
that follicular smooth muscle cells 
(found only in Amphibia) are necessary 
for the extrusion of ova. However, the 
observations that 10-4M KCN does not 
inhibit the normal contractions of intact, 
excised ovaries and that autonomic 
blocking agents, antihistamine, and 
smooth muscle depressants do not in-
hibit pituitary-induced ovulation sug-
gest that the energy-consuming process 
is not muscular contraction. Ovulation 
seems more likely to be related to pro- 
teolysis of the stalk membrane or to 
more obscure processes supporting in-
creased intrafollicular pressure. 
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Effect of Gibberellin on 
Germination of Lettuce Seed 

T h e  gibberellins are a group of plant 
regulators that were discovered nearly 
20 years ago by Japanese scientists ( I ) ,  
and lately these compounds have at-
tracted the attention of plant physiolo- 
gists in many countries ( 2 ) .  The  gib- 
berellins which are known chemically 
are produced by strains of the fungus 
Fusarium n~onzl i jorn~e(Sheld.) Snyder 
and IIansen emend., the asexual stage 
of Gibberella fujikuroi (Saw.) Mrr. Ma- 
terials with identical physiological ac-
tivity have been shown to occur also in 
flowering plants ( 3 ) .  The  gibberellin 
effect that was observed first and has 
been studied in a wide variety of plants 
is promotion of stem elongation. Morp 
recently, however, it was found that the 
gibberellins also have profound morpho- 
genetic effects; they induce bolting and 
flower formation in cold-requiring plants 
and in long-day plants under tempera- 
ture and light conditions which usually 
cio not permit flowering ( 4 ) .  

The  finding that gibberellin can "re-
place" light (long days) in flower in- 
duction of Ionq-day plants led to our 
study of the effects of gibberellin on the 
germination of light-requiring seeds, 
since the action spectra of the light con- 
trol of flowering and of seed germination 
are similar (5 ) .T h e  purpose of this re- 
port is to summarize the findings that 
have been obtained to date (6, 7 ) .  

All our experiments have been per-
formed with seeds of lettuce (I,actzica 

Table 1. Effect of gibberellin on germina- 
tion in the dark of lettuce seed possessing 
a natural ("primary") requirement of red 
light for germination (seed lot A ) .  

Germina-
Treatment tion ( % ) 

Water 24 
Water; 3 min of red light 70 
Gibberellin (100 mg/lit) 70 

sativa L., variety Grand Rapids).  Sev- 
eral types of light effects are known for 
lettuce seed. Some lots yield low germi- 
nation in the dark, and germination may 
be increased by a brief exposure to light; 
they may be said to have a "primary" 
light requirement. Other lots exhibit 
equal or nearly equal germination per- 
centages in light and in darkness, but a 
"secondary" light requirement can be 
induced in at least two different ways: 
( i )  if such seeds are imbibed and stored 
at a temperature of 35OC, their percent- 
age germination in darkness is greatly 
reduced and can be restored to the origi- 
nal level or higher by a brief exposure 
to light ( 5 ) ; ( i i )  the presence of an 0s- 
motically active material in the medium 
reduces germination in the dark in direct 
proportion to the osmotic pressure of the 
solution, and this "dark-osmotic inhibi-
tion" is also released by a small quantity 
of light ( 7 ) .  It is likely that the basic 
mechanism of these light actions is the 
same, red light having the greatest effect 
in promoting germination of lettuce seed, 
and its effect being reversible by subsc- 
quent irradiation with far red light. 

Mre have worked with two lots of 
seeds, one (seed lot A)  possessing the 
primary type of light requirement and 
the other (seed lot B)  acquiring the sec- 
ondary type during pretreatment with 
high temperature or in the presence of 
an osmotically active material such as 
mannitol in solution (8 ) . T h e  gibberel- 
lin preparation used in these experiments 
consisted of a mixture of gibberellin A, 
(gibberellin A )  and gibberellin A, (gib- 
berellic acid) and will henceforth be 
called "gibberellin" (9 ) .  

Table 1 shows that the primary light 
requirement of seed lot A is bypassed by 
the addition of gibberellin. In  the pres- 
ence of 100 mq of gibberellin per liter, 
germination in darkness is as high as 
germination after a brief cxposure to red 
light. An identical result has been re-
ported by Lona ( 10 )  for light-requiring 
seeds of a wild species of lettuce, Lac-
tuca scaliola L. 

