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TRE EFFIDT 01!" :B'ER.r:ILI~ERS ON r:!lIE PROTEIU, CALCIUM AN:D PHOSPHORUS 
CONT31~T O.f' SC1:E CROPS GRCW11 OK 11HE DIFFERErJT SOIL TYPES OF VIRGINIA 

by 

A. L. Grizzard 

The ~oil has been an important subject of investigation tor 

the agricultural chemist for a long time. The object of every investi-

gation by agricultural chemists has been to determine the factors that 

limit crop produ.ction so that the farmer co1;,_ld produce the largest pos-

sible crops with the least expense; leaving the soil in a better con-

dition and increas:!.ng its productive power at the same time. 

'l'he geological origin of a soil is an important factor and 

may give sor.ie indication of its fertility. Most Virginia soils are 

residual, that is, they were formed from bedrock in the position they 

now occupy and v.ere not brought in by glaciers or water. 

Geologically, the state :is d:i.vi.der i.nto the following general 

:provinces: (1) The Coastal Plain, (2) The Fiedmont Plateau, and (3) 

The Appalachia.. Each geological division may have several distinct 

soH types an.a tbe fertilizer requirements may vary with each distinct 

type. 

'I'he Coastal Plain constitutes aprroximately one-fourth of 

the entire land area of the state. It is chnraeterized by a broad, 

flat expance of cormtryf the elevation seldom ranging above 100 feet, 

and is i.ntersected by m.unerous rj vers, creeks and bays. The soils of 

this are£.. are mostly sands ana loams which ~re low in phosphorus, 
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nitrogen and potash. The soil is used as a seed bed and the plant 

food is supplied in the form of artificial fertilizers. This area 

is adapted to growing early vegetable crops and is known as the truck-

ing section of Virginia. 

The Piedmont Plateau extends. from the Coastal Plain on the 

east to the Appalachia on the west. The soils of' this area are red 

clays, silts and clay loams, which are fairly productive. These soils 

are adapted to growing almost all types of crops, grasses and fruits. 

The Appalachia province embraces all the land area of the 

state from the eastern slo1>e of the :Blue Ridge Ucnmtains to the west-

ern boundary of the State. In this area are found the Blue Ridge, 

Great Valley and Alleghany Ridges.: All these areas have the Hagers-

town seri,s as the principal soil type and are productive soils, be-

ing particularly adapted to the production of' grasses, grains and 

fruits. 

These several soil types are widely different in their 

chemical and ~hysical structure and characteristics. The claim is 

ofter.. made that plants show variations in their mineral elements and 

protein content, depending upon the character of the soil upon which 

they are crown. If this is true, then these variatjons could be 

corrected with fertilizer practices and would give sorne indication of 

the supply of available constituents in the soil. There seems to be 

a definite relation between the mineral elements in the plant and the 

avai]able runo1mts of theee minerals in the soil. 
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l1he soils of Virginia change as we pass from one pa.rt of 

the state to another, especially in the mountainous sections. we 

would naturally expect a change in the soil type to exert its influ-

ence upon the plants grown on this particular soil. It is a well-

known fact that an abundance or plant food and the physical condi-

tions of' the soil exert a marked influence upon the growth and vigor 

of plants. 

There are many factors which affect plant g,rowth, such as 

the mineral content, the yield and the maturity. Water is a very 

important factor because all plant nutrients are absorbed in a soluble 

form. Reed (12) states that 11The amount of moisture in the soil af-

fects the concentration and osmotic pressure or cell sap; a low con-

centration seems to be associated with rapid growth, and a high con-

centration with slow growth and fruit bud formation.tt Shutt (14) 

records that "Wheat grown in newly cleared ecru.bland in parts of 

Northwest Canada is softer, more starcey and poorer in nitrogen than 

that grown on adjoinine land which, through long cultivation, has 

lost some of its organic matter and, therefore, its capecity to hold 

moi3t1.1re." Knight (10) and his c~workers have shown that altitude 

has a marked Influence upon the ma.turi ty and mineral content of plants 

grown in ·,iyo.r.iing. 3llett (4) has shewn that climatic conditions and 

soil type influence the protein content of bluegrass. However, the 

effect of fertilizer practices on the mineral content of plants is 

not clearly shown. 



Inv~stigations have shown that soils might be deficient in 

available phosphorus and calcium and these deficiencies are reflected 

in some cases in the plants grown on these soils. Forage crops have 

a lower calcium and phosphorus content on sons in.&dequately supplied 

with these elements th!.n on soils adequately supplied. These elements 

play an important part in animal nutrition and a proper mineral mata-

bolism is essential. The effect of phosphates in increasing the quali-

ty and feeding value of crops may be shown by their effect on the 

growth of animals. 

