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VARIABILITY, HERITABILITY AND PHYSIOCHEMICAL STUDIES OF SEED
COAT DURABILITY IN FIELD PEA

R. D. REICHERT and A. O. F. EHIWE

Plant Biotechnology Institute , National Research Council of Canada, I 10 Gymnasium
Road, Saskatoon, Saskatchewan, Canada S7N 0W9. NRCC No. 27520, received 29

Sept. 1986, accepted 26 Jan. 1987.

Rercuenr, R. D. nNo Eurwr, A. O. F. 1987. Variability, heritability and
physiochemical studies of seed coat durability in field pea. Can. J. Plant Sci.
672 667-674.

Seed coat breakage of field pea (Pisum sath)um L.) during harvesting and handling
increases dockage and reduces seed quality. A laboratory-scale abrasive dehulling device
was used to evaluate seed coat durability of field peas grown in 1983 (20 cultivars,
6 locations) and 1984 (I7 cultivars, 5 locations). Analysis ofvariance revealed signifi-
cant (P<0.05) effects due to cultivar and location of growth for both years. Mean
cultivar seeC coat breakage ranged from 1 .5 to 22.3% in 1983 and from 0.6 to 14.9%
in 1984. The seed coat breakage of several cultivars in 1983 (MP 913, Line32,Tipu,
MP 926 and MP 942) and 1984 (MP 939 and Sv20565) was greater (P<0.05) than
that of Century, the current standard in the industry. The seed coat breakage of Bellevue
was less (P<0.05) than that of Century in both years. Locations which experienced
hot or dry fall conditions produced seed with poor seed coat durability. Broad sense
heritability of seed coat durability, based on the components of variance method, was
57.5 and 56.2% rn 1983 and 1984, respectively. Seed coat breakage was not correlat-
ed (P>0.05) with seed coat content or thickness, protein, Iignin, neutral detergent
fiber, hemicellulose content, 1000-seed weight or strength of adhesion between the
cotyledons. Cellulose content of the seed coat lvas negatively correlated (r: -0.71,
P<0.05) with seed coat breakage in 1984, but not in 1983 (P>0.05).

Key words: Pea, Pisum sativum L., seed coat durability

IEtudes de la variabilitd de la I'hdritabi]it6 et des aspects physiochimiques de la durabilit6
du t6gument du pois sec. l
Titre abr6g6: Durabilit6 du t6gument des pois.
L'endommagement du t6gument du pois sec (Pisum sativum L.) pendant la r6colte et
la manutention augmente Ia quantit6 de d6chets et diminue la qualit6 des grains. Nous
avons utilis6 un appareil de ddpelliculage par abrasion pour 6valuer en laboratoire la
durabilit6 du t6gument de pois secs cultiv6s en 1983 (20 cultivars, 6 endroits) et en
1984 (17 cultivars,5 endroits). Une analyse de variance a r6v6l6 que le cultivar et
I'endroit de culture influaient de fagon significative (P<0,05) sur ce ph6nombne pen-
dant les deux ann6es. Le d6pelliculage moyen variait de 1,5 i\ 22,3% en 1983 et de
O,6 it 14,9% en 1984, selon le cultivar 6tudi6. Le d6pelliculage subi par plusieurs cul-
tivars en 1983 (MP 913, Line 32, Tipu, MP 926 etMP 942) et en 1984 (MP 939 et
Sv20565) 6tait plus important (P<0,05) que celui subi par Century, le cultivar nor-
malement utilis6 par les producteurs. Le d6pelliculage subi par le cultivar Bellevue
a 6t6 inf6rieur (P<0,05) ir celui subi par Century pendant les deux ann6es. Les en-
droits ott l'automne a 6td chaud ou sec ont produit des graines )r t6gument moins dura-
ble. L'h6ritabilit6 au sens large de la durabilit6 du t6gument des grains, fond6e sur
la m6thode des composantes de la variance, 6tait de 57,5 et de 56,2% en 1983 et en
1984, respectivement. Nous n'avons pas observ6 de corr6lation (P > 0,05) entre le d6-
pelliculage des graines et l'6paisseur du t6gument, sa teneur en prot6ines, en lignine,
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668 CANADIAN JOURNAL OF PLANT SCIENCE

en flbres au d6tergent neutfe, en h6micellulose, le poids de 1000 graines ni la force

d'adhdsion entre les cotylddons. Il existe cependant une corr6lation n6gative entre la

teneuf en cellulose du t6gument et le d6pelliculage (r: -0,'77, P<0,05) en 1984 mais

pas en 1983 (P>0,05).

