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Abstract:
Sixteen annual legume/cereal rotations plus an alternate crop-fallow control were arranged in a
randomized complete block design on an eroded field of Amsterdam var. of silt loam at Bozeman,
Montana.

Results obtained during the legume phase (1979-1980) of the rotations showed that high dry matter
yielding cultivars were Nungarin, 5268 Kg/ha, Geralton, 4960 Kg/ha, Northam, 4641 Kg/ha, Maral
Schaftal, 4406 Kg/ha, Clare, 4353 Kg/ha and Jemalong, 4208 Kg/ha. The lupines were failures and
these plots were considered to be double summer fallow treatments. Grain yields of faba bean were
encouraging.

During the cereal phase of the rotations (1981), wheat grain yields, protein yields and N uptake were
higher in all legume treatments compared to the alternate crop-fallow treatment and are attributed to the
residual effect of the legumes. Medicado lupulina L., black medic was the most successful legume
treatment.

Total water use and water use efficiency were higher for the legume treatments and support the
hypothesis of their superiority over crop-fallow in terms of increased soil fertility and productivity.

NO-N values obtained after the legume phase and just before planting the spring wheat and total
NO3-N used by the wheat crop were all significantly higher in the legume treatment.

These data have shown beyond any doubt that the Australian Ley system of farming is adaptable to
Montana, can increase soil fertility and has some potential use for saline-seep control. 
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ABSTRACT

Sixteen annual legume/cereal rotations plus an alternate crop- 
fallow control were arranged in a randomized complete block design 
on an eroded field of Amsterdam var. of silt loam at Bozeman, Montana.

Results obtained during the legume phase (1979-1980) of the 
rotations showed that high dry matter yielding cultivars were 
Nungarin, 5268 Kg/ha, Geralton, 4960 Kg/ha, Northam, 4641 Kg/ha,
Maral Schaftal, 4406 Kg/ha, Clare, 4353 Kg/ha and Jemalong, 4208 Kg/ha. 
The lupines were failures and these plots were considered to be 
double summer fallow treatments. Grain yields of faba bean were 
encouraging.

During the cereal phase of the rotations (1981), wheat grain 
yields, protein yields and N uptake were higher in all legume treat­
ments compared to the-alternate crop-fallow treatment and are 
attributed to the residual effect of the legumes. M(LcU-CdgC) ZupuLtm.
I., black medic was the most successful legume treatment.

Total water use and water use efficiency were higher for the legume 
treatments and support the hypothesis of their superiority over 
crop-fallow in terms of increased soil- fertility and productivity.

NO-N values obtained after the legume phase and just before 
planting the spring wheat and total NO3-N used by the wheat crop were 
all significantly higher in the legume treatment.

These data have shown beyond any doubt that the Australian Ley 
system of farming is adaptable to Montana, can increase soil fertility 
and has some potential use for saline-seep control.



Chapter I

INTRODUCTION

The.fertility of Montana soils has become a major constraint to 

the production of small grains and other crops. The increased needs 

for fertilizer N to achieve maximum yields compared to 30 to 50 years 

ago reflects a substantial decline in soil organic matter and available 

N' content. Secondary adverse effects of the declining soil fertility 

are the inefficient use of water resources, leaching of nutrients 

(especially nitrate - N), formation .of saline seeps, and increased 

susceptibility to both wind and water erosion. Additionally, some 

areas such as the Sudan Savanna zone of Africa are experiencing a 

general decline in soil fertility, especially organic matter.

The primary objectives of this study were to test the adaptability 

of the Australian ley system of farming to Montana and its potential 

to alleviate the declining fertility and productivity of these 

soils.

A secondary objective was to develop an understanding of the ley 

system in order to test it in the Sudan Savanna of Africa.



Chapter 2

REVIEW OF LITERATURE '

Dryland Rotations in Montana and the Great Plains

There has been little research on dryland legume-cereal rotations 

in Montana since the early 1950*s.

As early as 1917, Pieters reviewed American experiment station 

literature relative to the value of legumes as measured by yields of 

succeeding crops. Data from 28 states and Canada showed that the 

legume value as green manures decreased from the southeastern to 

northwestern United States. In South Dakota and North Dakota and in 

the Canadian Northwest, the use of leguminous green-manure crops was 

not profitable. Green-manure crops were found to use the moisture 

needed for the main crops.

Chilcott (1931), Mathews and Cole (1938) stated that the use of 

biennial and perennial hay and forage crops in rotation was not of 

major importance in the Great Plains. Maintenance or increase of the 

organic-matter content of the soil through the application of manures 

or green manures did not pay for the cost where crops are grown for 

grain.

In 1955, Duley and Coyle discussed dryland farming problems in 

the U.S. They reported that the use of green manures was not effective 

in improving growth of the succeeding crops.
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In Montana, green-manure experiments were started at Moceasin 

in 1909, Huntley in 19l3, and Havre 1917 (Hansen et al. 1933, Bell 

1937, Army and Hide 1959 and Brown 1964).

Bell reported in 1937 that winter rye, pea and sweetclover 

green manures had a depressing effect on small grain yields the 

following year as compared to ordinary fallow. Army and Hide (1959) 

also found a decrease in yields of spring wheat at Havre, Huntley, 

and Moccasin of 3.2, 3.6, and 3.8 bushels per acre, respectively. 

However, at Moccasin winter wheat following a green manure crop out- 

yielded wheat following ordinary fallow 50 percent of the time from 

1914 to 1951 (Army and Hide 1959, Krall, et al. 1965).

These conclusions on the negative response of cereal yields 

following a green manure crop partially resulted from failure.to con­

sider that it required two years to grow a crop using the alternate 

crop-fallow rotations. Other factors leading to these conclusions were 

probably inefficient storage of winter precipitation and a poor manage­

ment of the legume. Often the green-manure legume was plowed down too 

early in the season (Krall et al. 1965). They reported that the green 

manure crops actually were grown during the latter part of June or 

early July. An example of mismanagement was also pointed out by Bell 

(1937) who stated that "when green-manure crops were not established, 

there was invariably a good crop of Russian thistle (SaZ&oZa. kaIA. L.) 

to plow under." Possible other factors were poor selection of legume
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species, a lack of nodulation for a variety of reasons, and sufficient 

release of nitrogen from soil organic matter.

It appears then that summer-faIlow has given good results in 

Montana. The State has been known for producing high quality hard 

red spring and winter wheats (Sims and Jackson 1974). Even if the 

recent increases in per acre yields have been the result of improved 

varieties and increased use of fertilizer, it is also the result of 

efficient summer-fallowing. However, the increased needs for fertilizer 

N to achieve maximum yields and appropriate protein levels of dryland 

cereals as compared to 30 to 50 years ago reflect the substantial 

decline in organic matter and available N contents of these soils 

(Sims and Jackson 1974, Jackson and Sims 1977).

Additionally, improvements in cultural practices, more timely 

tillage and seeding operations, and the availability of high yielding 

disease-resistant varieties have greatly increased crop yields in 

recent years. These and other factors have resulted in a greater need 

for fertilizer N for dryland crop production (Jackson and Sims 1974).

The same authors estimated that fertilizer use on Montana wheat appeared 

to be just sufficient to boost per acre yields enough to result in 

dilution of protein content and hence lower wheat protein percentages.

These data point out an increased need for fertilizers for 

Montana agriculture. However, the cost of fossil-fuel derived energy 

and fertilizers, particularly N fertilizer, has risen sharply in recent
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years. An alternative to chemical fertilizer N to supply these needs 

would be advantageous.

Secondary adverse effects of declining fertility are the inef­

ficient use of water resource, leaching of nutrients (especially 

hitrate-N), formation of saline seeps, and increased susceptibility 

to both wind and water erosion.

Salinity is on the increase in the states and provinces of the 

Great Plains (Miller et al. 1976). Bahls and Miller (1973) estimated 

that about 590,000 square kilometers of the Northern Great Plains of 

the United States and Canada are favorable for saline seep develop­

ment. Unpublished statistics at the Montana State Soil Testing 

Laboratory operated by Montana Agricultural Experiment Station indicate 

that approximately 15. percent of the samples from irrigated soils east 

of the Continental Divide express some degree of salinization. Doering 

and Sandoval (1976) consider that saline seeps are recent ground water 

discharges on hillside locations in semiarid regions. Their principal 

visible characteristics are:

1. Intermittent or continual surface wetness sometimes 

accompanied by flow of free water down the slope,

2. reduced plant growth, and

3. quite often the development of a salt crust.

The premises that seeps are caused by a combination of geologic, 

climatic, and cultural conditions (Doering et al. 1976) and that
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seeps are sustained by local recharge have also been widely accepted 

(Ferguson et al. 1972, Halvorson et al. 1974, Brun and Worcester 

1976 and 1975, Doering et al. 1976).

Excessive nitrate-N leaching below the root zone has also been 

associated with saline seep (Custer 1976) . Summer fallow plays a 

great role in soil salinity. It aggravates the salinity problem 

(Miller et al. 1976) and appears to be the major contributor to 

saline seep development. Fallowing the soil facilitates percolation 

of water and leaching of salts below the root zone. Eventually, much 

of the salts resurface downslope as saline seep spots.

Thus a system that can replace summer fallow while improving 

the soil fertility level would be desirable.

Agriculture in West Africa

In many parts of the semi-arid tropics, arable land is fast 

becoming a limiting agricultural resource due to the ever increasing 

socio-economic pressures (Lombi 1981). Consequently, the traditional 

bush-fallowing system is being replaced by semi-intensive and 

continuous cultivation. This system lowers the equilibrium level of 

soil organic matter and fertility and invariably necessitates 

continuous fertilization to sustain good crop yields.

This problem has acquired considerable urgency in the heavily 

populated Sudan Savanna zone of West Africa (north of latitude Il0SO1
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N) where low annual rainfall (800 to 900 mm, restricted to 3 to 4 

months annually) has further compounded the fertility problem .of 

these light, sandy, poorly buffered soils (Kadeba 1977,'Lombi 1981). 

One approach is increased use of fertilizers. Even though farmers and 

authorities may recognize this need for fertilizers in sustaining the 

fertility of continuously cultivated soils, an inefficient.distri­

butive system, poor communication,■and especially lack of capital and 

other socio-economic factors severely limit the consumption of 

fertilizers. It is imperative that cheaper means of improving soil, 

fertility and productivity be explored in order to supplement the 

use of mineral fertilizers.

Many researchers (Birch et al. 1956, Jones 1971, Kabdba 1977) 

recognize the importance of organic matter as a buffering agent and 

suggest that management practices in future.intensive agricultural 

operations take account of the need to conserve and increase its 

level in these soils. However, under the climatic conditions of the 

Sudan Savanna zone of high temperature, an intensive dry season and 

of low topsoil clay content (Jones 1971), levels of soil organic 

matter can never be very high (Kabeda 1977). Jones (1971) estimated 

the maximum practicable topsoil organic-matter content to be I per­

cent. This can be maintained either by an annual application of 7 - 8  

tons of farmyard manure.per hectare or by using grass fallow three 

years out of every six. However, the supply of farmyard manure under
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the actual cropping system will never be sufficient for more than a 

small fraction of the cultivated'land. The proposed grass fallow 

system, although an effective restorer of soil organic matter,, is 

unproductive. Economic pressures seem bound to tell against a 

practice which effectively produces a crop only once in two years. 

Jones (1971) suggested that some form of productive, fallow or ley may 

be the eventual answer.

Ley Farming System

In areas of declining soil fertility, increased- soil erosion and 

increased saline seep, an alternative to chemical fertilizer nitrogen 

would be advantageous. Legume-cereal rotations may offer such an 

alternative. The few instances of success with such rotations in 

central Montana in the first one-half of this century (Brown 1964) and 

the success of these rotations in other parts of the world such as 

Australian "Ley-farming" (Webber et al. 1976, Webber et al. 1977, 

Ellington 1977) suggest that legume-cereal rotations should be 

reevaluated for Montana.

Also in semiarid areas such as the Sudan Savanna zones of low 

annual rainfall and decreasing soil organic matter, legume-cereal 

rotations may offer some possibilities.

Ley farming is a system in which crops and pasture are alternated 

on the same field (Doolette 1977). ,It may be considered a type of
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fallow system in which small grains are alternated with a short- 

season annual legume grown for pasture during the fallow year (Oram 

1977).

Ley farming, a legume pasture-cereal crop rotation has revol­

utionized agricultural production in the cereal zone of South 

Australia since the late 1930s (Webber'et al. 1977). It is based on 

growing annual legumes including forage and grain species between 

cereal crops.

In South Australia, soil fertility was depleted by continuous, 

cropping of the initially fertile soils (Cornish 1949, Woodroffe 

1949) and the introduction of fallowing and fertilizer gave only 

temporary relief. When the legume based pasture was introduced, 

however, the improvement in soil fertility was so marked that wheat 

yields were raised above the yield obtained! on the virgin soils 

(Webber et al. 1976, Webber et al. 1977, Ellington 1977).

Measurements taken in the wheat belt of South Australia indicate 

that an average medic stand increases soil nitrogen by at least 60 to 

70 kg/ha in one season. This is the equivalent of about 300 kg/ha of 

sulphate of ammonium (Webber et al. 1976). An increase of 200 Kg N/ha 

per year has been recorded on a sandy soil after a vigorous sward of 

Harbinger medic (Me.cU.ca.go L-uttosccUsLi L .) and Subterranean clover 

(TfU-^otiim AubteAfLaneum L.) pastures have also been shown to build up 

soil fertility on a light textured soil (Watson 1963).
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Elliott et al. (1972) studied the influence of rotation systems 

on long-term trends in wheat yields over a 29 year period. All the 

rotation systems examined showed positive, almost linear, yield 

increases over the first 19 years (1940-1958). Over the final ten 

years (1959-1968) those systems including a pasture phase continued 

to show a linear yield increase; other three-course systems (fallow, 

wheat, stubble crops) showed a less than linear increase while the 

two-course system (fallow-wheat) showed a 22 percent yield decline.

In general, ley farming in South Australia has given best results 

on the alkaline soils (the soIonized brown soils and black earth) and 

has been less successful on the neutral to slightly acid soils (solo- 

dized solonetz and solodic soils).

The key to successful ley farming lies in the pasture phase of 

the rotation (Webber et al. 1976, Webber et al, 1976, Ellington 1977). 

A legume is needed which increases soil fertility, improves soil 

structure, and regenerates naturally after a crop. Some legumes can 

do this.

In South Australia, the main medics used are:

- Barrel medic (Me.dtc.ago tAixyicatuLa Gaertn) cv. Jemalong, 

Hannaford, Cyprus, and Borung.

- Strand medic (Mcdtcago U X t - O L .) cv. Harbinger 

Gama medic (Medtcago Aag0-4a I.) cv. Paragosa
- . Snail medic (Me.dic.ago ^cuteIZata Mill.)
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- Disc medic (Me.dica.go tofincvta I.) 

and the main subterranean clovers include the following cultivars: 

Clare, Geralton, Woogenelup and Daliak. The reason for their success 

is that they produce many hard seeds. Hard seeds are seeds with seed 

coats resistant to the entry,of water,-thus retarding germination 

(Doolette 1977). Where the medics are well adapted, most of their 

seeds are hard after seed-set at the end of the growing season. This 

means that in the following summer, they can resist germination after 

rains. During summer, extreme heat cracks the coats of some seeds 

so that by autumn they have become "soft", water can now penetrate 

allowing germination to begin.

Most seeds remain hard for longer than one summer and do not 

germinate with the first rains. Their seed.coats remain hard for 

maybe a year or more. This means that the species can survive for 

years when it sets no seed, such as when a cereal crop is grown.

Clearly, the presence of hard seeds has important implications in 

ley farming.

Effects of Nitrogen

Legumes can derive N from the soil, applied fertilizers, and 

through symbiotic ^-fixation. Each of these three sources can 

presumably supply the-N requirements of the legumes.

As early as. 1924, Perkins (1924). reported a study conducted in
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the greenhouse of the effect upon nodulation of the four essential 

elements most likely to be limiting factors. His results indicated 

that small applications of mineral N increased nodulation to a slight 

degree. However mineral N was not essential for good nodulation and 

that high applications inhibited nodulation of the host.

Fred, Baldwin and McCoy (1932) demonstrated that nodulation and 

thus fixation can be inhibited by a concentration of available 

inorganic N.

Burk and Lineweaver (1930) and later Wilson, Hull and Burris 

(1943) , showed that fixation by azobacter could be prevented by the

presence of sufficient inorganic N.
15More recently, utilizing N as a tracer, studies have been 

performed to evaluate the influence of varying quantities of available 

N on the fixation process in legumes. Norman and Krampitz (1946) . 

reported investigations with soybeans (GJLydnt max L.) and lespedeza 

(L u p td tza 4p) , arid Thornton and Broadbent (1948) worked with peanuts 

(AnxicJvu hypogata' L.) . Alios arid Bartholomew (1955) reported studies 

with soybeans, peanuts, alfalfa (Mtdicago Aativa I.), lespedeza, ladino 

clover (T d fio tim  n.tptn6. L.) and birdsfoot trefoil (LotuA toXiViLtuJLatLU 

L.). In all cases, negative effects of the presence of available 

inorganic N on ^-fixation was noted. The effects varied among the 

legumes studied and among other experimental conditions, including the 

soil or substrate in which the legumes were grown. Other physical and
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environmental conditions also -had an influence on the inhibition of 

fixation by inorganic N.

Alios and Bartholomew (1959) reported on the influence of increas 

ing increments of available. inorganic N on ^ 2  ''̂ x̂at:̂ on ^  a numIier 

legumes. Plants were grown in gravel culture in the greenhouse and 

supplied at weekly intervals with varying amounts of tracer nitrogen. 

Subsequent analyses of plant N permitted calculations of the N coming 

from the fertilizer and symbiotic fixation. All legumes responded in 

growth and in N uptake to the addition of inorganic N. In some 

instances, the increased growth resulting from fertilization caused 

increases in fixation of N. When N was applied in excess for growth, 

it tended to replace the fixation process. They found that fixation 

processes never Supplied sufficient N for maximum growth under the 

conditions of their experiment. Each species exhibited an apparent 

capacity to fix about one-half to three-fourths of the total N which 

could be used by the plant.

The discrepancies in the results of Allos-Bartholomew (1959) 

and Thornton (1948) may be due to differences between nutrient 

solution and soil cultures, initial soil N level, and availability of 

the N.

Most of the data in the literature support a reduction in 

nodulation from any application of mineral N. Weber (1966) found that 

nodule numbers were reduced by about 33 percent, nodule fresh weight
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by 50 percent, and nodule size by 25 percent when 168 Kg N/ha was 

applied. A stronger.reduction occurred when 672 Kg N/ha was applied 

on soil that had part of its available N immobilized by incorporation 

of corn cobs,

More recently, the acetylene reduction assay (Hardy et al. 1968) 

has been developed as a.reliable measurement of ^-fixation. The assay 

makes, possible the rapid evaluation of the effects of cultural prac-. 

tices and environmental factors on ^-fixation. Following this, 

reliable Zn 4ZZa methods for sample preparation and assay of nitrogenase 

activity were developed as described by Lockerman (1974).

Using these new techniques, Johnson and Hume (1972) reported the 

results conducted bn low fertility soils in Ontario, Canada, with 

soybeans in newly introduced areas, ^-fixation' was progressively 

increased by treatments:

1) (&8 T/ha of liquid cattle manure),

2) M^ (176 T/ha of liquid cattle manure) + O.M (1.4 T/ha

(dry weight) of ground corn cobs as an organic matter source),

3) M1 + O.M. and

4) O.M.

Addition of 14 T . (dry. weight)/ha of ground corn cobs increased 

Ng-fixation seven times as much as the control.

The soybean plant has been extensively studied since the acetylene 

reduction assay.. It has been reported that soybean is generally
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capable of growth and seed production with symbiotic ^"fixation as the 

only N source. However, a marked decrease in seed yields has been 

observed and strongly suggests that the soybean plant must have an N 

source other than atmospheric N for optimum yield production.. Harper 

(1972) reported maximum nitrate utilization at the full-bloom growth 

stage, with symbiotic (C^H^) fixation peaking three weeks later 

during pod fill. Seed yield of plants totally dependent on atmos­

pheric N was less than one-half the yield of plants utilizing both 

nitrate and atmospheric N under hydroponic growth conditions. He 

concluded that both symbiotic ^-fixation' and nitrate utilization are 

essential for maximum yield of soybean.

Semu and Hume (1979) , however, reported different results. They 

found that fertilizer N applications at planting time did not increase 

yields in areas where soybean had been grown several times, indicating 

that Ng-fixation may support maximum yields. Nodule number and mass, 

and N (C0H ) fixation rates were decreased by fertilizer N. YieldZ Z 4
responses to N fertilizer applied at planting will usually indicate 

that fixation is less than optimal.

In cases where inhibition has been obtained, nitrate has been 

reported to be the causal factor. Wong (1980) reported that lentils 

grown in a nutrient solution containing 15 mM nitrate had 84 percent, 

fewer nodules than lentils grown in nitrate free nutrient solution. 

Nodules weighed 71 percent less and ^-fixation was reduced. Addition
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of sugars alleviated the inhibitory effects of nitrate on symbiotic 

N 2 -fixation. This not only increased' the carbohydrate supply so 

lentils could support both ^-fixation and nitrate reduction but also 

inhibited the accumulation of nitrate.

Obviously different results from supplying inorganic N to 

legumes have been reported. Many'of them supporting that N fertilizer 

is beneficial to the plant at early stage with later inhibition of 

nodulation and ^-fixation. Some reports indicated that N fertilizer 

is either beneficial or detrimental at all growth stages. Most of 

these discrepancies are probably due to differences in procedure. 

