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Summary. Reciprocal matings were made between two
Cucumis sativus var. sativus L. inbred lines (WI 1606 and
WI 2808) and two var. hardwickii (Royle) Alef. acces-
sions (PI 215589 and PI 183967). Each case produced a
series of reciprocal F,, F,, and BC; and BC, progenies
which were used to evaluate seed dormancy in var. hard-
wickii. Under controlled conditions (25°+1°C and
85% + 5% RH; 12 h fluorescent light, 30 pmol s~ ! m™?2),
no seed dormancy was observed in the var. sativus inbred
lines 36 days following seed extraction from fruit. With
rare exception, var. hardwickii accessions were dormant
for at least 60 days. Seced dormancy in the F, was absent
36 days post extraction, indicating that dormancy in var.
hardwickii is conditioned by recessive genes present. Seed
of some F; progeny germinated between 36 and 50 days
post-extraction, indicating the presence of transient dor-
mancy or the more variable expression of the dormancy
of var. hardwickii. No significant reciprocal differences in
either germination rate or percentage were detected in
either of the F, and F, progeny sets, suggesting lack of
cytoplasmic or maternal control over these traits. It was
estimated that three to seven factors or loci are involved
with the expression of this trait depending on the method
of calculation, and that a complex interaction between
embryonic and non-embryonic tissue exists. Least square
estimates indicate that both additive and dominance ef-
fects were important in the expression of dormancy.
Comparison of theoretical geometric and arithmetic F,
means to observed I, means also suggests that non-addi-
tive gene action contributes substantially to the observed
variation. Broad-sense heritability ranged between 78
and 95%.
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Introduction

The plasticity of many wild plant species enables them to
respond to fluctuating environmental conditions and is
an important factor in their survival. Some characteris-
tics that influence species survival include time of flower-
ing, sufficient perennation to permit adequate seed pro-
duction during extended suboptimal periods, and
sufficient seed dormancy to enable re-establishment at
the end of suboptimal episodes (Hacker 1984). The entry
into or loss of dormancy which is mediated by the envi-
ronment has a genetic component and is often a reflec-
tion of interactions between these factors (Roberts 1981;
Levin 1983). Although both hormonal and genetic regu-
lation of seed dormancy in monocots have been investi-
gated (Adkins et al. 1984; Powell et al. 1984; De Klerk
and Smulders 1984; Upadhyaya et al. 1981), little infor-
mation is available with regard to the inheritance of seed
dormancy in dicot species.

Seed dormancy in cucumber (Cucumis sativus var.
sativus L., hereafter referred to as sativus) dissipates
within 12-30 days from seed extraction. Two notable
exceptions are cultivars ‘Black Diamond’ and ‘Baroda’
(PI 212896), which have dormancy periods ranging from
40-50 days (Watts 1938) and 180-270 days (Shifriss and
George 1965), respectively. Whereas the breaking of dor-
mancy of ‘Black Diamond’ can be accomplished by re-
moval of the seed coat or hastened by high relative hu-
midity and high temperatures after extraction (Watts
1938), such is not the case with ‘Baroda’. Dormancy of
‘Baroda’ is reduced by high temperatures (50°C) and
high humidities (90%) after extraction, but not by seed
coat removal, red or far-red light, oxidizing agents, or
gibberellic acid (Shifriss and George 1965).

Cucumis sativus var. hardwickii (Royle) Alef. (here-
after referred to as hardwickii), a progenitor or a feral
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form of the cultivated cucumber (Horst 1977), possesses
a multiple fruiting habit not found in sativus. It is, there-
fore, a potential germplasm source for increasing fruit
yield in cucumber (Lower et al. 1982). Hardwickii acces-
sions differ in their combining ability for economically
important traits (Kupper and Staub 1988). Seed dor-
mancy has been observed to dissipate within 60 (PI
215589) to 270 (PI 183967) days after seed extraction
from mature fruit (Staub and Globerson 1984). Unlike
‘Baroda’, dormancy in hardwickii can usually be over-
come by removal of the seed coat, as well as by extended
exposure to high temperature and high humidity (unpub-
lished data). In view of the potential usefulness of hard-
wickii germplasm for cucumber improvement, a series of
experiments was undertaken to estimate heritability of
the difference in dormancy between hardwickii and sa-
fivus.