'l'he most nutritfous pastures in England and the best dairy 

:pastures in France are those whose soils are rich in phosphorus and 

calcium. This is also true in sections of the United States, soils 

derived fror:1 limestone produce nutritious pastures. The high phos-

phorus and calcium requ.irements of red clover which appear to be in-

dict>.tive of the requirements of other legumes, bave made it diffi-

cult and frequently almost impossible to grow such crops wi.thout lime 

and phosphorus. On soils deficj ent in lime and possibly available 

:phos:phnri.1-s:, non-legumes are erovm and these crops a.re used as a for-

age almost entirely. 

::::n as much as plants absorb minerals from the soil, we should 

expect that plants growing on soils would absorb and utilize these 

el9ments in sc~2 ratio to tnc relative amounts present. 

If soil type and fertilizer practices affect or influence 

-!;he com1:osition of plants, forage crops that are deficient :n phos-



phorus anrl calcium mlght influence the existence of malnutritional 

diseases among animals to which these crops are fed. These defi-

ciencies may be improved by proper systems of soil management. 

Object 

'The object of this investigation deals with the effects 

of soil type and fertilizer practices on the yield and composition 

of crops grown on the various soil types of Virginia and to compare 

these results with the averages obtained throughout the United States. 

In this way it is hoped that a contribution to the knowledge of Vir-

ginia-grown crops and their composition as affected by soil type and 

fertilizer practices may be made. 

Review of Literature 

Wiley (17) has shown that ''Maize is the r.ost invariable of 

cereals, maintaining under the most different conditions a most re-

~.arkable uniformity of com.position." 

Cooke (:3) ha.s found that aNitrogenous fertilizers used 

i:..lone increased the percentage of prote:i.n in the corn crops, but 

when used with potash, did not affect the composition; and when 

used with phosphoric acid, actUAlly decreased the percentage of 

protein." 

Thieler (16) states that '"The lack of phosphorus in the 

ration f'ed to livestock could be directly traced .through the plants 

grown t0 b. ph0srbor11s def:i.c:ency in the soil." 



Elliot, Orr and Wood (5) have shown that the value of 

pasture ;;rass is in djrect proportion to the mineral constituents 

preser:t; a high mineral con.tent being associated with a high nutri-

tjve value. 

Jessen (9) in studying the effects of nitrogenous fertili-

zation of grass land on the proportion of grasses and clovers, states 

that "The application of sodium ni tra.te or other easily soluble ni tro-

gen compotmds to mixed growths of grasses and legumes, give the fonner 

the advantage owing to their greater transpiration rate and hence, 

more rapid assimilation. i'lhere potassium and phosphoric acid are ap-

plied, while the grasses have the advantage at the start, the supply 

is ample for the legumes as well; and owing to the latter's simbiotic 

sources of nitrogen, they can compete more effectively with grasses." 

McCarrison and ~iswanath (11), studying the effect of fer-

tilizing conditions on the nutritive and vita.mine values of wheat, 

state that "The son fertilized with farm yard manure yielded millet 

or wheat of higher nutritive value th~n the same soil fertilized with 

a com11lete commercial fertilizer on soil not fertilized for yeara. 

'The d:i. fference s,iems to be in the vi ta.mine conten.t of the grain." 

Hellrieeel (6) has shown that when barley was grown in sand 

cul tu.res anrt the X'itr-Jfen zup_ply withheld, the grain was only two-

thirds of th0 >101'.'nw.l w,'Jic:;h+. per ir..rHvid·,:iul. Also that the first ad-

:: i. t:i.on n'" nitrates CE..1wed a murked rise in the w~i.eht per grain, but 

succesJi ve additions cause no further increase .. 
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Hellriegel ( 7) has shown that varyine the phosphate supply 

for barley grown in sanr. cultures to be rne..terfa.lly affected. In ab-

cence of phosphates no grain 'llas formed; when very little was added, 

erain fo-::-mation proceeded normul ly, and the resulting grain was near-

ly full wei,sht per 1.nd.ividual; as the :phosphate supply increased, the 

perccnta.ce ot' gratn increased, but soon reached a maximum beyond which 

it wc-,uld not ;;o. 

liill, \ihite and J·ones (8) stud;ring the effect of f'ertiliza-

~ion J.f•On the corJ:posit:i on of crops, have shown that corn from ferti-

lized :plats was rfoher in protein and !iotash than those fron1 unferti-

lized plats. Cn plats whi~h 1:'ecei ved. bone meal the phosphorus con-

tent was hich. l'lats rece:ivinc superphosphate, tankage, nitrate and 

potash salts grew crops containing more ash and protein but less 

nitro.;en-f.'ree extra.ct than did plats receiving bone meal and potash 

s&lts. In [:'.eneral, this e:-rperiment shows that the composition of' 

corn while sli,:::htly affected was not materially altered by fertili-

zation. 

