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CHAPTER I
INTRODUCTION

Species‘of the plant family, Leguminosae, have long been recog-
nized by their ability to fix atmospheric N in the soil. ‘Even before
the discovery of the symbiotic relation betueen the Rhizobium and
legume roots, it was known that growing legumes tended to increase
soil ptoductivity. Maintenance of soil productivity depends largely
on those factors which are cqmmonlylreferred to as farm ptactices,

: notably_cultivatien methods, uee of fertilizer, anducrop rotation.

Sequence of erops is an established agronomic practice. The
benefits usually include maintenance of soil N and organic matter,
more efficient use'ef water and plant nutrients, reduced eoil erpsion,
partial control of plant pests, better distribution of labor, and
increased crop yields.

The rotation of legumes with cereals has been recognized to be the
foundation of the agricultural imprevement._ The benefits to be derived
from the growing ofvlegumes in rotation_with small grainSVWere'receg_
nized by the ancient Romans and are.still practiced throughout theworld.

’The objectives of this study werer(l) to evaluate winter forage
production from five cool season species, (2) to evaluate sudangrass

(Sorghum bicolor L.) nroduction at different N fertility levels

following the cool season species, and (3) to evaluate total pro-

ductivity of these different systems.



CHAPTER II
REVIEW OF . LITERATURE

Crop rotation . is generally defined as a more or less regularly = =
recurrent succession of different crops on the same land. Many ad-
vantages of iegﬁmes and grasses in rotation have been mentioned by
different reséarchers- Leguﬁe and grasé crops are generally recog-
nized as soil bﬁilding crops. ‘The fagt,that the members of the legume

family have the distinction and the valuable quality of being able to

fix atmospheric N in soil is an important point for their promotion
among farmers (Goltz, 1974).
Erdman (1953) reported the following as the average amount of N

fixed by some legumes: sweet clover [Melilotus‘officinalis (L.)

Lam.], 117 pounds; white clover (Trifolium repens L.), 103 pounds;

hairy vetch (Viecia villosa Roth), 80 pounds; and annual lespedeza

[Lespedeza striata (Thunb.) H. and A.], 85 pounds of N per acre.

' Reynqlds (1949) recorded 55 and 14 pounds of N per acre fixed re-
spectively iﬁ tops and roots of vetch QhenvreceiVing no ferﬁility
treatment. . After applying 40 pounds of P205 fertilizer per acre, 110
td 135 pounds of N was fixed by vetch.

* Waksman -(1950) declared that N fixation by legume piaﬁts was
dependent soméwhat oﬁ the amouﬁt of N available to plants from the

soil. When soil N was higher less N would be fixed symbiotically.

He indicated that about two-thirds of the N found in the legumes was



fixed by the symbiotic organisms. Giobel (1926) proposed that in-
oculated legumes fixed N from the air only to the amount that the soil
supply was iﬁsufficient for their needs. Greaves and Jones (1950)

found no appreciable difference in the soil N after growing alfalfa

(Medicago sativa L.) if the tops were removed compared to plowing the_
whole plént in the soil.
Brown (1964) mentioned that sweet clover, field peas [Pisum.

‘arvense (L.) Poir.] and rye (Secale cereale L.) used as green manure

crops in dryland experiments had no effect on reducing the N and
carbon losses from the soil. He finally claimed that inorganic N was
more effective than the legume N in increasing the yield of sub-
sequent Crops.

The amount of root material prbduced'by leéumés in soil is an
important factor in improving the soil conditioné, In soils, low in
organic matter, inccrporation of excessive amounts of carbonaceous
material, éuch as grass, weed, or straw, frequently deﬁress the yield
of following crops. Soil bacteria and fungi compete in drawing the .
limited supply of soil nitrates and thus decrease the amount avail-
able for plant growth.

Henson and Hollowell (1960) reported that added organic matter
from plowing annual legumes into the soil improved thé physical
conditions, increased the water holding capacity of soil, and helped
béneficial micro»organisms to flourish in it. De Vries and Webber
(1962) mentioned that the moisture retained by the cultivated layeryéf
Guelph loam both after‘3 days and after l4~20ihours of free drainage
was found to increase as thé percentage of orgenic matter increased.

