
HYDROPONICS

Principles  and  Guidelines

Wade  L.  Berry

Hydroponic  Culture

Hydroponics  is  the  science  and  art
of  growing  plants  in  water  without

the  use  of  soil.  The  science  is  in  knowing
what  essential  nutrients  to  add  to  the
water.  The  art  is  in  knowing  when  and
how  much  to  add  for  healthy  plant
growth.  A  more  general  term  for  this
method  of  growing  plants  is  nutri-culture,
a  term  applied  to  all  methods  of  growing
plants  in  some  media  other  than  natural
soil.  Of  principal  interest  in  this  paper
are  hydroponics  (often  called  either  water
nutrient  or  solution  culture),  sand  cul-
ture  and  aggregate  culture.  Basically,
these  methods  are  the  same.  They  all  pro-
vide  the  essential  nutrients  in  the  form
of  a  dilute  salt  solution  and  differ  only
m  the  way  in  which  the  plants  are  sup-
ported  in  an  upright  position.  In  pure
hydroponics,  the  tops  of  the  plants  are
supported,  and  the
hang  free  into  a  i

:  allowed  I

u<Jia  sand  and  aggregate  culture  tne
plants  grow  normally  and  are  supported
by  their  roots  which  are  anchored  in

some  inert  material,  such  as  sand  or  gra-
vel,  and  which  are  regularly  irrigated
with  nutrient  solution.  Sand  culture  con-
sists  of  growing  the  plants  in  inert  sand
—usually  quartz  sand  washed  free  of  all
contaminates  —  and  watered  frequently
with  nutrient  solution.  In  aggregate  cul-
ture,  coarser  materials,  such  as  gravel,
Anders,  or  crushed  granite,  are  used  in
Place of sand.

The  nutrient  solution  used  to  irrigate
plants  supported  by  inert  media  such  as

sand  and  gravel  must  have  the  same  nu-
tritional  value  as  that  used  for  pure  hy-
droponics  (Hewitt  1966).

These  three  hydroponic  systems  can
also  differ  by  being  either  a  "closed"  or
"open"  system  in  respect  to  the  nutrient
solution.  In  a  closed  system  the  same
nutrient  solution  is  maintained  in  the
plant  beds,  or  is  periodically  recirculated
through  the  plant  beds  to  supply  water
and  nutrients  to  the  plants.  In  open  sys-
tems  fresh  nutrient  solution  is  applied  to
the  plant  beds  each  time  they  are  irri-
gated,  and  the  nutrient  solution  not  used
by  the  plant  is  discarded  and  allowed  to
drain  away.  The  open  system  is  much
less  susceptible  to  plant  toxicity  problems
than  the  closed  system  but  does  pose
some  problems  in  disposal  of  the  excess
without  polluting  the  environment.

The  science  of  faydtopooks  ^^

method  of  supplying  mineral  nutrients
and  water  to  growing  plants.  It  has  been
used  for  scientific  purposes  since  the  mid-
dle  of  the  nineteenth  century.  Much  ot
our  knowledge  about  the  micronutnents
essential  for  life  come  from  experiments
using  this  technique.  It  should  be  pointed
out  that  there  is  no  magic  in  hydroponics.
Plants  grown  in  soil,  soil  mixes,  or  water,
can  produce  equal  yields  of  equal  quality
provided  that  each  media  is  managed
appropriately.  The  taste  of  tomatoes
grown  in  water  will  vary  to  some  degree,
just  as  the  taste  of  tomatoes  grown  in
soil  will  vary  from  one  section  ofjhe
country  to  another.  The  important



be  maintained  in  each  media  and  grow-
ing  system  to  insure  good  plant  growth.

The  necessary  environmental  conditions and  need

trients,  plus  support  under  natural  condi-
tions.  Fortunately,  many  of  the  common
horticultural  and  agronomic  plants  are
very  similar  in  their  nutritional  require-
ments.  This  allows  us  to  concentrate  pri-
marily  on  the  general  techniques  of  hy-
droponics  rather  than  compiling  a  list  of
anomalies  associated  with  the  particular
requirements  of  individual  plants.