Ames (l) states that "The composition of t}1e wheat crop 

crovm on '.mfertilized plats cf two soils, containing different amounts 

of rhocphor•Js, potash and nitrocen, is in accordance with the compo-

sition cf these soils.'' 

tt•:rhe :proportion cf phospt~orus, potassiwn and nitro:;;en in the 

whnat plant is ir:.creased 1Jy the addition of thes~ elements to the 
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"Phosphorus applied to soil, showing a deficiency of this 

elem,~nt Ei.S measured by crop yields, increases the amount of phos-

phort,s in th8 erain. Associated with this increased accumulation ot 

phosphcru.s. there is an increased quantity of potassium and a de-

creased amount of nitrogen." 

"The composition of wheat grown on the same soil, fertili-

zed with different carriers of phosphorus, shows the phosphorus con-

tent to be higher on the barnyard manure plat." 

Ames (2) in studying the effect of fertilizers on the com-

position of alfalfa hay has shown that "lfThe :phosphorus supply of the 

soil, as increased by the addition of acid phosphate, is reflected by 

the ,i!hosphorus content of the crop." 

"When the fer'tilizer used contained both phosphorus and 

nitrozen, the increase in the amount of phosphorus over that found 

in the crop from unfertilized soils is not as great as where phos-

phorus without nitroeen was applied." 

"Th:; var'lations in the phosphorus content of the rough.age 

are large, and theze variations as affected by soil, fertilizer and 

climate, constitute factors o~ first-class :practical importance to 

the breeder of livestock, especially .as affecting the growth of bone." 

Sievers a~d Holtz (15) state that ''The total phosphorus 

content for all the so:ils in ';~-ashington state is very high and the 

availablo :phosphorus very low as compared to similar soils from 

other sections of the coi.Ultry. 11 



"1'he total calcium content of the same soils is high as com-

pared to similar soils from other sections and none of the calcium is 

:present in thr., car"bona te form." 

"Th~ phosphorus and calcium content of oats erown on these 

;coils is exceedingly low, averaging .138 and .09 per cent., respec-

tively, as compared to about .30 and .38 per cent. for these crops 

as reported by other stat.ions. For red clover the percentage for 

these elements for ',;ashincton .15 and 1.55 wh:ile other stations 

re_ported about .20 and l.75 per cent." 

"ln the sections where the forage crops were low in cal-

cium and phosphorus, malnutritional disorders existed among the ani-

mals and it is tho:J6ht that feeds containing small amounts of phos-

phorus ma_y 0au.se malnutrit ional diseases among animals." 

Scott ( 13) has shown th,. t maey Montana grown forage crops 

contain rmich C£..lclum but very little phosphorus in proportion. This 

".'.Ond:ition produces a phosphorus deficiency and calcium excess in the 

matabolism of ca::th, fed upon them and 6 i ves rise to physiological 

disorders. 

For&.e;e cropa from areas where cattle show bone chewing pro-

clivitles were enalyzad and fcu11d to contain less phosphorus a11d more 

calci1un than corresfonding samples from unaffected areas. Soil sam-

ples fr(,ir. affected areas were hlgh in co.lei.um but a.pparently normal 

in :;hozphorus content. Since the crops grown upon them are phos-

_:,horu.s deficient, th" soil's rhosl)ho~s is belie1red to be practically 



- l0 -

Table No. 1.- Fertilizer Treatments of Samples Used in this Investigation. 
Yields in 

pounds per acre 
County Soil Type Crop Demonstration Check Demon- Dit-

stra- fer-
tion Check ence 

Rock- Hagers- 133# 16% acid No 
bridge town Clover phosphate, ferti- 2500 2000 500 

Loam 100:/J N. s. lizer 

Pittsyl- Cecil 200# 16~ acid No 
vania Loam Olover phosphate, ferti- 1500 1500 ----

l00fr N. s. lizer 

Lunen- Cecil Timotey- 300116% acid 300# l6~ 
buri Loam ax1d phosphate, (S) acid 3300 2000 1300 

Redtop l67j N. s. phos.(S) 

.Buckil1G- Iredell 200/ 16% acid lfo 
ham Loam Redtop phosphate, ferti- 2500 1800 700 

l00j N. s. lizer 

200# 16% acid Uo 
Amelia Cecil Redtop phosl)hate, ferti- 2000 1000 1000 

Loam l00i N. s. lizer 

3rd.yr. 
Rock- Eagers- T1Ieadow I rd 133 l61o acid Uo 
ingham t C'Nl1. Oat phosphate, ferti- 4000 3000 1000 

Loam C:-rass • 100# u. ... 
.:). lizer 

~OOf l6t acid 200; 16% 
Cl:.~r- Gecil Rao.top :phosp.'1-t..,te, (S) acid 2000 1400 600 
lotte Loam llOj U. s. phos. (s) 
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Tab'e No. 2.- Fertilizer ~reatments o~ Samnles TTsed in this Inv~stigation. - - - . 
Yields in 

bushels per acre 
10o·ililt1 .:;en J.•y~e ~rop :::ie.mons t rat l on Check Demon- Dif-

stra- Check fer-
tion ence 

400i 16% acid 
400f 16% Char- Cecil phosphate,50# 

lotte Clay '-'orn 1:.F.(3)200# acid phos., 28.00 21.00 7.00 
.N. s. 50# M.I'. ( S) 