'Rklzobhm strain effectiveness, species and cultivar differences, 

nutrient solution versus soil cultures, initial soil N levels and

availability of the N.



Chapter 3

METHODS AND MATERIALS

Description of site

Field plots were established May 22 and 23, 1979 on an eroded 

field of Amsterdam var. of silt loam (fine-silty, mixed family of 

Typic HapIoborolls) located at the Montana State University Arthur H. 

Post Field Research Laboratory and which had been fallowed the previous 

season (Appendix Table I).

Cultivars

Seed of sixteen annual legumes were utilized. Fourteen accessions 

were from the South Australia Department of Agriculture, including:

Five Me.cU.CCl.go -ip; annual medics,

McdUcago tAuncatula Gaertn. cv. Ghor (barrel medic)

M. tAuncatula Gaertn.cy. Jemalong (barrel medic) •

- M. ZUtXofUlLLi L. cv. Harbinger (strand medic)

- M. ■ -iCuXeZZ.Clt.OL Mill. cv. Robinson (snail medic)

M. tfw.ncaX.uZa Gaertn. cv. Cyprus (barrel medic)

Seven XfUfioZXum Ap.

TfUioZXum -iubZcfifian&um I. cv. Nangeela (subterranean clover)

-. T. iubtCMancum L. cy. Clare (subterranean clover)

- T. 6ubXcfifianeurn L. cv. Nungarin (subterranean clover)

- T. AubXetifianeum L, cv. Nofthain (subterranean clover)



- ■ T. {>ubtZflHXm<im L. cv. Geralton (subterranean clover)

- T. Aubt-Q-XACLnzum L. cv. Daliak (subterranean clover)

- T. AzAuptnatum L. cv. Maral Schaftal.

Two LuptnuA Ap. sweet lupines

- LuptnuA anguAttfioltuA, L. cv. Unicrop (narrow-leafed lupine)

- L. atbuA, L. cv. Ultra (white lupine).

One faba bean cultivar from the'Egyptian Ministry of Agriculture

- Giza III,

and one Mzdtcago species from Montana

- Mzdtcago Zupultna L. Montana common, Black medic.

Conventional alternate crop-fallow (spring wheat/summer fallow)

plots were included as the control.

Experimental design

These sixteen annual legumes plus the conventional alternate, 

crop-fallow were arranged in a randomized complete block design. The 

plots were 4 x 7 m wide with each cultivar replicated three times.

In the spring of 1979, the plots were seeded with, a "Planet 

Jr." hand seeder at the rate of 10 Kg/ha for forage legumes, 100 Kg/ha 

for grain legumes and 60 Kg/ha for the Newana spring wheat control 

plots. Row spacings were 45 cm for forage legumes, 80 cm for grain 

legumes and 30 cm for spring wheat. For the first year, no fertilizer 

treatments were applied. In 1979, soil samples were taken at 0-15 cm 

and 15-30 cm from plots 1-17 on 15 May, 18 to 34 cm on 16 May and

18



35 to 51 on May 17.

Observation on growth pattern of legumes

Seed were planted on May 22 and.23 and the first' observation on 

percent ground cover was recorded August 30. Flowering was recorded 

July 6, 12 and 24. In'1979, the mature crops were harvested 25 

September.

Dry matter and seed production were measured by harvesting
2I m areas in each plot except for seed yields of the grain legumes for

Which the grain from each entire plot was harvested. The.control plot
2wheat yields were determined by harvesting a 10 m swath down the 

middle of each plot with a small-plot combine.

Dry material were analyzed for total nitrogen and the seeds from 

faba bean were analyzed for total protein and amino-acids by the 

amino acid analyzer.

During the 1980 season, the annual forage legumes except Nangeela 

subclover were allowed to re-establish themselves from residual hard 

seeds and from seeds produced during the .1979 season. The Nangeela 

subclover which did not flower well in 1979, the Maral Schaffal clover 

and the grain legumes were reseeded and the control plots were summer 

fallowed. All dry matter produced during the 1980 season was incor­

porated into the surface 10 cm of soil by rototilling during late 

September. The faba bean plots were harvested for grain yield.

19
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Observation on growth pattern of spring wheat

All plots were seeded to Pondera spring wheat on 5 May 1981 

after soil samples were taken in each plot to a depth of 120 cm for 

total N, percent O.M. , NO^-N, P and soil water determinations. 

Phosphorus fertilizer at a rate of 100' Kg/ha was uniformly spread 

over all plots.

During the growing season, the plots were kept weed free by 

spraying with a chemical herbicide,Bromate, at 0.5 kg a. i per ha 

and by hand weeding. Growth stages based on Feekes scale adapted by 

Large (1954) were recorded on July 2 and 3. Plant heights were 

recorded using a meter stick and plant canopy color was estimated by 

visual observations.

Wheat samples, based on the entire plant cut at crown level were 

taken on July 15 for yield estimation and total N analysis. In each 

plot, three (3) sub-samples were taken on 30 cm x 15 cm and oven-dried 

at 80° C with forced air for 48 hours. Prior to harvesting, average 

tiller numbers and tiller density were also recorded.

On September .11, grain yields were determined after harvesting 

with a small plot combine as described above. Again soil samples were 

taken on each plot to a depth of 120 cm with a hydraulic soil sampler 

for total N, O.M., NOyN and soil water determinations. Following the 

soil sampling, the stubble was incorporated by cultivation to a depth 

of 10 cm with an off-set disc.
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During the 1982 season, the annual forage legumes were allowed to 

re-establish from residual seed produced in 1979 and 1980. The Nangeela 

subclover, Maral Schaffal clover, and the grain,legumes were.reseeded 

as in 1980. The control plots were summer fallowed as in 1980. In

.early summer, percent ground cover and■density were recorded to evaluate
.

the degree of re-establishment.

Laboratory analysis

Laboratory analysis of soil samples and stored soil moisture 

obtained prior to fertilization include pH (2:1 waterrsoil), electrical 

conductivity (EC in mmhos/cm), NH^OA^ extractable Ca, Mg,.Na and K 

as described by Chapman (1965) and as used by the Montana State 

University Soil Testing Laboratory and P by the modified Bray and 

Olsen tests (Smith, et al., 1957; Olsen and Dean, 1965).

Soil NO^-N was determined by the "chromotropic acid" procedure 

as developed by Sims and Jackson (1971) and as modified by Haby and . 

Larson (1976) and soil organic, matter was measured by the colorimetric 

method of Sims and Haby (1971). Grain, straw and soil samples were 

analyzed for total N by a semi-micro Kjeldahl'method (Bremmer 1965).. 

Wheat grain samples were analyzed for total protein using a near- 

infrared analyzer.

Faba bean grain samples were anlayzed for total protein and amino 

acids with an amino acid analyzer. Available soil water was estimated
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by drying the samples at 105° C for 48 hours in a forced-air oven. 

Meteorological observations •

Precipitation, evaporation and average temperatures were recorded 

daily approximately 300 m from the plot's by the Weather Service Clima­

tological Station and are summarized in Appendix.Tables 2 and 3.

Statistical methods

Statistical analyses were performed on the Montana State Univer­

sity Honeywell Computer, GP6. Analyses of.variance and correlation 

were calculated using MSUSTAt developed by Dr. Richard E. Lund. 

Multiple regression analyses were performed by the SPSS stepwise 

regression analysis program (Nie, et al., 1975). The stepwise 

forward procedure was used to select the first best five variables 

that entered the equation. This approach inserts variable in turn 

until the regression equation is satisfactory. The order of insertion 

is determined by using the partial correlation coefficient as a 

measure of the importance of variables not yet in the equation.



Chapter 4

■RESULTS AND DISCUSSION 

Legume phase, 1979-1980

Legume dry matter yields

Legume dry matter yields for the 1979 season are reported in 

Table I and Figure I. Yield differences were statistically significant 

(p = 0.01). The highest dry matter yield was obtained with TfisL̂ oLLlM 

6ubteM.cm.2um I. cv. Nungarin with 5268 Kg/ha compared to an average 

yield of 3113 Kg/ha. This represents a 69 percent yield increase
I

over the average yield.

An average yield of 2254 Kg/ha of dry matter (straw) was produced 

on the cereal-fallow control plots planted with Newana spring wheat. 

This yield represents only 42.7 percent of the yield of Nungarin and 

72 percent of the average yield. %
Treatments which resulted in significantly high dry matter yield 

(p = 0.05) compared to .the control plot and their percent yield 

increases include:

Nungarin 

Geralton 

Northern

Maral Schaftal -

. 133.7 percent 

120.1 percent 

105.9 percent 

. 95.5 percent

Clare .93.1 percent
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Table I. Mean dry matter yields, seed or seed pod yields, total N 

(%) and total N uptake for the 1979 season legume crops.

Dry Matter Seed N Content N Uptake
Crop Kg/ha % Kg/ha

Nangeela 3329 16.0 2.40 79.46
Jemalong 4208 1964.0 1.77 74.49
Northam 4641 154.6 1.77 83.35
Cyprus 2792 1171.0 2.06 58.43
Clare 4353 110.8 1.80 76.73
Harbinger 3455 1846.0 2.21 72.96
Grain-fallow/Control 2254 2041. _ 2/ -
Daliak 3800 43.8 2.00 76.14
Black medic 811 225.3-/ 2.58 19.30
Geralton 4960 342.6 1.51 74.65
Ghor 1067 745.1 1.87 20.31
Nungarin 5268 304.7 1.91 100.09
Unicrop 451 0.0 2.96 14.13
Robinson 3447 1934.0 1.82 63.21
Giza III 2131 283.5̂ -/ 3.10 67.37
Maral Schaftal 4406 114.5-/ 3.04 131.42
Ultra 1554 920.1-/ 2.65 44.15

Level of significance 0.01 0.01 0.01 0.01
LSD p = 0.05 1554 Kg/ha 553.5 Kg/ha 0.60 31.63 Kg/ha
Cv 29.8 46.2 16.2 28.7

-zVield data are for seed only, all others are for intact seed pods.

—' Not determined.
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Figure I. Dry matter yield from annual-legume/cereal rotation 
plots at Bozeman, Montana, 1979. *

*Key is same for all figures.
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Jemalong 86.7 percent

Dallak 68.6 percent

On the average, the Australian medics. (2994 Kg/ha) yielded less than 

the clovers (4394 Kg/ha).

The lupines, Lap-tnaS angLL&jxfio-LLuA L. cv. Unicrop and Lup-Lmii 

(ttbui L, cv. Ultra, did not perform well in 1979 season with an average 

yield of 451 Kg/ha and 1554 Kg/ha respectively. This might be the 

result of a poor adaptability of these crops to the test site soil, 

the climate or to residual herbicides.

Me-cLLcago Zup-LLivia. L. black medic resulted in a poor yield the 

first year (811.4 Kg/ha). This was apparently due to its high hard 

seed content that resulted in the poor establishment of the crop. A 

very good stand was achieved the second year after the seeds had ■ 

softened in the soil.

The Egyptian faba beans,. U-Lĉ La. ^aba L., cultivar Giza III yielded 

a dry matter of 2131 Kg/ha.

Seed or seed pod; yields .

Seed or seed pod yields are reported in Table I and Figure 2.

In the ley system of farming, it is important that the legume, sets 

enough seeds for the succeeding years when a legume crop is desirable.

Seed yields were..statistically significant (p = 0.01) . An 

average yield of 7.19 Kg/ha was obtained but great variation was
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Figure 2. Seed or seed pod yields from annual-legume/cereal 
rotation plots at Bozeman, Montana, 1979.
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observed.

Seed yields varied from a high value of 2041 Kg/ha for the Newana 

spring wheat control plots to no yield at all for £ap-inu6 

L. cv. Unicrop.

Among the subterranean clovers, the greatest seed yield response 

was observed for Geralton with 343 Kg/ha, followed by Nungarih (305 

Kg/ha), Northam (155 Kg/ha), and Clare 111 Kg/ha).

Nangeela produced the.lowest seed yield of 16.03 Kg/ha. This 

variety was late in flowering and produced no seed in two of the plots 

and very little in the third plot.

The highest seed yield response among the Australian medics was 

noted with Me.dic.ago .iCuteJL&zta Mill . cv. Ghor with 745 Kg/ha..

The seed yield of McdU.cg.go ZupuLina L. black medic was good 

considering its poor establishment the first year.

The Australian medics (1532 Kg/ha) outyielded the clovers (155 

Kg/ha). Considering a seeding rate of 10 Kg/ha, all medic cultivars 

produced an optimum seed yield for the regeneration of the species in 

a ley farming system. The two lupine cultivars did not perform well. 

Unicrop did not produce any seed and Ultra gave a low yield of 920 

Kg/ha. This might be related to poor vegetative performance and 

support the view of poor adaptability to these soils or to this • 

climatic zone.

The cereal-fallow control plot, which was planted to Newana spring
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wheat, resulted in a grain yield of 2041 Kg/ha.

A yield of 2131 Kg/ha was obtained with the Egyptian faba bean. 

Faba bean is a cool season crop and requires more than 100 days growing 

season for maximum production. .Inadequate rainfall or soil moisture 

in the root zone will induce wilting and reduce seed set. Considering 

then the 20.1 cm of precipitation for the 1979 season (Appendix Table 

2) and the fact that the crop was planted late (23 May), the faba bean 

grain yield is encouraging. It also appears from observations taken 

during the growing season that this cultivap sqems to be earlier than 

the North American cultivars tested in Montana (Jackson et al. 1979).

Faba bean grain samples were analyzed for protein and amino acids 

(Table 2). Grain protein percentage averaged 30 percent and this 

combined with an averaged grain yield of 2131 Kg/ha, resulted in a . 

protein yield of 639 Kg/ha. However, animals require specific amino . 

acids rather than protein per se, and since they cannot synthesize all 

amino acids, they depend on plants or microorganisms for those they 

cannot synthesize.' Therefore the relative concentration of each of 

the. amino acids is rather important.

The concentration of glutamic acid, aspartic acid, arginine and 

leucine was greater than 2 percent; alanine, glycine, histidine, 

lysine, phenylalanine, proline, serine, threonine and valine concen­

tration ranged between 2 and I percent, and methionine, tyrosine, and 

taurine were present in amount less than I percent. Tryptophan
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Table 2. Protein content and amino acid analysis of faba bean seeds 

for 1979 Harvest

Rep. I 
Rep. 2 
Rep. 3
Amino Acid Analyses

Protein (N x 6.25) 
30.0
30.7
29.7

% (W/W)

A.A. Means

Alanine 
Arginine 
Aspartic, acid

1.17
2.68
3.64

Cysteine 
Glutamic acid 
Glycine

6.29
1.03

Histidine
Leucine

1.22
2.06

Lysine
Methionine
Phenylalanine

1.61
.266

1.29

Proline
Serine
Threonine

1.55
1.69
1.15

Tryptophan
Tyrosine
Valine

:869 
1.36 .

Taruine .58

Total 28.97

Kjeldahl N 30.1

N.D Not determined.
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and cysteine contents were not determined. Compared to wheat and 

barley, the faba bean grain was higher in lysine.

The yield levels of both dry matter and seed for the forage 

legumes are, in general, encouraging in terms of adapting the Austra­

lian ley system of farming to Montana. Several of the annual legumes 

have a good potential as annual hay or pasture crops having produced 

from 4000 to over 5000 Kg/ha (2 to 2.5 tons/A) of forage. These 

include Nungaring (5268 Kg/ha), Geralton (4960 Kg/ha), Northam (4641 

Kg/ha) and Clare subclover(4353 Kg/ha) Maral Schaftal clover (4406 

Kg/ha), and Jemalong medic (4308 Kg/ha). There were some exceptions. 

Nangeela. subclover was very late in flowering and produced virtually 

no seed. This could be an advantage if a producer desired only one 

year of a legume as a green-manure or annual pasture crop and no 

residual buried seed for succeeding years. The hard seed content of 

the black medic was apparently too high to establish a good stand the 

first year. This suggests that the producer would have to seed black 

medic at the time he seeded the last cereal crop, scarify the seed 

or wait for the second legume cycle to realize the full benefit of.the 

black medic.

The faba bean protein, compared to cereals, is high in lysine 

1.61 percent, an essential amino acid for humans as well as for swine 

and poultry. In Montana, faba bean has a potential as an export crop, 

a protein supplement or high protein silage. Canadian feeding studies
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have shown faba bean to be excellent protein source for. poultry, if 

supplemental methionine is added (Jackson et al. 1979). It can also 

replace soybean meal in rations for pigs weighing over 80 pounds, 

for lactating dairy cows, calves and beef cattle. Thus, based on the 

data from this experiment, faba bean could be produced in Montana in 

rotation with cereals utilizing the faba bean for animal feed and 

plowing down the stover for soil enrichment.

Total N content and total N uptake in leaves

The total N percent and total N uptake by the legume are shown 

in Table I. A statistical difference between treatments (p = 0.01) 

was observed for the two variables.

The greatest N concentration was measured with the Egyptian faba 

bean (3.10 percent) followed by Mafal Schaftal clover (3.04 percent).

The lowest response, 1.5 percent, was obtained with Geralton 

subclover. Most cultivars had more than 2 percent N in their leaves. 

The few cultivars which resulted in N concentration of less than 2 

percent include Jemalong barrel medic (1.77 percent), Northern sub­

clover (1.77 percent), Ghor barrel medic (1.51 percent), Nungarin 

subclover (1.91 percent) and Robinson snail medic (1.82 percent).

There was correlation between low N content and high dry matter yield.

Legume N uptake includes both N from atmospheric fixation and 

soil N. It is a function of total dry matter yield and N concentration
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Maral Schaftalj due to a high dry matter yield, combined with a 

high N content had the highest N uptake of 131-42 Kg/ha. This 

cultivar, however, was not statistically different (p = 0.05) from 

Nungarin subclover for total N uptake but both cultivars had 

significantly greater N uptake (p = 0.05) than the others.

The low N uptake was observed for Ghor barrel medic (20.31 

Kg/ha), a result of its poor dry matter yield.

In general, the clovers outyielded the medics by 32 Kg/ha. This 

probably results from thinner stands of the medics due to high hard 

seed contents and, hence, lower dry matter yields. The clovers may 

also be better nitrogen fixers or are more efficient in utilizing 

the available soil nitrogen or both. Also, the Australian medics and 

local RktzobZum strains in the inoculum and/or indigenous in the 

soil may have been an inefficient combination.

The N uptake of the lupines and faba bean were very low, 29 Kg/ha 

and 67.37 Kg/ha respectively. This is not surprising for the lupines 

which were failures or for the faba bean crop since most of its N , 

is translocated to the seed at maturity.

Cereal Phase, 1981

Wheat grain yield

In 1981, all plots were seeded to Pondera spring wheat and yield 

results are summarized in Table 3 and Figure 3.
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Table 3. Mean grain yields, dry matter yields, grain protein and
protein yields of Pondera spring wheat at Bozeman, Montana 
in 1981 following various 1980 legume crops.

Yields, Kg/ha Protein % Protein yield
1980 crop Wheat grain Dry matter Wheat grain Kg/ha

Nangeela 2626 6217 13.40 350.64
Jemalong 2371 4766 13.77 326.71
Northam 2103 4913 14.60 309.68
Cyprus 2276 4736 14.87 336.48
Clare 2245 4640 13.70 307.76
Harbinger 2581 5859 15.13 392.44
Grain-fallow 1824 4430 14.83 271.80
Daliak 2703 4967 14.00 378.06
Black medic 3501 5644 15.17 529.12
Geralton 2307 5565 13.93 321.85
Ghor 2393 4925 15.37 367.75
Nungarin 2447 4896 13.60 332.96
Unicrop 2644 5493 15.83 418.57
Robinson 2126 4524 15.47 328.09
Giza III 2746 5961 15.23 418.24
Maral Schaftal 2862 5950 14.40 412.13
Ultra 2513 4667 15.97 402.27

Level of significance 0.005 N. S.3 0.01 0.01
Lsd p = 0.05 680 Kg/ha 0.85 103.5 Kg/ha
Cv % 16.4 23.0 3.5 17.0

aNS = non significant
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Figure 3. Wheat grain yield from annual-legume/cereal 
rotation plots at Bozeman, Montana, 1981.



Grain yields aveyageci 2486 Kg/ha. All of the annual legume 

treatments resulted in grain yields greater than that of the summer 

fallow control treatment. Analysis of variance indicates that 

differences in grain yields were statistically significant at the 

5 percent level (Appendix Table 6).

The grain fallow plots had an average yield of 1824 Kg/ha. This 

is 73 percent of the overall average yield and only 52 percent of the
I

yield of black medic treatment.

The greatest yield response was obtained with black medic 

treatment, 3501 Kg/ha.

Maral Schaftal clover treatment gave the highest yield among the 

clovers and Harbinger medic treatment the highest among the Australian 

medics with 2862 Kg/ha and 2581 Kg/ha respectively'

In general, the subclover treatments outyielded the Australian 

medics by 160 Kg/ha.. The difference between the grain-fallow control 

treatment and the highest yielding clover and medic treatments were 

1038 Kg/ha and 757 Kg/ha respectively.

Annual legume treatments which produced significantly higher 

yields (p «= 0.05) compared to the summer fallow control treatment 

and their percent yield increases are as follows:

Black medic 92 percent

Maral Schaftal 56.9 percent

.36

Faba beans 50.5 percent
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Daliak subclover 48.2 percent

Unicrop lupines 45.0 percent

Nangeela subclover 44.0 percent

Harbinger medic 41.5 percent

Ultra lupines 37.8 percent

The lupines failed to produce in 1979 and 1980 seasons and their plots 

are considered as double summer fallow which resulted in their high 

wheat yields. The soil relatively high nitrate-N levels in these 

plots resulted from the double summer fallow.