Advantages  and  Disadvantages

The  principal  advantage  of  growing
plans  hydroponically  is  the  precise  control
the  method  offers  over  the  growing
conditions.  For  example,  such  matters
as  the  kind  and  amount  of  essential  nutri-
ents  can  be  controlled  in  a  water  medium
to  a  degree  not  possible  in  soil.  This
control  makes  possible  the  maximization
of  such  qualities  as  plant  size,  leaf  color,
fruit  yield,  or  oil  production.  Further,
any  or  all  of  these  qualities,  determined
by  the  set  of  conditions  chosen,  can  be  re-
peatedly  and  uniformly  reproduced.  Con-
trol  over  growing  conditions  and,  by  ex-
tension,  reproduction,  can  be  a  very  de-
sirable  advantage  any  time  that  the  timing
and  yield  of  a  particular  high-value  prod-
uct  needs  to  be  known  in  advance.  In  a
different  context,  it  should  be  mentioned
here  that  by  reason  of  this  high  degree
of  control,  hydroponics  is  a  very  valuable
and  versatile  research  tool.

The  disadvantages  of  growing  plants
hydroponically  are  the  large  amount  of
equipment  and  care  required  and  the
need  to  know  more  about  the  physiology
of  the  plant  in  order  to  provide  the  right
growing  conditions.  The  amount  of  care
ca  £  be  educed  somewhat  by  the  use  of
additional  automatic  equipment.

When  plants  are  grown  hydroponically

any  more  parts  of  the  root
that are possible to control

be controlled than are either
„  feasible  when  plants  are

grown  in  soil.  Although  such  things  as
temperature,  nutrient  replacement,  and
oxygen  must  be  considered,  it  is  the  min-
eral  nutrition  that  is  most  amiable  to
manipulation  and  most  likely  to  be  mis-
managed.  Deficiencies  of  one  or  more
essential  mineral  nutrients,  or  toxicity-  or
a  wide  variety  of  substances  including  the

Hydroponics  primarily  differs  from  ot  er
plant  growing  systems  in  the  way  in
which  the  nutrients  are  supplied.  There-
fore,  the  differences  required  in  the  cul-
tural  management  of  hydroponically
grown  plants  are  in  relation  to  their  nu
trition.  All  other  cultural  practices  sucn
as  light,  temperature,  season,  and  so  fl-
are  managed  in  the  same  way  as  for»*
grown  plants.  The  amount  of  nu
required  by  a  plant  is  a  function  otth
plant's  growth  rate.  If  the  growth  °
the  plant  is  slow  due  to  low  tempera^
low  light  or  other  conditions,  then  o^
a  limited  amount  of  nutrients  ■
quired.  If  these  conditions  are  inl-
and  the  growth  rate  of  the  plant  is
creased  correspondingly,  then  bo  ^

d  frequency  of  the  nuu

P^tnutritioiulisbgca^^
elements  as  being  essential  for  tne
growth  and  development  of  nig  J^.
,Steward  1963).  Three  of  tnes  ^
are  normally  obtained  from  ai  ^
ter  (carbon,  hydrogen  and  oxyg  >  ^
other  13  elements  are  generally
directly  from  the  soil  by  way  °^  e  /  the

roots.  These  elements  a  [  e  dinto  the
mineral  nutrients  and  are  en  ^
macronutrients  and  micronuWen^
pending  on  the  amount  of  eacn



plant  (see  Table  1).  The
ire  present  in  dry  plant
percent  range,  while  the
re  present  at  the  level  of

parts  per  million.

plants  in  water  is  relatively  simple,  some
experience  in  both  the  fields  of  chemis-
try  and  botany  is  desirable.  Further,  the
equipment  required  for  growing  plants
hydroponically  is  not  the  same  as  that
normally  associated  with  backyard  gar-
dening.  However,  the  pleasure  derived
from  hand-feeding  the  plant  the  required
essential  elements  and  from  learning  to
recognize  the  deficiency  symptoms  can  be
very  rewarding  for  the  extra  effort  and
study involved.