~ing lJor•folk. Co.t·u 167j !!. s. No 33.33 30.00 3.33 
William Sandy Loam fertilizer 

~00f 16% acid 200# 
Amelia Cecil Clal Corn phosphate, (S) 16~ acid 36.65 28.30 8.35 

160# u.s.- phos. (S) 

400# 16~ acid 
Mont- Hagers- phosphate, (S) 400# 16% 
gomery town loam Corn 40# M.P.(S) acid phoa., 58.00 62.75 5.25 

2001 :tr.s. 40# M.F.(S) 

300-:/J: 16% acid 
Stafford Korf'olk Gorn phosphate, (S) No ~8.~ 16.50 ll.70 

sandy Loam 60, li.P. (S} fertilizer 
200i N.s. 

400¾ 16~ acid 400# 
:Bote- !I1aga~sto\\l'l Corn _phospiate, (s) 16% acid 31.00 14.60 16.ro 
tourt Clay Loam 50# lri. P. I,Jhos., (S) 

200. N .. s. 50f M.P.+D 
~33 ., 16.,. .. 300# .;;;· f 'Jo &CJ.Cl 

I-'rir.ce Cecil Corn :phosphate,(s) 16,; acid 31.00 22.50 8.50 
1::dwal·d Sand,,y Loam 33f M.P. :phos., (s) 

200f N. s. 33fr lvl.. p. 

400j lG~ acid 400:jJ: 
IAppo- :;)avid- Corn phos.Qhate, (S) 16% acid 32.00 12.00 20.00 
imattox son Clay 4-0i l'" p ·• . , ?hos., (S) 

200t N.S. 40-if lvi. P. +D 

400i 16% acid 400-, 
l!lalifax Granville C:orn :phosJ;,,lla te, (s) 16% acid. 45.00 40.00 5.00 

Jandy Loam 50j hl.:e., _phos., (S) 
200f N.S. 50/ 11.P.+D 

0 00 ' 16"' --.:; f "'ac::i.a 
ILo;J.lc;m .,she ::i..oam ~orn :phosphate, (S) No 64.00 59.00 5.00 

40# M.P., fertilizer 
200# N.S. 

Note, All nitrate cf soda applied as a topdressing. 
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Table ?fo. 3.- Fertilizer Treatments of Samples Used in this Investigation. 

County soil Type Crop Demonstration Check 

Lou.doun Iredell 1:.'heat 300.jf 3-12-3, 300# 3-12-3 
Clay Loam 100:jf N. s. 

Rappa- Cecil 200:if 16% acid 200# 161' acid 
hannock Clay Bye phos. (S) ,200:f phos.(s),200/ 

16~ acid phost 16~ acid phost 

Prince Iredell 200., 0-13-30 200# 
William Clay Loam ·,i'heat L.P.(S),167.f 0-13-30 

N. s. L.P.(S) 
350f 16% acid 

Rock- Iredell phos. ( s), 100=/i: 350116% acid 
ingham '.nay Loam ':,1he61.t 16% acid phos't phos. (s), 100# 

100:/I N. s. acid phost 

200j 16,~ acid 
Bock- Hagers- phos. (s), 50f 200# 16% acid 
bridge town loam ',,'heat l6Js acid phos t phos. (S), 50i 

167:fj N. s. acid phos.• 

200j 16% acid 200# 
Grayson Ashe Loam :meat pl10a. ( S), lOOf 16~ acid 

N. s. :phos. (S) 

.Bote- Hae;ers- 200# 16;1, acid 200/i 
tou.rt town Loam ':,heat phos. {s) ,167/j 16% acid 

N. s. :phos. ( S) 

Shenan- Hagcrs- 350j l¼-8-4, 350# 
doah town Loam ·.;'heat ( S) , 16 7f :N. S. l¼-8-4, (s) 

250/i 16;'0 acid 
Stafford ';hester ·:,heat phos. ( s) ,222.if 250if 16% 

Loam l6;t acid phost acid phos.(S) 
lOOi N., s. 

Rock- Dekalb i'i11eat '300ff 2-12-2, 300:fl 
ingh&m Loam (s),l67J N.s. 2-12-2,(s) 

1;ote: .ii.11 nitrate of soda uppliec as a topdressing. 
• - Applic.d as topdressing with r,itrate of soda. 
L • .P. - Li1r:.e fho,:r,bate., 
Cs} - A_p:plied. at :.:ieecing time .. 

