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Fieure 2. Root development of seedlings in sand and in soil, sweet pea at
left, cucumber at right.

DIRECTIONS FOR PRACTICAL USE OF THE METHOD

1. Secure the desired amount of sand (as free from silt and loam as
possible) from a sand pit, lake, river, seashore, or dealer in masons’ supplies.

2. Wash the sand in several changes of hot water (160° F or above)
until the water remains practically clean after stirring.

3. Place the sand in fairly tight, clean, wooden boxes or flats, or any
sort of a container that will allow a little drainage. Level off the surface
to about 2 inches or more in depth.

4. For each square foot of sand surface, dissolve about one-half tea-
spoonful of saltpeter (potassium nitrate) in about one-quarter pint of
water and sprinkle over the sand. For a flat of ordinary size, this amounts
to about 1 teaspoonful of saltpeter dissolved in a cup of water. For larger
surfaces, add 1 ounce of saltpeter in 3 pints of water for each 10 square
feet. (For other fertilizers, see Table 1.)

5. Drill or sow seeds and cover with the same washed sand.

6. Keep sand moist throughout its depth by occasional watering until
the seedlings are grown.

7. After seedlings emerge, allow as much sunlight as possible on the
cultures.

GROWING SEEDLINGS IN SAND
A. A. DunLap

AND culture offers many advantages for growing seedlings under

greenhouse conditions. Our experimental tests, as well as the experi-
ences of certain commercial growers, show that this nu:thnd_pr(mde:'s for
excellent seed germination and a high percentage of seedling survival.
It insures a maximum number of healthy seedlings from a given quantity
of seed. Fa

The outstanding advantage of washed sand over soil lies in its freedom
from damping-off fungi that are nearly always present in soil and which
must be controlled by exacting soil treatments. Furthermore, this method
enables the grower to regulate the development and size of the seedlings,
to obtain “hard™ seedlings with strong roots, and to keep them for in-
definite periods without deterioration before transplanting—all desirable
features favoring the use of sand. .

Details of the sand culture method together with comparison of this
with the usual soil methods were given in a bulletin® published early in
1936 but now out of print. It is the purpose of this circular only to give
directions for starting plants from seed in sand. We also include certain
cultural details that have been found of value since the first bulletin was
written.

MATERIALS AND PROCEDURE

It is believed that seedlings of all kinds of plants may readily be grown
in sand to an adequate size for transplanting. Owing to the fact that
sand culture is somewhat different from the ordinary culture in s_ml,
growers may require more or less practice before obtaining the best possible
results.

Sand. Any sand that is fairly free from silt and loam may be ur-it‘.{_! for
growing seedlings. Seashore sand has been found most satisfactory. hqud
from an inland pit is very useful especially if taken from the deeper portion
of the pit. Surface sands from inland sources are undesirable on account
of their fineness and organic content. A sand with a certain percentage
of coarser particles produces stronger root growth than one having uni-
formly fine particles. The mineral impurities found in natural colored
sands benefit seedling growth. Certain kinds of pure sand may be obtained
on the market. Almost any dealer in masons’ and builders’ supplies has
sand for making concrete which is also usually suitable for raising seedlings.

Washing the sand. In order to insure freedom from damping-ofl

and to secure the best seedling growth, the sand should first be washed in

! Dunlap, A. A. Sand Culture of Seedlings. Conn. Agr. Exp. Sta. Bul. 380. January, 1936. (Out

of print).
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hot water. Obviously, a clean sand, like that from the seashore, is easier
to wash than that from the usual inland sources. A safe rule to follow is
to wash the sand in several changes of hot water (160° F or above) until
the water remains practically clear after stirring. Many kinds of fairly
clean, new sand may be used without washing for growing one crop of
seedlings. A small amount of salt present in seashore sand s nol usually
detrimental to the growth of young plants. Occasionally inland sand con-
tains damping-off fungi and must be thoroughly washed to avoid seedling
loss. Any sand that has been used once in Lhe greenhouse also should be
washed before another planting.