Table 2 shows that, when gibberellin 
is present during pretreatment of seed 
lot B with high temperature, no second- 
ary light requirement becomes apparent. 
As is shown in Table 3, gibberellin also 
promotes germination in darkness aiter 
a dependency or1 red light has been es-

tablished by pretreatment with high 
temperature; thus, it removes the secon- 
dary light requirement formed by tile 
pretreatment. Table 4 shows that gib-
berellin also reduces or negates dark-
osmotic inhibition when it is given 
simultaneously with the inhibitory solu- 
tion or when it is supplied as a pre-
treatment. 

Thus, in lettuce seed, gibberellin ap- 
parently can substitute for red light in 
all cases examined in which such light 
has a promotive effect on germination; 
it "replaces" the primary light require- 
ment that is typical of certain seed lots, 
and it  prevents or releases the secondary 
light requirement that can be created in 
other lots. Whether these effects are 
based on a common mechanism, and how 
they are related to the effect of red 
light, will have to be the subject of fur- 

Table 2. Effect of gibberellin supply dur- 
ing treatment with high temperature on 
subsequent germination of lettuce seed in 
darkness at 21 "C (seed lot B ) .  

Treatment Germina-
( 5  days at 36'C) tion ( 76 ) 

Water 	 20 
Water: 10 min of red light 

following high-tempera- 
ture period 94 

Gibberellin (50 mg/lit) 92 

Table 3. Effect of gibberellin supply after 
pretreatment with heat on germination ~f 
lettuce seed in darkness at 21 "C (seed lot 
B ) .  All seeds were given 5 days at 36°C 
on water and were completely dried fol- 
lowing the pretreatment with heat. 

Germina-
Treatment tion (7%) 

Reimbibed on water 26 
Reimbibed on water : 

then 10 min of red light 94 
Reimbibed on gibberellin 

(50 mg/lit) 45 
Reimbibed on gibberellin 

(100 mg/lit) 6 8 

Table 4. Effect of gibberellin on dark-0s- 
motic inhibition of lettuce seed (seed lot 
B) ; 0.15M mannitol was used. 
--- 

Pretreat- Solution 
Gib-

berel-
Ger-

mina-
ment lin tion 
( 6  hr) (mg/lit) ('36) 

None Water 0 82 
None Mannitol 0 22 
None Mannitol 35 61 
Water Mannitol 0 23 
Gibberellin Mannitol 0 87 
(50 mg/lit) 

5 APRIL 1957 



-- -- 

ther studies. As is noted in a precedin? 
paragraph, the action of red light is re- 
vers~ble by subsequent irradiation of 
seeds with far red light. T h e  effect of 
gibberellin has not bren reversed by a 
period of exposure to far red light that 
is sufficient to reverse fully the rffect of 
red light. However, since gibberellin 
that has entered the seeds cannot be re- 
moved, the lack of reversal of the gib- 
berellin rffect by far red light cannot be 
considered definitive. 
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Survey of Fungi and Actinomycetes 

for Compounds Possessing 

Gibberellinlike Activity 


Culture filtrates of the fungus Gibbe-
rella fujikuroi contain the plant growth- 
promoting con~pounds gibberellins A and 
B ( I )and gibberellic acid ( 2 ) .Recently, 
it has been sho\vn that extracts of higher 
plants contain gibberellinlike compounds 
capable of stimulating growth in plants 
( 3 ) .This report describes an attempt to 
demonstrate plant grow th-promotlnq ac- 
tivity similar to that of the gibberellins 
in the culture filtrates of various fungi 
and actinomycetes. Approxlrnately 1000 
fungus and 500 actinornjcete culture 
filtrates were tcsted for the presence of 
these conipounds. 