Yields in 
bushels per acre 

Demon- Dif-
stra- Check fer-
tion ence 

·2a.40 26.80 1.60 
i 

I 
23.60 10.90 12.70 

20.33 14.00 6.33 

22.00 14.00 s.oo 

24.33 19.50 4.83 

20.75 17.00 3.75 

23.10 14.60 8.50 

23.00 19.00 4.00 

23 .. 33 14.62 8.71 

22.20 15.20 7.00 
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with the view of carrying out this experiment as outlined, 

the demonstration fertilizer plats of the Department of Agronomy ot 

the Ex.tens ion Division were selected, because they represented some 

of the soil types in different sections of Virginia where applica-

tions of fertilizers were made with different crops and the effect 

of these e.pplications could be measured, by comparing the yields ob-

tained, on adjacent plats, where no fertilizers were applied. 

7ables 1, 2 and 3 show the fertilizer treatments, soil 

types, and yields with different crops. 

The Hagerstown soils are the principal soils of the lime-

stone valleys and uplands of Virginia. These soils are found exten-

sively in Rockbridge, Rockingham, Botetourt, :Montgomery and Shenan-

doah Counties. They ere among the most fertile of eastern soils, be-

ing particularly adapted to the production of grasses, grains and fruits. 

Th0 application of superphosphate and nitrate of soda in 

early spring as a topdressing, considerably increased the yields of 

clover hay in Rockbridge County, In Rockingham, with the same fer-

tilizer treatment, the yield of Meadow Oat Grass was greatly increased. 

In l:ontgomery County the yield of corn was ver., high and 

shows a small incre~se from superphos:phate and muriate of potash ap-

plied at seedinc and nitrate of soda as a topdressing. Whereas, in 

Botetourt the yield was considerably smaller but a very large increase 

was obtained from th,:i same tr0atment as in 1:ontgomery. 

l'he yield of wheat was considerably increased in Rockbridge 
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County by the application of su~erphosphate at seedir.ig, &nd with 

superphospha te ~:r:d nitrate of sod.a i..pplied in e&rly spring as a top-

dressing. 

The Shenandoah plats show a good increase when a complete 

fertilizer and nitrate of soda were applied in early sprinc as a top-

dressing. '3otetourt plats show the greatest increase for wheat fror:1 

the application of superrhosphate a.'1d nitrate of soda applied in 

early si:rirJ.;'-7 as a topdressing. 

The Cecil soils occupy a large area in middle s.nd southern 

7irginh... The sandy type:; are grayish; the loam, yellowish; and the 

clay loW!l, reddi::.h. T'.r.e chief crops grown on this son in Virginia. 

are tobacco, small gre.ins, corn and clovers. These soils usUE.lly 

responc. to fertilizer treatment and are easily improved and maintain-

ed. 

'."he yield of clover hay was not increased by an application 

of super;hozphate and nitrate of soda in early spri:nc as a topdress-

ing on ~he Pittsylvani.a plats. 1'1his was probably due to the excep-

tionally dry season. In L..n'.::nb1.1.rg the tie1d of timothy and redtop 

wus gr-3atly increased when superphosrhu.te was a;1;lied at seeding and 

nitrate of soda ar:plie(" in early sfring as a topd"'ess~.nc. 'f'he yield 

of rec.top :aa:::. 'lc,nbl~,, on l,melia plats by the up]?:. :!cation 0f super-

phosphate anc1. n:Itrato of soda in <Jarly s;rinc as a topdressing, while 

on the Cr.arlotto p1ats w:ith the s&me treatrrents the increase was small. 

:'he ;yield of co.::-n v1as ~ons:!derably increased by the appli-
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cation of superphosphate at seeding and nitrate of soda applied as 

a. topdressing on the /.melia anc Charlotte plats. r11b.e Prince Edward 

:plats recei. ved the same treatments as .i;melia with the addition of 

mu.riate of potash added with the topdressing. The yield was con-

sider&bly increased. 

The yield of rye was increased three times by the appli-

cation of zuperphos;hate at seeding and in early spring as a top-

dressing in ~appahannock County. 

The Iredell soils are found in the Piedmont Plateau of 

'."irg1n'i"".. These soils are lii:::;bt brO'A'll to black in color. The sub-

sen is a heavy waxy clay which makes them very sensHive to seasonal 

conditions. Cotton, tobe.cco, small graj.ns and hays a.re grown on this 

soil type. These soils respond readily to potash treatments which 

usua1 l;r :prevent the rustine of cotton. 

T:mothy and 'Redtop show a considerable increase in yield 

of hay per acre from the application of auper:phosphate and nitrate 

of soda applied in early sprinc ss a topdressing on the Buckingham 

:r:lats. 

The yield of the wheat crop was greatly increased on the 

Prince ~illiam pluts by the application of 0-13-30 lime phosphnte 

at see•:1ine a:n'°. nttri:..te of soda applied in early spring as a topdress-

1ng. The "qockingham :plats show a large increase in the yield of wheat 

per acre by the arplication of superphosphate at seeding and super-

phosphate and nitrate of soda applied in early spring a.s a topdress-
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ing. Whereas, on Loudoun plats by the application of a complete fer-

tilizer and nitrate or soda applied in early spring the increase in 

yield of the wheat was very small. 