Materials and methods
Parents and progeny

Experiment 1. To determine the inheritance of dormancy, mat-
ings among individual plants were made between the USDA
sativus processing cucumber inbred line WI 1606 (P,) and hard-
wickii P1 215589 (P,), to produce reciprocal F,, F, and F,
progenies and the following BC, and BC, families: (P, x P,)
xP,, (PyxP,)xP,, (P,xP)xP,, [(P,xP)xP,]S, and
(P, X P,)x P,]xP,’

Seed of F,, F,, F;, and BC, from P, and P, were produced
in a greenhouse (May 3 and August 11, 1983 plantings). After
extraction, seeds were air-dried at 25°C and stored under labo-
ratory conditions (21° 4+ 3°C and about 70% RH) until evalua-
tion. In preliminary tests, the seed lots were classified as either
dormant or non-dormant at 30 and 60 days post-extraction.
Their germination was compared and tested under controlled
conditions (25° +1°C, and about 85% RH). Seeds were consid-
ered to have germinated when a radicle length of >3 mm was
observed (non-dormant).

Subsequently, dormant and non-dormant BC,S, and BC,
families were produced in the greenhouse (November 15, 1983
and February 23, 1984 plantings). Each plant was grown in
20-cm diameter pots, individually staked, and pruned to the
mainstem. Cool-white fluorescent lights, providing 600—-700 Ix
(approximately 100 pmol s ~* m~2 at shoot apices), extended the
photoperiod to 16 h. Growing temperatures ranged between 17°
and 35°C. Hand pollinations produced seed which were ex-
tracted from fruits at 55— 60 days post pollination and soaked in
their mesocarp tissue for 24 h at 28°+3°C. The sced were then
dried for 3—4 days at 28°+2°C and held at 24°+1°C with
50% —-60% relative humidity until evaluation for germination.
Bulked seeds from each fruit (seed lot) were used in this and in
Experiment 2.

Preliminary studies indicated that 30 days was the minimum
number of days to germination of cross progeny seeds. At 30
and 60 days after extraction, 25-30 seeds of each progeny seed
lot were evaluated for germinability in 9-cm petri plates contain-
ing two filter paper discs (Whatman No. 2). Five ml of distilled
water was added to each plate, and plates were placed in a
controlled environment at 25° +1°C and about 85% RH under
a 12-h photoperiod (cool-white fluorescent lighting at approxi-
mately 30 pmol s~ m~2). Percentage and rate of germination,

measured as cumulative percent differences between days, were
observed over 12 days at 72-h intervals.

Both dormant and non-dormant BC,S; and BC, families
resulted from BC, individuals which were classified as dormant
or non-dormant at 60 days. This second round of selection was
accomplished by selecting both dormant and non-dormant indi-
viduals from BC, families segregating for dormancy. After the
60 days, the dormancy of BC, seeds which had not germinated
was broken by removal of the seed coat. Thereby, both dormant
and non-dormant individuals from the same BC, family were
transplanted to the greenhouse for self-pollination or cross-pol-
lination with the recurrent parent. Dormant and non-dormant
F; and BC, progenies were also generated from F, families.

Experiment 2. Seeds of hardwickii PI 183967 held unter
20°+5°C, 70% RH remain dormant up to 270 days post-extrac-
tion from mature fruit (unpublished data). This is considerably
longer than the 60-day dormancy period of hardwickii PI
215589. This germplasm should provide additional information
regarding the inheritance of dormancy in hardwickii. Therefore,
F,, F,, F,, and BC, families were also developed using the
sativus USDA inbred line WI 2808 (P,) x hardwickii P1 183967
(P,). Seeds of F, and F, progeny obtained in the greenhouse (as
in Experiment 1) were used in the production of F, and F; seeds
in an isolation cage in the field (June 15 and August 26, 1983).
Plants were transplanted approximately 24 cm apart in rows
which were on 92-cm centers, and bees (Apis mellifera L.) were
introduced into each cage during flowering to ensure adequate
pollination. Uniform fruits were selected at seed maturity (white
or yellow epidermis) for evaluation, and seeds were processed
from these as described above. Dormant and non-dormant indi-
viduals were indentified as described above to produce segregat-
ing generations for genetic analysis.

Data analysis. The dormant versus nondormant status of each
seed lot was determined and the frequency of dormant and
non-dormant progeny was tabulated. Contingency Chi-square
analysis of reciprocal F, and F; progeny sets was employed to
determine the influence of cytoplasmic and maternal factors on
rate and percentage of germination.