As a substitute for the washing process, one grower passed the sand
several times through the flame of a pressure weed-burner, Excellent
results may be obtained by this method of sterilization. Another grower

heated the sand for two hours under pressure in a steam autoclave with
equally good results,

Containers. After washing, the wet sand is placed in containers in
which the seedlings are to be grown. Ordinary wooden flats or clay crocks,
such as are used for growing seedlings in soil, may also be used for sand
cultures. The container should not allow the sand to dry out too rapidly,
but at the same time it should provide for slight drainage. Wooden flats
should be fairly tight except for a few small holes or narrow seams in the
bottom. Glazed crocks are preferable to the usual unglazed, clay pots.
If the latter are used, itis advisable first to coat them with paraffin, varnish
or paint. Crocks should have the usual drainage hole left partially open.
For small quantities of seed, leaky tin pans make useful containers,

Depth of sand. Obviously the depth of the sand depends on the type
of container. In regular flats, about two and one-half to three inches of
sand are used. In crocks, boxes, and greenhouse benches, sand (o a depth
of seven or eight inches may be.used with excellent results. When the sand
is four or five inches deep, it dries out less rapidly, conserves the added

fertilizer better, and permits the seedlings to attain a larger size than the
two- or three-inch bed.

Fertilizing the sand. As soon as the surface of the wet sand has been
leveled off a little below the top of the container, the fertilizer may be
added. This is dissolved in water and sprinkled over the bed immediately
before sowing the seed.

Since certain amounts of nutrients are stored in the seed, and (races of
plant food are present in the water and sand, it is only necessary to add
a few elements to obtain satisfactory seedling growth. If plants were to
be brought to maturity in sand, however, they would require the proper
application of a more complex nutrient solution containing three or four
different mineral salts. The addition of nitrogen and potassium is sufficient
to bring most seedlings to the transplanting stage. Potassium nitrate (KNOs,
nitrate of potash, or saltpeter) furnishes both of these elements and is gener-
ally useful as a fertilizer. Sodium nitrate (Na NOg, nitrate of soda, or Chile
saltpeter) may be used, although the resulting seedlings are usually some-
what smaller than those grown with the potassium salt. Many combina-
Lions of two salts—one of which carries nitrogen and the other potassium,
such as calcium nitrate and potassium chloride— also give excellent seed-
ling growth. The additional application of phosphorus to the sand usually
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sults in the growth of somewhat larger seedlings, but_this slight increase
?::m:‘]sjize is 110Lg£onsidered essential for seedling production. Magnesium
added to the fertilizer solution also stimulates shg]_xl growth increase, lbut,
most seedlings do not r;is)sp(md to this element noticeably until after they

» attained considerable size. ]

ha;‘:f}ra:::;:ticati purposes, saltpeter is the only fertilizer that is necessary
in sand culture. This is especially true if the seedlings are o be t}'amﬁ
planted into soil in the greenhou_se, or 1'1 they are to be used 113 aIbrma
garden where more or less care will be given to the tender plants. + one
desires the largest plants for transplanting directly into the field, it 151 etter
to add phosphorus and possibly magnesium salts to the saltpeter so ULI(})I-I.
Common chemicals containing phosphorus that may be used for t }isl
purpose are the acid phosphates of calcium and potassium. Commgf)m:l
“superphosphate™ used as an agricultural fertilizer contamsclgﬁmpo 0
25 percent of the water soluble calcium acid phosphate a( 4{)2(;
Mono-potassium acid phosphate (KH2POy, biphosphate of potash) may
obtained in pure form and may be used in combination with certain noll-
potash nilrogen carriers, such as nitrates ol‘hme, soda or ammonia, Lo
make a very desirable fertilizer for seedlings in sand. y an

The following table shows some of the various types of nutrient solu-
tions that may be prepared readily.

Tapre 1. FERTILIZERS FOR SEEDLINGS IN SAND.

