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At least 10 substances (9 are organic compounds) which may 
be potentially inhibitory to germination have been isolated from 
the fruits of sugar beets (2,5,6,7,8,11)3. Some of the compounds 
have not been identified as to chemical structure. Also, only 
limited data on the quantity of inhibitors in sugar beet fruits 
are presently available. The concentration of each of these sub
stances which will adversely affect germination of sugar beet 
seeds remains to be determined critically. Of greater funda
mental and practical importance, the causal relation between 
concentration of specific inhibitors in the fruit and speed of 
germination must be established. 

Duym et al. (3) have concluded that the osmotic pressure 
exerted by inorganic substances in the seedball of the sugar beet 
is responsible for the inhibitory effect on germination. Specifi{: 
conductance values of different seed ball extracts may vary in 
the amount of electrolytes and these differences are reflected by 
the wheat gTowth test (10). Froschel (4) observed that demineral
ized extracts of sugar beet fruits considerably inhibited germ
ination of Lepidium and other seeds and that the extracts also 
emitted volatile substances which caused inJ1ibition. He in
dicated the presence of specific organic substance(s) as the cause 
of the inhibition. According to Makino and Miyamoto (6,8), 
water soluble oxalate, which may exceed two percent in the fruits 
of some sugar beet varieties, may be causally related .to germina
tion performance. 

This paper reports (a) results of physiological and chemical 
tests which indicate that at least one of the mechanisms suggested 
as the cause of delayed germination is untenable, (b) a signifi
cant correlation between water-soluble oxalate in the fruit and 
speed of germination of sugar beet seeds, (c) evidence that at 
least one other inhibitor besides oxalate also affects speed of 
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germination in variety es 401, and (d) data on the distrihution 
of water-soluule oxalate in the fruits of sugar beet variety es 401. 

Methods and Materials 

To ascertain some of the characteristics of the inhibitory sub
stances in the water extract of sugar beet fruits (seedballs) of 
lot 4401 , variety US 401 , exploratory investigations were con
ducted involving specific conductance measurements, cryoscopic 
determinations, ashing, dialysis, vacuum dist illa tion , e ther ex
traction, treatment with lead acetate, calcium chloride, activated 
charcoal, and osmotic additives; addition of sUl~'gested inhibitors ; 
and the use of a bioassay technique. The bioassay, designa ted as 
the wheat test, has been described previousl y (10). Briefly, the 
test compares the growth of wheat on aqueous ex tracts of seed
balls with the growth of wheat on distilled water in 96 hours. 

Thirty-six samples of seed from the variety US 401, each of 
which was harvested from a single plant grown in the field at 
East Lansing, Michigan, were used in the study of oxalate con
tent. The speed of germination of each sample was determined 
by the blotter method. 

The seedball extracts used for the phvsiolo~rica l studies and 
chemical analysis were prepared by soaking- air-dried seedballs 
in distilled water (usuall y 1 gm per 10 ml of wa ter) for 1 S 
hours in a refrigerator at approximately 4 C. The extract was 
decanted and filtered. 

Oxalate was isolated from the extract according to a modi
fication of the procedure sug.gested by Suzuki (6) and was a5 
follows: A 25 m] sample of extract was adjusted to a pH between 
5 and 6 with acetic acid. Fifteen ml of hot (80 C) l50;'() calcium 
chloride (calcium acetate may also be used) was added to the 
extract. The mixture was heated for an hour and a half at 
approximately 80 C to promote crystal enlargement. After cool
ing to room temperature, the solution was filtered on No. 2 
vVhatman paper and the precipitate was washed sparing-Iv with 
distilled water. The precipitate was dissolved in 2 N hydrochloric 
acid heated to 80 C and the solution made alkaline "vith am
monium hydroxide diluted I : I . 

