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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 lupinés were failures and these plots were considered to be
double summer fallow treatments. Grain yields of faba bean were
encouraging. : o '

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. Medicago 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';he 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 NO,-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 1
INTRODUCT ION

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 substah;ial decline in ééil organic matter and available
N'contgnt; Seconaary adverse effects of the declining soil fertility
are the inefficient use of water resources, leéching of nutrients
(especially nitrate - N), formation of saliﬁe 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 decliﬁe in soil fertility, especially drganic matter.

The primary objectives of this study were to test the adabtability
of the Australian ley system of farming‘to Montana and its potential
to alleviate the declining fertility and producti?ity of these
soils.

A secondary objective was to develop an understandipg 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 rotatiomns
in Montana sincé the early 1950'$. -

As-early as 1917, Pieters reviewed American experiment station
literaturé relative to the value of legumes as measured by yields of
succeeding crops. Data from 28 étates and Canada showed that the
legume value as green manures decreased from the southeastern to
northwestern United States. 1In SOuth Dakota and North Dakota and in
.the Canadian Northwest, the use of leguminous green-manure ¢rops 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
biennjal and perennial hay and forage crops in rotétion was not of
major importance in the Great Plains. Maintenance or increase of the
organic-matter ééntent of ﬁhe soil through the application of manures
or green manures did ndt pay for tﬁe cost whe?e crops are grown for
gfain. |

In 1955, Duley and Coyle discusséd dryland farming probleﬁs in
the U.S. -They reported that the use of green manures was not effective

in improving growth of the sdcceeding crops.




3

In Monténa, green~manure experiments were started at Moceasin
in 1909, Huntley in 1913, and Havre i917 (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 én small grain yields the
following year as compared ﬁo ordinary fallow. Army and Hide (1959)
also found a decrease in yields of spring wheat at Havre, Huntley,
and Moceasin 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 éfdinary 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
followiggna green manure crop partially resulted from failure.to con-
sider that it required two years to grbw a crop using the alternate
crop~fallow fotations. Other factors 1eéding fo these conclusions were
probably inefficient storage of winter precipitagion and a poor manage-
ﬁent of the legume. Often the green-manure legume was plowed down too
early in the season (Krall et al. 1965). They reportedlthat the green
manure crops actually were grown duriné the latter part of June or
early July. An example of mismanagement was also péinted out by Bell
(1937) who stated that 'when green-manure crops were not established)
there was invariably a good crop of Russian thistle (Salsola kali 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 appegrs‘then thatisummer—féllow 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 ghe
recent increases in per acre yields have been the result of.improved
varieties and ipcreased use of fertilizer, it is also the result of
efficient summer—falloﬁingﬁ Howevef;‘the incfeased needs for fertilizer
N to achieve maximum yields and appropriate protein levels of dryland
ceteals 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, Jeckson and Sims 1977).

Additionally, improvements in cultural ﬁractices, more timely
tiilage and seeding operations, and the availability of high yielding
disease~resistant varieties have greatly increased crop yiélds 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 fertiiizer ﬁée on Montana wheat appeared
£o be just sufficient to boost per acre yields enough to result in
dilution of proteiﬁ 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 éhemipal fertilizer N to supply these needs
.ﬁould beladvantageous.

Secondary adverse effects_éf declining fertility arexthe inef-
ficient use of ﬁater resource, leaching of nufrientsv(especially
ditrate-N),fo?mation‘of saline Seéps,-and increased sugceptibility
to both wind and water erosion. |

Salinity is on the increasé in thg states.énd'provinces of tﬁe
Great Plains (Miller et al. 1976). Bahls and Miller (1973) estimated
that about 590,000 square kilometérs of the Northern Gréat Plains of
the United States.and Cana&a are favorable.for saline.seep develop~-
ment. Unpublished statistics at the Monténa State Soil Testing
taboratory operéted by Mpntana Agricﬁltgral Experiment Station indicate
that approximately 15.perceﬁt of the samples from'irfiggted.soils éast
of the Continental Divide express some degreg‘of salinization. Doering
and Sandovél (1976) consider that saliﬁe seéps are recgnt ground water
diséharges on hillside locations in semiarid regions. Their principal
Qisible characteristics are: | |

i. Intermittent or continual surface wetness sometimes

accémpanied'by)flow of free water down thé slope,

2. rgduce& plant growth, and

3. quite often ;hé:development of a salt crust.

Tﬁe premises that seeps are caused by a combinafion of geologic,

climatic, and cultural conditions (Doering et al. 1976) and that
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seéps are sustained by loéél recharge havé-alsé been wideiy accepted
'(Fergusqn et al. 1972,.Hal§orson et al. 1974, Brun and Worcester
1976 and 1975, Doeriﬁg et al. 1976).:

Exééssivé nitrate-N 1eééhing belbﬁ the root zone has also been
associated with saline seep (Custer 19765. Summer féllbw plays a
great role in soil saliﬁity. It aggravates the salinity problem
(Miller et al. ;976) and dppears to be the major contributor to
saline seep development; Fallowing the soil facilitates percolation.
of water and leaching of salés below the root zone. Eventuglly, much
of the Salfs resurfacé downslope-as saline'seep quts.

Thus a system that can replace summer fallow while iﬁproQing

the soil fertility level would be desirable.
Agriculture in West Africa

In many’ parts of the'semi—arid tropics, afable land is fast
becoming a limiting agricultural resource due to the e&er increasing
socio—ecoﬁomic préésures (Lombi.l981)7 Conseduently, the‘traditiona;
bush—fallowipé system is being replaced by semi-intensive apd

" continuous éulti&atioh. Thié system lowers the equilibfium level of
soilhorganic matter and fertility and invariably neéessifates
continuous fertilization to sustain good crop yields.

This froblem has'acquired considerable urgéﬁc? in the heavily

‘populated Sudan Savanna zone of West Africa (north of latitude 11°30"
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N) where low annual rainfall (800 to*éOO mm, réstricted to~3 to 4
months annually) has fﬁrther compounded the fertility pfoblemfof :
these light, sandy, poofly buffered soils (Kadeba 1977,2Lombi 1981).
'One gppr&ach is increased uéegof fertilizers. Even tbough farmgrs and
authoritieé may recognize this need for fértilizgrs in sustaining the
fertility-of cqntinuously cultivated soils, an'inefficieﬁf.diétri—
butive systém, pobr.communication,-and‘espécial;y lack of capital and
other socio-economic factors éeverely limit the consumption of
fertiiizersf it is imperative that.chéaper means of improving soil
fertility and productivity be explored in order to supplement tﬂe’
use of mineral fertilizers.:

Many researchérs (Birch et.al; 1956, jones 1971, Kabdbg 1977)
recognize the importance 6f organic'matte¥ as a buffering‘agent.gnd>
‘ suggest'tha§ mahagement pracficeg in future . intensive agricultural
operafions take account of the néed to conserﬁe 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 conteﬁt (Jones 1971), levéls of soil organic
matter can ne&er be very high (Kabeda 1977). Jones (1971)'estimated
tﬂe maximum practicable tobsoil ofganic—matter conteﬁt to be 1 per-
cent. This can be maintained either 5y an annual application of 7 — 8
tons of farmyard manure. per hectare.or'by using grass fallow thrée

years out of every six. However, the supply of-fafmyard manure under
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the actual cropping system will never be sufficient for more. than a
small fraction of the culfivated'land. The proposed grass fallow
sfstem, althéugh an effective restorer of soil organic matter, is
unproductive. Ecornomic pressures séem'bound to teli against é
practicé which effectively pfoduces a crop ohl& once‘iﬁ two years.
Jones (1971) suggested that some form pf productive fallow or ley may

be the eventuél answer.
Ley Farming System

In areas of déclining soil fertility, increased: soil erosion and
increased saline seep, an alternative.to chemical fertilizer nitrogeﬁ
would Be advangageous. 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 rotatiﬁns in other parts of the world such as
Australian "Ley. farming" (Webber et al. 1976, Webber et al. 1977,
Ellington 1977) suggest that 1égume;céfeal rotations should be )
reevaluated for Montana.

Also in semiarid'areas such as the Sudan Savanna zones of low. -
gnnual rainfall and decreasing soilvorganic matter, ;egumé—cereal
rotations may offer somé 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 ih which small grains:are altérnated with a short-
season.annual legume‘grown for pasture during the fallbw vear (Oram
1977). |
LéyAfarming, a legume pasture—ceréal crop rotation has revol-

utionized agricultural productidn in the cereal zone of South ’

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

growing.annual legﬁmes includiﬁg forage and grain species between
cereal crops. .

In South Ausgralia, soil fertility was depietéd by continuous.
cropping of the initiaily fertile soils (Cornish 1949, Woodroffe
1949) and the introduction of fallowing and fertilizer gave only
tempofary relief. Wheq the legume based pastﬁre was int;oduced,
however, the improvement in soil fertility was so marked that wheat
yields were raised above the yield obtaiped!on the virgin soiis
(Webber et al. 1976, Webber et al. 1977, Ellington 1977).

Measurements taken in the wheat belt of Sputh-Austrélia indicate
that an average medic stand increases soil_nitrdgeﬁ by at 1ea§t 60 to
70 kg/ha in one season. This is the equivalent of about 300 kg/ha of
sulphate of amﬁonium (Webber et al. 1976). An iﬁcrease of 200 Kg N/ha
per year has been recdrded on a sandy soil affer a.vigorous sward of
Harbinger medic (Medicago Littonalis L.) and Subterranean clover

(Trigolium subterraneum 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 systéems
on ;ongnterm trends in wheat yields over é 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 syétems including a>pasture phase continued
to show a linear yield iﬁcrease; other threeécourse systems (féllow,
‘Wheat, stubble crops) showed a less than linear increase while the
two—-course system (fallow-wheat) showed a.22 percent yield decline.
In'geﬁeral, ley farming iﬁ South Australia has given best results
on thé alkaline soils (the solonized brown soils and black earth) and
has been less successful on the neutral £o slightly acid soils (solo-
dized solonetz and solodic soils).
The key to successful ley férming lies in the pasture phase of
the rotation kWebber et-al. 1976, Webber et al, 1976, Ellington 1977).
A leguﬁe.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 (Medécaga twncatula Gaerti) cv. Jemalong,
Hannaford, Cyprus, apd Borung.

- Strand medic (MedicagalzitténaﬂiA L.) cv. Harbinger

- Gama medic (Medicago rugosa L.) cv. Paragosav

- _ Snail medic (Medicago scutellata Mill.)
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- Disc medic (Medicago tonnata L.)
and the main subterraﬁeén clovers include the following cultivars:
Clare, Geralton, W&ogenelup and Daligk. The reason for their'sdccess
is that they produce many hard éeeds. Hard seeds are seeds with seed
coats ﬁesistant to the'entry,of wéter;,thus retarding gé?mination
(Doolette 1977). Where the'medics are well adapted, moét'df their
seeds are hard after seed-set at the éﬁd:of the growing season. This
means that in the foliqwing summer; they can resist germination after
rains. During summer, extreme heat cracks the coats of some seeds
so that by autumn the& haye become "soft", water can now penetrate
allowing germiqation to begin.

Most seeds remain hdard for longer than oné summer and do not
gefminaté-with the first'rains; —Their seed coats remain hard for
maybe a year or more. This'means that the species can survive for
‘ yeérs 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 fertilizefs, and

through symbiotic N,-fixation. Each of these three sources can

2

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 fhe effect upon nodulation of the four essential
elements most'likely to be limiting factors. ﬁisvresulté indicéted
that small applications of mineral N increased nodulation to a slight
degreé.A ﬁowever mineral N was not essential for good nodulatioﬁ and
that high-applicatioﬁs inhibited nodulation of the host.

"Fred; Baldwin and McCoy (1932) demonstrated that nodulation.and
thus fixation can'be inhibited by a concentration of available
inorganiq'N. |

Burk and Lineweaver (1936) and later Wilsdn, Hull and Burris
(1943), showed thaf'fixapion By azobacter coﬁld be prevented by the
présenée of sufficient inprganiclN.

More recently, utilizinghlSN as‘a tracer, studies have been
performed to evaluate the influence of varying -quantities of available

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

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

(Lespedeza 5p), and Thornton and Broadbent (1948) worked with peanuts
(Anaéhié hypqgaéa'L.). Allos and Bartholomew (1955) reported studies
with soybeans, peanuts, alfalfa (Medigago sativa L.), lespedéza; ladino
clover (Tn&ﬁoﬂium nepens. L.) and birdsfoot trefoil (Lotus corndewlatus
L.). 1In all cases, negative effects of the presence of availéble

inorganic N on N,~fixation was noted. The effects varied among the

2

legumes studied and among other experimental conditiéns, including the '

soil or substrate in,ﬁhich the legumes were grown. Other physical and
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environmental cqnditions glso\had an influence on the inhibition of
fixation by inorganic N,
Allos and Bartholomew: (1959) reported on the influence of increas-—

ing increments of available inorganic N on Nzwfixation by a number of

legumes, Plants were grown in gravel culture 'in thevgreenhousé 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 leguﬁes responded in

growth and in N uptake té'the addition of inorganic N. In some
instances, thé increased érowth resulting from fertilization'caused
iﬁcreasés in fixation of N. When N was applied in ekcess for g?owth,
it tended to replace the fixation process. They found that fixation '
processes'never éupplied sufficient N for maxiﬁum.growth dﬁder the
conditions of their experiment..Each speéiés exhibited an appafent
capacity to fix about one-half to three-fou;ths of the’total N which
could be used by the plant.

The discrepancies in the results §f Allos-Bartholomew (1959)
and Thornton (1948) may be due to differences Eetween-nutrient
solution and soil cultures, initial soil Nllevel, an& availability of
the N.

Most of.the data in the-literatufe support a reduction in

nodulation from any aﬁplicatidn 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 nodﬁle'siée by 25 percent when 168.Kg N/ha'was
aéplied. A étronger.réduqtion occurred when 672 Kg N/ha Was-appiiedv
© on soil that had part of its a&ailablé N immobilized by incorporation
of corﬁ cobs, | |
| More recepﬁiy,';he aéétYlene ;eductioh ésséy (ﬁardy et al. 1968)

has been developed as a.reliable meéSukemént of Nz—fixation. Thg assay
makes possible the rapid‘ngluation of‘the effects of cultural‘praé—.
tices and environmental factors on Nz—fixatién. Foliowing this,
"reliable in s4tu methods for sample breparation and assay of ﬂitrogenaée
aétivity were developed as described by Lockerman (1974). |

Using fheée.new techniques, Johnson and Hume (1972) reporteﬁ“the
results conducted on low fertilit& soils in Ontario, Canada, With
soybéaps in néwly introduced areas. szfixaéibn‘was progressiﬁely
increased by'treatmeﬁts: |

1) M1 (88 T/ﬁa of liquid caFtle ﬁanure),

2) M2 (176 T/ha of liquid cattle mangre) + 0.M (1.4 T/ha

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

3) M1 + 0.M. and . ‘ ‘ | |

4) O0.M.

Additioﬁ of 14 T_(dry,Weight)/ha of ground cofn éobs increased
Nz—fixafion seven times..és mucﬁ as the control. |

The soybean plant has been-extehsively studied.sinée the acetylene

reduction assay.. It has been reported that soybean is genefally
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capabie 6f growth and geed production with symbiotic Nz-fixation as the
only N source. However, a marked decrease in seed yields has been
~ observed and strongly suggests that .the soybean piant must have an N
source qther than atmospheric N for optimum yield production;. Harper
(1972) reported maximum nitrate utilization at the fuil—blobm growth
s£age, with symbiotic N2 (Czﬁé) fixation peaking three weeks later
during pod fill. Seed yiéld of plants £Otaliy dependent on atmos-
pheric N was iess than one-half the yield of plants utilizing both

nitrate and atmospheric N under hydroponic growth conditions. He

~fixation and nitrate utilization are

concluded that both symbiotic-N2

esééntial for maximum yiéld;of soybean.