The Egyptian faba bean treatment yielded 2746 Kg/ha which 

represents 922 Kg/ha more than grain fallow treatment.

Considering the fact that differences in initial, 1979, soil 

nitrogen were statistically non-significant in all the plots, this 

indicates that the differences in yield between the legume treatments 

and the grain fallow control treatment can be attributed to the 

residual effect of the legumes. Also the differences among the 

legume treatments themselves are the result of a differential nitrogen 

fixation during the 1979 and 1980. seasons. These differences are 

discussed further in the section on effects on soil properties.

The average maximum temperature during the 1981 season was 20.7°

C and precipitation from seeding until harvest totalled 27.29 cm and 

was not evenly distributed (Appendix Tables 2 and 3). Under these
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conditions, some moisture stress was placed on the crop and may have 

partly influenced the wheat grain yields from all plots.

Wheat total dry matter yields and percent N

Total dry matter‘yields include the straw and the grain at stages

11.1 (milky-ripe) and 11.2 (mealy-ripe) of the Feekes scale modified 

by Large (1954); There was no significant difference between the 

treatments (Table 3). However, all legume plots yielded more than 

the control plots with the greatest yield noted for Nangeela sub- 

clover, 6217 Kg/ha, followed by. Giza III faba bean plots, 5961 Kg/ha, 

Maral Schaftal clover, 5950 Kg/ha and Harbinger medic 5859 Kg/ha. 

Correlation coefficients, r, should show if there is a relation 

between dry matter yields and grain yields. These data are presented 

in a later section.

The percent N in the wheat dry matter taken at ripening stages

11.1 and 11.2 (Large 1954) did not show any statistically significant 

difference between the treatments (Table 3). This suggests that the 

differences in the protein concentration, protein yield and total N 

uptake observed at final harvest were due to late N uptake from the 

soil followed by a rapid translocation to the seeds. Also the N 

concentrations in the wheat straw at harvest were not significantly 

different (p = 0.05) supporting the view of late uptake and rapid 

translocation into the grain.
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Grain protein concentration between the treatments was statistic­

ally significant Cp = 0.01) (Table 3, Figure 4). Protein concentration 

in grain depends on the crop specie and variety, but also reflect the 

soil nitrogen level. A low N fertility soil will generally result in 

low protein percentage in the grain for a particular crop. Exceptions 

may result when grain yields are low due to other growth promoting or 

limiting factors such as available water.

Only five legume treatments - Nangeela subclover, Nungarin, Clare 

and Geralton subclovers, and Jemalong medic, resulted in significantly 

lower (p = 0.05) protein content compared to the grain fallow treat­

ment. This might then suggest that these low values are the result of 

a low soil nitrogen content. However, these lower protein levels more 

likely reflect a dilution effect resulting from the higher yields of 

these treatments compared to the summer fallow control rather than 

reflecting lower nitrogen fertility in these treatments.

The greatest protein concentrates were obtained with Ultra and 

Unicrop lupines. Since the lupines failed, this further substantiates 

that these plots represent a double summer fallow treatment. Soil 

chemical test results should help elucidate the hypotheses of double 

summer fallow effect and the dilution effect on grain protein.

A.slightly lower response of 15.2 percent protein content was 

observed with faba bean plots but was not significantly different from

Wheat grain protein concentration and protein yield



PR
OT
EI
N 

YI
EL
D 

(K
G/
HA
)

40

S30-000

440 OOO

330 OOO

220 OOO

UO-OOO

0-000

TRTMT

Figure 4.

£  I 2 3 4 5 6 I 8 8 IO Il 12 13 14 IS 16 17

Wheat protein yield from annual-legume/cereal 
rotation plots at Bozeman, Montana, 1981.



41

the greatest response. A protein concentration difference of 1.0 

percent was noted between the Australian medics (14.3 percent) and 

the subterranean clovers (13.9 percent). This also illustrates the 

dilution effect as the subterranean clover treatments produced higher 

grain yields.

Protein yields varied from a low of 271.80 Kg/ha for the summer 

fallow control treatment up to 529.12 Kg/ha for black medic treatment 

and were found to be significantly different (p = 0.01) (Table 3).

Seven legume treatments resulted in protein yields significantly 

higher than the summer fallow control treatment: Harbinger medic due

to its high wheat grain yield (2581 Kg/ha) coupled with a high grain 

protein concentration (15.13 percent), black medic treatment due to 

both high wheat grain yield and high protein percentage (15.17 per­

cent) , faba bean treatment due to a high wheat grain of 2746 Kg/ha 

and a protein concentration of 15.23 percent, Maral Schaftal clover 

due mainly to a high wheat grain yield, and the lupine treatments as 

a result of high grain protein concentration. The high protein yields 

of the lupine treatments are attributed to the double summer fallow 

which these treatments, in effect, provided.

On the average, the Australian medics yielded more protein than 

the clovers but the difference was negligible (5.6'Kg/ha).

The protein yields data also substantiate the hypothesis of 

dilution effect on some of the legume treatments. In effect, the
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five legume treatments, Nangeela, Nungarin, Clare and Geralton sub­

clovers, and Jemalong medic which have been shown to have a low 

protein concentration, resulted in total protein yields of 29 percent,

22.5 percent, 13.2 percent, 20.2 percent and 18.4 percent greater than 

the control plots respectively.

Grain total nitrogen (percent N) and total N uptake

Grain total nitrogen (percent) and total N uptake are shown in 

Table 4. There is consistency between the percent N measured by the 

semimicro Keldhal method and the percent protein measured by the 

infrared analyzer. However, a higher protein percentage would result 

if total nitrogen (percent) was converted to protein using the 

conversion factor Percent N x 6.7 = Percent protein.

Unlike grain protein concentration, the total N (percent) was not 

significantly different (p = 0.05). Ten of the legume treatments plus 

the fallow control treatment resulted in total wheat N greater than 

3 percent and only six legume treatments resulted in total wheat N of 

less than 3. percent.

Total N uptake in grain showed a significant difference (p - 

0.05). The lowest total N uptake resulted from the summer fallow, 

control treatment which is indicative of the low availability of this 

element in the plot.

The greatest total N uptake was obtained with black medic
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Table 4. Grain total N, wheat straw total N, and total N uptake of 

Pondera spring wheat at Bozeman, Montana in 1981 following 
various 1980 legume crops.

Wheat
1980 Crop

grain total N
%

Wheat straw total
%

N Total N up­
take Kg/ha

Nangeela 2.84 0.39 74.62
Jemalong 2.98 0.42 70.76
Northam 3.47 0.43 73.11
Cyprus 3.15 0.44 70.90
Clare 2.78 0.49 62.00
Harbinger 2.70 0.46 70.20
Grain-fallow 3.16 0.49 58.47
Daliak 2.83 0.39 76.67
Black medic 3.32 0.50 116.98
Geralton 2.94 0.40 68.77
Ghor 3.08 0.51 75.50
Nungarin 3.03 0.42 74.17
Unicrop 3.26 0.50 86.05
Robinson 3.18 0.54 67.61
Giza III 3.14 0.46 86.67
Maral Schaftal 3.11 0.39 88.90
Ultra 3.33 0.47 84.64

Level of significance N.S. N.S. 0.05
Lsd p = 0.05 27.08 Kg/ha
Cv % 17.5 21.1
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treatment. The N uptake of the Australian medics and the clover was 

similar (71 versus 74 Kg/ha).

All legume treatments outyielded the control plots and thus 

demonstrate again that the low total N percentage obtained in some of 

the legume treatments do not reflect low N fertility in those plots 

but rather a dilution effect.

Wheat tillers, tiller density and plant height

Wheat tillers/plant, density and height data are reported in 

Table 5. In general the number of tillers per plant was low but 

showed a significant difference (p = 0.05). Low tillering was 

observed with the control treatment 2.26 tillers/plant and high 

tillering was noted with Ultra lupine (3.45 tillers/plant), black

medic (3.01 tillers per plant) and Cyprus medic (3 tillers per plant).
2Contrary to tillers/plant, plant density (tillers/m ) was not 

significantly different. This indicates that tillering was mainly a 

compensatory mechanism in this experiment. Low plant stand was 

compensated by more tillering so that plant density was kept uniform.

Plant height differences were visible in the field as shown in 

Plates I and II .and were statistically significant (p = 0.01). Values 

varied from 56 cm for the control treatment to 73 cm for black medic 

treatment. All legume treatments were taller than the control treat­

ment. In Plate I, the noticeable dip in plant height of the middle .
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Table 5. Mean average tillers/plant, density and height of spring 
wheat grown following various legume crops at Bozeman, 
Montana, 1981.

1980 crop Tillers/plant
Density . 
Tillers/M

Height
cm

Nangeela 2.97 330.0 70,17
Jemalong 2.63 284.5 67.83
Northam 2.43 387.8 64.50
Cyprus 3.00 315.5 66.00
Clare 2.53 315.5 67.50
Harbinger 2.68 281.1 69.67
Grain-fallow 2.26 255.6 57.50
Daliak 2.87 337.8 68.33
Black medic 3.01 326.7 72.50
Geralton 2.60 280.0 67.33
Ghor 2.80 323.4 65.33
Nungarin 2.29 275.6 67.83
Unicrop 2.51 282.2 66.00
Robinson 2.31 281.1 66.67
Giza III 2.84 336.7 69.33
Maral Schaftal 2.86 308.9 68.67
Ultra 3.45 352.9 62.83

Level of significance 0.05 N.S. 0.01
Lsd p = 0.05 0.54 7.01
Cv % 12.0 13.4 6.28



Plate I. Pondera spring wheat growing in plots previously cropped to annual legumes 
at Bozeman, Montana, 1981.



Plate 2. Pondera spring wheat, after summer fallow on left, after Maral Schaftal 
clover on right at Bozeman, Montana, 1981.
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replication denotes the location of the summer fallow control treat­

ment. Plate II shows the specific difference between the summer fal­

low control (left and the Maral Schaftal clover (right) treatments.

Effect on soil water relations

Water relations in the soil at wheat planting time, 1981

Total stored water in the soil for the following depths, 0 - 3 0  

cm, 0 - 6 0  cm, 0 - 120 cm, 30 - 120 cm. and 60 - 120 cm, are reported 

'iil Table 6 and Figure 5 for total stored water in 0 - 120 cm soil 

depth.

None of the different soil depths showed significant differences 

in their water content at planting time. These results would indicate 

that stored soil water,was the same irrespective of the treatment. 

Average values were 7.0 cm, 13.6 cm, 25.17 cm, 18.15 cm, and 11.57 cm 

for the 0 - SOi 0 - 60 cm, 0 - 120, 30 - 120, and 60 - 120 cm depth of 

soil respectively. However, the control plot which was summer fal­

lowed the previous year had more stored water than any of the legume 

treatments, but that difference was not enough to influence the test 

of significance. Thus, yield differences in the 1981 wheat crop 

cannot be attributed to differences in stored soil water.

Water relations in the soil at harvest time

The stored water at harvest time was significantly different
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Table 6. Pre-plant total soil water content of cereal/legume rotation 

plots at Bozeman, Montana, 17 April, 1981.

Depths, cm.
1980 crop 0-30 0-60 0-120 30-130 60-120

Nangeela 7.33 13.97 24.78 17.45 10.81
Jemalong 7.17 13.83 25.47 18.30 11.64
Northam 7.15 13.76 25.44 18.29 11.68
Cyprus 7.11 13.57 24.43 17.32 10.86
Clare 7.10 13.82 26.21 19.11 12.39
Harbinger 6.79 13.29 24.96 18.16 11.66
Grain-fallow (control) 6.95 13.99 26.29 19.34 12.30
Daliak 7.32 13.88 25.35 18.03 11.47
Black medic 6.96 13.24 24.88 17.92 11.64
Geralton 7.12 13.49 24.42 17.25 10.92
Ghor 7.09 13.84 25.61 18.52 11.76
Nungarin 6.83 13.58 25.94 19.10 12.35
Unicrop 6.93 13.54 25.59 18.66 12.05
Robinson 6.86 13.26 24.65 17.79 11.39
Giza III 6.68 13.26 24.10 17.42 10.84
Maral Schaftal 7.13 13.54 24.29 17.15 10.75
Ultra 6.79 13.38 25.47 18.68 12.09

Level of significance N.S. N.S. N.S. N.S. N.S.

CV % 5.5 3.7 3.9 5.0 7.4

N.S. = Non significant
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(p = 0.01) at all depths measured (Table 7 and Figure 6). In the 

0 - 30 cm soil depth, the summer fallow control treatment had 3.75 

cm of water. Compared to the control, ten. legume treatments' contained 

significantly lower water to a 30 cm depth at harvest. Only two 

legume treatments, Geralton (3.86 cm) and Nungarin (3.93 cm) sub­

clovers had more water left in the surface 30 cm than the control 

plots but these differences were not statistically signifciant. The 

data show that the control treatment had, in general, more water 

remaining in its profile than did most of the legume treatments.

This suggests that cereal/legume rotations such as these may be 

preferable to the alternate crop/fallow rotation in areas susceptible 

to saline-seep problems.

In the 0 - 6 0  cm soil depth, the greatest amount of water 

remaining in the profile was that of the control treatment, 8.78 cm, 

compared to the lowest water content of 7.10 cm for the Robinson 

medic treatment. Only three legume treatments did not show a 

significant lower value, Unicrop 8.13 cm, Nungarin subclover, 8.24 

cm, and Ghor medic, 8.09 cm.

In the 0 - 9 0  cm, the control plot resulted in the greatest 

amount of water remaining in the profile with 14.03 cm. The lowest 

value was noted for black medic with 11.27 cm. The Australian medics 

had an average water content of 12.40 cm and the clovers 12.56 cm.

The Egyptian faba bean treatment was left with 12.24 cm of.water.
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Table 7. Post-harvest total soil water content of cereal/legume 
rotation plots at Bozeman, Montana, 24 September 1981.

Depths, cm
1980 crop 0-30 0-60 0-120 30-120 60-120

Nangeela 3.49 7.60 18.09 14.61 10.49
Jemalong 3.70 7.99 17.93 14.23 9.943
Northam 3.63 7.55 17.18 13.54 9.627
Cyprus 3.64 7.88 17.86 14.22 9.980
Clare 3.68 7.89 17.56 13.87 9.667
Harbinger 3.73 7.76 16.81 13.08 9.053
Grain-fallow 3.75 7.78 19.64 15.89 10.85
Daliak 3.52 7.63 17.45 13.93 9.820
Black medic 3.44 7.25 15.97 12.53 8.717
Geralton 3.86 8.01 17.61 13.75 9.600
Ghor 3.75 8.09 18.27 14.52 10.18
Nungarin 3.93 8.24 18.36 14.43 10.12
Unicrop 3.65 8.13 18.16 14.51 10.03
Robinson 3.36 7.10 16.73 13.37 9.630
Giza III 3.65 7.69 17.32 13.67 9.633
Maral Schaftal 3.40 7.23 16.21 12.81 8.980
Ultra 3.50 7.62 17.37 13.87 9.750

Level of significance 0.01 0.01 0.01 0.01 0.01
Lsd 0.05 0.25cm 0.56cm I.21cm I.13cm 0.36cm

0.01 0.34cm 0.75cm 1.63cm I.52cm 0.48cm
Cv% 4.15 4.31 4.14 4.84 5.24
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In the O - 120 cm. depth, values varied from a low of 15.97 cm 

for the black medic treatment to a high value of 19.64 cm for the 

control plots. All legume treatments were significantly lower (p = 

0.05) compared to the control treatment.

The greatest amount of water content in the 30 - 120 cm soil 

depth was obtained with the control treatment, 15.89 cm and the lowest 

value was noted with the black medic treatment, 12.53 cm, followed by 

Maral Schaftal clover, 12.81 cm, and Harbinger medic, 13.08 cm. The 

same trend was also observed with the 60 - 120 cm depth water content 

data.

Total water used and water use efficiency

Total water used includes both the difference between the stored
I .
water at planting'and harvest time plus the growing season precipita­

tion. Theoretically.this includes the water used for transpiration, 

evaporation and probably a small fraction moving below the root zone.

On the average, 34.0 cm of water was used during the growing 

season (Table 8). There was no significant difference between the 

treatments. However, the control treatment used less water (non 

significant) than all the legume treatments except the Cyprus medic 

treatment (see Figure 7).

Water use efficiency is the amount of harvested crop dry matter 

that can be produced from a given quantity of water. It was calculated



Table 8. Stored soil water use, total water use and water use
efficiency for Pondera spring wheat following various legume 
crops at Bozeman, Montana, 1981.

55

1980 crop

Soil Water 
used to 

120 cm depth 
cm

Total water 
used— 
cm

Water use „, 
Efficiency— 
Kg/cm

Nangeela 6.69 32.98 79.62
Jemalong 7.54 33.83 70.09
Northam 8.26 34.55 60.87
Cyprus 6.57 32.86 69.26
Clare 8.65 34.94 64.25
Harbinger 8.15 34.44 74.94
Grain-fallow 6.65 32.94 55.37
Daliak 7.99 34.19 79.06
Black medic 8.91 34.98 100.09
Geralton 6.81 33.10 69.70
Ghor 7.34 33.63 71.16
Nungarin 7.58 33.87 72.25
Unicrop 7.43 33.72 78.41
Robinson 8.73 35.02 60.65
Giza III 6.78 33.07 83.04
Maral Schaftal 8.07 34.36 83.29
Ultra 8.10 34.39 73.07

Level of significance N.S. N.S. 0.05
Lsd 0.05 - - 20.4
CV % 17.5 4.0 16.6

—^Sum of soil water used plus 26.29 cm growing season rainfall.

— Wheat grain produced divided by total water used.2/
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here as the wheat grain yield in Kg/ha per unit cm of total water 

used. The treatments showed a significant difference at the 5 percent 

level (Table 8 and Figure 8). Values varied from as low as 55.37 

Kg/cm of water used for the summer fallow control treatment to as 

high as 100.09 Kg/cm of water used for black medic. Legume treatments 

which resulted with significantly (p = 0.05) higher water use 

efficiency compared to the control and their percent increases are .as 

follows:

Black medic 81 percent

Maral Schaftal 50 percent

Giza III faba bean 50 percent

Nangeela subclover 44 percent

Daliak subclover 43 percent

Unicrop lupine 42 percent

The Australian medics produced 69.22 Kg/cm and the clovers 

72.72 Kg/cm. The responses obtained for the lupines and the faba 

bean treatments were 75.67 and 83.04 Kg/cm of water used respectively.

Discussion on the soil water relations

No significant differences were observed for soil water content 

at any depth at planting time. This indicates that all treatments, 

including the control, had.stored the same amount of water. However, 

at harvest, significant differences were observed. There was more
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available water iri the control plots than in any of. the legume treat­

ment .

The hypothesis that the wheat grain yield increases, while ma 

taining respectably protein levels, resulted from increased soil

n-

fertility derived, from the previous years legume residues is substan­

tiated by these soil water data. The control plots contained more 

stored water at all depths after harvest than did the legume treat­

ments. This suggests that improved soil fertility in the legume 

treated plots increased water use, whereas, soil fertility remained a 

limiting factor in the control plots. From the available water 

aspect, the cereal-fallow treatment had a slight but statistically 

insignfleant advantage in yield potential.

So, undoubtedly, the legume treated plots had increased in soil 

fertility as expressed by increased grain yields, N uptake, protein 

yields, etc.

The total water use data and the water use efficiency data also 

substantiate the hypothesis of increased soil fertility. As already 

suggested, a high water use efficiency reflects a high soil fertility 

level. Plants growing on a high fertility soil tend to exhibit a 

greater water use efficiency.

The hypothesis of double summer effect on the lupine treatments 

is also substantiated by those water relations data. These legumes
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failed in 1979 and 1980 seasons and could have not contributed much 

biologically fixed N or other nutrients via crop residues. Since 

these plots showed a significant higher water use efficiency, this ■ 

suggests a high N level. This high N level likely comes from the two 

years of mineralization of soil N.

The water relations data in the 60 - 120 cm soil depth has shown 

that the cereal-fallow plots still have more stored water at harvest 

time than any of the legume treatments. This higher water content at 

this lower depth increases the potential for water movement below the 

root zone and, hence, the saline-seep hazard. The ability of the 

annual legume/cereal rotations to decrease the water levels at these 

lower soil depths demonstrates their potential use.for saline-seep 

control.

Effects on Soil Properties 

Initial soil fertility levels

Initial soil analysis results for Bfay P, Olsen P, K, Na, Mg, Ca, 

Boron, sulfur, NO^-N,. pH, E.C. Zn, Cu, Fe and Mn at the 0 - 15 cm and 

15 - 20 cm soil depths are reported in Appendix Table 10 and sum­

marized in Tables 9, 10, 11, 12, and 13.

Except for Fe at th 15 -.30 cm depth, there were no significant 

differences (P — 0.05) in the soil fertility parameters measured.