Mots cl6s: Pois, Pisum sativum, durabilit6 du t6gument

INTRODUCTION
Field pea (Pisum sativum L.) seeds are prone

to seed coat breakage during harvesting and

handling, resulting in increased dockage.
Recently this problem has become a signifi-
cant concern in the prairie provinces of
Canada. The Canadian grain grading system

considers seed coat damage as one of the
grade determinants of field pea. The percen-

tage of total split peas in peas graded Canada

Nos. 1. 2.3 and 4 cannot exceed 1.0, 1.5,

3.0 and 5.0%, respectively (Anonymous
1986).

Seed coat durability refers to the resistance

of the seed coat to breakage when the grain
is subjected to various stresses and several

studies have reported work concerning this
problem in bean (Phaseolus vulgaris)
(Dickson 1975, 1980; Korban et al. 1981).

The susceptibility of the seed coat to breakage
was evaluated by the drop-test (Fiscus et al.

197l; Siddique and Goodwin 1980;
Korban et al. 1981) and mechanically-induced
damage methods (Paulsen et al. 1981; Watson
and Herum 1986). In bean, tolerance to

mechanical damage is a comPlex,
quantitatively inherited trait (Dorrell 1968;

Dickson and Boettger 1917; Korban et al.

1981).
Recently, a method for assessing seed coat

durability of small samples of pea seeds was

developed using the Tangential Abrasive
Dehulling Device (TADD) (Ehiwe 1985).

Seed coat breakage values obtained with the

TADD were signifrcantly correlated with seed

coat breakage incurred by passing pea seeds

through a commercial seed cleaner. This
method was used to demonstrate that pea seed

moisture content and temperature were
important factors affecting seed coat dura-
bility. To avoid excessive seed coat breakage
it was recommended that pea seeds not be

handled at moisture contents less than 14%

or at temperatures below -25"C, and hand-

led with care at temperatures between - l0
and -25'C.

Currently, seed samples of pea cultivars in
the Field Pea Co-operative Test, conducted

by the Expert Committee on Grain Breeding'
are analyzed for a number of quality factors
including 1000-seed weight, seed color,
cooking quality and protein content, but not

for seed coat durability. One objective of this

study was to determine the variability and

heritability of seed coat durability using the

TADD method, for field pea cultivars grown

in these trials in 1983 and 1984. Environmen-
tal conditions associated with poor seed coat

durability were established. A second objec-

tive was to determine if seed coat durability
was correlated with various physiochemical
characteristics.

MATERIALS AND METHODS

Seed Samples
Samples from the Field Pea Co-operative Test were

obtained from the Agriculture Canada Research

Station, Morden, Manitoba in 1983 (20 cultivars,

6 locations) and 1984 (17 cultivars, 5 locations).
These samples had been grown in a randomized
complete block design with four replications. The

plots consisted oftwo rows, 5 m long and 30 cm

ipart with 1.2 m between plots' At harvest, samples

were taken from each replication and bulked. All
samples were equilibrated to approximately 7O%

moisture over saturated Ca(NO,)2 solution (rela-

tive humidity:52%) ma\ntained at23 + 1'C'

Measurement of Seed Coat Durability
Seed coat durability was assessed with the TADD
(Reichert et al. 1986) manufactured by Venables

Machine Works Ltd., Saskatoon, Saskatchewan'

Each sample was subjected to simultaneous tan-

gential and vertical forces (speed ofrubberized alu-

minum disk:800 rpm, vertical force:68 g, testing

time:30 s, 15 determinations of 25 sound seeds

each) and seed coat breakage was determined

(Ehiwe 1985). Broken seeds included: (a) seedS

with seed coat completely removed and with coty-
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ledons intact or split into two, and @) seeds without
seed coat completely removed but split into two.
Seed coat breakage was expressed on a percentage
basis: (number of broken seeds)/25 x 100. The
mean percent seed coat breakage was converted
to the arcsine transformation and analvzed bv two-
way analysis of variance and Duncin's ruttipl.
range test at the 0.05 Ievel of significance. Heri-
tability of seed coat durability was calculared on
the basis of variance components (Allard 1960).

