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Futnam oouaty Is located in tbs north central part of

fennesaeo. It is bounded cm the north by jaokson and Overton

Oountioa, on the east by Fentross and Cujcaberland Counties# on

the south by White and DeKalb Counties# and on the west

Smith County# It includes parts of three of the natural geo

graphical divisions of Tennesseej nanelys The Cumberland

plateau# the Highland Elm# and the Central Basin# The major

part of the County lies within the Hi^land Elm, It has an

approaclmte ares of 288,560 acres.

The average elevation of the Chunberland Plateau is

approadmately 1000 feet above sea level# That of the Highland

Rim is about 900 feet, or nearly SOO feet above the Central

Basin#

The major part of the County Is hilly to gently un

dulating} however, there are areas which are practically

level# SoiM of the land is too rough to bs of importance

in the production of cultivated crops.

®be soils of the County ismy be divided, roughly, into

the following types: The DeEalb sandy loams, in the Cumberland
)
p'iateau section; tlie red-colored silt loams, the "Barrens"

silt loams, and the light gray silt loams or "Crawfishy", all

of which are in the Highland Rim} and the gravelly loaias of

the Central Basin#

The 2)eK&lb series is derived from siliceous and shale

formations. They are fine sandy loaias and have good retentive
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subsoils* Much of the area is ahalXov in depth, the rock often

shoving at the surface* Chemical analysis and crop ea^erimenta

have shown this aeries to be vei^r deficient in both phosphoric

acid and liiae* Chemical imalysis have shown these soils to be

deficient in potash, but crop eajperiments have shoim only moder*

ate returns from the application of potash fertilizers*

The red«»colored silt loams are the most fertile of the

Highland Bim soils* They contain a fair supply of potash, but

are low in phosphoric acid* If properly managed, clover aM

grasses can be grown successfully on these soils. They are of

limestone origin, but are low in lime.

Soils of the "Barrens" type are derived largely from

siliceous formations* They are aawng the poorest and most

difficult to handle. This type is very poor in phosphoric

acid, potash, lime, and nitrogen. Without the use of phosphate

profitable crop production is very difficult* Potash also aids

in producing good crops on these soils#

The chief difference between the "Barrens" and the "Craw««

fishy" soils is that the latter is poorly drained*

Only a small part of the County is occupied by the Central

Basin* Better Crops are pi'oducod on the sollo in this area than

on those previously described* Chemical analysis have shown

that most of them have a fair supply of all the plant food

elements where proper management has been exercised*
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An excerpt ©f Ohemical analyses of soils belonging

to tlM above series is as folloifst

AMALXSES OF TEIiHESSSB SOILS

Section and

kind of soil
Coimty Per cent

Potash

Per cent

Phosphoric
acid

Per cent

Nitrogen

Guioberland Plateau
Sandstone Cumberland 0*080 0*023 0*066

Highland Rim
Limestone
Barrens

Ihite
Putnam

po
 10o

oo
0.070
0.032

0.080
0.070

Central Basin
Limestone Smith 0*222 0.215 0.079

Com la the most extensively grown oxiltivated crop in

Putnam Ooiaity* Other important crops are lespedeaa, wheats

Borghumj oats, clover, and timothy* Crops of minor Importanoe,

from the standpoint of acreage are barley, alfalfa, tobaooo,

Irish potatoes, and sweet potatoes*

Very little experixi^ntal work has been done with Putnam

Covoity soils* A few cooperative field experiments have been

made ipi some parts of the County, the object of which was to

doteriidne the effects of fertilisers upon crops grown in soils

in this section of Tezmessee*

unly a small nu^er of chemical analyses have been made

of the soils in this area; and as yet, no detailed stn^vey has

been reported*

1. Tennessee Agricultural Exporiraent Station Bulletin No* 78,
Vol. XIX* No. 4, *The Soils of Tennessee Their Chemicai
Composition aaad Fertilizer Requirements", 1906, pp. 86-»88.



 

PHOSPHATE EXPEiillL^TS IH THE

VARIOUS STATES

QosmoTiom

2
At thd StoxTd Statloo ̂ in 19X9, was started

ft fftrtillfter experiment on pastxire plate* THa plant nutrlente

that were us^ were lime, nitrogen, phosphorlo eciS, end potash*

In the spring of 1924, the nutrients were added at the :i^ollow->

ing rates in pounds per acres Ground limestonef 2,000i super#

phoaplmte (16^), 500; muriate of potash, 100| nitrate of soda,

150* During the next five years the only fertllisars that were

applied were either nitrate of soda or a mixture of nitrate of

soda azxi stslphate of ammonia wMoh was applied annually.

It was fotand during the second yoar of the experiment

that no noteworthy improvement had resulted from any of the

fertiliaep cocdJinations tliat did not contain phosphate. It

11^8 also notcMl that irtxm eitlier limestone or nitrogen carrying

fertilisers were added in addition to phosphate that there was

a decided increase in plant growth. Expressed in terms of the

untreated plots, the adaitlon of superphosphate increased the

pasture production 80^. If clover hay were worth #13.50 per

ttm »r\A oom silage |6*00 per ton, vaXvie of theee feeds

that could be replaced by one acre of pasture, each year,

receiving no treatment, and the superphosphate treatment woiild

Connectiouo State College Agricultural Experiment Station
Bulletin 190, "Pasture Investigation {Fifth Report)
A Resume of Thirties Years of Research", 1933, pp*
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bo i|@«18 mSL t>X6«53 x<>d8p&otivo3.y« ^Ms showA «n Inorooftml

volluo of ^7«35« Th0 aimuaX cost of fertiliEox* was |0«d4«
This gave a net return of |6»41 per aore eaoh year for
merely adding phoephate fertiliser*

VIRQU-IIA

One of the chief fertiliser requirements for growing
cs

alfalfa successfully in Virginia ia phoophate* in this

state phosphomis can most econonically be supplied in the

fom of acid phosphate and basic slag* Hot less then @00

pounds of acid phosphate# or Its equivalent# is recommended

per acre for alfalfa in thio etate* oocaeionaily# eo much

as 1000 poimds per acxre has been added at the time of seed««

ing with paying results*

In, 1912 some esperiments were etarted to detormin*

the fertilisers that should be used to grow alfalfa most

successfully* The soil which was used for the purpose was

a fine sandy loam* Before the eaEperlment was started# the

soil wae in broom sedge* brlarc# and scrub pines* Com#

beans* and oate were grown for two years before the land

was seeded to alfalfa* Ho moriure or lime was used on the

preceding crops miBitlcaaod# but they did receive light

applications of acid phosphate*

S* Virginia Agricultural Eaqjsrlmont Station Bulletin 221,
"Pertilisors and Their Relation to Crop Production
in Virginia"# 1919# pp»22<«»70*

j*
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^able I 9hovB the results obtainea over a six ;^ear

period#

The results here tabulated represents pounds per
acre of field cured hay. The two most striking
features of the results obtained are the benefits
derived from phosphorus and barnyard manure, which
may be seen by reference to Table I. The results
from the use of phosphorus are consistent all through
the tests.

Taking the Individual plats aM making a sinomary
of these seedlnga over a period of six seasons It is
seen that 16^ acid phosphate alone has given practi*
cally double the yield of imy as that obtained from
nitrate of soda or muriate of potash alone.

The hay obtained from plats to which either manure
or acid phosphate alone was applied or when the two
were applied in combination, was not only more in ^
quanlty but was freer from v/eods and of better qiiality.*

Oom«>« The value of phosphate fertilizer has been shown

on the soils of Western Virginia. These soils are mostly of

limestone origin. Tiuiy contain a siiffloient amoimt of potash

to produce good corn crops if proper soil management practices

are followed, such as the addition of lime once In five years,

and a feasible rotation is used. If legumes are Included In

the rotation, nitrogen fertilizers are not needed. Soils in

this region, as well as in other sections of the state, are

decribely low in phosphorus, A reooaraiended rotaticai for this

section Is t First year, corn; second year, wheat; third

and fOTATth years, clover and grasses.

4. Virginia Bulletin 221., op. cit. p. 24,
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In 1009 an esqperlmnt was atartod. in th» abov® deserlbod

solla uaing the previously loentioned rotation; it was conduct

ed until 1916# The purpose of the oxperiiaent was to show the

response of com, grown in a definite rotation in these soils,

to different fertiliser treataamts. Results of the experimmt

are given in Table II*

Table II» ROTATIOH FSKTILIZER TBST WITH OORM AT BLACKSBURY

Treatment Average yield in
bushels per acre

Average incroaae
for us© of
fertilizer

219 lbs# acid phosphate

100 lbs lauriato of potash

150 lbs# dried blood

409 lbs, floats

4 tons manure annually

16 tone manure once in
4 years before com

200 lbs acid phosphate
100 lbs* muriate of potash

219 lbs acid phosphate
164 lbs, dried blood

100 lbs, muriate of potash
154 lbs dried blood

219 lbs acid phosphate
100 lbs imiriate of potash
154 lbs dried blood

Ho fertiliser

59,38

48,74

41.26

48»9e

e5«52

61,94

55,99

57.06

50.01

61.41

45.23

14.15

3.51

» 3.97(loss)

- 2,28 "

20,29

16.71

10.76

11,83

4.78

16.18

• wee#



jfin ©xamlaatlon of the data prosonted In Table li
shows that In tiiose ea^epJUaents under the rotation
wientioned that acid phosphate was the only oommerclal
fertillisep that gave paying results. Vdien floats
{raw rock phosphate Jwas used as a source of phosphonus,
it is not used on an equal money value basic with
acid phosphate# but both materials were used at the
rate of 35 poiinds of actual phosphoric acid to the
acre. It should be borne in mind that these eagperiisients
were made on a limestone soil# and in a rotation where
red clover, a legume, came once in four years# and a
sod was turned down before corn each year. These soils
are usually rich in potash and the nitrogen and humus
were maintainod# in this case# by the legume and the
sod. This leaves phosphorus as the only element# whioh
Is usually deficient in Virginia soils# tliat was neces*
sary for maintaining crop yields*^

In the gray soils of the Piedmont section, and experl-»

ment was carried out with com grown on land preceded by other

crops to sfliicsh fertiliser had been added to detornlne the

residual effect of different fertlliaors. Fertilisers were

applied only to the tobacco crop# This was followed byi

First year# wheati second and third year# grass and cloverj

fourth year, com. I3ata from this experltaent is shown in

Table III.

From Table 112 it can be seen readily that ecI4

phosphate gave the greatest and most profitable returns#

Another presentation la that evm after fotar years of

cropping with no additional application of fertiliser, the

heavy application of phoephat© still exerted Itself.

