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RELATION  OF  THE  MINERALOGICAL  AND  CHEMICAL

COMPOSITION  TO  THE  FERTILIZER  REQUIRE¬

MENTS  OF  NORTH  CAROLINA  SOILS

By J. K. Plummer, Soil Chemist

In  the  systematic  study  of  soils  little  attention  has  been  given  in  the
past  to  the  minerals  which  comprise  the  greater  part  of  most  soils.
Since  the  time  of  Liebig,  investigators  have  devoted  their  attention  to¬
ward  determining  the  amounts  of  the  various  elements  of  plant  food,
giving  little  thought  to  the  way  these  elements  were  held  in  the  soil.

Much  time  has  been  spent  in  field  experimentation  and  in  a  study
of  the  physical  properties  of  soils;  and  more  recently  the  biological
side  has  occupied  the  attention  of  many  investigators.  The  results  of
these  different  methods  of  attack  have  thrown  much  light  on  the  im¬
portant  problem  of  producing  maximum  crops  at  the  minimum  cost.

It  would  appear  that  a  knowledge  of  the  amounts  of  the  various  plant
food  constituents  of  the  soil,  from  which  the  plant  must  draw  its  nour¬
ishment,  and  the  form  in  which  these  elements  are  held  would  be  of
the  highest  importance  to  the  intelligent  cultivator  of  the  soil.  Taking
this  information  with  that  afforded  by  carefully  conducted  field  tests,
much  light  will  he  thrown  on  the  problem  of  soil  fertility.

This  bulletin  has  been  prepared  with  the  end  in  view  of  supplying
additional  information  to  that  which  has  already  been  secured  as  to
the  nature  of  the  soils  of  North  Carolina.  These  facts  will  be  helpful
in  forming  a  more  correct  judgment  with  reference  to  the  future  man¬
agement  and  treatment  in  building  up  a  rational  system  of  agriculture
in  the  State.

In  the  laboratory  determinations  of  the  more  important  elements  of
plant  food  have  been  made  on  over  1,600  samples-  of  soil  in  connection
with  the  soil  survey  of  the  State.  Field  experiments  of  the  Division
have  been  running  twelve  years  on  soils  representing  the  important  types
of  the  three  large  provinces  into  which  the  State  has  been  divided,
namely,  Mountain,  Piedmont,  and  Coastal  Plain.  Mineralogical  analy¬
ses  have  been  made  on  the  sand  and  silt  separates  on  some  three  hundred
soils  by  use  of  the  methods  described  by  McCaughey  and  Fry.  1

The  value  of  the  mineralogical  analyses  cannot  be  overestimated,  as
they  reveal  the  elements  as  they  are  found  in  the  soil.  These  analyses
supplement  the  total  determinations  by  chemical  methods.  By  the  chem¬
ical  analyses  the  total  amounts  of  the  different  plant  food  constituents
are  obtained,  but  little  information  is  gained  as  to  the  form  in  which
this  reserve  is  stored  in  the  soil,  whereas,  the  mineralogical  analyses
is  mainly  concerned  in  showing  the  chief  forms  of  combinations  in  which
the  potential  plant  food  occurs.  With  the  mineralogical  analyses  an
approximation  as  to  the  amount  of  each  plant  food  constituent  may  be
obtained.  Their  value  lies  in  showing  the  form  in  which  the  plant  food
constituents  are  held.  Experience  has  taught  that  the  arbitrarily  chosen
solvents  for  measuring  the  more  available  portion  of  the  stored  plant
food  have  given  conflicting  results  as  to  the  actual  fertilizer  deficiencies
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of  soils.  By  knowing  the  minerals  that  carry  this  stored  plant  food  and
the  reaction  of  these  minerals  toward  solution,  certainly  a  more  intel¬
ligent  opinion  may  be  rendered  as  to  the  possible  requirements  of  soils
for  the  various  fertilizing  materials.

Description  of  Minerals  Carrying  Plant  Food  in  North  Carolina
Soils.

Potash,  the  felspars,  orthoclase  and  microcline,  and  the  micas
(muscovite  and  biotite)  are  the  minerals  which  supply  the  soils  of  this
State  with  potash.  These  minerals  are  widely  distributed  and  occur  in
nearly  all  the  soils  examined  to  a  greater  or  less  extent.  However,
there  is  wide  variation  in  the  amounts  of  these  minerals  found  in  the
different  provinces  of  the  State.  In  many  of  the  Mountain  soils  potash
is  derived  principally  from  the  micas,  muscovite  and  biotite  furnishing
by  far  the  greater  part  of  the  potash  found  in  soils  of  this  section  of
the  State.  In  the  Piedmont  section,  the  micas  have  been  replaced  to
some  extent  by  the  felspars,  but  in  many  of  the  soils  of  this  region,  the
former  minerals  furnish  much  of  their  potash  supply.  Orthoclase  and
microcline  are  the  predominant  potash-bearing  minerals  of  the  Coastal
Plain,  the  micas  occurring  only  as  traces  in  many  of  these  soils.

Often  orthoclase  fragments  assume  a  fibrous  appearance  and  are
rounded  in  contour,  as  though  they  had  been  weathered  to  some  extent.
Microcline  always  shows  well  preserved  faces  and  sharp  edges,  appa¬
rently  having  been  very  little  affected  by  natural  agencies,  which  are
constantly  operating  in  the  soil.  Biotite  or  black  mica  readily  forms
alteration  products,  passing  over  into  chlorite  and  epidote.  In  this
mineral  the  potash  is  held  in  the  more  available  form  than  in  any
other  mineral  found  in  our  soils.  It  contains  considerable  oxide  of  iron,
which  is  very  likely  responsible  for  the  readiness  with  which  this  mineral
is  decomposed.  Muscovite,  from  its  optical  properties,  appears  to
weather  little  or  none,  but  there  is  evidence  that  this  mineral  does  give
up  its  potash  with  greater  readiness  than  do  the  felspars.

Results  by  Other  Investigators  With  Potash  Minerals.

E.  Blanck  2  gives  results  of  comparative  tests  in  pot  experiments  with
various  silicates  as  the  source  of  potash.  He  finds  that  the  micas  fur¬
nish  a  more  available  supply  of  this  constituent  than  do  the  felspars.

D.  N.  Praenishnikov  3  found  that  in  comparing  the  potash  silicates  as
the  source  of  potash  for  plants,  biotite  and  muscovite  w  T  ere  superior  to
the  felspars  as  carriers  of  potash.

Fraps  4  reports  that  all  the  potash  is  extracted  from  biotic  with
strong  HCL,  about  one-third  from  muscovite,  and  only  a  small  percent¬
age  from  orthoclase  and  microcline.  He  states  that  practically  no
potash  is  removed  from  orthoclase  and  microcline  by  one-fifth  normal
nitric  acid,  less  than  10  per  cent,  from  biotite,  and  15  per  cent,  from
muscovite.

These  conclusions  are  borne  out  in  our  field  experiments,  which  will
be  discussed  more  in  detail  in  the  following  pages.

2 Jour. Landw. 61, 1913, No. 1, pp 1-10.
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Lime.

The  lime  bearing  minerals  are  epidote,  hornblende,  garnet,  and  the
plagioclase  or  lime-soda  felspars.  Calcite  so  valuable  for  its  content
of  calcium  carbonate,  lias  been  found  in  but  one  instance.  This  was
in  a  soil  which  bad  a  marl  bed  three  feet  beneath  the  surface.  Epidote
has  been  found  present  in  all  the  soils  examined.  This  is  a  metamor-
pbic  mineral,  and  its  wide  distribution  can  be  accounted  for  by  its
mode  of  formation,  being  one  of  the  final  products  from  the  alteration
of  the  more  easily  decomposable  minerals  augite,  hornblende,  and  micas.
It  occurs  as  thick  fragments,  showing  little  signs  of  having  undergone
chemical  decomposition.