Chemical and Physical Analyses
For detailed analysis, eight samples were selected
in 1983 (Brandon location) and 1984 (Saskaroon
location) on the basis ofpercent seed coat breakage
to include a wide and uniform ranse. To obtain
seed coats lor analysis. whole seediwere broken
in a mortar and pestle and the seed coats were sepa-
rated by winnowing. Seed coats and whole seids
were ground to pass a 1-mm screen in a Udy Cyclo-
Tec mill (Fischer Scientific Co. Ltd.. Toronto.
Ontario). Samples for seed coat protein analysis
were additionally ground (3 min) in a Wig-L-Bug
ball mill (Crescent Dental Manufacturins Co..
Chicago, I[.).

Neutral detergent fibre (NDF), acid detergent
fiber tADFI and lignin were derermined in dupli-
cate using sodium lauryl sulfate, cetyl trimethy-
lammonium bromide and 72% HrSOo solutions
(Goering and Van Soest 1970). Hemicellulose and
cellulose values were determined by difference
using NDF, ADF and lignin values (hemicellulose
: NDF - ADF, cellulose : ADF - lignin. Seed
loat protetn content (N x 6.25) was determined
in duplicate using a Hewlett-Packard l85B carbon,
hydrogen, nitrogen analyzer (Hewlett packard,
Avondale, Penn.). Whole seed protein content was
letermined by a semi-micro Kjeldahl method
lAli-Khan and Youngs 1973).

Seed coat thickness was measured (three deter-
ninations of 10 seeds) with a micrometer. Mea-
;urements were determined on seed coat Dieces
I mm:) taken from near the center of the fice of
he pea.

The seed coat content was determined by soakine
rpproximately 2 g of seed in distilled water (50.C]
I h) and manually separating the seed coat. Seed
)oats and embryonic tissues were dried (24 h.
i0"C) in a vacuum oven and the percent seed coat
vas calculated.

Cotyledon adhesion (the force required to sepa-
ate pea cotyledons) was determined on dehulled,
Lnsplit pea seeds mounted as shown in Fig. l, using
.n Instron precision loading machine (floor model
ITD standard, Instron Canada Ltd., Burlineton.

669

FORCE

PLUNGER
PEA

ALUM I NUM PLATE
Fig. 1 . Configuration of a dehulled unsplit pea seed fixed
to an aluminum plate, and the plunger which was used
to assess the force required to separate the cotyledons.

Ont.). The seed coat was carefully dissected from
the seed with a razor blade. The pea was glued into
an indentation (5 mm diameter X I mm depth) dril-
led in an aluminum plate. The plate was mounted
on the Instron machine and the vertical shear force
required to separate the cotyledons was recorded.
Measurements were made on 10 seeds from each
cultivar.

RESULTS AND DISCUSSION
Over all locations and cultivars, seed coat
breakage ranged from 0 to 55.6% and 0 to
36.5% in 1983 and 1984, respectively. There
were significant (P<0.01) effects of cultivars
and locations for both years (Table l).
Effect of Cultivar
Mean cultivar seed coat breakage ranged from
1.5 to 22.3% in 1983 (6 locations, 20 culti-
vars) and from 0.6 to 14.9% in 1984 (5 loca-
tions, 17 cultivars) (Table 2). In 1983, seed
coat breakage of Bellevue, MP 916 and
Titan was less (P ( 0.05) than that of Century,
the current standard in the industry; Bellevue
was less (P<0.05) than all other cultivars in
1984. The seed coat breakage of several lines
in 1983 (MP 913, Line32, Tipu, MP 926 and
MP 942) and 1984 (MP 939 and Sv20565)

REICHERT AND EHIWE SEED COAT DURABILITY IN PEAS
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rable l Analysis of variance for effect 
"t 

.:'.,:;r; 
ilt,ilT::l:!ill'tn "n 

seed coat breakage of field pea seeds

1983 1984

Source of
varlaI10n

Cultivar (C)
Location (L)
Error (Lx C

Degrees of
freedom

Mean Degrees of
freedom

Mean
re

l9
5

95

l6
4

64

994+
367 +*

20

tAnalysis of variance was calculated on arcsine transformed data'

