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Abstract. Pea seeds (Pisum sativum L. 'Alaska') with intact seedcoats (WC) and with
seedcoats removed (WOC) were soaked in distilled water for 24 hours at 200. Te water,
containing the pea diffusate, was decanted after the second, fourth, sixth, eighth, twelfth, and
twenty-fourth hour and analyzed for total nitrogen, a-amino nitrogen, carbohydrate, and total
solute dry weight. The seeds were germinated at 200 in a 16 hour photoperiod of 300 foot
candies. Stem lengths and dry weights of roots, shoots and cotyledons were determined after
4, 11, and 18 days of growth. WOC seeds imbibed more water than WC seeds during the
24 hour imbibition period. Diffusates from WOC seeds always contained more solute than
diffusates from WC seeds. Maltose, glucose, and fructose were not detected in the early
diffusates from WOC seeds but were found in WC seed diffusates at all times. Seedlings
from WC seeds had longer stems than those from WOC seeds. The dry weight of stems
and roots of WC seedlings was greater than those from WOC seedlings. The dry weight of
cotvledons from 18 day-old WC seedlings was less than from WOC seedlings. Water
absorption by WC seeds was slower than by WOC seeds. Removal of the seedcoat allowed
rapid imbibition resulting in seed injury presumably because of the loss of solutes which
included monosaccharides, disaccharides, amino acids, and other nitrogen containing compounds.
These results are consistent with the hypothesis that rapid imbibition disrupts membrane
organization leading to reduction of seedling growth.

Before seed germination can proceed a certain
amount of water must be absorlbed by the hyd!ro-
philic components of the seed. How much water
depends largely upon the seed in quesltion. Hunter
and Erickson (4) repart a minimum moisture
requgirement for germination of 30 %, 26 %, 50 %,
and 31 % for corn, vice, soybeans, and sugar beets,
respeotivelly. Simil(ar datta from Peters (8) (con-
verted to read in percent water of total weight of
imbibed seed and therefore comparable with the
data of Hunter and Er'ickson) gave 32 %, 60 %,
58 %, and 41 % for oorn, pea, bean, and wheat,
respectively. Seeds absorbing these amounts of
water could at the same time lose water scAtiuble
materials by diffusion. Presoaking of pea's in dis-
tililed Water will within limits accellerate germina-
tion. Such factors as length of soaking time, water
temperature, aeration during soaking, and amount
of water must be considered in evaltuating the effect
of soaking on germination and growth. Pea seeds
do not exhibit dormancy and are more 'likely to be
injured by prolonged soaking than seeds exhibiting
some k;ind of dormancy. Soaking injury could
resulit f;rom a lack of oxygen duiring imtbibition,
bacterial action, harmful effect of pure wrater on
imbibing tissues, leaching out of essentiall com-
pounds or any combinaition of these. Kidd and
West (5) found that suibmerging Phaseolus, Pisum1z,
and Helianthus in water at 170 for 24 hours de-
creased germination and retarded subsequient growth.

On the other hand Eyster (2) has shown that
soaking bean and pea seeds does not affect germi-
nation and growth if the 'seeds are fi,rst allowed to
become fulily imbibed before they are submerged
in water.

In this study a partial analysis of the diffusate
produced over a 24 hotr imbibition period from
peas completely sutbmerged with and without seed-
coatts is reported as well as the effect soaking the
seeds has on seedling growth.

Materials and Methods

Pea seeds (Pistum sativumii L. 'Alaska') xised in
this study were obtained from the Burpee Seed
Company, Clinton, Iowa. The seedcoat of 1 battch
of seeds was carefully removed us-ing a X-acto
blade No. 28. By carefully cutting the seedcoat
from the dry seed around the area of the radicle.
the seedcoat could be removed in 2 or 3 pieces.
This method uo;suailly scored the cotyledons sligtily.
Special care was taken not to ;sepatrate tlle 2 coty-
ledons or tio damage the radicle and plutmutle. All
damaged seeds wvere diiscarided. Three htundredl and

I fifty seed's witih seedcoats (W'C seeds) and 350
seeds without seedcoats (WOC seeds) were placed