Nielson.gg_ile (1953) found that legumes reieased>fixed phos-



phoroué when they were plowed under. Other benefits‘reported were an
increased total soil organié métter, improved soil structure, and in-
creased soil pH. However, Pieters and McKee (1938) pointed out that
incorporating a single green manure Crop could not be expected to add
materially fo the total organic matter of soil. They agreed that
greenmanuring helped to maintain the total quantity of organic matter,
but it did not actﬁally‘increase it.

Iﬁ any cropping system, the order in which’thé Crops are grown
_and the agrondmic practices are of particular importance. Ha&nes and
Thatcher (l955)>stated;that’the three yeaf rotation of corn (§g§_2§1§

L.), wheat (Triticum aestivum L.), and red clover (Trifdlium‘gratehse

L.) brought about no effect on corn productivity compared to con-
’ R T 2
tinuous corn.

Hobbs (1971) compared continuous sorghum (Sorghum bicolor L.)

and cqntinuous wheat with a rotation comprisingbsorghum, wheat, wheat,
aifalfa and alfalfa. He éonciuded that the cereal yield did not in-
crease with,the rotétion system on a Geavy Silty clay loam, upland
soil. The highest’yield was prdducea in a monoculture system.. Schéfer
and Smith (1926) reported that yield of wheat following peas was less

than/wheat following summer fallow, but greater than when it was pre-

ceded by corn or sunflower (Helianthus annuus L.). 'However; Doll ‘and
Link (1957) indiéated that various legumes in é three yeaf rotation of
legume, corn, and wheat tended to‘inérease the production of corn and
wheat in a long term period. .

Roberts (1937) stated that in l1l0-year rotation of cowpeas [yiggg
sinensié (L.) Savi ex Hassk.j and‘corn the average cdrn production was

26.7 bushels per acre on non-legume plots and 34.4 bushels on the plots



with cowpeas. Tidmore and Sturkie (1936) reported that when cotton

(Gossypium hirsutum L.) and corn were grown on respective areas each

year, vetch increased the yield of cofn to 34.4 bushels and cotton
seed to 1008 pounds per acre through a (corn-vetch-cotton) cropping
systemvcompéred to 16.3 bﬁshels and 795 pounds reépectively in a corn-
cotton system.

Harper (1962) declared that corn yield»following vetéh and sweet
clover was higher than one following othef‘legume crops. - He also re-
markéd that corn yieid ﬁas increased less than'two bushels more pef
acre when all of the legume residue was returned to the soil compared
to‘yields obtained when the legume crops weféycut for hay.

Sturkie (1962) mentioned that applying 80 pounds of N tp corn
preceded by a winter iegume did notJincrease theiCOrn yield compared
tovcbrn plots receiving no N féréility levels. |

However, Harper (1962) éame tq the conclusion that 60 pounds cf
N pef acre appliea'to plots of corn, pfeceded'by cowpeas cut for hay,
increased the corn yield from 23.1 to 25.2 bushels per acre.

/ Déll (1963) studied the effect of different legumes omn corn
yield in rotation syétem while three levels of N, 0,’30,7and 60 pounds
per. acre, were applied to the corn. He concluded that approximately
30 poundsvof N per acre should be applied to corn following a géod
1egﬁme,crop. |

Rye is a,versatiie cold hardy crop with shorter germination
period under low femperature in comparison to other small grains; It
is more prodﬁctive on infertile,‘sandy, or acid soils than are wheat,

oats, or barley. This crop is more productive on light loam and sandy

soils than on heavy clay soils with poor drainage (Briggle, 1959).



Fowler and Gusta (1977) reported that 'Frontier' ryé planted on
August 21 had significantly more production as well as better cold
tolerance than that planted on September 19 in Saskatoon, Canada.

- Gusta and Fowler (1976) declared that Frontier rye and winter wheat
planted in fall (August 21) shortly after acclimation in cold weather
did deacclimate rapidly in response to warm temperature and still had
the ‘¢apacity to rehafden in a short period. They recorded a close
correlation betweeﬁ cold hardiness and water content in plants.