Approximate amounts in terms
of teaspoonfuls

Type Name of Chemical Formula lﬁsuc:él;l;:’lpﬁl']:’rflmla F?t;] einil;_ s:[al.-::;’e ‘I;:IJ; ui ?::lnt.l:e::{

No. surface — be-  solution for

fore planting post:ar::yrg!mce

1 Saltpeter KNO, N, K 1g 11

2 Nitrate of Soda NaNO, N, Na g 1

3  Nitrate of Lime Ca(NO,), N. K ﬁ ;
Muriate of Potash KCl 2 o .

4  Saltpeter KNO, L. P
Supgiahosphate CaH,(PO,), N, K, ,i{ }f

5 Nitrate of Lime Cﬂ NQS)! N K, P ﬁ 1
Biphosphate of Potash KH,PO, A £ i

6 Nitrate of Soda NaNO. . 9

] Muriate of Potash ka : N, K, P }H} }1/
Superphosphate CaH,(PO,). }% 12

7 Saltpeter KNO,

Supepfphosphal,e CaHl,(PO,); N, K, P, Mg %”Jd’; g
Epsom Salts MgS0, ;4 :

8 Nitrate of Lime Ca(NOy), iﬁé 1
Biphosphate of Potash I&I'IEPO‘ N, K, P, Mg {2 "
Epsom Salts MgS0, i ? }% i7
Sulphate of Ammonia  (NH,).S0, - 2 .14

9*  Nitrate of Ammonia NH‘N(),_ N Al/ﬁ +

10*  Sulphate of Ammonia (;\III‘)QS(_}‘ N, K {’/g 3
Muriate of Potash KCl

! N-Nitrogen, K-Potassium, P-Phosphorus, Na-Sodium, J\-lg—M agnesium.
* This treatment is usually ununecessary—see text, Dﬂlse 9.
% To prevent vigorous seedlings from growing too tall.
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; Ficure 3
On these facing pages are pictured the results of seedling culture in sand
and in soil. Each of the flats contained the same number of seeds of the fol-
lowing species: Zinnia, lettuce, clarkia, beet, eggplant, gypsophila and tomato.

Ficune 4
At the top of the left hand page, seedlings are shown growing in gray sand;
center, untreated soil; and below, the formaldehyde-treated soil. On this page
are shown from top to bottom: results when seed was treated with red copper
| oxide and planted in untreated soil; autoclaved soil, and brown sand.
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i i in the table may be obt.ained_ as
o 'OfI :il-;iluglll; Ifl::"l{?::llstlelz;?éﬁgill agricultural fertilizers, or as punh_e(!
m"m?eﬂl‘ll-af Im druggists. For the purposes at hand, the degree of purity
e bl, fer ts is Iﬁ)l important. The approximate amount of the chemi-
e ]ll):‘l nFl;llisllriven in the next to the last column of this table. The
il ‘u?tialed as a fraction of a rounded teaspoonful and is Sll."lttlf‘-l‘l’l- to
o nll m:::‘ S( uare foot of seedlings to an ample size for .lransplafll.llng.
llmlrl‘lm l'l(JCl;EUIIllll presents the amounts of the same fertilizer salts *1;?;
1o }3; added to one quart of water for occasional walering .ol the se (i

may ‘;d ch watering is not ordinarily necessary but may be e'rnploylelz
lllllfa:{ la};e. seedlings are desired or when the fertilizer has been accidentally

% - ¢ over-watering. L ! '
wa}a;l ‘e(ll ?)lfl‘tt]?{s ltl;‘:): 1‘;(11 tll)atr)ients listed g:. Nos. _1 o 8 mch.ls?\:e a(i‘f_‘ a}s)al_!s_
factgfvl for growing almost any kind of seedlings in aajids {;A;: si,]t]a]lfmt c(;: :,s;
he more complex combinations of salts, as Ncgs. 1.8.]‘]][ , e lhl Tin
:I)rllly slightly more desirable than a &inalﬁll-]Lgp&;_u;E al‘f;o e:l;m;e l\;'pes'[,u