Table 9.. Mean initial soil analysis data for Bray P, Olsen P and K in ppm

Crop
Bray P Olsen P K

O-IScm 15-30cm 0-15cm 15-30cm O-IScm 15-30cm

T. 6ubte.-VLamufn (Nangeela) 36.67 21.33 10.67 6.667 281.0 232.0
MecUcago XAuncatula (Jemalong) 42.33 17.67 13.67 7.667 265.3 224.0
T. -6ubtevuxneujn (Northam) 51.67 19.67 14.00 8.000 273.7 229.3
Medieago tAuneatuZa (Cyprus) 49.00 20.33 13.00 8.333 275.7 232.0
T. Aubte-Vianeum (Clare) 45.33 8.667 12.33 7.333 288. 7 226.7
MecUeago ZUXtoaoJUa (Harbinger) 48.00 17.67 15.00 7.333 250.0 216.7
Grain-fallow 50.33 20.67 12.67 8.333 265.7 211.3
T. SubteAAaneum (Daliak) 47. 33 19.00 11.33 6.667 268.0 237.0
MecUeago lupultna (Black medic) 49.67 15.33 15.00 8.000 255.3 244.7
T. SubteAAaneum (Geraldton) 42.67 24.67 11.67 6.667 283.7 219.0
MecUcago tAuneatuZa (Ghor) 39.67 17.00 10.00 6.333 273.3 211.0
I. SubteAAaneum (Nungarin) 35.67 13.00 14.00 7.667 276.0 232.0
Lupinus angustifiolius (Unicrop) 33.00 10.00 12.67 7.333 273.3 224.3
MeeUeago seuteZZata (Robinson) 45.33 20.67 12.00 6.667 268.0 206.0
\/ieia faaba (Giza III) 37.00 8.667 11.00 7.000 262.7 213.7
T. Aesupinatum (Maral Schaftal) 51.00 27.33 11.33 7.333 270.3 224.0
LupinuS albuS (Ultra) 46.67 12.00 16.00 7.333 255.0 231.7

Means 44.20 17.27 12.73 7.333 269.7 224.4
Level of Significance N.S. N.S. N.S. N.S. N.S. N.S.
CV % 24.72 63.08 25.70 14.72 7.95 7.70



Table 10. Mean initial soil analysis data for Na, Mg, and Ca in ppm

Na _____Mg Ca
Crop 0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm

T. -6ubteAAammv (Nangeela) 0.000 0.033 2.967 3.033 37.67 38.67
MedZcago tAuncatuZa (Jemalong) 0.033 0.033 2.800 2.900 37.00 37.67
T. AubteAAaneum (Northam) 0.033 0.000 2.867 3.200 37.67 38.67
MedZeago ZAuneaZuZa (Cyprus) 0.000 0.033 2.933 3.033 38.67 38.67
T. ^ubteAAaneum (Clare) 0.000 0.033 2.900 2.867 36.00 36.67
MedZeago tittoAatZi (Harbinger) 0.033 0.033 2.933 2.533 35.33 35.33
Grain-fallow 0.033 0.033 2.633 2.833 35.00 35.67
T. AubteAAaneum (Daliak) 0.033 0.033 2.500 3.000 36.67 38.67
MedZeago ZupuZZna (Black medic) 0.000 0.033 2.100 2.533 35.67 36.00
T. AubteAAaneum (Geraldton) 0.000 0.033 2.967 3.033 37.00 36.67
MedZeago tAuneatuZa (Ghor) 0.033 0.033 2.967 2.900 34.00 38.33
T. AubteAAaneum (Nungarin) 0.000 0.033 3.000 2.867 35.00 36.00
LupZnuA anguAtZfioZZuA (Unicrop) 0.000 0.067 2.967 3.200 36.67 38.67
Medieago AeuteZZata (Robinson) 0.033 0.067 2.733 2.933 36.67 36.00
1/ZeZa fiaba (Giza ill) 0.033 0.000 2.700 2.933 38.33 37.00
T. AeAupZnatum (Maral Schaftal) 0.033 0.067 2.733 3.033 38.00 38.67
LupZnuA aZbZnuA (Ultra) 0.000 0.033 2.833 3.033 36.33 39.00

Means 0.0177 0.0353 2.796 2.933 36.57 37.43
Level of Significance N.S. N.S. N.S. N.S. N.S. N.S.
CV % 168.3 119.05 11.89 12.11 7.49 10.66



Table 11. Mean initial soil analysis data for Boron, Sulfur and NO^N in ppm

Boron Sulfur NO^N
Crop O-IScm 15-30cm O-ISctn 15-30cm 0-15cm 15-30cm

I. AubteAAanzm (Nangeela) 0.67 0.40 1.53 1.17 8.53 8.73
Mzdtcago tsiuncatuta (Jemalong) 0.67 0.53 1.30 0.47 9.03 9.07
T. AubtzAAanzum (Northam) 0.53 0.40 1.43 1.70 10.87 11.50
Mzdizago tAunzatula (Cyprus) 0.53 0.37 1.83 0.43 8.27 7.20
T. AubtzAAanzm (Clare) 0.63 0.53 1.57 1.43 9.47 9.80
Mzdizago ZtttoAaZiA (Harbinger) 0.67 0.60 1.57 0.80 7.97 8.83
Grain- fallow 0.60 0.60 1.90 2.60 8.20 9.43
I. AubtzAAanzm (Daliak) 0.60 0.40 0.30 0.80 7.63 7.33
Mzdtzago ZupuZtna (Black medic) 0.67 0.60 1.70 0.30 8.73 8.20
T. AubtzAAanzm (Geraldton) 0.67 0.60 0.57 0.43 8.37 8.27
Mzdtzago tAunzatuZa (Ghor) 0.80 0.60 0.30 0.30 6.90 7.77
T. AubtzAAanzm (Nungarin) 0.73 0.60 1.27 0.57 9.97 10.17
LuptnuA anguAttfioZtuA (Unicrop) 0.60 0.53 1.83 0.30 10.17 10.10
Mzdtzago AzutzZZata (Robinson) 0.57 0.47 1.27 1.13 8.33 7.40
\/izta ^aba (Giza III) 0.67 0.47 2.23 1.03 8.03 7.93
T. A Z A u p t n a t m  (MaraI Schaftal) 0.60 0.53 1.57 1.53 8.97 8.53
LuptnuA aZbtnuA (Ultra) 0.67 0.53 0.90 0.90 8.50 9.17

Means 0.64 0.52 1.36 0.94 8.70 8.79
Level of significance N . S. N . S. N.S. N.S. N.S. N.S.
CV % 25.08 39.35 67.23 118.53 19.12 19.04



Table 12. Mean initial soil analysis data for pH, EC, Zn

_pH_______ EC______ ____Zn
Crop O-I5cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm

T. AubteAAaneum (Nangeela) 8.33 8.40 0.77 0.77 0.45 0.41
MedieAgo tAunCAtuZa (Jemalong) 8.40 8.30 0.77 0.77 0.37 0.30
T. AubteAAaneum (Northam) 8.50 8.47 0.77 0.77 0.37 0.32
Medicago tAuncatula (Cyprus) 8.40 8.37 0.73 0.77 0.42 0.31
T. AubteAAaneum (Clare) 8.40 8.50 0.77 0.77 0.38 0.27
Medieago tiZXoAatiA (Harbinger) 8.37 8.43 0.77 0.73 0.37 0.26
Grain—fallow 8.27 8.17 0.80 0.80 0.48 0.37
T. AubteAAaneum (Daliak) 8.37 8.33 0.77 0.77 0.37 0.30
Medtcago Zupultna (Black medic) 8.33 8.30 0.73 0.77 0.36 0.30
T. AubteAAaneum (Geraldton) 8.37 8.37 0.73 0.77 0.34 0.30
Medteago tAuneatula (Ghor) 8.40 8.40 0.77 0.77 0.39 0.30
T. AubteAAaneum (Nungarin) 8.43 8.53 0.77 0.77 0.38 0.45
LuptnuA anguAtt^oltuA (Unicrop) 8.37 8.40 0.73 0.77 0.37 0.37
Medtcago AeuteZZata (Robinson) 8.27 8.30 0.80 0.80 0.41 0.27
Vteta fiaba (Giza III) 8.43 8.43 0.77 0.77 0.40 0.31
T. AeAuptnatum (Maral Schaftal) 8.30 8.30 0.80 0.80 0.43 0.35
Luptnui aZbtnuA (Ultra) 8.23 8.27 0.80 0.80 0.48 0.37

Means 8.36 8.37 0.77 0.77 0.40 0.33
Level of significance N.S. N.S. N.S. N.S. N.S. N.S.
CV % 1.40 1.46 5.33 5.11 14.56 33.77



Table 13. Mean initial soil analysis data for Fe, Cu and Mn in ppm

Fe Cu Mn
Crop O-IScm 15-30cm O-IScm 15-30cm 0-15cm 15-30cm

T. iuhtthAanuun (Nangeela) 9.70 9.20 3.00 2.87 18.37 13.70
MzdLcjCiQO LAmccutuJLa (Jemalong) 8.93 8.53 2.90 2.70 20.60 13.90
I. MibLeAAamum (Northam) 8.10 7.63 2.93 2.83 15.90 12.70
MedLeago L A m c a L u Z a  (Cyprus) 7.73 7.63 2.70 2.47 15.37 15.80
T. AubLeAAamum  (Clare) 7.83 7.27 3.07 2.70 15.57 12.37
Medicago LLLLoAoJLaJ, (Harbinger) 8.57 8.37 2.87 2.70 16.10 12.37
Grain-fallow 8.10 7.53 2.87 2.57 16.10 12.50
T. AubLeAAaneum (Daliak) 7.73 8.00 2.60 2.40 17.30 12.90
MedLeago ZuputLna (Black medic) 7.73 7.83 2.57 2.63 20.00 13.30
T . AubLeAAaneum (Geraldton) 8.53 9.03 2.67 2.53 15. 70 12.57
MedLeago L A m e a L u t a  (Ghor) 9.13 8.43 3.00 2.73 16.10 13.83
T. AubLeAAaneum (Nungarin) 8.67 8.63 2.77 2.73 17.03 13.23
LupLnuA OnguAtLflOtLuA (Unicrop) 8.80 8.57 2.90 2.63 16.77 11.70
MedLeago AeuLeJttaLa (Robinson) 8.53 7.30 2.90 2.47 20.87 10.97
VLcLa faba (Giza III) 8.20 8.30 2.93 2.70 19.00 12.57
T. AeAupLnaLum (Maral Schaftal) 8.20 7.53 2.63 2.67 13.30 11.50
LupLnuA CitbLnuA (Ultra) 7.83 6.80 2.50 2.37 16.63 11.70

Means 8.37 8.04 2.81 2.629 17.10 12.80
Level of significance N.S. 0.01 N.S. N.S. N.S. N.S.
CV % 9.52 8.67 8.02 7.61 19.77 18.58
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Also, the lowest level of Fe measured is considered to he adequate.

It appears from these average values that the soil was uniformly 

low or bordering on low for the macronutrients and possibly Zn. This 

is not surprising since the experiment was placed on an eroded soil 

of low productivity.

Soil NO^-N at planting and harvest time for the 1981 season

Soil NOg-N data at planting and harvest time are reported in 

Tables 14 and 15.

In the 0 - 15 cm soil depth, NOg-N values were not significantly 

different at planting time. However, only the Ghor medic treatment 

with 12.4 ppm contained less NOg-N than the control plot level of 

12.8 ppm. High NOg-N levels were observed for black medic, 22.0 ppm, 

and Clare, 22.3 ppm.

Considering the 0 - 30 cm depth, however, NOg-N levels were 

significantly different (p = 0.05). Values ranged from 3.3 ppm for 

the control treatment to 8.0 ppm for the Nangeela subclover treatment. 

The high NOg-N levels for the successful legume treatments presumedly 

resulted from decomposition of the previous years residues while the 

high levels for the lupine plots resulted from mineralization during . 

two years of summer fallow.

The differences in soil NOg-N at the 30 - 60 cm depth were not 

statistically significant whereas those at the 60 - 120 cm depth were
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Table 14 . Average spring NO^-N at different soil depths following

various legume crops at Bozeman, Montana, 1981.

Spring NO^-N in ppm
1980 crop 0-15cm 0-30cm 30-60cm 60-120cm

Nangeela 19.1 8.0 3.6 2.4
Jemalong 17.2 5.9 4.0 2.5
Northam 17.4 6.1 4.1 5.7
Cyprus 16.5 6.0 3.5 5.3
Clare 22.3 7.7 3.9 4.5
Harbinger 17.3 6.3 4.1 6.4
Grain-fallow 12.8 3.3 4.0 2.1
Daliak 16.1 7.1 4.3 3.4
Black medic 22.0 5.4 6.4 8.8
Geralton 18.1 7.1 4.0 5.2
Ghor 12.4 5.4 4.8 7.2
Nungarin 14.6 5.9 3.5 2.8
Unicrop 13.7 6.7 6.6 9.1
Robinson 14.8 5.1 3.8 7.3
Giza III 14.1 5.0 5.4 6.3
Maral Schaftal 19.9 7.1 4.6 4.6
Ultra 13.6 8.0 5.6 6.3

Level of significance N.S. 0.05 N.S. 0.01
Lsd 0.05 — 2.5 — 3.0
CV % 23.7 23.7 30.4 33.7
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Table 15. Average fall NO^-N at different soil depths following
various legume crops at Bozeman, Montana, 1981

1980 crop
Fall NO-N in ppm

0-15 cm I5-30cm 30-60cm 60-90cm 90-120cm

Nangeela 3.9 2.9 2.5 2.3 2.1
Jamalong 3.4 3.2 2.1 1.9 1.9
Northam 3.0 2.7 2.4 1.9 2.1
Cyprus 4.0 3.3 2.1 2.0 2.3
Clare 4.0 3.2 2.5 2.1 2.0
Harbinger 3.5 3.0 2.5 2.1 2.7
Grain-fallow 3.6 3.0 2.4 1.9 2.1
Daliak 3.6 3.1 1.7 2.0 2.1
Black medic 3.6 2.5 2.2 1.5 3.1
Geralton 3.5 2.7 1.9 1.8 2.2
Ghor 2.9 2.7 2.1 1.9 2.3
Nungarin 3.3 2.8 2.2 1.8 2.1
Unicrop 3.2 2.7 1.6 1.6 3.1
Robinson 3.0 2.0 1.7 1.4 1.7
Giza III 3.5 2.5 1.7 1.6 2.3
Maral Schaftal 4.2 2.5 2.1 1.6 1.9
Ultra 3.4 3.2 2.0 1.6 2.3

Level of significance N.S. N.S. N.S. N.S. N.S.
CV % 21.6 20.3 21.4 19.9 38.9
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significant (p = 0.01). This probably indicated differential decom­

position and mineralization of the various residues, denitrification 

and leaching into the lower profile. Improved physical parameters 

such as aeration and water infiltration would be an expected-result 

of the legume treatments. Improved aeration would increase decomposi­

tion and N mineralization while decreasing denitrification. Increased 

water infiltration would be expected to move NO^-N to lower soil 

depths. This interpretation can ba reconciled with the spring 1981 

uniform soil water levels by assuming that low infiltration rates 

and/or evaporation losses from the control plots in 1980 was equivalent 

to evapo-transpiration by the legume crops.

. In the entire profile, 0 - 120 cm depth, NO^-N varied from a low 

value of 51.3 Kg/ha for the control treatment to as high as 137 Kg/ha 

for the black medic treatment, and 117.5 and 149.8 Kg/ha for the two 

lupine treatments, which, in effect, were double summer fallow treat­

ments (Table 16, Figure 9). These values were highly statistically 

significant (p = 0.01). The higher N fertility levels (90 to 140 

Kg/ha) produced by the more effective legume treatments come very 

close to meeting the N requirements for maximum dryland wheat and 

barley production in much of Montana. In most instances only an 

additional 10 to 15 Kg N/ha drilled with the seed would be required 

to bring available N to the recommended level.
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Table 16. Spring and fall NO^-N and total NO^-N used to 120 cm soil

depth following various legume crops at Bozeman, Montana,
1981.

1980 crop

NO ̂N at wheat 
planting time 
Kg/ha

NO^N at 
harvest 
Kg/ha

NO^N used 

Kg/ha

Nangeela 73.92 46.07 27.85
Jemalong 66.90 41.21 25.69
Northern 97.21 41.22 56.00
Cyprus 90.05 45.47 44.57
Clare 92.14 45.92 46.22
Harbinger 103.93 47.34 56.60
Grain-fallow 51.22 43.38 7.84
Daliak 81.24 41.06 40.18
Black medic 131.71 44.20 87.51
Geralton 96.02 40.32 55.70
Ghor 109.91 40.99 68.92
Nungarin 66.90 40.69 26.21
Unicrop 140.82 41.66 99.16
Robinson 111.70 32.63 79.07
Giza III 98.56 38.31 60.25
Maral Schaftal 93.93 39.87 54.06
Ultra 117.52 41.22 76.31

Level of Signficance 0.01 N.S. 0.01
Lsd 0.05 33.86 Kg/ha — 34.78 Kg/ha
CV % 21.3 —  — 38.9
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NOj-N at harvest time

At harvest, there were no significant differences in the soil 

NOj-N values for the following depth increments: 0 - 1 5  cm, 15 -

30 cm, 30 — 60 cm, 60 - 90 cm, and 90 - 120 cm (Table 15). These 

NOj-N levels at harvest represent what was left in the soil after 

plant uptake for dry matter and grain production and other fates of 

soil N such as leaching, immobilization and denitrification (Figure 

10). Recropping a soil with these levels of residual available N- 

with a cereal would require supplemental fertilizer N . Also of 

interest is the total quantity of NOj-N utilized by each treatment 

(Table 16, Figure 11). The treatments showed a significant 

difference (p = 0.01). NOj-N varied from a low value of 7.8 Kg/ha 

for the control treatment to as high as 87.5 Kg/ha for the black 

medic, 76.3 and 99.2 Kg/ha for the two lupine treatments. Compared 

to the spring wheat total N uptake of Table 4, these NOj-N levels are 

the evidence that the higher N fertility levels produced by the more 

effective legume treatments come very close to meeting the N require­

ments for maxiflium spring wheat production. Black medic treatment 

supplied up to 91.3 percent of the N required, Robinson supplied - 

more than required, 117 percent, Geralton 81.4 percent, and Harbinger

80.6 percent. The differences between the NOj-N levels and the wheat 

total N uptake must have been compensated by mineralization of soil
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organic matter during the growing season whereas the excess NO^-N 

in Robinson medic, 11.5 Kg/ha, and Unicrop, 13.1 Kg/ha, must have . 

been immobilized or leached through the soil profile.

Discussion on NO-N ---------------- 3—
At planting time, the cereal-fallow control treatment showed 

a statistically significant lower NO^-N in its profile to 120 cm 

compared to the legume treatment plots. This is hypothesized as 

being the result of increased soil N inherited from the previous 

years legume residues. If this was the case, more crop yields would 

be expected from the legume treated plots and this was indeed the 

result. Also, the slightly lower grain protein contents exhibited 

by some treatments resulted from a dilution effect.

Wheat grown on the"legume treated plots utilized more soil N- 

during the growing season than that grown on the control plots. 

Apparently under these soil conditions, there is a critical minimum 

soil NO0-N concentration of 2 to 3 ppm below which most of the soil 

nitrates becomes positionally unavailable to the wheat roots. Except 

for the surface 15 cm, the soil in the control plots was near this 

critical minimum level throughout the season. This created an acute 

N deficiency in the control plants for the duration of the season. 

Also this substantiates the hypothesis that the observed increased 

soil fertility was indeed a result of the legume treatments.
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The fall NO^-N data were not significantly different. Further­

more, with very few exceptions, the NO^-N concentration was very near 

the 2 to 3 ppm level which supports the hypothesis of a critical 

minimum concentration resulting in positional unavailability.

It appears then from the NO^-N data that the Australian ley 

system of farming is adaptable to Montana in terms of increasing soil 

fertility and productivity. The significant differences between the 

legume treatments and the control (cereal-fallow) have demonstrated 

the ability of the system to improve the N economy of the soil and 

increase wheat yields.

Soil P, O.M. and total N

P levels are reported in Appendix Tables 11 and 12 and summarized 

in Tables 17 and 18. Initial available P was low to very low at all . 

soil depths and averaged 44.2 ppm in the 0 - 15 cm and 17.3 ppm in 

the 15 - 30 cm. In terms of absolute values, the same pattern was 

observed in all 1981 analyses: highest in the 0 - 1 5  cm, lowest

between 15 - 90 cm and higher again between 90 - 120 cm soil depths. 

There was no apparent effect of the legume treatments on the avail­

ability of soil P. The generally higher available P levels in the 0 

to 15 cm soil depth in the 1981 fall versus spring samples reflects 

the spring 1981 uniform P fertilizer applications.

There were no significant differences in the soil O.M. values



Table 17• Average spring P levels at different soil depths following 
various legume crops at Bozeman, Montana, 1981
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Spring Bray P in ppm
1980 Crop O-IScm 0-30cm 30-60cm 60-120cm

Nangeela 38.0 27.0 2.3 8.0
Jamalong 36.7 31.3 6.0 14.7
Northam 37.3 32.7 1.0 5.7
Cyprus 33.3 26.0 4.0 6.0
Clare 38.7 30.3 1.0 7.3
Harbringer 33.7 25.0 1.0 11.3
Grain-fallow 33.3 12.7 1.0 8.3
Daliak 34.3 31.0 1.7 3.7
Black medic 33.7 22.7 3.3 8.0
Geralton 32.7 29.0 2.7 8.7
Ghor 35.3 22.7 1.3 7.7
Nungarin 35.7 29.3 2.7 13.7
Unicrop 33.3 29.7 2.3 14.3
Robinson 34.0 19.0 2.0 2.3
Giza III 42.0 19.3 1.7 5.3
Maral Schaftal 29.7 29.3 1.0 0.7
Ultra 35.7 28.0 1.0 7.3

Level of significance N.S. N.S. N.S. N.S.
CV % 15.9 43.4 11.2 72.7
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Table 18• Average Fall P levels at different soil depths following 

various legume crops at Bozeman, Montana, 1981.