Many  factors,  such  as  concentration,
pH,  total  amount  of  nutrient  present,
plant  growth,  plant  requirements  and
their  interactions,  are  all  interdependent
and  have  to  be  considered  simultaneous-
ly.  Solution  culture  does  offer  the
grower  the  greatest  control  over  the
growth  of  the  plant.  But,  at  the  same
time,  it  implies  that  the  grower  will  have
to  monitor  and  control  more  variables  to
obtain  normal  plant  growth  than  would
be  necessary  if  the  plants  were  grown  in

In  hydroponic  culture  the  required
mineral  nutrients  are  supplied  as  a  dilute
solution  of  their  salts,  and  oxygen  availa-
bility  is  maintained  by  constant  aeration
of  the  nutrient  solution  or  by  repeated
flooding  and  draining  in  aggregate  cul-
ture.  The  preparation  of  the  hydroponic
solution  is  relatively  simple  and  easy  if
the  water  and  salts  are  pure.  However,
if  pure  water  and  salts  are  not  available,
the  actual  composition  of  these  materials
*iU  have  to  be  considered  and  in  some

ca  ses  adjustments  made.  The  prepara-
tion  of  nutrient  solutions  should  be  done
^er  conditions  of  extreme  cleanliness.
When  plants  are  grown  in  hydroponic
culture,  in  contrast  to  soil,  there  is  rela-

tively  little  buffering  capacity  or  resist-
ance  to  change  in  the  system  and  very
small  amounts  of  biotoxic  materials  will
result  in  plant  growth  reduction.  The
hydroponic  solution  given  in  Table  2
was  developed  for  tomatoes,  but  has  been
found  adequate  to  satisfy  the  nutrient
requirements  of  many  types  of  plants.
Silght  modifications  of  this  solution  may
prove  better  depending  upon  the  plant
species  being  grown  and  the  type  of
growth  desired.  That  is,  whether  top
growth,  root  growth,  fruit  or  some  other
aspect  of  growth  or  yield  is  being  encour-
aged.  For  example,  if  corn  and  certain
other  grass-type  plants  are  grown  in  this
nutrient  solution,  the  amount  of  added
iron  should  be  increased  2  to  4  times.
Researchers  in  plant  nutrition  i

:  formula  presei ited  in  Table  2  a
ification  of  half  -  stren

Hoaglands  solution  (Hoagland  and
non  1950).  Concentrated  stock  soluti

,ctb

are prepared \ nutrient  ad-
can  be  done  by  simple  dilutions

without  the  need  to  weigh  and  dissolve
numerous  salts  each  time.  The  stock  solu-
tions  can  be  stored  successfully,  prefer-
ably  in  a  cool  and  dark  place.  It  will  be
necessary  to  prepare  the  two  concentrates
(#1  and  *2)  in  separate  containers  in
order  to  avoid  a  precipitate  of  calcium
phosphate.  Fiberglas  or  plastic-lined  con-
tainers  are  recommended.  These  contain-
ers  should  be  opaque  to  light  because
these  solutions  are  excellent  for  the
growth  of  green  algae  in  the  presence  of
light.  Once  the  nutrient  solution  is  pre-
pared,  most  of  the  tedious  work  is  done
and  it  is  then  possible  to  concentrate  on
growing  the  plants.

Nutrient  Preparation

The  chemicals  needed  to  prepare  the
stock  concentrations  are  generally  avail-
able  from  agricultural  fertilizer  com-
panies.  In  some  areas,  nurseries  sell  pre-



mixed  salts  to  prepare  the  nutrient  solu-  2.  Add  4  gallons  of  water  and  in
tion,  which  vastly  simplifies  nutrient  until  dissolved
preparation  Molybodic  acid  is  somewhat  3.  Weigh  out  the  appropriate  amou
less  available  than  the  other  chemicals  of  iron  chelate  (sequestrene  330  Fe)

u  S  °  m,SSIon  in  man  y  ^stances  will  a  small  container.  Mix  to  a  slurry  wi
not  be  deleterious  because  impurities  in  a  small  amount  of  water
the  other  salts  will  supply  the  very  small  4.  Add  the  iron  chelate  slurry  to  tl
amount  required.  The  exact  amount  of  calcium  nitrate  solution  and  make
each  salt  should  be  weighed  out  on  a  volume,
scale  that  reads  at  least  in  fractions  of