It  is  epidote  that  furnishes  the  greater  part  of  lime  for  many  of  the
soils  examined.  Hornblende  alters  to  chlorite  and  epidote,  giving  up
some  of  its  lime  in  the  process  of  alteration.  This  mineral  furnishes
lime  in  a  more  easily  accessible  state  for  use  by  the  plant  than  any
except  the  felspars.  It  often  occurs  in  fragments  in  which  one  end  of
the  crystal  shows  alteration  to  epidote  and  the  other  part  remains  as
hornblende.  Garnet  has  not  been  found  as  commonly  as  has  epidote
and  hornblende.  It  occurs  in  thick  grains,  often  rounded  in  contour.
The  plagioclase  felspars  have  been  found  in  many  of  the  soils  of  all
three  provinces  of  the  State,  however,  they  are  most  abundantly  en¬
countered  in  the  Mountain  and  Piedmont  Sections.  In  none  of  the
soils  do  these  minerals  exist  to  a  great  extent,  probably  due  to  the  ease
with  which  they  are  decomposed;  supposedly  giving  up  their  lime  in
the  form  of  carbonate.  It  is  in  the  form  of  the  felspars  that  lime
under  natural  conditions  is  most  available  to  plants  in  North  Carolina
soils.  Also  these  minerals  furnish  much  of  the  soda  which  may  replace
or  drive  out  potash  from  its  state  of  combination  in  the  finer  particles
of  soils.  Augite  has  been  found  in  some  of  the  soils  and  is  quite  common
in  those  of  the  Iredell  series.

xlnother  alteraflon  product  of  hornblende,  the  principal  decomposition
product  of  biotite,  is  chlorite,  an  aluminum,  magnesium  silicate.  It  is
in  chlorite  that  much  of  the  magnesium  is  held  in  North  Carolina
soils,  especially  those  of  the  Coastal  Plain  section.

Phosphoric  Acid.

Apatite  is  the  only  mineral  found  in  North  Carolina  soils  which
carries  phosphoric  acid  to  any  extent.  In  very  few  instances  has  this
mineral  been  found  in  the  soils  of  the  Coastal  Plain.  This  is  in  accord
with  the  total  chemical  analyses.  The  soils  of  the  Piedmont  and  Moun¬
tain  sections  contain  apatite  to  a  much  larger  extent,  but  here  the
amount  is  only  a  trace.  More  often  than  otherwise,  this  mineral  is
found  included  in  quartz  and  other  minerals;  in  this  form  it  is  doubt¬
ful  if  the  plant  can  draw  much  of  its  phosphoric  acid  from  this  source.
Compared  to  potash,  lime,  and  magnesia  bearing  minerals,  apatite
occurs  as  mere  traces  in  our  soils.

Rutile,  zircon,  toumaline,  sillimanite  are  common  minerals  of  these
soils,  but  as  these  have  little  or  no  plant  food  value,  a  description  of
them  will  not  be  given  here.
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Magnetite,  an  oxide  of  iron,  is  a  common  mineral  of  our  soils,  and  is
of  value  in  furnishing  iron  to  plants.

Quartz  is  by  far  the  most  predominant  mineral  existing  in  most  of
the  soils  of  North  Carolina,  the  only  exception  being  those  of  the  Ire¬
dell  Series.  In  this  series  quartz  is  subordinate  to  epidote  and  horn¬
blende.  Much  information  can  be  obtained  by  a  close  observation  of
the  quartz  fragments  as  to  the  conditions  through  which  a  soil  has
passed.  These  fragments  are  often  rounded,  showing  that  erosion  has
taken  place  and  that  they  have  been  subjected  to  great  leaching.  Especi¬
ally  is  this  true  of  the  soils  of  the  Coastal  Plain.

In  many  of  the  Coastal  Plain  soils,  especially  those  of  the  Ports¬
mouth  series,  an  abundance  of  animal  remains,  phytolitharien,  sponge
spicules,  or  rhizopoda  casts  are  found.  The  presence  of  these  animal
remains  indicate  that  at  some  previous  time  these  soils  were  covered
with  water.  This  may  be  responsible  for  the  low  state  of  productivity
of  these  soils.

Invariably  the  silt  separates  contain  a  larger  amount  of  plant  food
bearing  minerals  than  do  the  sands,  and  in  the  Piedmont  and  Mountain
sections  these  minerals  have  suffered  greater  decomposition  than  those
in  the  sands.  Often  the  silt  separates  from  the  Coastal  Plain  3  oils
present  pure  clean  faces,  as  though  little  alteration  had  taken  place.

As  quartz  is  the  most  abundant  mineral  found  in  these  soils,  and
as  it  has  no  plant  food  value  so  far  as  is  known,  in  the  mineralogical
examinations,  the  author  has  done  as  McCaughey  and  Pry  did;  compared
the  other  minerals  to  quartz,  and  knowing  no  better  way  to  show  the
mineralogical  composition,  have  tabulated  these  analyses  after  their
fashion.

Mountain  Soils.

Classification  .—  The  soils  of  the  Mountain  section  are  somewhat
analagous  to  those  of  the  Piedmont  Plateau,  but  in  all  cases  they  have
been  considered  as  belonging  to  separate  series.  All  the  upland  soils
encountered  so  far  in  the  detail  soil  survey  have  been  considered  as
belonging  to  the  one  broad  series  known  as  Porter’s.  The  various
types  of  this  series  have  been  formed  from  schists,  gniesses,  and  gran¬
ites.  The  individual  types  are  more  dissimilar,  perhaps,  than  is  com¬
monly  the  case,  but  it  has  not  seemed  possible  to  form  a  new  series  m
any  of  the  areas  so  far  surveyed.  With  the  extension  of  the  survey  to
other  counties,  it  is  possible  that  representative  types  of  other  soil
series  will  be  formed.  There  is  little  doubt,  however,  that  the  great
bulk  of  the  upland  falls  within  the  present  limits  of  the  Porter’s  series.
The  two  extensive  upland  soils  are  loam  and  sandy  loam,  while  three
other  types  are  represented  by  smaller  areas.  These  are  the  clay,  sand,
and  black  loam.

The  valley  and  bottom  land  soils  are  included  in  the  Toxaway  series.
These  are  of  alluvial  origin,  modified  by  colluvial  wash,  and  have  been
formed  from  washing  of  the  Porter’s  series,  and  deposited  by  streams.
The  surface  of  these  soils  is  flat,  or  level,  with  a  gradual  slope  toward  the
streams.  They  lie  at  sufficient  elevations  above  the  normal  water  level
of  the  streams  so  as  to  be  fairly  easily  drained.  However,  most  of  these
soils  are  subject  to  frequent  overflow.  The  two  types  thus  far  found
are  the  Toxaway  loam  and  Toxaway  fine  sandy  loam.
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Location  of  Experimental  Fields.

Field  experiments  are  being  conducted  on  four  of  the  more  important
of  these  mountain  soils.  The  data  therefore  secured  and  published  can
be  applied  to  practically  all  of  this  section.

The  mountain  work  is  located  at  the  following  places:
1.  The  Buncombe  Test  Farm,  about  midway  between  Black  Mountain

and  Swannanoa  in  Buncombe  County.  This  is  one  of  six  test  fields
owned  and  operated  by  the  State  Department  of  Agriculture.

2.  The  Hendersonville  field,  one  mile  northeast  of  the  railroad  sta¬
tion  at  Hendersonville,  Henderson  County,  on  the  farm  of  B.  W.
Marshall.

3.  The  Blantyre  field,  one  mile  northeast  of  Blantyre,  on  the  farm
of  Charles  Baldwin.  These  last  two  fields  are  in  easy  walking  distance
from  stations  of  Hendersonville  and  Black  Mountain  or  Swannanoa.

Results  on  the  Blantyre  Field.  5

The  Blantyre  Field  is  typical  Porter’s  clay,  and  is  representative  of
much  of  the  heavy  upland  soils  of  the  mountains.  It  consists  of  twelve
one-twentieth  acre  plats.  This  field  was  established  in  the  spring  of
1910.  Corn  was  grown  on  all  the  plats,  it  being  the  first  crop  of  the
following  three-year  rotation.

First  Year.—Corn.
Second  Year.—Wheat.
Third  Year.—Red  clover.

The  following  materials  were  used  as  carriers  of  the  different  ele¬
ments  of  plant  food:

Dried  blood  for  nitrogen.
Acid  phosphate  for  phosphoric  acid.
Potassium  sulphate  for  potash.
Rock  lime  for  lime.