1980 Crop 0-15cm
Fall Bray 
15-30cm

P in ppm 
30-60cm 60-90cm 90-120cm

Nangeela 43.0 18.0 9.0 12.0 23.3
Jemalong 38.3 17.0 5.7 11.7 24.7
Northam 43.0 17.7 4.7 5.3 14.3
Cyprus 48.7 19.7 7.7 6.0 23.7
Clare 50.3 18.3 4.0 10.7 13.3
Harbinger 40.7 10.0 1.0 8.0 20.3
Grain-fallow 31.0 8.3 2.7 7.0 18.0
Daliak 36.7 16.7 4.7 6.0 18.3
Black medic 44.7 2.0 10.3 7.7 28.3
Geralton 48.0 15.7 4.7 3.7 15.3
Ghor 36.Q 7.3 2.3 3.7 13.0
Nungarin 87.3 12.3 5.7 8.7 18.7
Unicrop 57.7 15.3 4.0 9.3 20.3
Robinson 35.0 11.3 4.3 5.7 13.0
Giza III 45.0 15.0 2.7 15.3 20.0
Maral Schaftal 37.3 7.7 3.3 3.3 18.3
Ultra 43.7 13.7 5.0 6.7 18.0

Level of significance N.S. N.S. N.S. N.S. N.S.
CV % 35.9 69.1 07.3 80.4 51.4
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for 1979, 1980 and 1981 (Table 19). However, some Interesting points 

need to be mentioned. A general increase from the initial soil O.M 

in 1979 to the spring of 1981 was observed. Average values go from 

1.38 percent O.M. to 1.57 percent O.M. in the 0 - 1 5  cm. This 

increase is directly related to the legume crop residues.

The 0.05 percent difference between spring and fall O.M. levels 

in the cereal-fallow plots is certainly within the range of experi­

mental error.

From spring 1981 to fall 1981, there was a general decrease in 

soil O.M. This decrease is probably due to soil O.M. mineralization. 

Overall, from spring 1979 to fall 1981, some legume treatments 

resulted in an O.M. increase and some showed a decrease. Those with 

increased O.M. include Nungarin subclover, 0.20 percent, black medic,
I

0.18 percent, Clare subclover, 0.16 percent and Harbinger medic,

0.15 percent.

Soil N (percent) (Appendix Table 10) behavior was similar to the 

observations already made on soil O.M. There was a general increase 

followed by a small decrease by fall 1981, The soil O.M. and percent 

N data have shown a general increase as a result of the legume 

treatments compared to the control. These observed differences are 

small but very important in the sense that they show and/or confirm 

the superiority of the cereal/legume rotations to crop/fallow



Table 19 . Soil organic matter levels for 1979 and 1981 seasons at 
Bozeman, Montana.
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% initial O.M.1979 %0.M. Spring 1981 % O.M.Fall 1981
1980 Crop 0-15cm 15-30cm 0-15cm 0-30cm 0-15cm 15-30cm

Nangeela 1.37 1.00 1.63 1.58 1.43 0.88
Jemalong 1.30 1.00 1.52 1.41 1.40 0.80
Northam 1.40 1.23 1.50 1.33 1.19 1.03
Cyprus 1.20 0.97 1.52 1.19 1.33 1.10
Clare 1.37 1.13 1.62 1.44 1.53 1.22
Harbinger 1.33 1.13 1.62 1.56 1.48 1.16
Grain-fallow 1.50 1.17 1.55 1.37 1.49 0.85
Daliak 1.37 1.07 1.47 1.57 1.30 1.14
Black medic 1.40 1.20 1.65 1.28 1.58 0.85
Geralton 1.33 1.30 1.62 1.28 1.39 0.98
Ghor 1.33 1.07 1.57 1.40 1.38 0.83
Nungarin 1.27 1.03 1.65 1.41 1.47 0.69
Unicrop 1.37 1.07 1.52 1.42 1.47 0.95
Robinson 1.57 1.13 1.60 1.55 1.44 1.02
Giza III 1.33 1.00 1.51 1.26 1.38 0.92
Maral Schaftal 1.60 1.10 1.61 1.34 1.53 0.81
Ultra 1.40 1.07 1.57 1.19 1.27 1.00

Means 1.38 1.10 1.57 1.39 1.42 0.96
Level of signifi-

cance N.S. N.S. N.S. N.S. N.S. N.S.
CV % 10.18 13.12 7.43 12.41 18.12 27.86
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rotations for improving soil fertility and productivity.

Density and Re-establishment Evaluations for Legume Species in 1982

In the ley system of farming, it is important that the legume 

crops regenerate and establish good stands following the cereal 

phase of the rotation. On July 2, the actual population of plants 

present was determined by direct counts on the central row of each
2plot for each of the three replicates using three quadrats (1/10 m 

each). Percent ground cover was evaluated based on published charts 

for estimating proportions of mottles and coarse fragments used in 

soil survey. The mean densities and mean ground cover recorded in 

each species are shown in Table 20. There were no observations on 

Nangeela subclover, Maral Schaftal, faba bean, the control and the 

lupine plots. Nangeela subclover clover, Maral Schaftal clover and 

faba bean were reseeded. The control and the lupine plots were 

summer-fallowed. No attempt was made to evaluate the percent mixture 

on each plot. It was observed, however, that some black medic had 

invaded other plots.

Legume cultivars which resulted in plant density of more than
-2 -2 150 plants m include: black medic with 1132 plants m , followed .

-2 -2by Cyprus, 517 plants m , Clare, 378 plants m , Daliak, 278 plants

m \  Jemalong, 261 plants m \  Northam, 246 plants m \  and Harbinger 
-2229 plants m . Those legumes which resulted in plant density of more
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Table -26 • Plant density and ground cover evaluations of legume 

crops following the cereal phase of the rotation at 
Bozeman, Montana '1982...

Crop
Density2
Plants/m

Ground Cover 
%

Jemalong 261
r

19.0

Northern 246 17.7

Cyprus 517 36.7

Clare 378 25.7

Harbinger 229 15.7

Daliak 278 15.0

Black medic .. 1132 93.3

Geralton 90 8.3

Ghor 42 . 3.0

Nungarin 38 4.3

Robinson 139 18.3



83

than 150 plants m include: Robinson, Geralton, Ghor and Nungarin.

Results on ground cover showed that only black medic gave an estimate

of more than 50 percent. Cyprus and Clare were between 50 and 25

percent. Low ground cover estimates were given by Jemalong, 19

percent, Robinson, 18.3 percent. Northern, 17.7 percent. Harbinger,

15.7 percent, Daliak, 15 percent, Geralton, 8.3 percent, Nungarin,

4.3 percent and Ghof, 3.0 percent.

An assessment of the success or the failure of these legume

cultivars following the cereal phase of the rotation can be based

on the now classic studies of Donald (1951, 1954). He showed that

the end-of-season yields of plants such as subterranean clover were

independent of sowing density over the range of about 150 - 30,000 
-2plants M . He pointed out that only yield in early season was

strongly density-dependent. He estimated that at a low density of 
_2

about 150 plants M growth was exponential with time early in the

season and subsequently became near-linear. At sowing densities
-2above about 6000 plants m , growth was linear over a large part of

the growing season. Silsbury et al. (1970) working in Australia,

also found that end-of-season yield of M2.dica.g0  i/iuncaiuia Gaertn.
-Icv. Jemalong at about 10 t ha was largely independent of sowing, 

time and of sowing density. They also explained this fact by 

suggesting that dry matter growth in time can usually be interpreted
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as comprising three stages: Stage I is characterized by exponential

or near-exponential growth and ends as the sward reached complete 

light interception at LAI of about 3. Stage II is a phase of more 

or less constant crop growth rate, the stage ending when departure 

from linearity becomes appreciable. Stage III is a phase of 

decelerating growth rate associated with seed production and plant 

maturation and with the onset of moisture stress.

Based on the results of Donald (1951, 1954) and Silsbury et al.

(1979), the legume cultivars black medic, Cyprus, Daliak, Jemalong,

Northam and Harbinger were successful in reestablishing themselves,
_2having produced more than.150 plants m . However, one needs to be 

cautious on this estimate since no attempt was made to establish the 

purity of each stand. A more conservative estimate would consider 

black medic as highly successful, Cyprus, Jemalong, and Northam as 

successful, Daliak and Harbinger as fair to good and the other 

cultivars as requiring more testing if they are to be included in 

the ley system.

Assessment of the Weed Problem

In 1979 and 1980 seasons, during the legume years, the weeds did 

not pose much of a problem. They were kept to a minimum by hand 

weeding. Also, it is estimated that when these legumes are used
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for pasture, these weeds would represent a minor problem-

During the 1981 season, only a few legume seeds germinated and 

established plants. However, as the yield data suggest, these few 

plants offered little competition to the spring wheat which.got off 

to a much earlier start. It is believed that the cereal crop will 

always have the advantage of germinating earlier than the legume 

crops and thus offset the weed development.

During the legume season following the cereal crop, weeds and 

volunteer grain may then cause some problems, mainly in years where 

the spring temperatures and water content are too low to allow rapid 

germination of the legumes. In the 1982 season particularly, 

volunteer wheat was a serious problem requiring chemical control. 

Chemical herbicide, fusilade, was applied on June 18 at a rate of 

3/4 lb./acre active ingredient but was. slow, however, in controlling 

the wheat plants. Also the test site was infested with thistles but 

these thistles were not specific to the system and have been reduced 

by the use of Round-Up applied on the growing tips.

In all cases, these weeds would not destroy the efficiency of 

the ley system if the plots were used for pasture. Also, these 

cereal/legume rotations offer an opportunity to exercise more control 

over grassy weeds during the legume phase and over broadleaf weeds 

during the cereal phase compared to continuous cereal or cereal/
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fallow rotations.

Multiple Correlation and Regression

Correlation of legume dry matter yield, seed yield, percent N and N 

uptake with initial soil fertility levels.

There was no significant correlation between legume dry matter 

yield and initial soil fertility levels (Table 21). However, high 

positive correlations (non significant) were observed with Bray P in 

15 - 30 cm soil depth (r = 0.40), K in 0 - 15 cm (r = 0.43) and pH 

in 15 - 30 cm (r = 0.35). The lack of significant correlation of 

legume dry matter yield with initial soil fertility levels suggest 

that the differences observed in yields were not influenced by the 

initial soil status. This would be expectdd as the soil analysis 

data (Appendix Tables 10 and 11) indicate that the initial soil condi 

tions were quite uniform.

Seed yield was significantly and negative correlated with. K 

(r = -.53) and pH (r = -.49) in the 15 - 30 cm depth, both at the 

5 percent level. Percent N and N uptake did not show any significant 

correlations.

Correlation between wheat grain and protein yields and 1981 soil 

fertility levels.

Wheat grain yield was positively correlated with wheat dry
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Table 21. Correlation coefficients, r, relating legume dry matter 
yield, seed yield, percent N and N uptake with initial 
soil fertility levels.

Variables Dry Matter Seed Yield % N : N Uptake

Bray P 0 - 15 cm .16 .28 -.29 .22
Bray P 15 - 30 cm .40 .18 -.40 .44
Olsen P 0 - 15 cm —. 06 .28 . • .01 -.14
Qlsen P 15 - 30 cm -.02 .24 -.22 .02
K' 0 - 1 5  cm .43 -.44 -.24 .25
K 1 5 - 3 0  cm .02 -.53* .29 .01
Mg 0 - 15 cm .31 .02 .08 .21
Mg 15 - 30 cm .13 -.38 .12 .14
Ca 0 -L 15 cm .23 -.24 .41 .37
Ca 15 - 30 cm -.14 -.43 .40 -.02
Boron 0 - 15 cm -.17 -.67 .07 -.21
Boron 15 - 30 cm -.14 .31 -.19 -.20
Sulfur 0 - 15 cm —. 18 .09 .24 .05
Sulfur 15 -30 cm .23 .18 -.40 .41
NO N 0 - 15 cm .30 -.33 .10 ;23
N 0 &  15 - 30 cm .22 . .19 -.13 .14
pH 0 - 1 5  cm .32 .33 .01 .13 ■ .
pH 15 - 30 cm .35 -.49* .21 .20
Zn 0 - 15 cm -.24 .27 -.05 ■ .07
Zn 15 - 30 cm .01 -.29 ,09 .17
EC 0 - 15 cm .19 .36 -.15 .42
Fe 0 - 15 cm .09 .09 .-.10 .10
Fe 15 - 30 cm .03 . 05/ . .01 .01
Cu 0 - 15 cm .12 -.22 .04 .01
Cu 15 - 30 cm . 06 .11 -.22 -.04
Mn 0 - 15 cm .19 -.26 .08 .22
Mn 15 - 30 cm .20 .28 .04 -.32
Q.M. 0 - 15 cm .01 .03 -:18 -.12
O.M. 15 - 30 cm .01 .10 ' .01 .22
* Significant at 0.05 level. 
**Signifleant at 0.01 level.
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matter yield (p = 0.05, r = .65), wheat N uptake (p ^ 0.01, r = .91), 

protein yield (p = 0.01, r = .94), plant height (p = 0.01, r = .75), 

density (p = 0.05, r = .53), and was negatively correlated with the 

amount of water remaining in the soil profile at harvest (p - 0.05, 

r = -.63) (Table 22). This negative correlation is not surprising 

since initial soil water was uniform across all plots and low yields 

have been previously associated with low water use and poor water 

use efficiency. This also supports the, view that high yields 

obtained from the legume treatments will result in less water to 

potentially contribute to saline seep development. However, it seems 

that due to their high water use efficiency, the decreased 'soil water 

content should not be a limiting factor in the succeeding year crops.

A positive correlation (p - 0.05) was also noted with spring 

NO^-N (r - .63) in the 30 - 60 cm with grain yield. High correlation 

values which did not reach a significant level (p = 0.05) were obser­

ved with spring NO^-N in the 0 - 15 cm (r p .42) and 60 - 120 cm 

(r - .40) soil depths.

Wheat grain protein concentration was highly correlated (p = 

0.01) with NOg-N used (r - .73) but was negatively related to the 

spring NOg-N in the 0 - 1 5  cm.

Wheat protein yield was correlated (p = 0.05) with the previous 

year legume percent N and was negatively (non significant) related
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Table 22 . Selected correlation coefficients relating wheat grain 

. . . yield, wheat protein concentration and protein yield.
•

Grain Protein Protein
Yield Concentrate Yield

r

Dry matter yield .65* -.09

N uptake .91** .34

Protein yield .94** .44

% N grain COO .58* .23

% N Legumes 1979 .74** .31 .77**

Density .53* .13 .51*

Height .75** -.28 .59*

N uptake legume 1979 I H -.65* -.36

Cm HgO/l^D Harvest -.63 — 118 -.63*

HgO use efficiency .99** .08 ,92**

Spring NO^N 0-15 cm -.42 -.50* .22

Spring NOgN 30-60 cn .63* .65* .80**

Spring NOgN 60-120 cm .40 .78** .63*

Fall NOgN 60-90 cm -.31 -.60 -.49*

* significant at the 5% level.
** significant at the 1% level.
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to their total N uptake. Several other variables related to yield 

and N availability were also correlated with wheat protein yield.

Multiple linear regression equations relating yield components to soil 

parameters

A total of 27 variables were used in developing the different 

models (Table 23). The first eleven variables were considered depend- 

end variables and the remaining 16 variables as independent variables.

On building the models, some decision had to be taken regarding 

the minimum number of variables that can be included without loss of 

precision and simplicity. Thus, the decision was made to fit a 

maximum of five variables into each model even though the stepwise 

procedure would have allowed more. The main reasons for this choice 

were for simplicity as suggested above and to allow more degrees of 

freedom for the error term since only 17 observations were available 

with 16 independent variables. These 17 observations represent 

averages over the three replicates for each treatment. By doing so 

the variability among the legume treatments is ignored, but their 

common behavior in relation to soil fertility factors is emphasized. 

Also it is noted here that the main objective in constructing these 

models is to help explain the results obtained in this experiment 

rather than testing their predictive power.
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Table 23. Variables used in developing predictive equations.for grain 

yield, grain protein content and other yield variables of 
spring .wheat. . . ......

Variable
designation Variable description . .

Units of 
- Measurement

xi Grain yield . Kg/ha

X2 Grain protein content %

X3 Dry matter yield Kg/ha

X4 N uptake Kg/ha

X5 Protein yeild Kg/ha

X6 % N in grain . %

X7 % N in straw %

X8 Tiller/plant nb/plant

X9 Density

X10 Plant height i cm

X11 Water use efficiency Kg/cm of HgO

X12 Available. E^O in 120 cm of soil at planting cm

X13 Available H^O in 120 cm of soil at harvest cm

X14 Available H^O used cm

X15 Total HgO used + precipitation) cm

X16 Spring soil NO^-N in 120 cm of soil Kg/ha

X17 Soil NO^-N utilized by crop Kg/ha

X18 Spring 0.M in 15 cm of soil, 1981 %

X19 Spring 0.M in 30 cm of soil, 1981 %

OXcn Spring NO,j—N in 15 cm of soil, 1981 ppm

X21 Spring NOg-N in 30 cm of soil, 1981 ppm

X22 Spring NOg-N in 30-60 cm of soil, 1981 ppm

X23 Spring NOg-N in 60-120 cm of soil, 1981 ppm
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Table 23 , continued..

Variable Units of 
Designation_______Variable description_____________.______ Measurement

Spring Bray P in 15 cm of soil, 1981 ppm 
Xg^ Spring Bray P in 30 cm of soil, 1981 , ppm 
Xgg Spring Bray P in 30-60 cm of soil, 1981 ppm 
Xgy Spring Bray P in 60-120 'em of soil, 1981 ppm

In considering the wheat grain yield models of Table 24, the

variable Xgg, namely the spring NO^-N in 30 - 60 cm of soil was the

first variable to enter the regression equation but with only 40
2percent of the variation explained (R - .40). The second variable to

enter the regression was the spring NO3-N in 15 cm of soil (Xg0)
2which improved the R to 62 percent. However, this variable was only 

significant at the 5 percent level. The standard error of the esti­

mate (SE) could be still further decreased and the R^ increased by 

the incorporation of X^g, X^g and X^y in equations 3, 4 and 5 

respectively but none were significant (p = 0.05). The fact that 

spring NO3-N variables (X3 3  and X30) were incorporated significantly 

in the wheat grain yield model is not surprising. Yield is highly 

dependent on soil fertility factors, especially available N parameters 

when an N deficient soil is Involved.



Table 24. Multiple linear regression equations relating grain yield of spring wheat
to soil parameters

Equations F— 7 SE-7 R2 2R Change

I. Y = 1383.29 + 246.26** X22 9.98** 297.75 .40 .40

2. Y = 346.20 + 261.74** X22 + 58.36* X ^ 11.45** 244.93 .62 .22

3. Y = 3889.69 + 245.39 X22 + 54.65 X
- 135.75 X 2 9.24** 233.20 .68 .06

4. Y = 3855.05 + 267.44 X _ + 52.58 X _
- 172.45 X 2 7.68** 227.67 .72 .04

5. Y = 4948 + 376.15 X_2 + 52.86 X__
-r 230.05 X12 + 762.02 Xjg
- 6.26 X1 7 7.03** 219.09 .76 .04

— F ratio due to regression; total df = 16 
2/— SE = Standard error of the estimate 
* Sign, p = .05
** Sign, p = 0.01
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In the wheat.protein content model of Table 25, the spring 

NO^-N in 60 - 120 cm (Xg^) was the first variable to enter the 

regression with an = .62 and a SE = .52. In equation 2, the 

spring NO^-N in 15 cm of soil was added to the model and both 

variables were highly significant (p = 0.01). When five variables 

were incorporated into the model, none was significant. The most 

useful regression would be equation 2. Again, the entrance of 

available N parameters as initial and significant variables in this 

regression analysis is consistent with classical theory relating N 

availability and grain protein levels.

Wheat N uptake and protein yield models were similar in 

incorporating the most important variables (Tables 26 and 27). In 

both cases, equations 2 would be the most useful one with the spring 

NO^-N in 30 - 60. cm and available water ■ in 120 cm of soil at harvest 

explaining 75 percent and 81 percent of the variations respectively. 

The standard error of the estimates were low in both cases. The 

grain N percent was poorly explained by the variables under consid­

eration (Table.28). The soil 0.M in 30 cm of soil at planting time 

(X^g) was the most important variable.

