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Introduction

Considerable difficulty has been experienced in growinig cotton seedlings
with healthy radicles for laboratory experiments. The usual method of
growing the seedlings was to germinate disinfected acid delinted cotton seed
between sheets of moist filter paper in Petri dishes or moist chambers. The
filter paper was moistened and the excess water poured off; then the cotton
seeds were placed in the dishes. The seedlings were removed from the dishes
when the radicles were one-half to one inch long and transferred to con-
tainers filled with tap water. Paraffined cheesecloth was used to cover the
containers and the radicles were placed in the tap water through holes in
the cover. After a few days the seedlings were developed sufficienltly to be
transferred to containers of nutrient solutions. Usually a high percentage
of the seedlings were not usable because of unhealthy radicles. The un-
healthy condition of the radicles was at first considered the result of bac-
terial breakdown, but when every precaution was taken to maintaill aseptic
conditions the breakdown still occurred. It was then thought that perhaps
unfavorable temperatures or insufficient aeration might encourage the break-
down, but preliminary tests indicated that neither temperature nor aeration
was entirely responsible for the unhealthy condition of the radieles. It was
found, however, that the radieles of seedlings germinated under relatively
high moisture tension were extremely susceptible to breakdown. It was also
found that the concentration and kind of ions added to the solution into
which the radicles were placed had a pronounced effect uponi the health and
development of the radieles. This paper describes the various experiments
made.

Procedure

Cotton seeds were germinated at high and low moisture levels and the
seedlings transferred to tap water or distilled water containing various salts
singly and in combination. Acid delinted cotton seeds of the Half and Half
variety were surface sterilized with a solution of sodium hypochlorite (57
gm. per 1.) for two minutes. The excess sodium hypochlorite was removed
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with tap water and the seeds were placed in sterile Petri dishes, 12 seeds
per dish. The Petri dishes contained three sheets of no. 2 filter paper, one
sheet in the top of the dish and two in the bottom. In all of the experiments
the top filter paper was moistened with 1.5 cc. of sterile water and 3 cc. or
6 cc. added to the bottom filter papers. (In a germination test it had been
found that 3 cc. of water per Petri dish was adequate for germination but
the seedlings appeared to be under moisture stress. For the purpose of the
experiments, the 3 cc. level will be considered low moisture and the 6 cc.
level will be considered high moisture.) The Petri dishes (4-6 for each
treatment) were transferred to an incubator where the tenmperature was
maintained at 26-28' C. After two or three days the seedlings were re-
moved from the Petri dishes and placed in water through paraffinied cheese-
cloth. The plants were observed for varying periods up to several weeks,
but primary interest was in the results after about five days.

The tap water used in these experiments had the following composition
in parts per million: SiO2, 15; Fe, 0.3; Ca, 8.2; Mg, 1.6; Na, 39; C03, 3.6;
HCO3, 106; S04, 1.6; and Cl, 18.

The radicles of the seedlings germinated at the low- moisture level ap-
peared to be healthy when transferred to tap water; but they were appre-
ciably smaller than those germinated at the high moisture level, and ab-
sorbed water to the extent that air was driven from the intercellular spaces
and the radicles became translucent, or watersoaked, in appearance. No
such change was noted in the radicles of seedlings germinated at the high
moisture level. In the seedlings from the low moisture treatment there was
immediate injury and subsequent breakdown of most of the radicles. In
tap water with calcium added the radicles appeared to remain more healthy
than those in tap water alone. Those in tap water with magnesium added
were completely broken down at the end of the experimental period. The
seedlings in tap water with both calcium and magnesium added appeared
to be slightly inferior to those in tap water alone. Most of the seedlings
germinated at the high moisture level, when placed in tap water alone, or
in tap water with calcium added, had rapidly growing healthy radicles,
whereas those in tap water with magnesium added were distinctly unhealthy.
The seedlings in tap water with both magnesium and calcium added ap-
peared to be as healthy as those in tap water alone.