The solution was again heated in a water hath for one and 
a half hours at 80 C. After cooling to room temperature, it was 
filtered. The precipitate was washed twice with hot (80 C) 300/ 
acetic acid and then dissolved in hot (80 C) 1 N sulfuric acid. 
The solution was increased to a volume of 50 ml. This procedure 
differs from that of Suzuki with respect to the addition of the 
acetic acid wash. The wash was found to be necessary because 
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determinations of the quantity of oxalate by the potassium per
manganate method and by a colorimetric method involving indole 
failed to agree. 

Apparently substances other than oxalate were co-precipitated 
with the calcium oxa late or adsorbed to it. The values for 
oxalate by th e indole method 1lfere as much as double those for 
the permanganate method, which indica tes that the impurities 
in the precipitate were intensifyi ng the indole colorimetr ic test 
much more than the permanganate test. By washing the precipi
tate with 30% acetic acid (calcium oxalate is essentially in
soluble in acetic acid), the impurities were removed from the 
calcium oxalate precipitate to the extent that the determinations 
of oxalate by both methods agree very closely . 

The quan tity of oxalate was determined by titration with 
potassium permanganate (9) and by means of a colorimetric 
method using' indole (1). Twenty-five ml of the final solution 
were titrated with potassium permanganate. For the indole 
method, the reagent was prepared by dissolving 100 mg of very 
pure indole in 100 ml of concentrated sulfuric acid. A standardi
zation curve was prepared from I N sulfuric acid containing 
from 0.1 to l.0 mg of oxalic acid per m!. To 5 ml of oxalate 
solution in a test tube were added 5 ml of indole reagent by 
means of a pipette. After waiting 60 seconds the contents were 
mixed thoroughly. The test tube was placed in a water bath 
and heated to 80-90 C for 45 minutes . The solution was cooled 
to room temperature, transferred to a cuvette, and its absorban ce 
measured in a colorimeter at a wave length of 525 m,.,. . A blank, 
consisting of ;) ml of 1 N sulfuric acid and 5 ml of indole reagent, 
was prepared with each set of samples to determine the zero 
reading of the instrument. 

The proportion of the inhibitory substances rem<?ved from 
the sugar beet fruits during processing was determined for :l. 

sample from 4 different plants of variety CS 401. These samples 
appeared to contain oxalate as the chief inhibitor. A water ex
tract was prepared from (a) whole seedballs, (b) processed seed
balls, and (c) the material removed by the hand-processing 
operation. A portion of each extrClct was analyzed fo r oxalate 
content and anothn portion was used for the wheat test . 

Results 

The data (Table 1) do not support the conclusion of Duym 
et a!. (3) that the inhibitory effect of the sugar beet seedball 
on germination is largely osmotic. If the effect was osmotic and 
largely caused by the inorganic constituents, then the growth of 
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Table i.-Characteristics of a variously treated seedbaJ! extract from bulked seed 
of lot 4401. US 400 sugar beet. 

Growth of wheat 
Specific Moles of on extract, as 

Treat conductance solute by percent growth 
:-10. Treatment of extract" (Mhos X 10-') cryoscopy pH on distilled water 

I No treaf.ment 98 0.086 6.9 58 
2 Evaporated, ashed. 104 0.065 11.2 99 

reconstituted with 
distill ed water 

3 Dial yzed exhaus tivel y 0 0.011 6.7 85 
uuder r( fri~cration 

4 H ydrolyzed with cone. 0 6.6 96 
Hel, neu tralized, 
dialyzed 

5 Vacuum distillation, 95 7.3 57 
reconstituted with 
distilled water 

., One gram of seed balls per 10 ml distilled water. 

wheat in treatment 2 should have been apnroxim<ltelv th e same 
as in treatment I, Treatments 3 and 4 indicate thC\t the water
soluble substances are not completely dialyzable , but thev are 
hydrolyzable. In another experiment in which treatment 4 was 
included, the g-rowth of' the wheat also was not siQ"nific<lntlv 
different from thal on distilled water. The toxic material was 
not volatile, as indicated by treatment 5 and also by boiling the 
extract. Cryoscopic data indicated that the org-anic solutes con
stituted approximatel, a fourth of the total solutes. Additional 
evidence that the inhibitory action is more complex than an 
osmotic pressure effect is indicated by the fact that the more 
concentrated sodium chloride solution failed to suppress g-erm
ination and growth of wheat as much as the seed ball extract 
(Table 2). 