In the water use. efficiency of Table. 29; the., spring NQ^-N in

30 - 60 cm of soil was the first variable to enter the regression
2equation with 38 percent of the variation explained (R1 ?= .38). The



Table 25. Multiple linear regression equations relating wheat protein content to soil
parameters

Equations FI/ SE-/ R2 2R Change

I. Y = 13.11 + .29** X2 3 24.07** .52 .62 .62

2. Y = 15.19 + .28** X2 3 - 'I=** %20 32.00** .37 .82 .20

3. Y = 15.67 + .28** X2 3 - .10** X2Q - .30 X2, 25.40** .34 .85 .03

4. Y = 15.31 + •°5 X23 - 
+ -24 X16

.11** X20 - .47* X25
20.20** .34 .87 .02

5. Y = 14.44 - .01 X2 3  -

+ 'ZB x16

.!2 X20 - .53 X2 5

17.12** .33 .89 .02

— F ratio due to regression; total df = 16 
2/— SE = Standard error of the esitmate 
* sign. p. = 0.05
** sign, p - 0.01



Table 26. Multiple linear regression equations relating wheat protein yield to soil
parameters

Equations F— 7 SE-/ R2 2R Change

I. Y = 136.89 + 50.92** X22 26.86** 37.53 .64 .64

2. Y = 697.81 + 23.88** X22 - 29.89** X ^ 29.94** 28.25 .81 .16

3. Y = 1046.49 + 43.08** X22 - 41.21** X ^
- 19.73 X1 4 23.32** 26.65 .84 .03

■p
- HS Il 736.39 + 45.25**X22- 38.96** X

- 22.04 X1 4  + 177.12 X _ 19.75** 25.45 .87 .03

5. Y = 816.21 + 56.78** X3 3  - 44.94** X ^
- 20.83 X 4  + 177.84 X ^  - .76 X1 7 17.51** 24.45 .89 .02

— ratio due to regression: 
2/— SE = Standard error of the 
* sign. p. = 0.05 
** sign, p = 0.01

total df = 16 
estimate



Table 27. Multiple linear regression equations relating wheat N uptake to soil parameters

Equations fI/ SE-/ R2 2R Change

I. Y = 28.10 + ]L0.87** X22 22.83** 8.69 .60 .60

2. Y = 143.70 +

3. Y = 179.52 +

9.22** X22 - 6.16* X1 3  

13.24** X22 - 8.50** X1 3

21.16** 7.12 .75 .15

4. Y = 172.84 +

.26 X1 7

13.04** X22 - 8.35** X1 3

17.62** 6.59 .80 .05

5. Y = 102.51 +

.24 X1, + 1.76 X2* 

13.49** X22 - 7.65** X1 3

15.02** 6.30 .83 .03

- .24 X 1 7  + 1.89 X26 + 34.43 X 12.89** 6.15 .85 .02

— F ratio due to regression: total df = 16
2/— SE = Standard error of the estimate 
* sign. p. 0.05
** sign, p = 0.01



Table 28. Multiple linear regression equations relating percent N in wheat grain to
soil parameters

Equations F— 7 SE-/ R2 2R Change

I. Y = 4.50 - 1.03** X1 9 8.96** .17 .37 .37

2. Y = 4.15 - .89* X1 9  + .32 X,, 6.38* .16 .48 .11

3. Y = 4.36 - .86* X^9 + .32 X,, - .42 X21 4.87* .15 .54 .06

4. Y = 4.68 - .80* X1 9  + . 
+ .16 X1 7

12 X,, _ .99 X^1
4.87* .15 .62 .08

5. Y = 4.58 - .78* X1 9  - .12 X,, - .13* X^1
+ .16 X1 7  + .94 X,, 3.94* .15 .62 .02

— ratio due to regression: total df = 16 
2/— SE = Standard error of the estimate 
* sign, p = 0.05 
** sign, p = 0.01



Table 29. Multiple linear regression equations relating water use efficiency of spring
wheat to soil parameters

Equations F-/ SE-/ R2 2R Change

I. Y = 42.79 + 6.80** X22 9.17** 8.58 .38 .38

2. Y = 16.63 + 7.19** X + 1.47* X20 8.72** 7.52 .55 .17

3. Y = 135.37 + 6.64** X 4• 1.35* X20 - 4.55 X12 7.66** 7.03 .64 .09

4. Y = 170.78 + 10.00** X
- 6.18* X12 -

+ 1.37* X20
.20 X1 7  6.84** 6.72 .70 .06

5. Y = 175.45 + 11.28** X 
- 7.64* X -

_  1.31* X20
.23 X1 7  + 20.86 Xig 6.39 6.43 .74 .04

— /p ratio due to regression: total df = 16
— SE = Standard error of the estimate 
* sign, p = 0.05
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variable, spring NO^-N in 30 cm (Xgg) was included in step 2, avail­

able water in 120 cm of soil at planting at step 3 (non significant). 

Soil NO^-N utilized by crop (X^) and spring O.M. in 30 cm of soil 

(X^g) at steps 4 and 5. In equation 5, 74 percent of the variations 

was explained with a low SE of 6.43 Kg/cm of water. Again, when 

dealing with an N deficient soil water use efficiency would be 

expected to be related to soil N and water parameters. Models for 

wheat tillers per plant, density, and plant height are also reported 

in Tables 30, 31, and 32.

In all these models, soil nitrogen parameters and soil water are 

important variables explaining the variations observed in the field. 

The results of these analyses support the use of the legume crops 

for improving soil fertility, particularly available N which minera­

lizes from the legume residues and soil organic matter. The net 

results can be increased grain yields and protein contents for the

succeeding cereal crop.



Table 30. Multiple linear regression equations relating number of tillers per plant of
spring wheat to soil parameters

Equations F-I/ SE-/ R2 2R Change

I. Y = 15.67 - '35* %24 4.46 1.90 .23 .23

2. Y = 29.74 - .31 X2 4  - .89 4.00* 1.78 .36 .13

3. Y = 40.23 - '32* %24 * 1.35* X1 3  - .37 X2 3 3.93* 1.68 .48 .12

4. Y =  39.70 - '33* *24 -
+ .88 X22

1.43* X - .67* X 2 3

3.69* 1.62 .55 .07

5. Y = 40.84 " '34* X2 4  - 1.44* Xu  - .70* X2 3

+ .88 Xnn - .36 Xn, 3.35* 1.59 .60 .0522 26

— F ratio due to regression: total df = 16
2/— SE = Standard error of the estimate
* sign, p = 0.05
** sign, p = 0.01
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Table 31. Multiple linear regression requations relating wheat plant density to soil
parameters

Equations pl/ SE- R2 2R Change

I. Y = 238.17 + 10.61 X21 4.25 25.32 .22 .22

2. Y 263.93 + 11.41* X21 - 3.69* X2 7 5.44* 22.28 .44 .22

3. Y 214.34 + 11.42* X21 - 4.14** X2 7

+ 11.90* X22 6.53** 19.46 .60 .16

4. Y = 189.89 + 13.23** X21 - 4.99** X 2 7

+ 23.05* X22 - .61 X1 7 6.20** 18.32 .67 .07

5. Y = 116.20 + 12.79 X21 - 4.56 X2 7  + 21.28 X2 3

- .51 X 1 7  + 2.16 X2 4 5.61** 17.78 .72 .05

— ratio due to regression: total df
2/—  SE = Standard error of the estimate 
* sign, p = 0.05 
** sign, p = 0.01

16
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Table 32. Multiple linear regression equations relating wheat plant height to soil
parameters

Equations fI/ SE-/ R2 2R Change

I. Y = 111.40 - 2.53** X 1 3 11.76** 2.58 .44 .44

2. Y = 110.99 - 2.61** X1 3 + .83 X2^ 8.68** 2.38 .55 .11

3. Y = 100.18 - 2.69** X 1 3 + .94* + 8.63 X1, 8.34** 2.16 . 66 .11

4. Y = 129.65 - 3.75** X + .78 X 9 6  + 11.22* Xiq
- 1.84 X1. 14 8.38** 1.98 .74 .08

5. Y = 124.58 - 6.43** X + .68 X + 9.86* X
- 4.20* X 1 4  +2.88 X12 8.70** 1.87 .80 .06

— F ratio due to regression: total df = 16
2 /—  SE = Standard error of the estimate
* sign, p = 0.05
** sign, p = 0.01
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Chapter 5

SUMMARY

Seed of sixteen annual legumes were acquired, fourteen from the 

South Australia Department of Agriculture, including:

Five Medtcago -ip; annual medics, seven -ip; and two

LupXnu/) -6p; one faba bean cultivar (VXcXa fiaba. L.) from the Egyptian 

Ministry of Agriculture, one from Montana, MedZeago XupuLcnu L., black 

medic.. These annual legumes were grown in rotation with spring 

wheat (ThXtXcum a&AtXvujn L. ). Conventional alternate crop-fallow 

(summer-fallow) plots were included as the control.

Results obtained during the legume phase (1979-1980) of the 

rotation showed that the yield levels of both dry matter and seed for 

the forage legumes are, in general, encouraging in terms of adapting 

the Australian Ley system of farming to Montana. High dry matter 

yielding varieties were Nungarin 5268 Kg/ha, Geralton 4960 Kg/ha, 

Northam 4641 Kg/ha, Maral Schaftal 4406 Kg/ha, Clare 4353 Kg/ha and 

Jemalong 4208 Kg/ha. High seed yielding varieties during the first 

season included: Jemalong 1964 Kg/ha, Robinson, 1934 Kg/ha,

Harbinger, 1846 Kg/ha, and Cyprus, 1171 Kg/ha. Nangeela subclover 

did not produce any seed due to late flowering. The lupinesifailed 

to prpduce any significant dry matter and seed yields of the faba 

bean have been found to be encouraging. During the second season.
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black medic established a very good stand and seed set.

Wheat grain yield differences obtained during the cereal phase 

(1981) were statistically significant (p = .0.05) among the treat­

ments. All legume treatments yielded more than the cereal-fallow 

control plots and those which produced significantly higher yields 

(p.= 0.05) compared to the control and their percent yield increases 

are as follows:

Black medic 91.0 percent

Maral Schaftal 56.9 percent

Faba bean 50.5 percent

Daliak subclover 48.2 percent

Unicrop lupine 45.0 percent

Nangeela subclover 44.0 percent

Harbinger medic 41.5 percent

Ultra lupine 37.8 percent

The lupines which failed to produce in 1979 and 1980 seasons had 

acted like double summer fallow and resulted in high wheat grain 

yields, protein concentrations and protein yields.

Compared to the summer-fallow control treatment, grain protein 

concentrations were higher in all legume, treatments except for a few 

treatments which showed a dilution effect due to their high wheat 

grain yields. Protein yields and N uptake were higher in all legume
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treatments. The high dry matter yields, grain yields, protein con­

centrations, protein yields and N uptake of the legume treatments 

compared to the control are attributed to fhe residual effect of the 

legumes.

Available soil water was uniform over all plots at the beginning 

of the cereal phase. At the end of the cereal phase it was higher 

in the cereal-fallow plots compared to the legume, treatments; This 

suggests that improved soil fertility in the legume treated plots 

increased water use, whereas, soil fertility remained a limiting 

factor in the control plots. Calculated water use efficiency was also 

higher for the legume treatments. The water use data and the water 

use efficiency data all support the hypothesis of superiority in 

terms of increased soil fertility and productivity of the legume- 

cereal rotations over the alternate crop-fallow rotations. The 

cereal-fallow plots had more stored water at harvest in the lower 

soil depth, 60 - 120 cm, thus increasing the saline-seep hazard.

Soil samples taken after the legume phase and just before 

planting the spring wheat showed the cereal-fallow control treatment 

had significantly lower NO^-N in its profile to 120 cm compared to 

the legume treatments. At harvest time of the spring wheat, NO^-N 

data were not significantly different but the total NO^-N used 

during the growing season was much higher in the legume treatments.
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The legume treatments also resulted in a slight O.M. and.percent N 

incrases over the two year period but were not statistically different 

from the control.

Stepwise forward procedure was used to develop multiple regres­

sion equations relating wheat grain yields, protein content and other 

yield variables to soil fertility factors. Soil nitrogen in the 

forms of organic matter and NO-N were the most important variables 

explaining the variations obtained in each model. Plant counts made 

in the summer of 1982 indicated that the varieties black medic, Cyprus, 

Jemalong and Northam were successful in re-establishing themselves 

after the cereal phase of the rotation.



Chapter 6

CONCLUSIONS

The most important finding: of this thesis has been the clear 

demonstration that the Australian Ley system of farming is adaptable . 

to Montana. The complete rotation cycle including a legume phase, 

1979-1980, a cereal phase, 1981, and back to the legume phase, 1982, 

has been successfully completed with the following legume species: 

Me.cUcdgo LapuLim L., black medic 

M. t/iuncatuLa. Gaertn., Jemalong (barrel medic)

M. i/umaatuLd Gaertn., Cyprus 

TsUfioLium AubteAAamum L., Northern

The following cultivars: Nungarin, Geralton and Clare which

did not complete successfully the entire cycle still show great 

potential as annual legumes. Faba bean and Maral Schaftal clover 

were not expected to regenerate, but were successful in annual 

legume/cereal rotation.

The data have shown beyond any doubt that there was an increased 

soil fertility in the annual legume plots as expressed by increased 

grain yields, protein content, protein yields, N uptake, etc. The 

data also showed that the annual legume/cereal rotation has some 

potential use for saline-seep control. However, the system needs to
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be carried on for one or more additional seasons and at other 

locations before definite recommendations can be formulated.
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APPENDIX A

Table I. Profile description of Amsterdam var. silt loam (fine- 
silty, mixed family of Typic Haploborolls)

Slope 2 percent 
Water table: None
Permeability: Moderate 
Physiography: Alluvial or 

colluvial fans 
Vegetation: ' Crops-dryland 
Parent Material: Eolian,

Loess mixed lithology

Elevation: 1463 meters
Aspect: North
Air Temperature: 42.6° F
Drainage Class: Well drained
Stoniness: Class O

Profile Description

Horizon

A 1 1  0 - 1 6  cm; dark grayish brown (10 YR 4/2) heavy silt loam;-
^ very dark brown (10 YR 1/2) moist; strong fine granular 

structure; friable, sticky, plastic; many fine roots; 
noncalcareous; diffuse wavy boundary.

16 - 27 cm. Dark grayish brown (10 YR 4/2) heavy silt 
loam; brown (10 YR 4/3); very dark brown (10 YR 2/2) 
moist; moderate fine granular structure; very hard, 
friable, sticky, plastic; many fine roots; noncalcareous; 
clear wavy boundary.

27 - 41 cm. Dark grayish brown (10 YR 4/2) heavy silt 
loam; brown (10 YR 4/3) crushed; very dark grayish brown 
(10 YR 3/2) moist; dark brown (10 YR 3/3) crushed moist; 
strong fine and medium subangular blocky; very hard, 
friable, sticky, plastic; many fine roots, many fine pores; 
few medium pores; noncalcersous; diffuse wavy.boundary.

Bgg 41 - 53 cm. Dark grayish brown (10 YR 4/2) heavy silt
loam; brown (10 YR 5/3) crushed; very dark grayish brown 
(10 YR 3/2); brown (10 YR 4/3) crushed moist; strong 
medium prismatic structure parting to moderate fine and
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Table I, Continued.

C4

medium; subangular blocky; very hard, very friable, sticky, 
plastic; many fine roots, many fine pores, few medium pores; 
noncalcareous; diffuse wavy boundary.

53 - 62 cm. Grayish brown (10 YR 5/2) silt loam; light 
olive brown (2.5 Y 5/3) crushed; dark grayish brown 
CIO YR 4/2) moist; reddish brown (2.5 YR 4/3) crushed 
moist; strong medium prismatic structure parting to 
moderate fine and medium subangular blocky; very hard, 
very friable, sticky, plastic; many fine roots; many 
fine pores, few medium pores, few masses of lime; moder­
ately effervescent (Hcl); clear wavy.boundary.

62 - 80 cm. Light gray (2.5 Y 7/2) silt loam; dark grayish 
brown (2.5 Y 4/2) moist; weak coarse prismatic structure; 
slightly hard, very friable, sticky, slightly plastic, 
common fine roots, many fine pores, few medium pores; 
calcium carbonate cutans on pad faces; many masses of . 
lime, many thread-like masses of lime; violently effer­
vescent (Hcl); diffuse wavy boundary.

80 - 98 cm. Light gray (2.5 Y 7/2) light silt loam; dark . 
grayish brown (2.5 Y 4/2) moist; massive; slightly hard, 
very friable, slightly sticky, slightly plastic; common 
fine roots; many fine pores, few medium pores, common 
masses of lime, common thread-like masses of lime; violently 
effervescent (Hcl); diffuse wavy boundary.

98 - 135 cm. Light gray (2.5 Y 7/5) very vine sandy loam, 
dark grayish brown (2.5 Y 4/2) moist; weak medium and 
coarse platy structure; slightly hard; very friable, 
slightly sticky, slightly plastic, few-fine roots; many 
fine pores, few medium pores, common thread-like masses 
of lime, few masses of lime, moderately effervescent 
(Hcl); diffuse wavy boundary.

135 - 180 cm. Very fine silt loam.



Table 2• Total rainfall evaporation 
experimental site.

and number of days with precipitation at

Total Rainfall Total Evaporation No. of day rainfall
Month 1979 1980 1981 1979 1980 1981 1979 1980 1981

- inches - - inches — - days > . 1 0  inch -

April 1.42 .40 1.65 -* - - 6 I 8

May 1.78 5.24 6.15 - 6.27 4.44 6 14 17

June 2.99 2.87 3.26 8.008 6.52 5.90 9 9 1 0

July .70 .54 1.07 8.798 8.59 9.54 4 2 3

August 1.27 1.25 .28 7.208 7.23 9.00 4 3 I

Sept. 0.05 2.77 1.40 6.58 4.28 6.30 0 9 5

Oct. 1.65 .56 1.82 3.23 2.26 - 6 2 2

TOTALS 9.86 12.38 15.63 33.82 35.15 35.18 35 40 51

*Data not available.

1
2

0



Table 3  . Average monthly temperatures recorded at experimental site

Average maximum Average minimum Average
Month 1979 1980 1981 1979 1980 1981 1979 1980 1981

0 F-

April 53.3 59.3 56.9 30.1

May 65.4 65.8 61.4 37.4

June 74.fi 73.1 69.7 45.2

July 82.1 81.4 81.9 49.0

August 80.3 76.4 84.9 48.4

Sept. 79.3 70.2 74.5 41.7

Oct. 62.0 59.7 55.3 33.2
AVERAGE 71.0 69.4 69.2 40.7

32.2 31.4 41.7 45.8 44.2

38.8 39.4 51.4 52.3 50.4

43.4 43.5 60.0 58.3 56.6

48.9 48.0 65.6 65.2 65.0

45.8 48.2 64.4 61.0 6 6 . 6

42.1 40.0 60.5 56.2 57.3

31.5 30.3 47.6 45.6 42.8
40.4 40.1 55.9 54.9 54.7

1
2

1



Table 4 . Legume dry matter yields for 1979 season and analysis of variance.

Yield, Kg/ha
Crop (cultivar) Rep. I Rep. II Rep. Ill Means

T. AubteASuimum  (Nangeela) 3175.9 3858.3 2952.8 3329.00
Medicago tAuncatuia  (Jemalong) 3948.0 2788.7 5888.0 4208.24
T. AubteAAaneum  (Northam) 5641.8 4709.1 3560.8 4640.57
Medicago tAuneatula  (Cyprus) 3346.5 2465.0 2563.4 2791.63
T. AubteAAaneum  (Clare) 2981.2 3878.0 6200.8 4353.32
Medieago L L ttoAaLU  (Harbinger) 2073.2 5135.6 3156.2 3455.09
TAitieum aeAtivum  (Newana) 2060.4 1870.1 2832.5 2254.3
T. AubteAAaneum  (Daliak) 4265.1 3727.0 3407.7 3799.3
Medieago ZupuLina  (Black 

medic)
1520.1 509.6 404.6 811.46

T. AubteAAaneum  (Geraldton) 5105.0 5070.1 4704.7 4959.9
Medieago tAuneatuZa  (Ghor) 824.6 1642.6 732.7 1066.64
T. AubteAAaneum  (Nungarin) 4293.5 5452.8 6058.6 5268.3
LupinuA anguAtifiotiuA (Unicrop) 1303.6 15.3 35.0 451.3
Midieago AeuteLZata  (Robinson) 4217.0 2626.9 3497.4 3447.07
VZeia fiaba (Giza III) 2583.1 1703.9 2106.3 2131.1
T. AeAupinatum  (Maral Schaftal) 5369.6 4615.0 3234.9 4406.5
LupinuA aZbuA  (Ultra) 1924.8 966.8 1769.5 1553.7

Analysis of Variance
Source D.f. S.S. M.S. F value Level of

Significance

Blocks 2 .3859E + 06 .1929E + .06

Treatments 16 .1091E + 09 .6816E + .07 7.947 0 . 0 1

Error 32 .2745E + 08 .8578E + 06

1
2

2



Table 5 . Legume seed or seed pod yields for 1979 season and analysis of variance

Yield, Kg/ha
Crop (cultivar) Rep. I Rep. II Rep. Ill Means

T .  A u b te A A C L m u m  (Nangeela) ^ 48.1 0 . 0 0 . 0 16.03
MzcUcago tAunccutula (Jemalong)x 2016.6 1224.8 2560.9 1964.13
T .  AubteAAaneum  (Northam) ^ 150.9 170.6 142.2 154.6
MecUcago tAuneatula  (Cyprus) 1 1712.6 737.1 1063.0 1170.9
T .  AubteAAaneum  (Clare) ^ 98.4 113.7 120.3 1 1 0 . 8

MecUeago LitUoKodUA  (Harbinger) 1 1159.2 2421.3 1957.6 1846.0
TfUtiewm aeAtivum  (Newana) 1896.3 1655.7 2570.0 2040.5
T. AubteAAaneum  (Daliak) 41.6 37.2 52.5 43.7
MecUcago luputina  (Black medic) 389.3 146.5 140.0 225.3
T .  AubtefiAaneum (Geraldton) 
MecUeago tAuneatula  (Ghor) 1

334.6 389.3 304.0 342.7
623.4 1 1 0 0 . 2 511.8 745.1

T .  AubteAAaneum  (Nungarin) 286.5 374.0 253.7 304.8
LupinuA anguAtifioHuA  (Unicrop) 0 . 0 0 . 0 0 . 0 0 . 0

MecUeago Acuteltata  (Robinson) 1 2471.6 1686.4 1644.8 1934.2
Vica {aba (Giza ill) 338.2 2 1 0 . 0 302.4 283.5
T .  AeAupinatum  (Maral Schaftal) 242.8 0 . 0 1 0 0 . 6 114.5
LupinuA albuA  (Ultra) 1117.7 557.7 1084.9 920.1

1Yields for these crops are for 

Analysis of Variance 

Source D.f.

intact seed pods 

S.S. M.S. F value
Level of 
Significance

Blocks 2
Treatments 16

.171E + 06 
.2867E + 08

.8556E + 05 

.1792E + 07 16.26 0 . 0 1

32 .3527E + 07 .1102E + 06Error
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Table 6 . Grain yields of spring wheat and analysis of variance.