Recipe  For  Preparation  Of  Nutrient
Solution:  From  the  two  (1  and  2)  stock  s

Supplies  needed:

Working  nutrient  solution

nd 2)

L  bounce*  1  *  "**  **  ^  Cti  °  nS  °  f  ^"^  3-2  fluid  oz.  of  each  stock

Stock  concentrate  #1  ^  50  ml  of  each  concentrate  t0  10

This  is  the  dilute  salt  solution  used  to

feed  plants.
The  concentrates  can  be  diluted  to

make  the  nutrient  solutions  either  manu-
ally  or  by  the  use  of  equipment  such  as

Phosphate,  nCs^  «*-«■«  I**^.  *3

sulfate  and  sodium  chloride.  Place  these  and  P^Pfio^rs
•0  a  5-gallon  container,  add  4  gallons  of  am  °  UntS  °  f  concentrate  mt  °  W  "  'u  '  e  are
water  and  mix  until  all  salts  a  e  corn  a  function  of  fl  °  W  '  ^"^  TrZ
pletely  dissolved.  "*  ^  used  it  is  wise  to  make  sure  that  the  o

2-  Weigh  out  the  annrn,nV  centrate  is  fuI1  X  mixed  with  **?  Ik
of  the  Jcron^Z^VrZn  *  iS  ^  *  *?  ^  to  thel
ganese  sulfate  zinr  <  „if  V  '  ,'  check  is  to  add  food  coloring  to  the  :  c
fee  and  J^acR^Ze"  £  "T*  *»  "^  <"  *  ^
separate  5-gallon  container  „,*£  ^  ually.
warm  water  60°C  n40°F1  t«  I
^thout  the  warm  ^atlr^d  »*"'

may  not  dissolve  easily.  A  number  of  different  containers  «*

solved^  °  ne  "  haIf  gaI1  °  n  0f  the  d  '«-  P  knt  «  rowth  ^  b  ^  USe  l  Wit  i  S  e  U  Tth  e
solved  micronutnent  solution  to  concen  solution  culture  work.  The  size  or
trate  I  and  make  to  volume.  ~  container  is  governed  by  the  same^

that  determines  container  size  w  .  tf
Stock  concentrate  #2  soil  mixes.  That  is,  the  smaller  con  ^

1  Weio^  r,  t-  a.  tfte  more  often  it  will  have  to
of  calcium  mtr  l;nFr  priate  am  °  Unt  for  '  and  the  Iarger  the  fT'  a***
Ion  container  ^  ^  »  a  ^  er  P  Iants  that  can  be  ^1  sp^  iS

area.  Many  times  greenhouse  s  F



SocuTiom  CoCTuR-e  SET-up

Fig.  1

requir^  r  ****  the  amount  of  care
f2Si  h  ainers  of  glass  >  p  Iastic  or
or  Seat  ,?  g  a  Ca  P  aafc  y  of  one  <l  uart

IZ  ,  S12e  °  f  t0matoes  a  '  e  to  be
no  I?  matUrity  and  a  Cr  °P  harvested,

**  d  b7;  sm  /  Iler  than  5  ^  aiions
should  £  C  °  nsidered  -  The  containers
opaque  ,-°  PaqUe  '  °  f  P  ainted  with  an

^  Iidso  I  miCr00  ^  anisms  (  aI  ^)-
°paque  Ji-  ,  C  contain  er  should  also  be
^veniemf  *  haS  been  found  to  be
She  «  pjl  f  to  C  °  nstruct  th  ^  lids  from
«*  to  sS  ?  mason  *e.  The  lids  are

S1  *  and  two  holes  drilled.  One,

and soiutic
Without  aera-

tion  the  roots  of  many  plants  will  drown
and  die.  The  aeration  can  conveniently
be  done  by  placing  a  glass  or  plastic  Y  4  -
inch  tube  connected  to  a  compressed  air
supply  in  the  bottom  of  the  container.
The  compressed  and  filtered  air  supply
should  be  adjusted  so  that  a  rapid  stream
of  individual  bubbles  is  coming  out  the
end  of  the  tube.  For  a  single  container,



