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CHAPTER I
INTRODUCTION

The principal reasons for this study were to determine the
yields of alfalfa under the levels of mansgement as practiced by
farmers in Putnam County and to determine the potentials for
increasing the yields by additional applications of fertilizer. No
attexpt was made to measure all mansgement practices used by Putnsm
County fermers in elfalfa production. However, general observations
mmmmmmmmmsm
measured and related to yleld. No ettempt was made to determine the
meximm production of alfalfe under optimm conditions and & high
level of management on the soils studied.

Within a given exvironment the success or fallure of alfalfa
is dependent upon the managerial skills end abilities of the farmer.
With few exceptions, the mutritive elements required for the production
of alfalfa must either be supplied through reserves in the soil or
additions to the soil. With these things in mind this study was
designed to determine some of the effects of some soil properties,
‘W,memueummwurﬁnwu
period of time.



CHAPTER II b
LITERATURT SEVIEN
A. SOTL REQUIRRMTLS FOR ALFALFA

Seientists have shown that the nutrition of plants is very
complex and affected by many factors besides the nutrients themselves.
It is for this reason that a brief discussion of the soil requirements
for alfalfa is necessary.

According to Parks (12), the choice of soil determines to a
great extent the yield potential of alfalfa. Alfalfe is a deep-rooted
legume and grows best in a deep, well-drained, well-aerated soil which
usually has red to browm subsoil.

Blaser (3) states that alfelfs has a deep taproot system that
requires more soil oxygeu than meny forage plants. These conditions
can be found in well-gerated soils that do not have a high water table
or poor drainage due to a restrictive layer. Ito&aliummdaep
root penetration, alfalfs is more productive even during dry periods
than shallow rooted erops. It is, therefore, best to select soils that
ere deep and well-drained for establishment of new alfalfa seedings.

B, ESTABLISHMENT OF ALFALFA STANDS

Davis (5) has said that the most important fector in successful
alfalfa production is the establishment of a good stand. He gave ten
rules to follow for successful esteblishment of an alfalfs stand.
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Blaser (3) has said, "It is somewhat easier to establish stends
of alfalfa then of other small-seeded forage crop legumes; however,
alfalfs demands & rather specific root emviromment. He also gave some
rules for successful establishment of alfalfa.
Pendergrass and Twrner (14) and Bishop and Twrmer (2) gave eight
rules to be followed for successful alfelfa production. They are:
1, Select land suiteble for alfelfa.
2, Prepare a compact, weed-free seedbed.
3¢ Select a high-yielding, winter~hardy variety.
k. Apply lime in edequaste quantity.
5. Use an adequate amount of the right kind of fertilizer.
6. Inoculate seed properly.
7. Do the seeding job right.
8. Menage the stand carefully.

C. ALFALFA FERTILIZATION AND LIMING

In field demonstrations conducted by Bishop snd Twrner (2), alfelfa
yields were increased as much as 309 to 4OF by annual fertilizer applicae
tions.

In experiments by Parks (12), there was little respomse from
epplying o topdressing of fertilizer in the first spring following a fell
seeding. In most cases, spring topdressing on alfalfs should stert after
the first production year.

Wedin, Burger end Ahlgren (18) found incresses in forasge yield
from high rates of fertilizer were most evident on soil types which had

lower productivity ratings.
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Stivers and Ohlrogge (15) of Indiana, found the longevity of
an alfelfa stend depended more upon potassium fertilization than upon
phosphorus fertilization, even though one of the soils used in their
experiment wvas low in sveilable phosphorus.

Christy (4) stated that regular annuel applications of potash
and phosphate are the key %o a thick, vigorous stand of alfalfa. A
nmwmmmmwwnnmuksmafpaosm
180 pounds of potash.

Davis (5) has said, "A ton of alfalfa hay removes sbout 10
pounds of phosphoric acid, 40 pounds of potash, 28 pounds of caleium
and seven pounds of magnesium.

Gerwig (8) stated that after the first sesson nitrogen applications
| tended to discourage nitrogen fixation, to decrease yleld and stend, and
to increase weed competition. He also found a 50-pound application of
Py05 to be beneficial only after three years, in soils testing medium in
phosphorus. Higher applications, on the other hand, proved to be of no
velue and sctually decreased yields over a five-year pericd. The
‘ detrimental effects of high phosphorus trestments were believed to be
the result of a deficiency of minor elements. In his experiment, Gerwig
|
| found that vhere no potash was spplied, deficiency of potassium was

responsible for loss of 98% of the stend over a five-year period. He
‘ WMM&W@&M&&&M«@»&%“
needed to insure meximm yields.

MacGregor, Browmell, end Nelson (10) found topdressing with
camercial nitrogen of little value in alfglfa production. Annusl

| applications of phosphete and potash with a moderate amount placed on
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the field at seeding time was of more value than a large initial
application with no amnual applications. There was little difference
between applications of fertilizer in the spring and in the fall until
the stand was about three years old. After three years the spring
application seemed to be more favorable. They expressed the opinion
that adequate fertilization resulted in more efficient utilization of
soil moisture.

In experiments by Nelson and MacGregor (11), there was no
significant difference in yield between fall and spring applications
of fertilizer in eight fertilizer treatments studied over a three-year
period. Highest total yield for the three-year period (13.52 tons)
was obtained with 1,000 pounds of 0«20«20 fertilizer applied in the
spring before seeding plus 200 pounds of 5-20-20 topdressing for the
second and third crop years. With the same initial treatment but e
topdressing of 200 pounds of 0«20-20 fertilizer annually, the yleld for
a three year period was 13.4% tons, indicating that the inclusion of the
nitrogen had no significant effect. mwmxmwmdm
plot was 9.69 tons per acre. Ammual topdressings appeared to be most
efficient, especially in the application of potassium.