Semu and Hume (1979), howevef, reporged different results. They
found that fertilizer N applications at p}énting time dia not increase
yields in areas ﬁhere soybean.had been grown several times, indicating

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

2

and N2 (C2H2) fixation rates were decreased by fertilizer.N. Yield

respopses to ﬁ fertilizer applied at planting will usually indicate
that Nz—fixation is less thén optimal. |

In cases where inhibition has been obtained,initrate has beeﬂ
feported to be the.causal factor. -Wong (1989) reported tﬁatilentils
grown in a nutrient solution containing 15 mM nitrate-had 84 percent,
fewer nodules than lentils grown’in nitrate free nutrient solution.
;fiﬁaﬁion was redﬁced.‘ Addition

Nodules weighed 71 percent less and N,
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" of sugars alleviated the inhibitory effects of nitrate on symbiotic

2
lentiis’could support bbth N

N, -fixation. This not only increased the carbohydrate supply so
2—fixation and nitrate.reduction but also’
inhibited the accumulation of nitrate. -

Obviously different resulté from supplying inorganic N to
legumes have been reported. Many of them supporting that N fertilizer
is beneficial to the plantfat early sfage with later inhibition of

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

2
is either beneficial or detrimental at all growth stages. Most of
these discrepancies are probably due to differences in procedure.
Rhizobium 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

Fiéld plots were established May 22 and 23, 1979 on an eroded
field of Amsterdam var. of silt loam (fine—silty,‘miked family of

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

Post Field Research Laboratory and which had been fallowed theé previous -

season (Appendix Table'i).
Cuitivars
Seed of-sixteén annual legumes were utilized. Fourteen accessions
were from the South Australia Department of Agriculture, including:
Five Medicago 4p; annual medics,
- Medicago truncatula Gaertn. cv. Ghor (barrel medic)
- M. truncatula Gaertn.cv. Jemalong (barrel meaic) |
- M. Littonalis L. cv. Harbinger (strand medic)
- M..Acuielﬂaié Mill. cv. Robinson-(snail_médic). 
- M t&uncdiu&a Gaertn. cv. Cyprus (barrel medic)
Seven Iniﬁoﬂium Ap. '
- Thiﬁoﬂi&m Aubteinaneum L. cv. Nangeela'(subterrangan clover)
-. T. subtesrrnaneum L. cv. Ciare (subterranean cléver)
- T, subteraneum L, cv. Nungarin (subterranean clover)

- T. subterraneum L. cv. Northam .(subterranean clover)
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-. T. subtewrnaneum L. cv. Geralton (subterranean clover)

- T, Aubtenaaneum-L. cv. Daliak (subterranean clover)
- T. resupinatum L!'cv. Maral Schaftal.
Two Lupinus sp. swge; lupines
~ Lupinus angubiiﬁoﬂiué; L. ev. Unicrop (narrow-leafed lupine)
- L. albus, L. cv. Ultra (white lupine). |
One faba bean cultivar from .the Egyptian Ministry of Agriculture
- Giza TIT,
and one Medicago.sfecieé from Montana
- Medicago Lupulina L. Montana common, Black medic. -

Conventional alternate crop—falloW'(spfing wheat /summer fallow)

plots were included as thé control.

Experimental'desigﬁ

. These sixteen énnual legumes plus the conventional alternate
crop—fallow weré arranged'in'a randomiéedvcomplete block design. The
plots were 4 x 7 m wide with each cultivar .replicated three ‘times.

In the spring of 1979, the plots Wepe‘seedéd with a "Planet

Jr." hand seeder at-thé rate of 10 Kg/ha foriforage 1éguﬁes, 100 Kg/ha
for grain legumes and 60 Kg/ha fpr the Newana spring wﬁeat contrdl
plots. Row spacings were 45 cm for forage legumes, 80 cm fbf'grain
legﬁmes 3ﬁd 30 cm for spring wheat . For the first year, no fe;tilizer
" treatments Wére applied; Iin 1979, soil éamples 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
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35 to 51 on May 17.

Observation on growth pattern of legumes

lSeed were planted on May 22 and.23 and the first‘obsgrvation on
perpent‘ground cover was recorded August 30.' Flowering was recorded
July 6, 12 and 24. In"1979, the mature érops were harvested 25
September.

ny matter and seed production were measured by harvesting
l'm2 areas in each plot except for seed yields of tﬁe grain legumes for
which the grain from each entire plot was harvested. The. control plot
wheat yields were determined by harvesting a 10 m2 swath down the
middle of each plot with a'small—p;ot combine.

Dry material were anaiyzed 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 theﬁselves from residual hard
seeds and from seeds produced during the 1979 season. The Nangeela
subélover.which did not flower well in 1979, the Maral Schaffal clover '
and the grain legumes were feseeded 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.
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Observation on growth pattern of spring wheat

All plots were seeded to Pondera spring wheat on 5 May 198i
after soil samples wefe taken in each plot té_a-depth of 120 cm for.
tgtal N, percent O0.M., NOB—N,‘P and soil water déterminatidns.
Phospﬁorﬁs‘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 herbicidé,.Brbmate, at 0.5 kg a, i pef ha
and by hand weedirg. Growth stages based on Feekes scale adapted by
Large (1954) were recorded on July 2 and 3. Plant heighﬁs Wefe
%eéorded using a meter stick and plant canopy color was estimated by
visuél observations.

Wheat samples, based on the entire plant cut.ét crown level were
taken on Jﬁly“lS for yiela éstimation and total N analysis. In each
plot, three. (3) sub—sampleé 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 Wefe also fecorded. | |

On September 11, grain yields were determined afterAharvesting
with a small plot combine as dgscribed'ébqve. Again soil samples were
taken 6n each plot to a deptﬂ of 120 cm With.a h§dréulic soilléamplér

-N and soil water determinations. Following the

for total N, O.M., NO3

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 aﬁnual forage legumes were'all6wed to
re~establish from residual seed produced in 1979'and 1980. The Nangeela
subélover, Maral Schaffal clover, and fhe.érain,legumes‘were.reséeded

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

.early summer, percent groundcover and density were recorded to evaluate

the degree of ‘re-establishment.

Laboratory analysis

" Laboratory analysis of soil samples and stored soi; moisture
obtainéd.priofvto fertilizétioﬁ include pH (2:1 Waferisoil),.electrical
conductivity (EC in mmhos/cm), NH4OAC extractable Ca, Mg,.Na and K
as described by Chapman (1965) and as used by the Montana Stége
University Soil Testing Labofatory and P by theimodified Bray and
Olsen fests,(Smith, et al., 1957; Olsen and Dean, 1965). |

Soil NO3—N was determined by the "chromotropic acié" procedure
as developed by Sims and Jaqkson (1971) and as modified by Haby and .
Larson (1976) and soil organic matter Waé measured Ey the colorimetric
method of Sims and Haby (1971). Grain,.straﬁ and soil samples were
analyzed for total N by a semi-micro Kjeldaﬁl'method (Bremmer 1965)..
Wheat grain Samples were analyzed for total protein using a near~
infrared gnalyzer.

Faba bean grain samples were anlayzed for total protein and amino

acids with an amino acid analyzer. Available soill 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 aﬁproximatelyISOO m from the piots by the Weathetr Service Clima-

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

Statistical methods

Statistical analyses.were performéd on the Moﬁfana State'Univgr—
sity Honeywell Computer, GP6. Aﬁalyses 6f:variance and correlation
were.calculated uéing MSUSTAT developed by Df. Richard E. Lund.
Multiple regression aﬁalyses were performed by the SPSS stepwisg
regression analysié prpgfam (Nie, et al., 1975).. The stepwise
"forward proceduré was.uéed tO'seléct‘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
i§ determined by ﬁsing the partial correlatioﬁ\toefficient 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 mattertyieldé for the 1979 season are reported in
Table 1 and Figure 1. Yield differénces were statisticaliy significant
(p = 0.01). The highést dry matter yield was obtained with Tﬁiﬂoﬂium
subternaneum L. cv. Nungarin with 5268 Kg/ha compared to an average
yield of 3113 Kg/ha. fhis represents a 69 percent yiéld increase
err the average yield. . | |

An average yield of 2254 Kg/ha of dry matter (straw) was produced
on the éereal—fallow contiol piots planted with Newana spring wheat.
‘This yield represents only 42.7 percent of the yield.of Nungarin and
72 ﬁercent of the average yield. \ |

Treatments which resulted in significantiy high dry matter yield

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

increases include:

Nungarin .133.7 percent
Geraiton. C 120.1 percént
Northam ' 105.9,pefcent
Maral Schaftal - _:95.5 pefcent'

Clare : 93.1 percent
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Table 1. Mean dry matter yields, seed or seed pod yields, total N
(%Z) 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 Fiailil 74.49
Nor tham 4641 154.6 i 83.35
Cyprus 2792 1L71.0 2.06 58.43
Clare 4353 110:8 1.80 76.73
Harbinger 3455 1846.0 2921 72.96
Grain-fallow/Control .2254 2041.01/ _ 2/ i
Daliak 3800 43.8 2.00 76.14
Black medic g1l 225, 1/ 2.58 19530
Geralton 4960 342.6 1551 74,65
Ghor 1067 745.1 1.87 20:31
Nungarin 5268 304.7 4291 100.09
Unicrop 451 0.0 2.96 14.13
Robinson 3447 1934.0 1582 6321
Giza III 2131 283.51/ 3.0 67.37
Maral Schaftal 4406 114. 1/ 3.04 13% 42
Ultra 1554 920.11/ 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
l-/Yield data are for seed only, all others are for intact seed pods.
2/

— Not determined.
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6 = Harbinger 12 = Nungarin 17 = Ultra

Figure 1. Dry matter yield from annual-legume/cereal rotation
plots at Bozeman, Montana, 1979.

*Key is same for all figures.
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Jemélong ] f-86.7 percent
Daliak : '68.6 percent

On the average, the Australlan medics (2994 Kg/ha) ylelded less than.

_ the clovers (4394 Kg/ha).

The lupines, Lupinus angu/.saﬁo!bcws L cv. Unicrop and Lupinus

dﬂbué L, cv. Ultra, did not perform well in 1979 season with an’ average

yield of 451 kg/ha and‘lSSﬁ.Kg/hé resﬁectively. This might be the
result of a poot adaptability of these‘crops'té the test site'éoil,_
the climate or to residual herbicidés; '

| Medicago Lupilina L. black medic resulted ip 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,. Vicia faba L., cultivar Giza IIT yielded

a dry matter of 2131 Kg/ha.

Seed ot seed pod yields j.

Seed or seed pod fields ate reported in Table 1 and Figure 2.
In the lgy éystem of farming, it is important that the 1egﬁmétsets
etough seeds‘fér the sucteeding yéars when, a leéume'crop is desirable.

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

‘average yield of-719_Kg/hé was obtained but great variation was
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Seed or seed pod yields from annual-legume/cereal
rotation plots at Bozeman, Montana, 1979.
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,6bse¥ved.

Seed yields varied from a high value of 2041 Kg/ha for the Newana
spring wheat control plots to no yield at all for Lupinus angusiifolius
L. cv. Unicrop. | |

Among the subterranean clovers, the greatest seed yield response
was observed for Geralton with 343 Kg/ha, followed by Nungarin (305
Kg/ha), Northam (155 Kg/ha), and Clare 111 Kg/ha). ‘

ﬁangeelé ﬁroduced the.loweét seed yield of 16.03 Kg/ha. ‘Thisl
variety was léte'in floﬁe?ing'and produced no seed in two of the plots
and very little in the third plot.

The highest seed yield response émdng the Australian medics was
noted with Medicago scuteflata Mill. cv. Ghor with 745 Kg/ha..

The seed yield of Medicago [upuﬂinq L. black medic was good
considering its poor establishment the first year.

The Australian médics (1532 Kg/hé) outyieldéd the clovers (155
Kg/ha). Considering a seediﬁg-rate of 10 Kg/ha, all medic cultivars
produced an optimum seed yield for‘the'regenefation of the species in
a ley férming system. The two 1upine:cultivars did not perform well.
‘Unicrop did not produce any seed and Ultra gave a low yield of 920
Kg/ha. This'might bg related to poor vegetative performance and
support the view of poor adaptability to fhese séils 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 bgan is a.cool season crop and requires more than 100 days growing
séason for maximum produc;ion. .Inadequate rainfall or soil moisture
in the root zone will induce wilting and reduce seed set. Considering
then the 20.1 cm of precipitation fér the l979lseasoh.(Appéﬁdix Table
2) and the fact that the crop was planted late (23 May),.the faba bean
grain yield is encouraging. It aiso appears from observatibns taken
during the growing season that this cultivar seems to ﬁe earlier than
the North American cultivars tééted in ﬁdnténa (Jackéon et al. 1979).

Faba bean grain sgmples were analyzed for protein and amino acids
(Table 2). Grain protein percentage aﬁeraged 30 peréent and this
combined with an avéraged grain yield of 2131 Kg/ha, resulted in a .
protein yield of 639 Kg/ha. Howeﬁer, animals require specific amino
acids rather than protein per se, and since they cannot synthesize all
amino acidse they depend on plants or microofganisms for those they
cannot synthesize.‘ Therefore the relgtive concentration of each of
the amino acids is rather important.

The concéﬁtration of glutamic acid, aspartic acid, arginine and
1eucine was greaterlthan'Z peréent;'aianine, glycine, histidine,
lysine, phenylalanine, proline, serine, threonine and valine concen-
tration ranged between 2 ana 1 percent, and methionine, tyrosine;‘and

taurine were present in amount less than 1 percent. Tryptophan
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Tablg 2. Protein content and aminc acid analysis of faba bean seeds
for 1979.Harvest

Protein (N x 6.25)

Rep. 1 - , 30.0
Rep. 2 30.7
Rep. 3 . 29.7

Amino Acid Analyses 7% (W/W)

A.A. : - Means
Alanine . : . LW
Arginine o 2.68
Aspartic. acid . .. 3.64
Cystéine o

Glutamic acid . 6.29

" Glycine 1.03
Histidine : ' 1.22
Leucine - : ‘ 2.06
Lysine ' - 1.61
Methionine .266'
Phenylalanine : ' 1.29
Proline 1.55
Serine 1.69
Threonine 1.15
Tryptophan o
Tyrosine ; SR .869
Valine 1.36
Taruine .58
Total | - | 28.97

.N.D. = Not determined.
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and cysteiné contents were not detérmined.‘ Compared to wheat aﬁd
barley, the faba bean grain was higher in lysine.

The yieldllevels of both dry matter'and seed for‘the forage
1egumes,aré,.in genera;, encbufagiﬁg in terms of adapting the Austra-
lian 1ey'system of farming to Montana. Several of the.anﬁual legumes:

:have a good potential as annual hay or pasture crops having produced
from 4000 to over 5000 Kg/ha (2 to 2.5 toné/A) of forage. These
include Nungaring (5268 Kg/ha){ Gerélton'(4§60 Kg/ha), No;tham:(4641
Kg/ha5 and Clare subclover;(4353 Kg/ha) Maral échaftal clover:(4406
" Kg/ha), and Jemalong medic (4308 Kg/ha). 'Tﬁere weré some é#ceptioﬁs.
Nangeela subclover was vefy late in flowering and produced virtﬁally
né seed. This could be aﬁ advantage if a producer desired only omne
year of a legume as a.gréen—manure or annual pasture crop and no
residual buried seed for succeeding yearé. The hard-séed content of
the black medic was aﬁparently too high to establish a good étand the
first yéar; This suggésts 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 t§ reaiiée the full benefif of. the
black medic.

