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Iniversity

Historically, hydroponics is not a new field; plant phys-
iologists have known and used it for some 100 years.
(Knop is credited with having originated the method
around 1860.) During the late 1930’s, a great upsurge of
interest in soilless culture took place. Inevitably, some
enthusiasts got carried away. Glaims were made of enor-
mous potential yields; skyscraper tops were said to be
capable of producing enough food for all of their occu-
pants; and closets, basements, garages, etc. were wishfully
converted into fields for hydroponic culture. Numerous
publications on the subject appeared during this period
( see Bibliography).

Although, in fact, the yields obtained with soilless
culture can be excellent (see Table 1), they are generally
no greater than those obtainable in good soil without

the addition of similar chemicals. It is probably easier in
terms of effort involved to get high yields with hydro-
ponics; the quality of the foodstuffs is satisfactory; and
the seed produced is viable, Where no soil is available,
such as in rocky areas, on steep hillsides and mountains,
and on water and marsh surfaces, soilless culture is defi-
nitely advantageous (see Table 2). Where good soil and
water are available, on the other hand, there are at
present no special advantages to the use of hydroponics.
Problems of insects and plant disease are no less, and the
construction, control, and operations costs exceed those
incurred with standard agricultural methods. In the
future, with increasing pressure of population, the soilless
culture of foodstuffs will in all probability come into
much wider commercial use. (See Table 3 for locations in
which hydroponics has been used commercially to date.)

Table 1. Comparative yields — agriculture vs hydroponics

Comparative yield
Crop Location
Agricuiture® Hydreponics per 1
Tomato 12 Ib/plant 27.4 Ib/plant - California
10 Ib/plant 22.5 Ib/plant — India
Rice® 3000 Ib/acre 9000 Ib/acre 0.20 india
Potato 60,000 1b/acre 130,000 ib/acre 2.98 California
140,000 Ib/acre 3.20 India
Corn® 2000 Ib gruin/ccre 6000 Ib grain/acre 0.14 India
Lettuce 9000 I1b/acre 21,000 Ib/acre 0.48 India
Beet root 9000 ib/acre 20,000 tb/acre 0.46 india
French bean 210 Ib/ 1000 #* 588 Ib/1000 f1* 0.58 India
Cauliflower 15,000 ib/acre 32,000 b/ acre 0.73 India
aYields of rice up to 14,400 Ib/acre have recently been reported under agricultural conditions.
bYields of corn up to 304 bushels of grain/acre have been reported recently under agricultural conditions.
¢Under average agricultural conditions.
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Table 2. Advantages of soilless culture

HYDROPONICS OR SOILLESS CULTURE

Table 4. Methods of supplying nutrients*

Maximal yields (more research needed)

Use in areas where s0il unavailable; steep hillsides, mountains,
rocky, gravelly areas, unused paved areas, roofs, basements
{light necessary), window boxes, verandas, etc.

Freedom from weed probiem
Better control of diseases ?

Better control of insects ?
Elimination of salinity problems
Elimination of drainage problems

Concentrated stock solutions of various salts

Packets of dry chemicals o known amounts of solution or sprinkied
on top of bed

Compressed tablets

Synthetic resins, anion- and cation-saturated

Iron, as finely divided magnetite; also chelates

Frits, for Zn, Mn, B, Cu, and Fe

Perforated, plastic-coated chemical packets a possibitity

SFertilizer and technical grade salts can be used.

Table 3. Some locations where soilless culture has
been used commercially

Table 5. Example of hydroponics nutrient solution

Location

Probable purpose or reason
for use

Present position

iwo Jima and
Wake Island

Curacdo

Bahrein
Iraq (Habbiniyah)

India

Japan

United States

England

Lack of good soil,
economics (war)

Lack of good soil

Lack of good soil
Lack of soil

Lack of good soil, shipping,
economics, population
density

U.S. Army personnel
food supply
Substitute for soil

Cultivation of specialty
crops, such as tomatoes,
flowers, etc.

Growing of carnations

Not used now; fresh
fruit and vege-
tables flown in

?
?

Still underway in
1955

Discontinyed

In use and interest
increasing

Many discontinuved

Total concen- Satisfactory
Compound Mg/l Nutrient | trafion i." ",,Ml variations
supplied® solution
ppm ppm
KNO, 707.7 N N 198 50—-400
K K 273 50-400
Ca (NO)*4H,O | 708.5 N Ca 120 50—-400
Ca Mg 24 12-120
MgSO¢7H.0 246.5 Mg S 32 10-500
S P 31 10-200
NHH;PO, 196.0 N Ct 3.50 1-50
P
KClt 7.4 K
Cl
HiBO, 1.54 B 8 0.27 0.1-0.5
MnSOH:0 0.93 Mn Mn  0.27 0.1-1.0
FeSO,7H,0 .n Fe Fe 0.22 0.1-1.0
InSO7H:0 0.72 In In 0.16 0.1-0.5
CuSO,5H,0 0.12 Cu Cv 0.03 0.01-0.2
H:Mo0O, 0.016 Mo Mo 0.009 0.01-0.1
Total 1870.4 13 ele- 682.46
ments
AThirteen elements are essential in variable omounts.
bFinal selution contains about 2 g of total salts per liter.