‘Haser (3) stated that eastern solls ave %o low in phosphorus,
potassium, and boron to grow good alfalfa. However, he found when these
were added whe yilelds of alfalfa were greatly increased.

Parks and Chepman (13) found liming to & pH of 7.0 to 7.3 increased
alfalfs yields. In their experiment comparisons were made on a Mawry soil



vith a pH of 6.5 and limed to 7.0-7.3. Phosphorus and potassium were
applied at uniform rates. Over a five-year period the plots limed to
the higher pH level showed a 3.5 toneper-acre inerease in yield over
the unlimed plot. At the end of the five year pericd the stands on the
plots with the higher pi were much better than those of the unlimed
plots.

Davis (5) stated that lime should be applied to bring the soil
within a pH range of 6.8 to 7.0,

D. PREVIOUS STUDY OF ALFALFA IN PUTHAM COUNTY, TENNESSEE

A stuly of alfalfa production in Putnam County, Tennessee was
conducted in 1958. Most of the farmers in the county normally expect
to get three to four cuttings per year with a total lifee-span of three
to four years. Yields in 1958 were relatively lows This was probebly
the result of poor menagement., Most of the farmers used a low rate of
fertilization at seeding end topdressings vere st low rates and not
elveys made snmually. Most of the farmers, however, followed other
Mmmmtms.l

E. TIME OF CUTTIIG

Wakefield (17) found that alfelfa yields could be increased Ly
removing the first cutting at the early bud stage and later cuttings

1/Joseph H. Veden, "Relationships of Soils and Management o
Esteblishment end Yield of Alfalfa in Putnam County, Tennessee"
( )mmmw thesis, the University of Temnnessee, Knoxville,
1! PDe
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at the one-half bloom stage. Cutting at these times alone increased
the quality of hay,

In en experiment by Elaser (3) highest yields were obtained when
the first cutting was removed in the bud stage and subsequent cuttings
in the one-tenth bloom stage. Yields almost this high were obtained
wvhen glfalfa was cut in the full-bloom stage. However, the quality of
hay was lower when cut in full-bloom., If orchardgrass is mixed with
the alfalfa, making the first cutting early reduced the stand of
orchardgrass.




CHAPTER III
METHODS AND PROCEDURES
A, LOCATION AND ESTABLISHMENT OF PLOTS

In this study, cooperation of the farmers was of paramount
importance. Those concerned were contacted in the winter and early
spring of 1959, and plans for the experiments were discussed in
detail.

The original plan was to use only two soil series in the
experiment. These were Mountview, a soil from a thin loess layer
overlying old residual materisl, and Weynesboro, a terrace soil. Due
to the limited number of stands of alfalfa on these soils, the plan
was later altered to include other soil series. Twenty fields of
alfalfa that were seeded in 1957, and 22 fields that were seeded in
1958, were selected for the fertilization study. On each field, two
rates of fertilizetion were employed. A fertilizer of a 0-10+20
snalysis containing 5% borax was selected because this retio and
analysis appeared to f£it the soil conditions and plant requiremente
best. The rates of fertilizer applied depended upon the previous
fertilization and the amount of fertilizer the farmer was willing to
apply. Ome plot was fertilized at the rete chosen by the farmer for his
cammerciel crop. The other plot was fertilized at a higher rate. All
plots were topdressed in late Februaxy, March or early April 1959,
before the first cutting was made., Yields from these plots were
harvested separately on the same day.
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Locations of the plots were recorded on aerial photos which

have been retained as permenent records.
7
’
B. COLLECTION OF SELECTED MANAGEMENT DATA

Menagement data were collected by recording on mimeographed
forms the informetion obtained from individual farmers. A copy of "
these forms mey be found in Appendix A. Mensgement as used throughout
this thesis is defined as any practice that can be controlled by a
farmer that would influence yield.

| C. COLLECTION AND ANALYSIS OF S0IL SAMPLES
|

Soil samples were taken from the surface six inches of the fields

| in the winter of 1958, and leboratary tests for pif, availsble phosphorus
and potassium were made by the research solls laboratory et the University
of Temmessee. Tests were later made for caleium and magnesium on some
fields., The methods of testing were the standard testing procedures used
in the University of Temnessee soils laboratory.

D. ACREAGE MEASUREMENTS
The field boundaries were marked on serial photos (scale one inch

Acreages of the experimental plots were calculated from measurements

equals 660 feet) and total acreage was determined by & planimeter.
made with a 100«~foot steel tape.
|
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E. ESTIMATION OF STAND COUNT AND VIGOR

During the period of June 15-19, 1950, counts were made of
stand density while percent full cover, and percent of cover that was
alfalfa vere estimated. MMWWVMmml
The determinations were made again during the period of September 9-11,
1959. A copy of the form used may be found in Appendix B.

F. COLLECTION OF YIELD DATA

Alfalfe yields were measured much the same way as Veden did in
1958, The mmber of bales from each plot vas counted and & representa~
tive sample of bales (usually 10% of the total) was weighed to arrive
et an aversge weight. On the few farms vhere baling was not done, hay
wes obtained from two 36 square~foot blocks in each acre. It was
weighed when the hay wae dry enough to be baled. The hay yields of
cuttings that were lost due to rain were estimated by the farmer who
used the weight of another cutting as & guide. Although this does not
assure as much accuracy as the weighing of bales, it does give an
estimate of the amount of forage lost.