**significant at rhe I% level of probability

was grearer (P < 0.05) than that of Century. maturation result in a rapid rate of seed dehy-

century is a large-seeded field pea variety dration. The seeds become over-dried and

ttrai ls trigtrty deslrable in the dohestic and brittle, and may become prone to excessive

export mirklts; however, its seed coat dura- breakage during harvesting and threshing'

titiry ir only marginally acceptable, particu- Harvesting of seeds at low molsture contents

tarly in dry yeais (Reicheit 1982j. Most presumably resu^lts in hairline cracks which

cuitivars were similar (P<0.05) to Century may result in further seed coat breakage

in seed coat durability in both years of the during handling'

study (Table 2). It is unlikely that cultivars h ig3:, meteorological records showed

which consistently show more susceptibility that temperatures during the months of matur-

to seed coat damage than Century woulcl be ation and harvesting (August and Septemb€r)

readily accepted bi the industry. 3ome culti- at the Morden location were unusually hor

vars (e.g. Bellevue) were co;sistently less (Reimer 1983). August had the highest mear

prons to damage than century pea. temperatute (23.2"C) ever recorded in 65 yt

' Ar'rong thei+ cultivars grown in both of iecords kept at the Agriculture Canadi

years, there was a srgnificint correlation Research Station at Morden' The Brandot

(r:0.80, p < 0.01) betuLen culdvar seed coat location also experienced unusually hot wea'

b."akuge -"un, in 1983 and 1984. These ther in August (mean:21'4"C) of 198!

."rultriugg.st that a similar ranking of cul- (Ramsay 1983)' but conditons were not al

tivars can"6e expected from year to yeaf . extreme aS at Mofden. Near average preci

The broad sense heritability estimates cal- pitation was recorded at Morden and Bran

culated from the variance components were don in August and September of 1983'

57.5 and 562% for 1983 anA i9g+, respec- In 1984, Brandon and Morden recorde(

tively. These estimates are within the range conditions which were genefally drier thar

(31-'57%)reported for navy beans (Dickson usual for August (Ramsay 1984; Reime

and noetigei t9Zly. 1984). However, the early wet fall recorder

at these locations may have raised the seel

Effect of location moisture content prior to harvest' Sinc

In 1983, cultivars grown at Morden were increasingseedmoisturecontentreducesseel

extremeiy susceptibG to breakage, and culti- coat breakage (Ehiwe 1985), the higher mois

uu., gro*n at both Morden and Brandon were ture content of the pea seed at harvest ma

more susceptible (P < 0.05) to breakage than have been responsible for the low seed coz

those grown at the other four locations breakage observed at the Brandon and Mor

(Table 3). However, in 1984, peas grown at den locations'

Morden and Brandon *"r" i"i. suiceptible Seed coat breakage at Saskatoon was highe

(P< 0.05) to breakage than peas grown at any in 1984 than 1983. Meteorological records fc

other location. According to thoirson (19'79), Saskatoon showed that the temperatures in th

hot climatic conditions Iuring and after seed fall of 1983 and 1984 were similar, but prt
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REICHERT AND EHIWE SEED COAT DURABILITY IN PEAS 67r

Table 2. Mean seed coat breakage of field pea culrivars in 1983 and 1984f

1983+ 1984$
Cultivar Seed coat breakage Cultivar Seed coat breakage

(%)I q.l

Bellevuetl
MP 916
Titentl
Lenca!f
Sv09s41'|lf
MP 94'71
Trapper!l
MP 943f
MP 936
Centurytl
Victoriafl
MP e48u
MP e40,||i

Taratl
Triumphtl
MP 9421
MP 926
Tipu
Line 32

|.5a
2.9ab
3.4ab
5 .8bc
8.3bc
8.8bcd
8.9bcd
9.Obcd
9.lcd
9.2cd
9.5cd

10. lcd
ll.2cde
l1.3cdeJ
l4.gdeJg

17.4efg
t7.9fg
20.6Jg

Bellevuefl
Victoriaf
Lencatf
MP 947!i
MP 948f
Trapper!l
Titantl
Sv0954 t tl
MP 944
Century'lf
MP 940f
MP 943f
Triumph!l
Tara'||f