The fabé bean protein, compared to cereals, is high in lysine
1.61 percent, an essential amino gcid for humans as weil as for Sﬁine
and poult?Y.' in Montana, faba bean has a potential aé an eéport crop,

a protein supplement or high protein silage. Canadian feeding studies
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have shown faba been to be excellent protein éource fqr.poultry, it
supplemental methionine is added (Jackson et al. 1979). It can elso
replace:soybean meal in rations for pigs weighing over 80 pounds, |
for lactating dairy cowe, calves and beef.cattle. Thus, based on the
data'from this ekperiment, faba bean could be produced in Montana in
rotetion 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 1. A statistical difference between treatments (p = 0 01)
was observed for the two variables.

The greateet N concentration was measured with tne Egyptian faba
bean (3.10 percent) followed by Maral Schaftal clover (3.04 percent)

The lowest response, 1.5 percent, was obtalned w1th Geralton
subclover. Most cultivars had more than 2 percent N in their leaves.
The few culttvars which resulted in' N concentration of less than 2
percent include Jemalong barrel medic (1.77 petrcent), Northam sub—
clover (1.77'percent), Ghor barrel medic (;.51 percent), Nungarin
snbclover (1.91 percent) and Robinson snail menic (1.82 percent).
There was correlation between low ﬁ content and high dry matter yield.

Legume‘N uptake:includes bothAN from atmospheric fixation.and

soil N. Tt is a function of total dry matter yield and N concentration.
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Maral Schaftal,dué 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 statisticallj different (p = 0.05)'£rom
Nungarin suﬂclovef for total N uptake but both éultivars had |
significantly greafer N uptaké (p = 0.05) than the o;hers.'

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
p?obably'results from thinner stands of the medics due £§ high hard
séed contents and, hence, lower dry matter yields. The clovers may
aiéo be better nitrogen fixers or are more efficient in utiliziﬁg |
the available soil nitrogen or both. Also, the Australian medicg-and
‘1oca1 Rhizobium strains in the inoculum and/or indigenéus‘in the
soil may have been an inefficient combination.

ThevN ﬁptake.of Fhe lupines and faba begn were véfy low, 29 kg/ha
and 67.37 Kg/ha respectively. This is not surpriéing fof the lupines
whicﬁ were failures or for thé faba bean crop since most of its N |

is translocated to the seed at maturity.
Cereal Phase, l981

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 7  Protein yield
1980 crop Wheat grain Dry matter Wheat grain Kg/ha
Nangeela 2626 6217 13.40 350. 64
Jemalong 2371 4766 13879 926571
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 271580
Daliak 2703 4967 14.00 378.06
Black medic 3501 5644 15¢17 529512
Geralton 2307 5565 13793 321.85
Ghor 2393 4925 1556307 367.75
Nungarin 2447 4896 13.60 332.96
Unicrop 2644 5493 15.83 418.57
Robinson 2124 4524 15:47 328.09
Giza III 2746 5961 1523 418.24
Maral Schaftal 2862 5950 14.40 412.13
Ultra 2513 4667 15 .97 402.27
Level of significance 0.005 N.s.? 0.01 0.01
Lsd p = 0.05 680 Kg/ha 0.85 103.5 Kg/ha
Cv % 16.4 2850 3.5 1750

4NS = non significant.
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Wheat grain yield from annual-legume/cereal
rotation plots at Bozeman, Montana, 1981.
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Grain yields avéragea 2486 Kg/ha. All of the annual legume
treatments resulted in grain yields greater than that of the summer
fallow céntrol treatment. Analysis of variance indicates that
differences in g?ain yields were statistically significant at the
5'percent level (Appendix Table 6). °

The grain fallow plots had an ;verage yield of 1824 Kg/ha. Thié
is 73 percent of the overall average yield and only 52 perceht of the
yield of black medic treatmént. o |

The éreatgst yield response was obtained with black medic
treatment, 3501 Kg/ha.

Maral thaftél clover treatment gave the highest yield among the

clovers and Harbinger medic treatment the highest among the Australian

. meaics with 2862 Kg/ha and 2581 Kg/ha respectively.’

In general, the subclover treatments outyieldéd 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 iegume treatments Which produced significantly higherl
yields (p = 0.05) compéred to the summer féllow control treatment
aﬁd their peréent yieid increases are as.foliows: |

Black medic 92 fercent
Maral Schaftal . 56.9 percent

Faba beans 50.5 percent




37

Daiiak 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 fallpw which resulted‘in their high
wheat yields. The soil relatively high nitrateN levels in these
plots resulted from the double summer fallow.

The Egypti;n.faba bean treatment yielded 2746 Kg/ha which
represents 922 Kg/ha more than grain fallow treatment.

Considefing.the facf that differences inm 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 té fhe |
residual effect of the legumes. Also the differences among the -
legume treatments themselves are the result of a differgntial nitrogen
fixation during the 1979 and 1980 seasons. These differences are
discussed further in the section on effgcts on soil properties.

The aﬁerage maximum temperature during the 1981 season was 20.7°
C and precipitatioh from seeding until harvest totalled 25.29 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'perdent-N

Total dry maéterfyiélds'include-the straw énd the grain at stages
11.1 (milk?—ripe)‘and'll.Z (mealy-ripe) of the Feekes scale modified
by Large (1954); There was no éignificgnt difference between tﬂe
treatments (Table 3). However, all legume plots yielded more fhan
the control plots with ghe greatest yield ndted for Nanéeela 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.
Corrglation coefficients, r, should show if there iéAa relation
between dry matter yields and érain‘yields. .These data are presented
in a later section.

The percent N in the wheat dry matter faken ét‘ribening stages
11;1 and 11.2.(Lafge 1954) ‘did not show any statistically significant
difference between the treatmenfs (Table 3). This suggeéts that the
differences in'the protein concentration, protein yield and total N
uptake obéerved at final harvest were due to late N uptake from tﬂe
soil followed by a rapid translocation to the seeds. Aiso-the N
concentrations in &he’ﬁheat straw at harvest were not significantly
different (p = 0.055 supporting the view of late ﬁptake and rapid

translocation into the grain.
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Wheat grain protein concentration and protein yield
Grain protéin conéentration between the treatments was statisfic—
aily significant (p = 0.01) (Table 3, Figure 4).. Prptein concentration
in grain depends on the crop specie and variety, but also reflect tﬁe
soil nitrogen 1evé1. A low N fertility soil will generaily result in
low protein péfcentage in the grain for a particular crop. Exceptions
ma& result when grain yields are low‘due to other growth promotiné 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 treatmeﬁts compared to the summér fallow control father than -
reflecting lower nitrogen fertility in these treatments.

The greatest protein concentrateé were obtainéd with U;tra and
Unicrop 1ﬁpines. Since the 1ﬁpines failed, thislfurther‘subétantiates
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 pléts but was not significantly different from




(KG/HA)

PROTEIN YIELD

550.000

440.000

330.000

220.000

110.000

0.000

40

TRTMT u ) 2 3 4 S 6 7 8 9 10 " 12 13 14 1S 16 \7

Figure 4. Wheat protein yield from annual-legume/cereal
rotation plots at Bozeman, Montana, 1981.
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the greatest response. A proteinlconcentration difference of 1.0
percent was noted between the Australian medics‘(l4.3 percent) and
the subterranean clovers (13.9 percent). This aiso illustrates the
dilution effect as the subterranean clover treatﬁents.produced highef
grain yields. | |

Protein yields varied from a low 6&'271.80 Kg/ha for the summer
fallow control t;eatmenf up to 529.12 Kg/ha for black medic treatment
and were found to be significantly differemt (p = 0.01) (Table 3)5

Seven iegume treatments resulted in protein yiélds significantly
higher than the summer fallow control treatment: Harbinger medic due
to its high wheat grain yield (2581 Kg/ha) coupled with a high érain
protein_éoncentratioﬁ (15.13 peréent), black medic treatﬁent due ta
both high wheat grain yield and high protein percentage (15.17 per-
cent), faba bean treatment due to a high;wﬁeat 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'resuit of high'grain'ﬁrotein 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 yiélds data also substantiate the hypothésis of

dilution effect on some of the legume treatments. In effect, the
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fivé-legdme treatments, Nangeela, Nungarin, Clare and Géfalton sub-
clovers, and Jemalong medic which have been shown to have a low
protein éoncentration, resulted in total p;btéin yields of 29 percent,
22.5 percent, 13.2 percent, 20.2 percént and 18.4 percent greafer thaﬁ

the control plots respectiﬁely.

Grain total nitrogen (percent N) and total N uptake

Grain total nmitrogen (percent) and totai 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, g'higher protein percentage would resuit
if total nitrogen (percent) Qas convgrted to protein using the‘
convefsion factor Percenf Nx 6,7 = Perceﬁt protéin.

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

significantly different (p = 0.05). Ten of fhe 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.

Tofal N uptake in grain showed a significant difference (p =
0.05).. The lowest total N uptake resulfed from the summer fallow.
con£r01 treafment which is indicati?e of thé low availability of ﬁhis
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 grain total N Wheat straw total N Total N up-
1980 Crop % % take Kg/ha
Nangeela 2.84 0.39 74.62
Jemalong 2.98 0.42 70.76
Nor tham 3.47 0.43 1311
Cyprus 315 0.44 70.90
Clare 2.78 0.49 62.00
Harbinger 2520 0.46 70.20
Grain-fallow 3:16 0.49 58.47
Daliak 2483 0.39 76.67
Black medic 3232 0.50 116.98
Geralton 2.94 0.40 68.77
Ghor 3.08 0551 7550
Nungarin 3,03 0.42 74317
Unicrop 3926 0.50 86.05
Robinson 3 9h8 0.54 67.61
Giza TII Bl 0.46 86.67
Maral Schaftal 35 LL 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 7% 1Y% 210070
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_ treatment. The N uptake of the Australian medics and the clover was

similar (71 versus 74 Kg/ha).

All legume.treatmeﬁts outyielded.the control plots and. thus
demonstrate again that the low total N percentage obtained in‘éome of
the legume tréatments.do not refléct low N fertility in'those plots

but rather a dilution effect.

Wheat tillers,.tiller density and plant height

Wheat'tillers/plént, density and héight data are reported in
Table 5. In general the number of tillers per plant was low ﬁut"
sh§wed a significant difference (p = 0.05). iow tillefing waé
observed with the éont;ol treatment 2.26_tillérs/p1ant and high
tillering was notgd with Ultra lupine (3.45 tillers/ﬁlant), black
medic (3.01 tillers per plant) and:Cyprus medic (3 tillers per plaﬁt).

Contrary to tillers[plant, plant density (Filler$/m2) 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 demsity 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 .




45

Table 5. Mean average tillers/plant, density and height of spring
wheat grown following various legume crops at Bozeman,
Montana, 1981.

Density Height
1980 crop Tillers/plant Tillers/M cm
Nangeela 2.97 330.0 70,17
Jemalong 2563 284.5 67.83
Northam 2.43 387.8 64.50
Cyprus 3.00 3LOID 66.00
Clare 2453 313455 67.50
Harbinger 2.68 2811 69.67
Grain—-fallow 2.26 25556 5750
Daliak 2,87 33748 68.33
Black medic 3.01 32657 12.50
Geralton 2.60 280.0 67.33
Ghor 2.80 323.4 65.33
Nungarin 2.29 21946 67.83
Unicrop 2ol 28%.2 66.00
Robinson 2431, 2811 66.67
Giza III 2.84 33607 69.33
Maral Schaftal 2.86 308.9 68.67
Ultra 4D 352.9 62.83
Level of significance 0.05 NuiS 0.01
Lsd p = 0.05 0.54 700

Cv % 12.0 13.4 6.28




Plate 1.

Pondera spring wheat growing in plots previously cropped
at Bozeman, Montana, 1981.

to annual legumes

9%




Plate 2.

Pondera spring wheat, after summer fallow on
clover on right at Bozeman, Montana, 1981.

left, after Maral Schaftal

LY
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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 - 30
ém, 0 - 60 cm, 0 - 120 cm, 30 - 120 cm. and 60 - 120 cm, are reported
“n Téble 6 and Figure 5 for total stored water in 0 - 120 cm soil
depth. | |

None of the different soil depths‘showeé significant differences
in their water content at -planting time. These results would indicate
that stored soil water,was the same irfespective of the treatment.'
Average values were 7.0 cm, 13.6 cm, 25.17 cm, 18.i5.cm, and 11.57 cm
for the 0 - 30, 0 - 60 cm, 0 - 120, 30 - 120, and 60 - 120 cm depth of
soil.respectively. HoWever! the control plot which Wasléummgr fal~
lowed the previoué yeér had'more stored water than any of the legume
treatments, bu£ that difference was not enough to influence the tést
- of significance. Thus, yield difference; 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 233 13.97 24.78 17.45 10.81
Jemalong 5 5 13.83 25.47 18.30 11.64
Northam 15 13.76 . 25.44 18.29. 11768
Cyprus <17, 13.:57 24343 17.32 - 171086
Clare L0 13,82 % 526521 e L B S e )
Harbinger .79 13,29 24.96 18.16 11.66

+ 9D 13599820549 19.34" 12,30
s34 13.88:, 25,35 1803 11547
13.24  24.88 17592 " 14564

Grain-fallow (control)
Daliak

Black medic

O A1 NI ONT OV O ST SR Oy N N O g e T S Sl
O
(o))

Geralton 2 13.49  24.42 17x25 510592
Ghor .09 384~ 825361 18.52: 1l¢76
Nungarin il 13.58 " 25.94 19510 2538
Unicrop 33 13.54. ', 25459 18%66:F 112005
Robinson .86 13261 . 124565 17379511539
Giza III .68 18260245 10 17442 - ;10484
Maral Schaftal 13 135540 <2529 17515 =il 08
Ultra 79 1353800 25547 18.68 ' 12.09
Level of significance N.S. N.8; N.S. N.S. N. S.
CV. % 515 307 39 550 7.4

N.S. = Non significant
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Figure 5. Spring cm of water to 120 cm soil depth following
various legume crops at Bozeman, Montana, 1981.
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(p = 0.01) ét all depfhs measured (Table 7 and Figpre 6). In the
0 - 30 cm soil depth, the summer fallow control treatment had 3.75
'cm of water. Cdmpaped to the control, ten legume treatments:containéd
significantly lower water to a 30 ém depth at ha;vest., Only two
legume treatments, Geralton (3.86 cm) aqd Nunégrin_(3.93 cm) sub—
clovers had more water 1éft in the su?face 30 cm.than tﬁe control
plofs but these differences weré not statisticaily'signifciant. The
data show that the control treatment had,fin general, morelwater
.remaining in its profile than did most of the legume treatments.
This suggests that cereal/légﬁme rotations sﬁch‘as.these may be
preferable to the alternate crop/fallow rotation in areas susceptible
to saiine—seeb problems.

In the 0 - 60 cm'soil depth, the greatest amount of water
femaining in the profiie was that of the controlltreatmgnt, 8.78 cm,
compéred to the 1owéét water content of 7.10 cm ﬁor the Robiﬁson
medic treatﬁent. Only three 1egume'treatments did not show a
signifiéant lower value, Unicrop 8.13 cm, Nungarin subc;over,'8.24
cm, and.Ghor medic, 8.09 cnm. |

In fhe 0 - 90 em, the Eontrol plot resulted in the greateét
amount of water remaining in the profile with 14.03 cm. The';oWest
value was noted for black medic with'll.27 cm. The Austraiign medic$
had an average wéter'content of 12.&0 cm and tﬁe clovers 12.56 cm.