Inspection of F,, F,, and BC segregations suggested that
the inheritance of dormancy was complex. Hence, data analyses
were conducted according to Kotechan and Zimmerman (1978),
to estimate broad sense heritability (h?), and provide two mea-
sures (h; and h,) of the degree of dominance. Linear relation-
ships did not exist between generation means and standard devi-
ations. Vartous transformations were applied to increase
variance homogeneity within generations. No transformations
substantially improved homogeneity, therefore analyses of un-
transformed data are presented.

Two methods of analysis were used to study the nature of
gene action. The method of Burton (1951) was used to calculate
arithmetic, geometric and observed F, means, and a Mather-
Hayman analysis (Mather and Jinks 1977) was used to estimate
the base population mean (m) and additive (a) and dominance
(d) variance effects. Employing this analysis, one can compare
observed and calculated F, means, thus obtaining estimates of
gene action. An agreement between observed and theoretical
arithmetic F, values indicates additive gene action, agreement
between calculated theoretical geometric and observed F, values
indicates nonadditive gene action. The number of factors or loci
involved was estimated using the methods of Castle and Wright
(1921) and Burton (1951; according to Wright).

Least squares estimates of the variances of base population
mean, additive, and dominance effects were calculated from all
available progenies in each experiment based on F, data. Lack-
of-fit to the genetic model was tested on data obtained from



several repetitions of F,, F,, and BC progeny seed lots resulting
from initial parental matings of P, x P, by an F-test comparing
the linear model based on m, d, and h against the model corre-
sponding to six populations (two parents, F,, F, and two back-
crosses). Lack of fit to the model using F, progenies from
P, x P, matings could not be tested, since an inadequate number
of degrees of freedom remained for Chi-square analysis.
Segregation of cross progeny families derived from either
dormant or non-dormant individuals can provide additional
information about the expression of dormancy. If segregations
in some families are adequately explained by fit to Mendelian
ratios, then a provisionary genetic hypothesis could be devel-
oped to help describe major gene action. After closer inspection
of segregating non-dormant families, it appeared that the ex-
pression of dormancy in many cross progeny seed lots might be
explained by the action of few genes, perhaps two. Therefore,
cross progeny families derived from both dormant or non-dor-
mant individuals were tested for goodness-of-fit to hypothesized
ratios for two-factor segregation (Steel and Torrie 1980).

Results

Dominance relationships and cytoplasmic/maternal
influence

Comparison of the hardwickii (P, and P,) and sativus (P,
and P;) genotypes confirmed preliminary observations
regarding dormancy of seeds at 30 days after extraction
(Tables 1-3). Seeds of some sativus seed lots had not
germinated 9 days after imbibition, but all seed of most
lots were germinated by 12 days (Table 1). A few seeds of
sativus remained dormant for 30 days (Tables 2 and 3),
but all germinated after 36 days. Both hardwickii PI's
remained dormant at least 60 days. In most instances,
hardwickii seedcoat removal before testing resulted in
50% germination within 2—18 days (data not presented).

With the exception of one progeny lot (Experiment
1), germination of F, populations was influenced by
dominant genetic effects conferred by either sativus par-
ent (Table 1). The rates of germination of all BC, prog-
eny possessing sativus cytoplasmic backgrounds
[(P, x P,) x P, and (P, x P,) x P,] were similar, and per-
centage germination was 100% at 3 days after imbibition
(data not presented). Percent germination of seeds of
(P, x P,) x P, progeny lots was 45% after 12 days (data
not presented).

Progeny segregations of F, and F, families provide
information regarding cytoplasmic and/or maternal in-
fluences by the maternal F, and F, tissues, respectively.
No significant reciprocal differences among F, progeny
sets (Experiment 1) in either germination rate or percent-
age were apparent (P> 0.05), but reciprocal differences
were detected among F; families.

Genetic analyses and estimates

The estimated number of factors or loci involved in the
expression of dormancy ranged from three to seven, de-
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pending on the accession and method of calculation
(Table 4). The range of segregation in F, families was
narrow and, as a consequence, broad-sense heritability
estimates for this trait were high (78% and 95% for
P, x P, and P; x P, respectively). Least square estimates
of the contribution of additive and dominance effects
indicate that both were important in the expression of
dormancy (Table 4). However, comparison of theoretical
geometric and arithmetic F, means to observed F, means
suggests that non-additive gene action contributes sub-
stantially to the observed variation.