MP 942fl
Sv20565
MP 939

O.6a
3.2b
3. rb
-1.lDC
4.2bt:
4.Obc
3.1bc
4.2bc
5.0bc
5.3bc
5.9bc
7.1bc
6.4bcd
'7.3bcd

9.2cde
14.8de
14.9e

MP 913 )) \p

fMoisture content of the peas was 10.4 + 0.4%.
{Mean of six locations.
$Mean of five locations.
a g Means within a column followed by the same letter are not significantly <lifferent atthe5% level of probability
(Duncan's multiple range test performed on arcsine transfbrmed data). Since there were small differences in the
ranking of the arithmetic means and the arcsine transformed means of seed coat durability in 1984, the order of
cultivars in the column is based on the rankinq of the latter.
fCultivars grown in borh 1983 and I984.

Table 3. Effect of location on seed coat breakage of 1983 and 1984 field pea samples

l 983i 1984f
Location Seed coat breakage Location Seed coat breakage

(%)(q\

Saskatoon
Brooks
Indian Head
Regina
Brandon
Morden

5.9a
6.2a
7.2a
8.0a

tI.4b
26.6c

Brandon
Morden
Indian Head
Regina
Saskatoon

2.0a
).za
6.4b
8.4bc

10.3c

tMean of 20 cultivars.
fMean of l7 cultivars.
a-c Means within a column followed by the same letter are not significantly different atthe 5% level of probability
(Duncan's multiple range test perfbrmed on arcsine transformed data).

cipitation was much higher in 1983
(Wheaton et al. 1984; Wheaton and Besrand
1985). The drier conditions in 1984 were
likely responsible for the higher seed coat
breakage in that year.

Chernical and Physical Basis of Seed Coat
Breakage
In an attempt to explain the variation in seed
coat durability of field pea cultivars, samples
varying widely in seed coat breakage were
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REICHERT AND EHIWE - SEED COAT DURABILITY IN PEAS 6"t3

analyzed in 1983 and 1984 for several che-
mical and physical characteristics (Table 4).
Although a relatively narrow range was gene-
rally observed, there were differences
(P<0.05) among cultivars for all characte-
ristics. Values for every characteristic except
cotyledon adhesion and seed coat thickness
were comparable to literature values reported
by Reichen (1981) and Reichert er al. (i984).
The force required to separate the cotyledons
(cotyledon adhesion) was measured because
it was thought that cultivars which had weak
cotyledon adhesion would be more susceptible
to seed coat breakage when an external force
was applied. No comparable measurements
on any dicotyledenous seed were found in the
literature.

Seed thickness of field pea cultivars ranged
from 55.9 to 79.6 (x tO-:; mm. Com-
parable seed coat thickness measurements are
30-90 (x l0-3) mm (Ojomo t972) for cow-
pea, and 132-166 (x tg-:; mm for faba-
bean (Rowland and Fowler 1977).

Seed coat breakage was not correlated
(P>0.05, n:8) with percent of protein,
lignin, hemicellulose or NDF nor with thick-
ness ofthe seed coat, 1000-seed weight, seed
coat content or cotyledon adhesion in 1983 or
1984. Cellulose content was correlated with
seed coat breakage in 1984 (r:-0.77,
P<0.05, n:8) but not in 1983. Seed coat
breakage and whole seed protein content were
negatively correlated in 1983 and 1984
(r: -0.75 and -0.7 1, respectively;
P<0.05, n:8). However, correlations based
on using all cultivars at all locations in 1983
and 1984, respectively, revealed a significant
(P< 0.05) negative correlation between whole
seed protein content and seed coat breakage
only at one location in 1984.

Dorrell (1968) found that the crude fiber
content of the navy bean seed coat was cor-
related with the degree of susceptibility to
seed coat cracking for six parental lines.
However, no signifrcant correlation was
rbtained when segregating lines of a cross
)etween a damage-susceptible and a damage-
:olerant line were tested. Inconsistent corre-
.ations in our work and that of Dorrell (1968)

suggest that the basis of seed coat durability
in pea, as in navy bean, is complex.

In conclusion, there is considerable genetic
variability for seed coat durability in pea.
Selection for seed coat durability in pea
breeding projects should improve this trait and
would ensure that cultivars with excessively
poor seed coat durability are not developed.
The Tangential Abrasive Dehulling Device
provides an effective, quick assay for this
character.
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