COMPARISON OF MOISTURE LEVEL AND VARIETY OF COTTON
ON BREAKDOWN OF RADICLES

Varieties Treatmenits Molar Moisture levelcoiiceitiration
Half and Half, Coker 100 Tap H2O 3 cc. 6 cc.
Wilt, Hartsville, Sea
Island, American Egyptian

TapH2O+MgSO4 0.004 M
Tap H2O + CaCl2 0.002 M

Three varieties of upland cotton (Gossypium hirsitturm) were used and
two of the barbadense type (G. barbadense). The rate of germination of
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the upland cottons was slightly reduced by high moisture, the effect on
Hartsville being most pronounced. On the other hand, Sea Island and
American Egyptian germinated just as well and as rapidly at the high as at
the low moisture level. The radieles of all the varieties germinated at low
moisture absorbed water so rapidly that the air in the intercellular spaces
was driven out as in experiment 1. After five days the condition of the
radicles of the various varieties and at the different moisture levels was
noted. Most of the radicles of seedlings of the upland varieties that germi-
nated at the high moisture level were in a vigorous growing condition, while
those germinated at low moisture were unhealthy. The Sea Island and
American Egyptian varieties seemed to be somewhat resistant to breakdown
at the low moisture level.

INFLUENCE OF TEMPERATURE ON BREAKDOWN OF RADICLES

MolarTreatments concentration Moisture level Temperature

TapH10 3 cc. 6 cc. at 100 C. 270 C. 300 C.
TapH.O + MgSO4 0.004 M C C C C C C

Tap H,I0 + CaCl_ 0.002 M " C

In order to study the effect of temperature as related to breakdown, a
series of cotton seedlings was germinated at high and low moisture levels,
also with added calcium and magnesium. These seedlings were transferred
as in previous experiments to containers of tap water and tap water plus
calcium and magnesium. In this experiment the solutions were held at 100,
27°, and 300 C. for two days after the seedlings were transferred to the
various solutions and then were held at room temperature (270 C.) for an
additional three days. The breakdown of the radicles when germinated at
low moisture was not affected by temperature. It was thought that reduc-
ing the temperature might reduce the rate of absorption of water by the
radicles as well as the hydrostatic pressure that might develop. Appar-
ently the effect of temperature on water entry and hydrostatic pressure or
tissue breakdown was negligible. The influence of calcium and magnesium
in this experiment did not differ from the previous experiments. Radicles
from seedlings germinated at high moisture were uniformly healthy except
for the apparent toxicity of magnesium. The length of the radicles was very
markedly affected by temperature. The greatest elongation occurred at 300
and the least at 100.

Distilled water was used in this experiment in order that the effect of
anion as well as cation on the development of the radicles could be studied.
This experiment showed a striking toxicity of magnesium salts when used
alone, and an equally striking benefit of calcium salts whether used alone
or in combination with different molarities of magnesium salts. The anions,
chloride and sulphate, had no pronounced effect on the development of the
radicles. The data further showed that distilled water was a poor medium
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EFFECT OF ANION, CATION, AND MOISTURE ON BREAKDOWN OF RADICLES

Treatments
Dist. H,O
Tap 12O
Dist. H2O + MgSO4
Dist. H20 + CaSO4
Dist. H2O + MgCl2
Dist. H20 + CaCl,
Dist. 1120 + MgSO4

+ CaCl2

Molar concentration

.002 M .004 M .008 M

Moisture level
3 cc. 6 cc.

for the early development of cotton radicles, probably because of calcium
deficiency. Tap water which contains 8.2 p.p.m. calcium was superior to
distilled water.

EFFECT OF MONOVALENT AND DIVALENT CATIONS AND
MOISTURE ON BREAKDOWN OF RADICLES

tments Concentrations Mois
Dist. H20

Dist. H20 + CaSO4
Dist. H20 + MgSO4
Dist. H20 + K2SO4
Dist. H20 + Na2SO,
Dist. H20 + CaSO4
Dist. 120 + CaSO4
Dist. H20 + CaSO4
Dist. H20 + CaSO4
Dist. H20+ CaSO4
Dist. H20 + K2SO4

3 cc.

0.001 M 0.016 M

0.002 N 0.008 N

0.001 M + MgSO4
'c + it

0.002 M + "
" + K2S04
" + Na2SO4

0.002 N + "

sture level

6 cc.