Yield, Kg/ha
1980 Crop Rep. I Rep. II Rep. Ill Means

T. AubteAAane-Lim (Nangeela) 2853.2 2801.1 2222.9 2625.7
MecUcago tAuneatuta  (Jemalong) 1991.9 2721.7 2400.3 2371.3
T. AuhteAAanem  (Northam) 2536.8 1841.6 1931.9 2103.4
MecUcago tAuneatu/a  (Cyprus) 2507.5 2375.5 1943.8 2275.6
T. AubteAAaneum  (Clare) 2330.0 2477.0 1927.7 2244.9
MecUcago JtlttoAaLlA (Harbinger) 3004.6 2290.8 2446.7 2580.7
Grain-fallow 2405.0 1714.3 1352.5 1823.9
T. AubteAAanem  (Daliak) 3305.1 2414.3 2388.6 2702.7
MecUeago Luputtna  (Black medic) 4907.8 2765.3 2829.6 3500.9
T. AubteAAaneum  (Geralton) 2701.2 2030.7 2189.1 2307.0
MecUeago tAuneatuta  (Ghor) 2530.5 2534.2 2115.8 2393.5
T. AubteAAanem  (Nungarin) 2308.3 2481.3 2550.3 2446.6 I
LuplnuA anguAtl^olulA  (Unicrop) 2814.7 2435.6 2682.7 2644.3
MeeUeago AeuteJtZato (Robinson) 2287.7 1883.9 2201.9 2124.5
\/lela fiaba (Giza III) 2399.2 3086.5 2753.1 2746.3
T. AeAuplnatum  (Maral schaftal 2737.3 2972.7 2877.3 2862.4
LuplnuA atbuA  (Ultra) 2272.4 2366.6 2900.4 2513.1

Analysis of Variance Level of
Source D.f. S.S. M.S. F value Significance

Blocks 2 . 1225E + 07 .6123E + 06

Treatments 16 .6641E + 07 .4151E + 06 2.492 0.05

Error 32 .5329E + 07 .1665E + 06
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Table 7. Protein concentrations of spring wheat grain and analysis of variance.

% Protein
1980 Crop Rep. I Rep. II. Rep. Ill Means

T. M i b t z A A a m m  (Nangeela) 13.1 13.1 14.0 13.4
Mzdicago TAuncatuZa  (Jemalong) 13.6 13.8 13.9 13.8
T. AubtZAAanzm  (Northam) 15.7 13.4 14.7 14.6
Mzdieago TAuneatuta  (Cyprus) 14.1 14.6 15.9 14.9
T. AubtzAAanzm  (Clare) 14.4 13.3 13.4 1.37
Mzdieago LittoAaLiA  (Harbinger) 16.0 14.6 14.8 15.1
Grain-fallow 15.2 14.8 14.5 14.8
T. AubtZAAanzm  (Dallak) 13.9 13.9 14.2 14.0
Mzdieago LupuLina  (Black medic) 14.9 15.2 15.4 15.2
T. A u btzAAanzm  (Geralton) 14.1 13.7 14.0 13.9
Mzdieago tAuneatuZa  (Ghor) 15.4 15.3 15.4 15.4
T. AubtzAAanzm  (Nungarin) 13.3 13.7 13.8 13.6
LuptnuA angUAtZfioL uZ a (Unicrop) 15.5 15.8 16.2 15.8
MzdZcago SeutzZZafia (Robinson) 15.7 16.0 14.7 15.5
[/ZcZa fiaba (Giza III) 15.2 15.1 15.4 15.2
T. A Z A u p t n a t m  (Maral schaftal) 14.4 14.2 14.6 14.4
LupZnuA oLbuA  (Ultra) 15.8 15.6 16.5 16.0

Analysis of Variance Level of
Source D.f. S.S. M.S. F value Significance

Blocks 2 .9204 .4602

Treatments 16 31.75 1.984 7.601 0 . 0 1

Error 32 8.353 .2610
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Table 8. Total N content of spring wheat grain and analysis of variance.

1980 Crop Rep. I
Total N (%)

Rep. II Rep. Ill Means

T. Subtz^iAamm  (Nangeela) 3.03 2 , 6 6 2.83 2.84
Mzdicago tAunzatula  (Jemalong) 3.12 3.17 2 . 6 6 2.98
T. AubtZAAanzam  (Northam) 3.42 3.03 3.95 3.47
Mzdicago tAuncatuta  (Cyprus) 2.89 2.95 3.61 3.15
I. AubtzAAanzum  (Clare) 2.77 2.60 2.96 2.78
Mzdieago LittoAaLiA  (Harbinger 2.95 2.60 2.55 2.70
Grain-fallow 3.42 3.06 3.01 3.16
T. AubtZAAanzm  (Daliak) 2.89 2.77 2.83 2.83
Mzdieago LupuLino  (Black Medic) 3.42 3.49 3.06 3.32
T. AubtzAAanzum  (Geralton) 3.22 2.95 2 . 6 6 2.94
Mzdicago tAuneatuta  (Ghor) 3.06 3.36 2.83 3.08
I. AubtzAAanzum  (Nungarin) 2.90 2.96 3.22 3.03
LupinuA anguAttfioLiuA (Unicrop) 3.01 3.42 3.36 3.26
Mzdicago AeutzLiata  (Robinson) 3.17 3.06 3.30 3.18
Mieia ^aba  (Giza III) 3.06 3.36 3.01 3.14
T. A Z A u pinatm  (MaraI Schaftal) 3.22 2.89 3.22 3.11
LupinuA aibuA  (Ultra 3.01 3.17 3.81 3.33

TOTAL 52.56 51.5 52.87 3.08
Analysis of Variance Level of
Source D.f. S.S. M.S. f Value Significance
Blocks 2 0.0608
Treatments 16 2.1546 0.1347 1.30 *N.S.
Error 32 2.2707 0.0710
Total 50 4.4861
*Not significantly different at the 5% level.
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Table 9. Soil organic matter levels, spring and fall, 1981.
Sample % O.M. spring, 1981 Sample 7. O.M. fall. 1981

1980 Crop Depth Rep. I Rep.II Rep.Ill Means Depth Rep. I Rep.II Rep.Ill Means
T. AubteManeum (Nangeela) 0-6”

0-1'
1.71
1.41

1.37
1.59

1.82
1.75

1.63
1.58

0-6"
0-1'

1.63
1.03

1.30
0.67

1.37
0.93

1.43
0.88

MecUcago V iuncatu la (Jemalong) 0-6"
0-1'

1.59
1.41

1.52
1.37

1.45
1.45

1.52
1.41

0-6"
6-12"

1.45
0.96

1.13
0.74

1.63
0.70

1.40
0.80

T. 4u.bteAAa.Mum (Northam) 0-6"
0-1'

1.59
1.59

1.45
1.09

1.45
1.30

1.50
1.33

0-6"
6-12"

1.06
1.23

1.37
1.20

1.13
0.67

1.19
1.03

Medicago tAuncatuZa (Cyprus) 0-6"
0-1’

1.59
1.16

1.45
1.27

1.52
1.13

1.52
1.19

0-6"
6-12"

1.48
1.13

1.48
1.26

1.03
0.90

1.33
1.10

T. AubteMoneum (Clare) 0-6"
0-1'

1.59
1.34

1.52
1.45

1.75
1.52

1.62
1.44

0-6"
6-12"

1.45
1.06

1.23
0.93

1.90
1.67

1.53
1.22

Medicago l i t to n a t i j , (Harbinger) 0-6"
0-1'

1.52
1.52

1.59
1.49

1.75
1.67

1.62
1.56

0-6"
6-12"

1.52
1.27

1.20
0.80

1.71
1.41

1.48
1.16

Grain fallow 0-6"
0-1'

1.52
1.45

1.67
1.59

1.45
1.06

1.55
1.37

0-6"
6-12"

1.52
1.03

1.71
0.70

1.23
0.83

1.49
0.85

T. M ibteAAanew (Dallak) 0-6"
0-1'

1.52
1.75

1.45
1.59

1.45
1.37

1.47
1.57

0-6"
6-12"

1.45
1.23

1.37
1.09

1.09
1.09

1.30
1.14

Medieago tu p a iin a (Black medic) 0-6"
0-1'

1.67
1.49

1.75
1.16

1.52
1.20

1.65
1.28

0-6"
6-12"

1.45
0.34

1.79
1.16

1.49
1.06

1.58
0.85

T. M ibte tA anew (Geraldton) 0-6"
0-1’

1.67
1.20

1.59
1.37

1.59
1.27

1.62
1.28

0-6"
6-12"

1.37
1.37

1.56
0.83

1.23
0.74

1.39
0.98

Medicago tA uncatuta (Ghor) 0-6"
0-1'

1.41
1.30

1.63
1.23

1.67
1.67

1.57
1.40

0-6"
6-12"

1.13
1.16

1.59
0.52

1.41
0.80

1.38
0.83

T. 6ubteAAa.ne.um (Nungarin) 0-6"
0-1’

1.67
1.27

1.52
1.45

1.75
1.52

1.65
1.41

0-6"
6-12"

1.52
1.00

1.37
0.55

1.52
0.52

1.47
0.69

Lupinui a n g u i t i io l iu i (Unicrop) 0-6"
0-1’

1.59
1.52

1.52
1.45

1.45
1.30

1.52
1.42

0-6"
6-12"

0.96
1.09

1.86
1.03

1.59
0.74

1.47
0.95

MecUcago ie iU M a ta  (Robinson) 0-6"
0-1'

1.75
1.67

1.67
1.63

1.37
1.34

1.60
1.55

0-6"
6-12"

1.71
1.20

1.06
1.06

1.56
0.80

1.44
1.02

Utcto (obo (Giza III) 0-6"
0-1'

1.63
1.16

1.37
1.07

1.52
1.56

1.51
1.27

0-6"
6-12"

1.49
1.37

1.30
0.64

1.34
0.74

1.38
0.92

T. A.(L4up<KtiLtum (Maral schaftal) 0-6"
0-1’

1.63
1.23

1.67
1.49

1.52
1.30

1.61
1.34

0-6"
6-12"

1.30
0.90

1.82
0.96

1.48
0.58

1.53
0.81

Lupinui aZbui (Ultra) 0-6"
0-1'

1.59
1.13

1.52
1.20

1.59
1.23

1.57
1.19

0-6"
6-12"

1.30
1.03

1.52
1.30

0.99
0.67

1.27
1.00
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Table 10. Initial soil chemical analyses, spring 1979
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J - F S a a p l a  N i t r a t e  T o t a l
1 S » 0  C r o p D e p t h  N  S N  O . N .  p H Z n F " C u

T .  tu U tA A M tu m  ( N a n g a a l a )

UtdccAQO tn u n c a tu U  ( J a w l o n g )

T .  iubU AAAM iim  ( B e r t h a e )

UtdiCAQO tA uK C M uU  ( C y p r u e )

T .  udU tA A A ntum  ( C l a r a )

HtdicAQO U U oaaL U  ( B a r h l n g a r )

0 - 6 "  1 1 . 8  . 0 8 5  1 . 3  
6-12" 11.8 1.0 
0 - 6 "  6 . 0  . 0 7 3  1 . 3  
6 - 1 2 "  6 . 8  0 . 9  
0 - 6 "  7 . 8  . 0 8 5  1 . 5  
6 - 1 2 "  7 . 6  1 . 1

0 .8
0.8
0 .8
0 . 7

. 3 3  9 . 9

. 2 6  9 . 6 3 . 0  1 3 . 7
3 . 0  1 9 . 1
2 . 7  1 4 . 7
2 . 9  1 9 . 1
2 . 9  1 2 . 70-6"

%!"
%!-
6-12"

9 . 6
1 0 . 3
8 . 3

. 0 9 1  1 . 3
1.0

. 0 8 0  1 . 2  
0 . 9

8 . 5  0 . 8
8 . 3  0 . 8

. 3 1  9 . 6

. 2 4  9 . 0
3 . 1  1 7 . 7
3 . 0  1 3 . 7
3 . 0  1 9 . 5

0-6"
6-12"0-6"
6- 12"0-6"
6-12"

1 3 . 2
1 3 . 2  
7 . 6

0 - 6 "  1 1 . 5  
6- 12"  8.6 
0-6" 6 .0  
6 - 1 2 "  6 . 5  
0 - 6 "  7 . 3  
6 - 1 2 "  6 . 5

1.2 8.6
1 . 1  8 . 5
1.1 8.2

6-12"0-6"
6-12"0-6"
6-12"0-6"
6-12"0-6"
6-12"

10.6
10.6

7 . 3
10.2

8 . 9
9 . 7

. 1 0 1  1 . 3
0 . 9

. 0 6 8  1 . 7
1 . 4

. 0 8 5  1 . 1
1.1

. 0 7 3  1 . 2
1.1

. 0 7 0  1 . 5
1.2

. 0 8 2  1 . 3
1.1

8.5 0.8
8.6 0.8
8.3 0.8
8.4 0.8
8.4 0.7
* ;  o.7

. 3 5  8 . 2

. 2 4  7 . 1

. 4 2  6 . 8

:% I:!

3 . 1  1 6 . 1
2 . 8  1 1 . 9
3 . 2  1 6 . 7
2 . 9  1 1 . 9
2 . 9  1 3 . 9
2 . 4  1 3 . 3

G r a t a  F a l l o w

7 .  iu M VUULncum ( D a l l a k )

H lA c a g o  IupuLiAm  ( B l a c k  e e c l c )

T .  »uUtAAJUU4Au ( G a r a U t o a )

UtdLcago V u m cm tu U  ( C h o r )

T .  iutMUUumium ( B u a g a r l o )

LupLmut m m guAtLioUuA  ( U a l c r o p )

Utdicm go i c u t t t la X a . ( B o k l n a o a )

VLcLa f m b m  ( C l a a  I I I )

T .  A t t u p L m a t u m  ( M o r a l  a c h a f t a l )  I

LupLmut albut (Ultra) I

0-6"
6-12"
0-6"
6-12"

9 . 6
11.1
7.5
7.5
9 . 7

6.0
5 . 0
7 . 0

. 0 7 9  1 . 3
1.1

1.1
. 0 8 1  1 . 7

1 . 3

8 . 5  0 . 8
8 . 5  0 . 8 if

3 . 0  1 7 . 3  
2 . 7  1 2 . 3  
2 . 6  1 5 . 1

. 0 8 9  1 . 5
1.2

8.5 0.8
8.5 0.8

. 3 1  7 . 9

. 2 7  7 . 6

. 4 6  8 . 5
2 . 8  1 4 . 5
2 . 3  1 4 . 7
2 . 2  1 2 . 5

0-6" 6.8
6-12" 6.0
0 - 4 "  8 . 9
6-12" 8.1

. 0 7 2  1 . 2  8 . 5

. 0 9 0  1 . 5  8 . 2
1.2 8.1

. 0 7 3  1 . 5  8 . 3
1 . 3  8 . 4

. 0 6 8  1 . 2  
1 . 5

. 0 7 8  1 . 5

8 . 5  0 . 8

8 . 4  0 . 6
8 . 4  0 . 7

3 . 1  1 4 . 7
2 . 4  1 4 . 7
2 . 2  1 0 . 5

0-6"
6-12"0-6"
6-12"0-6"
6-12"

. 0 7 3  1 . 3  8 . 5
1 . 1  8 . 5

. 0 9 2  1 . 4  8 . 2

. 0 8 9  1 . 3  8 . 5

8 . 5  3 . 2  1 5 . 9
7 . 6  2 . 8  1 2 . 9
9 . 6  3 . 1  1 8 . 1
8 . 7  2 . 8  1 1 . 5

9 . 0  2 . 6  I l i l
0- 6"  11.6 
6 - 1 2 "  1 0 . 5

6 - 1 2 "  9 . 8  
0 - 6 "  9 . 2  
6-12" 10.20-6"

6-12"0-6"
2 !"
6- 12"

7 . 3  
11.1 
9 . 1
5 . 6
5 . 6

8.6 0.8 
8.1 0.8 
8.1 0.8

8 . 5  0 . 7
8 . 5  0 . 8
8.6 0.8

. 3 5  8 . 5  3 . 1  1 5 . 9  

. 2 4  8 . 2  3 . 0  1 2 . 3  

. 3 1  8 . 5  3 . 0  1 9 . 7  

. 2 7  8 . 7  2 . 7  1 6 . 5  

. 4 9  9 . 0  2 . 2  1 5 . 5  

. 8 3  9 . 0  2 . 5  1 0 . 9  

. 3 8  8 . 7  3 . 3  1 7 . >  

. 2 4  8 . 5  2 . 9  1 2 . 7  

. 3 8  9 . 0  2 . 9  1 8 . 9  

. 5 7  8 . 7  2 . 7  1 4 . 3  

. 3 5  8 . 7  2 . 5  1 4 . 1

3 8  9 . 0
. 2 7  7 . 4 2 . 8  1 2 . 9

3 . 1  1 7 . 9
2 . 3  9 . 1
2 . 6  2 7 . 8
2 . 3  1 0 . 9

0- 6"  8 .3

2 2 " %
Of %
2 2  %22" %
6 - 1 2 "  8 . 3

. 0 8 9  1 . 4
0 . 9

. 0 4 7  1 . 3
1.0

. 0 8 2  1 . 3
1.1

. 0 7 4  1 . 5
0.8

8 . 3  0 . 8
8 . 4  0 . 7
8 . 4  0 . 7

. 0 8 2  1 . 5
1.2

0.8
0.8

3 5  9 . 0
. 2 4  7 . 9
. 4 2  7 . 1
. 4 2  8 . 5
. 4 2  8 . 5
. 2 7  8 . 5

. 2 7  6 . 8

. 3 7  8 . 7

. 4 6  8 . 7

3 . 1  1 0 . 9  
2.8 11.1 
2 . 4  1 5 . 5

6- 12"  8.0
0 - 6 "  8 . 3
6 - 1 2 "  7 . 5
0 - 6 "  9 . 2
6- 12"  12.0
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Table 10, continued.

R*p. S a e p l e  B r a y  O l a a n
N a  H g  C m  B o r o n  S u l f u r

T .  B u M M H t i i t e u *  (Nangeala)

UuUcago tAimcaiula (Jeealong)

T. BuMeAAtixeu* (NortNaa)

UuHcago (Auncatula (Cyprue)

r. BuMeAAtiiteu* (Clare)

Utdicao LLUotatU (Barblnpar)

Grain fallow

T. BuMeAAtitieie (Delink)

Utdicago IupuLina (Black aedlc)

T. BuMeAAtiAeu* (Ceraldton)

Uedieago UuacxUuta (Chor)

T. BuMeAAtineue (Nuagarla)

LuputuB tiltguBCifoiluB (Unlcrop)

U td ieago  te u L tU a X a  ( R o b l n e o n )

fccAti ftibti CClra III)

T. AeBupinoiu* Otaral achaftal)

Lupiaui albui (Ultra)

0-6M 52 
6 - 1 2 "  J O  
0 - 6 "  2 8

0 - 6 "  J O  
6-12" 22

4 0  0 . 4  0 . 3

0-6"
6-12"0-6"6-12"0-6"6-12"0-6"6-12"0-6"6-12"0-6"6-12"0-6"6-12"0-6"6-12"0-6"6-12"

SO
2 3

SO

0 . 4
0.6
0 . 4

0.3 
0 . 3  
3 . 7  
4 . 1  0.3 
0 .  7

0 . 4
0.6

0 . 3
0 . 3
0 . 3

0 - 6 "  4 7  
6 - 1 2 "  4  
0 - 6 "  5 6  
6-12" 2 
0 - 6 "  3 3  
6-12" 20

2 . 9  3 5  0 . 3  3 . 7
2 . 6  3 3  0 . 2  3 . 7
3 . 0  3 6  0 . 6  0 . 7
3 . 0  4 1  0 . 4  0 . 3
2 . 8  3 7  1 . 0  0 . 3
3 . 0  3 6  1 . 0  0 . 3

0 - 6 "  5 9  
6 - 1 2 "  3  
0 - 6 "  4 9

0 - 6 "  3 6
6 - 1 2 "  1 50-6"
6-12"0-6"6-12"0-6"
6-12"

3 0

2 8
0- 6"  41 
6 - 1 2 "  9  
0 - 6 "  5 9  
6-12" 11 
0 - 6 "  4 2  
6 - 1 2 "  3 7

2 4
10

1 4

11
1 3  

11
1 4

201 0.0 
2 3 2  0 . 0
2 7 8  0 . 1
2 0 9  0 . 1

2 0 9  0 . 0
2 8 6  0 . 0  
2 4 0  0 . 0
2 7 1  0 . 1
1 9 3  0 . 1
2 4 0  0 . 0

3 . 0
2 . 3  
2 . 9
3 . 3
3 . 0
2 . 3
2.6

2 8 6  0 . 0  2 . 3  3 5
2 5 5  0 . 0  3 . 3  3 9
2 9 4  0 . 1  3 . 2  3 9
2 3 2  0 . 1  3 . 1  4 1
2 2 4  0 . 0  2 . 0  3 6
2 2 4  0 . 0  2 . 6  3 6

0.6
0.8
0.6
1.00.6

4 . 1
1.8
0 . 3
0 . 3

1 4

1 7
7

1 4

10
7

12

1 3

2 7 1  0 . 0  2 . 0  
2 4 7  0 . 0  3 . 3  
2 6 3  0 . 0  2 . 3  
2 7 6  0 . 0  2 . 0  
2 3 2  0 . 0  2 . 0

2 3 2  0 . 0  3 . 3  
3 1 0  0 . 0  3 . 3  
2 2 4  0 . 1  3 . 2  
2 6 3  0 . 0  2 . 3  
201 0.0 2.6

4 1
3 5

3 4
3 5  
3 9  

3 8

0 . 4
0.80.8
0.8

4 . 5
0 . 3
0 . 3
0 . 3

0 . 3
0 . 3

0-6"6-12"
Sr0-6"
6-12"

1 5  2 8 6  0 . 0  3 . 3  4 0
8  2 1 6  0 . 1  3 . 9  3 9
9  2 6 3  0 . 1  2 . 6  3 3
6  1 9 3  0 . 1  2 . 6  3 3

1 2  2 5 5  0 . 0  2 .  3  3 7
6  2 0 9  0 . 0  2 . 3  3 6

0 . 3
0 . 6

3 . 2
2.8
0 . 3
0 . 3

0 - 6 "  4 3  
6-12" 2 
0 - 6 "  3 9  
6 - 1 2 "  7  
0 - 6 "  2 9  
6 - 1 2 "  1 7

3 . 2  4 1
3 . 1  4 1
3 . 3  3 7

4 . 7
1 . 4
1 . 7
1 . 4

6-12"0-6"
6-12"0-6"
6-12"

3 . 1  4 0  0 . 6  3 . 6
3 . 2  4 1  0 . 6  4 . 0
3 . 1  4 0  0 . 4  0 . 3
3 . 6  4 1  0 . 4  0 . 3
2 . 0  3 4  0 . 8  0 . 8
2 . 3  3 4  0 . 6  0 . 3

0 - 6 "  5 6  
6 - 1 2 "  7  
0 - 6 "  3 7  
6-12" 8 
0 - 6 "  4 7  
6-12" 21

3 . 2 4 0 2 . 1
0 . 0
0 . 0
0 . 0
0 . 0

3 . 2
3 . 3
2 . 3  
2 . 6

3 9

3 2

0 . 6
0 . 6
0 . 8
0 . 6

0 . 3
0 . 3
0 . 3
0 . 3
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Table 11. Soil chemical analysis, spring 1981.