The  rate  of  application  is  based  on  the  amount  of  the  various  plant
foods  known  to  be  removed  by  maximum  crops.  In  the  case  of  corn
100  bushels  w  T  as  taken  as  a  maximum  yield.  This  may  seem  high
to  some,  but  many  such  yields  are  yearly  obtained  in  the  State  and
over  twice  this  amount  has  been  produced  on  a  measured  acre.  Even
on  this  very  much  depleted  field,  we  obtained  a  yield  of  nearly  sixty
bushels  by  the  use  of  commercial  fertilizers  alone.  In  order  to  secure
the  required  amount  of  plant  food  it  was  necessary  to  apply  the  fol¬
lowing  amounts  of  materials:

Dried  Blood.—1,062  lbs.
Acid  Phosphate.—350  lbs.
Sulphate  of  Potash.—170  lbs.
Lime  was  applied  at  the  rate  of  1,000  pounds  of  rock  lime  per  acre.
The  following  table  gives  the  treatment  and  the  yield  of  each  of  the

plats:



s

TABLE  1.  RESLTLTS  ON  PORTER’S  CLAY.  CHAS.  BALDWIN’S  FARM,  BLANTYRE,
TRANSYLVANIA  CO.,  N.  C.

Plat
No.

These  results  certainly  indicate  that  phosphoric  acid  is  needed  first
on  this  soil.  Acid  phosphate  alone  gave  an  increase  of  over  fifteen
bushels  per  acre.  Nitrogen  alone  gave  an  increase  of  only  3.57  bushels,
but  when  applied  in  addition  to  phosphoric  acid  it  gave  an  increase  of
sixteen  bushels,  nearly  one  bushel  more  than  did  phosphoric  acid  over
no  fertilizer.  Potash  alone  gave  a  smaller  yield  than  no  fertilizer,
very  little  increase  when  applied  in  addition  to  nitrogen  or  phosphoric
acid  separately,  and  a  decrease  in  the  addition  of  these  together.

TABLE  2.—CHEMICAL  AND  MINERALOGICAL  COMPOSITION  OF

Labora¬
tory-

Number

Depth
to

Which
Sample

Was
Taken

Pounds op Total Plant Food
Constituents per Acre

Surface, 6 2-3 inches_2,000,000 lbs
Subsoil, 28 inches..8,000,000 lbs

N

Soil
1187

Subsoil
1188

Inches
0-8

10-36

1,055

2,012

P2O5 K2O

618

8,742

12,312

CaO

Minerals Other
than Quartz in

Sand

1,419
Fervent.

29

102,182  7,562

Silt

Abundant Minerals

Sand

Percent.
33

27 36

Biotite, muscovite,
orthoclase.

Biotite, orthoclase,
muscovite, epidote.
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Lime  gives  fair  increase,  either  alone  or  in  addition  to  a  complete
fertilizer,  the  gain  over  no  fertilizer  being  at  the  rate  of  5.3  bushels,
and  in  addition  to  all  these  elements  at  the  rate  of  7.1  bushels,  making
an  average  of  6.2  bushels  per  acre.  This  would  indicate  that  lime
could  be  used  at  a  profit  on  this  soil.

While  it  is  not  safe  to  draw  definite  conclusions  from  one  season’s
work,  the  marked  benefit  of  phosphoric  acid  and  nitrogen  certainly
justifies  the  assumption  that  the  phosphoric  acid  and  nitrogen  supply
must  he  increased  in  order  to  produce  large  crops  permanently.

A  study  of  Table  Ho.  2  will  certainly  aid  in  the  interpretations  of
the  results  obtained  from  this  field.

The  surface  6%  inches  of  this  soil  contains  enough  potash  for  nearly
375  one-hundred  bushel  corn  crops.  This  potash  is  principally  in  the
form  of  biotite  and  muscovite,  there  is  some  orthoclase  in  the  sand  par¬
ticles,  but  the  silt  is  mainly  micas.  Twenty-five  such  crops  would,  if
all  the  phosphoric  acid  was  available,  require  an  amount  of  phosphoric
acid  equal  to  the  total  amount  existing  in  the  surface  6%  inches.  The
mineralogical  analysis  shows  that  much  of  this  phosphoric  acid  is  in
the  form  of  inclusions  in  quartz,'  and  that  it  is  exceedingly  doubtful  if
the  plant  can  obtain  this  phosphoric  acid  at  all.  The  nitrogen  supply
for  one-hundred  bushel  crops  is  limited  to  about  twelve  years.  Lime
in  this  soil  is  principally  in  the  form  epidote,  there  is,  however,  some
hornblende  present.

Results  on  the  Hendersonville  Field.

The  Hendersonville  Field  is  located  on  typical  Porter’s  sandy  loam
and  is  exceptionally  uniform  throughout.  There  are  eleven  plats  in
this  field,  the  nine  fertilized  ones  receiving  the  same  treatment  as  the
corresponding  ones  on  the  Blantyre  Field.  This  field,  too,  was  estab¬
lished  in  the  spring  of  1910,  and  corn  was  grown  the  first  year.

PORTER’S  CLAY,  BLANTYRE,  HENDERSON  COUNTY.

Other than Quartz in
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The  following  table  gives  the  treatment  and  yields  of  corn  in  1910:

TABLE  3.  RESULTS  ON  PORTER’S  SANDY  LOAM.  B.  W.  MARSHALL’S  FARM,
HENDERSONVILLE,  HENDERSON  CO.,  N.  C.

Plat
No.

There  is  a  striking  difference  in  the  results  on  this  field  compared
to  those  on  the  Blantyre  field.  Here  we  find  no  apparent  gain  from
phosphoric  acid  alone,  hut  nitrogen  alone  gave  an  increase  of  16.5
bushels.  When  phosphoric  acid  was  applied  in  addition  to  nitrogen
we  find  it  gave  a  large  increase.  Here,  as  at  the  Blantyre  field,
we.  find  phosphoric  acid  and  nitrogen  gave  the  largest  increase,  but
their  relative  importance  is  reversed.  Potash  alone  or  in  combina-

TABLE  4.—CHEMICAL  AND  MINERALOGICAL  COMPOSITION  OF

Labora¬
tory

Number
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tion  with  nitrogen  gave  slight  decreases  in  yield,  but  in  the  case  of
plats  9  and  10  where  applied  with  phosphoric  acid,  and  with  nitrogen
and  phosphoric  acid,  the  yields  were  larger  than  on  plats  4  and  5.
The  increase  of  number  10  over  number  6  is  very  marked,  so  much
so  that  it  brings  up  the  average  gain  for  potash  to  3.3  bushels  per
acre  as  compared  to  a  loss  of  .85  bushel  on  the  Porter’s  clay.

Lime  alone  gave  an  increase  of  13.14  bushels  and  in  combination
with  nitrogen,  phosphoric  acid  and  potash,  6  bushels.  This  large
increase  in  lime  is  probably  due  to  the  liberation  of  the  plant  food
supply  in  the  soil,  especially  nitrogen.

Table  4  gives  the  chemical  and  mineralogical  composition  of  this
field.

The  chemical  analysis  of  this  soil  shows  that  there  is  enough  potash
in  the  surface  6%  inches  to  furnish  a  supply  for  maximum  crops  for
nearly  1,000  years.  While  the  greater  part  of  this  potash  is  in  the
form  of  the  micas  much  of  it  is  in  the  form  of  the  felspars,  especially
orthococlase.  The  biotite  content  here  is  comparatively  fresh  in  the
topsoil,  little  of  it  showing  alteration  to  chlorite.  This  mineral,  how¬
ever,  does  show  alteration  in  the  subsoil.  The  phosphoric  acid  content
is  about  the  same  as  in  Porter’s  clay  in  the  Blantyre  field,  all  apatite
encountered  is  the  form  of  inclusions  in  quartz.  The  nitrogen  supply
in  this  soil  will  not  furnish  a  one  hundred  bushel  corn  crop  for  over  5
years.

Results  on  the  Buncombe  Test  Farm.
•

This  farm  which  contains  some  300  acres,  is  owned  and  operated
by  the  State  Department  of  Agriculture.  It  includes  a  large  section
of  Swannanoa  valley  land,  which  is  representative  Toxaway  loam,  and
considerable  tillable  upland  which  is  typical  Porter’s  loam.  Fertilizer
results  on  this  farm  should  be  applicable  to  extensive  areas  in  prac¬
tically  all  the  mountain  counties  of  the  State.

