ha
Seeding Flowering
+

0 5 _ 1.5 330
0 100" 23.7 320
5 100" 22.3 360
Trifolium

The % NAff of the clover experiment is shown in Table V.
Due to the extremely dry spring, irrigation had to be given
continuously during germination of the crop.

This explains why the applications of NaNO, at seeding

3

failed to give any response. Apparently all NO3 had been leached
out of the rooting zone when the plants had established their

root system.

The "A" values that were determined for the tope.dressed
treatments (Table VI) confirm the findings of the bean experi-
ment: i.e. rate of N application had no effect on the availability

of soil + symbiotic N.

Conclusions

From the results of preliminary sandculture experiments with

beans, it can be concluded that root nodules developed

only when nitrogen was appliea in the NH, form. There was no indication

4

of any symbiotic fixation in the presence of abundant NH# supply during

a one month growing period.
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The field experiment with beans did not show any yield responses
to 100 kg N/ha. Although the N fertilizer is taken wp by the crop at
the expense of soil + symbiotic N, it can be inferred from the A"
values that the applications of N did not affect the availability of soil
+ gymbiotic N. This would mean that the process of symbiotic N fixation
ig not inhibited by N fertilization. The utilization of topdressed N
is higher than that of N applied at seeding. The experiments do not allow
for an interpretation of the drop in "A" value between seeding and flowering.
The experiment with trifolium failed to show any nitrogen uptake from the
application at seeding, due to removal of NO3 with irrigation water during
germination of the seeds. The "A" values found for topdressing confirm

the findings of the bean experiment.

HBroeshart/pe 11 May 1972
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1.

2.

CONCLUSIONS AND RECOMMENWDATIONS

Panel Objectives

(i) To advise on the potential for a research project 1o study how
fertilizer utilization by grain legume crops can be maximised
without losing any economic benefits from their nitrogen fixing

capacity,

(ii) Should such a programme be considered justified, to define its

scope and direction, and

(iii) To formulate draft proposals for implementing the project.

Conclusions

The information presented at the meeting led to the followirg con-

clusions:

(i) Grain legume crops such as beans, groundnut, soya beans, chick peas,
pigeon peas etc, have shown economic yield responses to the appli-
cation of phosphomis (50 - 80 kg PZOS/ha) and starter nitrogen
(10 - 30 kg ¥/ha).

(ii) Sometimes economic yield responses are obtained to heavier appli-
cations of nitrogen, e.g. in the acid soils of the humid tropics
(pulses — India, beans ~ Latin America, groundnuts — West
Africa), in areas newly planted fto legume crops and in some
areas where they are grown in rotation with non-leguminous
crops (soya bean — Romania, beans — Latin America), and under

conditions of intensive farming (soya bean — U.S.4.)
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(iii) Inoculation with effective nitrogen fixing strains of rhizobium
is often necessary for satisfactory grain legume production

though not always practiced,

(iv) Economic yield responses have also been obtained to potassium,

magnesium, sulphur, calcium, molybdenum, zinc and vanadium,

(v) Inadequate information is available on the value of nitrogen
applications later in the growth stage of legume crops and the
effect of such applications on nitrogen fixation, There is some
indication that late application, at flowering time, can increase

seed nitrogen content and yields (soya bean).

(vi) Inadequate information is available on how and when fertilizers

should be applied for maximum efficiency of utilization.

(vii) Under conditions suitable for rhizobium survival and activity,
nodule functioning and host plant growth, legume crops can derive
most, if not all, of their nitrogen requirements through fixation
of atmospheric nitrogen provided that an effective rhizobium
strain is present. If such conditions are not met (e.g. liming
materials may not be economically available for improving soil
reaction, innoculants may be ineffective), legume crops may

have to depend on fertilizer nitrogen for maximising production.

(viii) While recognising that higher grain production from legume crops
may involve a breeding and selection programme, it is considered
that from an immediate practical point of view the question of

efficient fertilizer practice merits serious studye

(ix) The tracer technique offers the most effective means of investigating

the fertilizer problems indicated above.

3. Recommendations

(i) The panel recommends that in view of economic yield responses obtained
to fertilizer application in various grain legume crops in different
regions of the world, a coordinated research programme be initiated

using tracers to study:
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(ii)

(iii)

(iv)

(v)

a) The impact of fertilizer application on nitrogen fixation,

b) Factors influencing the efficiency of fertilizer utilization

with particular reference to nitrogen and phosphate fertilizers.

The object of this study would be to see how maximum use could be
made of the nitrogen fixation process towards meeting the demands of
legume crops for nitrogen and how best fertilizer should be applied

when this is necessary.

The panel recommends that the choice of crops to be studied and the
countries participating be determined by the economic importance of
the crops to the respective countries - e.g. soya bean (glycine max)
in the East European region, broad bean (Vicia faba) in the Middle
East, groundnut (Arachis hypogaea) in West Africa, bean (Phaseolus
vulgaris) in Latin America, and chick pea (Cicer arietum) and pigeon
pea (Cajanus Cajan) in India,

The panel recommends a basic field experimental programme to study
the effects and interactiions of inoculant fertilizer nitrogen and

phosphorus.

In planning the experiments, the need for examining the following

factors should also be borne in mind:

a) Rates, time, method of application and source of N and P.
b) The effects of other nutrients on nitrogen fixation.

c) The effects of other cultural practices including irrigation, and

liming of acid soils.

Nodule observations on selected individual plants to be done as

indicated in the appendix.

The panel recommends that in addition to the usual data on soil
characteristics and climate (including meteorological data for evalu-
ating potential evapotranspiration), the following observations should

be made at each site:
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a) Maximum soil temperature at seed level daily for 7 to 10 days
from sowing - (desirable), for a further 7 to 10 days (desirable)

and then maximum weekly temperatures if possible.

b) Soil moisture measurements or at least observations at the same

positions and frequency as for soil iemperature.

(vi) The following microbiological observations should be made on se-

lected plots:
a) 1. Rhizobium counts in soil before and after sowing.

2. Rhizobium counts_in rhizosphere at late seedling stage -
+*

about 4 weeks

b) 1. Type of rhizobia in soil at sowing, and at late seedling
stage.

*
2. Type of rhizobia in rhizosphere at late seedling stage.)

)

3. Type of rhizobia in nodule at late seedling stage* s flower-

ing and mid-pod stage.

*) These measurements are essential for studying the establishment of
the inoculum in the soil and nodule.
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APPEEDTIX

Nodule Observations on Selected Individuwal Plants

t2 late seedling (about 4 weeks when nodules are clearly visible but
plants are not too large).

t, flowering

3
t4 middle pod
Time
Parameter
t2 t3 t4
Nodule number per plant
a) crown
b) laterals e d a
Nodule weight per plant d d d
Nodule N content P P P
Nodule struciure p D P
Nodule colour when sliced e a d
Acetyline reduction of d d d
whole or part of root

e = absolutely essential
d = desirable

P = possible
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