5# Virginia Bulletin 221.# op# clt# p» 30#
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Table III, RESULTS OF F^TILIZI3i SXPERIBffiKTS OH OORH OH

PIE0IIOHT GRAY SOILS AT GIIATUAM,

Klna and (juantity of fortuiaor buaholo pop aora
applied per aore p*** «wxo

Sulphate of potash, 200 lbs 32,6

Dried blood, 376 lbs 30,3

Acid phosphate, 700 lbs 54,3

Acid phosphate, 700 lbs.
Sulphate of potash, 200 lbs 52,0

2W8-3 Oommeroial fertiliser. 800 lbs 41,7

3*»0«»3 Ocaamerclal fertiliser. 1400 lbs 49,7

Ch«Ck»—no fertilizer 31,4

Peanuts, In Virginia ooBooercial producticnx of peanuts

is limited to tbe sandy soils in the southeastern seotion of

thA state. Soils of this class are defici^t in available

plant food elements. It has been found here that peanuts

grow better if Included in a rotation and the fertiliser ie

applied to some preceding crop rather thanv to the peamt

crop itself,

m 1914 an eo^eriment was started with peanuts at the ̂

Holland station to determine tl:» respcmse of the crup to dif*

ferent fertiliser treatments. The rotation which was used it

as follows} First year, com^ with crimson clover used as a

cover oropj second year, peanuts; third year, cotton; fourth

year, soybeans, Di this rotation fertilizers were applied
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only to tii© com and cottcai opop»« Effect of different

treatmenta^j &« indicated by tbe yield of peanuts, is shown

in Table IV«

INble IV. IPPBOT OF FERTILIZHRS OH YEILD OF PEANUTS AT

HOLLAND

Aiaount of fertilizera Pounds of lujhulled nuts per
per acre 1/20—acre olat

11)14 J.Ui8 1B16 1517 Av. for

240 lbs. dried blood 77 59 74 28 60

500 lbs. acid phosphate 68 84 63 33 67

200 lbs. Miriate of potash 80 68 80 34 63

Check 70 55 71 25 50

24X> lbs. dried bloodj
200 lbs* Miriato of potai^di 75 70 88 32 66

500 lbs. aoid phosphate;
200 lbs. muriate of potash 88 65 95 35 70

500 lbs. aoid phosphate;
240 lbs. dried blood 120 60 98 76

Acid phosphate and sonae form of potash containing
fertilisers have given good results. Applications of
500 pounds of IQit acid phosphate and 200 pounds of
Mir late of potash are reeoxmoended."

Poor yields in 1917 were attributed to excessive

rainfall.

6# Virginia Bulletin 201«# op. cit. p. 48
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1!obaooo«<»« 3b 19X3 im «a» atmrted at (^tbaia^

Virglnift to detennind tltm boat fortlXlaor for bri^t tobaeoo

fund alao its offoot iipon auGooedizig crops* Tobacco was grown

in a five year rotationi First year, tobacooj second year,

idioati third and fourth years, mixed grassesj fifth year,

com« Fertiliser applications were made only to the tobacco

orop« In this way the residual effects of different plant

food materials could be determined* Besulta av9 shoim in

Table V*

fable V THE EPFBCTS OP BIFFEREIiT BCTTILIZERS OH TKB VALUE OF

BRIGHT TOBACCO PRODUCED AKD THE RESIDUAL EPB'BOTS OF

THE SA^ffi PEKTILIZERS OH CROPS SUBj^UENTLf GROWN IH
ROTATION OH THE SAIffi! LAND WITHOUT ADDITIONAL FERTI

LIZER TRMTLENT

Rate per acre 1912 1913 1914 Slixed 191S Mixed 1916
Tobacco Wheat grasses grasses Com*

bu. lbs. lbs* bu*

375 lbs*
Dried Blood

700 lbs.
Acid phosphate

800 lbs*
Sulphate of potash

700 lbs.
Aoid phosphate,
200 lbs. *
Sulphate of potash

375 lbs.
Dried bloodj
200 lbs.
Sulphate of potaih

*36 5*5

64*25 8*

30* 68 5*6

63*90 8*5

30

2160

280

480

2160

960

2680 S(BO

33

49.7

35,4

45.1

26.49 3.5 40 480 16*
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V* (Oontinued)

375 lbs.
Dried blood
700 lbs.
Acid pho»pbat« 37»25 9.6 440 1360 32.6

Oheck
Ho fertilizer 8.00 3.3 40 400 16#3

In no case, however, are the after effects very
noticeable except on plats where phosphates ere used*

The phosplmtes have given good results for the
succeeding four years In increased yields of wheat,
grass (two years) and com, after which the land was
again put In tobacco*

Phosphoric acid Is the most generally needed plant
food material in the bright tobacco section, and a
liberal application of phosphate should be used not
only on tobacco but on all crops grown in the rotation
with tobacco. Phosphoric acid not only increases the
yield and improves the quality, but is a very important j
factor in brightening the color. It also hastens
maturity which in bright tobacco is very deslreable*
Acid phosphate Is probably the best sotirce of phosphorus
for bright tobacco."

Wheat »-«• The wheat area of Virginia is found in the

western portion of the state. These soils are usually deficient

In phosphate. If leguijies are grown in a rotatlon,and lime and

phosphates are a^ed, fairly good crops can be expected. If a

good rotation system is followed, 200 to 400 poinsds of aold

phosphate is recommended for wheat, the application to be made

at the time of seeding. Providing the rotation is not satia*

factory or the land is ̂ or, a 3-10-2 fertilizer should be used.

7# Virginia Bulletin 221*, op. cit. p* 56*
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recoOTjeaided rotatliwa, for uliaat^ Is t First year, comj

second year* wheat; third year# clover; fourth year, grass#

At Blaoksbury# in 1909# a six year trial was started

with wheat# gpowi In the above aientlonod rotation# to determine

the most economical and best fertilizer for this crop* Ferti

lizers were applied annually* Besults secured are shown in

Table VI*

Table VI# PERTILIZSE ROTATIOH TEST WITH WiilSAT AT BIACKSBHRy

Trsatent Average yield in
bu* per acre
(1909-1916)

Average increase
for use of ferti
lizer

219 lhs« acid phosphate 14#17 6.34

100 lbs* muriate of potash 11*64 3*71

164 lbs* dried blood 7.89 .06

109 lbs* floats 8.55 .72

4 tons manure annually 18.31 10.48

16 tons manure once in
4 years before com 17.54 9.71

219 lbs* acid phosphate|
100 lbs# muriate of potash 14.83 7.00

219 lbs, acid phosphatej
154 lbs. dried blood 13,54 6*71

100 lbs* muriate of potash;
154 lbs* dried blood 10.28 2,45

219 lbs# acid phosphate;
100 lbs. muriate of potash;
154 lbs* dried blood 14,65 6.82

Ho fertilizer 7,83
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2!lie ooaoXualon raaoi»d at tae ©nd of tho oxparimant

iiWB tlmt aoid pjaoaphata was tba only ooiomoroial fertilizer

tljat gave paying resulte. Inoreaaed yields loade by potash

and nitrogen was usually not enough to pay for the fertilizer

used* It is stated that the above test fop raw rook ̂ diosphate

was not a fair one duo to the fact that phosphate in this form

is so slowly available that not enough of the pland food ele-

wont is conveyed to the orpp, in the soil solution# during

any one season to meet the requirements of the plants. It

|L8 further stated that acid phosphate is the iziost eoonoffliosjl

touroe of phosphate for wheat#

KBHTUCKX'

" 6In 1913 ths Kentucky Agricultxaral Experiment Station

iaaxigurated a systwa of field experiments in order to determlno

the best xaethoda to use in increasing and maintaining productive'

noss on the various soils of that state. For this purpose

fields were selected in various parts of the State that would

repreeimt a more or less large socticai of soil in that area#

At Buamside, in 19(^f an eji^jeriment was started on an

exceptionally unproductive soil# the unproductivity being due

to uniform washing and continued cultivation# This partlciilar

portion of the field was described as being so poor that many

8# Eentuoky Agricultural Experiment Station Bulletin 199#
*Soil Experiment Fields—A Progress HapoTt"# 1916
yp.43*78•
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tiiQos Whoa an atteo^pt was laada to grov com on it tha srovth

vas not Buffiolont to laarrant hajpvoBtlng# ©lo soil was of

liiaestono m'igin and Imd a red olay subsoil. Crops used

veres First year, oomi seoond year, oats; third year,

clover (one crop out for hay); fourth year, com, folloeed

hy rye cover crop; fifth year, soy beano; sixth year, wheat

followed by cowpoa catch crop; seventh year com#

Fertilisers were applied to the oowpea,1908, whioh

preceded the corn crop* Hock phosphate was applickl at the

rate of 2,000 pounds per acre, muriate of potash 400, and

moid phoaphate SOD poiuds. !£he same fertilizer application

was aade preoeding the 1912 oom crop as was made in 1906.

1911 Qsuiure was added to the clover crop to the approxi-*

wate the plant food removals of the two preceding crops.

Results of this experiment are shown in Table VII*

Prices that were used in making those calculatlone

weret com, go cents per bushel; pats, 40 cent# per bushel;

wheat, 90 cents pir bushel; all hay, |12.00 per ton; acid

phosphate, 80 cents per 100 pounds; potash, |2*75 per 100

pottnds; raw rook phosphate at ̂ 6.40 per ton.

Plot Ho. 6 is not to be considered a check plot.
A large part of it la lower ground tiiat has for many
years been receiving washings from the ground around
it, and is for this reason more productive than the
other plots. It is included to show, that poorer
ground by proper troati2®nt may be made to surpass it
in fertility.^

9. Kentucky Bulletin 199., op. oit. p. 49.
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Coiiolusiona dram from tMa experliaent that there

tma a alight increase in the fertility of plots 1 to 4

inclusive* Ho xoaterial ixsprovexoent was made on any of tJie

plots which did not receive phosphate in sobmi form# Potash

caused very little increase in yield. It setnaed that aoid

phosphate was worth laore on this soU# dollar for dollar,

than raw rook phosphate*

Peas grown on plots that were not supplied with
f

aoid phosphate averaged about 12 inches high, while on

those plots to which acid phosphate was added the peas

averaged about 24 inches. Peas on the plots rooeiving

acid phosphate developed twice as nany nodules as those

grown on other plots although the plots were all inoculated

alike by the soil xoetlicid*

Total chemical analysis of this field showed: Hitrogen,

1400 poundsj phosphate, 666 poundsj potash, 12,200 pounds

per acre of soil seven inches deep, >

Corn, soy beans, wheat, and olovor,-* A series >of

experiments were started at the Lexington Bxperiment Station
i

to determine the response of the above named crops to fertl*

Users, The soil on which these trials were made were of

the Trenton limestone formation* Soils of this type are

exceptionally hi£;h in pho8x)horus, containing on an average

9000 poiaads per acre in the top seven inches, some contain-*

ing as much as 20,000 pounds. Total analyses of the sa(Ll

used in this experiment showed j Hitrogen, 4480 pounds j
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pjiosphorusj 10,000 pounds; and potassium, 28,00 pounds por

acre*

Ths rotation followod conslstad oft First year, com.

folloved by cow peas or crimson clovorj second year, soy

beans; third year, sab«9at and clover; fourth year clover»

Acid phosphate was applied at the rate of 800 pounds

per acre, sulphate of potash 500 pounds per acre, and linse'*

stons four tons per aore« Application was made once in

four years, corn bein^ the crop to which the fertilizer wof

added#

A sxmamry of the results obtained from the estperiment

is shown in Table VIII#

A study of the yields shows that there has been
no consistent or decided effect from any of the
fertilizing materials applied.