PORTER’S  SANDY  LOAM,  HENDERSONVILLE  TEST  FIELD.

Other than Quartz in
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Toxaway  Loam.

Field  “A”  was  established  in  1908,  but  excessive  floods  destroyed  the
1909  crop,  so  only  two  years  are  given.  This  soil  is  typical  Toxaway
loam,  and  was  in  corn  for  each  of  the  three  years.

The  results  are  given  in  table  5.

TABLE  5.  RESULTS  ON  FIELD  A,  BUNCOMBE  FARM,  1908  AND  1910.

No.

TABLE  6—MINERALOGICAL  AND  CHEMICAL  COMPOSI

Labora¬
tory

Number
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The  same  carriers  of  plant  food  were  used  as  sources  of  nitrogen,
phosphoric  acid  and  lime  as  previously  stated,  but  the  potash  was  ob¬
tained  from  manure  salt  instead  of  sulphate  of  potash.  The  rate  of
application  was  on  the  arbitrary  basis  of  a  7-2  ^-1%  mixture.  Three
hundred  pounds  of  this  was  the  amount  applied  to  the  normal  plat  in
1908  and  400  pounds  in  1910.  This  would  give  21  pounds  of  phos¬
phoric  acid,  7%  pounds  of  nitrogen  and  4%  pounds  of  potash  per  acre
in  1908,  and  28,  10  and  6  pounds,  respectively,  in  1910.

It  is  evident  that  there  were  larger  increases  wherever  phosphoric
acid  was  used.  In  the  lower  part  of  the  table  the  amount  of  increase
was  obtained  by  deducting  the  yield  on  plat,  which  received  nitrogen
and  potash,  from  that  on  plat  5  which  received  a  complete  fertilizer.
Thus,  on  account  of  the  soil  of  plat  2  being  of  different  character  the
application  of  phosphoric  acid  alone  would  very  probably  not  have
shown  so  great  an  increase  as  this  table  indicates.  Likewise  the  yield
for  potash,  12.2  bushels  per  acre,  is  too  great  since  it  represents  the
difference  between  the  yield  on  plat  1  and  on  plat  5.  The  same  dis¬
crepancy  arises  in  the  increase  of  5.8  bushels  due  to  nitrogen.  How¬
ever,  these  figures  represent  the  relative  importance  of  the  three  ele¬
ments  when  applied  to  this  dark  phase,  Toxaway  loam.

Lime  was  applied  alone  and  in  combination  with  nitrogen,  phosphoric
acid  and  potash.  In  both  cases  it  gave  material  increases  in  yields  as
shown  by  the  results  on  plats  18  and  19.  It  is  of  interest  to  note
in  this  connection  that  the  yield  on  plat  18  which  received  lime  alone
dropped  from  33.1  bushels  in  1908  to  13.7  bushels  in  1910.  It  is  very
probable  that  this  temporary  beneficial  effect  of  lime  alone  in  1908
was  due  to  liberation  of  the  plant  food  of  the  soil.

In  table  6  is  found  the  mineralogical  and  chemical  composition  of
this  soil.

This  soil  shows  an  abnormally  high  potash  content  and  the  micas
supply  practically  all  this  potash  in  the  sand  particles.  Biotite  in

TION  OF  TOXAWAY  LOAM,  BUNCOMBE  TEST  FARM.

Other than Quartz in
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the  surface  soil  is  for  the  most  part  in  a  fresh  condition,  as  is  usually
the  case  more  alteration  has  taken  place  in  this  mineral  in  the  subsoil.
In  the  surface  soil  there  is  considerably  more  phosphoric  acid  than  is
usually  found,  in  our  soils,  the  principal  portion  of  this  element  of
plant  food  is  in  organic  form  or  as  inclusions  in  quartz  fragments.  It
is  quite  possible  that  the  marked  increase  in  yield  on  plat  18  where
lime  was  used  alone  was  due  to  the  liberation  of  phosphoric  acid  from
the  organic  matter.  In  the  subsoil  of  this  field  there  is  only  438  pounds

TABLE  7.  RESULTS  ON  FIELD  B,  BUNCOMBE  FARM,  1908  AND  1909.

Plat
No.

TABLE  8.—MINERALOGICAL  AND  CHEMICAL  CO

Labora¬
tory

Number
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of  phosphoric  acid  to  a  depth  of  28  inches  which  hears  out  the  assump¬
tion  that  most  of  this  material  is  in  the  organic  form.  Nitrogen  in
this  field  is  also  higher  than  is  commonly  found  in  these  soils.  The
lime  content  here  is  principally  in  the  form  of  epidote,  with  hornblende
next,  and  the  plagioclase  felspars  occurring  in  small  amounts.

Porter's  Loam.

Field  “B”  is  located  on  representative  Porter’s  loam.  It  consists
of  19  plats,  with  the  same  plan  of  treatment  as  field  “A”  on  the
Toxaway  loam.  The  same  materials  were  used  and  the  relative
applications  for  the  plats  have  been  the  same.  However,  the  normal
application  was  at  the  rate  of  300  pounds  per  acre  for  both  years.

The  plats  included  in  table  5  correspond  to  those  of  field  “A”  in
table  3.

We  find  that  phosphoric  acid  again  gives  us  the  largest  increase  in
grain,  but  the  average  gain  is  greater  for  nitrogen.  There  is  little
difference  in  the  average  gain  in  grain  for  nitrogen,  potash  or  lime.
However,  though  the  nitrogen  is  credited  with  a  gain  of  442  pounds
of  stover  per  acre,  both  potash  and  lime  failed  to  increase  the  stover
over  no  fertilizer.

Here,  as  in  all  the  soils  examined  from  this  section  of  the  State,
there  is  enough  potash  to  supply  the  need  of  crops  for  many  hundred
years  to  come.  As  in  most  of  these  Mountain  soils,  this  potash  is
held  in  the  form  of  micas.  The  biotite  content  of  this  field  is  quite  fresh
showing  little  alteration  to  chlorite  or  epidote.  The  potash  felspars
occur  here  in  limited  amounts.  In  the  sand  separates  there  is  not
over  5  per  cent  of  the  minerals  other  than  quartz  potash  felspars.  The
amount  of  phosphoric  acid  in  this  field  is  exceedingly  small;  that  which
is  found  in  the  mineral  form  is  chiefly  as  apatite  occurring  as  tiny
needles  inclosed  in  quartz  grains.  This  field  is  fairly  well  supplied
with  nitrogen,  but  for  maintaining  its  fertility,  this  supply  will  have

MPOSITION  OF  PORTER’S  LOAM,  BUNCOMBE  TEST  FARM.

Other than Quartz in
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to  be  replenished  considerably.  The  lime  content  of  this  soil  is  held
principally  as  epidote  and  hornblende.  Only  a  small  amount  of  the
lime-soda  felspars  are  here.

Piedmont  Soils.

Results  at  Iredell  Test  Far?n.  G

This  farm  is  located  near  Statesville,  well  up  in  the  Piedmont  (foot¬
hill)  section  of  the  State.  The  main  type  of  soil  on  the  farm  is  Cecil
clay  loam.  The  important  types  in  this  section  are  Cecil  sandy  loam,
Cecil  clay  loam,  and  Cecil  clay,  the  latter  two  predominating.

The  Test  Plats.

The  plats  on  which  these  experiments  were  conducted  are  embraced
in  Fields  A,  P,  and  C.  Fields  A  and  B  had  been  long  in  cultivation
and  w  r  ere  badly  run  down  when  work  was  commenced.  The  plats  in
Field  C  were  part  of  an  old  field,  covered  with  broom  sedge,  small
briars,  and  small  pines  in  1903  when  the  State  took  hold  of  the  property.
These  plats  are  one-twentieth  acre  in  size,  with  space  between  plats
sufficient  for  two  rows  of  corn  or  other  crops,  the  rows  on  either  side
of  each  plat  being  fertilized  like  the  plat  which  they  adjoin.