The Norfolk soils are light-colored sands with yellow fri-

able subsoils and are the most extensive and imrortant soils of the 

Coastal Plain region. These soils are adapted to a wide range of 

crops, but they are of rather low natural productivity. 'l'herefore, 

liberal applications of man:ures or fertilizers are required for good 

yield3 of nearly all crops. 

'.i:he yfold or corn was increased very little by the appli-

cation of nitrate of uoda as a to;dressi.ng in King William Count;,r. 

In Stafford ~ounty the yield was almost doubled by the application 

of aci1 phos;phate and muriate of potash B.t seeding and. topdressed 

with hitr~te of soda. 

Luvidson soils are brown and reddish surface soils with 

stiff cl1;;.~' subsoils.. Th.es•.: :w:lls are productive, being adapted to 

eot ton, corn, clove.L·s an,1 w'heut. 

Toa yield of the corn cro,l! was in~reased almost three times 

in Appomattc::{ Ooiillty 1:hen acid phos:phute was applied at seeding and 

topd:rezsed. with rm.triatc of :potas:1 and nHratc of soda. 

J.ra:aville s0ilLJ are v~;ry similar in color c..."ld. structure to 

the lior folk ;.;oils. Z"l.eze so ~b are used principally for the pro-

ductfon of b-ight tobacco, cctton, corn, peanut::; a11d whe1:1.t. Moderate-

ly heta:rJ uddi tions of manure o"".' fert ilize:-s hich in ni troc;en and 
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The increuse in yield of corn was small but the yield was 

large on the Halifax plats when superphosphate was applied at aeed-

i::.:g a::..J top dressed 1vi th muriate of potash and nitrate of soda. 

The As!l.e soils are brownish mountain soils with yellow 

stilisoils and. are very rich. 3tock rais ine; and t:enera.l farmin;; com-

J;;ris e most of thH till~r;i practices. 

'l'he application of eu:_per:phosphate at seedinc end topdress-

ing ·,ii th mu.r iate of potash and nitrate of soc.a gave a sm&ll increase 

in the yidd of the corn crop on the plats in Loudoun County b-..it a 

very h1:;h ~'ield -v1as obtaine: ... 

A small increase in the yi.eld of wheat was obtained on the 

;,;.rtiYson County plats when superphos:phate was applied at seed.inc and 

tc:t, d.r0a3sd with nitrate of soda in early spring. 

~he 8hester soils have grayish brown surface coils with 

gritty clay subsoils. Tr~ese soils are the most extensive soils in 

the production of col"'11, "Nheat, clo·rnrs and fr,,-ita. 

:'here was a large increase in the yic:!.d. of wheat on the 

S4;a.ff,.::d r:a.ts by ~h·~ addition of snl,)arphospr.ate at seeding and again 

The :Uckalb soils prec1ominia..ta tJ.u•o-i.;1,;_/hc"'.lt the Jurr:berlund-

.Alle6h.any i'lateau. ~.;.,; in the ridJ;e~ ly:in,<:, ea.st of the Plateau and 
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tion of small grains, corn and general farming. 

The yield of wheat was considerably increas-ed on the Rock-

ingham. plats by the a.ddi tion of a complete fertilizer at aeeding and 

topdressi.ng with nitrate of soda. 
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Table No. 4.- Toe effect of fertilizers on the percentages of crude 
protein,lime & phosphoric acid in plants grown on Virginia sail ty~es. 

',iith fertilizers Without fertilizers 
Crude Crude 

Soil Type Date of protein Cao P205 protein CaO P205 
cutting Per Per Per Per Per Per 

cent. cent. cent. cent. cent. cent. 

Glover HaY 

liagerstcwn Loam June 7 17.81 2.20 .76 19.63 2.70 .65 
iliagers town 1oarn .June 7 17.94 2.41 .69 19.88 2.52 .63 
Cecil Loam June 15 18.50 1.93 .82 143.56 2.32 .57 
Cecil Loam June 25 17.00 2.52 .86 14.81 2.34 .46 

Jedtop 

Cecil Loam June 18 10 .. 00 .70 .79 9.00 .as .82 
Iredell Loa.m June 25 7.75 .69 .75 5.88 .48 .54 
Iredell Loam June 25 6.31 .58 .62 6.25 .79 .63 
Cecil Loam June 19 13.00 .72 .87 9.56 .58 .67 
Cecil Loam June 26 10.38 .73 .74 8.19 .68 .10 

Jteadow Oat Grass 

Hagerstown Loam }t.ay 30 9.44 .66 .79 9.88 .69 .79 
Hagerstown Loam 1i.ay 30 7.19 .58 .so 7.38 .53 .83 