Families resulting from matings involving non-dor-
mant and dormant progenies derived from seeds which
had been selected from lots classified as dormant in Ex-
periments 1 (Table 2) and 2 (Table 3) were evaluated.
Segregations of F5, BC,, BC,S, and BC, families, orig-
inating from seed classified as non-dormant and dor-
mant, provided additional information on the nature of
dormancy. If at least one dominant allele, Ds,, was hy-
pothesized at a locus which conditioned germination 30
days post seed extraction, and a second allele (ds,) at
another locus possessed variable expressivity and was
epistatic to ds, , then segregations in several progeny seed
lots would fit those predicted by a two-gene model (Ta-
bles 2 and 3). In such a case, individuals genotypically
ds,ds,Ds, would possess a transient type of dormancy
lasting between 36 and 50 days. For example, in experi-
ment 1 (Table 1), the appearance of a dormant F, family
(P, x P,) would have been predicted if P, was genotypi-
cally Ds,ds,Ds,ds,, and P, was ds,ds,Ds,ds,, and
the expressivity of Ds, was incomplete producing
ds,ds, Ds,ds, dormant progeny (transient). Germination
(no dormancy) is conditioned by dominance at both loci;
hence, individuals genotypically Ds, Ds, (i.e., P, and P;)
germinate.

Such a hypothesis could be used to explain the pres-
ence of dormant individuals in the F, (Experiment 1,
Table 1). However, all backcross and many F, families
derived from seed classified as dormant did not segregate
to adequately fit predicted ratios.

Discussion

Delayed germination in cucumber has been observed in
several wild races of Indian origin (Shifriss and George
1965). Hardwickii, a feral form or wild progenitor of
sativus, possesses delayed flowering characteristics (Della
Vecchia and Peterson 1984) and dormancy. Both are
conditioned by recessive genes, which lends support to
the hypothesis presented by Shifriss and George (1965)
that, “the wide range of adaptation of world cultivars,
under domestication, was brought about in part by dom-
inant gene mutations which accelerate the speed of ger-



146

u:dEuoﬂYﬂoc N QENEHOQ p
sep 05— 9¢

Sunse| Aourwiiop judisuer) aaey “spisq'sptsp A[reoidKiouss sjenprarpuy ‘Aouewiop Suruonrpuos Fsp, 0} JUBUIWOP SI PUE UOHBUNUISG UOIIPUOD 01 PAZIsay1odAy 1 s, SV »

HYIIMPIDY “TRA SNAYDS ")
SNALIDS “TeA SRANIDS *D)

1000 €1 (CspPsatsptsa) £L 4 0¢ ®Cdx ) g
01 10 Fspisplspispx tsqtsq'sp'sa (010) S ] o1 *dxd |
Esptsq'sp’sp/SspPsp'sp’sp 0 8 1L96£81 Id *d
%@ 'sa 001  of o1 8087 1M d
7 yuowirrodxsy
$0°0 81 EspPsp'sp'sp x tspisqisptsa e 8 Ax(dx'd) od
01 10 “sqtsq'sa‘sa < tspisa'sp'sa 88 4 £ dx{dxd) Yod
16 4! ®[®(*d x )] !
99 9 ®[®(dx D) b
060 €1 (Cspesa’spisq) 98 It 4 @(dx ) ‘1
090 €1 (Csp*sa’sp'sq) €L L € ®(dx'd) i
010 LT ispis@lsp'sg x 'spisq'sp'sp L6 o1 ol dxd €1
SLO Ly Cspisqtsp'spx Tspisa'sp'sq 06 I (4 dx'd 2
Cspts@'sp'sp/csptsp*sp'sp 0 4 4 68SS1T Id d
Y 86 4 4’ =909T IM d
1 1uowiradxg
JUBUIIOP-UON juewloy
001 o 0¢ 0C OF 0
-16 —18 —IL —19 —I§ — Iy —IE —I1T — 11

(=d) PoIsal uoneouad
sisffeue  onel »sad£jouad uonoeIlXe poass-1sod sAep Q¢ $10] Poos Ausgoid
arenbs-1y>H 159 [eyuared pazisoyiodAH X 10[ Pa9s Jo (9/,) uonBUIWLIAD) Jo 'ON 20131pod 10 juored

snayps ) Udam1aq ssunew

JOIV (M) 1o1MpapY "TBA SNANIDS ) PUE SHAIIDS "TeA
wolj Zunynsal saruaford sso1o pue sjusred 10§ UOTOBIIXI Pavs-1sod sAep (¢ uoneurwiod jo sisA[eue arenbs-Iy) pue S ‘UBSW ‘UWONNQLISI] *f SfqEL