The methods used to obtain culture 
filtrates of the various microorganisms 
xvere described in an earlier paper ( 4 ) .  
In  brief, the fungi xvere cultured in 500-
n11 erlenmeyer Aaslis containing 100 ml 
of corn steep-cerelose medium (Staley's 
corn steep liquor, 40.0 g; cerelose, 40.0 
g; CaCO,, 3.5g; NaNO,, 3.0g; K,HPO,, 
0.5 g; MgSO,, 0.25 g; and deionized 
water, 1000 m l ) .  Following inoculation, 
the flasks were placed on a reciprocating 
shaker (99 to 100 cy/min with 3-inch 
strokrs) at 28OC for 7 days. The my- 
celial growth in each flaslr was removed 
by filtering through \Vhatman No. 1 
filter paper and discarded. One drop of 
Tween 80 was added to 100 n11 (ap-
proximate) of culture filtrate, which 
was adjusted to pH 5.0.T h e  culture 
filtratrs were testrd without dilution or 
concentration. 

The  methods used to obtain the acti- 
nomycete culture filtrates were similar 
to those described in thr  preceding para- 
graph. The  shake-flask medium ( p H  7.0) 
was mad? up as follows: bacto-peptone, 
5.0 g; glucose, 10.0 g; rno1assr.s (Krrr 
Rabbit Green Label),  20 ml; FeSO, . 7 
R,O, 0.01 g; and distilled water, 1000 
ml. The  cultures were incubated on a 
reciprocating shaker ( 114 cy/min with 
2-inch strokes) for 5 days at 30°C. The  
culturr filtrates were treated as described 
for fungi and frozen until they were 
needed. 

Corn seedlings (the single cross 
IYF9 x 38-11 ) were grolvn in soil in 
6-inch pots (six plants per pot) .  When 
the seedlings !<ere 6 to 8 c n ~in height, 
they were treated by filling the whorls 
with the culture filtrates 011 each of tlvo 
alternate days. The  treated plants were 
allowed to grow for 10 to 12 days, when 
their heights were measured. Watcr and 
the uninoculated culture medium (with- 
out carbon source) served as thr con-
trols. Twelve to 18 plants were used for 
each treatment. 

By use of thr  methods described, it 
was readily demonstratrd that the heights 
of plants that lvere treated with the cul- 
ture filtrate of Gibberella fujikuroi were 
50 to 55 percent greater than those of 
the controls. Although some 1500 culture 
filtrates from other sources were usrd 
in treating corn plants, in no case was 
growth stimulation observed. The ma-
jority of the culture filtrates trsted were 
obtained from unidentified fungi and 
actinomycetes that were obtained from 
soil by routlne plating-out procedurcs. 
However, 258 filtrates were obtained 
from organisms which were identified as 
to genus or species. Table 1 summarizes 
briefly the major groups of organisms 
that were tested and the number of 
genera and species included in each 
group (51 .  

The  number of orqanisnns tested in 
these studies is admittedly only a small 

Table 1. Summary of identified fungi 
and actinomycetes tested for growth stim- 
ulation in corn. 

Major groups No. of No. of 
included in genera species 
experiments tested tested 

-- -~ 

Schizomycetes 
r'~ctinomyceta1es 2 7 

Phycomyceies 
Peronosporales I 7 
Mucorales 1G 35 
Entomophthorales 1 1 

Ascomycetes 
Endomycetalcs 3 
Eurotiales 9 ? 1 
Sphaeriales 7 11 
H>pocreales 2 2 
Pezizales 3 3 

Basidiomycetes 
Ustilaginales 1 1 
Agaricales 3 3 

Fun$ Imperfecti 
Sphaeropsic!alzs 3 3 
Melanconiales I 1 
Mo~liliales 42 141 
Mycelia-Sterilia 3 3 

fraction of thr  total ~lumber  of identified 
rnicroorganisms. Furtllermore, thry xvere 
grown on only one medium and tested 
at only one concentration. In  spite of 
these limitations, it appears that the pro- 
duction of the gibberellins by fungi and 
actinomycetes is not widespread ( 6 ) .  

Roy W. CURTIS 
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l'lant Pathology, 
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Occurrence of Iron, Copper, 

Calcium, and Magnesium in 

Tobacco Mosaic Virus 


Cooper and Loring reportcd the find- 
ing of small amounts of acid-soluble ma- 
terials when ultracentrifugally purified 
tobacco mosaic virus lvas treated with 
cold trichloroacetic acid ( I ) .  Examina-
tion of a concentrate of this fraction by 
paper chro~natography (70percent tert-
butyl alcohol, 0.8N I-iC1) showed that 
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