G. MEASURRMENT OF WEATHER CONDITIONS

The weather data for Putnam County were obtained from the U. S.

yJouyh H. Veden, "Relationships of Soils and Mansgement to Establishe
ment and Yield of Alfalfe in Putnam County, Tennessee" (Unpublished Master's
Thesis, University of Temnessee, Knoxville, 1958) pp. 1he15.

?/m.. PPe mlh



1n
Weather Buresu Stetion located st Cookeville, Tennessee. Weather data
for 1957 were recorded by Vaden.® The westher dste collected for 1958,
end 1959, may be found in Appendices C, D, end E. These dats will be
discussed in more detail later.

H., IDENTIFICATION OF SOIIL MAPPING UNITS

Soil types of the fields used were identified by Jackson, Bacon,
and Cox, ©Soil Conservation Service, of the ecoperative soil survey
m,mam,mhmmu,nszmmw,
University of Tenmessee: Individual fields vere acceptable vhich incluled
less than 25% of other soil mapping units. Descriptions of the soils,
with the exception of the Bewleyville and Cumberland series, have been
s&mwvum.s A description of these series may be found in Appendices

F and G,

ym.’ TDe Mo

meserkm, Sem Bacon, snd Buel Cox, "Identification of Soils
and Description of Soil Profiles.” U, S. Dept. of Agric. Soil
Conservation Service, Private Commmication, 1959.

yﬂuﬂ.uﬂ. Gass, "Identification of Soils and Description of Soil
Profiles." Assistant in Agronomy, University of Temnessee, Private
Communication, 1959.

ng He Vaden, ODe 9}_&0’ Ppe 19-22,



I. MAINTENANCE OF STAND RECORDS OF STANDS STUDIED IN 1958
THAT WERE NOT USED IN THE 1959 FERTILIZATION STUDY
IN PUTNAM COUNTY

A record of the 38 fields studied in 1958, that were not used
in the 1959 fertilization study wes also kept. The yields from these
fields were measured in the mamner previously outlined and the stands
were evaluated in the same manner as the fields used in the fertiliza-

tion m.



CHAPTER IV
FINDINGS AND DISCUSSION

A. SOME OBSERVED AND MEASURED FACTORS WHICH MAY CONTRIBUTE
TO SUCCESS OR FAILURE OF ALFALFA

Many factors enter into the success or failure of an alfaifs
stand. Sowe of the factors which contribute to the success or failure
MM&&WL@“WOW&;WM«:.W,
and soils. These factors are discussed in detail in the following

Management practices followed by the farmers appeared to be the
mwmmmmwmwmmmmm
of high ylelds of alfalfa. Some of the practices are listed below.

were seeded in 1958, and used in the 1959 study, the seeding practices
indicated that the farmers in most cases were conforming to the recommended
methods of seedbed preparation and rates of seeding. Of the 22 fields,

14 used the reconmended practices, ineluding summer fallow. The other
eight used the recommended practices with the exception of summer fallow.
The rate of seeding was from 20 to 25 pounds per acre for all the 22
fields seeded.



fertilization was below that recommended for establishment of alfelfa.
In more then 70% of the stends studied in 1959, the initial rate was

less than 500 pounds per ascre of a 6-12+12 fertilizer., Table I is a

sumexy of fertilizetion practices carried out on the T0 elfalfa stands
studied in 1959.

Applications of maintenance fertilizer were greater in 1959 than
in 1958, Fifty~four percemt of the fermers applied no topdressing =t
all in 1958 and of the 22 farmers who did topdress, 64% of these applicd
~ less than 400 pounds of a 0-9-27 analysis. On the seme stands in 1959
less than 32% epplied no topdressing and 4% applied more than 450
pounds per acre. Of the 22 stends seeded in 1958, 23% applied no top=
dressing, 50% applied less than 400 pounds per acre, and 23% applied
500 pounds or more per acre of a 0«10«20 analysis. The increase in
topdressing may be due to increased interest of the farmers created by
the study. A sumexy of the fertilization practices may be seen in
table 2. Fertilization on individual fields is included in Appendices
H, I, end J.

In most cases sufficient lime was epplied to raise the pH to 6.5
or sbove. In 1959, TOH of the L2 fields tested pil 6.5 or above. The
munber of fields testing in the pH range of 5.1 to 5.5 was 1; of 5.6 to
6.0, 3; of 6.1 to 6.5, 13; of 6.6 to 7.0, 13; and of 7.1 to 7.5, 12.

The rate and time of lime application, along with the seeding
dates, are given in Appendix N. Farmers may not be applying lime fer
enough in advance of seeding for the lime to react with the soil before
germination. Of the 71 stands listed in table 3, more than one~half



Table l.e-Number of selected stands of 1957 and 1958 seeded
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Teble 3.--Sumary of time of seeding and time of lime
application on selected 1957 and 1958 seeded
alfalfe stands in Putnam County, Tennessee.
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received lime less than two months before seeding.

Inoculation. Most of the farmers inoculated their seed with
new inoculant and followed the recommendations on the inoculant packeges.
Of the 22 stands seeded in 1958, only two were not inoculated.

Cutting practicess It was observed in visits throughout the
summer that many of the farmers were not cutting their hay at the
recomended maturity stage, which is one~tenth to one~half bloom., More
than half of the stends were allowed to overmature at least once. Farmers
gave as their reasons for not harvesting at the proper time either
unsuiteble weather or competition for their time by other crops.