147

[epour onousd

01 J1J-Jo-yor[ 10] uoneuedxs Ut opia0id 10§15y} PUE S[ENPIAIPUL JUBTIOP-UoU sonpoid pjnod syenpiarpur Ssplsq'splsp Aeordfiousd ur spefre bsq, jo ANarssordxs S[qeLIRy |

skep 05 —9¢

Sunse| AourwiIop JusISUERI) ARy Cspisqtspsp Afresid£iousd senpiatpul KouruLiop Suruonipuos ¢ 'sp, 01 JUBUIWOP SI PUB UONBUILLISTS UONIpuod 01 pazisayjodAy st s, PNV .

(sorrurey SuneSoifoes juewiIop Se UOYE) SBM TONEBUIWING 9/, [/ >) UONORIIXD Pads-1sod skep (¢ 18 payisse]d Asuswio(] ,
PR109[es 919M S[ENPIAIPUI JURWLIOP-UOU PUB JUBUIIOP YDIYM WOI) J0] paos [ejudred soynuapy ,

S]0] P99S XIS JO N[NQ ‘HYIIMPIDY ‘TBA SRALIDS D

$)O[ P29s XIS Jo N[NQq Snayps “JeA SNAlDs D)

;7000 10 “spPspisp'sp Espesptsptsp
x tsptsqtsptsp 6£C T 900 g xispisg'sp'sq 9 97T oL 8L
1000 €1 Cspisp'splsp sptsptspsp
x tsptstsptsp 61 901 060 1T xIspisgtspisq 16 6 oL LL
;1000 10 CspPsp'sp'sp Esptspisp'sp
x EspPsq'sp'sp 68 4 0S0 1T xIspis@tsptsa 66 ort oL 9L
;1000 10 Cspispispisp 1p Tsptspisplsp
x tspisqtsptsp 651 T 1000 /1e  xEspisatsplsq 891 W Sy st Ax[FaxCGaxdl D4
10 Cspisplsp'sp
21000 /11 xTspisqtspisp £€1 S STO IST  Isps@’splsq 6 167 oL 8L
- - - - - SLO T Lspisplsptsq g€ o1t oL LL
00T 10 Lspisplsptsp Vg4 0 00T I Lsptsq'sptsp L9 L9 oL 9L
060 €1 Espisqlsplsp 8s LY €00 VI Espisqtsp'sp S07 SL Sy st ®ax(ax] 's'od
NmﬁNmQﬁm%ﬂnﬁ Nmﬁwmﬂﬁmﬂﬂmﬁ
€00 S xpisa'spisq 65 14 §TO  ¥g  xIspisqsp'sa 9¢ 8 09 8 Cax(ax@]  'od
- - - - - 00T 01 T T hspisg 0 81 09 8 ®[® (< ")) £
tsptsqtsptsp
007 T0  Cspsplsplsp 08 0 00T 1o Io @M%M&% €7 0 0 - 168S17 Id o
sq 'sd
- - - - - 0$0 TSI T Esqtsptsp 9 74! 007 - +1909T IM P
(2d) sarfrurey (Zd) safruej
sisA[eue ,8ad£jouag Juped  sorure) sisA[eue adfjousd Juned  sorpwey
arenbs onel _maﬁvumﬂ -21398 HQmEuOU arenbs Oﬁmu Euﬁouma -21828 juewIop
-MQU 18391, ﬁuNwmunuoxm jurwIog -UON BUS) jhiag @onwonuOQ%m juewrog -UON

(spass jo ‘ou) Sunidsyo jo uonesIIsse])

(%) 101 paos

Lid:As iRl g juewiopuol  [eiuared jo  ,judred jo
uoneuruiIdd  uoneugisop uone
jusred jo snieys Aoururro(q uBoN 101 P29y RIZIpad -19UdD

1 Juswiradxy ur uonoRIXd pass-1sod sKep O¢ (68SSTT Id) UOISSIOOR JOIY (Y) HYOIMp.IDY “TeA Snaiivs ') & pue (9097 IM

VASN) U PAIQUI T SnA1Ds “IBA Snaips ) & usdmiaq sSunew woltj Sunnsas sausdord ssoio pue sjusred jo sesk[eue s1enbs-ryy pue sdiysuoneal LourwIop pess 7 AqEL