Table 2.-Effect of osmotic pressure on growth of wheat in the wheat test. 

Specific 
conductance* Grow th of wh ea t on substrate, as 

Growth substrate (Mhos X 10-5 ) percent growth on distilled water 

Seed ball ex tract (I 7 ) 172 40 
Sodium chloride solution 191 89 
Sodium chloride solution 355 70 

, Diluted I : I 

The data (Table 3) indicate som(' of the chemical character
istics of the inhibitory material. The toxicitv of the extract is 
reduced only slightly by treating it "vith ac tivated charcoal (treat
ment 2). Dialysis removed much more of the toxic materials 
(treatment 3) . A combination of dialysis and activated charcoal 
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Table 3.- Effect of various treatments on the toxicity of the sugar beet seedbal1 
extract (lot 44 01 , US 400) in the wheat test. 

Specific Growth of wheat on extract, 
Trea tmen t conduclance** as percent of growth on 

number T rea tment of extract* (Mhos X 10-0 ) distilled water 

I No treatment 550 25 
2 Added activa ted charcoal. 510 27 

filtered 
3 Dialvzed 14 70 
4 Added activated charcoal , 10 95 

filt ered , d ialvzed 
5 Dialvzed. added ac ti va ted 18 98 

charcoal , filtered 

• One ~ram seedba l\s pe r 1 ml di still ed wa ter. 
•• Undiluted ex tract. 

removed the toxic materials. Since dialysis removed only a por
tion of the toxicity, some- of the m olecules ""ere so large that 
they failed to pass through the pores of th e- cellophane tube. 
A combination of precipitation with basic lead acetate followed 
by filtering', precipitating the excess lead with monobasic potas
sium phosphate, and dialvsis effectively removed the toxic sub
stance-so In one test , precipitation wi th calcium ch loride follo'wed 
by dialysis was not as effective as the lead ace tate in removing 
the toxic substances. In summary, the inhibitnry acti on seems 
to be caused by a combination of di alyzable and w 'n-dialyzable 
substances. The most potent of the substances appear to be 
organic compounds which are dialyzable . Osmotic str ess cannot 
account for the degTee of inhibition observed in th e wheat test. 

In the procedures employin~' precipitation , the preci pitability 
of given organic anions must be established. The differences in 
growth of wheat on a seedba ll extract treated with eithn calcium 
or lead sug'gest that some inhibitors may be removed by lead 
(but not by calcium) precipitation. The inhibitory substances, 
vanillic, caffeic, and ferulic acids, previously isolated from sugar 
beet fruits (5,7), are not precipitated by calcium but are pre
cipitated by lead . The presence of these inhibitors and others 
could account for some of the inconsistency observed between 
lead and calcium precipitation. 

Relation of so luble oxalate to speed of germination 
Because of the large quantity of soluble oxalate in the fmits 

as compared with any of the other inhibitors, the influence of 
water-soluble oxalate on speed of germination seeme-d appropria te 
to investig·ate. For the 36 samples examined, the rapid-germinat
ing samples generally contained lower amounts of water-soluble 
oxalate than the slow-germinating samples (Table 4) . The cor
relation coefficients for speed of germination versus soluble 
oxalate in the seedball extract are -0.66 for the permanganate 
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Table 4.-Relation of speed of gennination of sugar beet seeds to water-soluble 
oxalate in seedball extract of sugar beet variety US 401. 