The basic requirements for the growing of plants by
the soilless culture method are as follows:

1. Substrate—gravel, sand, cinders, haydite, vermicu-
lite, water.

2. Nutrient solutions (see Table 4 and example, Table
5)—chemicals in salt, tablet, or solution form ( Table
6); synthetic resins; possibly fertilizer salts [KNO,,
MgSO,, CaH,(PO,),, etc.].

3. Water (see Table 7).

4. Air—carbon dioxide and oxygen (Table 8).

5. Light—minimum, 2000 ft-c; optimum, 4000 ft-c
(Table 9).

6. Temperature—acceptable range, 32-120°F; optimum
range, 60-100°F ( Table 10).

7. Humidity—25-90% preferred but not essential.

In addition to these basic requirements, protection
must be provided against weather extremes, air pollution,
and excessive radiation, as well as insects and disease.
Also, some means must be devised of checking the nutri-
ent solution periodically for conductivity, pH, etc., and
of making appropriate adjustments. Table 11 presents a
list of the types of containers that may be used for hydro-
ponic plantings.
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Table 6. Chemical mixture®
Maijor salt Woeight
Sodium nitrate {(NaNO;) 5 oz
Ammonium sulfate {[NH,]:50,) 3 oz
Calcium sulfate (CaSO, * 2H;0) 1.5 oz
Superphosphate (CaH,[PO]2) 3.0 oz
Potassium sulfate (K:SO,) 4.0 oz
Magnesivm sulfate (MgSO, * 7H,0) 2.50z
Trace element mixture 05g
Zinc sulfate 53¢
Manganese chloride 16.0¢
Boric acid 1209
Copper sulfate 53¢
Iron sulfate 1709
sApplied ot rate of 2.0 oz per week to ? f1* of trough space will provide sufficient
nutrients.

Table 7. Water requirements of plants
grown in open air*

Water transpired .,
Plant per Ib dry matter® lofchvo .
b requirement
Millet 187-367 1.00
Sorghum 272-303 1.14
Corn 253-495 1.31
Barley 1.94
Wheat 394-639 2.09
Qats 2.18
Rye 2.37
Legumes 2.81
Grasses 3.10

%in o closed system, water could be recycled.

bFrom Miller, Plant Physiology, 1938, p. 49.

cAffected by humidity, fertility {less water required for excellient than for poor
ground), soil moisture (good moisture supply red water requil t), and
diseases {leaf rusts increase water requirement}. Under optimum conditions of
humidity, fertility, etc., at least 100-150 |b of woter would probably be required
per pound of dry matter.

Research in hydroponics is currently being conducted
quite vigorously. At Scripps, Drs. W. H. Thomas, F. T.
Haxo, K. A. Clendenning, Ralph Lewin, and Joyce Lewin
are culturing algae. The following are also reported to be
doing work on algal culture:

Dr. Mary Belle Allen Dr. Jack Myers

Kaiser Foundation Laboratory of Algal
Research Inst. Physiology

S. 14th and Cutting Blvd. University of Texas

Richmond, California Austin 12, Texas
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Table 8. Carbon dioxide requirements of plants*
for photosynthesis

Normal content of air on Earth: 3 parts CO: in 10,000 of air (by
volume) = 0.03% ; higher in industrial areas, close to soil, and in
soil {e.g., 5 to 10 times higher in soil).

Source of CO:: respiration of plants and animals, organisms, com-
bustion of wood, coal, petroleum, disintegration of rocks [e.g.,
CaCQ3), volcanoes, water in streams, oceans, etc.

10,000 | of air contain 1.7 g of carbon.

One acre of corn wouid need the CO; ovi of 20,000 tons of air where
concentration of CO: is 3 parts in 10,000,

There is evidence that roots can absorb some carbon from dissolved
CO; in the soil solution,

Photosynthesis can be increased by increasing the CO; of the air.
{(Warburg, using chlorella, obtained a proportional increase from
0.05 to 10% CO; in the air. Toxicity and other limiting factors
come into play (i.e., light, stomata numbers, etc.).

When CO: is 10 to 15% in air, it inhibits growth,

For 610 Ib dry matter, assuming 50% carbon content, 1,120 Ib CO:
would be required.

tin a closed system in equilibrium with man, CO, would be reused continually.

Dr. Michael Droop Dr. Mary Parke
Marine Station Marine Biological
Millport, Scotland Association
Citadel Hill
Pl
Dr. G. E. Fogg ymouth, England

Department of Botany

University of London

Gower St., Dr. Luigi Provasoli

London, W.C. 1, England Haskins Laboratories
305 E. 43rd Street

Dr. R. R. L. Guillard New York 17, New York

Woods Hole Oceanographic
Inst.
Woods Hole, Massachusetts Dr. J. D. H. Strickland
Pacific Oceanographic

Group
Dr. R. W, Krauss Nanaimo, B.C,,

Department of Botany Canada
University of Maryland
College Park, Maryland

Dr. Janet Stein

Dr. Jack MacLachlan University of
Division of Biology British Columbia
National Research Council Vancouver 8, B.C,,
Ottawa, Canada Canada
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Table 9. Light requirements of plants*
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Table 11. Types of containers

Midday intensity on clear day in temperate zone is 10,000 to 12,000
ft-c. {2,000 to 3,000 ft-c are sufficient for many plants.)