Timothy Ray 

Cecil Loam J-une 6 10.Sl .77 .60 10.60 .62 .56 
Cecil Loam June 19 9.Zl .43 .54 6.26 .67 .39 

Corn Fodder and Shuck 

Iredell Loam La.te Fall 4.63 .43 .18 
Cecil 1oa.m Lat,e Fall 5.1.9 .59 .23 
IHti.gers.town Loam Late Fall 5.19 .50 .19 
jEagerstown Loam Lat":l Fall 5.25 .48 .14 
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Table 4 shows the effect of fertilizers on the percentages 

of crude prote ill, calc:lum and phosphoric acid in :plants crown on Vir-

f;i::l.:!.a. o O i 1 ty:p cs • 

... 'he percentages of crude protein in clover hay on two dif-

ferent soil type;:;. with the same fertilizer treEi.tments ~re very uni-

form and ... re Jl5ghtly hizher on the untreated plats, with one ex-

ception, which is considerably lower on the check plat. This sample 

was taken late and the hay was very near maturity. As hays become 

mat'lr~e the percentages of carbo:hydrates and fibers increase and crude 

proteins decr0asE1. This probably explains why the .;ntreated plats 

have a slightly higher protein ccntent and why the low protein con-

tent in one inetance on the untreated plats • 

.Redto:p shows a ~rked. variation in crude prctein content 

i'or sampl2·s cut at a late date a:nrl on d:I f'ferent soH types. The 

sarni:,les grcwn on Gecil Loe.m were higher in :protein content and cut 

earlier than the samples £rown on the Iredell Loams. In all cases 

the i,rott:dn ccntent was hif;her on the treated plats. 

l .. ead.ow O::t Gr1;.;.ss shows t;l very sUt~:ht increase in protein 

conter:t on the check plats. 

:'imoth;r r.ay shows one va.riat:ion jn crude protein content, 

whi:~h was prcbl.bly r1ue to cutting at maturity. 

Co::·x1 :;talk nncl ~hucks show no variation between the per-

~e~1tabes of crmie :prot ::i.:: in samples fr0t:1 di ffercnt son ty:r,cs. 

'.'..'1",ern is no l'.'.lllrker: variation in the ceclcium content of 
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cloYer hay grown on treated £::1.r.d untreated plats. Redto:p shows a 

marked uni fornlit;:r of culdum ccnt.ent frcm different soi 1 types on 

treated and check ;;la ts. Timotr~· hay sho~rn no variation in the ci,.,l-

c i um content from treated and 1mtreated :plats. The SB.me is true for 

::..eadcw O&t Grt;.EJS s.nr:l corn stalks and fodder. 

The phosphoric acid content of clover was slightly higher 

on the traated plats, al though there were no r.,&rked variations. 

Hedtop does not show any outstanding variations in the 

phosphc,ric ac:td_ content between d Hferent soil ty1Jes anc fertilizer 

treatn,ents. 'T'imothy ha::, 1leadrw Oat Grass and corn sta.1ks and fodder 

show no variation between :::;amples from different soil t:t:Pes and fer-

t:'iljzed :plats. 
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5.- The effect of fertilizers on the :percentages of crude 
lime and :,phozphoric acid in corn and wheat grain grown on 

Virrtinia soil types. ·--~ 

\lith fertilizers 1:ithout fertilizers 
Crude IJrude 

protein cao P205 protein cao P20n 
Per cant. P-3r cent. Per cent. Per cent. Per cent. Per cent. 

Corn 

9.GZ .02 1 .. 53 9.31 .02 1.16 
10.25 .02 1.44 8.50 .02 1.24 

I 
1.68 9.94 .02 1.57 I 9.94 .02 I 

9.56 .05 1.12 8.19 .02 1.00 
9.50 .02 1.08 9.25 .02 •• 96 
8.44 .02 1.09 8.75 .02 1.,03 
7.75 .02 .91 7.19 .02 .89 

10.44 .02 l.46 11.13 .02 1.42 
8.38 .02 1.10 6.06 .02 .70 
9.69 .02 1.26 9.31 .02 1.20 

·w'heat 

11.19 .065 .66 l0.69 .034 .74 
10.86 .060 .51 10.6;, .033 .70 
10.75 .130 .74 l0.88 .063 .77 
11.10 .040 .53 9.81 .056 .51 
ll.44 .079 .97 ll.31 .066 .89 
14.00 .081 .79 12.as .045 .90 
10.63 .089 .66 12.00 .033 .78 
ll.88 .062 1.04 10.81 .067 1.oa 
10.25 .022 .81 11.25 .045 .85 

• 7.88 .020 .66 8.75 .034 .67 

• - Rye. 
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Table 5 shows the effect of fertilizers on the percentages 

of crude protein, li:r..e i:;..nd phosphork acid in corn and wheat grown on 

Virsinia aoil types. 