Field  A.  —These  plats  were  used  for  fertilizer  experiments  with  cotton
in  1903-4-6-9;  for  fertilizer  experiments  with  corn  in  1905-7;  for  gen¬
eral  crop  of  oats  without  fertilizer  in  the  fall  and  spring  of  1908;  and
for  fertilizer  experiments  with  peas  in  the  summer  of  1908.  In  case
of  each  of  the  three  crops,  the  same  plan  or  system  of  fertilization
was  followed.  By  this  is  meant  that  plat  1  in  all  cases  received  only
nitrogen;  plat  2,  phosphoric  acid;  plat  3,  potash,  and  so  on,  though
the  quantities  actually  applied  varied  with  the  three  crops.  The  fertili¬
zation  of  cotton  plats  was  based  on  a  normal  application  of  400  pounds
per  acre  of  a  mixture  containing  7  per  cent  available  phosphoric  acid
and  2  per  cent  each  of  nitrogen  and  potash.  The  fertilization  for
corn  was  on  a  basis  of  300  pounds  per  acre  of  a  mixture  containing
7  per  cent  available  phosphoric  acid,  3  per  cent  nitrogen,  and  1%  per
cent  potash.  For  peas,  the  fertilization  w  T  as  based  on  a  normal  appli¬
cation  of  300  pounds  per  acre  of  a  mixture  containing  8  per  cent  avail¬
able  prosphoric  acid,  1  per  cent  nitrogen  and  4  per  cent  potash.

Field  B.  These  plats  were  used  for  fertilizer  experiments  with  corn
in  1903-4-6-8;  for  fertilizer  experiments  with  cotton  in  1905  and  1907;
for  a  general  crop  of  oats  without  fertilizer  in  the  fall  and  spring  of
1909,  and  for  fertilizer  experiments  with  peas  in  the  summer  of  1909.

Field  C.  —These  plats  were  used  for  fertilizer  experiments  with  peas
in  1904-5-6-7;  a  grain  crop  without  fertilizer  preceding  the  pea  crop
in  each  year  except  1904;  for  fertilizer  experiments  with  cotton  in  1908;
and  for  fertilizer  experiments  with  corn  in  1909.

Table  9  gives  the  average  results  for  seven  years  fertilization  for
corn  on  these  fields,  A,  B,  and  C.

usedfTthis BuUetm ° f  ̂BulS ' V ° l ‘ 31, No3 ‘ 6 and 8 ’ f ° r detaila of field results for Irede11 far “
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Effect  of  Nitrogen,  Phosphoric  Acid,  Potash,  and  Lime  Alone
and  in  Combination  With  Each  Other  on  Corn  Yields.

The  experiments,  the  results  of  which  are  presented  in  Table  9,
were  planned  to  show  the  effect  on  the  yield  of  corn  of  nitrogen  (N),
phosphoric  acid  (P),  and  potash  (K)  when  applied  singly,  when  two
of  the  constituents  were  applied  together,  as  nitrogen  and  phosphoric
acid  (N  P),  nitrogen  and  potash  (N  K),  and  phosphoric  acid  and
potash  (P  K),  and  when  all  three  of  these  fertilizer  constituents
were  applied  to  make  a  complete  fertilizer  (N  P  K)  ;  also  to  test  the
effect  of  lime  (L)  when  used  alone  and  when  used  in  connection  with
a  complete  fertilizer  (N  P  K  L).

The  results  are  shown  in  yields  of  bushels  of  shelled  corn  and
pounds  of  stover  per  acre  for  the  several  years,  average  yields  aver¬
age  increases  over  the  unfertilized  (O)  plats,  which  represent  the
effect  of  the  fertilizer  applications,  the  value  of  the  increase,  the
cost  of  the  fertilizer,  and  the  value  of  the  increased  yield  of  corn  and
stover  and  of  corn  alone  over  cost  of  fertilizer.  The  value  of  the  in¬
creased  yield  of  corn  and  stover  and  of  corn  alone  represent  the
profit  from  the  several  fertilizer  applications  after  paying  for  the
fertilizer  itself.

In  these  experiments  the  corn  was  cut,  shocked  and  shredded,  the
stover  being  all  of  the  plant  except  the  corn  on  the  cob.

Nitrogen,  N  (Plats  3  2  ,  1  and  1).  During  six  years  the  average
results  on  the  plats  in  Fields  A  and  B  show  decreased  yields  and  in
the  value  of  product,  while  for  one  year  in  Field  C  there  was  a  gain
from  the  use  of  nitrogen,  the  average  results  for  the  plats  in  the
three  fields  being  an  actual  loss  in  both  yield  and  value  of  product
from  the  application  of  nitrogen  alone.  The  average  annual  loss
was  $1.95  per  acre  on  basis  of  corn  and  stover  and  $1.66  per  acre
on  basis  of  corn  alone.

Phosphoric  Acid,  P  (Plats  4  2  ,  2  and  2).  Phosphoric  acid  alone
produced  increased  yields  in  all  of  the  seven  years  on  the  plats  in
the  three  fields,  the  average  increase  for  four  years  in  Field  B
being  6.5  bushels  of  corn  per  acre,  for  two  years  in  Field  A  5  bushels,
and  for  one  year  in  Field  C  7.4  bushels,  or  an  average  for  seven
years  in  all  three  fields  of  6.2  bushels,  worth  at  70  cents  per  bushel
$3.29  per  acre  for  corn  alone,  or  $4.05  for  increased  yield  of  com
and  stover  over  cost  of  fertilizer.

Potash,  K  (Plats  6  2  ,  3  and  3).  Except  the  first  year  in  Field
B,  there  was  less  corn  produced  on  the  plats  receiving  potash  alone
than  on  the  unfertilized  plats,  the  average  for  the  seven  years  being
slightly  less  where  potash  was  used  than  where  no  fertilizer  was
applied,  and  the  potash  was  used  at  a  loss.

Nitrogen  and  Phosphoric  Acid  N  P  (Plats  7  2  ,  5  and  4).  From
nitrogen  and  phosphoric  acid  increased  yields  over  the  unfertilized
plats  were  obtained  in  all  seven  years  in  the  three  fields,  the  aver¬
age  annual  increase  for  the  four  years  in  Field  B  being  17.5  bushels
of  corn  per  acre;  for  two  years  in  Field  A  22.4  bushels  of  corn  per
acre,  and  for  one  year  in  Field  C  16.3  bushels,  or  an  average  annual

*



18

TABLE  9.  AVERAGE  RESULTS  FOR

Number
of

Plat

—Loss. *By mistake this plat had normal application of potash in 1906. The indications are that this
Checks for plats 5, 6, 7 and 8, Field A, and plats 6 2 , 7 2 , 8 2 ,9 2 and 10 2 , Field B, have been obtained from plats

natural fertility between check plats and a corrected check was figured on this basis for each treated plat

increase  for  seven  years  in  the  three  fields  of  18.8  bushels  of  corn,
worth  $10.03  over  cost  of  fertilizer  for  corn  alone,  or  $13.76  for  the
increased  yield  of  corn  and  stover.  This  was  12.62  bushels  more
corn,  worth  $6.74,  than  phosphoric  acid  alone  produced,  showing
that  nitrogen  has  added  decidedly  to  the  yield  and  profit  when  com¬
bined  with  phosphoric  acid,  though  alone  it  was  used  at  a  loss.

Nitrogen  and  Potash,  N  K  (Plats  8  2  ,  6  and  5).  There  were
small  average  increased  yields  of  corn  in  the  three  fields  from  ap¬
plications  of  nitrogen  and  potash  combined,  the  average  for  the  seven
years  in  the  three  fields  being  1.5  bushels  per  acre,  which  was  not
sufficient  to  pay  for  the  fertilizer  This  fertilization  was  therefore
at  a  loss,  having  cost  $1.26  per  acre  more  annually  than  the  value  of
the  increased  yield  of  corn.
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SEVEN  YEARS  IN  FIELDS  A,  B,  AND  C.

Number
of

Plat

did not affect the yield, as the average yields for the unfertilized potash plats are near the same.
4 and 11, and 5 2 and 14 2 respectively. It has been assumed that there is a uniform increase or decrease in the
between checks.