1
As stated by Vaden the weather in the fall and winter of 1957

was cold with a low rainfall. A study of table 4 reveals that the total
groving season of 1950 had an sbundance of rainfall even thoughthe
yearly average was low. The month of April had 2.6 inches of rain more
than the long-term mean of 4.4 inches for the County. The months of
My and June, however, fell 2.2 inches short of the long-term means
of 8.8 inches, with small rains distributed throughout these momths.
Extreme verisbility in rainfall conditions in the fall of 1958 mey have
had an influence on the high rate of stand failures for the fall seedings
of 1958, Of 51 stands of 1958 seedings of alfelfe that were checked, 22

were failures.

yJotm H. Veden, "Relationships of Soils MW to Establishe-
ment and Yields of Alfalfa in Putnam County, Temnessee” (Unpublished
Master's Thesis, University of Temnessee, Knoxville, 1958) pp. 232k,




Table k4. ~--Comparison of long~term mean (IMM) reinfall for s
2heyear period with rainfall for the years 1950 and 1959
in Putnam County, Teunessee.




During the recommended seeding period rainfall was only 3.02 inches.
Of this 2,80 inches fell on 2k and 25 August. This period was followed
by en sbundence of rainfall in the latter part of September, Following
this was an extremely dry October with only 0.79 inch of rainfall during
the entire month.

Rainfell for the growing seeson of 1959 was low. The total for
the months of April, Mey end June 1959 was 4.75 inches less than the
long~term mean of 13.13 inches. Even though the rainfall was low for
these months there were frequent small showers during late May and early
June. These caused loss of the first cutting of hay on 12 fields and
wmmmmnmmaamamm. On
eight fields other cuttings were lost due to rain. Three farmers lost
two cuttings of hay, WMM%MWMWM“
cuttings may be found in teble 5. |

The average percent of forage 10st on the sampled fields was
determined by dividing the aversge forage lost by the average yield of
forage per acre for all plots studied. The average percent of forage
lost on fields with a loss was 355 end for all fields studied 9% In
this instance as the yields increased there was less loss from rain
dameges. These yields are obtained from the farmer fertilizatiom plots.

The maximum end minimm temperstures and rainfall for 1958 and
1959 are given in Appendices C, D and E.

Soils
For the most part alfelfa was seeded on soils that had a deep,




Table 5.-~Forage loss because of rain in 1959 from 20 of
67 alfelfa fields in Putnam County, Tennessee,

2 : 32
6 1200 1200 6310

7 1840 60 1900 ES.IO

9 2100 2100 4340

10 2500 2500 9300 27
19 1000 1000 3960 25
29 1800 1800 5570 32
30 1800 1800 ﬁ" 55
21b 1000 1000 0 17
32 1600 1600 5380 30
39 1500 1500 61 24
52 2000 2000 6£ 33
53 2000 2000 6550 n
56 1800 700 2500 3210 78
gg 2100 %gg 5190 gg
63 1800 1800 5650 32
68 1500 1500 5030 30
T2 2000 2000 3530 5T
7 2000 2000 6800 29

Averages:

All fields with 1088 = = = « = = = = = » « 1880 5430 35

All fields s s s v s m e v c s cm o wee 560

o
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permeable, red or yellowish browm subsoil. In a few instances, however,
portions of fields used for alfalfe had spots with poor drainage.

B. COMPARISON OF SQME OBSERVED AND MEASURED FACTORS
OF 1950 WITH THOSE OF 1959

Soll Tests
A comparison of the soil tests of selected alfalfa fields in

1958 with tests of the same fields in 1959, may be made using the data
in table 6. There was little change in pH in 75% of the fields. In
90% of the tests the availsble phosphorus and availsble potassium were
higher in the 1958 tests than they were in the 1959 tests. It is
believed in most of these instances the differences were due to
varistions in the samples themselves rather than a change in the field
as a wvhole, Although the sampling procedures were the same in both
years, small fertilizer particles could have been picked up in some of
the samples, thus greatly influencing the tests. The samples in 1958
were taken approximately six to seven months after the initial fertilizer
applications. The 1959 samples were taken approximately one year later.
On spproximately half of the fields a topdressing was applied in 1958,
and the 1959 samples were taken approximetely nine months after this
topdressing application. This was not sufficient date on vhich to base
any conclusions but it did indicate that soil samples taken before
fertilizers have completely reacted with soil mey not show an accurate
estimate of the fertility.



Tsble He=-Results of soil tests in 1958 and 1959 on selected alfalfs fields

mqqxzxgazqmumzna:aamu
FRGEEIFRERRRRAZZAENR

smafannase=zPElaaxExE

® ﬁs‘w o VOO maawaa Mhﬁ SN am

mzmmmgqmqsuqmmqmmqmm

ARARA SRS AR BRI NTAER

Bl sampmunPananmanB

SVRTOTORARRNTRIJATRN

2gRYge g anRadddgans

E
Es%%
sk



2k

fields

A comparison of the yields on the 1957 seeded stands used in the
1959 fertilizetion study can be made from table T. mmmovm
the normal farmer fertilizetion was used, yields were slightly higher
in 1958 than in 1959. This decrease in 1959 yield is slight, however,
with an average decrease of only 100 pounds per acre. The plots with
the higher rate of fertilization showed an increase of 1510 pounds per
acre over the 1958 yields and an increase of 1620 pounds per acre over
ed joining plots with the lower rate of fertilizatiom.