1980 Crop
Sample
Depth

Nitrate-N Bray P
Rep. I Rep. II Rep.Ill Rep. I Rep.II Rep.Ill

T . A ubteA A aneum (Nangeela) 0-6" 30.9 13.4 12.9 44 40 30
0-1' 12.7 6.6 4.8 32 21 28
1-2' 4.2 3.2 3.5 <1 <1 5
2-4' 2.8 2.3 2.2 4 8 12

M edlcago  V i u n c a tu l a  (Jemalong) 0-6" 18.4 16.9 16.3 39 39 32
0-1' 7.1 6.5 4.0 37 49 8
1-2' 3.2 5.6 3.2 <1 <1 16
2-4' 2.3 3.5 1.8 <1 11 32

T. A ubteA A aneum (Northam) 0-6" 14.2 18.1 20.0 43 37 32
0-1' 7.6 5.8 5.0 37 36 25
1-2' 5.4 3.3 3.6 <1 <1 I
2-4' 7.9 3.7 5.6 <1 4 12

MecUcago t m n c a t u t a  (Cyprus) 0-6" 16.0 17.3 16.2 40 35 25
0-1' 7.1 5.2 5.8 22 36 20
1-2' 3.2 3.0 4.2 <1 6 5
2-4' 7.1 5.1 3.7 <1 8 9

T . A ubteA A aneum (Clare) 0-6" 22.6 21.5 22.7 36 49 31
0-1' 9.5 8.5 5.1 31 37 23
1-2' 5.4 3.7 2.7 <1 <1 <1
2-4' 7.3 3.7 2.4 <1 10 11

M edlcago  L l t to A a L lA  (Harbinger) 0-6" 16.2 13.4 22.3 35 33 33
0-1« 8.4 5.5 4.9 8 31 36
1-2' 1.8 3.5 7.1 <1 <1 <1
2-4' 6.1 3.7 9.4 15 8 11

Cra in-follow 0-6" 10.9 14.8 12.8 31 32 37
0-1« 4.4 2.6 2.9 5 32 <1
1-2' 4.1 4.2 3.7 <1 <1 <1
2-4« 1.9 2.3 2.0 16 4 5

T . A ubteA A aneum (Oaliak) 0-6" 19.3 17.3 11.8 37 36 30
0-1' 11.7 5.1 4.4 19 49 25
1-2' 5.2 3.4 4.4 <1 <1 3
2-4' 3.1 3.8 3.2 <1 <1 9

M edlcago  L u p u t ln a  (Black medic) 0-6" 20.3 20.9 24.8 37 27 37
0-1' 7.4 4.2 4.7 26 33 9
1-2' 4.7 7.2 7.2 2 <1 7
2-4' 6.6 7.6 12.2 I 14 9

T. A ubteA A aneum (Geraldton) ' 0-6" 13.1 17.7 23.4 37 35 26
0-1' 7.2 8.4 5.8 21 41 25
1-2' 5.6 3.4 2.9 2 <1 5
2-4' 6.3 4.4 4.8 5 8 13

M ed lca g o  t A u n c a tu la  (Ghor) 0-6" 11.7 16.0 9.5 39 32 36
0-1' 6.1 5.5 4.6 5 32 31
1-2' 4.6 5.1 4.7 2 <1 <1
2-4' 7.9 6.6 7.0 I 4 18

T. A ubteA A aneum (Nungarin) 0-6" 16.5 12.6 14.8 40 36 31
0-1' 9.0 5.3 3.5 39 26 23
1-2' 4.2 2.5 3.7 <1 <1 6
2-4» 3.6 1.6 3.1 4 25 12

LuplnuA  a n g u A tc jo l lu A  (Unicrop) 0-6" 12.5 17.4 11.2 40 29 31
0-1' 7.6 7.1 5.5 25 36 28
1-2' 9.0 4.5 6.2 <1 <1 5
2-4' 10.4 8.6 8.2 3 21 19

M edlcago  A c u l t e l t a t a  (Robinaon) 0-6" 15.0 11.5 18.0 33 28 41
0-1' 5.6 3.1 6.5 31 25 <1
1-2' 5.0 3.4 3.0 4 <1 <1
2-4' 6.1 8.4 7.5 3 3 <1

V ic a  ia b a  (Glia III) 0-6" 11.6 16.7 13.9 33 50 43
0-1' 6.1 4.8 4.0 26 <1 31
1-2' 6.1 4.2 5.8 <1 <1 3
2-4' 7.4 2.7 8.9 3 <1 12

T . A e A u p ln a tu m  (Meral schaftal) 0-6" 21.0 22.6 16.1 31 35 23
0-1' 7.1 6.6 7.7 21 35 32
1-2' 6. 3 3.4 4.2 <1 <1 <1
2-4' 5.3 4.4 4.1 8 12 9

LuplnuA  a lb u A  (Ultra lupines) 0-6" 12.5 12.2 16.1 31 36 40
0.1« 9.6 5.9 8.5 22 36 26
1-2« 8.5 3.8 4.4 <1 <1 <1
2-4' 10.2 5.1 3.7 9 5 8
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Table 12. Soil chemical analysis, fall, 1981.

1980 Crop

T. AubteMflMCUJii (Nangeela)

Utdicago V u m a U u la (Jeealong)

T. AubtCMflMCu* (Northam)

MedtCflgo taumcfltutfl (Cyprus)

T. AubtcMflMCu* (Clare)

U tdicago L L ttO K a tu (Harbinger)

Crain-fallow

T. AubttAAantum (Daliak)

U tdicago IupaLina (Black medic)

T. AubtCMflMCU* (Ceraldcon)

U tdieago Lm nca tuL a (Ghor)

T. AubtcMflMCu* (Nungarln)

LuptMUA OMguAtt^otttiA (Unicrop)

U tdieago A e u t t t la ta  (Robinson)

Utctfl f̂lbfl (Giza III)

T. KtAupinatum (Moral shafts I)

LupinuA otbui (Ultra)

S a m p l e ______Nitrate - N_______  _____ Bray P
Depth Rep. I Rep. II Rep.Ill Rep. I Rep. II Rep.Ill

0-6" 4.9 2.4 4.4 57 40 32
6-12" 3.6 2.3 2.9 29 23 2
1-2' 2.9 1.9 2.7 12 14 I
2-3' 3.1 1.5 2.3 12 16 8
3-4’ 2.6 1.5 2.1 21 31 18
0-6" 4.0 3.2 3.0 45 44 26
6-12" 3.8 3.0 2.8 31 20 <1
1-2' 2.6 1.7 1.9 5 Il <1
2-3' 2.4 1.5 1.9 8 18 9
3-4' 2.4 1.5 1.8 12 32 30
0-6" 3.2 3.8 2.1 31 66 32
6-12" . 3.4 2.6 2.1 29 23 <1
1-2' 3.2 1.8 2.1 9 4 <1
2-3' 2.6 1.5 1.5 10 5 <1
3-4' 3.1 1.6 1.6 14 16 13
0-6" 4.9 3.1 4.0 70 39 37
6-12" 4.4 2.8 2.7 26 32 <1
1-2' 2.7 1.9 1.8 9 13 <1
2-3' 3.1 1.6 1.4 8 9
3-4' 3.4 1.8 1.8 10 17 44
0-6" 4.7 3.5 3.8 37 82 32
6-12" 4.0 2.6 2.9 20 9 26
1-2' 3.4 1.8 2.3 9 I 2
2-3' 3.0 1.5 1.9 9 8 15
3-4' 2.4 1.9 1.8 11 13 16

*:!
2.9
2.0 1:5 49 21 52

1-2' 2.7 2.3 2.5 I <1 I
2-3' 2.4 1.9 2.0 8 <1 15
3-4' 2.9 3.0 2.3 16 8 37
0-6 " 4.5 3.3 3.0 40 20 33
6-12" 3.9 2.6 2.4 23 <1 <1
1-2' 3.1 2.0 2.2 6 <1 <1
2-3' 2.4 1.8 1.5 14 2 5
3-4' 2.6 1.6 2.0 20 8 26
0-6" 4.3 2.7 3.7 45 33 32
6-12" 3.9 2.4 3.0 23 26 <1
1-2' 1.4 1.8 2.0 12 <1 <1
2-3« 2.7 1.4 1.8 14 <1 3
3-4« 2.6 1.4 2.4 25 10 20
0-6" 4.2 2.8 3.8 45 39 50
6-12" 2.6 2.4 2.6 4 <1 <1
1-2' 3.0 1.6 2.0 26 <1 4
2-3' 1.8 1.2 1.5 14 <1 8
3-4' 1.9 2.1 5.3 17 16 52
O-A " 3.4 3.4 3.6 64 40 40
6-12" 2.9 2.2 2.9 25 <1 <1
1-2 ' 2.2 1.7 1.9 12 <1 <1
2-3' 1.9 1.4 2.1 9 <1 <1
3-4' 2.0 2.3 2.3 16 7 23
0-6" 2.6 2.5 3.6 45 33 30
6-12" 2.7 2.0 3.5 19 <1 2
1-2' 2.3 1.4 2.5 4 <1 2
2-3' 2.0 1.8 2.0 8 <1 2
3-4' 2.1 2.2 2.7 15 6 18
0-6" 3.0 3.6 3.4 96 49 117
6-12" 2.6 2.7 3.0 20 14 3
1-2' 1.9 2.0 2.6 3 12 2
2-3' 2.0 1.5 1.9 3 12 11
3-4« 2.5 1.9 1.8 11 19 26
0-6" 2.9 3.4 3.4 75 55 43
6-12" 2.6 2.5 3.0 25 19 2
1-2' 1.4 1.4 2.1 <1 9 2
2-3' 1.5 1.5 1.8 3 16 9
3-4' 6.0 1.5 1.8 5 35 21

0-6" 3.3 2.5 3.3 45 25 35
6-12" 2.6 1.6 1.8 32 <1 <:
1-2' 1.5 1.4 2.1 11 <1 <1
2-3' 1.2 1.4 1.7 8 8 <1
3-4' 1.4 1.8 1.8 17 10 12

0-6" 3.3 3.5 3.6 39 60 36
6-12" 2.4 2.2 2.9 33 11 I
1-2' 1.3 1.6 2.1 5 I 2
2-3' 1.5 1.6 1.6 5 10 31
3-4' 3.8 1.4 1.8 9 15 36
0-6" 3.0 3.1 6.4 44 37 31
6-12" 2.3 2.5 2.7 I 21 <1
1-2' 1.6 2.0 2.7 8 <1 ' I
2-3' 1.5 1.4 1.8 8 <1 <1
3-4' 2.5 1.7 1.5 23 6 26
0-6" 3.3 2.5 4.5 32 64 35
6-12" 2.2 2.8 4.5 20 20 <1
1-2' 1.6 1.7 2.7 6 8 <1
2-3' 1.8 1.3 1.6 11 8 <1
3-4' 2.0 2.8 2.2 22 20 12
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Table 13 Cm of water of soil samples 
1981.

taken In spring, April 16-17,

1980 Crop

T. A u b t e A A O M u m  (Nangeela) 

Medtcago ViunOLtuZa. (Tremalons) 

T . ^ u b t e A A a m u i n (Northam) 

MecUcago t A u n e a t u t a (Cyrpus)

T. A u b t e A A a n e u m (Clare)

M e e U c a g o  LtttoJuiLiA (Harbinger) 

Grain-fallow 

T. A u b t e A A a n e u m (Daliak) 

M e c U c a g o  L u p u L i n a (Black medic) 

T. A u b t e A A a n e u m (Geraldton) 

Medteogo t A u n e a t u l a (Ghor)

T. A u b t e A A a n e u m (Nungarin) 

LupinuA a n g u A t i j o H u A  (Unicrop) 

M e c U e a g o  A e u t e W v t a  (Robinson) 

V i e U a  {aba (Giza ill)

T. JLeAupcnatum (MaraI schaftal) 

LupinuA a t b u A (Ultra)

Sample
Depth Rep. I Rep.II Rep.Ill Means

0-1' 7.10 7.35 7.54 7.33
1-2' 6.09 6.63 7.21 6.64
2-4' 11.06 10.51 10.85 10.81
0-1' 7.07 7.45 6.98 7.17
1-2' 6.50 6.90 6.58 6.66
2-4' 11.81 11.45 11.67 11.64
0-1' 7.26 7.49 6.70 7.15
1-2' 6.40 6.72 6.71 6.61
2-4' 11.29 12.42 11.34 11.69
0-1' 7.41 7.26 6.67 7.11
1-2' 6.37 6.23 6.78 6.46
2-4’ 9.05 11.95 11.58 10.86
0-1' 6.85 7.25 7.21 7.10
1-2' 6.46 7.87 6.83 6.72
2-4' 11.70 12.73 12.73 12.39
0-1' 6.61 6.89 6.88 6.79
1-2' 6.29 6.65 6.56 6.50
2-4' 11.73 11.35 11.91 11.67
0-1' 6.85 6.80 7.20 6.95
1-2' 7.01 7.25 6.85 7.03
2-4' 11.84 12.50 12.56 12.30
0-1' 7.97 6.98 7.00 7.32
1-2' 6.41 6.32 6.96 6.57
2-4' 10.58 13.26 10.56 11.47
0-1' 6.68 7.09 7.10 6.96
1-2' 6.11 6.34 6.39 6.28
2-4’ 11.05 12.28 11.59 11.64
0-1' 7.02 7.42 7.06 7.17
1-2' 6.25 6.07 6.66 6.33
2-4' 12.00 9.04 11.73 10.92
0-1' 6.98 7.20 7.08 7.08
1-2' 6.63 6.54 7.10 6.76
2-4' 10.90 11.73 12.66 11.76
0-1' 5.53 7.58 7.39 6.83
1-2' 6.45 6.69 7.11 6.75
2-4' 12.13 12.62 12.31 12.36
0-1' 6.88 6.63 7.29 6.93
1-2' 6.40 6.85 6.58 6.61
2-4' 12.58 11.32 12.24 12.05
0-1' 6.61 6.99 6.98 6.86
1-2' 6.06 6.89 6.24 6.39
2-4* 10.88 11.66 11.64 11.39

0-1' 6.79 6.36 6.90 6.68
1-2' 6.43 6.06 7.24 6.57
2-4' 10.51 10.07 11.94 10.84
0-1' 6.82 7.21 7.37 7.14
1-2’ 6.27 6.17 6.77 6.40
2-4' 9.61 12.03 10.61 10.75
0-1' 6.63 6.79 6.95 6.79
1-2' 6.51 6.35 6.90 6.59
2-4' 12.20 11.58 12.49 12.09
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Table 14 Cm of water of soil samples 
24, 1981.__________________

taken at harvest. September

1980 Crop
Sample
Depth Rep.I Rep.U  Rap.Ill Means

T. 6 u b ti’UumeMjn (Nangeela)

Utdieago VumcaJtuta (Jemalong)

T. iu b ltM a n tu m  (Northern)

Utdicago VuiACJtfu t a  (Cyprus)

T. tub ttA A tu ium (Clare)

Uidicago LLUoiaLU (Harbinger)

Crain-fallow

T. iubtiAAoneum (Dallak)

Uidicago LupuLina (Black medic)

T. iudtiAAanium (Ceraldton)

Uidicago tAuacxUuta (Chor)

T. AubteAlOAlum (Nungarln)

Lupinui anguitA-loiLui (Unlcrop)

Uidieago ic u tiL L a ta (Robinson)

V ieia  (aba (Cite III)

T. Aeaupouttimi (Karal schaftal)

0- 6"
6-12"
1- 2'
2- 3'
3- 4' 
0 - 6 "  
6- 12"  
1- 2 '
2- 3'
3- 4' 
0- 6"  
6-12 " 
1- 2 '  
2-3' 
3t4'
0-6"

2- 3'
3- 4'

6-12"
1-2’
2- 3'
3- 4' 
0-6" 
6-12" 
1-2' 
2-3'

6- 12"
1-2'
2- 3’
3- 4'
0- 6"
6-12"
1-2'
2-3'
3,4'
0-6"
6-12"

3-4'
0-6"
6-12"
1- 2'
2- 3'
3- 4' 
0-6" 
6-12" 
1-2'
2- 3'
3- 4'
0- 6 "

0-6 "
6- 12"
1- 2 '
2- 3'
3- 4'
0- 6"
6-12"
1-2'
2- 3'
3- 4'
0-6"
6-12"
1-2'
2- 3'
3- 4'
0- 6"

0- 6"

1.45
1.92
4.01
5.15 
5.65
1.57
2.25 
4.41
5.11 
5.77 
1.51
2.12
3.98 
4.61 
5.28
1.54
2.20
4.09
4.57
5.36
1.58
2.10
4.36 
4.90
5.49
1.54
2.22
4.16 
4.21 
4.69
1.58 
2.15 
4.68
5.36
5.54
1.32
1.98 
4.13
4.49 
5.00
1.56 
2.07
4.25 
4.27
4.59
1.71 
2.23
4.33
4.36
4.80
1.57
2.22
4.06
4.80 
5.12
1.56 
2.20 
4.40 
5.10
5.81
1.50
1.95 
3.64 
4.52
6.03 
1.67
1.81
4.07 
4.86
5.36
1.51 
2.02 
4.15 
5.02 
5.30
1.57
1.96
3.97 
4.43 
5.19 
1.49
1.98
4.04
4.71
5.34

1.51
2.00
4.01
4.68 
5.23 
1.62 
2.10 
4.44 
4.85
5.51 
1.60
2.01
3.95
4.51
4.96
1.54 
2.03
4.20 
4.88
4.79 
1.64
1.97
4.20
4.55
4.79
1.68 
1.95 
4.14 
4.61 
5.07
1.67 
2.30 
5.40 
5.22 
5.93 
1.48
1.98
3.92 
4.75 
5.10
1.46
1.67
3.47 
3.95 
4.51
1.61
2.15
4.02
4.93
5.02 
1.64
2.05 
4.73 
5.07 
5.82
1.89 
2.23 
4.45
4.89
5.39 
1.54
2.09
4.40
5.05
5.15 
1.39 
1.91 
3.76 
4.49 
4.99 
1 .66  
2.12 
4.29 
4.25 
5.12
1.57 
1.70
4.02
3.89 
4.87 
1.33
2.06
4.57
5.15
5.10

1.68
1.90 
4.33
5.15 
6.08
1.67
1.90 
4.00 
4.19

1.61
2.05 
3.82 
4.37 
5.25
1.73
1.87 
4.44 
4.81 
5.22
1.74
2.02
4.06
4.75
4.87 
1.69 
2.11 
3.79
4.05 
4.53 
1.49
2.06 
5.02
5.15 
5.36 
1 .66  
2.13
4.28
4.84
5.28
1.55 
2.01 
3.72
3.84 
4.99 
1.82 
2.06
4.09 
4.60
5.09
1.71
2.05
4.23
4.72 
5.01 
1.83 
2.08
4.08
4.06
5.10 
1.62 
2.26
4.50
4.58
4.77
1.55
1.74 
3.40
4.23 
4.96
1.59 
2.05 
3.67 
4.39 
4.82 
1.62
1.78
3.51 
4.18 
4.38 
1.65 
2.00
3.74
4.09 
4.86

1.55
1.94
4.11 
4.99
5.65 
1.62 
2.08
4.29
4.72 
5.31
1.58 
2.06
3.92 
4.50
5.16 
1.61 
2.10
4.24
4.75
5.12
1.65
2.03 
4.21
4.73 
5.05 
1.64 
2.09
4.03
4.29
4.76
1.58
2.17
5.04
5.25 
5.61
1.49
2.03
4.11
4.69
5.13
1.52
1.92
3.81 
4.02 
4. 70
1.71
2.15
4.15
4.63 
4.97
1.64 
2.11 
4.34 
4.86 
5.32 
1.76
2.17
4.31 
4.68 
5.43
1.55
2.10
4.18
4.72
5.32
1.54
1.82 
3.75
4.53
5.11
1.59 
2.06 
4.04
4.55 
5.08
1.59 
1.81 
3.83
4.16 
4.82 
1.49 
2.01
4.11
4.65 
5.10

Lupinui atbui (Ultra)
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