ITOW cperiment w 'w of the

e fﬂrwtllllllzlf: EE“LEL l;z(:stpsal.isfactory for his particular conditions.
determu.lef fertilization like Nos. 9 and 10 are designed to prevent vigorous
T}Tpes'osuch.as‘cabbage and cucumber from producing stems tl:a.L are
seedilngb for transplanting. The effects of these fertilizers depend a,onlrle-
s the L\'L]e of container in which the plants are growi. In wooden
wha.t lip@{emé w‘ilil grow longer than in glazed crocks. Su I.phate of a_mmu‘mlall
oo 1'(\“g»blfectiw: than nitrate of ammonia. The use of a potassium sa :
lt?)gI:;.jlfgr with the ammonium salt tends to lessen the desired stunting o
e ot cf'm::'?)(\lv}a)l?s :\H:l :laL:}tﬁl.;'e waler extracts of read_y-mixed plauL l‘mlnls
bometgne::“{.l, of a complete fertilizer. These often give excellent resul ls:
They 66 qu 14 diver:c;il.y of materials, however, so that no definite gnno:lllrg ll.a
g a]Eut-rihed' “Since sucl’ products carry considerable mso! e
o Ipfae: rer quantities would be required than in the use of pure balt-lb..
r'{"?titl;l?«;‘ alq:: .l.hel: danger that certain organic ma}terlals mlme-?;d eigr:c S

mi:hL é:l('.oilrage the spread of damping-off’ fungi among the se gs.

ili ilizer i lied in solution to the

i the fertilizer. The fertilizer is app. ] e

3 ?".P,lii',-'fst before the seeds are planted. The correct -a‘l’l.lflllll'l‘l.‘(llf rgflrli: i
Efersi de{ermiued according to L]ll(_‘. lp_l;er?e(ltlnl;;r L:\E:}:::i § ({ ll;::lll:url ::lan \;\buul.
sl t of water in order thal il may be € : tribnted, Abou
i hmld"lf"iﬂ::}?:l:f water for each square foot of sand surface is §a'l]?liiti:ﬁfl.
?\u:;’ll'?nge.nlr clothes sprinkler is useful in applying the solution to the s ;

ering. The seeds may be planted immed;qtel‘y aftex"
the fertilizer has bgt;lf:pl;)gl{ied. They may be broad.(:as'l or SU'“I.IEdl“Ll :_:ha}:;;:)\:l
rills, Tt i <ible to sow the seed thickly on sand and still obtain g od
e lLl:'Sl:I;r"mer *-;ee(.lliilgs are desired, or if the species Lo be plante(! has
ﬁéﬁém t()gﬁrr;(iuce elongated stems, it is better to allow more space

he plants. ; e i hior waalioil.

be}‘:?se :;a!;ier [I.n cover the seeds with dry Sﬁf"ld; W l:l(.-h ailbo &l::‘aaht‘f;‘:‘;‘;ﬂ 1::3::]11
P SR he covered with wet sand. ° seeds, -

Larger seeds, how Evel, ma}ér::ﬁ:(:’;ﬁ{\f a light sifting of sand, whereas most

3 ia or snapdragon, r > onl) EONE : ¥ to

E{h\?ef;m:ea tree a?:d Iargt“r flower seeds should be covered Ldel‘?hfgﬁgathllw

::igle)le the %eéi,ililig rools to obtain foothold. A light watering o

planting.

Seeding and ¢
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The common practice of covering newly planted flats or crocks of soil
with a glass plate, board, paper or some such material is also very helpful
in sand culture. This keeps the upper portion of the sand in a moist
condition that favors germination. Too much watering should be avoided
at this period, because it tends to wash away the nutrients from the region
of the young roots. However, covers should be removed as soon as the

seedlings begin to emerge from the sand, allowing sufficient sunlight after
the first stage.

Watering. Sand cultures should be watered only frequently enough to
keep the sand thoroughly moist throughout its depth. Under ordinary
conditions one watering a day will suffice for small seedlings, but as the
plants grow they take up and evaporate increasingly larger amounts of
water. A dry room, bright sunshine, and high temperatures tend to make
more frequent waterings necessary. Shallow depths of sand dry out much
more quickly than deeper ones, and on this account it is well to keep
shallow crocks, flats, etc., on some damp surface such as wet peal moss or
earth.