Phosphoric  Acid  and  Potash,  P  Ii  (Plats  9  2  ,  7  and  12  2  ).
Phosphoric  acid  and  potash  combined  gave  increased  yields  on  all  the
plats  in  the  three  fields,  the  average  annual  increase  for  four  years
in  Field  B  being  15.2  bushels  of  corn  per  acre,  for  two  years  in
A  21  bushels,  and  for  one  year  in  Field  C  12.5  bushels,  or  an
average  for  the  seven  years  in  the  two  fields  of  16.5  bushels,  worth
$10.27  over  cost  of  fertilizer  on  basis  of  com  alone,  or  $14.25  on
basis  of  corn  and  stover.  From  this  it  is  seen  that  potash  added  to
phosphoric  acid  has  increased  the  yield  of  corn  10.3  bushels  more
than  phosphoric  acid  alone,  at  a  profit  of  $6.98  over  cost  of  fer¬
tilizer,  showing  that  potash  was  effective  in  corn  production  on  this
soil  when  used  in  connection  with  phosphoric  acid,  but  valueless  when
used  alone.
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Phosphoric  Acid,  Potash  and  Nitrogen,  N  P  K  (Plats  10  2  ,  5
and  6).  When  all  three  of  the  fertilizer  materials  were  used  together
to  make  a  complete  fertilizer,  increased  yields  were  obtained  on  all
three  plats  in  the  three  fields,  the  average  annual  increase.for  four  years
in  Field  B  being  17.8  bushels  of  corn  per  acre,  for  two  years  in  Field
A  21.9  bushels  and  for  one  year  in  Field  C  18.7  bushels,  or  an  annual
average  increase  for  the  seven  years  in  the  three  fields  of  19.1  bushels
worth  $10.01  over  cost  of  fertilizer  on  basis  of  corn  alone,  or  $14.29
on  basis  of  corn  and  stover.

When  compared  with  each  other  these  results  show  that  nitrogen
added  to  phosphoric  acid,  potash  added  to  phosphoric  acid,  and  nitro¬
gen  and  potash  added  to  phosphoric  acid  have  yielded  practically  the
same  profits,  though  nitrogen  and  phosphoric  acid  have  produced
largest  average  increased  yields  over  unfertilized  plats  (18.8  bushels
per  acre),  than  phosphoric  acid  and  potash  (16.5  bushels  per  acre),
and  nitrogen,  phosphoric  acid  and  potash  were  larger  than  either  of
the  other  two  (19.1  bushels  per  acre).  This  indicates  that  nitrogen
is  more  important  on  this  soil  than  potash  for  corn  production.

Lime,  L  (Plats  4  4  ,  14  2  ,  and  7  2  ).  Lime  was  applied  at  the  rate
of  500  pounds  rock  or  1,000  pounds  slaked  lime  per  acre  every
fourth  year.  On  the  plats  in  Field  B  during  four  years  there  was
a  profit  of  14  cents  per  acre  from  the  use  of  lime  On  the  plats  in
Field  A  there  was  a  loss  of  $9.10  annually  per  acre,  and  on  the  plat
in  Field  O  in  one  year’s  test  a  profit  of  $6.23,  the  average  for  the
seven  years  being  a  loss  of  $1.66  per  acre.  The  plat  in  Field  C,
where  there  was  a  profit  from  the  use  of  lime,  had  been  in  peas  after
grain  during  four  previous  years.

Lime  with  Complete  Fertilizer  N  P  K  L  (Plats  6  4  ,  15  2  and  9  2  ).
When  lime  was  used  in  combination  with  the  three  fertilizer  con¬
stituents  there  was  less  corn  produced  on  all  the  plats  in  Fields  B
and  A  than  where  the  three  fertilizer  constituents  were  used  with¬
out  lime,  but  on  the  plat  in  Field  C,  which  had  previously  been  in
peas  and  grain  for  four  years,  there  was  a  decided  gain  from  the
use  of  lime.  As  an  average  of  all  the  tests  there  was  smaller  increased
yield  of  corn  and  profit  where  lime  was  used  than  where  it  was  not.

As  an  average  of  all  the  results,  the  experiments  show—
(1)  That  nitrogen  alone  on  this  soil  for  the  production  of  eorn

was  used  at  a  loss;
(2)  That  potash  alone  had  practically  no  effect  on  the  yield  and

was  used  at  a  loss;
(3)  That  nitrogen  and  potash  combined  increased  the  yield  very

slightly  but  at  a  loss;
(4)  That  lime  alone,  except  where  peas  had  been  previously  grown,

was  used  at  a  loss;
(5)  That  phosphoric  acid  alone  gave  increased  yields  and  profits

in  all  cases,  showing  that  it  is  the  most  important  constituent  for
corn  production  on  this  soil;

(6)  That  nitrogen  combined  with  phosphoric  acid  added  decidedly
to  the  increased  yields  and  profits,  the  average  annual  increase  for
phosphoric  acid  alone  being  6.2  bushels  and  for  nitrogen  and  phos¬
phoric  acid  18.8  bushels  per  acre;
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(7)  That  potash  added  to  phosphoric  acid  increased  the  yields
decidedly  over  phosphoric  acid  alone,  the  average  annual  increase
for  phosphoric  acid  alone  being  6.2  bushels  per  acre,  and  for  phos¬
phoric  acid  and  potash  16.5  bushels;

(8)  That  potash  added  to  nitrogen  and  phosphoric  acid  was  at  a
small  increase  in  yield  and  without  profit;  and

(9)  That  the  yields  from  the  addition  of  lime  to  nitrogen,  phos¬
phoric  acid  and  potash  were  smaller  than  from  the  three  fertilizer
constituents  combined.

The  most  important  constituent  in  producing  increased  yields  and
profits  on  this  soil  was  phosphoric  acid.  Nitrogen  and  potash  singly
or  combined,  gave  good  returns  when  used  with  phosphoric  acid,  but
were  of  little  or  no  value  when  used  alone  or  with  each  other.  Nitro¬
gen  added  more  largely  to  the  yields  than  did  potash.

In  table  10  will  be  found  the  average  mineralogical  and  chemical
composition  of  plats  on  Fields  A,  B,  and  C.

Though  the  potash  content  in  this  field  is  much  lower  than  those  ol
the  mountain  section,  we  find  enough  of  this  element  to  produce  large
crops  for  many  years.  Here  the  micas,  also  furnish  much  of  the
potash  supply  especially  in  the  finer  particles  of  this  soil.  Orthoclase
is  very  abundant  in  the  sand  separates  of  soils  of  these  plats  and  it
is  in  a  bad  state  of  preservation.  The  faces  present  a  fibrous  looking
appearance,  resembling  an  ice  crystal  as  it  melts.  This  soil  is  sup¬
plied  with  an  abundance  of  lime  bearing  minerals  as  epidote,  horn¬
blende  and  the  plagioclase  felspars.  The  latter  minerals  are  more
abundant  than  in  those  fields  of  the  Mountain  section  examined.  The
nitrogen  supply  here  is  higher  than  is  commonly  found  in  this  type
of  soil,  due  to  the  turning  under  of  the  pea  crop  grown  on  the  plats.
Phosphoric  acid  is  principally  in  the  organic  state,  as  the  amount  of
apatite  found  was  very  small,  not  enough  to  anything  like  furnish  the
supply  shown  by  the  chemical  analysis.  The  apatite  found  was
included  in  quartz  and  microcline  fragments;  in  this  form  it  is  of  very
little  value  for  plant  use.

Coastal  Plain  Soils.

Location  of  Farm  and  Character  of  Soil."

The  Edgecombe  Test  Farm  is  located  near  the  center  of  Edgecombe
County,  on  the  main  road  between  Tarboro  and  Rocky  Mount,  approxi¬
mately  eight  miles  from  either  place.  It  is  two  miles  south  of  Kings-
boro  Station.