We believe it is a safe conclusion that ths use
of ̂ ^sphates and potash is not necessary on well
drained, hit^hly phosphatic soils of the Trentm
limestone formtion when organic matter is maintain*
ed In q.iantltlea to furnish the necessary nitrogen
for good crop yield#

Tobacco, potatoes, and clover#** At the Greenville

Kzperliaent Field fertilizer trials were mode on a tobacco*

potatqes*clover rotation# Treatitienta and results of this

experiment or© given in Table IX#

10# Kentucky Bulletin 199#, op# cit# p# 62#
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Table VIII* , CROP YIELDS PER ACRE PROH VARIOUS FERTILIZER

THBATMERTS, LEXINGTON SOIL EXPliSIMSNT FIELD

Treatment Com,bu*
(Av#,1911*

1915)

Soy beans,bu. jyheatjbu.
(Av. 1912- (Av. 1913-

1916) 1915)

Clover
hay, lbs.
{Av.1914-

1916)

Aoid phosphate 42*2 21.2 26.7 4500

Potaah 41.3 22.1 26*6 4980

No treatanent 45*0 21.5 26,0 5250

Acid phosphate
and potaah 43.0 21.7 27.7 5040

Aold phosphate
and potash 45.0 21*3 28.9 4830

Limestone and
aold phosphate 47*6 28,9 5250

Limestone
and potash 31.8 22.1 27.5 4560

Limestone 62,9 21.5 28.5 5160

Limestone
acid phosphate
and potash 53.9 26*9 31.8 4860

Ho troatment 63.7 26.3 27.7 4620

Acid phosphate 60.1 23*6 26.7 4620

Potash 61.4 23.0 27.1 5060

It

^ j
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Table IX* TOBACCO, POTATO, AKD CLOVHi YIELOS, PSB ACRE, OM

THE QREBIWILLE FIEIi? FROM VARIOUS

FERTILIZER TREATLEHTS

Ti'oatment Tobacco,
lbs.
1914

Potato,
bu«
1915

Clover,
lbs.
1914

Clover,
lbs.
1915

1« Lisiestone and
acid phosphate 1235 69,7 2300 5360

S« Limestone and
potash 760 43*1 Hone 1085

3« Lixaoctone,
acid phosphate,
and nitrogen 1595 100.7 2150 4860

4« Ho treatment 575 39.1 Hone 590

5* Limestone,
potash, and
nitrogen 680 42,2 Hone 740

6# Limestone,
acid phosphate,
potash, and
nitrogen UXQ 107,4 3010 5450

7, Acid phosphate,
potash, and
nitrogen 1625 135,4 8750 4420

Aoi4 phoaphate was uaa<l at th© rat© of 200 pound© per

acre; mtlphat© of potasH, 100 pound© per aorei nitrate of

©oda, 100 povinda per aore. All application© were zoade

annually excepting nitrate of soda eiiich vas applied only to

the tobacco and potato crops, Lixiestone was applied at the

rate of four ton© per acre at t2» beginning of the experliaent.
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Inore&min yield was slight in all oases whenever

phosphate was not added* Although the inorease due to potash

was slight it is stated that it laaterlally improved the quality

of the tobacco crop#

The low yields of the olover crop, in 1914, on plots

1 3 were due to a thin stand#

WIAliA

Com, »oy beans. and por the jna^ioBe of

fertilizer experimentation with poor soils in Indianna, ten

acres of poor pasture land was seleoted in the southex*n part

of the state# The soil was described as being yellowish-

brown silt loam, typical of a large section of land in that

area#

The origional rotation, started in 1917, oonsiated

of com, wheat, olover, and timothy. In 1923 this was

changed to oom, soy beans, w^at, and clover, in plots 6,

7,8,10 and 11 all of the crop was left as a residue except**

ing the oar com, wheat grain, soy bean grain, and clover

hay. Fertilizer were applied at the following rates per

acret Phosphoric acid, 72 pounds; potash, 24 pounds;

nitrogen, 12 pounds per rotation# taitil 1928 the phosphoms

and potash were divided equally between the corn and wheat«

IX# Indiana, Purdue University, Agricultural Experliasnt
Station Circular 172, "Report of MOSSS F3LL Annex
Farm," 1930, pp.3-6,
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the nitrogen ail being applied to the wheat crop,. Lime waa

applied at the rate of l^ee tone per acre In 1917, Uanore

waa applied to the com crop each jrear at the rate of six

tons per acre*

Hesults of this ojtporlment are sxanEjarlBed in Table X*

Values used in Table X confutations werei Com* ̂ 0*60 per

bushel} wheat* |1.25 per buaiiel} soy beans,#1.23 per btishelj

stover and wheat straw, ̂ 2*50} soy bean straw, t^S.OO; and

iiay at |10*00 per ton, nitrogen, phosphoric acid, and potafli

v/ere charged at 20,7, and 6 cents per powd respectively*

Liioeatone was valued at |3*30 per ton.

Phosphorus is by far the most iiaportant plant
food need of this soil. Applications of surjer-
phosphate have been highly profitable, either alone
or In addition to manure. Without manure (plot 2)
225 pounds of 16 percent superphosphate for com
and wheat in the foup»year rotation have produced
average crop Inoroasoa of 16,9 bushels of com,
G,9 bushels of soy beans, 6,8 bushels of wheat and
1,159 pounds of hay per acre, valued at ̂ 36,85 for
tiie rotation at a cost of ̂ 5*04 for the fertiliser.
On land receiving an average of 6,8 tons of manure
for com, a similar use of superphosphate has
fxirther increased the crop yields by 10,1 busliels
of com, 5,9 bushels of soy beans, 5,8 bushels of
wlieat and 1,202 pounds of hay worth |30,13 at a
cost of |i5,04 for tiio phosphate, showi^ that
iDeniu*e is not sufficient on this land,-^

Cwnparlaon of different phosphates,13^ At the Bedford

Ifei^erliiKsnt Farm comparisons of different phosplmtee ih terms

12, Indiana, Purdue Iftilveraity Circular 172, op, cit, p* 4*

13, Indiana, Purdue University Circular 172, op, cit, pp* 7-8*
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of crop response were started In 1916» Sotjroos of phosphates

tused were steaiaed bone msalj, basic alag« superphosphate^ and

rock phosphate* Nitrogen and potash, wherever used, wore

applied at the rates of IB pounds and 50 pounds respectively.

Iiijoostoiie was applied, in 1916, at the rate of four tons per

acre* Itonure, six tc«ia per acre, was applied to the com

crop in the first rouiid of the rotation and after that tins

^ amounts eqtial to the produce rearaved except wheat grain.

Results of the experljaent are shown in Table XI.

Financial resxats obtained in Table XX were based upon

com at $0*60 and wheat at $1*25 per busholj hay at $10*00^

and wheat straw at |2«50 per ton. Fertiliser laaterlals were

valued as follows« Nitrogen, 20 cents, phosphoric acid, 7

cents, and potash, 6 cents per pound* Hook ̂ ^sphate was

oliarged at |15*00, and ground limestone at |5.50 per ton.

The conclusion reached as a result of this experinient

mul that on limed and manured land sux^oi'phosphate was the

most profitable source of phosphorus. The various phosphates

produced an. average net rettjm per rotation, per acre, as

follows? Superphosphate, $13.50} basic slag, $13.13} bone

meal, $9*20} and rock phosphate $7.10* On limed land, which

has not received manin'e, superphosphate has be<m more profit-*

able than rook phosphate.

Bock phosphate has been more profitable than superphosphate

idisn applied to land not receiving applications of either lime*

stone or laantire (plots 14 and 16). On land receiving manure
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without Xim# there wae vei»y little ̂ Ifforenee in the profit*

eblonoaa of the two#

PmiSYLVAUIA

At the Pennsylvania Station a fertiliser exporiment

wae started in 1881 and continued for a period of 49 years«

it was oonduoted on 144 ono*olghth acre plots* A four*year

rotation of com, oats, wheat, and mixed clover and timothy

hay was used*

Only twelve of the plots received lime treatments

during the first 40 years* Beginning in 1985 lime was added

to most of the remaining plots* Lime (two tons per acre)

was applied to the com ground. Fertilizer applications

were made to the corn and wheat crops each time they appear

ed in the rotation*

The soil on which the experlraent was made belonged

to the Bagerstown silt locun type, it was described as

being in a good state of fertility when the plots were laid

out*

The object of the experiment was to test the compara

tive effects of various fertiliser treatments on crop growth#

Single in^edients were add4^ to seme plots, two ingrediente

to others, soe» receiving a complete fertilizer. Prior to

14# Pennsylvania State Colle^ Agriciiltural Baqperiment
Station Bulletin 264, "50th. Anniversary of the
General Fertilizer Tests 1881-1931," 1931, pp* 3-12*
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1917, dlssolvedl boneblaok was used as the sotircs of phosphorus#

Since that tlms it has hssn replaced by superphosphate*

Every two years phosphoric acid was applied at the rate

40 pounds per acrej muriate of potash, 100 pounds per acre;

and nitrogen (in the forms of dried blood, nitrate of soda,

and sulphate of ammonia) at the rates of 24, 48, and 72 pounds

per acre*

Results of this es^eriment show that In every case the

yields of the plots were more variable than those receiving

phosphoric acid and potash*

In total pounds of crop per acre, neither nitrogen nor

potash Increased the yields, but phosiahorlo acid did so quite

appreciably. During the first 40 years the total increase.

In pounds per rotation, was 18,4 per oentj for 1922-30|t with

out lime, 76,2 per ceatj and for 1922-30, with lime, 45*2

per cent.

Phosphoric acid and potash gave the largest increase
over the imti'oatod check plots, nearly as large yields
as tho nearest complete fertiliser plot* At the price
used, the phosphoric acid cud potash plots gave a much
larger not retura than plots receiving, in addition,
24 pounds of nitrogen in dried blood. Then mineral
elei:iont plots were slightly surpassed In net retxim
by the complete fertilizer plots having 24 pounds of
nitrogen in nitrate; but thoy wore superior to aulfate
of ammonia plots, except in the 1922 to 1930 period
when lime was added*

Used alone, only phosphoric acid has given signifl*
Cfcint increases* A study of all the figures shows the
great importance of phosphoric acid in comparison with
nitrogen and potaah,!^

15, Pennsylvania Bulletin 264,, op# cit* p» 12*
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A pttpt of the auxmnary of the roa\ilta of the experinent

from 3.882 to 1921 lo shown In Tahlo XII..

Table XII# AVimiiXm Alfi^UAL YliiLDS OF OHCPS OH HAGERSTOWH SILT

LOAM HECEIVIHG VAHIOUS PB8TILIZSR TREATMENTS

(1882 to 1921}

Ti'eatiaent Corn,bu. Oats,bu. l?/heat,bu• Bay,lbs.

nothing 55.7 31.3 12,8 2,335

Hothing 53.7 30.5 12.4 2,189

Dried blood S3.B 30,8 12.4 2,021

Superphosphate 45.6 37.1 15.9 8,899

Iftirlate of potash 52,7 31.5 11,0 2,068

Dried blood and
Suporphoaphate 46.8 41.1 19,7 3,343

Dried blood and
Mur.iate of potash 34.6 34.5 13,6 2,405

Muriate of potash
and superphosphate 52.1 42.3 19.1 3,990

Dried blood.
Superphosphate, and
Muriate of potash 53.7 44.4 23.6 5,952

Nitrate of soda
Superphosphate, and
liuriate of potash 67.8 44.5 24,8 4,088

Sulfate of ananonia
Superphosphate, and
Muriate of potash 49.2 42.6 21.8 3,102

Burnt line to corn 36.7 30.7 14.2 2,495
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WISGOIISIH

Iitmg tliw field eajporlmenta with oats In

i/lsconsln showed the value of phosphate fertiliser. The

soil used bolonged to the silt loam and sandy loam classes.