0.004 M
0.008 M
0.002 M
0.002 N

In previous experiments with the divalent ions of calcium and magne-

sium, it was demonstrated satisfactorily that calcium deficiency and not ion
toxicity was related to the early breakdown of the cotton radicles. This
test was designed to further explore the possibility that antagonistic effects
might be shown by monovalent cations or certain combinations of monova-

lent and divalent cations. The results of the experiment are shown by
photographs of the seedlings in figures 1, 2, and 3. The results indicate
again that the addition of cations to the distilled water without the addition
of calcium produced only unhealthy radicles. Calcium added to solutions
containing magnesium, sodium, or potassium reduced or inhibited the toxic

EFFECT OF MOISTURE LEVEL ON THE RADICLES OF COTTON

SEEDLINGS GROWN IN SOIL AND SAND

Treatments
Coarse sand
Fine sand .....................
Ruston sandy loam, top soil.
Ruston sandy loam, 2 ft. depth
Ruston sandy loam, 4 ft. depth
Ruston sandy loam, 6 ft. depth

Per cent. moisture
3 6 9 12

''c

''9

''c

''9

Treat
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effect of the other ions. The ratio of calcium to magnesium did not appear
to be of immediate importance. However, after the seedlings had grown
for a week in a solution high in magnesium (.008M) and low in calcium

FiG. 1. Cotton seedlings germinated at low and high moisture levels (3 cc. and 6 cc.)
five days after being placed in distilled water and single salt solutions containing mono-

valent and divalent cations. The divalent cations, Ca and Mg, are expressed in molar

concentrations; the monovalent cations, Na and K, are expressed in normal concentrations.
Note the beneficial effect of calcium.

(.OO1M), there appeared to be some magnesium injury. Radicles of seed-
lings germinated at low moisture levels were less affected by water-soaking
when placed in solutions containing calcium.
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This preliminary experiment was conducted to determine the influence
of various moisture levels and subsequent high moisture level after germi-
nation on the radieles of cotton in soil and sand. After emergence of the

FIG. 2. Cotton seedlings germinated at low and high moisture levels (3 cc. and 6 cc.)
five days after being placed in solutions containing monovalent and divalent cations.
Concentrations expressed as in figure 1.

seedlings the moisture in all treatments was raised to 30 per cent. The
results seem to be comparable with the water culture experiments in respect
to moisture- level and calcium level. In soil or sand that was high in calcium
there was little permanent effect on the radicles at the low moisture level.
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Soil that was low in calcium and relatively high in magnesium (Ruston
sandy loam subsoil) produced very poor radicles, particularly at the low
moisture level. In this connection it is interesting to note that TIEDJENS
and SCHERMERHORN (7) found that the ratio of available calcium to potas-

c% 2-M .er U. ()6 c.c. C, .Ck2 'aCa J02 5o Ca, 002

FIG. 3. Cotton seedlings germinated at low and high moisture levels (3 cc. and 6 cc.)
five days after being placed in solutions containing monovalent and divalent cations.
Concentrations expressed as in figure 1.

sium and sodium was extremely important for the germination of seed and
growth of vegetable crops on coastal plain soils. ALBRECHT (1) demon-
strated a beneficial effect of calcium on tomato seed germination in soil
-either in-the presence or absence of commercial fertilizer.
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Discussion
Cotton seedlings that are grown at a low moisture level produce radicles

that absorb water excessively, and air is driven from the intercellular spaces.
As the radieles absorb water and expand, they become translucent or water-
soaked in appearance. The water-soaked tissues, apparently, are very
susceptible to fungal or bacterial breakdown. When seedlings germinated
at low moisture level are placed in tap water or distilled water containing
calcium salts, a high percentage of the radicles remain healthy. However,
if they are placed in tap water or distilled water containing magnesium,
potassium, or sodium salts, the radicles break down more rapidly than when
they are placed in tap water or distilled water alone. SEIFRIZ (5) indicated
the protective influence of calcium on torn protoplasm by stating, "There
is further experimental evidence that a torn protoplasmic surface is re-
paired only in the presence of calcium owing to the aggregating (gelating)
effect of the latter, an effect that sodium lacks." The small amount of
calcium in tap water apparentlv is not sufficient to prevent breakdown of
radieles grown at a low moisture level.

The swelling of the radicles after being placed in water is undoubtedly
the result of high osmotic pressure developing within the root cells of seed-
lings grown under conditions of moisture stress. The radicles of seedlings
grown under conditions of moisture stress contained approximately 21 times
as much alcohol soluble material as did those grown under conditions of low
moisture stress.

Cotton seedlings that are germinated at a low moisture stress produce
radicles of greater diameter than those that develop under high moisture
stress. Upon being placed in tap water, the radicles developed at a low
moisture stress absorb water, but not to the extent of displacing all of the
air from the intercellular spaces. When a calcium salt is added to the tap
water all of the radieles remain healthy and grow rapidly, even more rapidly
than in tap water alone. In this connection it is interesting to note the
experience of SOROKIN and SOMMER (6) with the common pea, Pisum
sativum var. golden vine, "Since the effect of the absence of calcium showed
so rapidly and the plants were so badly injured, it was found desirable to
germinate the seeds and keep them in a solution of calcium sulphate until
the primary root reached the length of 1-- inches."