—

[opour orjousd

01 11y-jo-yo'] 1oj uoneueidxs ue opiaoid 210jo10Y) PUE S[EAPIAIPUI JurULIOp-uoU sonpoid p[noo sjenpraipur “spisq'splsp Ajpesrd£lousd ur ajeqre s, Jo Anarssardxo dqeires

skep 06—9¢

Sunse| Aourwiop juatsuen) oary Cspisq sp'sp AesrdKiouss sjenpiarpu] “Aourwiop SUMONIPUOd ¢} sp, 0} JUBUIWOP SI pue uornjeuIuLIsg UONIPU0d 0] pazisayiodAy st 'sq, SRV ,

(sorjrure; SupeSoISos JURWLIOP SB USYE) Sk UONRUIULISS o [/ >) UONORIIXa Pass-1sod skep g 1e payIsse[ Aouewioq ,
P3IOS[SS SISM S[ENPIATPUL JUETLIOP-UOU PUE JUBTIIOP YOIYM Wolj 10] pads [ejusred soynuspy ,

SJO[ P9S XIS JO Y[NQ UYIIMPLDY “TBA SHALIDS )

S10] PI9s XIS JO Y[NQ SNANDS “TBA SRALDS °))

NwﬁNmﬁﬁwﬁaw%
;1000 €1 xspisq'sp'sp 6¢ I T - - 09 IS
sptsp'sptsp
- - - - - 060 11 xIsptsq'spisq € 9¢ oL 0s
Lspisplsplsp Isplsplsplsp
J1000 €1 xTspisq’sp'sp 88 9 050 1€ XxTspisalsp'sq o€ 08 09 Ly
Isplsptsptsp tspispisptsp
;0010 €1 xFsps@ispisp 96 T 010 1 xsptsasp'sa 1€ 44 $9 37
Esptsp'sp'sp Esptsp'sptsp
JO00  BO X Espisqisplsp 8y (4 1000 1E  xTsptsa’spisa Ly L oL 3
Zsptsptsplsp tspTsptsp'sp
L1000 €T xTspisq'sp'sp 61 14 or0 I xIspisatsp'sq |13 69 oL 0€ Ixfax@ o
1000 €1 Ispis@'spsp LST £6 - - - - - 09 IS
1000 €1 Cspisa'sp'sp 002 10T 01 071 tsptsa'splsq 0 ov oL 0
1000 €1 ‘spisa'sp’sp Ly1 8yl 1000 1'sT Sspisalsp'sa € L61 09 Ly
1000 €1 spisaisplsp 011 SL or0  ¥sl  ispisdispisq (44 LYY $9 137
1000 €1  CspPsq'splsp 781 887 SL0 1€ tspisqispisa 65 181 oL ¥e .
1000 €1 “spis@'sp'sp 7L €81 SLO  TST  Cspisatsplsa S 09 0L 0¢ ®[®(d x ‘D] £
Zsplsqtsp'sp
01 1o Uspsptspisp 50z 0 0T 10 \Nwmﬁﬁ{% 0zl 0 0 - aL96£8T Id K|
sq 'sq
- - - - - 0s0 st [ tsa'spisp € LTy 007 - =808T IM o
(Z2d) sarjIurey (2d) sa1[rurey
sisA[eue ,sad£jouad Suned  sorurey sisA[eue sadfyouas Juned  soiwej
arenbs oner [ejuared -0189s  juBULIOP arenbs oner [eyuared -2180s  juBULIOP
-IyD  1s9L PazZISaYlOAH  juBULIO(] -UoON -y 1saL pazisayiodAy  jueunro(q -UON

(spaas jo -ou) Sunidsgo jo uonedyisse[d)

(%) 101 poss

jueuLIoO JUBRWIOPUON reauared jo  ,jusred jo
uoneutwiss  woneudisap uone
juared jo snyes AourwrIoq UBSI 10] po9as I3Ipad  -12U2D)

7 yuswuadxyg Ul uonoexa pass-jsod sfep O (L96€81 Id) WOIssaooe “JOIy (¥) HYIIMPIDY "IRA SRALIDS "D © pUR (3087 IM

VASA) SUI PAIqUI T SAAUDS TeA SnADS *) B UIIMISq sFunew wox Funinsal samuagoid ssoso pue sjusted Jo sesdjeur arenbs-1yD pue sdrysuonerar AOURWIIOP PadS °f JEL