Stand Eveluations
Stand evaluations were made on the alfalfa fields in 1959 in

much the same way 26 in 1958. The stand evaluation data by plots and

the soil type may be found in Appendix K. These data indicate that the
mmber of plants per square foot had decreased by 38%, while the percent
cover had incressed slightly and the percent of cover that wes alfelfa
hed decreased. Two stends have decreased to less than 1% alfelfa. This
explains & large portion of the aversge decresse in plants per square

foot and percent alfelfa.

C. STANDS USED IN THE 1958 STUDY THAT NO LONGER
REMAIN AS PRODUCTIVE ALFALFA FIELDS

The study in 1958 consisted of 50 stands. Of these 50 stends, |
seven were dropped as fallures before the end of the 1958 growing season.
Records were kept of the remaining 51 productive stands dwring the
groving season of 1959. At the end of the 1959 growing season all fields
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were visited and it was decided to discontinue a field as a productive
alfelfa stand when the percent alfalfs dropped below 50%. At the end
of the 1959 growing season, 18 or 31% of the stands studied in 1958
had been dropped as productive alfalfa stends. The reasons for
discontinuance were as follows: five stands were failures at seeding,
two stands were twrned under, two stands were placed in the soil bank,
end nine stands decreased to less than 50% alfalfs. Of the stends with
less than 50% alfalfe, five were turned to pasture.

D, 1958 SEEDED STANDS THAT WERE CHECKED

Many poor stands of alfalfs were obtained from the 19580 seedings.
Fifty-one of the fields seeded to alfelfa in 1958 were checked at rendom.
Of these 51 fields, 22 were stand failures. The exact reasons for these
failures ere not knowm. As previously stated, the weather msy have
played a great part. The farmers gave reasons such as: (1) late seeding
on 12 fields, (2) followed soybeans with their alfalfa on three fields;
(3) poor seedbed preparation on four fields; and (4) competition from
companion crops on three fields.

E. COMPARISON OF YIELDS FROM FERTILIZATION STUDIES
In 1959

As previously stated there was & total of 42 stends used in
the 1959 fertilization study. Of these 42 stands it was felt that
accurate records were not kept on three of the stands, the owmers
mmmmrw.mmamw. Thessicre, these
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three stands were not used in comparing the resulte of the study.

Of the 39 stands used in the comperison there were increases
in yields from the higher fertilization rate on 32 of the fields. The
reason for a reduction in yield on the higher fertilization plots in
seven of the stends is not known.

A sumary of the average yields and mmber of plots from each
soil type may be found in teble 8. A review of this table shows an
aversge increase in yleld from the higher fertilization on all soils.
The inecreases in yields from higher fertilization were obtalned on the
goils in the following order: Baxter, Cumberland, Mountview, Bewleyville,
Hermitage and Weynesboro. The highest inereases in yields from increased
fertilization were obtained on the Baxter soil with a LO% increase in
yield from spproximetely an 800 pound per acre increase of fertilizer.
The Baxter soils were also leading in the average yield of forage with
an average yield of 9950 pounds per ascre on the higher fertilized plots.
The nunber of observetions on this soil, however, were too few to predict
this as being aversge for all Baxter soils. It does indicate a need for
mmm&m«m-m.
 There were good stends of alfalfs on all soils stuled, Frem
general observation by the auth-r, mavegement of the stands during seeding
and after seemed to pley a major role in alfalfe production.

F. EFFICT OF AGE OF STAND ON ALFALFA PRODUCTION 3

The Waynesboro wae the only soil used in the test with sufficient
samples to test the effects of the years since seeding on yield. The
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older stands had a higher yield on both the high end low fertilizer
treatments. When age of the stand alone is considered, on the plots
with the low fertilization treatment, the increase in yield due to
one years'age was grester then increases on the higher treatments. The
low fertilization stands in their second year of production averaged
1500 pounds of forage per acre more than the stands in their first year
of production. This difference was not as great, however, on the stends
recelving a double rate of fertilizer. On these stands the increase in
yield for the second year of production was only 40O pounds of forage
per acre. The average increase in yield of forage per acre from the
higher fertilization plots was twice as much on the stands in their
first year of production as vas the increase in their second year of
production. The plote in thelr first year of production hed an average
inerease of 2200 pounds of forage per acre from the higher fertilization
vhile those in their second year of production had an increase of 1100
pounds per acre. The reason for this inerease from fertilization in the
younger stends was probably due to better utilization of soil fertility
by the older stands. The young stands had a less well developed root
systen and therefore was more dependent on the fertilizer added.

G. MULTIPLE CORRELATION ANALYSIS

Multiple correlation analysis was chosen as a means to analyze
these data. Reasons for choosing the multiple correlation were: 1)
to isolate the relationships of inputs occurring in verying rather than
discrete amounts, 2) because of a amsll mmber of observations, end 3)



to study the effects of all inputs simultaneously.
The general equation used to analyze the date is:
At R Gyt Dy Kyt Yy Ny D Ky g Kt Dy Ky ¢ Dy Xy
The following is the legend for the components of the equation:
Xy = Yield of forage per acre in 100 pounds.
X = Pounds of weeds and grasses per acre in 100 pounds.
X = L, Phosphorus soil test (pounds per acve)
x“-znpaosm(pmmm)
X5 = I, Potassium soil test and potassium added (expressed as pounds
of K per acre).
Xg = Iy, Soil 3
xq-xwmmm
Xg = Calcium-magnesium ratio in soil.
& = Point at which the cwrve line crosses the Y axis.
by = Representative pertial regression coefficients
Ly = Natural logarithm

mmmmuumamamﬁj‘m%w@mmwm
regression line. This shows the units inerease or decrease in the
dependent varisble with each unit increase in the independent variable.
The pertial regression coefficients for this equation are shown in
table 9. An example of a partial regression coefficient from table 9
1;x6mﬂnumu«m1. For each unit increase in pH there was
a reduction of 307 pounds of forage.
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The verisbles used in the equation are discussed later in the

chapter.