The Egyptian faba bean treatment was 1eft,with112.24 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 3570 799 174193 14.23 9.943
Northam 3563 720155 17518 18254 9.627
Cyprus 3.64 7.88 17.86 14,22 9.980
Clare 3.68 7.89 1756 13587 9.667
Harbinger % 6] 7576 16.81 13.08 9.053
Grain-fallow 3175 178 19.64 15.89 10.85
Daliak 352 7.63 17445 153093 9.820
Black medic 3.44 1S 185 ;197 12453 8.717
Geralton 3.86 8.01 17.61 13375 9.600
Ghor 375 8.09 18527 1452 10.18
Nungarin 3593 8.24 18.36 14.43 10212
Unicrop 368 S+13 18.16 14.51 10.03
Robinson 3.36 il 1673 13.37 9.630
Giza III 3:65 7.69 175 32 1367 9.633
Maral Schaftal 3.40 1223 16.21 12,81 8.980
Ultra 350 7.62 17537 13.87 9:750
Level of significance 0.01 0.01 0.01 0.01 0.01
Lsd 0.05 0.25cm 0.56cm 1.2lcm Lel3emi @ 0536¢m
0.01 0.34cm 0.75cm  1.63cm 1.52cm 0.48cm

Cv% 4.15 431 4.14 4.84 5.24
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Figure 6.

Fall cm of water to 120 cm soil depth following
various legume crops at Bozeman, Montana, 198l.
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In the 0 - 120 cm.'depth, values yaried from a low of 15.97 cm
for the black medic treatment.to a higﬁ value of 19.64 cm for the
‘control plots. All legume treatments were significantly lower (p =
+ 0.05) compared to the control treatment. |

The gfeatést am;uﬁt.of'water content in the 30 - 120 ém 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'aiso obserQed with the 60 - 120 cm depth water content

data.

Total water used and water use efficiency

Total.watér used includes both thé difference between the stored
wéter ét planting‘and.harvest time plus the g%owing season precipita-
‘tion. Theoretically.this inéludes the water used for transpiration,
evaporation and ﬁrobably a small fraétion moving below the root zone.

On the average, 34.0 cm of water was used during tﬁe growing
season (Table 8). 'There was no significant differénce between the‘
treatments. -However, the control treatment used less water>(non
significant) than all the legume treatmenté except the Cyprus medic
treatment (see Figure 7).

Water use efficiéncy is the amount of hgrvested crop dry matter

that can be produced from a given quantity of water. It was calculated
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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.
Soil Water
used to Total Y?ter Wat?r‘use
120 cm depth used— Efficiency—

1980 crop cm cm Kg/cm
Nangeela 6.69 32.98 7962
Jemalong 7+54 33.83 70.09
Nor tham 8.26 34.55 60.87
Cyprus 6.57 32.86 69.26
Clare 8.65 34.94 64.25
Harbinger 8l 34.44 74.94
Grain-fallow 6.65 32.94 55 . 3
Daliak 790 34.19 79.06
Black medic 891 34.98 100.09
Geralton 6.81 30 iL0 69.70
Ghor TAEL 33.63 7116
Nungarin 7..58 33887 12,25
Unicrop 7.43 3372 78.41
Robinson 8.73 35.02 60.65
Giza III 6.78 38507 83.04
Maral Schaftal 8.07 34.36 83 29
Ultra 8.10 34.39 7307
Level of significance N.S. NS 0505
Lsd 0.05 - - 20.4
CvV % LD 4.0 16.6

1/

='Sum of soil water used plus 26.29 cm growing season rainfall.

2/

—'Wheat grain produced divided by total water used.




(CM)

TOTAL WATER USED

36.000

28.800

21.600

14.400

0.000

56

TRTMT # 1 2 3 4 S 6 7 AB 9 10 " 12 13 14 15 16

Figure 7.

Total water used to 120 cm soil depth following
various legume crops at Bozeman, Montana, 1981.
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" here as the‘wheat'graiﬁvyield in Kg/ha per unit cm of total water
used. The freatments showed a significant difference at the 5 percent
level (Table.81and Figure 8). Values varied from as low as 55.37

" Kg/cm of water used fof the summer falloﬁ control treatment to as
high as 100.09 Kg/em of wafef used for black medic. Legume tfeatments
which resulted with éignificantly (p = 0.05) higher water use

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

follows:
Black medic’ 81 peréent
Maral Schaftal ‘ 50 percent
Ciza III faba bean . 50 pércent
Nangeela subclover 44 percent
Daliak subclover 43 percent
Uﬁicrop lupine 42 percent

The Australian mediﬁs produced 69.22 Kg/cm and the clovers
72.72 Kg/em. 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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Figure 8. Wheat water use efficiency in kg of wheat grain
per cm of water used following various legume
crops at Bozeman, Montana, 1981.
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available.water in the céntrél ploté than in any of the iégume treat-
ment. |

The hypothesis thét the wheat grain yield increases, while main-—
taining respectabl@ protein levels, resulted from increased soil
fertility derived. from the previous yeérs legume resi&ues is substan-

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

stored water at. all depths aftér.harvest than did the legume.treatm
ments. This suggests that improved soil fertilityAin the legume
trea£ed piots increased water use, whereas, soil fertility remained a
liﬁitiné factor in the c&ntrol plots. Frém the available water
aspect, the cereal-fallow tfeatment had a élighﬁ but statistically
insignficaﬁt advéntégé in yield potential.

So,.ﬁndoubtedly, the legume treated plots had increased in soil
fértility as éxpressed by increased grain yields, N uyptake, protéin
yields, etc.

The total ﬁater usé data and the water use efficiency data also
substantiate the hypSthésis ofvincreased soil fertility. As alreédy‘
suggested, a high'watef use_effiéiéncy reflects a high soil fértility
1evei. Plants growing on a high fefti;ity soil ;éﬁd to exhibit a |
greater'water use efficiency.

The hybothesis of double summer effect on the lupine treatments

is also substantiatéd by those water relations data. These legumes
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failed in 1979 and 1980 seasons and cohld:have not contributed much._
51010gically fixed N or other nutrients via crop residues: Sinée
these plotg showed a significant higher water use efficiency, this-
suggests a high N 1evelf' This high Ntlevel likely comes from the two
years of mineralization of soil N. . :

The water felatiohs data in the 60 - 120 cm soil depth has shown
that the ceréal—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—seép hazard. The ability of the
annual legume/cereal rotations to decrease the water levels at these
1owér'soil.dep£hs demonstiates their potential use for saline-seep

control.
Effects on Soil Properties

Initial soil fertility levels

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

Boron, sulfur,NO3

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

—N,_pH, E.C. Zn, Cu, Fe and Mn at the 0 - 15 cm and

marized in Tables 9, 10, 11, 12, and 13;
Except for Fe at th 15 - 30 cm depth, the;e'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

i Bray P Olsen P K

Crop 0-15cm 15-30cm 0-15c¢m 15-30cm 0-15cm 15-30cm
T. subterraneunm (Nangeela) 36.67 21233 10.67 6.667 281.0°.232.0
Medicago thuncatula (Jemalong) 42.33 17.67 13.67 7.667  265.3 @ 224.0
T. subterraneum (Northam) 51.67 1967 140058000 ~~2¢3.:7. +229.3
Medicago truncatula (Cyprus) 49.00 20:33 13,00 ~8.333  275.7 7 232.0
T. subterraneum (Clare) 45.33 8.667 32,33 - v1.33% . 288.7 - 2367
Medicago Littoralis (Harbinger) 48.00 1167 35007753337 2500 2961
Grain-fallow 50-33 20.67 12.62- ~8.333 265 7 2113
T. subterraneum (Daliak) 47.33 19.00 11.33° 6.667 1268.0 237.0
Medicago Lupulina (Black medic) 49.67 15233 15500" 59800025553 =244 F
T. subterraneun (Geraldton) 42.67 24,67 31.67 6.667 283.7F 219.0
Medicago truncatula (Ghor) 39.67 17.00 W00 . 62353 271y 710
T. subteruaneun (Nungarin) 35507 13.00 14.00° 7.667" - 276.0- .232.0
Lupinus angustigolius (Unicrop) 33.00 10.00 12.67 ° 7.333 ~ 273.3  224.3
Medicago scutellata (Robinson) 45.33 20.67 12.00°6.667. -268.0 ", 206.0
Vicla faba (Giza III) 37.00 8.667 14200 7 7: 000050262 705 21357
T. nesupinatum (Maral Schaftal) 51.00 2733 ITe33 7333 227073 2240
Lupinus albus (Ultra) 46.67 12.00 16, O 7. 333 526D 55058931 7
Means 44,20 17527 2573 733380 2695 L 22404
Level of Significance N.S. N.S. N.S. N.S. N.S. N<S.
CV ¢ 24,72 63.08 250070 el 479 7595 7.70
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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. subterraneun (Nangeela) 0.000 0.033 2.967 3.033 37.67 38.67
Medicago truncatula (Jemalong) 0.033 0.033 2,800 2,900 - 37.00.7 37.67
T. subterraneum (Northam) 0.033 0.000 2.867 3.200 37.67 38.67
Medicago truncatula (Cyprus) 0.000 0.033 2.933 “'3.033 38,67~ 38.67
T. subterraneum (Clare) 0.000 0.033 2,900 ..2.867 36.00 36.67
Medicago Littoralis (Harbinger) 0.033 0.033 2.933 2:533 35533 3 33
Grain-fallow 0.033 0.033 2.633 Z2.833 35.00 3567
T. subterranewn (Daliak) 0.033 0:033 2.500 3.000 36.67 38.67
Medicago Lupulina (Black medic) 0.000 0.033 2.100 2,533 35.67 36.00
T. subterranewn (Geraldton) 0.000 0.033 2.967 3.033 37.00 36.67
Medicago truncatula (Ghor) 0.033 0.033 2.967 2.900 34.00 38.33
T. subferraneum (Nungarin) 0.000 0.033 3.000 2.867 35.00 36.00
Lupinus angustifolius (Unicrop) 0.000  0.067 2.967 3.200 36.67 38.67
Medicego scuteflata (Robinson) 0.033 0.067 2,783 - 2.933.% 36.67 5.36.00
Vicia faba (Ciza III) 0.033 0.000 2.700 25933 38.33 37.00
T. nesupinatun (Maral Schaftal) 0.033 0.067 22733 3.033 38.00 38.67
Lupinus albinus (Ultra) 0.000 0.033 25833 3.033 36. 33 39.00
Means 0.0177 0.0353 2.796 2.933 36257 37243
Level of Significance N.S. N.S: N.S. N.S. NS, N.S.
CV % 168.3 119.05 11.89 1 2301 7.49 10.66
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Table 11. Mean initial soil analysis data for Boron, Sulfur and N03N in ppm

Crop

Boron

Sulfur

NO_N
<

0-15cm - 15-30cH

0-15cm 15-30cm 0-15¢m  15-30cm

T. subferraneum (Nangeela)
Medicago thuncatula (Jemalong)
T. subterraneum (Northam)
Medicago thuncatula (Cyprus)

T. subterrnanewn (Clare)
Medicago Littoralis (Harbinger)
Grain—fallow

T. subtesrranewn (Daliak)
Medicago Lupulina (Black medic)
T. subterraneum (Geraldton)
Medicago thuncatula (Ghor)

T. subterranewn (Nungarin)
Lupinus angustigolius (Unicrop)
Medicago scutellata (Robinson)
Vicia gaba (Giza III)

T. nesupinatum (Maral Schaftal)
Lupinus albinus (Ultra)

Means
Level of significance

CcvV %

<67
.67
«53
.53
.63
.67
.60
.60
.67
2617
.80
« 43
.60
.57
.67
.60
.67

QOO OD OO QO OO

o

.64
N.S.
25.08

.40
-3
.40
o 37
.53
.60
.60
.40
.60
.60
.60
.60
S5
.47
47
D3
<93

QO OO OD OO OO

0.52
N.S.
39535

<53
-30
.43
<83
.57
oY
<90
.30
.70
.2/
.30
<27
.83
27
223
e
=90

OFH N OO O = e

1.36
N.S.
67.23

117
0.47
170
0.43
1.43
0.80
2.60
0.80
0.30
0.43
0.30
0.57
0.30
1.13
1.03
dr,. 93
0.90

0.94
N.S.
BG5S

53
<03
.87
527
.47
97
=20
363
<73
534
<90
Sk
<157
<33
<03
297
<50

00 00 00 00 O WO~ \Oo O WO

(0 2]

.70
N.S.
19.. 12

.73
.07
=50
.20
.80
.83
.43
3
.20
227
A7
17
.10
.40
-93
<93
«7

=
OCOoONNODON0OMINIOWOWOWASH-WOWO

8.79
N.S.
19.04

€9




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

pH EC Zn
Crop 0-15em 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm
T. subterraneum (Nangeela) 8.33 8.40 0.77 0.77 0.45 0.41
Medicago thuncatula (Jemalong) 8.40 8.30 8.77 0.77 0.37 0.30
T. subterraneum (Northam) 8.50 8.47 0.77 0.77 Q.37 0.32
Medicago thuncatula (Cyprus) 8.40 8.37 0.73 0.77 0.42 0.31
T. subterraneum (Clare) 8.40 8.50 0.77 0.77 0.38 0D.27
Medicago Littoralis (Harbinger) 8.37 8.43 0.77 0.7y .- 9.37 0.26
Grain—fallow 8:27 8.17 0.80 0.80 0.48 0.37
T. subterraneum (Daliak) 8.37 8.33 0.77 0.77 0.37 0.30
Medicago Lupulina (Black medic) 8.33 8.30 0.73 077 0.36 0.30
T. subterraneum (Geraldton) 8.37 8.37 Q.73 077 0.34 0.30
Medicago thuncatula (Ghor) 8.40 8.40 0.77 0:77 0.39 0.30
T. subfterranewn (Nungarin) 8.43 8.53 0277 D577 0.38 0.45 o
Lupinus angustifolius (Unicrop) 8.37 8.40 073" - 0,77 0.37 0.37 =
Medicago scutelfata (Robinson) 8.27 8.30 0.80 0.80 0.41 0.27
Vicla gaba (Giza III) 8.43 8.43 D77 0,77 0.40 .31
T. nesupinatum (Maral Schaftal) 8. 30 8.30 0.80 0.80 0.43 0.35
Lupinus albinus (Ultra) 8:23 8:271 0.80 0.80 0.48 0.37
Means 8.36 8.37 Q.77 0.77 0.40 0.33
Level of significance NeSe NS, N.S. N.S. N.S. N.S.
CV % 1.40 1.46 533 5:11 14:561- 33,77

—_—




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

Fe o Cu Mn

LXop 0-15cm 15-30cm  0-15cm  15-30cm  0-15cm 15-30cm
T. subternaneum (Nangeela) 9.70 9.20 3.00 2.87 18,30 1%.70
Medicago thuncatula (Jemalong) 8.93 8.53 2.90 2.70 20.60 13.90
T. subterraneum (Northam) 8.10 7.63 2.93 2.83 15.90 12.70
Medicago truncatula (Cyprus) 7.73 7.63 2,70 2.47 15.37 15.80
T. subterrnaneum (Clare) 7.83 07 3.07 2.70 15:57 ' 12.37
Medicago &ittonalis (Harbinger) 8.57 8.37 2.87 2.70 160" 12,57
Grain—fallow 8.10 7.53 2.87 2.57 16.10 12.50
T. subterranewn (Daliak) 7:73 8.00 2.60 2.40 17.30  12.90
Medicago Lupulina (Black medic) ¥. 73 7.83 2,57 2.63 20.00 13.30
T. subterraneum (Geraldton) 8.53 9.03 2.67 2.53 1570 -..12,57
Medicago thuncatula (Ghor) 9.13 8.43 3.00 2.73 16.10 13.83
T. subterraneum (Nungarin) 8.67 8.63 2:73 2:73 3F:0% - 12.93
Lupinus angustifolius (Unicrop) 8.80 8.57 2.90 2.63 16.77 11.70
Medicago scuteflata (Robinson) 8.53 7.30 2.90 2.47 20.87 10.97
Vicia faba (Giza III) 8.20 8.30 2.93 2.70 19.00 12.57
T. nesupinatum (Maral Schaftal) 8.20 7.53 2.63 2.67 13.30 11.50
Lupinus albinus (Ultra) 7.83 6.80 2.50 2.37 16.63 11.70
Means 8.37 8.04 2.81 2,629 1740 3180
Level of significance N.SH 0:01 N.S. N.5. NS, N.S.
v 9.52 8.67 8.02 7.61 19.77 18.58
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Alsé, the 1oﬁest level of Fe measured is considered to fe adequate.
It appears from these average values that the soil was uniformly
low of bordefing on low for the macronutrients and possibly Zn. This
is not surprising'sinée the experiment was placed on an eroded soil_

of low productivity.