Table 4. Estimates of the genetic behavior of seed dormancy
observed in progenies resulting from Cucumis sativus var. sativus
and var. hardwickii matings

Statistic Mating series®
P, xP, P, xP,
Broad sense heritability % 7.5 95.0
Degree of dominance (h,) 0.90 1.00
Degree of dominance (h,) 1.00 0.92
Theoretical arithmetic (F,X) 711425 75040
Theoretical geometric (F,X) 304406 37610
Observed (F,X) 79.6+3.8 73.0+2.9
Minimum number (n) of genetic 298 4.81
factors®
Minimum number (n) of genetic 4.13 721
factors
Base population mean (m) 49.3+1.3 50.0+0.2
Additive effect (d) 49.1+13 50.0+0.2
Dominance effect (h) 49.3+3.5 50.0+04
Significance of F or y2 due to 0.0001 0.007
model (P)
Lack-of-fit significance ns. —-°

* P, =WI 1606, P, =PI 215589, P, =PI 2808, P, =PI 183967

® First and second estimations according to Castle and Wright
(1921) and Burton (1951), respectively

¢ No df remained for lack-of-fit test

mination and the speed of flowering in long days.* The
genetic control of dormancy found in the sativus cultivar
‘Baroda’ appears to be different from that found in Aard-
wickii. Moreover, there are differences in recovery from
dormancy among hardwickii accessions. Therefore, al-
though specialized types of adaptation which are associ-
ated with recessive genes may be present in several culti-
vars in tropical India (Shifriss and George 1965), it
appears that their mechanism of expression differs by the
source from which they acquired such genes.

A trait such as seed dormancy, which might be hy-
pothesized to be conditioned by two major loci that ex-
hibit low penetrance and variable expressivity and are
subject to the action of other modifying genes, is difficult
to characterize. Factors such as time of data collection
and framing of the dormancy criterion can affect the
frequency of individuals classified as dormant and, con-
sequently, the resulting genetic hypothesis. What is con-
sidered a dormant individual under one criterion may not
be if that individual were evaluated at a different time or
grouped using another set of parameters.

Our data indicate that strict utilization of the hypoth-
esized two-factor model leading to a comprehensive in-
terpretation of gene action is not possible. Since the dis-
tribution of progeny in the F, was continuous and a
deficiency of non-dormant individuals was observed in
some cross progeny seed lots, it is likely that more than
two genetic factors contribute to the expression of this
trait. The speed of germination in progeny from ‘Mar-
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keter’ and ‘Baroda’ matings was hypothesized to be un-
der the control of relatively few genes, perhaps three
(Shifress and George 1965). In hardwickii, depending on
the accession, as few as three to seven genes may operate
to control dormancy.

The sativus lines used were processing types, but were
derived from different sources. The fact that some sativus
seeds (1%) were dormant after 30 days (Tables 2 and 3),
but germinated between 36 and 50 days (data not pre-
sented), indicates that these sativus lines possess a com-
plex recessive transient type of dormancy (dsds; Ds, or
Ds, Ds,). The heterozygous nature of the sativus parent
is supported by the fact that dormant individuals were
observed (Tables 2 and 3).

Segregation for transient dormancy is possible since
selection against transient dormancy has not been prac-
ticed in this germplasm. Frequently, seeds are treated
with acetone immediately after extraction. This proce-
dure allows for rapid germination and, hence, for indi-
viduals possessing transient dormancy to be carried
along in the inbred line. Furthermore, fruit maturity (i.e.,
stage of seed development) may be a factor in a seed’s
recovery from dormancy. Although seeds evaluated in
Experiment 2 were extracted from mature fruit, no effort
was made to control time of pollination. Therefore, seed
maturity differences may have contributed to the ob-
served variation in this experiment. These facts indicate
the need for extreme care in seed handling procedures
and for conducting germination tests in cucumber.

Since seed dormancy in Aardwickii can be broken by
removal of the seed coat, it is likely that an interaction
between embryonic and non-embryonic tissue exists. The
fact that seed coat removal either occasionally does not
result in germination or results in a rate to 50% germina-
tion ranging between 2 and 18 days suggests that the
expression of this interaction is complex. Since the F,
embryo is encapsulated in maternal tissue (nucellus, in-
teguments, and seed coat), these genotypically different
tissues may interact to regulate seed dormancy. In most
instances, seedcoat removal breaks dormancy in Aard-
wickii within 10—-30 days. Given this fact and the ob-
served germination response in F, progenies suggests
that germination of F, seed is a reflection of the embryo
and the dominant P, character.