The farmi cm which these trials were made were dairy farms

therefore irsanuro was available for use in the rotation#

Add phosphate was applied broadcast at tlw» rat© of

?K)0 pounds per acre.

Results of these experiraents# as shosai in Table Xlllf

show an average Increase of 12.5 bushels of oats per acre

as a result of phosphate fertilizer. At 40 cents per bushel

this increase would be worth |6.00. Since the fertilizer

used was valued at |3.00 this would leave a net profit of

tS.OO, providing all the fertilizer charges v;ere made against

the oat crop. It was eatlmted tMt one,^lf the phoeplmte

still remained in the soil for the benefit of subsequent crop.

Based upon this supposition, the not profit from the fertilizer

would he |3.50 per acre.

Com.--'A number of phosphate trials have been made

with com grown on sandy loam, red clay, and silt loam soils

in vrisooneln. A summary of the results are shown in Table XXV.

16. Wisconsin tftilverslty Agricultural Experiment Station
Bdletln 341, "The bee of Fertilizers on Dala?y Faxwis,"
1922, pp.11-15.
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Table XIII# ACRB YISIDS OF OATS ?aTH AKB WITHOUT PHOSPHATE

FERTILIZERS

Kind of soil Phosphate Ho Phosphate

Bushels Bushels

Silt loam 87#0 69,5

Silt loam 94,3 64,6

Sandy loam 44,0 38,0

Silt loam 48.9 45,9

Silt loam 50,3 46,8

Silt loam 69.9 50,0

Sandy loam 22,5 17,5

Sandy loam 41.6 26,7

Averages 57,3 44,8

Phosphat® adtied to th© crop produced an average of

7#7 bushola of corn per sore zaore tiian the oheok plots. Com'

silage was increased, on an average, 3.6 tons per aer« by the
addition of 300 pounde of acid phosphate.

At the Ohio T?a5)Qrimont Station the addition of 320
pounds of acid phosphate to Eoanure ai^Ki lime every three
years has given an average annual increase above that
receiving manure and lime only, for twenty-one years,
of 8 2/3 bushels of com, 5 1/2 bushels of idieat, and
838 pounds of clover^. This increase la worth over ̂ 20,
wliile the phosphate cost ̂ 4. The director of the OMo
Experiment station says: "Acid phosphate, either with
or without manure, has given large profits in all eases#
Per dollar invested, it has been by far the most profit
able of all the fertilizer treatments eitlier alone, with
lime, or with both line and manure

17, Wisconsin Bulletin 341.# op, cit, p#12,
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Table XT? • BPPEOT OF PHOSPHATE bteXLIZERS OH WISOOKSIH CORH

Kind of soil
I

£Sanuro int rotation
plus pboajpiaato

Manure In rotation
no phosphate

Sushols Bushols

Sandy loam 50.0 80.0

Red clay 56.8 50*4

Sandy loom 84,3 ^ 71.1

Silt loam , . 67,9 63.7

Sandy lc»ua 60,2 '1 \ 57.6

Silt loom 46.6 1
\

44,6 •;
•)1 • •• •

Silt loam 79.6 75,4

Silt loam 80,0 79.1

Silt loam 90.2 C6.5

Average 65,5 57,6

Com silage Corn silage

Tons Tons

Silt loam 15,8 8,7

Silt loam 7,8 6,7

Silt loam 14.1 11.7

Average 12.6 9,0
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18Pasture- xu may soils pliosphorus Is tlie limiting

element* One ot tlas best Indications of the productivity of

a giveai soil is the aawunt of available phosphorus it contains*

This does not mean that phosphorus is alif/ays a perfect indi

cation of the productive ability since other factors also

have tioeir influence, but if jgdaosphorus Is in abundance the

chances are tlmt otlier factors will be favorable- Studies

made by the Wisconsin Station on pormanent pasture located
'.t

on the station farm indicate that there Is a close correlation

between the amounts of available phosphorus and tiae total

yields per acre-

During the years 1928 and 1929 available phosjdJate

tests were made of the pastiu'o soils. Each time the grass |

reached a height of four to fiwo inches it was clipped '

with a lawn mower and a detexnainaticm of the dry matter

content was made- Yields on heavy clay soils which were

deficient in available phosphate suffered the most sig

nificant decrease-

Soils containing 127 pounds of available phosphorus

per acre yielded an average of 4388-5 pounds of dry matter;

plots containing 22-5 pounds of available phosphorus yielded

158S pounds of dry matter-

1S» Wiso^sin T}hlverslty Acrlcultiu'al Experiment Station
Bulletin 441, "Peanmnent Pasture Can Be Improved,"
1930, pp- 4-11,
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Tatole XV# EBIATIOH BBT^VEEH AVAILAiiLB PHOSPHORUS MID YIELDS

OF PRY MATTER TAKSU AT GRAZING STAGES BY lAfHJ

MOV/BR CLIPPINGS

Potmd® Avallabl© phosphorus p«r acre PoLmds of dry matter
per acre (pasture)

288#0 4710.5

1S7.5 4388.5

71.0 3358.5

eo#5 3133.0

114«5 2881,0

76.5 2469«0

35.0 2399.5

40.0 2199,5

44.0 1591.5

22.5 1582.0

50.0 1576.0

Some plots produced rather low yields ewen though

they were high in x>hosphorus» It is stated that this was

due to shade aaad lack of moisture# A detailed summary of the

relation of available phosphorus and average yields is shown

in Table XV.

Hot only were the yields gx'eater on soils high in

phosphorus, but also there was more cr\ide protein produced*

The percentage of crude protein was higher in crops grown
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ill the preaenc© of abimde^xoo of phosphorus. For ejws^le,

Itey 29, 24^94 per cent of the dry a»tter, from fields high

in phosphorus, was cxnade proteinj at the same time soil

low In phosphorus produced dry matter ccwitainlng 20.81 per

cent crude protein. This difference In percentage la due

to the fact that the better soils produce more clover than

the poor onae*

Phosphate alone, applied to pea^aanent pastures

located at the Iftiiversity Bxperiiiient Farm at IWlison, failed

to give satisfactory increase in yield. Whore lira® was used

with the phosphate an increase of 42,6 per cent was obtained#

Potash, phosphorue, and lime used together oiEpanded production

155,2 per cent. Approximately the same results were obtained

when phosphorus and potash were added without llimn.

Oats, barley, alfalfa, and clover. It Is stated

in Wlsoonain Bulletin No, 576 that the thing *rihloh will

probably do more to Increase crop yields over the state

as a whole is the use of phosphate fertilisers. A large

number of fertiliser trials were made tiirouf^out the state

and It was found that phosphate fertlliaers gave paying

results. Results of a number of these esperlments are

shown in Table XVI,

19, Wisconsin University Agricultural Baperiment Station -
Bulletin 376# "Profit from Phosphates," 1925, pp. 3-6,
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Table XVI, AVERAGE YIELDS PER ACRE IK TRIALS WITH PHOSPHATE

FEItTILIZ>2i IH WISCONSIN

Crop Ho.Trials Yield wltii no
treatment

Yield with
phosphate

Increase

Oats 5S 44*6 bu. 53.1 bu. 8,5 bu.

Barley 20 31.0 bu. 35,3 bu. 4,2 bu«

Alfalfa 17 3143 lbs. 3981 lbs. 838 lbs.

Clover 18 3120 lbs. 4061 lbs. 941.lbs.

Phosphate fertilisers^ In SS trials inoreased the

yield of oats, on an average, 8,5 bushels per acre. Alfalfa

and clover, first cuttings, were increased 838 and 946 pouwde

respectively.

At the average Wisconsin price of com, imy, axul small

grains it was estimted that ̂ 3.50 worth of phosphate woxild

increase crop production |14. In other words, the Increase

would be worth four times the cost of fertilizer.

It was found that when 400 pounds of superphosphate

was applied to a com crop production was Increased, the ears

filled out better, and the crop matured one week earlier then

com grown on chock plots.

On a farm a few miles south of ISadison 400 pounds of

16 per cent acid phosphate per acre increased the yield of

oats 15.7 bushels to the acre. The yield of clover, which

followed the oat crop, produced S,9S2 pounds more cured hi^

per acre tJian did the check areas. The soil on which these
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orops were grown wa« desoribod as belonging to the iSarrengton

silt loam which is one of the beat solla in Wlsoonsln* On the

Mm farm 4^ pounds of 16 percent aoid phoephate per acre

inoj^eaaed the first outtinge of alfalfa 1,033 pounds*

Several farms in various Middle Tennessee Counties

wire seleotsd upon whioh to run crop and fertiliser esperi*

mants.^^ The purpose of those eagperimonts was to determine

the supply of tlui major plant food elements in the various

soil types found in that part of the state* In seleoting

the soils an effort vaa made to ohoose those representative

of a large area*

The esig^eriments had been in progress two years ihsn

this report was made in 1900*

Mlllet*«»» The land upon whioh millet was grown was

mostly old land which had received little attention in the

way of manuring and fertilizing* Most of the experiments

were located on the lUi^and Kim* The soils used were of

three types t Barrens«<><*gray«colored silt loam} limestone

of the Highland KioK-^red^colored silt loam} and Cumberland

Plateau<*'»«*sandy loams* An excerpt of the results of these

experiments is shown in Table XVII*

60« fenneseee I^iversity Agriculttiral Hscperiment Station
Bulletin 86, *Kxperlment8 With Soils, Fertilizers
and Fam Crops,** 1909, {^*33} 49-63*
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Acid pho8phat« gav« good increases in yields whether

used alone or with some other fertilizer* The most profitable

results were secured whenever it was added at the rates, of

150 to 500 pounds per acre rather than a heavy api^licatioa

of 600 poixnds*

Oheoioal analysis of these soils showed them to be

decidedly deficient in phosphorio aoid*

Hitrate of soda was used at tl^ rates of 40 to 530

pounds per acre* It was concluded that whenever it wae used

conjunction with acid phosphate or acid phosj^hate and potash

the siBount of nitrate could be inoreaeed up td 160 poiaade per

acre#

Oom*«"» Fertilizer experluMmts were conducted with

com similar to those on millet* Phosphate fertiliser was

used with and without nitrogen* Coiid>inations of phosplxate

axsil potash were also usi^ with and without nitro^ui* The

phosphate when used alone was applied at the rate of 300

poimds per acrei when us^ in oonJxujoti<m with muriate of

potash it was applied in quantities of 150,300^ and ̂ 0

pounds per acre* Th» phoapMte was thoroughly mixed with

the soil at the time of planting* Kitrogen was applied a#

a top dressing*

The experiment was carried out on the farm of

Dr* Doyle in Warren Coimty.