I in individu-al 400 ml beake'rs; the seeds were covered
with 200 ml of distilled water and left to imbilbe
withoutt aeration at 200. The excised seedcoa'ts
(SC) were also covered wilth water and left to
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imbibe at 200. At -the second, fouirthl, sixth, eighth,
twelfth, and twenty-fourth hotur, the water coil-
taining the pea diffusate was decanited anid 200 ml
of frelsh water addeld to the peas. The dlifflisates
were evaporated to dryness in vOC1to at 250 and the
residuie dissolved in water to make 25 ml of soilultioni.
Aliquots from these 25 ml samplers were tlse(l to
determine the dry weight of the diffusates, total
soluble InitrogeIn, a-aminio niitrogein and soltible
carbohydrate. Total solluble niltrogen wa:s measuired
by Kieldahl digestion follo-wed by nesslerization.
Ailpha-amino-nitrogen was dletermined using the
method of Yemnm and Cocking (12). Carbolhydrates
were estim:ated by the anthrone meth,od (11).
Components of 'the diffuls,ates were separated tusing
descenidinig paper chromatography with Whatman
No. 1 paper and buitvl alcoh,oll, propioniic acid, and
water (26:19:27 by vol). Vistualizatio-n of carbo-
hydrates was obta;ined by dipping the chromatogram
in aniline-diphenyIamine reagenlt (10) aind heating
for 1 minulite at 100°. Visuallization of amino acids
wvas accomplished by dipping the chromatograam in
1 % ninhydrin (in acetonie) and waiting several
houirs for the coilors to develop at room temperatuire.

After the 24 houir imbibitional period, the seeds
were placed in trays containing white qulartz sand
(30 mesh; AFS 54) then put in a 16 hlouir photo-
period at a lighit intensity of 300 foot candles.
Twenty- five to 44 seedlillgs were sam,pleed on the
fouirth, eleventh, and eighteenith day. On samipling
days, stent lengths wvere measuired anld the dry
wveight of roots, stems, and cotyledons determined.

Results

Inji,bibition. Figure 1 shows the rate of imbibi-
tionl duir;ing the 24 hours the seeds were totally

suibmerged in water. WOC seeds demonstrate
initially a greater raite of water absorption. Water
absorption by WVC seeds lags at first but soonl
eqtuals the rate of WOC seeds. By the eigh,th houir
WC seeds have begun to absorb more water than
an equal number of WOC seeds. The greater
weighit of water absorbed by the WC seeds can be
accouinited for by the presenlce of the seed coats.

H O U R S
FIG. 1. Rate of water absorption expressed as grams

of water imbibed per 100 seeds. 0-0-0 seeds
wvith seedcoats (WC) ; 0-0-0 seeds without seed-
coats (WOC) ; X-X-X seedcoats alone (SC).

Diffitsate Analysis. The total dry weighit oof
the solute in the diffusattes, and the amotunits of
carbohydrate, total nitrogen and a-amino nlitroge'i
detected in thiese diffusates are given in table I.

Table I. Comn Positioni of Diffutsates from IWC & IVOC Seeds
The dry weight of solute in the diffusate, carbohydrate, total niitrogen, and a-amino-nitrogen, from 100 see(ls

is giveni. Dry weights are for the time intervals indicated.

Time WC Seeds
interval Diffusate Carbohydrate Kjeldahl N a-NH., N

mtg
ylucose/100 seeds

7.0
8.8
7.5
5.3
6.5
8.0
43.1 (24 %)!

IVOC seeds
31.7
26.8
31.1
21.8
14.7
9.7

135.8 (40%)'

rng
100 seeds
0.73
0.92
0.57
0.37
0.39
0.52
3.50 (2%)'

1.36
1.32
1.26
1.02
1.21
1.67
7.84 (2.3%)'

ng/l100 sceds
0.25
0.30
0.20
014
0.11
0.16
1.16 (0.7 )

0.54
0.36
0.39
0.27
0.32
0.64
2.52 (0.75cjc)

1 Percent of total diffusate dry weight.

Hrs
0-2
2-4
4-6
6-8
8-12
12-24

Total (0-24)

0-2
2-4
4-0
6-8
8-12
12-24

Total (0-24)

Dry. wt
igl/100 seeds

30
42
30
20
24
30
176

82
67
67
43
34
43

336

256



LARSON-PRESOAKING PEA SEEDS WITH OR WITHOUT SEEDCOATS

Table IL. Chromatograpliic Anialysis of
Relative concentrations are indicated by: (0)

tration; (++ +) high concentration.