In watering sand cultures, the grower should keep in mind the fact that
sand, unlike soil, does not “hold” plant nutrients but allows them to
leach out if an excess of water is added. On the other hand, the sand
should not be allowed to become too dry for extended periods. There are,
however, very wide limits between a saturated condition of the sand and
the point of dryness at which the seedlings show a tendency to wilt. With
a little experience, the grower can easily adjust the watering to keep
within these limits. During periods of high evaporation it is better to
waler more frequently, with less water being applied at each time. Some

method of sprinkling the plants is more desirable than pouring the water
on the sand.

Post-emergence feeding. Under ceglain conditions it may be neces-
sary to water the cultures to such an extent that the nutrient salts will
eventually be washed out of the sand. In such cases the seedlings will be
small, pale green or yellowish in color, and there may be a tendency for
the older leaves to drop. However, growth and vigor may be restored by
watering the sand with one of the nutrient solutions listed in the last
column of the table. This need be applied only about once a week in
quantities as large as the sand will hold each time. Similar applications
of this solution may be made to cultures of older seedlings after the plants
have used up all of the fertilizers that were added at the time of planting.
In this way large seedlings for transplanting into the field may be produced.
In the case of certain seedlings that have tender foliage, it is better to
apply the nutrient solution as closely to the sand as possible in order to
avoid chemical injury when drops evaporate on the leaves, A light sprink-
ling of water after feeding also will prevent this injury,

Keeping seedlings in sand. Although sand-grown seedlings, with
their well-developed roots, may be transplanted at even younger stages
than those grown in soil, they may also be kept in a healthy condition for
many weeks in the sand. This is a possible and ex{remely practical pro-
cedure with the majority of seedlings. Watering is the only attention
required by the cultures in order to maintain them over a long period.
Although the seedlings may become light in color, their stems grow very
firm and the root systems strong and extensive under these conditions.
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The plants may be made to renew growth at any desired time by merely
saturating the sand with a dilute nutrient solution as previously describ:d.
It is believed to be beneficial to feed the plants in this manner aboul a
week or more before they are to be transplanted. This seems to provide
for quicker recovery from the shock of transplanting.

On a few occasions, seedlings have been retained in sand until premature
flowers appeared on the diminutive plants. Upon transplanting into soil,
these seedlings were found to resume vegetative growth and to develop
into plants that were equal in every way to others produced from young,
fresh seedlings transplanted at the same time.

In the case of a few species of p'ants, a certain percentage of the seeds
apparently is infested with parasitic fungi which may cause serious losses
in stands of seedlings which are being kept for future use. Beet and
cabbage are examples of this and require special seed-treatments if the
seedlings are to be kept for a long time. Soil-grown seedlings show the
same evidence of seed-borne infection. Furthermore, seedlings in soil are
likely to grow completely beyond a useful size if kept for only a few days,
and they show no tendency to become hardened with age.

Transplanting. Sand-grown seedlings are easy to transplant and an
exceedingly high percentage survive. If the sand is first loosened around
the plants, they may be gently pulled up with the roots still intact. By
placing both sand and seedlings in water, the sand will be washed away
leaving the roots free. During the transplanting few plants need to be
discarded. The uniformly good roots, evenness in size, and freedom from
disease result in a large proportion of desirable seedlings.

Continued use of the sand. The same sand may be used many times
for raising seedlings. It should be washed thoroughly, however, in hot
water before each planting. This process is necessary to remove all con-
tamination by fungi, decayed séeds, roots, and the green algae that some-
limes grow harmlessly on the surface.

Supplementary Items

Seed treatment. With the majority of seeds, the best results have
been obtained in sand culture when no seed treatment was used. Many
seed treatments were designed to protect the seedling from soil fungi.
Therefore little benefit is to be expected from the use of these methods
when seed is grown in a fungous-free medium. In fact, most of the chemi-
cal Ireatments tested have done more harm than good when sand was
used. ‘More essential was the securing of fresh seed that had been care-
fully harvested from healthy plants. To date, the only treatment that
has been found useful in this work is the hot water treatment of cabbage
and other cruciferous seed. This consists in keeping t.he_. seed for 30
minutes in a vessel of hot water the temperature of which is maintained
at 122° F. Such procedure has been found necessary when cabbage
seedlings are to be grown with ammonium fertilization or when they are
to be held in the seedling stage for a long time under any type of nutri-
tion or culture.