An extract of the results publislied is shown in

Tame OTiIf



u

v;:v- , la thlo aeries of ©3(3>erisiexits phoaphorio acid
and nitroGon wore clearly indicated as the most
needed elements of plant food# Tiie iiiost profitable
applications per acre, according to the average
results, were 500 pounds of acid p]tosphate together
with 160 pouMs of nitrate of soda#21

Aoid phosphate, when used alone at the rate of 500

po\inds per acre. Increased the production of com five

bushels over the plots reoeiviag no fertiliser• When the

same amount was used with 160 pounds of nitrate of soda the

increased yield was 17,8 bushels per acre. Plots receiving

500 pounds aoid phosphate, 100 poimds muriate of potash, and

160 pounds nitrate of soda per acre produced 39*6 bushels#

The same formu3La containing an additional 500 pounds acid

phosphate produced 45#4 bushels per acre# The additional

500 potmds of phosphate was responsible for an Increased

yield of 2#8 bushels per acre#

A similar experiment with com grown on the Barrens

type of soil on the farm of o# F« Thompscai, Warren Coimty,

©ave profitiablc results from the use of acid phosphate# No

fertiliser gave a yield of @1 bushels per acre# Land

receiving 500 pounds add phosphate yielded 38#8 bushels per

acre* This v/as an increase of 17.2 bushels of com at a

fertiliser cost of |2.55, Six tons of farmyard msumre

produced an increased yield of 14 #7 bushels per acre over

the check plots#

21. Tennessee Bdletin 86.# op. oit. p. 53.
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Tabl® XVIII, FERTILIZER EXPERIiiWS WITH OOmS IS WAimSN

COlHTTy

Sraatiaent Application of nitrate of
soda and yield peg acre

iiitratQ idS lbs. nitrate

S© trsatiaont

500 lbs« aoid phosphat®

300 Iba acid phosphate and
100 lbs, muriate of potash

150 lbs* acid phosx}hate and
100 lbs, umriat© of potash

600 lbs. acid phosphate and
100 lbs. muriate of potash

3u.

16.3

88.3

16«3

27.9

Bu.

28.2

36.1

39.6

23#e

43.4

The Biilletin states tlmt phosphoric acid and nitrogen

are the plant foods most needed in the Barrens typo of soil,

Sorglium.-^ In Putnam County fortlllzor trials showed

phosphate to bo valuable in the production of sorghum. Plots

on nihioh no fertiliaor vifaa used produced 1.46 tons of cured

substance per acre. Plots on which 300 pounds acid phosphate

was applied produced 2.24 tone of cured forage per acre. A

c<aj«)let© fertiliser, consisting of 300 pounds aoid phosphate,

100 pounds lauriate of potash, and 400 pounds of cotton*seed

meal per acre, more than doubled the production over plots

receiving no treatment.
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Oo*p©a8»^-^ Prcaa tertiXimv at tija

Bs^eriioent Station farm It was oonciudad tMt Xlma ms an

losqportant factor In eeouring increased yields from tixe usa

of phosphateSf limes plots^ to idiich either acid phosphate

or amll amounts of fhomas slag and bone meal were added«

produced a greener and more abundant growth of cow peas than

did unlimed plots« \iyhere lime had been applied and heavy

dreaaings of fertilisers were ssadeir yields of oowpea hay

from vcurious ]^sphate treatments were as follows» Bcsie

meal# 1*43 tcmsi acid phosphate 1.33 tons; ThtMiias slag«

1*2^ tcmsi and rock phosphate 1«21 tons* as coa^ared with

1*11 tons per acre for check plots# Of the light application

on the limed plots* acid phosphate won first place over bone

meal* The oowpeas were turned under each year*

Plots from which the cowpeas wej?e removed each year

produced better with rock phosphate than with acid phosphate

<m the unlimed aeriesj while on the limed series* acid

phosphate produced better yields*

Wheat*— On limed plot?!* followins cowpeas turned

under, the vorlouo phosphates produced the following increases

in yields of wheat over the check plots; Thomas slag* 6*8

bushels; steamed bone meal* 4*7 bushels; acid phosphate*

3 bushels; and rock i^aphate* 1*0 bushels per acre*

22m Twmessee tmiversity Agricultural Experiment 8taticni
Bulletin 90* ♦'Fertility Experimerits in a Rotation
of Cowpeas and Y/heat, Part 1—Tiie Utilisation of
Various P^sphates," 1910, pp. 61; 69-70*
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Th« soil on whloh tihese ©acpefimaato were conducted i«

described as being Ounberland loam# It was well supplied with

plant food elemMXta as coiapared with many of the other soils

of Tennessee# It was so jsuoh In need of lime that without It

alslde clover failed on adjoining plots even after the appll«»

cation of 50 tons of farmyard manure per acre. Clover was

grown successfully after the application of a ton of burnt

lime to the acre#

With only a few exceptions, the phosphates were applied

annually#

Irish potatoes#^?* Experiments conducted on the CuE^er-

land Plateau, near Crossville show phosphate fertiliser to be

li!5>ortant in the production of Irish potatoes# Trials were

made on si* different farras chiefly to compare the yellds made

with smnuro and those made with xaanure reinforcttd with ferti-*

Users#

Of the six trials, IS tons of manure per acre gave an

average increase of 92 bushels of salable potatoes over the

Chech plots# An aver-ago of five trials with 12 tons manure

and 600 pounds acid phosphate gave an increase of 138 bushels

of salable potatoes per acre# Prom this it Way be concluded

that the phosphate was respcaasible for the additional 46

bushels#

23# Tennessee University Agricultural Experiment Station
Bulletin 101, ® A Rational Improvement of Cumberland
Plateau Soile, Conclusions from Six Years of Field
Experiments with Various Form Crops," 1913 pp. 115-118#
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A'lthout fertilizer or oianurejp one aeriee produced 24

buahela per aero, only four buahela of which were salable#

Ctti the same aeries 12 tons of fonoyard xaanure raiaedl the

production to 106 buaiiela per aore^ 140 bushola of which

were salable. An application of 600 pounds of acid phosphate

per acre increased the yield to 248 buahela, 208 bushels of

which were salable#

1 ri , Phosphate in addition to toanuro affected an increase
in all series as ciay be seen by refering to Table XIX#

. / When 320 pounds of nitrate of soda was added to the

laanure and phosphate a further Increa^ of 20 bushels of

salable potatoes per acre was mde#
_ . OA

^ 1913 fertilizer easporliaonts y/ere st(ME't*'
ed with tobacco on a farm near Claricaville# The soil was

described as being a typical tobacco soil of that section#
It was a poor gray-colored silt loam belonging to the

Cliy*kavlllo stony loaai type. A chemical analysis# strong
hydrochiorlo acid being used as a solvent, of a similar
soil from a near by farm revealed a phosphoric acid content

of only #06 per cent which is very poor#

Acid phosphate was applied at the rates of 100# 200#
300# and 400 pounds per acre along with nitrogen and potash#

84« Texmesseo University Agricultural Hbqjorlment Station
Bulletin 129# "Bark Tobacco Fertility Bi^perlxnenta
at the Clarksville Station-^Results from a Ten»Year
Perios—1913-1922#" 1924# pp# 3 & 12#
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Table XIX# FERTILIZE? laCPSRIMTS WITH IRISH POTATOES OH THE

CUMBiiRLAHD PLATEAU—YIELDS PER ACRE

series Ho Fertiliser

Total Salable
bu« bu»

Manure« IS tons

Total Salable
bu. bu»

Manure» 12 tonsj
aoid phosphate
600 lbs*
Total Salable
bu* bu.

t 50 45 153 126 212 179

2 42 22 195 150 •W-mMW-

8 24 4 196 140 248 208

4 32 20 128 116 209 201

5 110 90 212 193 237 213

6 83 62 109 76 139 111

It was concluded at the end of three y^ars that a

large part of.the Increased yields was due to acid phosphate*

The most profitable application aoomsd to be SOO pounds per

acre. The increased value of 400 pounds per acre over 300

poiuQds seemed doubtful.

25Lespedeea^— At the West Tennessee Easporiment Station

a three year fertiliser test on lespedesa was made on a thin

gray soil. One thousand pounds of aoid phosphate was applied

per acre. Some of the plots were limed with groxjnd limestone

25* Tennessee University Agricultural Easperiment Station
Bulletin 183, "Lespedesa," 1921, p. 14.
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ftt rotd of ̂ «o tons p«r ac2>o«

It was oonoltided from this e^drlinont^ m3& othars

conducfced on th® sajoao farm, that phosphate was not profit-*

ahlo for lespedesa on this particular soil#

In other exporirnonts, conduotedl at the West ToiiJa-*

essee Station on oom, oowpeas, clover, wheat, oott<nx,and

alfalfa, it was found that only the last two naxaed profited

ar^ from the application of 200 pounds of acid phooi^hate

per acre#

HSi B&MPSHIHB

Alfalfa#—In 1926 the Kew asmpshire Esperimsnt Station^

started a series of fertiliser experiments on alfalfa# The

trials T/ore carried out on a farm in Greenland# Prior to the

eeedins alfalfa crop a basic treatxaent of two tons of

grcuzid limestone and 20 tons of manure per aore was made#

Since the es^eriment was started, superphosphate had

been added at the rate of 500 pounds per acre each year, with

the exception of 1027# It was used alone on soioe plots and

In combination with other plant food elements on others.

Cheek plots received the basic treatment in 1926f but since

that tiiae no additloiml troatmcnta have been

26. Tennessee Ikilversity Agricultural Experiment Station
Bulletin 109, "Fertility azid Crop Experiments at the
West Tennessee Station," 1914, p, 216.

27# Ifew Haamshire Agricultural Eaperiment Station Bulletin
271, "Fertiliser Experiments on •Run-out* Hhy Land,"
1953, pp. 5-7.
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A cheiaioaX itnal^sia of tho soli upon whioh tlie alfalfa

vas groitn Bhowod tlmt* tlui top soil alone oontalnea 1,800

of phosphimis*

At tbo end of the experimnt in 1931, It was concluded

that euperphoaphate, when uaed alone, had not given paying

results* The response waa somewhat better idien thie compound

was used in conjunction with lime or manure, or llioe and

manure, than when uaed alone*

Whmn potash was used with the superphosphate yields

irere increased materially* Credit for this increase was

given to the potash Instead of to the superphosphate*

This Statical does not rec»:>mmend superphosphate as a

top«dressing for alfalfa. It is stated that when it is

applied in this manner the phosphorus is quickly absorbed

CM? fiJ60d in the first inch or two of the top soil* Since

alfalfa is a deep rooted crop, only a few of the feeding

roots being in the upper portion of the soil, the full effect

of the superpiiosphate is not obtained by the plants,
On

Tomatoes* mmjn 1920 a fertiliser ea^orixctent was carried

out at Durham with tomato plants. The land on which the tests

wore iimde was ̂ ©scribed as being a rather poorly di^ainod, med<*

ium dark brown loam* All plots, except those used as checks,

were treated with 600 pounds acid phosphate per acrei others

with 1000 pounds of phospliatej and still others with 1500

potinds of pliosphate.