Standard Errors for Partiel Regression Coefficients (81)_

The standaxd error of estimate shows how nearly the estimated
values agree with values actually observed for the varisble being
estimated. This coefficient is stated in the same wnits as the originel
dependent varisble, end its size can be compared directly with those
values. In this equation the standard errors were large compered with
the partial regression coefficients. This was largely due to a small
nuiber of observations. The mubers of observations on the Bewleyville
were 14, Mountview 16, and Waynesboro 36. These standard errors are at
the confidence limits of 66-2/3% probebility. The standard errors ere
shown in table 10,

The coefficlent of partial determination shows what proportion o
the variance in the values of the dependent varisble can be explained by,
or estimated from, the comparable variation in the values of the indepen~
dent varisble. In this equation the largest coefficients of partial
deternination were obtained on the Bewleyville soil. Of the seven
independent verisbles measured potassium, pi, and ege of stand had the
largest explanation on all soils.

The coefficients of multiple determination show the influence
expressed by the independent variables upon the dependent variable. In
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this equation the largest coefficient of multiple determination was on
the Bewleyville soil. The seven varisbles measured explained 94% of the
total yield, These seme variables only explained 30% of the yield on
the Waynesboro soil and 43% on the Mountview soil. The coefficients

of partial and miltiple determination for each soil are showm in

- ‘table 11.

These coefficients are discussed later in the thesis.

Three soils were used in the miltiple correlation. The soils
used were the Weynesboro, Bewleyville and Mountview series. These three
s0ils were chosen because of their more sbundant use for alfalfa in
Putnem County and because they are considered to be suited for alfalfa
production.

The equations obtained from enalyzing the data are as follows:
Veynesboro Series ¢\

Yield = «13.633 + 767 (pound weeds and grasses) + 3.193 (L,P test)

+ 4,690 (L, Py0g added) + 13.686 (I, K added + test) + 10.343

(L, pH) + 8,102 (years since seeding) + 1.016 (Ca/Mig ratio)

Vowntview Sexies 2!
Yield = 606,41 + .34 (pounds weeds and grasses) = «T7(L, P test)
~3.81 (Iy Py0; added) + 42.91 (L, K added + test) - 307.M4 (I, pif)
+ 19,90 (years since seeding) + .39 (Ca/Mg ratio)

Bewleyville Serles b o
Yield = 59.8 + 3,06 (pounds weeds and grasses) + Lho1h (I P50g
added) = .390 (L, P test) + 25.16 (I, K added + test) ~ 24,99

(L, pi) + 17.30 (years since seeding) - 2.88 (CafMg ratio)
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Pounds Weeds es = Yi
mthethraeloilsusedinthestmytheremcpoaiﬁve
cmelatimmthewbdpmm:orfmpermmdmm
of weeds and grasses. The highest correlation was on the Bewleyville
soil. For each one hundred pounds increase in weeds and grasses there
was an increase of 300 pounds of total forage. This large percentage
of weeds and grasses on the Bewleyville soil is probably due to most
stands on this soil being in their first year of production whereas
~ on the other two soils most were in their second year of production.
It should be noted, however, that for 1000 pounds of weeds and grasses
on the Bewleyville soil, the yield of alfalfa was approximately 4000
pounds. On the Weynesboro and Mountview soils for 1000 pounds of weeds
and gresses there was an alfalfa yield of approximstely 5500 pounds. The

response curves for this variable are shown in figure 1.

The response to soil phosphorus was too small on all soils used
in the correlation to draw any conclusions. The coefficients of partial
determinstion (r®) were 013 for the Weynesboro, .000 for the Mountview,
and ,007 for the Bewleyville soils. This relstionship may be seen in
figure 2.

PZOS Added - Yield Relationship

A positive response was obtained from phosphorus added on the
Bevwleyville and Waynesboro soils. The larger portion of this response
mhlwtheﬁpmmaPecsMﬂtthc\m
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approaching the horizontal for rates added in excess of 75 pounds.
This is similar to the response found by Gerwig (8) who found no
mspmseeo?zosmedinmuotsom. There was a negative
mmsetora%mthew“m:. Also there was a reduction
in yield vith an incressing pi. Accarding to Hoagland (9) en
increase in calcium concentrations msy reduce the upteke of phosphorus
in some plants., An interrelation of these two elements could have
mmmmmmmtoraosmmmmmwm.
%emmaecmntwrzosmwmhmlmm

in figure 3.

Potassium - Yield Relationship

The potassiun determined by the soll test and poiassium added
to the soil as fertilizer were combined for computation. !ﬂwKaO
added was converted to pounds of K per acre. These two forms were
considered the availsble K for plants.

There was a positive response to potassium on all three soils.
The greatest response was obtained on the Mowntview soil.

A possible reason for the greater response on the Mountview
s0il may have been due to the low level of potessium in this soil. It
whmtmtﬁthWOinPa%Mpxthsmm
vas a decrease in yield, These decreases could have been caused by a
potassium deficiency limiting the response. Then when higher levels of
potassium were added & large response was obtained.
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A higher potassium supplying capecity of the Bewleyville and
Weynesboro soils may have been partially responsible for a less response
to potassium than was obtained on the Mountview soils.
Response curves for potassium yield relstionship ave shown in
figure k.