Removal of diseased seedlings. FEven under absolutely sterile con-
ditions and the most careful attention, an individual seedll_ng or small
patches of seedlings may be killed either by seed-borne fungi or through
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contamination from the outside. Such seedlings frequently appear in sand
cultures but there is seldom any spread of disease in the sand. Should any
infection show signs of spreading to healthy seedlings, the infected areas,
including both seedlings and sand, may be entirely removed from the
culture, thereby preventing further loss.

Modified culture for slow-germinating seeds. Seeds that are small
in size and which require two weeks or longer for germination, like Rhodo-
dendron, may be planted in washed sand to which no nutrient has been
added. When the seedlings appear, they may be watered three or four
times a week with a dilute form of one of the nutrient solutions listed in
Table 1. In this case, however, the amount of salts given in the last
column should be added to about two quarts of water instead of one.
This special treatment prevents much green algal growth from forming on
the surface of the cultures before the seedlings emerge. Since slow-
growing seedlings must make considerable growth before they are large
enough to transplant, it is better to use one of the more complete nutrient
solutions, like No. 6, 7, or 8, listed on page 5. Many such seedlings grow
considerably faster when kept in a very humid atmosphere, such as in a
moist-chamber.

Exact amounts of nutrients unnecessary. The amounts of nutri-
ents, as recommended in Table 1, are merely approximations of desirable
amounts to use for the satisfactory growth of most seedlings. Either
smaller or greater quantities of the fertilizer salts may often be used with
practically identical results. If too small quantities of the nutrient are
supplied, the seedlings may not attain a large size and they will usually
be of a light, yellowish green color. The root systems, however, apparently
become more extensive under such conditions. When too much fertilizer
has been applied, the seedlings are usually stunted and rather dark green.
Incidentally, vigorous, healthy seedlings ase often lighter in color than less
actively-growing plants.

Peat moss and sand mixtures. In a few experiments, clean, ground
peat moss mixed with the washed sand has been found to increase the
size of certain seedlings. This beneficial effect has been noted particularly
in the case of some of the slower-growing species. The peat moss un-
doubtedly helps to retain both moisture and nutrients within the sand. No
definite experiments have been performed to determine the best propor-
tions of sand and peat moss, but mixtures of one part by volume of the
latter to four or five parts of sand have been used. It has also been found
beneficial to place a layer of peat moss in the bottom of the containers be-
fore filling with sand. A commercial product called *“Sorbex” has been
employed in these experiments.

Sand on soil. For some time growers have practiced covering seeds
with sand after planting in soil to improve germination and to avoid
damping-off. Since the soil in this case is in close contact with the young
seedlings, damping-off frequently does occur. However, by using two
inches of washed sand over the surface of soil, followed by fertilizing,
seeding, and covering as previously described, a sterile culture medium is
provided in which the seedlings may grow through the early danger period
free from damping-off. Later the roots reach the soil below and vigorous
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growth will be made. Therefore, a one-half inch layer of new, rich soil
in the bottom of a flat of sand may assist greatly in the nutrition of the
older seedlings without necessarily encouraging damping-off.

Seed culture in cold frames. Although the most practical use of
sand for growing seedlings may be made under greenhouse conditions, the
method may be used in cold frames or hot beds with satisfactory results.

At the Station, sand culture was equally beneficial outdoors and indoors.
The increased evaporation and drainage out-of-doors, however, make the
problem of feeding and watering somewhat more difficult. This may be
partly overcome by the use of fairly tight containers in the cold frame and
by careful attention to the opening of the sash, or shading from bright
sunshine. Rapid loss of nutrients from the sand into the underlying soil
may be counteracted by walering every few days with a nutrient solution.