In common wheat (Triticum aestivum L.), the germi-
nation of F, seeds of reciprocal crosses between dormant
and less-dormant cultivars were observed to be different
(Noll et al. 1982), indicating that the maternal parent, the
seed coat, and/or the endosperm or otherwise have a
significant influence on seed dormancy. Reciprocal dif-
ferences in the speed of germination were observed
among cucumber BC, progeny derived from matings
between ‘Marketer’ and ‘Baroda’ (Shifriss and George
1965). Reciprocal differences observed in F4 progeny in
our study provide further evidence that, in hardwickii,
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the interaction between the seed coat and the embryonic
tissue is complex. Since reciprocal differences were not
seen in the F, and F, these were interpreted as embryonic
effects. The lack of reciprocal differences among F, prog-
eny (lack of cytoplasmic or maternal control over this
character) and the hypothesized polygenic nature of dor-
mancy may provide a partial explanation for the recipro-
cal differences observed among F progeny. However, a
comprehensive explanation of reciprocal differences in
later generations is not possible and awaits further exper-
imentation.

Families derived from seed classified as dormant
provide information about embryonic and non-embry-
onic interactions. The appearance of a high frequency of
non-dormant individuals among many F; (Tables 2 and
3) and BC progeny derived from dormant F, individuals
(Table 2) can be explained by the hypothesized two-fac-
tor model. Two of three BC,S, families, derived from
parents classified as dormant in Experiment 1 (Table 2),
segregated to fit the predicted ratios. Although segrega-
tions of BC, and BC, to P, families derived from dor-
mant individuals did not adequately fit predicted ratios,
the dormant progeny recorded in lots 84, 75, 76, and 78
(Table 2) could be explained by a lack of germination in
ds,ds, Ds,ds, individuals possessing transient dormancy.
Likewise, the excess of non-dormant progeny in family
77 derived from a dormant individual could be due to
germination of ds,ds,ds,ds, individuals, which would
comprise 25% of the population under the hypothesized
model. In Experiment 2, excess numbers of non-dormant
progeny in F; families and in four of five BC, families
(lots 30, 34, 47, and 51) led to lack-of-fit to predicted
ratios (Table 3). Lack-of-fit to these ratios was due to an
excess of non-dormant individuals in families 30 and 47
and to a deficiency of non-dormant types in families 34
and 51. Although it was not possible to directly test
whether non-germinating seeds were dormant or dead,
seed lots of families tested 36 months after extraction
germinated within a range of 92% —100%, indicating
seed viability.

The observed lack-of-fit could be due to the presence
of inhibitors or to the lack of stimulating factors contrib-
uting to germination. The hypothesized two-factor
model does not directly account for possible interactions
between the embryo and seed coat. It is attractive to
speculate that gene “‘messages‘ (interactions) may be op-
erating to regulate metabolic pathways as the dormancy
period progresses. The presence of a germination inhibi-
tor in the fruit juice of ‘Baroda’ was suggested as a pos-
sible explanation for the observed differences between
‘Marketer’ and ‘Baroda’ (Shifriss and George 1965). In
muskmelon (C. melo L.), seed coat removal significantly
increases uptake of oxygen, resulting in lowered respira-
tory quotient values after imbibition (Pesis and Ng 1986).
It is likely that the seed coat inhibits germination by

promoting anaerobiosis in this species. We have observed
that endogenous inhibitors are not present in dormant
hardwickii seed extracted with water, methanol, chloro-
form, or hexane; however, infusion of acetone enhances
germination. The growth potential of excised embryos in
osmotic PEG solutions increased with increasing after-
ripening period, suggesting an osmotic regulation of ger-
mination (Weston et al. 1988). Populations derived from
this study provide the genetic stocks necessary to investi-
gate more precisely the physiological mechanisms of dor-
mancy in cucumber.

We have observed seed dormancy in populations with
high yielding plants derived from hardwickii germplasm.
Although frequencies of dormant seed are low in ad-
vanced material obtained by recurrent selection for fruit
yield, the elimination of dormancy in these populations
may be difficult due to the contribution of non-additive
effects and the apparent interaction between embryonic
and non-embryonic tissue. High yielding lines can be
extracted from these populations and concurrently se-
lected through single-seed descent for the ability to ger-
minate, thereby providing potentially useful germplasm.
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