‘mwmﬁmﬁmmﬁmfmwmm
Waynesboro solls The Bewleyville and Mountview soils hed decreasing
vields with increases in pH, This may have been caused by low levels
of potassium or other elements on the soils with higher pH.velues. The
Mountview soils showed the greatest response to potassium. It also had
mwﬁmdmummwm This may have been
due to the large supply of caleium creating & decrease in uptake of
the already low level of potassium,

Response curves for pHeyield relationship are showm in figure 5.

The alfelfs stands used in this correlation were either in their
first oo second year of production. On the three soils there was a
positive increase in yield with the increased time since seeding. This
was possibly due to a better developed root system which penetrated deeper
into the soil mass and also had more lateral roots for soil contact.

The yields for the two years are shown grephically in figure &.
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Figure 5.--Relationship of pil to yield of forage om Bewleyville (B),
5 Mowntview (M), and Waynesboro (W) soils.
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The Bewleyville was the only soil tested that had a negative
response to the caleium-magnesium ratio. On the Bewleyville soil for
each unit increase in the calciumemagnesium ratio there was a decrease
of 288 pounds of forage . 89 pounds. The Weynesboro and Mountview
soils, on the other hand, had an increase in yield with en increase
in the calcium-megnesium ratio. This may have been due to an inter-
relationship with potassium or to subsoil megnesium. According to
Hoagland (9) an increase in sbsorption of potessium will in general
tend to decrease the absorption of caleium and megnesium.

The calciumemagnesium ratio - yield relationship curves ave
presented in figure T.

a large influence on the total yield. The calcium-megnesium ratio had
the greatest influence on total yleld. However, the influence was in the
opposite direction from that which one would expect. The total yield
increased as the calcium-magnesium ratio ineremsed. Of the seven
variables measured on this soil the coefficient of multiple determination
(F°) vas only .302. This indicates that an wmessured verisble or
varisbles had much more influence on yield than these seven measured
varisbles. For the highest and lowest levels of inputs and yields with
other measured variables held at the average on this soll see table 12.
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Correlation on Mountview Series

Potassium, years since seeding, and pH had the greatest influence
on yield of any of the variables measured on the Mountview soils. There
was a negative response to pi on this soil. There was no significent
response to soil phosphorus or to phosphorus added on this soil. The
coefficient of multiple determination was also low on this soil. These
seven varisbles measured accounted for only 43% of the total yield. This
indicates a need for further study with more variables being measured.
For the highest and lowest levels of inputs end yilelds with other measured
variables held at the average on this soil, see table 13.

Responses to all variables measured were greater on this soil than
on either of the other two soils. Coefficients of pertial determination
(r®) were high on all variables checked with the exception of soil
phosphorus which wes only .007. The coefficient of miltiple determination
(%%) was 943 on this soll. This mesns that variations in the seven
variebles measured accounted for 9 of the varistion of total yield. For
the highest and lowest levels of inputs and yields with other messured
varisbles held at the average on this soil, see table 1k.
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CHAPTER V
SUMMARY AND CONCLUSIONS

This study was designed to determine the yields of alfalfa
under the levels of management on certain soils in Putnam County and
%o determine the potentials for increasing the ylelds by additional
applications of commercial fertilizer.

Observed and measured inputs indicated that in most cases
farmers were using & low level of menagement for alfalfa.

Varisbles measured were: (1) pounds of weeds and grasses, (2)
soil phosphorus, (3) Py0; added, (&) pil, (5) potessium added plus soil
potassium, (6) years since seeding and, (7) calciumemagnesium ratio.

Weeds and gresses had an influence on yield on all the soils
studied. The total yield was increased by weeds and grasses but the
percent of alfalfa was reduced. Soil phosphorus had a positive influence
on the Waynesboro soils only. This response was only slight and not
significant. As the pH increased on the Bewleyville and Mowntview series
the total yleld of forage decreased. This was probably due to & decrease
in the uptake of potassium snd/or minor elements., There was an increase
in yield with increased potassium on all soils. The largest response
to potassium was on the Mountview soils. Increases in yield were obbtained
on the Bewleyville and Weynesboro soils with an increase in the amount of
P205|dﬂad. On all soils there was an increase in yield with the
increased age of stend. On the Bewleyville soil the yield decreased as
the calciumenmagnesium ratio increased. The reverse of this was true on
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the Mountview and Waynesboro soils.

Under the high fertilization rates used, the various soils

were similar in productivity and gave yields ranging from 3 to 4

tons per acre. At the lower rates of fertilization, yields on
Mountview, Bewleyville and Weymesboro were lower by 2,500, 1,600
and 1,400 pounds per acre, respectively.

0f the above mentioned varisbles the coefficients of multiple
determination (F°) of the soils ave: (1) Waynesboro, .302; (2)

i Mowntview, .432; and (3) Bewleyville, .OU3. This shows that verisbles
do not have the same relative influence on all soils and demonstrates
& need for each soil series to be studied separately. Different
variables should be studied on different soil series rather then the
same variasbles on all series. The cutting practices and weather
conditions should be measured and given more consideration in future
study.