Carbohvdrates in Diffusates of WC and WVOC Seeds
not present; (+) low concenitration; (++) medium concen-

WC Sees
Time interval in hrs

Carb.ohydrate 0-2 2-4 4-6 6-8 8-12 12-24

Unknown 1 + + + + ++ +
Unknown 2 + + + + ++ +
Raffinose 0 0 0 0 0 0
Maltose ++ + + ++ + + +
Sucrose + + ++ ++ ++ ++
Glucose ++ ++ ++ ++ ++ ++
Fructose ++ ++ ++ ++ ++ ++

WOC Seeds
Unknown 1 ++ ++ + ++ + + +
Unknown 2 +-± ++ ++ + ++ ++ +
Raffinose + + + + + 0
Mtaltose 0 0 0 + + +
Sucrose ++ +++ +++++ ++
Glucose 0 0 0 + + +
Fructose 0 0 0 T + +

By the twenty-fourth hour of imbibition, WOC
seeds had lost 3.36 mg and WC seeds 1.76 mg per
seed. This represents 2.2 % and 1.05 % of their
respective dry weights. In table I the carbohydrate
fraotion of the sollute iis given as glucose equiva-
lenits. The WOC diffusate not only contained more
carbohydrate than the WC diffusate buit the WOC
carbohydrate accounts for a greater portion of the
WOC diffusate than does the WC carbohydrate
of the WC diffusate. Anailysiis of these diffusates
by paper chromatography indicaited boith a quall,ita-
tive and qu,antitative difference exi,sted (table II).
The mos't striking differences are: 1) the high
amounts of unknowns 1 and 2 fro,m WOC seeds;
2) the lack of the compouind tentatively identified
as raffinose from WC seeds and ilts presence,
thotugh in low concenitration, from WOC seeds;
3) the di,sappearance of raffinose by the twelfth
hotur of difftusion ifrom WOC seeds; 4) the aibsence
of maltose in early diffusates from WOC seeds and
its consistent presence in WC seed diffusates;
and 5) the absence of glucose and fructose for the
first 6 hours in WOC seed di.ffu-sa'tes.

As would be expected from the total soluite and
carbohydrate data, greater loss of ntitrogen coIn-
taining comp,ounds oiccur.red from WOC seeds than
from WC seeds during inmbibition, even thotgh, in
each case the nitrogen fractions each accouint for
about 2 % of the total ;soltute lost. Chromatographiic
analysis of the WC and WOC diffu-sates indicated
at least 12 amino acids were present -in eatch difful-
sate. No qu,alitative differences were detected.

Grozuth. Figure 2 shows stem lengths of the
seedilings sampTed. On the foarth dtay the WOC
seedlings were 1.4 bitmes longer than WC seedlings.
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FIG72. - Stem-height of-pea-.sedlipgs. 4, 11, and 18
days after planting. 0-0-0 stem height of seed-
lings grown from seeds with seedcoat (X'C) ;.O-Q-O
stem height of seedlings grown from seeds without seed-
coat (\WOC). Vertical bar represents standard error.
Eaclh point represents 25 to 44 seedlings.
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DAYS
FIG. 3. Dry weight of roots, stems, and cotyledons

of seedlings grown from seeds with seedcoats (WC)
and from seeds without seedcoats (WOC). -* 0-

WC cotyledons; *-* WC stems; V-V WC roots;
0-0 WOC oDtyledons; []-O WOC stems; V-V
WOC roots. Each point represents 25 to 44 seedlings.

By the 'eleventh day the WOC -seedlings were only
0.8 the height of WC seedlings and by the eigohteen-th
'day this value hiad fallen to 0.7. Olea;rly a signifi-
'canit decrease in 'gtem length was exhibited by these
WOC seedlings. Eigui're 3 shows the dry weights
tf roots, shoots and cotyledons of WC and WOC
seedlings. Little difference in dry weight chan.ges
between WC and WOC seed,lings was detected
until after the eleventh day.

Discussion

The differ,ence in the structure and composition
of ithe 'seed-coat and emnbryo of mattire dry pea seed's
could account for the variation in imbilbition rates
exhibited by these 2 tissues. The embryo consists
largely of living parenchyma storage tissue con-
taining 30 % protein and 45 % starch by dry
weight (6). Matu,re pea seedcoa'ts contain 3 dis-
tinc-t layers of dead cells: palisade, column, and a

mulitilayer parenchyma (7). A cutticle is present
on the outside of the pall'i,sade and wou.ld restrict
passage of materia:ls into and ou't of the em)bryo.
Larson (unpubl-ished data) could not detect 02

u1ptake, CO2 evolution or 14CO. fixation by mature
pea seedcoats excised iafter in,tact seeds had imbibed
water for 4 houirs. The cells of the pea seedcoat

contain large lumens which hold suibstantial amounts
of wa,ter. Mianahar and Heydecker (7) contend
that these seedcoats are differenItially permeable, and
they suggest that solute absorption occurs through
the m'icropyle, an orifice of abotlt 80,u by 120 tL.
Water uptake is apparently not restricted to the
micropyle. The autthor has measured the rate of
imbibition of pea seeds on moist paper towels with
the micropyle facing downward, on moiSt paper
towels with the micropyle facinig upward and seeds
submerged in water, their micropyles pluggedl with
silicon grease. During the first 12 hours, differ-
ences could be seen in the degree of seed swel,ling,
but by the twelfth houir a11 seedis had albsorbed
approximately the same amount of water ba,sed on
their increase in firesh weight.