Sneva. and Hyder (1963) declaréd that the best time for harvest-
ingyéf rye was early flowering stage. They recorded a 50% loss of
crude protein in hay within three weeks beyond the flowering stage.
Stucying the effect of N ferfilizer on rye, they concluded that on
areas of highvprecipitation 15 to 30 pounds of N‘pér acre might be‘
profitable. |

‘Denman and Arnold (1970)‘statéd that on a seasonal basis rye was
the top forage producer~amdng small grain fdrages grown in Oklahoma
during the fall and early winter months. They further mentioned that

rye produced the most total forage of the small grain species followed

in order by barley (Hordeum vulgar L.), wheat, and oats (Avena sativa

L.). They recorded an averagé yield of 3049 pounds of oven dry forage
- of rye per acre fqr two years' experimeqts conducted in 1968—69 and
1969—70‘iﬁ Perkins, Okléhoma.

Hairy wvetch is most wihter hardy among different vefch species
and is well adapted to regions limited between 10° and 20° northern
latitudes. This specie doesn't make as much winter growth as less
" winter hardy species (Henson and Hollowell, 1960).

Gooding (1951) reported that hairy vetch was more winter hardy



than common vetch and it was more tolerant to acid soils where sweet
clover and alfalfa were difficult to grow. Roland and Schath (1934)

stated that in regions where temperatures do not fluctuate widely or

where there 1s protection from snow, Hungarian (Vicia pannoncia

'Crantz), woollypod (Vicié dasycarpa Ten.) aﬁd smqothvvetches (Yigig
glabrescens) can withstand temperatufes of 0° F or lower.

Hpveland and Webster (1963) reported fhat vefch,~12 to 15 inéﬁes
in height, cut to a 3 inch stubble yielded only,65% as much as if cut
to a 6 inch height. The recovery Waé more rapid in 6 inch stubble cut
treatment and resulted in one additional clipping in the growing
season.

Winter field peas are primarily considered as soil improving'
crops rather than'hay, pasture, or silage crops. Austrian Winter pea
is the most winter hardy aﬁong différent varieties of peas and is
Widéiy grown in the southern parts of the United States (Henson and
Hallowell, 1960). B

Gautam and Lenka (1968) mentioned that 43 pounds of seed per acre
is fﬁe optimum rate for pea producing a better vegetative growth and
higher dry matter content per plént. They recorded no significant‘
difference in yield of dry matter per plait ét;different roW'spacing
of 8, 12, and 14 inches.

Maurer_g£.§£ (1968) feported that severe water stress after

blossom reduced pea forage yield regardless of soil water conditions
prior to that stage. However, severe water stress prior to blossom
did not cause a deérease in pea forage yield if amplé soil moisture was
made available after bloésom.

Pumphrey and Schwanke (1974) indicated that adequate moisturé



during all stages of growth resulted in better plant growth than to
moisture stress during any/stage in field pea.

Washko (1963) studied the effect of four levels of 0, 50, 100,
and 200 pounds of N per acre on 'Piper' sudangrass. He reported that -
during the: droughty period there’was no significantvdifference in
sudangrass yields due to three 1eveis of 50,.100, and 200 pounds of N
per acre.

. Harmes and Tucker (1973) reported that the appliCatién_of diff-
erent 1eveis of 0, 19, 38, 76, and 152 pounds of»N'pervacre had ro
sigﬁificént effect on forage yie1d of sudaﬁgrass at the first clipping,
but higher N levels produced significantly more forage in subsequent
harvesfs. He recorded 3883,‘5677, 2392, 843@, an 7826 pounds of
Piper sudangrass forage per ac;e atIO, 19, 38, 76, and 152 pounds of
N application per acre. The Sweét'sudan vafiety produced 4386,_4790,.
5933,‘5588, and 5764 pounds of forage per acre respectivély at the
same levels of N application.

Jung et al (1964) indicated that there were increases in yield of
forage sudangrass by applying increasing rates éf N. Broyles and Fri-
bourg (1959) stated that £he appiication of N increased the yield of
su&angrass as well as the peréentage of N in the harvested forage.
They further indicated that cutting the crop at early bloom to é
4-inch stubble produced the highest Yield in‘comparison to harvesting

the crop at the other stages of growth.



CHAPTER III
MATERIALS AND: METHODS
Location of Experimental Area

The Agronomy Research Station, ?erkins, Oklahoma was the loca-
tion of this study. The plots were located on a Teller loam (Udic
Arguistolls) soil, underlain by,a loam subsoil. Teller loam soils are
moderate in permeability and»internai drainage. Their water hOlding
capacity in the upper 40 inches of ‘the solum'is'5 to 6 inches. This
type of soill is well suited for legume and small grain production
(Ford et al., 1976). The soil test from experimental plots showed a

PH = 5.5, P 69 1b/A, K 280 1b/A, and No3—N 78 1b/A.