Soil NO._-N at planting and Harvest time for the 1981 season
3 .

'12.8 ppm. High NO

Soil N03—N data at planting and harvest time are reported in
Tables 14 and 15.

In the 0 - 15 em éoil depth, NO.,~N values were not significantly

3

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

3—N than the control plot level of

~N levels were observed for black medic, 22.0 ppm,

with 12.4 ppm contained less NO

3
and Clare, 22.3 ppm.

‘ Gonsidering the 0 - 30 cm depth, however, N03—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 NO_~N levels for the successful legume treatments presumedly

3

resulted froﬁ'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 NO_-N at the 30 - 60 cm depth were not

3
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 N03—N in ppm

1980 crop 0-15cm 0-30cm 30-60cm 60-120cm
Nangeela Ok 8.0 3.6 2.4
Jemalong 1872 549 4.0 2D
Northam 17.4 6.l 4,1 D'eill
Cyprus 1655 6.0 355 5¢3
Clare 223 VAT 53 4.5
Harbinger 17.3 643 4.1 6.4
Grain-fallow 11248 3.3 4.0 2l
Daliak 16.1 7sil 4.3 3.4
Black medic 2270 et 6.4 8.8
Geralton 18 7l 4.0 D 2
Ghor 12.4 5.4 4.8 Tisd
Nungarin 14.6 349 3¢5 238
Unicrop 134/ 6] 6.6 95l
Robinson 14.8 5ol 3.8 13
Giza III 14,1 5.0 Sed 6.3
Maral Schaftal 19.9 Tz 4.6 4.6
Ultra 13:6 8.0 530 6.3
Level of significance N.S. 0.05 N.S 0.01
Lsd 0.05 - 250 - 3.0

Cv 7 23.7 2387 30.4 3387
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Table 15. Average fall NO,-N at different soil depths following
various legume Crops at Bozeman, Montana, 1981

Fall NO_-N in ppm

1980 crop 0-15 cm 15-30cm  30-60cm 60-90cm 90-120cm
Nangeela 329 2.9 27D 2.3 251
Jamalong 3.4 3.2 2ol 159 1.9
Northam 3.0 Pt 2.4 1159 251
Cyprus 4.0 353 YA 2.0 2.3
Clare 4.0 3.2 2.5 2l 2.0
Harbinger 352 30 2D 21 217
Grain-fallow 3.6 3,0 2.4 159 250
Daliak 3.6 3% iy i/ 2.0 20k
Black medic 3.6 245 252 .35 3l
Geralton 3.5 27 1L .8 2.2
Ghor 2159 237, 2%l 1.9 253
Nungarin 3.3 2.8 2.2 1.8 25
Unicrop 351d 237 6 156 34
Robinson 320 2.0 d.s7 1.4 1%%
Giza III i) 2 o5 147 1.6 2.3
Maral Schaftal 4.2 2D 2% 156 1.9
Ultra 3.4 3 a2 20 1.6 253
Level of significance N.S N.S. N.S N.S. N.S.
Cv % 2136 2053 21.4 19.9 389
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significant (p - 0.01). This probably indicated differential decom-
position .and mineralizatién of the various residues, denitrification
and leaching into the lower profile. Impro?ed ﬁhysical pérémeters
such as aeration and water infiltration would be an expected.result
of the legume treatments. Improved aeration would increase decomposi-
tion and N'miﬁefalization while decreasing denitrification. Increased
water infiltration would be expected to move NOB—N to lower soil
' depths. This ihtefpretation can be reconciled with the spring 1981
uniform soil water levels by assuming that low infiltration rates
and/or evqporatidn losses from the control plots in 1980 was equivalent
to evapo—transpi¥ation by the legunme cropé.

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

3
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 aﬁd 149.8 Kg/ha for the two
lupine treatments, which, in effect, were double summer fallow tréat-
ments (Table 16, Figure 9). These values were ﬁighly statistically
significant (p = 6.01). The higher N feftility 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 produétion 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.
NO ,N 3; wheat NO_N at NO3N used
planting time harvest
1980 crop Kg/ha Kg/ha Kg/ha
Nangeela 13592 46.07 27.85
Jemalong 66.90 41.21 25.69
Northam 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 o322 43.38 7.84
Daliak 81.24 41.06 40.18
Black medic 131,74 44,20 87.51
Geralton 96.02 40.32 55470
Ghor 109.91 40.99 68.92
Nungarin 66.90 40.69 26321
Unicrop 140.82 41.66 99.16
Robinson 114570 32.63 79.07
Giza III 98.56 3831 60.25
Maral Schaftal 93.93 39.87 54.06
Ultra b A 417522 76.31
Level of Signficance 0.01 N.S. 0.01
Lsd 0.05 33.86 Kg/ha - 34.78 Kg/ha

cv 7 218 =t 3849
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Figure 9. Spring NO,-N to 120 cm soil depth following
various légume crops at Bozeman, Montana, 1981.
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NO.-N at harvest time
=3 :

At harvest, there were no significant differences in the soil

N03—N values for the following depth increments: 0 - 15 cm, 15 -

30 cm, 30 - 60 cm, 60 - 90 ecm, and 90 - 120 cm (Table 15). These
NO3—N levels at har&est represent what waslleft 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 NO,-N ﬁtilized-by each treatment

3
(Table 16, Figure 11). The treatments showed a significant
difference (p = 0.01). N03—N varied from a low value of 7.8 Kg/ha
for the céntrol 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 NO_-N levels are

3
the evidence that the higher N fertility levels produced bj the more

effective 1égume treatments come very close to meeting the N require—_
ments for maximum spring wheat production. Black medic treatment

supplied uﬁ to 91.3 percent of the N required, Robinson‘supplied .
more than required, 117 perxrcent, Geralton 81.4‘percent, and Harbinger
80;6 percent. The differences between the NO3—N levels and the wheat

total N uptake must have been compensated by mineralization of soil
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Figure 10.

Fall NO.-N to 120 cm soil depth follewing
various~legume crops at Bozeman, Montana, 1981.




(KG/HA)

NO3-N

74

80.000

60.000

40.000

20.000

0.000

TRIMT #° I e L Tl et Bt P T T SR S v R B Ty

Figure 11. Total NO.-N utilized by the wheat crop to 120 cm
soil depgh following various legume crops at
Bozeman, Montana, 1981.
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Aqrganic matter during the growing season whereas the excess NO3—N

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

been immobilized or leached through the soil profile;

‘l » O —N
Discussion on N 3

At planting time, the cereal-fallow céntrol treatment showed

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

3
compared’ to the legume treatment plots. This is hypothesized és
being the result of increased soil N inherited from the‘previousl
years legume residues. If this was the case, more crop yields'would
be expected from the legume treated plo;s and‘this was indeed the
reéult. "Also, the slightly lower grain prd;ein contents exbibited
by some treatments resulted from a dilution effect.

Wheat grown on thelleghme treated plots utilized more soil N.
during the growing season than that groﬁn on the control plots.
Apparently under these soil conditions, there is a critical minimum

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

3
nitrates becomes positionally uﬁavailable to the wheat roots. Except
for the surface 15-cm, the soil in the éontrol plots wés near this
critical minimum level throughout the season. This created an acute
N deficiency in the EOntrol plants for the durafion of fhe séason.

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

3
the 2 to 3 ppm level which supports the hypothésis of a critical
minimum concentration resulting in positional unavailability.

3—N data that the ‘Australian ley

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

It appears then from the NO

fertility and productivity. The significant differences between the
legume treatménts 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. 1Initial available P'Was low to very 16w at all .
soil depths and averaged 44.2 ppm in the 0O - 15’cm and 17.3 ppm in
the 15 - 30 cm. In termé of absolute wvalues, thé same pattern was
observed in all 1981 analyses: highest in the 0 - 15 cm, 1owe;t.
between 15 - 90 cﬁ an& 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 tﬁe 1981 fall veréus spring samples reflects
the spring 1981 uniférm-P fertilizer applications.

There were no significant differences in the soil 0.M. values .’




Table 17. Average spring P levels at different soil depths following

77

various legume crops at Bozeman, Montana, 1981

Spring Bray P in ppm

1980 Crop 0-15cm 0-30cm 30-60cm 60~-120cm
Nangeela 38.0 27.0 259 8.0
Jamalong 36.7 SEe3 6.0 47
Northam 373 3257 120 el
Cyprus 33.3 26.0 4.0 6.0
Clare 38,7 30.3 10 Tisid
Harbringer 33.7 2550 150 Vi
Grain—fallow 33.3 1257 130 av3
Daliak 343 31.0 7/ 37
Black medic 23 o/ 22:87 3.8 8.0
Geralton 32:3\7 29.0 277 8.7
Ghor 3543 227 1.3 17
Nungarin 3957 29.3 207 1Ay
Unicrop 333 29.7 2.3 14.3
Robinson 34.0 19.0 250 2.3
Giza III 42.0 1973 L7 573
Maral Schaftal 297 29.3 1.0 Q.7
Ultra 35.7 28.0 1.0 lie3
Level of significance N.S. N:<S: N.S. N.S.
Cv % 159 43.4 1142 V2l
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Table 18. Average Fall P levels at different soil depths following
various legume crops at Bozeman, Montana, 1981.

Fall Bray P in ppm

1980 Crop 0-15cm 15-30cm 30-60cm  60-90cm 90-120cm
Nangeela 43.0 18.0 9.0 120 23,3
Jemalong 38.3 1:7.0 Dl 7 1l Sy 2457
Northam 43.0 177 4.7 D43 14.3
Cyprus 48.7 19.7 iy 6.0 2357
Clare 50.3 1L8:3 4.0 1057 1:35.3
Harbinger 40.7 10.0 1.0 8.0 20.3
Grain-fallow 3150 8.3 2 70 18.0
Daliak 36.7 16.7 47 6.0 1833
Black medic 44,7 2.0 103 77 28.3
Geralton 48.0 15.:7 4.7 < Py 153
Ghor 36.0Q 7.3 23 307 1330
Nungarin 8743 523 SR 8.7 1857
Unicrop 57 47 1553 4.0 9.3 2033
Robinson 35.0 1175 4.3 5.7 13.0
Giza III 45.0 150 L 1554 20.0
Maral Schaftal 8753 V57 33 323 18.3
Ultra 43.7 137 5.0 ol 18.0

Level of significance N.S. N.

CV 7% 35.9
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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 O0.M
in 1979 to ghe spring of 1981 was observed. Average values go froﬁ
1.38 percent 0.M. to 1.57 percent O.M.‘in the 0 - 15 cm. " This
increase is directly related to the 1egumé 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 O0.M. This decrease is probably due to soil 0.M. minerélization.
Overall, from spring 1979 to fall 1981; some legume treatments
resulted in an 0.M. increase and some showed a decrease. Those With
increased 0.M. incluée Nungarin subclover, 0.2Q percent, black medic,
0.18 percent, Clare subélover, 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 0.M. There was a general increase
followed by a smail decrease by fall 1981.. The soil 0.M. énd 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 semse that they show and/or confirm

the superiority of the cereal/legume rotations to crop/fallow
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Table 19 . Soil organic matter levels for 1979 and 1981 seasons at
Bozeman, Montana.

% 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 1237 1.00 1.63 1.58 1.43 0.88
Jemalong Te 30 1.00 17552 1.41 1.40 0.80
Northam 1.40 1223 1350 1:33 119 103
Cyprus 15520 0.97 1eH2 10 ) 1933 Tl O
Clare 1.37 1:13 1:62 1.44 15%53 1522
Harbinger 133 153 162 1.56 1.48 Te1b
Grain -fallow 1.50 Ld7 1555 1437 1.49 0.85
Daliak 1,:37 1207 1.47 1557 14530 1.14
Black medic 1.40 1.20 1565 1.28 1.58 0.85
Geralton 1533 1,30 162 1:28 1539 0.98
Ghor 1233 1207 137 1.40 1. 38 0.83
Nungarin e 2 1.03 1.65 1.41 1.47 0.69
Unicrop L 37 1Le07 1552 1.42 1547 0.95
Robinson 1557 i3 1.60 L5565 1.44 L2
Giza III 133 1.00 Lol 1526 1.38 0.92
Maral Schaftal 1.60 1S E0 1Lo61 1.34 1553 0.81
Ultra 1.40 1.07 125 1.19 1527 1.00
Means 138 1.10 14517 14539 142 0.96

Level of signifi-
cance N.S. N.S. N.S. N.S. N.S. N.S.

CV % 10.18 13212 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 fgrming, it is important -that the legume
crops regenerate and establish good stands following the cereal
phase of the rotation. Oﬂ July 2, the actual population of plants
present was determined-by direct counts on the central row of each
plot for each of the three replicates using three quadrats (1/10 m2
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 ghown 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 ana the lupine plots were
summer-fallowed. No attempt was made to evaluate the percent mixture
on each plot. It was observed, howevér, that some black ﬁedic had
invaded other plots.

Legume éultivars which resulted in plant density of more than
150 plants m—zlinclude: black quic-with 1132'p1antS'm_2, followed .
by Cyprus, 517 plants‘m_z, Clare, 378 plants m—z, Daliak, 2%8 plants
m~2, Jeﬁaiong, 261 plants m-2, Northam, 246 plants m_z, and Harbinger

229 plants m-z. Those legumes which resulted in plant density of more.
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Table 20 . Plant density and ground cover evaluations of legume
crops following the cereal phase of the rotation at

Bozeman, Montana 1982. ..

Density Ground Cover
Crop - ' Plants/m ' pA
R ~
Jemalong o 261 19.0
Northam 246 17.7
Cyprus o 517 36.7
Clare ' - 378 25.7
Harbinger ‘ . . 229 15.7
" Daliak 278 15.0
Black medic _ | | 1132 93.3
Geralton 90 8.3f
Ghor 42 3.0
Nungarin ' 38 4.3
Robinson . 139 18.3
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than 150 plants mﬁz include: Robinson, Geralton, Ghor and Nungarin.
Resuits on gfound cover showed that oniy 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,‘Robiﬁson, 18.3 percent, Northam, 17.7 percent, Harbinéer,
15,7.percent, Daliak, 15 percent,‘Ge;élfon, 8.3 percent, Nungarin,
4;3'percent and Ghor, 3.0 percent. |

An assessment of thg success or the failure of these 1eéume
cultivars following‘ t.he ce.re'al. 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 raﬁge of about 150 - 30,000

plants Mfz. He pointed out that only yield in early season was

strongly density—dependent. He estimated that at a low density of
about ‘150 plants-M—z'growth was exponential with time early in the
season and subsequently became near-linear. At sowing densities
above abput 6000 plants ij’ growth was linear over a large part of
the gfowing season. Silsbury.et al. (1970) working in Australia, |
also found that end-of-season yield of Medicago Ihuncaiuia.Gaertn.
cv. Jemalong at about 10 t ha_1 was largely independenf 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 groﬁtﬁ and ends as the swa;d reached compiete
light interception at LAI of about 3; Stage II is a éhaée of more
or less constant crop growth rate, the 'stage ending when departure
from‘linearity becomes appreciable. Stage III is a phase 6f
deceleratiné growth rate associated with sgeé production ané plant
maturation and with the onset of moisture stress.