28* Hew asmpshire Agricultural E3q)erlment Statlcm Bulletin
28, "Effect of Phosphorus Upon the Yield and Time of
Maturity of the Tomto," 1925, pp* 10-lS#
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Data from this es^Qriisent showed that acid phosphate^

ihOh used in addition to manure^ produced marked results» . Tim

waount of early fruit, the total yield, the average utaaher of

hloss<^ clusters par plant, the average numher of blossoms per

plant, and the average nujaber of blossoms per cluster were

increased by the phosphate,

The results obtained from the different rates of phosphate

applications were so variable that a comparison of the effective**

ness of each application was difficult* However, 1000 pounds of

acid phosphate per acre seemed to be the most effective# Ko

explanation was offered for this*

Yields of the check plots were much less than those of

the treated plots,

M0BTAH4

Between 1928 and 1935 a large number of phosphate trials,

with crops, were conducted in various parts cf Montana#^® Soil

samples were taken from representative farms in nine different

counties. These were tested In the laboratory, by the Winogradaky

method, to determine the phosphorus deficiency* Out of 53

samples, 51 showed an extreme deficiency; the remining two

were imjderately deficient In phosphorus*

One hundred eighteen tests were znade on 55 representative

farms the purpose of -sdilch was to determine crop response to

phosphate fertilisers applied to these soils*

99# Montana State College A6i'lcxatt«?al ssperlmont Station
Bulletin 316, "Report on the Investigation of Phosphorus*

' Deficient Soils, 1935," 1936, pp, 3*17*
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> ^

Slrobld #updx*p!iospbatd iftinmoniated phoffpbate

UAftd tks tbd sources of plant food«

Alfalfa#»»Trel>lo superphoaphato waa applied to the

alfalfa field in the spring of 1935^ by means of a grain

drill, at the rate of 125 pounds per acre#

The flret cutting showed soiae response to the fortl-

liaer troatraont, but was not as slgaifioant aa that obtained

from the second cutting* Some comparisons were not significant

because of dry weather during the summer of 1935. Out of a

total of 64 fields, 80 gave an increased yield of iJK>re than

500 pounds per acre per cutting. Nine of ttiese 80 gave an

increased yield of sK^re than 1,000 pounds of hay per acre

each cutting* The largest Increase was a total of 3,642 pounds

of hay from both cuttings.

Prc^ observations of other alfalfa fields which had

received 125 potaids of treble superphosphate per acre in 1935,

it was concluded tiiat the fertiliser was still giving good

results three years after its application.

1^at«-«-Trebla superphosphate gave batter results

aimaoniatod phosphate when applied to spring wheat, ilhe former

B»terial increased the ylsid frcwa 34.6 to 43.8 bushels per acre|

this was one bushel more than the increase produced by the latter.

Winter wheat produced 43,6 bushels per acre on land receiving

treble suporphospiiate. This was en Inoreaas of 24.8 bushels

over the check plots. In all cases the fertiliser materials

were applied at the rate of 185 pounds per acre.
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OatB.—«The oat yield vras 118«5 buahele per acre on plots

receiving 125 poiinds of treble auperphoapbate per acre aa oom««»

pared with 69<5 buahels per aero on cheok plots* The saiaa

aiBOunt of amtwniated phosphate produced &6«2 bushels of grain

per acre as ccoopared with 50 bushels on uni'ertilised plots*

Barley.—Aaaaoniated phosphate Increased the yield of

barley 11.3 buehela per acre wliich was #7 bushels laore than

that produced by plots treated with treble auperpbosphata.

Canning peas*«>«*On six out of eight plots* 125 povinds

of phoajdiate per acre increased the percentage of grade

peas; the yield was increased on five of the plots. With

one exception* the value per acre was Increased by the ad«»

diticaa of phosphate. Expressed in terns of the Montana

market price* in 1936, |3.15 worth of fertilizer produced

an average increased income of ̂ 10.14 per acre.

Mustard.—Phosphate fertilizer trials with mustard

were made on seven farms. Six of these fields were dry land*

and due to the dry season in 1935* moisture seemed to be the

limiting factor. Oa these dry fields fertilizer did not sJmw

any noticeable results. The irrigated field showed some r«'<»

spounse* but it was only enough to pay for the fertilizer

treatment.

Irish potatoes,—Treble sui>erphosphate and ammonia ted

I>hosphate trials on potatoes In seven Montana counties gave

favorable results in 1936. In practically ail of the plots

phosphate fertilizer increased the vino growth* tl2e number

of tubers sot* the yield, and hastened the maturity. The
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grade of the tubers was considerably Btrengtiianed* Pliosphorus

had a tendency to reduce the len^t of the tuber In proportion

to its width, treble auperphoeplEiat© hs^ no laarkod influence

on the siae of the tuber j a alight increase was produced by

the eiomoniated phosphate*

30Sugar beets* .M»in a few areas of liontana, where the soil

uma very deficient in phosphorus, the addition of this element

haa produced increased yields ijp to 18 tons per acre. The

Station oonaidered an increase of three tons per aero as being

the average for the use of 150 pounds of phosphate fertiliser#

It is stated tliat one ton of beets will pay for the cost of the

fertiliser material*

Chemical analyses have failed to show that phosphate

fertiliser made any change in the percentage of sugar which

the beets contained* The enhanced yields do increase, however,

the total amount of sugar that may be produced by an acra

wimxM

Hairy vetch and Austrian peaa#®i-At the Florida Station

hairy vetch and Austrian peas were grown on plots which had

received applications of euperphoephate at the rates of 400

and 600 pounds per acre* Cn adjacent plots, the same crops

60'* Hiontana State Collese Agrloiil turol Experiment Station
Circular 148, "A Review of the Etoerimental Work with
Phosphate In Montana-*-«-1928*1935," 1936, pp» S*3*

31* Florida University Agricultural Experiment Station
"Annual Report for the Pisical Year Ending Juno 30,
1932," pp. 36 & 46,



S3

were grown without fortilisier. It is stated that the yields*

In all cases* of the plots receiving suporphDsphat© were oore

double the corresponding check plots. There was no note«»>

worthy difference in the yields of plots treated with 400

pounds end those treated with 800 po\jnds of superphosphate#

In other experiments carried on by the Station with the

KfyiiTiA crops* superphosphate was applied at the rates of 300

pounds and 600 pounds per acre# Tiiree hundred pounds per

acre seemed to produce as much crop growth as did 600 pounds

per acre#

OaOKGIA

Sweet potatoes#®§-Fertilizor experiments covering a

five year period* were conducted at the Georgia Station on

sweet potatoes. The object of these tests was to determine

the influence of a single fertilizer element upon the yield*

texture, keeping quality, and color of the sweet potato.

Twenty-one hundred pounds of 16 percent piiosphat© was used

per acre#

The potato crop varied so uaioh from year to year that

it was difficult to awlEe comparisons of the fertilized and

check plots# It was conoliaded that phosphate had little

influence upon the yield, or keeping quality# Phospliate dldj

however, produce potatoes that were more uniform in size and

somewhat better in textxire#

32# Georgia Experiment Station Bulletin 107, ®Sweet Potatoes-
Ctaturo, Storing and Studies in Fertilizing," 1914
pp, 100-108#
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33Cotton# comparison of the different forma of

phospliato available to Ooorgia farmers was made from 1919

throiigh 1925# Klnda of fertilizers used were? Superphosphate,

Florida pebble rock pliosphate, Termeasee brown rook phosphate,

tPenneasoo blue rock phosphate, and Florida soft rock phosphate#

Each material was applied to cotton plots at the rate of 400

pounds per acre#

Prior to 1919 the soil upon which this experiment

oonduoted had been well supplied with phosphate# For this

reason, little difference was noted in the crop during the

first two Foara#

During the last four years, superphosphate produced

the largest yields* The average for the superphosphate plots

for four years was 635 pounds of seed cotton per acre as

compared with 573 poimds for the rock phosphate and 512 pounds

for tiae no phosphate plots# There was little differenoe in

the yields produced by the various rock phosphates#

MIcniGAK

34Potatoes# «-The value of jAiosphate fertilizer to potatoes

grown <m the sandy soils of Michigan has besn shoim by a number

of field expepiiaents# Three hundred pounds of 16 per cent acid

33* Georgia Bxperiment Station Bulletin 162, "Cotton Fertilizers
end (Xatural Methods," 1929, pp. 16-

34# Michigan Agricultural College Experiment Staticm Bulletin
284, "Some Information and Suggestions Concerning the
Use of Phosphorus," 1919, p. 28,
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phoapliato per acre pi^duced 132 bushels of potatoes* The

corresponding chock field received no fortiliaor and yielded

100 bushels to the acre#

MISSISSIPPI

iLlfalfa#^5-From 1926 through 1929 fertiliser experi*
oents, with alfalfa# were conducted in Mississippi by the

Ihiited States Departjaent of Agriculture in cooperation with

the Mississippi Agricultxiral College and Exporlaent Staticm*

The folloY/ing kinds# and rates per acre, of phosplmte were

usedt Superphosphate# 250 and 600 poimds} and basic slag#

1000 pounds# Manure, when used, consisted of ten and twenty

ton applications#

The no-fertiliser plots produced an average annual

yield of 1*3 tons of alfalfa hay during the four years# The

plot# receiving 500 pounds of superphosphate per acre produced

an average of 2#2 tons which was only 0#2 tons more than that

produced by 250 pounds of superpiiosphate# Twenty tons stable

maniiro increased the yield to 3,28 tons per acre# There was

practically no difference between the yields from the two

forma of phosphate#

a?wo hundred fifty pounds of superphospliate# added to

an acre of the alfalfa crop# increased the yield Of the

subseqiient corn crop frcsa 29 #98 bushels to 58 #07 bushels per

acre# This la an increase of 8.09 bushels from the fartiXiaer

36# 0. S# D# A# Technical i3ulletin 419# "Porage-Crop Field
Experiments at West Foint# Miss##" 1934# pp. 7&8#
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residue*

IOWA

^Twelve cooperative field eaperlsjent, with fertllizersi

were conducted In lowa^ over a period of 10 years# The soil

on which the trials wore made belonged to the Carrington loisi

type#

^eatiaoiits were as follows»

1# Check

S# Ktonure, eight tons per acre once in four years#

6, SSanure, eight tons per acre once in four years)

and enough lime to neutralise the soil acidity#

4# Hanuro, eight tons) lime) and rock phosphate,

one ton per acre once in four years from

1918 to 1925, and 1,000 pounds once in four

years thereaftor#

5, Itonure, eight tons) lime) and 300 pounds 16 per

cent superphosphate per acre anntially until

1926, thereafter 150 pounds per acre three

out of four years#

6, laanwe) llmej and 300 pounds per acre annually

of S-S-f'S fertilizer until 1922, thereafter

200 pounds of 2*13-2 three out of four years#

Corn#—The check plots produced an average of 45#5

bushels of corn per acre. Manure, alone, increased the yield

e#S bushels# Lime# in addition to manxiro, raised the production

35. Iowa State College Agricultural Experiment Station
Bulletin 276, "A Soil Llanagement Program for Carrington
Loam," 1931, pp# 70-74,
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S*8 bushels per acre. Rook phosphate and superphosphate

yielded an additional gain of 1.9 and 3*8 bushels per acre

respectively. Superphosphate produced 0.8 bushel laore com

per acre than did the ooraplete fertilizer.

Oat0.<»»Superphosphate. when used with lime and manure^

produced 7.7 bushels oats per acre more thoa did the plots

w!iich received applications of lime and manure alone.

Clover and timothy^ sweet clover, alfalfa, and winter

wheat.—All of these crops were benefited by the use of

phosphate fertilizers. Superphosphate showed better results

than rook phosphate on all crops except sweet clover. In

most cases the difference was small.