Design and Treatments

The experimental design for the first part of the Study (winter,
1977) was a randomized complete block in which every piot was split
into three sections as splitplot design for the second part .of ‘the

study in theisummer, 1978. The winter treatments assigned to the main

plots consisted of 'Meechi' arrowleaf clover (Trifolium vesiculosum

Savi); 'Yuchi' arrowleaf clover (Trifolium vesiculosum Savi); hairy

vetch (Vicia villosa Roth); 'Austrian Winter' field pea [Pisum sativum

(L.) Poir.]; 'Okema' rye (Secale cereale L.); and a check (uncultivated
winter fallow) plot. ‘All the winter treatments were assigned to uni-

form 20 x 30 foot'plots. Four replicates were used and treatments were

Ve
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randomized within each block.

All the winter treatments were sown bn October 25, 1977. Le-
gumes were inoculated and planted by hénd in a broadcasting system.
Inoculation was accémplished by adding 1.08 fluid oz of moiasses and
0.4 0z of inoculant to one pound of segd. The mixture was stirred
thofoUghly and‘7.95 oz of lime was then added. Stirring.continued for
a few minutes until the seed was eveﬁly coated.

The clovers, vetch, and peas Wefe édwn at the rate of 15, 25,
and 20 pounds ofvseed per acre respectively. Rye was planted by
small grain dfill’ét the rate of 100 pounds -of seed per acre. All the
treatments received their on1y~irrigation to maintain surface moisture

for germination on the déy of plant;ng, ‘

Rye was first harvested on April 7, 1978. First harvest of le-
" gumes and second harvest of rye was Méy 30, 1978. Sudahgrass pro-

duced its only harvest on August 24, 1978.
Sampling Procedure

Each main plot in the‘first part of the study was sﬁbdivided
into three portions of 10 x 20 foot subplots which were ultimately
assigned to the N fertility treatments in the secdnd part. S5ix samples
of 3 feet width and 20.feet iqng, fﬁd samples from each subplot, were
taken for forage yield from each winter treatment. Samples harvested
by Jary Mower were weighed as‘green yield per plot and then small
-samples of 10.5 - 17.5 oz were oven dried at 140°F for dry matter
calculation. Yields were caléulated és pounds of oven dry matter per
acre. All the main ploté were harvéstéd for hayvand disced following

the last sampling period on May 30, 1978.
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The second part of the experiment was begun by seeding the entire
plot area with sudangréss on June 25, 1978.‘ Three levéls of 0, 30, and
60 pounds of N per acre,.selected as the subplot fertility treatments,
were applied as ammonium nitrate to sudangrass on July 25, 1978.

Sudangrass yield‘samples consisted of 4 rows, 5 feet long,
spaced 10 inches apart in each subplot. The entire sample was oven—
dried and dry forage yield was reporfed in pounds per acre. The
sudangrass harvest was taken by hand Clippér'beéauée the.sqftness of

soil at the time of sampling?prohibited the Jari Mower operation.



CHAPTER IV -
RESULTS AND DISCUSSION
Temperéture and Precipitation

The daily average maximum, average minimum,band meah‘tempéra—
tures from September, 1977 to August, 1978, the entire period of the
>study, is presented in Table 1. ‘These values are frcm Stillwater,
about 12 miles north of the research plots. The winter monthé of
January and February were much colder than normal.

Monthly precipitation (Table 2)kwas often Below normgl. Only
during February and May did the monthly precipitatioﬁ exceed the long-
term average. Precipitétion for cool season crops; through May, was
4.68 inches below norﬁal. _Precipitétion for the sudaﬁgrass growth, .
June to August, was 5.22 inches below normal with July and August

being quite dry.
Cool Season Productiocn

Yuchi and Meechi érrowleaf clovers had such a thin stand that
weeds invaded and they were eliminated from’the expériment. Vetch,
pPeas, and rye seemed to have a bétter cold andidrought tolerance than
arroWléaf clovers with respectyto stand establishmént'énd yield.