Based on the results of Donald (1951, 1954) and Silsbury et al.
(1979), thé.legume cultivars black medic, Cyprus, Daliak, Jemalong,
Northam and Harbinger were succesgful in reestablishing themselves,
having produced more than_lSOlplants mfz. However, one needs to be
cautious on this estimate since no attempt was made to establish the
purity of each stand. A more conservati?e 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 légume years, the weeds .did
not pose much of a problem. They were keﬁt to a minimum by hand

weeding. Also, it is estimated that when these legumes are used




85
for pastﬁre, these weeds would represent a minor problem.

During the 1981 season, only a few legume seeds germinated and
established p;ants. However, as the yield data suggest, these few
plants offered iittle competition tb the spring whgat which .got off
" to a much earlier start. It is believed that the cereal crop will
always have the advantage of germinating earlier than thé legume
crops and thus offset the weed development.

During the légume season foliowing the cereal crop, weeds and
volunteer grain may then cause some problems, mainly in years where
the spring temperatures and water content are too 1oﬁ to allow rapid
germinatioﬂ of the legumes. -In the 1982 season particularly,
volunteer whea; was a serious problem requiring chemical confrol.
Chémical herbicide, . fusilade, was applied on June 18 at a rate of -
3/4 1b./acre active ingredient but was slow, ﬁowever, in éontrolling
the wheat plants. Also the test site was infested with thistles but
these thistles were not'spécific to the sfstem and have been reduced
by the use of Round—Ub 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 moré 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, percémt 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). Hoﬁever, 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 ecm (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 soii 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 field was significantly and negative correiated 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 significaﬁt

correlations.

Correlation between wheat gfain and protein yields and 1981 soil

fertility levels.

Wheat grain yield was positively correlated with wheat duy
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Table 21. Correlation éoefficients, r, relatihg legume dry matter
~ yield, seed yield, percent N and N uptake with initial
soil fertility levels. : ,

Variables Dry Matter Seed Yield Z N N Uptake -
Bray P 0 - 15 cm .16 .28 -.29 .22
Bray P 15 - 30 cm .40 .18 -.40 A4
Olsen P 0 - 15 cm ~.06 - .28 . . .01 ‘ -.14
Olsen P 15 - 30 em =.02 .24 -.22 ' .02
K 0-15cm .43 ~.44 -.24 ' .25
K 15 - 30 cm .02 -.53% .29 01
Mg 0 - 15 cm .31 .02 .08 .21
- Mg 15 - 30-cm .13 ' -.38 .12 .14
Ca 0+ 15 cm - .23 -.24 41 .37
Ca 15 - 30 cm -.14 C =43 .40 -.02
Boron 0 - 15 cm -.17 -.87 .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 ' L4l
NOBN 0 - 15 cm © .30 -.33 10 :23
N03N 15 - 30 cm .22 I 4 -.13 .14
pH” 0 - 15 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 O -15cm . .19 .36 -.15 42
Fe 0 - 15 cm .09 .09 ~.10 .10
Fe 15 - 30 cm .03 .05 . .01 .01
Cu0-15cm .12 =022 .04 .01
Cu l5 - 30 cm .06 11 -.22 ~.04
Mn 0 - 15 cm .19 -.26 - .08 W22
Mn 15-- 30 ecm .20 .28 .04 -.32
0.M. 0 - 15 cm .01 .03 -:18 . -.12
O0.M. 15 - 30 cm .01 L0 .01 .22

* Significant at 0.05 level.
#%Significant 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), plént.hgight (p = 0.01, r = .75),
density (p = 0.05, r = .53), and was negatively correlated Qith the
amount of Wgter remaining in the soi; profile at har?est (p - 0.05,
r = -.63) (Table 22). This negative correlation is not surprising
éince initial soil water was uniform across éll plots and low yiélds
have been prgviously asspciated 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 shouldhnét be a limiting factor in the-succeeding year crops.

A positive correiation (p - 0.05) was also noted witﬁ spring
NO3—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 épring NOB—N-in the 0 - 15 em (r = .42) and 60 - 120 em
(r = .40) soil depths.

Wheat grain protein concentration was highly correlated (p =

0.01) with NO.-N used (r = .73) but was negatively related to the

3
spring N03—N in the 0 - 15 em.
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.

Fall NOBN 60-90. cm

Grain Protein Protein
Yield Qoncent;a;e' Yield
r
Dry matter yield . 65% - =09
N uptake | L 91%% .34
Protein yield . 94%% 44
% N grain .03 . 58% .23
Z N Legumes 1979 . ThF% .31 TR
Density .53% .13 S1%
Height . 75%% -.28 .59%
N uptake legume 1979 -.16 -.65% -:36
Cm H,0/120 Harvest -.63 .18 -.63%
H20 use efficienéy' . 99%% .08 . 93%%
Spring NO,N 0-15 .cm -.42 -.50% .22
Spring NO,N 30-60 cn .63% .65% . 80%*
‘Spring NO,N 60-120 cm 40 . 78%% ':.63*
-.31 -.60 - 49%

* gignificant at the 5% level.
*% gignificant at the 17 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‘viéld.

Multiple linear regression equations relating yield componeénts to soil

" parameters

A total of 27 variables were used in developing the diffgrent‘
models (Table 23).< The first eieven variables were consideréd &epend—
end variables and the remaining 16 variables as independent variableé{-

On building the models, some decision_hadlto 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. Thé maiﬁ reasons for this chéice
were for simplicity as Suggeéted above and to allow more degrees of
freedom f&r the error term since only 17 observations were availéble
with 16 independent variables. These 17 observations represent
averages over the threg replicates for each treatment. By do;ng S0
the variability among .the legume treatments is ignored, but tﬂeir
common behévior in relation.to soil fertility factors is emphasized.
Also it is noted here tha; the main objective in constructing these
deelé 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 equationms.for grain
yield, grain protein content and other yield variables of

spring wheat. . |

Variable . Units of
designation Variable description ‘Measurement -
X " Grain yield . Kg/ha

X2 . Grain protein content %

X3 ‘Dry matter yield Kg/ha

X, N uptake Kg/ha

X Protein yeild Kg/ha

X6 Z N in grain A

X7 Z N in straw . %

Xg Tiller/plant nb/plant
_X9 Density

XlO Plant height i ‘ cm

X1 Water use efficiency Kg/cm of HZO
X12 AvailablejHZO in 120 cm of -soil at planting cm ‘
X13_ Available H20 in 120 cm of soil at harvest cm

Xlﬁ Available HZO used ‘cm

XlS' Total HZO used (X14 + precipitation) ‘em

X16 Spring soil NOB—N in 120 cm of soil Kg/ha

X g Soil NO,~N utilized by crop Kg/ha

X18 Spring 0.M in 15 cm of soil, 1981 %

X19 Spring O.M in 30 cm of soil, 1981 N %

X20 - Spring N03—N in 15 cm of soil, 1981 Ppm

X2l Spring NOB-N in 30 cm of soil, 1981 4 ppm

X22 Spring N03~N in 30-60 cm of soil, 1981 ppm

X23 Spring N03—N in '60-120 cm.of soil, 1981 ppm
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Table 23 , continued.

Variable - Units of
Designation Variable description ) Measurement
X24 Spring Bray P in 15 em of soil, 1981 ' ppm
X, ' Spring Bray P in 30 cm of soil, 1981 . ppm
X26 Spring Bray P in 30~60 cm of soil, 1981 ppm
X27 Spring Bray P in 60-120 bm of soil, 1981 " ppm

In considering the wheat grain yield models of Table 24, the

variable X 29 namely the spring NO.-N in 30 - 60 cm of soil was the

2 3

first variable to enter the regression equation but with only 40
percent of the variation explained (R2.= .40). The second variablé to
enter the regression was the spring N03—N in 15 cm of soil (Xéo)

which improved the R2 to §2 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 R2 increased by

the incorporation of X12’ X19 and le in equations 3, 4 and 5 :

respectively but none were significant (p = 0.05). The fact that

spring NO,~N variables (X22 and XZO) were incorporated significantly

3
in the wheat grain yield model is not surprising. Yield is highly
dependent on soil fertility factors, especially available N parametefs

when an N~deficient soil is involved.




Table 24. Multiple linear regression equations relating grain yield of spring wheat

to soil parameters

Equations Fl/ SEE/ R2 R2 Change

1. Y = 1383.29 + 246.26%* X22 9.98%%* 297 <15 .40 .40
2. ¥ =346.20 +:-261074%* X22 + 58.36% X20 11.45%% 244.93 562 <22
3. Y = 3889.69 + 245.39 X22 + 54.65 X20

= 13575 X12 9.24%% 233.20 .68 .06
4. Y = 3855.05 + 267.44 X22 + 52 .58 X20

=:172.45 X12 7.68%* 227.67 o 72 .04
5. ¥ '= 4948 + 376.15 X22 +:52 286 X20

-+ 230.05 X12 = 762:02 Xl9

- 6.26 X17 7.03%* 219709 .76 .04
1/
— F ratio due to regression; total df = 16
2/

— SE = Standard error of the estimate
* Sign. p = .05
*% Sign. p = 0.01

€6
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In the wheat protein content model of Table 25, the spring
N03—N in 60 - 120 cm (X23) was the first variable to enter the
regressidﬁ with an R2-= .62 and a SE = .52. 1In equation 2, the
spring NO3—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 entfance of
available N parameters as initial and significant variables in this
regression analysis is consiétent 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
N03—N in 30 - 60 cm and'available water 'in 120 cm of soil at harvest
'explaining 75 percent and 81 percent of the_variatiopS'respectively.
The standard error pf the estimates were low in both cases; The
~grain N peicent was foorly explained by the.variables.under consid-
eration (Eable:28). The soil 0.M in 30 cm of soil at planting time
(X19) was the most important variable.
| In the water use efficiency of fable.ZQ;.theﬂspring NOB—N in

30 - 60 cm of soil was the first variable to enter the regression

2
equation with 38 percent of the variation explained (R '= .38). The




Table 25. Multiple linear regression equations relating wheat protein content to soil

parameters
Equations Fl/ SEg/ - R2 Change
15 G = D30 s 20 %% X23 24,07%% sD2 .62 b2
= *% - *% *%
Zeegn¥X =159 S 0 8 X23 i 7. XZO 32.00 537, <82 .20
= . + .28%%* -, 10%* = L 40%* . . .
3. Y w5567 28 X23 10 X20 30 X2 25.40 34 85 03
4 = Ryl - Q1% - . 47*
Y = 15531 05 X23 14 X20 47 X25
L 24 X16 20.20%=* .34 .87 <02
5. XY= 14,44 — 0% X23 =112 X20 Eeo o X25
N X16 17.12%% 33 .89 012
1/

= F ratio due to regression; total df = 16

2/

* gign. pe..= 0.05
** sign. p - 0.01

SE = Standard error of the esitmate

G6




Table 26. Multiple linear regression equations

relating wheat protein yield to soil

parameters
Equations Fl/ SEE/ 4 R2 Change
1. ‘XY= 1536. 89 150 S99 %+ X22 26.86%% 3753 .64 .64
2. Y = 697.81 + 23,88%% X22 - 29.89%%* X13 29.94%% 28.25 w81 .16
= *% = %k

3.4y 1046.49 + 43.08 X22 41.21 X13

- 19.73 Xl& 23.32%% 26.65 .84 .03

LE % % 2y * %

LY 736.39 + 45.25 ?22 38.96 X13

= *%

22.04 X14 £ 175512 X18 9575 25845 .87 03

5. Y = 816.21 + 56.78%* X22 - 44.94%% X13

= = %k

20.83 X14 1 784 X18 .76 X17 17.51 24.45 +89 .02
1/ ;
— F ratio due to regression: total df = 16
2-/SE = Standard error of the estimate
* sign. p. = 0.05
** gign. p = 0.01
SRS
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Table 27. Multiple linear regression equations relating wheat N uptake to soil parameters

Equations Fl/ SEZ/ R2 R2 Change
1. Y = .28.10 + 10.87%*% X22 22.83%%* 8.69 .60 .60
2.Y = 143,70+ 9.22%% X22 =56 :16% X13 21.16%* el 2 b +15
B %% = %%
3o-Ya=179.52 + 13.24 X22 8.50 X13
=120 X17 17.62%%* 6.59 .80 <05
= *% = *%
4. Y = 172584 + 13.04 X22 8.35 X13
= %%
.24 X17 +:1.576 X26 15:.02 6.30 .83 .03
- %% = *%
5 ¥ -=0 102, 51841 3549 X22 7.65 X13
S ==l .89%% . .
24 X17 1.89 X26 + 34.43 X18 12589 6.15 85 02
1/ ) y
— F ratio due to regression: total df = 16
2/

— SE = Standard error of the estimate
* sign. p. 0.05
*% sign. p = 0.01

L6




Table 28. Multiple linear regression equations relating percent N in wheat grain to

soil parameters

Equations Fl/ SEg/ R2 R2 Change
1. Y = 4.50 — 1.03%* X19 8.96%% =17 S5 7 <37
= - * * 3 R
291y 4.15 .89 X19 rhe 3 X23 6.38 .16 48 11
. = 4, - .86%* - = 4,.87% - . .
3. Y 4.36 86 X19 32 X23 42 X21 87 15 54 06
= - * =
4 Y 4.68 .80 X19 ol X23 .99 X21
+:.16 X17 4.87% S B 62 .08
= & * - = *
Sei- Y 4.58 .78 X19 .12 X23 w13 X21
*
& (116 X17 + e X25 3.94 1D .62 .02
l/F ratio due to regression: total df = 16
2/

— SE = Standard error of the estimate
* sign. p = 0.05
** sign. p = 0.01

86




Table 29. Multiple linear regression equations relating water use efficiency of spring

wheat to soil parameters

Equations Fl/ SEg/ - R2 Change
1Y = 42.79 4+ .6.80%% X22 9.17%% 8.58 .38 .38
2.4Y ' =116.,63 & 7.19%% X22 + 1.47% X20 8.72%* be o2 <3 17

= *k * = k%
Sia Yo =B 55875 656 X22 2 i el X20 4.55 X12 7.66 7593 .64 .09
= *% *
4. Y = 170.78 +%0.00 X22 +5.33% X20
= * = *%
6.18 X12 <20 X17 6.84 6.72 .70 .06
= *% *
5. Y = 175:45 + 11.28 X22 e 131 X20
= * -
7.64 X12 523 X17 + 20.86 X19 6.39 6.43 .74 .04
l~/F ratio due to regression: total df = 16
2/

— SE = Standard error of the estimate
* sign. p = 0.05
** sign. p = 0.01

66
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variable, spring NO_,-N in 30 cm (XZO) was included in step 2, avail-