Seed 
Percentage 

germination 

YIilligram-percent of oxalate in extract 
as detenuined by 

number aCte, 2 days Indol-e Permanganate 

581 95 21 18 
469 90 18 16 
401 88 19 16 
514 88 22 19 
368 85 16 16 
528 85 22 22 
547 78 29 21 
524 73 21 19 
318 70 42 ~ 1 
266 65 19 23 
553 63 34 30 
236 60 41 36 

584 48 34 31 
568 48 32 34 
560 48 70 63 
426 43 37 34 
288 43 69 fi9 
372 35 20 17 
358 35 18 17 
204 33 41 ~l 

493 30 18 1R 
617 28 24 24 
577 25 37 37 
525 23 36 ~ 8 

477 IS 34 32 
305 15 89 83 
211 10 33 34 
257 10 95 S4 
433 S 20 17 
549 8 67 67 
457 0 68 53 
517 0 63 'i8 
312 0 69 59 
362 0 61 fio 
194 0 SI I'll. 
128 0 92 94 

methods and -0.64 for the' indole method. These are significant 
at the' 1% level. Approximately 7 samples do not fit the cor
relation. Sample 433 had a very low oxalate content but still 
germinated very slO\vly. "When the wheat test was also used to 
evaluate these exceptions, the speed of germination of Ihe sugar 
beet seeds related more closely to the growth of " 'heat than to 
the oxalate content. This behavior suggests that the samples 
which failed to fit the pattern probably contained an additional 
substance in sufficient concentration to cause the slower germ
ination. 
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Further evidence that oxalate may be one of the principal 
inhibitors in the majority of samples, but not the only inhibitor 
in the variety US 40 J, is provided by comparing the growth of 
wheat on synthetic solutions and on seedball extracts (Table 5). 

Table 5.-Growth of whea t nn sliger beet seedba ll extracts and synthetic solutions. 

Growth of wheat* 
Oxalate Specific 

Treatment content conducta nce Expt. I Expt. 2 
nUJnber Type of solution (Mg % ) (M hos X 10-") (Grams) (Grams) 

I Distilled water 0 0 2.28 2.44 
2 
3 
4 

Synthetic-KGI 
Synthetic-oxalate + KGl 
Synthe tic-oxalate + KGI 

0 
16 
36 

135 
177 
140 

2.31 
2.39 
2.27 

5 Ex tract-seed ba 11 s of 469 16 176 2.15 
6 Synthetic- KG I 0 5 10 2.01 2. 10 
7 Synthetic- KGI 0 1,005 1.61 
8 Extracl·--,ccci balls of 581 18 140 1.46 
9 S,'n thetic-<>xala te 128 235 1.00 

10 Extract-sccelball s of 457 53 400 0.97 
II Svnthetic-oxalate 300 350 0.74 
12 Svnthetic-KGI 0 2.000 0.70 
13 Extract-seeclballs of 517 .~8 515 0.66 
14 
15 

Synthetic oxalate + KG! 
Synthetic-oxalate + KGI 

128 
60 

440 
1.060 

0.62 
0.39 

Averag'es of 4 replica tions 

The synthetic solutions (('Dtained tlw same quantity of oxalate 
as found in the seed ball extracts and the same specifi~ con
ductance, as well as greater or Jesser quantities, The growth of 
wheat on a synthetic solution of oxalate and the osmotic additive 
(KC 1) was similar to grow th on the extract of seedballs of sample 
469, but synthetic soluti0ns which had similar oxalate and osmotic 
values to the other seedball extracts permitted considerably hetter 
growth than the seedballextrarts. ;\dditional inhi~itory suh
stan ces may be present in these samples. 