Hairy vetch is the most winter hardy of the different species of
vetches and has a better drought tolerance than other types of vetches

(Henson andechath, 1961).

12



Table I. Average of monthly maximum and minimum temperaturée (F) for

period of study (September 1977 to August 1978);/

Temperature
Av, Av. ﬁaily Long Term
Month Year Daily Max. Daily Min. » Mean Mean
‘ F

September 1977 | 86 65 76 : 73
OctOber‘ 1977 77 : 48 63 . 63‘
November 1977 63 41 52 50
December 1977 53 ) 27 40 40
January 1978 34 15 2 , 37
 February 1978 36 19 27 42
March 1978 59 34 46 49
April 1978 76 50 63. 6l
May 1978 R T 57 67 69
June 1978 - &6 67 77 77
July 1978 | 98 72 . 85 82
August 1978 _ 94 68 81 81

1 - Data from Stiilwatef, 12 miles north of experimental plots.
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Table II. Monthly total, long term average, and deviation of

precipitation at Perkins from September 1977 to August 1978.

\

Rainfall
Montﬁ Year | vTotal FLOng Term Av. Deviation
‘ inches - ‘
Séptember 1977 1.77' 3.81 ' -2.04
October 1977 1.26 3.21 ' S £1.95
November 1977 1.55 : 1.90 ‘_ -0.35
December 1977 0.38 1.42 -1.04
January 1978 0.92 1.53 | - -0.61
February 1978 2.63 0 1.46 +1.17
March 1978 1.46 - 2.20 -0.74
April 1978 1.85 3.16 ~1.31
May 1978 7.28 5.09 +2.19
June 1978 4.59 4.58 - 40.01
July 1978 0.90 3045 ~2.55
August 1978 0.53 3.19 -2.66

Total : 24,12 35.00 ..., -10.88
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The ovenvdry forage yield in pounds per acre for rye, vetch, and
peas is presented in Table 3. There was no significant difference be-
tween pea and vetch production. Rye produced significantly more forage

per acre than legumes.

Table III. Mean forage yield (pounds per acre) of rye, vetch, and

peas in the spring, 1978;

Winter Crop Yieldl/
rye o ‘4690
vetch o 2981
peas - ; 2961

1/

=’ Significant difference among winter crops with

LSD (P=0.05) = 355.

The field peas and hairy vetéh are cool season crops and are
fairly well adapted to the cold conditions. However, there should be
‘a reasonable temperature‘fluctuation and a fairly abundant rainfall
during the fall, winter, and early spring for them to approach their
potential production. The unsuitable climatic condi;ions at the time
of emergence and early growth stage, followed by invasion of weeds and
bigh competition for the limited soil moisture ayailable, led to a poor
performance of legﬁmes in spring production.

Choudhary (1961) indicated that the field ﬁeas emerged 7 to 24
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percent more when sown in March than those planted in~November, and he
also noticed that the field pea planted in November suffered heavy
winter injury in Stillwater.

Rye seemed to be adapted to fhe conditions more than legumes.
Despite the»dr0ught conditions fye emerged well and covered the plots
so completely that there was very little weed invasion. Compared to
thé other cereals adapted to the same area, winter rye generally is
more winter hardy, earlier iﬁ maturing, and produces more in less
jfertiie soils (Briggle, 1959).

The check (uncultivated winter fallow) plots were totaliy covered
by low growing-weeas‘during spring 1978. Weed yields were not har—v

vested as check plot forage production; however, check plots were

disced in after the weeds were.harvéstéd for hay, and were planted by

sudangrass on June 25, 1978 for the second part of the study.
Summer Production

The mean.yield of sudangrasé at different levels of N is pre-

seﬁted in Table 4. Neither the different preceding crops nor different
N levels caused a significant‘différence in éudaﬁgrass yields.

‘The extreme drought conditions and high temperature undoubtedly
had an effect on failure of sudangrass to respond to the treatments.
June precipitation of 4.59 iﬁches preceded the planting date of sudan-
grass and coﬁld be a favorable faétor in establishment of it. But
drought conditions during July and August in which sudangrass received
only 0.90 and 0.53 inéhes of rainfall after N fertilization undoubtedly
‘contributed to a low production and very little regrowfh after the only

harvest on August 24, 1978.