3
able water in 120 cm of soil at planting at step 3 (non significant).
Soil NO3-N utilized by crop (X17) and spring O.M. in 30 cm of soil
(x19) 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 reparted
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 Fl/ SEg/ i R2 Change
1. ¥ =15.67 = .35% X24 4.46 1.90 c23 «23
= - — *
2. Y =.29.74 w31 X24 .89 X13 4.00 1578 .36 13
= = * = * - *
3.°Y"=.40.23 .32 X24 1535 X13 «37 X23 3.93 1.68 .48 <
= - * = * o *
4. Y = 39.70 .33 X24 1.43 X13 .67 X23
+: .88 X22 3.69% 1.62 295 07
= - * - * - *
5. Y = 40.84 234 X24 1.44 X13 <40 X23
e = . 35% . . :
88 X22 36 X26 3.35 3. 59 60 05

l/F ratio due to regression: total df = 16

2/

— SE = Standard error of the estimate
* sign. p = 0.05
*% sign. p = 0.01

TOT




Table 31. Multiple linear regression requations relating wheat plant density to soil

parameters
Equations Fl/ SEg/ R2 R2 Change
1ow¥ =5238.40. 7+ 10.61 X21 225 2532 «22 <27
2. Y = 263.93 + 11.41% X21 - 3.69% X27 Lab* 2228 44 w22
= * = %%
3. Y =214.34 + 11.42 X21 4.14 X27
F111 90 X22 . 53%* 19.46 .60 .16
= %% = *%
450¥ = 189,89 + 13,23 X21 4.99 X27
* = *k
+223505 X22 .61 X17 .20 18.32 <67 .07
S.r ¥ =116.208+12.79 X21 —'4.56 X27 21,08 X22
= *%
.21 X17 EE 2 b XZA .61 17.78 « 72 .05

l/F ratio due to regression: total df = 16
z/SE = Standard error of the estimate

* sign. p = 0.05

** sign. p = 0.01

20T




Table 32, Multiple linear regression equations relating wheat *plant height to soil

parameters
Equations Fl/ SEZ/ R2 R2 Change
13X = R e40-—c2 S 530 Xl3 11.76%% 2.58 .44 A
2% = 110599 — 2.6 %% X13 83 X26 8.68%* 2:38 «55 8 i
= - *% * *%
3. ¥ = 100:18 - 2,69 X13 9% X26 58,63 X19 8.34 2.16 .66 5
= = * % + 11.22%
45 Y="1295065:—8.75 X13 £T8 X26 1§, 22 X19
—-1:80 X14 8.38%* 1.98 .74 .08
= - *% *
5. ¥ = 124.58 = 6.43 X13 +5.68 X26 + 9.86 X19
= * *%
4.20 X14 + 2.88 X12 8.70 1.87 .80 .06
1/ j .
= F ratio due to regression: total df = 16
2/

— SE = Standard error of the estimate
* sign. p 0.05
** sign. p = 0.01

nu
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Chapter 5
- SUMMARY

Seed of six;een annﬁal legumes wefé acq;ired, fourfeen from the
South Australia Department of Agriculture, incluaing:A

Five Medicago &p; anﬁpal medics, seven Tralgolium 4p; and two
Lupinus sp; one faba bean cultivar (Vicia faba L.) from the Egyptian
Ministry of Agriculture, one from Montana, Medicago Lupulina L., black
medic. These annual legumes were growﬁ in rotation with spring
wheat (Taiticum éeAIiuum'L.). Coﬁvéﬁtional alternate crop—féllow
>(summer—fallow) piots wefe included as the control.

Results obtained during the legume phase (1979-1980) of the
rotatioh showed that the yield levels of both dry matfer'and seed for
the. forage legumes afe, in géneral, encouraging in terms of adapting
the Austraiian Ley system of farﬁing to Montana. High dry matter
yielding varieties were Nunéarin 5&68 Kg/ha, Gerélton 4960 Kg/ha,
Noftham 4641 Kg/ha, Maral Schaftal 4406 Kg/ha, Ciare 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 preoduce any significant dry mgttér and seed yields of the faba

bean have been found to be encouraging. Duripg the second season,‘
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black medic establisheé’a very good stand and seed set.

Whea£ gfain yield differences ébtained duriné the cereal phase
(1951) were statiStically-significant (= ;0.05) among the treat-
ments.. All 1egume treatments. yielded more than thé'cereal—fallow
control plots and those which produced significantly higher yields
(p.= 0.05) compared to the'control and their fercent yield increasés

are as follows:

Black medic 91.0 percent
. Maral Schaftal | 56.9 percént
Faba bean 50.5 percent
Daiiak Subqlovér 4872 percent
* Unicrop lupine - _ 45.0 percent
Nangeela subclover 44.0 percent
Harbinger medic 41.5 pércent
Ultra‘lupine - 37.8”pergent

The lupinés Which failed to produce in 1979 and 1980 seaéon; had
acted like double summer fallow and ?esulted in high wheat grain
yields, protein concentrations and protein yields.

Compared té the suﬁmer;fallow control treatment, grain protein
cbncentrations were higher in all legume. treatments exceét for a few
treatments which showed a dilution effect due to their high wheat

grain yields. Protein yields'and N upfake were higher in all legume
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treatments. The high'dry_matter yields, grain yields, protéin con~
centrations, protein yields and N uptake of the legume treatments -
compared to the control are attributed to the residual effect of the
1egﬁmes.

Available soil water was uniform over all plots at the beginning
of the cereal phase. At the end of the cereal phase it was highef
in the cereal-fallow plots compared fo 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 inqreased soil fertility and productivity of the legume-
cereallfotations over the alternate crqpéfallow rotafioﬁs. The
cereal-fallow plots ﬁgd 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 befofe'
planting ghe spring wheat showed the cereal-fallow control treatment
had significantly lower NOB—N in its profile to 120 cm compared to
the legume treatments.- At harvest time of tﬂe spring wheat, NO,-N

3

data were not significantly different but the total NO_,-N used

3

during the growing season was much higher in the legume treatments.
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The legume treatments also resulted in a slight O0.M. and percent N
incrases over the two year ﬁeriodlbqt were not statistically different
from the control. :

Stepwise forward procedure was used to develop multiple regres-
sion equations relating wheat grain yields, protein conten£ and other
yield variables to soil férfility factors. 8oil mitrogen in the
forms of'organic matter and N03-N were the most important variables
éxplaining the variationé obtained in.each model. Piant counts made
in the summer of 1982 in&icated that the varieties black medic, cyprus,

Jemalong and Northam were successful in re-establishing themselves

after the cereal phase of the rotationm.




Chapter 6
CONCLUSIONS

The most important finding' of this thesis has been the clear

demonstration that the Australian Léy system of farming is adaptable .

to Montana. The complete rotation cycle including a legume phase,

1979-1980, a ce?ea; phase, 1981, an& back to the legume phase, 1982,
has been successfully completed with the folldwing ;egume species:
Med,écagb Lupubina L., biécl; medic
M. trhuncatula Gaertn., Jemalong (barrel medic)
.'M. trancatula Gaertn., Cyprus
Trifolium subferraneum L., Northam
The following cultivars: Nungarin, Geralton and Clare which
did not compiete 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 thé annual legume plots as e#bréssed by increased
grain yields, protein.cobtent, prbéein yields, N uptaké, etc. The
data aiso showed.ﬁhat the annual legume/cereal rotation has some

potential use for saliné—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 1. Profile description of Amsterdam var. silt loam (fine-
silty, mixed family of Typic Haploborolls)

Slope 2 percent - Elevation: 1463 meters

Water table: Nomne Aspect: North

Permeability: Moderate Air Temperature: 42.6° F

Physiography: Alluvial or Drainage Class: Well dralned
colluvial fans : Stoniness: Class 0

Vegetation: ' Crops-dryland
Parent Material: Eolian,
Loess mixed lithology

Profile Description

Horizon

0 - 16 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.

Al1p

Al 16 - 27 cm. Dark grayish brown (10 YR 4/2) heavy silt
P 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.

21

B,y 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 1, ‘Continued.

23

1lca

2ca

3ca

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

(10 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 ped faces; many masses of .
lime, many thread-like masses of lime; violently effer-
vescent (Hel); diffuse wavy boundary.

80 - 98 cm. Light gray (2.5 Y 7/2) light gilt 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 and number of days with precipitation at
experimental site.

Total Rainfall

Total Evaporation

No. of day rainfall

Month 1979 1980 1981 1979 1980 1981 1979 1980 1981
- inches - - inches - - days » .10 inch -

April 1.42 .40 1.65 —% - = 6 1 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 10
July <79 .54 1.07 8.798 3.59 9.54 4 2 3
August 127 1525 .28 7.208 723 9.00 4 3 1 -
Sept. 0.05 el 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.




Table 3. Average monthly temperatures recorded at experimental site.
Average maximum Average minimum Average
Month 1979 1980 1981 1979 1980 1981 1979 1980 1981
____________________________________ i A MR LSO ———— ——

April 533 5943 56.9 3051 32.2 314 41.7 45.8 44,2
May 65.4 65.8 61.4 37.4 38.8 39.4 51:4 5253 50.4
June 74.8 73.1 69.7 45.2 43.4 43.5 60.0 58.3 56.6
July 82.1 81.4 81.9 49.0 48.9 48.0 65.6 65,2 65.0
August 80.3 76.4 84.9 48.4 45.8 48.2 64.4 61.0 66.6
Sept. 79.3 702 74.5 41.7 42.1 40.0 60.5 56.:2 S fe s
Oct. 62.0 587 95.3 3322 3155 30%3 47.6 45.6 42.8
AVERAGE 71.0 69.4 69.2 40.7 40.4 40.1 55.9 54.9 58.7

1548




Table 4 . Legume dry matter yields for 1979 season and analysis of variance.

Yield, Kg/ha

Crop (cultivar) Rep. I Rep. II Rep. III Means

T. subterraneun (Nangeela) 3175.9 3858:3 2952.8 3329.00

Medicago thuncatula (Jemalong) 3948.0 2788.7 5888.0 4208.24

T. subterraneum (Northam) 5641.8 4709.1 3560.8 4640.57

Medicago truncatula (Cyprus) 3346.5 2465.0 2563.4 2791.63

T. subterraneum (Clare) 2981.2 3878.0 6200.8 4353.32

Medicago Littoralis (Harbinger) 2073.2 5135.6 3156.2 3455.09

Tniticum aestivum (Newana) 2060.4 1870.1 2832.5 2254.3

T. subterraneum (Daliak) 4265.1 3727.0 3407.7 3799.3

Medicago Lupulina (Black 1520.1 509.6 404.6 811.46

medic)

T. subterraneum (Geraldton) 5105.0 5070.1 4704.7 4959.9

Medicago thuncatula (Ghor) 824.6 1642.6 7.32:.7 1066.64

T. subterraneum (Nungarin) 4293.5 5452.8 6058.6 5268.3

Lupinus angustifolius (Unicrop)  1303.6 15.3 35.0 451.3 = 7

Midicago scutellata (Robinson) 4217.0 2626.9 3497.4 3447.07

Vicla faba (Giza III) 2583.1 1703.9 2106.3 2131

T. nesupinatum (Maral Schaftal) 5369.6 4615.0 3234.9 4406.5

Lupinus albus (Ultra) 1924.8 966.8 1769.5 155347

Analysis of Variance

Source R gy S.S. MLSs F value Level of
Significance

Blocks 2 .3859E + 06 .1929E + .06

Treatments 16 .1091E + 09 .6816E + .07 7.947 0.01

Error 32 .2745E + 08 .8578E + 06




Table 5 . Legume seed or seed pod yields for 1979 seasonl

and analysis of variance

Yield, Kg/ha

Crop (cultivar) Rep. 1 Rep. II Rep. III Means
T. subterraneum (Nangeela) 1 48.1 0.0 0.0 16.03
Medicago thuncatula (Jemalong) 2016.6 1224.8 2560.9 1964.13
T. subterraneum (Northam) 150.9 170.6 142.2 154.6
Medicago truncatula (Cyprus) 1712.6 737.1 1063.0 1170.9
T. subterraneum (Clare) 1 98.4 1139 120.3 110.8
Medicago Littoralis (Harbinger) 1159.2 2421.3 1957.6 1846.0
Tniticum aesiivum (Newana) 1896.3 1655. 7 2570.0 2040.5
T. subterraneum (Daliak) 41.6 572 SV, 43.7
Medicago Lupulina (Black medic) 389.3 146.5 140.0 225.3
T. subterraneum (Geraldtonl 334.6 389.3 304.0 342.7
Medicago thuncatula (Ghor) 623.4 1100.2 511.8 745.1
T. subterraneum (Nungarin) 286.5 374.0 2537 304.8
Lupinus angustifolius (Unicrop 0.0 0.0 0.0 0.0
Medicago scuteflata (Robinson) 2471.6 1686. 4 1644.8 1934.2
Vica gaba (Giza III) 338.2 210.0 302.4 283.5
T. resupinatum (Maral Schaftal) 242.8 0.0 1060.6 114.5
Lupinus albus (Ultra) 11177 557.7 1084.9 920.1
1Yields for these crops are for intact seed pods.
Analysis of Variance

Level of
Source D.f. S<S. M.S. F value Significance
Blocks 2 <171E + 06 .8556E + 05
Treatments 16 .2867E + 08 s 1792F .07 16.26 0.01
Error 32 «3527E 07 .1102E + 06
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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. III Means
T. subterraneum (Nangeela) 2853.2 2801.1 2222.9 2625.7
Medicago thuncatula (Jemalong) 1991.9 272017 2400.3 2371.3
T. subterranewn (Northam) 2536.8 1841.6 1931.9 2103.4
Medicago truncatula (Cyprus) 2507.5 2375.5 1943.8 2275.6
T. subterranewn (Clare) 2330.0 2477.0 1927.7 2244 .9
Medicago Littoralis (Harbinger) 3004.6 2290.8 2446.7 2580.7
Grain-fallow 2405.0 1714, 3 1352.5 1823.9
T. subterraneum (Daliak) 3305.1 2414.3 2388.6 2702.7
Medicago Lupulina (Black medic) 4907.8 2765.3 2829.6 3500.9
T. subterraneum (Geralton) 2701.2 2030.7 2189.1 2307.0
Medicago truncatula (Ghor) 2530.5 2534.2 211558 2393.5
T. subterraneun (Nungarin) 2308.3 2481.3 2550. 3 2446.6 1o
Lupinus angustifoluis (Unicrop) 2814.7 2435.6 2682.7 2644.3 ©
Medicago scutellato (Robinson) 2287 .7 1883.9 2201.9 2124..5
Vicia faba (Giza III) 2399.2 3086.5 27953.1 2746.3
T. nesupinatum (Maral schaftal 373 2972.7 2877.3 2862.4
Lupinus albus (Ultra) 22724 2366.6 2900.4 25131
Analysis of Variance Vovsl of
Source D.f: S.S. M.S. F value Significance
Blocks 2 -1225E 8507 .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. III Means
T. subterraneum (Nangeela) 131 13X 14.0 1324
Medicago Truncatula (Jemalong) 13.6 13.8 13.9 13.8
T. subterraneum (Northam) 1547 13.4 14.7 14.6
Medicago Truncatula (Cyprus) 14.1 14.6 1579 14.9
T. subterraneum (Clare) 14.4 13..3 134 1237
Medicago Littornalis (Harbinger) 16.0 14.6 14.8 15.1
Grain-fallow 15,2 14.8 147 14.8
T. subterranewn (Daliak) 13.9 13.9 142 14.0
Medicago Lupulina (Black medic) 14.9 15.2 15.4 15.2
T. subterraneum (Geralton) 4.1 3.7 14.0 13.9
Medicago trhuncatula (Ghor) 15.4 15:3 15.4 15.4
T. subterraneuwn (Nungarin) 1353 13,7 13.8 13:6
Lupinus angustifoluis (Unicrop) 15:5 15.8 16.2 15.8
Medicago Scuteflafa (Robinson) 5.7 16.0 14.7 15.5
Vicia faba (Giza IIT) 15,2 15, 1 15.4 1522
T. nesupinatum (Maral schaftal) 14.4 14.2 14.6 14.4
Lupinus albus (Ultra) 15.8 15.6 16,5 16.0
Analysis of Variance T obieh
Source & s s S.S. M.S F value Significance
Blocks 2 .9204 . 4602

Treatments 16 31575 1.984 7.601 0.01
Error 32 8.353 .2610
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Table 8. Total N content of spring wheat grain and analysis of variance.