Although this study included only a small portion of the factors
of alfalfs production, it does give some indication of what yields may
be expected on specific soils under the type of management given by
farmers in Putnam County, the response associsted with specified inputs,
and the relative importance of the specified and umspecified variables. ‘
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APPENDIX A

RECORD OF 1959 ALFALFA STUDIES IN PUTNAM COUNTY

OWNER: OPERATOR:
ADDRESS: ADDRESS:
PLANTING DATE: VARIETY:

LAST CROP: DATE OF REMOVAL:
SEEDBED PREP:

FERTILIZER APPLIED AT SEEDING: POUMNDS/A ANALYSIS:
LIME APPLIED: TONS/A DATES APPLIED:
TOP=DRESSING 1958: POUNDS/A ANALYSIS:
TOP-DRESSING 1959: DATE APPLIED:
~ARIERS FERTILIZATION (Check plok): ACRES: POUNDS/A
ANATLYSIS:
EXPERTMENTAL PLOT: ACRES: ____POUNDS/A ANALYSIS:
SOIL TEST: pH AVATLABLE P AVAIIABLE K %0uMa
PERCENT FULL _com: DATE
NUMBER OF PLANTS PER SQUARE FOOT DATE
TINOCULATION: NODULATTON: DATE CHECKED:
YIELD DATA:
FIRST CUTTING: CUTTING DATE:
EXPERIMENTAL PLOT: No. Bales: AvgoWt./Bale:__ Yield/A
CHECK PLOT: No. Bales: Avg.We./Bales Yield/A



SECOND CUTTING: CUTTING DATE:

58

EXPERIMENTAL PLOT: No. Bales
CHECK PLOT: No. Bales
‘THIRD CUTTING: CUTTING DATE:

Avg.Wt. /Bale Yield/.
Avg.Wt. /Bale Yield/A

EXPERIMENTAL PLOT: No. Bales
CHECK PLOT: No. Bales
FOURTH CUTTING: CUITING DATE:

Avg.Wt. /Bale Yield/A
Avg.Wt. /Bale Yield/A

EXPERIMENTAL PLOT: No, Bales
CHECK PLOT: No. Bales

REMARKS:

Avg.Wt. /Bale Yield/A
. hvgt./Bale____Yield/A




AFPENDIX B

ALFALFA STAND EVALUATION

Address Address
Percent full cover Date
Plants per square foot Date

Percent of cover that is alfelfs
Percent of cover that is Tame Grass and legumes other than alfalfs

Percent weeds and/or weedy grasses

REMARKS:

Kinds of Tame Gresses Kind of legumes
|




APPENDIX C

PRECIPITATION IN PUTHNAM COUNTY FROM AUGUST 1957 THROUGH SEPTEMBER 1959
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APPEIDIX E
MAXIMIM AND MINIMUM TEMPERATURES IN PUTNAM COUNTY

JANUARY THROUGH MAY, 1959.
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APPENDIX H

SEEDED ALFALFA STANDS USED AS FERTILIZATION PLOTS IN 1959.

FERTILIZATION PRACTICES CARRIED OUT ON 1957
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Farmers topdressing 1959 Topdressing experimental plots
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APPENDIX I

B

plots Lbs., plant food per acre
K50

Paos

1959 Topdressing experimental
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Initial fertilization
Lbs. plant food per acre
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APPENDIX J

;
:
5
:

FERTILIZATION PRACTICES CARRIED OUT EY FARMERS ON 1957 SEEDED
NOT USED IN FERTILIZATION TESTS IN 1959 BUT STAND RECORDS WERE KEPT IN 1959.
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AFPPEIDIX K

COMPARISON OF STAND EVALUATIONS MADE IN SEPTEMBER 1958 AND cEPTRMBER 1959 INCLUDING SOIL TYPE AND ANNUAL TOPDRESSING
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APPEIDIX K (continued)

Percent full cover and percent

Hmmw%mmw%%um Percent

cover alfalfa cover alfalfea
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APPENDIX M

EXCHANGEABLE Ca AND Mg AND Ca/Mg RATIOS FROM TOPDRESSED ALFALFA

FIELDS IN PUTNAM COUNTY, TENNESSEE, 1959.%

EREGFEREBvowovswn e

=
£8

23228

SREERBRR RRSRRE3EL
8E88LENS

GE8E

410
451

m.e. of Ca was obtained by multiplying P.P.M. of Ca by .005. m.e.
ratio was

. of Mg was obtained by multiplying P.P.M. by .0082,

determined by dividing m.e. of exchangeable Mg into mie. of exchange-



APPENDIX N

TIME OF SEEDING AND RATES AND TIME OF LIME APPLICATION ON
SELECTED 1957 AND 1950 SEEDED ALFALFA STANDS IN

umber

RELERPESEBIREBEREBEBEHES EEEE B 0 onn sy =

Sent. i”"g;g 3 e gg”’a
23':. g bl March
St. 199 35 Sept 199
Sept. 1958 3 Aug. 1958
Sem. 1938 3 e 1958
Sept. 1958 2 Sept. 1958
Aug. 1957 3 July 1957
Sept. 1957 245 July 1956
Sept. ig 2.5 1954
Sept. 2 1955
Aug. 1957 3 May 1957
Aug. 1957 3 Aug. 1957
Sept. 1957 3¢5 June 1957
= B 3 -
» une
Sept. ig 2 July 135?3,
Septe 1958 2 Sept. ' 1958
Sept. 1958 3 July 1958
oS PR S
Mg, 19% : ey 158
Aug. 1958 a July 1958
Sept. 1958 Aug. 1958
Aug. 1958 3 Aug. 1957
Oct. 1957 2.5 Oct, 1957
Mo 195? 0
Aug. 1957 3 Aug, 1957
Oct. lgg 3 Sept. 1959
Aug. b, 2 Aug, 1955
Sept. 1958 2 June
Sept. 1958 2 June 1958
Apr. 1958 p | Feb. 1958
Sept. ig 3 Sept. 1957
M’ “’ mo 1955
Mo 1958 2 Anso
Sept. 1957 L May 1957
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