The  main  upland  soil  of  this  farm  is  representative  of  much  of
the  Coastal  Plain  section  of  the  State.  It  consists  of  dark  gray  sandy
to  fine  sandy  loam,  eight  to  twelve  inches  deep,  underlain  by  yellow
sandy  clay  subsoil.  The  surface  soil  is  light  in  texture,  and  is  com¬
monly  very  deficient  in  organic  matter.  It  classifies  as  Norfolk  sandy
to  fine  sandy  loam.  Like  most  of  the  sandy  soils  of  the  Coastal  Plain,
the  sand  content  is  mostly  silica  which  contains  no  important  plant
food.  The  chemical  analyses  of  the  soils  of  this  type  show  them  to  be

7 See N. C. Dept, of Agr. Bui., Vol. 35, No. 195 for details of field results of Coastal section.
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TABLE  10—MINERALOGICAL  AND  CHEMICAL  ANALYS

Labora¬
tory

Number

universally  low  in  nitrogen  and  phosphoric  acid,  and  in  the  south¬
eastern  part  of  the  State,  also  in  potash.  The  potash  content  is  much
higher  in  the  northern  part  of  the  Coastal  -  Plain  section  °,  especially
is  this  true  north-east  of  Albemarle  Sound.  The  soil  of  the  Edge¬
combe  Farm  is  between  these  tw  r  o  extremes  approaching  the  lower
rather  than  the  high  potash  content.  These  light  sandy  soils  are  also
deficient  in  lime.  This  deficiency  is  noticeable  in  growing  legume
crops.  Bacteriological  investigations  show  this  soil  to  be  very  deficient
in  beneficial  bacterial  life.

Plats.

The  plats  at  the  Edgecombe  Farm  on  which  the  experiments  were  con¬
ducted  are  embraced  in  Fields  A  and  B.  The  farm  on  which  all  the
plats  are  located  has  been  in  cultivation  for  a  good  many  years.
The  experiments  were  started  on  Field  A  in  1903  and  on  Field  B
in  1905.  The  plats  in  Field  A  were  laid  off  in  three  parallel  series  of
thirteen  plats  each  with  a  turn  row  or  driveway  between  each  series.
The  plats  are  one-tenth  acre  in  size,  with  an  unfertilized  space  between
them  sufficient  for  one  row  and  a  four-foot  unfertilized  space  at  the
end  of  the  rows.  Plats,  1,  2  and  3  of  the  second  series  and  1,  2,  3,
4,  5,  6,  7  and  8  of  the  third  series  of  this  field  are  somewhat  inferior
in  fertility  naturally  to  the  other  plats  of  the  field  due  to  surface
washings.

The  plats  on  Field  B  were  laid  off  similarly  to  those  of  Field  A,
except  the  plats  of  the  third  series  were  one-twentieth  acre  in  size.
Another  difference  was  that  in  field  B  provision  was  made  for  two
rows  between  plats  instead  of  one,  as  in  Field  A  and  these  extra
rows  were  fertilized  like  the  plat  nearest  to  them,  hut  were  not
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rals in

harvested  and  weighed  with  the  plat.  Bur  clover  was  sowed  in  Field  B
at  the  last  cultivation  of  corn  in  1908  and  of  cotton  in  1909,  but  as
bur  clover  failed  in  1909  the  plats  were  seeded  to  crimson  clover  early
in  November.

Field  A  .—The  plats  were  used  for  fertilizer  experiments  with  cotton
in  1903,  ’04,  ’06,  ’08,  for  fertilizer  experiments  with  corn  in  1905,
’07,  ’09.  In  the  case  of  the  two  crops  the  same  plan  or  system  of  fer¬
tilization  was  followed.  By  this  is  meant  that,  plat  8  in  all  cases
received  only  nitrogen  and  potash,  plat  9  only  phosphoric  acid  and
potash,  and  so  on,  though  the  quantities  actually  applied  varied  with
the  two  crops.  The  fertilization  of  the  cotton  plats  was  based  on  a
normal  application  of  400  pounds  per  acre  of  a  mixture  containing
7  per  cent  available  phosphoric  acid  and  2%  per  cent  each  of  nitrogen
and  potash.  The  fertilization  for  corn  was  on  a  basis  of  300  pounds
per  acre  of  a  mixture  containing  7  per  cent  available  phosphoric  acid,
3  per  cent  nitrogen,  and  1%  per  cent  potash.

Field  B  .—These  plats  were  used  for  fertilizer  experiments  with  corn
in  1906  and  1908  and  for  fertilization  experiments  with  cotton  in  1905,
’07,  ’09.

Fertilizer  Materials  Used.

N  equals  nitrogen  at  the  rate  of  10  pounds  per  acre,  or  77
pounds  of  13  per  cent  dried  blood;

P  equals  phosphoric  acid  at  the  rate  of  28  pounds  per  acre,
or  200  pounds  of  14  per  cent  acid  phosphate;

K  equals  potash  at  the  rate  of  10  pounds  per  acre,  or  at
the  rate  of  50  pounds  20  per  cent  manure  salt;

L  equals  lime  at  the  rate  of  500  pounds  rock  or  1,000  pounds
slaked  lime  per  acre.
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The  following  average  prices  which  fairly  represent  the  cost  of  the
several  materials  to  the  farmer  for  the  period  under  experimentation
have  been  assumed  for  the  materials  used:

14  per  cent.  Acid  Phosphate  .$14.00
13  per  cent.  Dried  Blood  .  60.00
14.8  per  cent.  Nitrate  of  Soda.  50.00
20  per  cent.  Manure  Salt.  20.00
Rock  Lime  .  10.00

The  following  table  gives  the  results  of  fertilization  for  cotton  on
Fields  A  and  B  covering  a  period  of  seven  years.

Nitrogen  and  phosphoric  acid,  N  P  (Plats  10  3  and  10)  gave  increased
yields  over  the  unfertilized  plats  four  of  the  seven  years  in  Field  A
being  9  pounds;  for  four  years  on  Field  B  an  average  loss  of  288
pounds,  or  an  average  increase  annually  for  seven  years  in  the  two
fields  of  167  pounds,  worth  $3.81  over  the  cost  of  fertilizer.

Nitrogen  and  Potash,  N  K  (Plats  8  and  8).  The  application  of
nitrogen  and  potash  combined  gave  larger  increased  yields  for  all  seven
years  except  one.  The  average  increase  for  the  seven  years  was  greater
than  that  given  by  any  of  the  other  applications  except  complete
fertilizer  and  lime.  The  average  profit  from  this  application  was  $14.11
per  acre.

Phosphoric  acid  and  Potash,  P  K  (Plats  9  and  9).  Gave  a  large
average  annual  increase  for  the  three  years  Field  A,  46  pounds,  but
for  the  four  years  on  Field  B  the  average  increase  was  444  pounds.
This  gives  an  annual  increase  on  the  two  fields  of  217  pounds,  worth
$9.81,  which  is  $7.87  more  than  the  cost  of  the  fertilizer.

Phosphoric  i^cid,  Potash  and  Nitrogen,  N  P  K,  (Plats  10  and  11).
These  materials  combined  in  a  complete  fertilizer  gave  average  increased
yields  in  both  fields.  The  average  annual  increased  yields  for  the  four

TABLE  12—MINERALOGICAL  AND  CHEMICAL  ANALYSES  OF

Labora¬
tory-

Number
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years  on  Field  A  was  163  pounds  of  seed  cotton;  and  for  three  years
on  Field  B,  593  pounds;  or  an  average  increase  per  acre  for  the  seven
years  of  348  pounds,  worth  $11.45  over  the  cost  of  fertilizer.

Lime,  L.  (Plats  6  3  and  5  3  ).  For  the  four  years  on  Field  A  the
lime  plat  showed  an  average  annual  loss  of  56  pounds  of  seed  cotton,
representing  a  financial  loss  of  $3.15.  On  field  B  however,  this  material
gave  an  increase  each  of  the  three  years,  averaging  218  pounds  more
than  the  unfertilized  plat,  and  a  profit  of  $9.18.  As  an  average  of
these  two  apparently  contradictory  results  lime  gave  an  average  of  62
pounds  representing  a  profit  of  $2.16.

Lime  and  complete  fertilizer,  IN’  P  K  L,  (Plats  7  3  and  6  3  ).  With  the
exception  of  the  year  1905  on  Field  B  lime  in  combination  with  the
three  fertilizer  constituents  gave  a  larger  yield  of  cotton  than  did  com¬
plete  fertilizer  without  the  lime.  The  average  yield  for  the  seven  years
from  this  treatment  was  142  pounds  greater  than  for  complete  fertilizer
without  lime.  The  profit,  $17.62,  is  greater  than  that  from  any  of  the
other  fertilizer  combinations.