'l'ne percentage of crude protein in the corn grain grown 011 

Vir5 infa soil types d.o ;c:a not show but one marked variation. This in-

2t&.nce the crude protein was 6.06, the sample was from a check plat 

on Nor folk &.r..dy Loam. '.i:.'he small variations may be due to varietia.l 

differences and not to soil ty~e and nitrate cf soda applied as a 

to:pureosing. 

T::-te percentage of crude i:,rotein in 1r:h,3at 0 rain grown on 

several Vircinia soil types dc0z not show any rr.o.rked variations. 

1'he Cfl-lciu1n eontent of ccrn v.-~s very constant and was not 

influ.e.r1ced by ~oil ty_pe a:nd fertilizer precti~cs whne fo: wheat one 

OL.."1:,,rtaY:.di:r.g insta~:~c :.s:::: this sample ,;·as taken from plats on Iredell 

soils. :'l,e treated sarr::ples ve'.:."e slishtly higher in mo 0 t cases than 

urrtreated plats. 

Corn 2hows c. slifh t increase in ph-.,sphoric acid content 

on treat,::•~ :r;lats b'.lt no r\:.arkf:J. var1ation. ·,thea:t; shows a slightly 

h.:L~her _;;l:.0sphoric ad.d content in the untreated sumples, al though 

nc outst~u:'ir'cG variations rrere noted. 
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Table No. 6 •. - A comparison of the :percentages of crude protein,' 
ca.lciw:o., and phosphoric acid in plants grown· in Virginia with 
analyses with the averages for the United States as given by 

Henry and Eorrison. 

Crop Fer cent.of Per cent. Per cent. No. of 
Gru.de I'rotei~ of Cao of' P205 analyses 

Henry un1 1.;.orrison 

E.ed clover 14.70 l.60 .39 
Red.top 8.20 * * 
1i.ea.dow Oat Grass 9.07 * * Tir:iotr.;,r 7.01 .25 .31 
Dent corn 11.27 .02 .69 
Wheat 13.83 .06 .86 
Corn stalks 5.95 .66 .46 

Virginia 

Red clover 18.12 2.37 .67 8 
Redto:p 8.63 .68 .71 lO 
~ieadow Oat Grass 8.47 .61 .so 6 
·l:imothy 9.24 .62 .54 8 
Dent Corn 9.06 .02 1.19 40 
Wheat 11.11 .06 .78 38 
Corn stalks 5.07 .50 .19 8 

Note - All anulyses given on dry basis. 



- 25 -

The perce:ntages of crude protein, calcium and phosphoric 

acid is co:.siderably hic;bJ?r in red clover grown in Virginia than the 

ant;.lysis g:ven by Henr;: und 1':C,!'rison. Redtop shows a slightly higher 

percentage of protein, m,3adow oat grass, slightly less protein for 

these ,~reps (;row11 in Virginia as ti ven by Henry and 1Iorrison. In 

both Redtop a...~d oat Grasa min,3ral content was high. '<Jirginia-

grown timot:hy hay shows a striking increase in protein, calcium and 

phosphoric a~id in comparison with analyses from other states. The 

percentage of ~rotein is considerably less in ~irginia-grown corn, 

the culcium conte:1.t bein0 the sa':.e and the phosphoric acid showing 

an ou.tsta.niinz increase in comparison with analysis gi van by Henry 

and 1forr lson. 

Wheat shows slightly less protein and phosphoric acid 

for Virginia soils the.n t:Glalyses by lienry and 1~orrison. 

i.1hc uineral elements in most every case y1ere higher or 

abo1.1t &qual to analyses 6:ivGn by other states for the same crops, 

thuz showing that the 7ire;inia-grown grusses and grains are not 

deficient in calcium and phosphoric acid. 

SUrnmarJ and Conclusions 

The yield with hay crops wer2 increased with one exception 

lly t11e ac/:ition of acid _phosphate and top dressings of nitrate of 

soda. 

The cru.de p:rot"'ir., calcium and phosph,::i:"ic acid content of 
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the Virginia-grown hay crops wers higher tha:n the averages given for 

these crop8 erown in the United States with only one exception. 

lieadow Cat Grass had u slig:htly lower :protein content. 

Corn stover grown in v.1rcir..ia. closely an:iroaches the averages 

of protein, calcium and :phosphoric acid content eiven by Henry and 

The 7'h'':!at and corn analyzed from Virginia ~oils has a lower 

protein content than the general average for the United States. 

l'he calcium content of these crops agree with the averages. 

The phosphoric acid ~ontent of the wheat samples grown in 

Vir~inia is slightly less than the averages but no marked differences 

occur. 

'l'he phosph::,ric acid content of the corn am..lyzed shows a 

hig'her av-arag_e than those given for the rnited states. 

Frcm these analyses, it c.ieht be inferred that no mineral 

deficiency exists in the crops studied in this investigation. No 

deficier.cy diseases shcrnld result from feeding animals rations of 

different crops g:rown in iJ'irginia. 
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