In order to study the effect of different ions upon cotton seedling radieles
it was necessary to use distilled water. These studies showed that calcium
is indispensable for healthy radicles. In distilled water the radicles became
unhealthy and gradually broke down completely. Sodium, potassium, and
magnesium, when used without calcium, greatly accelerated the rate of
breakdown over that in distilled water alone. Magnesium was particularly
detrimental. The injurious effect of magnesium is well known on radicles
in single salt solutions and toxicity is out of proportion to the influence on
osmotic pressure. This was strikingly shown by WADLEIGH and GAUTCH
(10), working with guayule. LOEB 'S (4) explanation of a physiologically

5-23



PLANT PHYSIOLOGY

balanced solution was that cations enter into combination with protoplasm
and can be displaced by other kinds of cations from external solutions in
accordance with the law of mass action. The explanation by Loeb may
partly explain the pattern of behavior of cotton radicles in the present
experiments. GAUCH (3) observed that bean seedlings made little or no
growth in any solution unless calcium was added. Magnesium salts alone
were very injurious, apparently because in plant tissues calcium is not as
readily translocated as other minerals. Seedlings can suffer from-calcium
deficiency quickly [BAMFORD (2) ]. TRUE and BARTLETT (9) and TRUE (8)
demonstrated the importance of calcium salts which permitted seedlings of
Lupinus albus to retain possession of salts already present in the tissues.

Evidently the cotton radicles are sufficiently deficient in calcium so that
a single salt solution of calcium produces no detrimental effect within the
experimental period. Given sufficient time, calcium alone should be detri-
mental to a seedling, based on the law of mass action. Magnesium and
potassium would ultimately be displaced in the protoplasm resulting from
the relative. deficiency of one or more of these cations.

Although the effect of high moisture stress during germination and the
effect of calcium and magnesium salts vary somewhat with different varieties
of cotton, the over-all trends are similar.

Seedlings of oats (Avena sativa), corn (Zea mays), peas (Pisum
sativum), lima beans (Phaseolus lunatus), vetch (Vicia faba), soybeans
(Soja max), peanuts (Arachis hypogaea), and cotton (Gossypium hirsu-
tum) were germinated under satisfactory moisture conditions and placed
in single salt solutions of calcium sulphate, magnesium sulphate, and dis-
tilled water. The detrimental effect of magnesium occurred in all cases
but the radicles of upland cotton broke down more rapidly than the radicles
of other seedlings. No ill effect of distilled water was noted for any of the
seedlings except cotton. The radicles of cotton became greenish in color
and were not vigorous. All of the various types of seedlings in the calcium
sulphate solution appeared vigorous and were, in general, superior to those
in distilled water.

The above results suggest that the young radicles of upland cotton are
particularly sensitive to calcium deficiency and may be useful plants to
employ for studying calcium deficiency or ion toxicity.

Summary
1. Seeds of upland cotton of the Half and Half variety were germinated

in Petri dishes at high and low moisture levels. Cations were varied in the
water used in germinating the cotton seeds as well as in the solutions in
which the seedlings were subsequently placed.

2. The radicles of seeds germinated under low moisture conditions ab-
sorbed an excess of water when they were transferred to the variqims §qoItQ1As.
The air in the intercellular spaces was displaced. After four days the radi-
cles were mostly broken down by secondary bacterial action.
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3. Calcium salts added to tap water or distilled water resulted in a
higher percentage of healthy radicles.

4. Radieles developing at the high moisture levels did not absorb water
to the extent of crowding out all of the air from the intercellular spaces.
When adequate calcium was present these radicles remained healthy and
grew rapidly.

5. In distilled water the radicles became unhealthy, and some breakdown
was apparent in about four days. The progress of the breakdown was
appreciably hastened by salts of magnesium, sodium, or potassium.

6. The upland varieties of cotton tested appeared to be more sensitive
to calcium deficiency than any of the other seedlings tested.

7. The two conditions necessary for producing cotton seedlings with
healthy radicles are adequate moisture during the germination period and
adequate calcium during early stages of growth.

MississiPPi AGRICULTURAL EXPERIMENT STATION
STATE COLLEGE, MIssIssIPPI
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