Taking  the  experiments  as  a  whole,  the  average  results  show  that:
The  combination  of  nitrogen  and  phosphoric  acid  gave  the  smallest

increase  and  also  the  least  profit.
That  nitrogen  and  potash  gave  an  average  yield  of  209  pounds  more

seed  cotton  than  did  the  nitrogen  and  phosphoric  acid  treatment,  with
a  profit  of  $14.11.

Phosphoric  acid  and  potash  gave  a  slightly  greater  yield  than  nitro¬
gen  and  phosphoric  acid,  but  not  nearly  as  great  as  nitrogen  and  potash.

Nitrogen  added  to  phosphoric  acid  and  potash  making  a  complete
fertilizer,  increased  the  yield  131  pounds,  and  gave  an  additional  profit
of  $3.58.

The  results  from  lime  while  contradictory  on  the  two  fields,  show  a

NORFOLK  FINE  SANDY  LOAM—EDGECOMBE  TEST  FARM.

Other than Quartz in
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slight  average  increase  and  a  profit  of  $2.16.  In  addition  to  complete
fertilizer,  lime  shows  an  increase  of  251  pounds  of  seed  cotton,  and  its
application  here  was  at  a  profit  of  $6.17,  and  for  the  complete  applica¬
tion—LbTPK,  the  profit  was  $17.62.

The  main  increase  yields  and  profits  came  from  nitrogen  and  potash.
On  the  whole,  practically  no  beneficial  effect  was  seen  from  the  applica¬
tion  of  phosphoric  acid.  The  application  of  lime  was  in  general,  accom¬
panied  with  some  profit.

Table  12  gives  the  average  mineralogical  and  chemical  composition
of  three  samples  of  soil  taken  from  the  Edgecombe  Farm.

The  chemical  analyses  show  that  the  soil  from  this  farm  is  low
in  nitrogen  and  phosphoric  acid,  and  compared  to  most  of  the  Pied¬
mont  and  Mountain  soils,  low  in  potash  and  lime.  The  mineralogical
analyses  show  that  the  supply  of  potash  is  held  mainly  in  the  felspars;
there  being  only  a  trace  of  muscovite  in  the  sands  and  little  more  in
the  silt  separates.  What  biotite  found  in  the  silt  has  been  altered
for  the  most  part.  Much  of  the  orthoclase  found  here  has  been
weathered,  but  microcline  presents  pure  clean  faces  and  sharp  edges
showing  that  little  decomposition  has  taken  place.  Though  the  chem¬
ical  analyses  show  that  there  is  about  3,000  pounds  of  potash  compounds
per  acre  in  this  soil,  the  field  results  for  seven  years  indicate  that  this
element  can  be  applied  with  profit.  This  fact  bears  out  somewhat
the  conclusions  drawn  by  other  investigators  as  to  the  availability  of
potash  when  held  in  the  form  of  felspar.  In  this  soil  the  greater  part
of  the  orthoclase  shows  such  marked  signs  of  chemical  decomposition,
that  it  is  reasonable  to  assume  that  mi*crocline  furnishes  the  greater
part  of  the  potash  here.

The  Mountain  and  Piedmont  soils,  experimented,  wdth,  have  the
micas  as  their  principal  source  of  potash.  In  these  soils  the  amount
of  organic  matter  is  little  higher  than  that  from  the  Edgecombe  Farm.
It  would  not  seem  probable  that  the  difference  in  the  potash  require¬
ments  are  due  to  the  amount  of  decaying  organic  matter  liberating
more  potash  in  the  Piedmont  and  Mountain  soils  and  not  so  in  this
soil  from  the  Coastal  Plain.  The  difference  must  be  due  to  the  way
the  potash  is  held  in  these  soils.

Lime  is  supplied  to  the  soil  from  the  Edgecombe  Farm  almost  entirely
as  epidote,  there  being  only  a  trace  of  hornblende,  and  no  plagioclase
felspar  present.  The  field  results  obtained  on  this  farm  indicate  that
lime  can  be  used  here  at  a  profit,  whereas  the  chemical  analyses  show
that  the  surface  soil.to  a  depth  of  6%  inches  contains  some  3,000
pounds  of  this  material.

In  this  soil  the  supply  of  phosphoric  acid  is  very  low,  that  which  is
present  is  in  other  forms  than  the  mineral  apatite.  Most  careful
examinations  have  failed  to  show  this  mineral  in  a  single  instance.
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SUMMARY

The  field  results  obtained  on  experimental  farms  show  that  there
is  a  close  relation  between  the  chemical  and  mineralogical  composi¬
tion  and  the  fertilizer  requirements  of  the  soils  under  experiment.
The  chemical  analyses  are  of  value  in  determining  the  total  amount
of  the  various  elements  of  plant  food  which  the  soil  contains,  and  the
mineralogical  analyses  supplementing  the  chemical  analyses,  show  to
a  great  extent  in  what  way  these  elements  are  combined.

The  soils  of  the  Mountain  and  Piedmont  sections  of  the  State  are,
as  a  rule,  better  supplied  with  potash,  lime,  and  phosphoric  acid
than  are  those  of  the  Coastal  Plain.

The  micas  furnish  to  a  much  larger  extent  the  potash  supply  in
the  former  two  sections  than  they  do  in  the  latter.  In  a  great  many  of
the  Mountain  soils  muscovite  and  biotite  are  the  main  sources  of
potash,  and  in  a  majority  of  these  soils  the  biotite  content  is  well  pre¬
served.  The  potash  felspars  are  much  more  abundant  in  the  soils  of
the  Piedmont  Plateau  than  they  are  in  the  Mountain  section,  how¬
ever,  the  micas  furnish  much  of  the  potash  for  these  soils.  In  the
Coastal  Plain  soils,  orthoclase  and  microcline  supply  most  of  this
material,  and  it  is  on  these  latter  soils  that  the  greatest  response  is
secured  from  the  use  of  potash  fertilizers,  as  shown  by  the  field  results
thus  far  published.

The  phosphoric  acid  content  of  most  North  Carolina  soils  is  low.
Much  of  this  element  of  plant  food  is  found  as  apatite  included  in
quartz  and  other  minerals.  In  this  form  it  is  doubtful  if  the  plant
can  draw  its  supply  of  phosphoric  acid,  certainly  not  for  many  years
to  come.  The  soils  of  the  Coastal  Plain  carry  their  main  supply  of
phosphoric  acid  in  other  forms  than  apatite,  for  in  very  few  instances
has  this  mineral  been  encountered  in  soils  from  this  section.

Lime  in  the  Coastal  Plain  soils  is  for  the  most  part  in  a  less  avail¬
able  form  for  crops  than  much  of  that  found  in  the  sections  higher
up  in  the  State.  The  former  soils  derive  their  main  supply  of  lime
from  epidote.  In  the  Piedmont  and  Mountain  portions  hornblende
and  the  plagioclase  felspars  are  found  in  larger  quantities  than  in
the  Eastern  section.  The  amount  of  the  plagioclases  has  never  been
large,  except  in  the  soils  of  the  Iredell  series.  There  they  are  found  in
some  quantity.

In  the  mineralogical  composition  as  a  rule  there  is  little  difference
between  the  soil  and  subsoil.  This  may  be  due  to  the  depth  to  which
the  samples  were  taken.



Plummer, J. K. 1914. "Relation of the mineralogical and chemical composition
to the fertilizer requirements of North Carolina soils." Technical bulletin 9, 
1–29. 

View This Item Online: https://www.biodiversitylibrary.org/item/286230
Permalink: https://www.biodiversitylibrary.org/partpdf/312404

Holding Institution 
University Library, University of Illinois Urbana Champaign

Sponsored by 
University of Illinois Urbana-Champaign

Copyright & Reuse 
Copyright Status: Public domain. The BHL considers that this work is no longer under
copyright protection.

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 15 April 2022 at 16:28 UTC

https://www.biodiversitylibrary.org/item/286230
https://www.biodiversitylibrary.org/partpdf/312404
https://www.biodiversitylibrary.org