Distribution of water-soluble oxalate in the fruits 

Although the data (Table 5) indicate that 3 of the 4 samples 
used in this part of the study probably have some inhibitor in 
addition to oxala te, the 4 were chosen because of large differences 
in speed of germination and content of oxa late in the seed ball 
C'xtract. The recovery of the corky material after processing and 
the weights of the materials used to prepare the extracts are 
given in Table 6. Each portion of the material was soaked in 100 
ml of water. Therefore, the value of oxalate for the processed 
seedba lls plus the value for the material removed in processing 
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Table 6.-Quantity of material (grams) from the hand·processed sugar beet ,eedballs 
used to prepare extracts for oxalate analysis and growth of wheat. 

'"'eights reCOVCllCd aft-er processing operation 
~ 

Weight of Processed Material T otal 
Plant secdballs seedbal!s removed recovered 

457 10.0 7.4 2.2 9.6 
469 10.0 7.5 2.2 9.7 
517 10.0 7.3 2.4 9.7 
581 10.0 R.O 1.9 9.9 

should equal the value for the whole seed halls (assuming no 
los~ of material removed and equal solubility for· all samples). 
The oxalate appears to be concentrated in the corky material 
of the seedball (Table 7). Precessing would be particularly bene
ficial for seed balls that have a high concentration of inhibitors. 

Table 7.-Speed of germination (blotter method) of sugar beet ,,,r·ds and growth of 
wheat on the seedball extracts (1:10) in relation to thc distribution of w}ter""oluble 
oxalate in the seedballs of 4 plants of sugar beet variety US 401. 

GrowtJl of wheat 
Sugar beet germ. Oxalate in en extrarl ex

Plant in 2 days Water extract prepared extr 1ct pressed as % 
(Percent) from (Mg % ) g-rlwth on water 

581 95 Whole seed balls 14 68 
Processed seed balls 98 
Material removed 6 69 

II 

469 90 Whole seeelball' 13 93 
Processed seed balls 92 
Material remo\'ecl 4 9! 

9 

o '¥ho!e seedba!!s 62 33 
Processed serdba!!s 5 91 
1'vl a terial rem9vecl :;4 42 

59 

517 o Whole seedbal!s 59 26 
Processed seeelba!ls 5 87 
j\1aterial removed 40 ~3 

45 

Discussion 
The complex nature of the inhibitory action of the sUQ"ar 

beet seedball extract o n germination is indicated. Probably a 
number of effects interact to g'ive the observed germination re
sponse. However, the data indicate that organic solutes are 
largely responsible for the inhibition. At least 2 organic sub
stances seem to be involved. At present, only oxalate has been 
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causally related to speed of germination. If the additional su b
stance(s) could be identified and causally related to the inhibitory 
action, further progress could be made in preparing synthetic 
solutions to determine the response to known combinations and 
concentrations of these substances. Identifications of all the sub
stances in the seed balls which cause slower germination also 
would aid in formulati ng an empirical procedure for overcoming 
the inhibitory action. 

The apparent tendency for high concentrations of oxalate 
to localize in the corky material of the fruit may indicate that 
other inhibitors are concentrated there. 

The removal of inhibitory substances from the seed ball ex
tract by treating it with activated charcoal and dialyzing is visual
ized as a two-step process. (See Table 3). The activated charcoal 
removes the large molecules that cannot be removed by dialysis, 
while dialysis removes the smaller molecules or ions which cannot 
be absorbed on the charcoal. 

Summary 

A variety of simple chemical procedures were employed to 
partially characterize th e inh ibitory su bstances in a water extract 
of sugar beet fruits. The inhibition was not caused by inorganic 
substances in the fruit hut large ly by the presence of organic 
su bstances. 

The speed of germination by the blotter method of 36 sam ples 
of seed of sugar beet variety PS 401 was significantly correlated 
(-0.6**) with the amount of oxa late in a water extract of the 
fruits. Seven of the samples failed to correlate well, which sug
gests that an inhibitory substance other than oxalate was de
pressing speed of germination. 

A study of the distribution of oxalate in the sugar beet fruit 
revealed that oxalate was concentrated in the corky material of 
the fruit. 
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