Seedling  Growth

Germination  of  seeds  for  liquid  cul-
ture  solutions  is  not  generally  done  di-
rectly  in  the  culture  solution  because  of
mechanical  problems  in  holding  the  seed.
Also,  when  the  seeds  are  germinated
elsewhere,  uniform  seedlings  can  be  se-
lected  for  transplanting.  For  most  pur-
poses,  the  seeds  can  be  germinated  in
trays  of  No.  2  horticultural  vermiculite.
The  trays  should  be  deep  enough  so  that
the  roots  will  not  reach  the  bottom  before
being  transplanted  to  the  culture  solu-
tion.  Water  the  germinating  seeds  with
the  nutrient  solution  described  in  Table
2,  but  dilute  it  to  one-fifth  strength  to
avoid  salt  injury  to  the  young  plants.
Most  plants  are  ready  to  transplant  to
the  culture  solution  when  the  first  true
leaves  have  emerged.  It  is  not  critical
that  they  be  planted  at  this  time,  but  ex-
cessively  large  plants  will  suffer  greater
transplant shock.

The  seedlings  are  removed  from  the
vermiculite  for  transplanting  by  carefully
submerging  the  tray  with  the  seedlings
in  water  and  gently  floating  the  seedlings
from  the  vermiculite.  Some  of  the  small-
er  particles  of  vermiculite  may  adhere  to
the  root;  do  not  remove  these,  for  doing
so  might  injure  the  root,  and  a  few  parti-
cles  will  cause  no  harm.  Carefully  wrap  a
small  wad  of  Dacron,  nonabsorbent  cot-
ton,  or  plastic  foam  around  the  stem  of
the  seedling  and  place  it  in  the  hole  in
the  center  of  the  lid  of  the  nutrient  solu-

Table  1.  Essential  Mineral
for  Plants

Macronutrients
Potassium  Iron
Calcium  Chlorine
Magnesium  Boron
Nitrogen  Manganese
Phosphorus  Zinc
Sulfur  Copper

Molybdenum
Table  2.  Preparation  of  stock  concen-

trations  for  200:1  dilution

Kotassium  miraie  ^nu  3  ;  —-■  ,
Potassium Phosphate (KH 2 P0 4 ) 27.2 g *

The  dacron gives  support
without  bruising  the  young  seedlings,
this  time  it  is  extremely  important  to
make  sure  that  the  nutrient  solution  cov-
ers  the  entire  root  of  the  seedling.  Care
should  be  taken  at  this  time  to  make  sure
that  the  root  does  in  fact  hang  down  into
the  nutrient  solution  for  often  it  will  ad-
here to the lid.

H
Chloride (NaCI) 5.8 g

Fill  with  water  and  mix  thoroughly  to

dissolve  all  salts.

Micronutrient  c™^"^^,.

Boric  Acid  (H3BO3  85%)  J.85  j-»
Manganese  Sulfate  (MnS0  4  -H  2  0)l-M  ^
Zinc  Sulfate  (ZnSO,  •  7H  2  0)  °"  ^
Copper  Sulfate  (CuSO  ■  5H  0)  0.  ^
Molybdic Acid (M0O3 ■ 2H 2 85%) 0.«K

Fill  with  water  and  mix  thoroughly^

dissolve  all  salts.
Stock  concentrate  #2  ^

•Calcium  Nitrate  Ca(N0  3  )  2  -4H  2  UIJ  *j

Mix  the  iron  chelate  W^
small  amount  of  water  before
the  calcium  nitrate  concentrate.

♦If  commercial  agricultural  cala^jj.

trate  (Norsk  Hydro)  is  used,
88.8  g/L  =  59-3  oz./5  gal-

•  ,  „«  the  V*
Dr.BerryisasfsaenJton
partment  research  staff  f  f  J  ie  r  nt  *»&'
terest  in  the  efficiency  of  "Trf,**
tion  hy  plants.  He  is  the  ^orJ  uh  .
ber  of  technical  publications  on
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