Total N (%)

1980 Crop Rep. I Rep. II Rep. III Means
T. Subterraneun (Nangeela) 3.03 2,66 2.83 2.84
Medicago truncatula (Jemalong) Fo1D 3. 17 2.66 2.98
T. subtervaneum (Northam) 3542 3703 395 34T
Medicago truncatula (Cyprus) 2.89 2:95 3.61 3415
T. subtervraneum (Clare) 2517 2.60 2.96 2.78
Medicago Littoralis (Harbinger 2.95 2.60 2.55 2.70
Grain-fallow 3.42 3.06 3.01 3.16
T. subtervtaneum (Daliak) 2.89 270 2283 2.83
Medicago Lupulino (Black Medic) 3.42 3.49 3.06 3ea2
T. subterraneum (Geralton) 3:22 2.95 2.66 2.94
Medicago thuncatula (Ghor) 3.06 3.36 2R3 3.08
T. subterraneum (Nungarin) 2.90 2.96 3.22 3.03
Lupinus angustigolius (Unicrop) 3.01 3.42 336 3.26
Medicago scuteflata (Robinson) 337 3.06 3.30 3.18
Vicia faba (Giza III) 3.06 3.36 301 3.14
T. nesupinatum (Maral Schaftal) 3:22 2.89 3..22 3.l
Lupinus albus (Ultra 3.01 3.27 3581 3.33
TOTAL 5250 51.5 92.87 3.08
Analysis of Variance Level of
Source Dot SHS MeSs f Value Significance
Blocks 2 0.0608 ;
Treatments 16 2.1546 0.1347 1.:30 *N.S.
Error 32 252707 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 % 0.M. spring, 1981 Sample % 0.M. fall, 1981
1980 Crop Depth Rep.I Rep.II Rep.III Means Depth Rep.I Rep.II Rep.III Means
T. subterraneum (Nangeela) 0-6" 1.71 1.37 1.82 1.63 0-6" 1.63 1.30 1.37 1.43
0-1' 1.41 1.59 1.75 1.58 0-1' 1.03 0.67 0.93 0.88
Medicago thuncatula (Jemalong) 0-6" 1.59 1.52 1.45 £.52 0-6" 1.45 1.13 1.63 1.40
0-1' 1.41 1.37 1.45 1.41 6-12" 0.96 0.74 0.70 0.80
T. subterraneunm (Northam) 0-6" 1.59 1.45 1.45 1.50 0-6" 1.06 1.37 1.13 1.19
0-1' 1.59 1.09 1.30 1.33 6-12" .23 1.20 0.67 1.03
Medicago thuncatula (Cyprus) 0-6" 1.59 1.45 1.52 .52 0-6" 1.48 1.48 1.03 1.33
0-1' 1.16 .27 3 119 6-12" 1.13 1.26 0.90 1.10
T. subterraneum (Clare) 0-6" 1.59 XIoR 1.75 1.62 0-6" 1.45 23 1.90 1.53
0-1' 1.34 1.45 1552 1.44 6-12" 1.06 0.93 1.67 1.22
Medicago Littoralis (Harbinger) 0-6" 1.52 59 1.75 1.62 0-6" 52 1.20 1.7 1.48
0-1' 1.52 1.49 1.67 156 6-12" 15217 0.80 1.41 1.16
Grain fallow 0-6" 1.52 1.67 1.45 1.55 0-6" 1252 ) A . 123 1.49
0-1"' 1.45 1.59 1.06 2237 6-12" 1.03 0.70 0.83 0.85
T. subterraneum (Daliak) 0-6" 1.52 1.45 1.45 1.47 0-6" 1.45 1.37 1.09 1.30 :3
0-1' 1.75 1.59 1.37 1.57 6-12" 1:.23 1.09 1.09 1.14 ~
Medicago Lupulina (Black medic) 0-6" 1.67 1.75 152 11765 0-6" 1.45 1.79 1.49 1.58
o-1' 1.49 1.16 1.20 - 1.28 6-12" 0.34 1.16 1.06 0.85
T. subterraneum (Geraldton) 0-6" 1.67 1.59 .59 . 1.62 0-6" 1.37 1.56 1.23 1.39
0-1' 1.20 1.37 .27 1.28 6-12" 1.37 0.83 0.74 0.98
Medicago trhuncatula (Ghor) 0-6" 1.41 1.63 1.67 1.57 0-6" 1.13 1.59 1.41 1.38
0-1' 1.30 123 1.67 1.40 6-12" 1.16 0.52 0.80 0.83
T. subterraneum (Nungarin) 0-6" 1.67 1:52 L L 1.65 0-6" 1532 1.37 1.52 1.47
0-1' 1.27 1.45 1.52 1.41 6-12" 1.00 0.55 0.52 0.69
Lupinus angustifolius (Unicrop) 0-6"  1.59 1.52 AT 50026 0.96 1.86 = <1.59 1.47
0-1' 152 1.45 1.30 1.42 6-12" 1.09 1.03 0.74 0.95
Medicago scutellata (Robinson) 0-6" 1.75 1.67 1.37 1.60 0-6" 1.71 1.06 1.56 1.44
0-1' 1.67 1.63 1935 - - 1.55 6-12" 1.20 1.06 0.80 1.02
Vicia faba (Giza III) 0-6" 1.63 1.37 1.52 1.51 0-6" 1.49 1.30 1.34 1.38
0-1' 1.16 1.07 356 1.27 6-12" 1.37 0.64 0.74 0.92
T. nesupinatum (Maral schaftal) 0-6" 1.63 1.67 1.52 1.61 0-6" 1.30 1:82,7  1.48 l.Sj
0-1' 1.23 1.49 1.30 1.34 6-12" 0.90 0.96 0.58 0.81
Lupinus albus (Ultra) 0-6" 1.59 1.52 1.59 1.5% 0-6" 1.30 1.52 0.99 1.27
0-1' 1.13 1.20 1.23 L:19 6-12" 1.03 1.30 0.67 1.00
e e e — ﬁ__l
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Initial soil chemical analyses, spring 1979.

Medicago scutellata (Robinson)
T. Aesupinatum (Maral schaftal)
Lupinus albus (Ultra)

Medicago Lupuling (Black mecic)
T. subtearaneum (Geraldtom)

Medicago truncatula (Jemslong)
Medicago Littoralis (Warbinger)
Grain Fallow

T. subterrancum (Dalisk)

Vicia faba (Giza 111)

Medicago truncatula (Cyprus)
T. subtexraneum (Clare)

T. subterrancum (Northam)

T. subterraneum (Nangeela)

Medicago tuncatula (Ghor)
T. suberraneum (Wungarin)
Lupinus angustifolius (Unicrop)

1980 Crop

Table 10.
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Sample
Dapth
0-6"
6-12"
o0-6"
6-12"
6"
6-12"

Rep.
™
1
2
)
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

T. Azsupinatum (Maral schaftal)
Lupinus albus (Ultra)

T. subterxraneum (Nungerin)
Lupinus angustifolius (Unicrop)
Medicago scutellata (Robinson)

Vicia faba (Giza TIT)

T. subtexrancum (Nangeelas)
Medicago truncatula (Jemalong)
Medicago truncatula (Cyprus)
Medicao Uittoralis (Rarbingsr)
T. subterranewm (Dalisk)
Medicago lupulina (Black wadic)
T. subterraheum (Geraldton)
Medicago thruncatula (Ghor)

T. subterrancum (Clare)

T. subterraneum (Wortham)

1980 Crop
Grain Pallow

Table 10, continued.
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Table 11. Soil chemical analysis, spring 1981.

Sample Nitrate-N Bray P
1980 Crop Depth Rep. I Rep. 1I Rep.IlI Rep.I Rep.IT Rep.III
T. subterraneum (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
Medicago truncatula (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. subterranewn (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 1
2-4" 7.9 3.7 5.6 <1 4 12
Medicago thwncatula (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
-4 7.1 5.1 3.7 <1 8 9
T. subterraneum (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 1.3 3.7 2.4 <1 10 11
Medicago Littoralis (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
Grain-fallow 0-6" 10.9 14.8 12.8 31 32 37
0-1' 4ob 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. subterraneum (laliak) 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
Medicago Lupulina (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 1 14 9
T. subterraneuwn (Geraldton) T 0-6" 13.1 17.7 23.4 37 3% 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 4ok 4.8 5 8 13
Medicago truncatula (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 1 4 18
T. subterranewn (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
Lupinus angustifolius (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
Medicago scultellata (Robinson) 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 2 3 <1
Vica faba (Giza IIT) 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 > <1 12
T. nesupinatum (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 4ob 4.1 8 12 9
Lupinus albus (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=21 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, 198

Sample Nitrate - N
1980 Crop Depth Rep. I Rep. [1 Rep.ILl Rep.l Rep. II Rep.III
T. subterraneum (Nangeela) 0-6" 4.9 2.4 4.4 57 40 32
6-12" 1.6 2.3 2.9 29 23 2
1-2' 2.9 1.9 2.7 12 14 1
2-3' 31 1.5 2.3 12 16 8
3-4' 2.6 1.5 2.1 21 3 18
Medicago thumcatula (Jemalong) 0-6" 4.0 3.2 3.0 45 4h 26
6-12" 3.8 3.0 2.8 31 20 <1
1-2¢ 2.6 1ed 1.9 ] 11 <
2-3 2.4 1.5 1.9 8 18 9
341 2.4 1.5 1.8 12 2 30
T. subterrancum (Northam) 0-6" 3.2 3.8 2.1 31 66 32
6-12n  , 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
Medicago tauncatula (Cyprus) 0-6" 4.9 3.1 4.0 70 39 37
6-12" 44 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 <1
34" 3.4 1.8 1.8 10 17 o4
T. subterraneum (Clare) 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 1 2
2-3' 3.0 1.9 1.9 9 8 15
34" 2.4 1.9 1.8 1 13 16
Medicago Littoralis (Harbinger 0-6" 3.9 2.9 3.6 49 21 52
s ) 6-12v 4.1 2.0 2.9 25 4 1
1-2' 2.2 2.3 2.5 1 <1 1
2-3" 2.4 1.9 2.0 8 <1 15
34" 2.9 3.0 2.3 16 8 37
Gratn-fallow 0-6" 4.5 3.3 3.0 40 20 33
612" 3.9 2.6 2.4 23 <1 <1
1-2* 3.1 2.0 22 6 <1 3
2-3' 2.4 1.8 1.5 14 2 5
34" 2,6 1.6 2.0 20 8 26
T. subterraneum (Daliak) 0-6" 4.3 2.7 3.7 45 13 32
6-12" 3.9 2.4 3.0 23 26 <1
12+ 1.4 1.8 2.0 12 <1 <1
2-3¢ 2.7 1.4 1.8 14 <1 3
340 2.6 1.4 2.4 25 10 20
Medicago Lupulina (Black medic) 0-6" 4.2 2.8 3.8 45 39 50
6-12" 2.6 2.4 2.6 4 <) <1
1-21 3.0 1.6 2.0 26 <1 4
2-3¢ 1.8 1.2 1.5 14 <1 8
340 1.9 2.1 5.3 17 16 52
T. subterranewnm (Geraldton) 0-6" 3.4 3.4 3.6 64 40 %0
6-12" 2.9 2.2 2.9 25 <1 <1
1-21 2.2 1.9 12 <1 <1
2-3¢ 1.9 1.4 2.1 9 <1 1
340 2.0 2.3 2.3 16 7 23
Medicago truncatula (Ghor) 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' 21 2.2 2.7 15 6 18
T. subterraneum (Nungarin) 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 2.0 148 1.9 3 12 11
34! 2.5 1.9 1.8 11 19 26
Lupinus angustifolius (Unicrop) 0-6" 2.9 3.4 3.4 75 s5 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
34 6.0 1.5 1.8 S 35 21
Medicago scutellata (Robinson) 0-6" 3,3 2.5 3.3 45 25 35
6-12" 2.6 1.6 1.8 32 <1 <
1-2 1.8 1.4 241 11 <1 <1
2-3" 133 1.4 ) 8 8 <1
3-4" 1.4 1.8 1.8 17 10 12
Vicia gaba (Giza 1IT) 0-6" 3.3 3.5 3.6 39 60 3
6-12" 2.4 2.2 2.9 33 11 1
1-2' 1.3 1.6 2.1 5 1 2
2-3' 1.5 1.6 1.6 5 10 n
4! 3.8 1.4 1.8 9 15 36
T. Aesupimatum (Maral shaftal) 0-6" 3.0 3.1 6.4 4 37 3
6-12" 2.3 2.5 2.7 1 21 <1
1-2' 1.6 2.0 2.9 8 < -1
2-3' 1.5 1.4 1.8 8 <1 <1
N 2.5 1.7 1.5 2 6 26
Llupinus albus (Ultra) 0-6" 3.3 2.5 [} 32 64 35
6-12" 2:2 2.8 4.5 20 20 <1
1-2' 1.6 157 2:7 6 8 <1
2-3* 1.8 143 1.6 1 8 <1
34 2.0 2.8 2.2 22 20 12




Table 13.
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Cm of water of soil samples taken in spring, April 16-17,
1981.
Sample
1980 Crop Depth Rep.I Rep.I1 Rep.III Means
T. subterraneum (Nangeela) 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
Medicage thuncatula (Tremalons) 0-1' 7.07 7.45 6.98 7:12
1-2' 6.50 6.90 6.58 6.66
2-4" TUBLA 1148 | 11567 WEL6A
T. subterraneum (Northam) 0-1' 7.26 7.49 6.70 7v18
1-2' 6.40 6.72 6.71 6.61
2-4" 11,29, 12:42 21534 5 111469
Medicago thuncatula (Cyrpus) 0-1' 7.41 7.26 6.67 711
1-2' 6.37 6.23 6.78 6.46
2-4" 9.05 11.95 11,58 . 10.86
T. subterraneum (Clare) 0-1" 6.85 7.25 721 7.10
1-2' 6.46 7.87 6.83 6.72
2-4" 1,720 12073 125730 :12:39
Medicago Littoralis (Harbinger) 0-1' 6.61 6.89 6.88 6.79
1-2' 6.29 6.65 6.56 6.50
2-4" 11,7300 11,98 11993 11567
Grain-fallow 0-1' 6.85 6.80 7.20 6.95
1-2' 7.01 7.25 6.85 7.03
2-4" 1184 - 12,50/ 12486 . 12.730
T. subterranewn (Daliak) 0-1' 7497 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
Medicago Lupulina (Black medic) 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
T. subterraneum (Geraldton) 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
Medicago truncatula (Ghor) 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
T. subterraneum (Nungarin) 0-1' %33 7.58 7.39 6.83
1-2' 6.45 6.69 7.11 6.75
2-4" 12,131 12,62 . 123001236
Lupinus angudtifolius (Unicrop) 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
Medicago scuteflata (Robinson) 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
Vicia faba (Giza I111) 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
T. nesupinatum (Maral schaftal) 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
Lupinus albus (Ultra) 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




Rep.I1 Rep.I1T Means

Sample
Depth Rep.1
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tollats

T. Aesupinatum (Maral schaftal)
Lupinus atbus (Ultra)

Lupinus angustifolius (Unicrop)

Vicia faba (Giza 1II)

T. subfearraneum (Geraldton)
T. subterraneum (Nungarin)

Medicago Lupulina (Black medic)

Cm of water of soil samples taken at harvest, September

24, 1981.

Table 14.

1980 Crop

T. subterraneum (Nangeela)

Medicago thuncatula (Jemalong)

T. subtemraneum (Northam)

Medicago thuncatula (Cyprus)

T. subterraneum (Clare)

Medicago Littoralis (Harbinger)

Grain-fallow

T. subterraneum (Dalisk)

-kdu‘m trauncatula (Ghor)
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