17

Table IV. Mean forage yield (pounds per acre) of sudangrass at different

levels of N following different winter crops.

Dry wt. Forage Yield

Preceding N fertilizationli
Crop 0 30 60 Mean
lbs/A

rye 2557 2545 2419 . 2507
vetch 2200 2216 2321 2246
peas 3042 2659 . 2528 ' 2743
check 2908 2241 2725 2625

| 2530

Mean 2677 2415 2498

A No significant difference due to preceding crop or N fertilization

with coefficient of variation = 15%.

Since there was no significant difference in sudangrass yield
due to preceding crop it seems that the sudangrass received no benéfit
from the preceding legumes'in'the system., Soil pH of 5.5 as well as
high soil N content of 78 pounds of No3~N per acre may also have been
contributing factors.

In dry conditions legumes and grasses; used 2s green manure,
hay or pasture, usually depress the yield of crops immediately follow-
ing (Brown, 1964). This reduction is commcnly associatea with depleted
soil moisture reserves. Brown further recorded that sweet clover used
the soil moisture up to 9 feet in one year. He fineslly came to the
conclusion that only in years where precipitation is high enough, the

legumes could increase the yield of corn and small grain.
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Accumulative Production

The yield of sudangrass and preceding crops 1s presented in
Table 5. The rye system produced the highest yield and was followed
in order by péas,~vetch, and the check systems. The higher productivity
of rye system was primarily due to the higher production of rye during
the winter. . There was no significant diffefencevbetween the vetch and
péa systems while they both produced significantly more forage than
the check system.

The check plots were invaded by weeds during the spring period
of the first part of the study which have been é factor in dépleting

the soil moisture reserves and subsequent sudangrass production.
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Table V. Mean accumulative forage yield (pounds per acre) of the

forage systems, winter forage plus sudangrass.

-

Dry wt. Forage Yield

N fertilization

Winter
Crop 0 30 60 Mean
1bs/A ‘
rye 7294 7261 7038 7197
vetch 5342 5221 5117 5227
peas 6030 5434 5648 5704
check 2908 2241 2725 2625
Mean 5039 5132 5188
|

5394

'
1

L Significant difference among forage system treatments, LSD -

(P=0.05) = 1042.

2 : :
L No significant difference due to N fertilization, CV = 8.237%Z.



CHAPTER V
SUMMARY AND CONCLUSION

The experiment was conducted in 1977-1978 at the Agronomy Re-
search Station at Perkins, Oklahoma, on a Teller loam soil.

The objectives of this study were (1) to evaluate winter forage
production from five coél season.spécies, (2) to evaluate sudangrass
production at different N fertility lévels‘following the cool season
species, and (3) to evaluate total productivitylof thgse different
systems. |

The experiment was condUctéd in two stages. ' The first stage,
starting October, 1977, consisted of cool‘season legumes, hairy vetch,
Austrian Winter field peas, Yuchi arrowleaf clover, Meechi arrowleaf
clover, and Okema rye plus an uncultivated plot as check.

| At the second stage of experiment beginning in June, 1978, sudan-
grass wés plénted_in ailkplots following the harvest of the first crop
to serve as a biological indicator of the N status of the soil follow-
ing the previous cr;ps. Three levels of N of 0, 30, énd 60 pounds per
acre were applied to all sudangrass plots as the soil fertility treat-
ments.r

The temperature and rainfall played a very important role in the
establishmenf of the first part of the experiment as far as the legumes
were concerned. Unfavorable climatic conditions resulted in a poor
establishment of Yuchi and Meechi plots and they were removed from the

experiment.
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Rye produced significantly more forage than the vetch andvpeas in
the first part of the study while there was no significant difference
in tne yield between these two legumes.

At the second nart of the study, sudangrass yields showed no
significant response due to either the preceding legumes or the levels
of N fertiiiier applied.

The accumulative‘forage production of cool season species and
sudangrass was highest with the rye system followed in order bf the
peas, vetch, and check systems. No significant difference was obtained
between peas andvvetch systems while they both produced significantly
more fcrage than the check System.

Under the unfavorable climatic conditions of this test, the high

‘ : |
initial N level in the soil and the soil pH of- 5.5, it could not be
detefmined if N fixed by a preceding crop or applied as N fertilizer

had an influence on sudangrass production.
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