There is greater photosynthesis with intermittent light.
Light intensity, temperature, and CO: are all interrelated.

Wavelength: blue and red important—730 mu vpper limit;
vitraviolet not important—390 mu lower limit;
green not important.

Ultraviolet beyond wavelength of 290 myu is injurious.

*Photosynthesis CO, + H,0 —» 1/6 (CH,.0) + O, AN = 112,000 colories.

Table 10. Temperature

Threshold temperature, —6 to — 20°C.

0: evolution ceases at 0 to 2°C for warm,
temperate plants.

0. evolution ceases at 4 to 8°C for sub-
tropical and tropical plants,

Photosynthesis, with no other factor limit-
ing, increases up to 25°C,

For photosynthesis

Vories with plant, but optimum region is
generally 70 to 90°F.

For plant growth

Higher plants are being investigated in Japan, at the
University of California at Riverside, and in many other
places, but mostly from a plant nutrition point of view.

Redwood tanks or troughs

Concrete tanks or beds (asphalt coated)

Iron tanks or troughs {asphalt coated)

Plastic tanks, troughs, or containers

Brick structures

Puddied clay

Stones laid in pottern, ovtlined, and coated with nonerodible
mud plaster, 4 ft wide and up to 100 ft long

Asbestos sheeting

Research is still needed to determine what combina-
tion of crops will produce maximum digestible nutrients
per unit area and meet the necessary protein, carbo-
hydrate, fat, etc., needs of man (see Appendix). Other
problems requiring further study are those concerned
with securing the maximum yields of usable crops per unit
area (combination of nutrient levels, moisture, substrate
character, light, temperature, CO,, humidity, aeration,
etc.; mechanical arrangements—stacking or layering to
reduce space requirement); plant breeding to produce
desired yield and quality; control of diseases and insects;
and finding the simplest and best means of renewing and
controlling nutrient levels, resins, coated nitrogen sources,
etc. In addition, experiments should be performed under
simulated Moon conditions on the recycling of CO,,
oxygen, and water; the effects of reduced gravity; radi-
ation control; and on enclosure materials which will
screen out harmful radiation but not useful wavelengths.
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APPENDIX

Food Requirements of Man

The initial basic requirements for starting a hydro-
ponics setup to support one man are as follows (see
Table 1):

1. Plant beds—500-1000 ft2, made of suitable plastic or
other material. (Layering arrangements might de-
crease this area.)

2. Substrate—gravel, sand, soil-dust mixture.

3. Water—roughly 1000-2000 gal for 500-1000 ft* of
gravel and sand.

4. Chemicals—20—401b for 1000—2000 gal of nutrient
solution.

5. Carbon dioxide—303 g carbon per day for 756 g
food = 1,102 Ib carbon dioxide in enough air to give
concentration that man can tolerate.

6. Oxygen—sufficient for man will supply plant root
needs.

7. Light source—to provide 3000—4000 ft-c intensity if
setup is underground.

8. Heat source—to maintain temperatures at 70-85°F
if setup is underground.

9. Enclosure material—must be strong and permit trans-
mission of useful light while screening out harmful
radiation.
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Table A-1. Basic dietary needs of man
(154 Ib or 70 kg; physically active)

ltem" Amount

Calories 3000

Protein 70 g

Calcivm 19

ron 12.0 mg

Vitamin A 5,000 L.U.

Thiamine 1.5 mg

Ribotlavin 1.8 mg

Niacin 15.0 mg

Ascorbic acid 75.0 mg

Vitamin D 6.0 LU.

Water 2.51

Salt 5g

lodine 0.15 to 0.30 mg

Phosphorus Not in normal food

Copper 1to2mg

Carbohydrates 595 ¢

Fat 77 g
2Total dry food: 756 9 = 1.62 Ib per day {610 ib per year}. 0.10 to 0.40 b dry
corn can be produced per square foot. Assuming optimum, 610/0.60 == 1000 #>
of hydroponic surface per person, or about 1/40 acre, = piot 4 X 250 ft or

10 plots 4 X 25 ft. By appropriate layering or use of algae, the area occupied
can be decreased.

In summary, the needs per man are: (1) 500-1000 ft:
of plant surface to absorb carbon dioxide and fix food at
1.62 1b per day, (2) 1000-2000 gal water to provide 25%
saturation of planting bed, (3) 3,636,000 Ib air to supply
1,102 1b carbon dioxide at 0.03%, and (4) 2040 Ib
chemicals (assuming reuse) to make up 1000-2000 gal
nutrient solution.
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