The small amount of materiall lost by pea seeds
totally submerged during imbibition has a pro-
nounced effect on the subsequent growth and de-
velopment of the seedling. Greaiter loss of malterial
from WOC seeds can be attributed to the absence
of the seedcoat. The removail of thi-s physical
barrier allows a greater rate of water uptake by
imbibiition as welil as a greater rate of solute loss
by diiffuslion. Eysiter (2) found bean seeds soaked
on moist paper towe1s untiil fultly imbibed will not
lose material if lIater ful,ly submerged, whereas
seeds initiailly im,bibed by submerging do lose mate-
rial's to the bathing solution.

Hydration of WC seeds is slower than of WOC
seeds. Also cell membranes of WOC seeds may
be di,sruipted resulting in greater solute loss while
memtbranes of WC seeds remain,initact. The diffu-
sate dry wveight data of table I are consistent wi:t.h
the fact, thaat the WC diffulsate wilil not approach
the vallue of WOC diffusate loss; even after 24
hours of imbibition, the raite loss of miaterial from
WOC seeds is stillil greater than from WC seeds.
Aliso by 24 hours, the total amounIt of diffulsate
loss by WOC seeds is almost twice that from WC
seed's.

Varilation in the composi,tion of the diffuisates
fro-m WC and WOC seeds for any 1 time interval
may be explained by the presence or albsence of the
seedcoat. Compounds present in the WOC seed
diffu-sate but not in the WC diffusate, stuch as
raffino,se, were able to dififuse freely into the stir-
rouniding solution. If all compounnd's in the WC
seed diffusa.te had to pass through the mi-cropyle,
as suggested earlier (7), a certain amount of time
voutld be required for imbibition and mobilization
before these compounds could be detected ill the
surrounding soltuition. Yet maltose, glucose, and
fruictose were detedted in WC seed diffutsates at
all times but were not deitected in W-OC iseed di,fftu-
sates un!ti!l after the sixth hour of imbibition. These
3 sugars were not detected in diffusates from the
seedcoats alone. Poissibly glucose and fructose are
quickly cataboil!ized in WOC seeds. WOC seeds,
freed of their seedcoats, imbi;be water over the
entire em)bryo surface initiating metabolic activitv.
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Mialtose, gluicose, and fructose could be utilized and
consequently wotuld not be found in the diffusate.
Bacterial contaminaticon of WC seeds appears not
to play an imporitiant role in the variety of carbo-
'hydrates detected in the diffusates. WC seeds
which had been surface sterilized with 1.0 mM
HgCl2 yielded the same carbohydrate pattern in
*the diffusaute as unsterilized WC seed.

Greater loss of total nitrogen and amino niitrogen
occutrred from WOC seeds even though these
nitrogen fractions represen't the same percent of
-the total solute. Similar nitrogen valtues were re-
ported by Bonner et al. (1). Growth promoting
substances (3) as well as ntuoleotides (9) have been
reported in diffuisaites of soaking seeds.

Dutring the 24 hour imbibition time, the WOC
seeds lost more solute by diffusion than dlid WC
seeds. These losses represent an insignificant
amotunt of material conmpared to 'the dry weight
changes of root, shoot, and cotyledon of the seed-
lings dturing their 18 days of growth. It is not
clear if the changes observed in growth between
WC and WOC seedlings was caused by the loss of
some factor in the difftusate or to some other factor
directly related to the presence or absence of the
seedcoat.

Rapid imbibition tunder high moisture stress can
injure seeds (3, 9). A manifestation of this injury
is a decrease in the germination rate. The redutc-
tion in the WOC seedlling growth reported here
may have been caused by such stress. WOC seeds
*imbibe at a greater rate than WC seeds. Presuim-
ably, rapid imbibition occturs because the seedcoat,
a physical barrier, is absent. A consequence of
rapid imbibition may catuse cell membrane damage
resulting in greater solute loss. Thiis may be
*offered to explain the findings reported in this
paper.
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