AiAmm

Vetch. .—By a series of experiments conducted by the

Alabama Station, on three farms, the value of phosphate In

producing vetch was shown. The trials covered the period

from 1927 through 1935 during wliich time 23 crops were

produced. Phosphated plots were fertilised with 400 pounds of

superphosphate per acre.

At the Andalusia field, plots treated with superphosphate

averaged 8,092 pounds of vetch per acre, annually, over a period

of seven years, while those receiving no fertilizer produced

only 2,734 pounds.

An average of 83 crops wasi for phosphated areas.

36, Alabsaaa Polytechnic Institute Agricultural Experiment
Station Circular 74, "Hairy Vetch and Austrian Vifinter
Peas for Soil Ii^provoment," 1936, pp. 6-»7,
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5,923 pounds por acre; and for ohock areas, 1,473 pounds of

vetch per acre. Tiieso figures show that without phosphate

fertilizer the yield of vetch was very small.

Cotton. hundred twenty-six fertilizer experiments

with ootton were conducted on seven soil types in Alabama#

Some plots were treated with 240 pounds superphosphate per

acrej others, with ootton seed mealj and still others with

a complete fertilizer, la every instance phosphate increased

the yields of cotton over the corresponding check plots. This

Increase ranged from 60 to 170 pounds of seed ootton par acre,

She complete fertilizer proved to be the most profitable

treatment#

■' 'l"

/

37. Alabama Polytechnic Institute Agricultural Sxperliaent
Station i3ulletin 219, ♦'fertilizer Experiments V?lth
Cotton," 1923, pp. 5-21.
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WSd? OF PHOSFBOBOS ©I fUM DEVSLOFlim

Van Slyka^atates timt a aoil wall supplied witJa available

phosphorus is oonduoive to rapid dovelojaaent o£ young seeding*.

The reason for this is that phosphorus is an important olomcmt
y.' ̂

in the dovolopwent of the root system. If an abundant supply

of available phosphorus is present root growth la stimulated

consequently the feeding power of the young plant is increased.

Phosphate also taoda to hasten the maturity of a crop.

39Van Slyke further states that It has been shown that|i under

favorable conditions, there may be as much as a wesk*6 differ"*.

«ioe in the ripening period of a crop due to the supply of

available phosphorus.

Tiie efioct of phosphorus on ths relative produotlcoi of

grain and straw is marked.^^ The ratio of grain to stsraw is

narrowed in the presence of an abundance of this element. AS

iias been shown elsewhere in this thesis, it is often a limitM>

ing factor in the producticaa of grain crops.

Hall*^^ has shown, from experiments v/ith wheat at Roth-

ameted, that the percentage of nitrogen In grain is higher

when grown on land low in phosphorus tiian when grown -An iHm^

presence of an abundant supply of this slemont.

SB* Van Slyke, X»«L., Fertilizers and Crop Production, p.52*

B9» Xbid>, p. 50.

40. Ibid., I* 55
41. Hall, A. D., Fertilizer a and Menm''es. pp. 152-154.
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DIAGKOSIHO PS06?MtrS DBFICIBSCIES OP A SOIL

42
glv«s 3033» aiiDj)l6 sTjigseflitod prinolplee wbioh

l>a us&d tn diagjioslng plioapborus defieienciaa of a partiCTilaj?

eoil« It ahculd be understood that these are by no c»ana

perfect, but by following these principles a fanner can often

detenaino soi;iethlng of the phosphate needs of his soil.

By an examination of the soil phosphorus doficlenclea

are indicated if it is: (1) heavy in texture, (2) low in

humus, (5) strongly acid, and (4) poorly drained.

Plant observation will indicate a lack of phospiiorua

if I (1) the plants arc stui:ted and loaves are pale green,

(2) low yields of leguiios are produced, (3) the loaves of

tomatoes have a purple color, and (4) cereal crops are slow

to mature and produce low yields of grain.

By knowing something of the previous management of the

soil one can often determine, to some extent, the need for

phosphorus fertilization. From a managorial point of view

deficiencies are indicatedt (1) if livestock farming has been

followed, (2) if legume crops iiave been grown cwitlnuoualy

or frequently, and (3) if contlnuoua or frequent production

of ceroal crops has boon followed.

There are a ntuabor of quick tests on the market, and

still others worked out by Agricultural Eaperinient Stiations,

which may be used in determining the available phosphoric acid.

42, Bear, F. E., Theory and Prictieo in the Uso ̂  Fertiliaers,
pp, 2&2*»2QB^
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OBJECT OF THE

Thd experiment was designed to test the response of

the major cultivated soil typos found In Putnam County to

phosphate fertilizer^ Morglob© tcmjato plants being used as

the medium^ with the following treatments s

1# Nitrogen and potash with no phosphate

2g Nitrogen and potash with phosphate

3# Nitrogen end potash with differenot amounts of
>i ; r phosphate

. ;■ -.^0^

Pig* 3# University of Tennessee greenhouse

LOCATION OF BXP3HIMBHT

This experiment was carried out in the greenhouse

located south of Morgan Hall on the University of Tennessee

farm* Pots, In which the plants were grown, were- set on a

soil table in the west part of the east section of the house*-
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Thdre ims a line of ventilators along each aiae of tbe ridgo

and along tJio two extorior walls* Boat was provided by means

of steam colls located xmder the soil tables. The partionlar

table upon wliioh this osporiment was carried out was well ex**

posed to simllght until late afternoon idisn an interpoaition

was made by anothor part of the house*

METHODS BMFLGYED IH THE SXPisRIMBNT

Five soil samples were collected from various parts

of Putnam County Deceicher 31, 1937* Three of these came from

farms in the Highlarwi Rim, one from the Cumberland Plateau,

and one from the Central Basin. An effort was made to secure

saa5)le6 which were comparable to the soils in a large agri*

cultural area. All of the major soil types In the County

were represented in this collection*

The slope of eaoh field was determined, by means of

a level, at the time of the sampling* A history of the soil

was secured from occupants of eaoh farm* Also, the farmer

was asked for an estlmte of the number of bushels of corn

his field would yield per acre, under favorable weather con*

ditions, without fertilizer*

Ik>oaticai ef these farms is shown on Map 1*

^st crop plants feed within the upper six inches of

the fiolli therefore the sampling for this experiment was

limited to the top six inches*
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Each, soil was stos^Mwi anclor nlns po\mdfl of preaiirs for

approxiiaately two hours# Tho piarpoae of this was to destroy

any plant disease that laight have heen present*

After the steam treataaent, the soils were allowed to

dry thoro-oghlyt ISach was groui»a and then sifted through a
one-fourth inch mesh stsreon# This was done in order to pro**

due© a uniform mixture, and to remove any gravels that might

Interfer with plant growth#

The puivarised soils were placed in glaz^ pots which

were approximately 6^ inches deep arvi 6^ inches in diamoter#
Three-quarter inch holes wore made in the bottom of each to

provide for aeration# Seven pounds of soil was used in each

pot which filled the oontaXners within 1*5 inches of the top#

The soils were numbered 1,3,5, etc# Each soil was

arranged in a series of five pots designated as lA, ID, 10,

etc# This made a total of 35 pots, there being five A«s,

five B»8, five C*s, five D»s, and five B»s.

Fertiliser treatments.—The soil in an acre of lafjd
0

six inches deep weighs, on an average, 2,(X)0,0(V'pounds# Since

the soil being used in tills experijaent was taken from the top

six inches, the aiovo vroight was used in calculating the

amounts of fertilizers to apply to each pot, on an acre basis#

Both muriate of potash and nitrate of soda were applied

to all pots in each soil series at the rate of 100 pounds and

200 pounds per acre respectively# These were applied as a side
dressing o»« week after the plants wore transplanted#
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Oaloitja awtaphoaptiata ^2^6) waa used as the soiiroe

o£ phosphoras* Sach soil was treated with the saoo amount of

this inaterial# Series treatmonts were as follows:

Series Lbs* metaphosphate per acre

A l^one

B SO

c 100

D 000

B 400

All of the phosphate was applied at the time of transplanting*

•The tomato plants# idiioh had been grown in flats in tbe

greenhouse^ were transplanted January 27* At this time they

were four weeks old and were approalmately 2*5 inches in height*

In order to avoid root injtn^y# about one cublo inch of soil was

removed with each plant* A cone-shaped depression, in which the

plant was to be set# ws made in the soil of each pot* The

jaetaphosphate was mixed with a SBjall porti«Ki of soil in this

depression in order that the plants might be stimulated by the

fertilizer early in their stage of developnwjnt*

On March 8 another application of nitrate' of soda was

made to plants 10# 20# 30# and 40 at the rat© of 800 pounds per

acre*

Watering*—Hand watering was practiced throughout the

experiment* At first the plants wore watered by pouring it on

the soil* Due to the puddling effect this method was disccaatinued

early In the oiiQxarimeat* The later method used was to place

the pots in glass dishes filled with water to a depth of about
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two inches* This allowed moisture to pass up throu^ the soil

iny capillary attraction, tims avoiding the puddling effect#

During the early period of the experiment watering wa#

req^red only about once each week, but as the plants grew this

period was gradxially narrowed tmtil additional water was needed

every tliird day#

THB SOILS

Each of the soils v&b tested in the laboratory for avail-'

able nitrogen and phosphorus by the ̂ Oiannin^bamella Plaque j
I

Method." This method was developed of A* Mehliok, B# B# Fred, ;
43&44 I

and E» Truog#

The available potash was measured by the "Aspergillus

Niger Method." Experimente with this method Wj|re carried on
45

by A# Mehlioh, B# B, Fred, and E# Truog#

The "Truog Reaction Test" was used to determine the

pH value#

The results of these tests are shown in Table XX# XXI#

XXII, and XXIXI.

Soil Ho# l.-^'-This soil was taken from the Central Basin

43* MeiTlich, A., Frod, 1# B., and Truog, B#, "The Cunninglmiella
Plaque Method of Measuring Available Phosphorus in Soil,"
Soil Science# Volume 38, pp. 446-458, 1934#

44. Mehlloh, A., Fred, B. B#, and Truog, B., "Further Work With
the Curminghamella Plaque Method of Measuring Available
Phosphorus in Soil," Journal ̂  j^rXcm Society of
AF-yonoim» Belume 27, pp# 826-832, 1936#

45# Mehlich, A., Fred, B. B#, and Truog, E., "The Aspergii-ius
Niger Method of Measuring Available Potassium in Soils,"
Soil Science, Volume 35, pp# 259-279, 1933#
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(and belonged to the gravelly loiim eerlee* It irai largely an

alluvial aoll having been wasiied from nearby hills* Laboratory

tests for available plant food showed it to contain 130 pounda

nitrate nitrogen (NOg), 125 poiaida phosphoric acid (PgOg), and

182 pounds of potash (KgO)* The field had a slope of

Table XX« RESULTS OF THE CUlffilHOHAMBLIA PLAQUE TEST FOR AVAIL

ABLE NITRATE IR SOIL

Soil No. Diaiietor of fungus growth in ran.
Check Chock Response Response

Lbs. NOg per
aero

1 24 28 48 40 130

2 26 32 45 46 145

3 43 45 66 56 220

4 20 22 35 35 110

5 24 25 29 28 123

Table XXI. RESULTS OF THE QmmiX^QmmUA PLAQUE TEST FOR AVAIL-

iDLS PHOSPHORUS IN SOIL

Soil Ho. Diameter of fungus grovrth in ram.
Cheok Check Response ^^esponse

Lbs. FgOg per
acre

1 25 25 38 35 125

2 6 9 34 33 43

3 10 10 39 39 50

4 U 11 22 22 55

5 8 9 20 20 40



69

Tablo XXIJ* RESULTS OF THE ASPiiBGILLUS HIGEH TEST FOR AVAIL-

ABI^ POTASSIUM IH SOIL

6oil Ho# ^Velght of mycelium in rag#
Chock Check Response Response

Lbs# KqO per
acre

I .437 .460 1.060 1.355 182

2 »&6d .538 ♦880 .868 220

3 .360 .387 1.300 1.363 142

4 .414 .423 1.237 1.291 170

5 .463 ,480 .808 .825 190

Table mil. RESULTS OP TRUOO REACTIOH TEST

Soil Ho pH value

1 5.8

2 5.3

3 4.5

4 6.0

5 6.3

Approxiiaatoly 40 years ago tbla fiald was olearod# Slnoa

tlmt tla® it has been xmsXav cultivation ©vary year# A definite

rotation has been used as follows! Oorn« oats^ and red clover

and tljaothy three years# Th& only organic matter that has been

Incorx^orated consisted of the clover and timothy sod» Once

J
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In ©aoh. seven years, on an average, 10 tons of laanure per acre

has "been applied to the field. Ro commercial fertilizer had

been used. It was estimated that this soil would produce 40

bushels of com per acre with no fertilizer treatment.

Soil Ho. 2.—This soil belonged to the Dolvalb series

of the Cumberland Plateau. It contained 220 pounds of available

potash, 145 pounds nitrogen, and 43 pounds of phosphoric acid

per acre.

The slope of this field was 8.67;^. The soil has been

under cultivation for about 40 years. Ho definite rotation

has been followed. .^Oroen manure and c%©r crops have not
been used which probably explains the reason for the organic

oontont being so low. Corn, millet/ and sorghum constituted

the crops usually grown. Occasionally 100 poimds of XQ% super-

plioai-hate was applied to the com crop. Without fertilizer,

the owner estimated that the field would produce five to seven

bushels of com per acre*

Soil No. 3.—This sample came from a field with a slope

of 5.16J^ located on the Highland Rim# It belonged to the

"Barrens'* type. Its available plsuit food content wass 220

po\mds nitrogen, 50 poimds phosphoric acid, and 142 pounds

potash per acre. The organic content was low wiilch made

the soil to pviddle.

Ho definite rotation has been followed during the

35 to 40 years it has been under cultivation* Wheat, oats,

rye and red-top have been grown to some extent, but the usual
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crop has been corn* The only thing that has ever been done

toward inaintainlng the fertility of the soil was to apply 100

po\inds of 16% superphosphate per acre to the com crops* An

estimated 10 bushels of corn por acre coxild be grown without

fertilizer#

Soil Ko* 4 ••'"This soil belonged to the red«colored soils

of the Hi^iland Rim* Its available plant food content, as

revealed by laboratory tests, was as followst Hitrogen, 110

poundsj plM>aphorio acid, 55 potmds; and potash, 170 pounds

per acre*

The usual crops grown on this farm consisted of com,

oats, and soy beansi but no systematic rotation has been

followed# nothing has be^ done to improve the soil, and

fertilizer has not been used during the past 10 years. This

field produces about 15 bushels of com per acre# Due largely

to the management of this land, and to the 10^ slope, sheet

erosion has removed much of the top soil*

Soil No* 5•••This soil was taken from the Highland Him

and belonged to the red^oolored t:,pe of that area* The dark

brown color indicated tliat it was well supplied with organic

matter# Laboratory tests for available plant food showed it

to contain 122 pouxaia of nitrogen, 40 pounds of phoaphorlo

acid, and 190 pounds of potash per acre,

Althoui;h the slope of the field was 27^ there wire little

indications of erosion. Por approximately 40 years corn was

grown on this soil each year* Fertilizers and manures were

never used.
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About 10 years a£;o blue gross was aowa in tlia field#

arid it ba® been used as a permanent pobtiire since that time#

DI3CUS3X0H OP KESJIffiS

Soil 1 vjaa badly infested with toiaato wilt* Plants

lA, IC, and IE died with this disease within two weeks after

plants wore transplanted# Other plants were set in the same

pots# The second plouits in lA and IB died# These were again

replaced# Finally ail of the plants took the disease and it

gradually spread over each plant until all died# For this

reason growth domparisons in this soil are .difflcialt#

Growth of Plants

After the plants recovered from the transplanting the^e

was a marked diiTeronoe in the ra\;e of growth of the A series

as can bo seen in Fig# 4 » Plant. 5A showeld the most abuiidant

growth with 4A a close second# BVSn those f row slowly and

showed a purple color on the bottom side of the leaves. Plants

2k and SA grev/ very "little during the first 42 days. There

was a pronounced piu'ple color on the leaves of these plants#

IXu'ing the latter part of the oxporiment &A increased

1x1 growth until it attained a height of 24 inches lay 2. Other

plants in this series grew very little during this time# The

increase in heieht of 2A v/as 5.5 inches during the 93 days that

the experiment v/as conducted#

Prom the outset of the ©ssperiment plants which had

Tboeived metaphosphate treatments grew rapidly# These plants^
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which laoluled thai B, 0# B# and E eorioa, were on an average

more than two timee as tall as the A series at the end of 40

days* leaves of the plants which had heen treated with

phosphate had a yellow color with the exception of those in

soil number 5« Plants IC* 2C, 3C, and 4C were side dressed

with 200 pounds of nitrate of soda per acre. This failed to

produce any response in either color or growth,

Towai^d the end of the ejqperiment^ idiioh was concluded

May 2, the lower leaves on all of the plants which had been

treated with phosphate fired and dropped off. No difference

v&a noted betv/oon the different rates of phosphate applications.

Growth loeasurements are shown in Table XXIV. Figures

4, 5, 6, 7, 8, 9, and 10 show each of the plants and also

comparisons•

Ho appreciable difference in growth was noted between

the various rates of phospliato application.

Blossoms

In Table XXV is shown the date that the first blossom

appeared on each plant. There is a close correlation between

the growth of plants and the earllnesa of the first blossomi

the best plants blossomed first. Phosphate fertiliser aided

materially In producing early blossoms, but the rate at which

it was applied aeemd insignificant. Also, the best plants

produced the largest number of blossoms. Only one of the

plants which was not treated with phosphate blocmed.

Fruit

In the absence of phosphate fertilizer no fmiit was

set. The better plants sot the largest number of fruit.
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Since the nimber of tosiatoos produced was so smll it was

difficult to make significant coiaparlsons between the differ

ent rates of phosphate applications#

Hoots

Figure 11 shows the root developoient of each plant#

Phosphate fertilizer exerted a positive influence upon the

production of roots# The amount of root growth corresponded

closely to the amount of stem and leaf growth*

Tahle XXIV. HEIGHT OF TOMATO PIAHTS IK IlCfES, 42 AHB 95

BAYS AFTEi^ TRAHSPIAHTIHG

Date Soil Ho. A B C D E

March 12 1 9 14 14 15 12

May 2 1 17 46 39 46 20"'

March 12 2 4 14 12 13 13

May 2 2 6 27 28 29 31

March 12 3 6 IS 14 16 16

May 2 3 9 42 36 34 44

March 12 4
/

7 17 18 16 16

May 2 4 14 37 43 36 38

March 12 5 7 13 16 16 16

Elay 2 6 24 37 36 43 36

it Top died from torn to wllt»



 

 

n

Table XXV* DATS OP FIRST BI,0SS01I

Soil No A B C D E

1 April 6 April 2

8 March 34 April 1 March 22 March 24

5 I^aroh 80 Marcii 21 March 20 March 20

4 March 19 March 20 March 21 liar oh 19

5 April 18 March 19 I5arch IS March 14 March 16

Table XXVI, DATE FIRST FRUIT WAS SET

Soil No, A B 0 D s -.S
'

1 April 28 April 29

2 April 28

6 April 27 April 18 April 9

4 March 25 March 26 April 15

5 March 12 March 21 March 23 April 15

This plant had Growth fasciatlon.



•iJam® mil# mmm op blossobis

fable mm, HUMBPR OP FRUIf SET

n

iMM!^

Soil Ho# A B C D E

1 0 8 0 10 0

8 0 1 2 6 8

3 0 9 9 9 11

4 0 10 13 9 14

6 2 14 15 16 14

Soil Ho« A

1

2

S

4

5

0

0

0

0

0

1

0

1

8

1

0

1

1

0

5

D

I

0

1

1

5

K

0

0

0

1

s
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A

A

Pig. 4. Plants of the A aerlea 42 days after transplanting.
Left to right! Soils 1,2,3,4, and S.

f

<■

r

f
B

Pig. 5. Plants of the B series 42 days after transplanting*
Left to right I Soils 1,2,3,4, and S.

H.-
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nnr fr<
-r

i

Pig* (5. Plants in soil 1 43 days aftsr tranii>lantlng*
Lsft to rif^t; Series k, C$ 0# ai^ E«

Ffm

2

Fig. 7. Plants in soil 2 42 days after transplanting*
Left to ri^tt Series A, B, G# Dp and P.

/ .

. V > " '
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1

r

3

Fig. 8. Plants in soli 5 42 days after transplanting.
Left to rights Series A, B, C# T>, and E.

f

/=

14

Fig. 8* Plants in soil 4 42 days after transplanting.
^ Left to rl^ti Series A# B« C* and E.
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x

5

pifl-, X0« Plants in soil 5 42 days aTts® transplanting#
Left to rights Series A, B, C, D, and E#

^ -lit

A, )
ii^ :

ff

Fla. 11. Roots of plants 93 days after transplanting.
Top rows Soil I. Second rows Soil 2. Third
rows Soil 3. Fourth rows Soil 4. Fifth rows
Soil 5. , . «
Loft to right# in each rows Series A, B#
Of D# and E»
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SUMM&BY

All of tho soils Used contained a sufficient aioount

of available nitrogen aiai potash,, With the exception of

number 1, each was low in phosphoric acid.

Nitrate of soda and muriate of potash used together

failed to produce as jmoh plant response as when used with

calcium metaphosphats.

;ach of the soils respond^ positively to oalcium

motapiiosphate, used with nitrate of soda and muriate of potash,

from the standpoint of plant growth, earllntfis Bf blossoming,

number of blossoms, oarliness of fruit setting, and number of
I '*A

fruit set.

No si^^ilfloant difference was foiawl between the response

from 50 pomids, 100 potinds, 200 pounds, and 400 pounds of

calcium raetaphosphate per acre.

Comparable results were not obtained from plants grown

in soil nuaibor 1 due to the fact that it was infested with

tomato wilt.

The two soils of the red-colored type were more product

ive than either the "Barrens* type or DeKalb sandy type.

The results of eaqperlments conducted at the various

state experiment stations have shown that phosphate fertilizer

Increased crop production in almost every trial.
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