Table 1. Cold hardiness (L.Ts,) of 2 onion cultivars as affected by age and size of plant, December 11-13.1979. Las
Cruces, New Mexico.
Wit

Age per plant Avg leaves LTs,

(days from seeding) (g) per plant °C)

9 1.06 3.9 -10.8 B

74 0.18 2.8 -10.5B

58 0.05 2.0 -8.7A

‘Mean separation within columns by Duncan’s Multiple Range Test, 1% level.

Roots are regenerated from the stem plate.
Death of the stem plate results in loss of root-
ing capability. The below ground tissues, in-
cluding the stem plate, appear to be less hardy
than the leaves. Many plants at intermediate
temperatures retained healthy appearing
leaves for several weeks, but failed to regen-
erate roots.

Assuming the observed hardiness variabil-
ity is controlled genetically, plant populations

of these 2 cultivars offer potential for hardi-
ness improvement through selection. Plant
survival, as related to age, following lavora-
tory freezing was similar to field observations
that smaller plants are more susceptible to
winter plant losses. This suggests that our
technique, growing plants in the greenhouse
after controlled freezing of seedlings, can be
used to predict field hardiness and can be used
in selection programs to improve overwinter-
ing capability.
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Abstract. The inheritance of response to trifluralin (Treflan) at 1.12 kg/ha was studied in the field,
using transplants of parents, F,, F,, and BC, generations of the Cucurbita moschata crosses ‘La
Primera’ with ‘Butternut Ponca’ and ‘Waltham’. Parents and F,;s were susceptible. Based on segre-
gation data in the F, and BC, generations it is hypothesized that a dominant gene T determines resis-
tance but is inhibited by a dominant I-T gene. Proposed genotypes for ‘La Primera’ and the 2 ‘But-
ternut’ cultivars are I-T I-T T T and i-t i-t t t, respectively.

Several workers have reported that some
herbicides are selective in cucurbits when
soil-incorporated (4, 7) including the dini-
troanilines such as trifluralin. Trifluralin and
nitralin were reported to be selective in musk-
melon and watermelon, and nitralin was tol-
erated by squash (7). Menges et al. (6) re-
ported that preplant soil-incorporated appli-
cations of benefin and trifluralin decreased
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watermelon yield. LeBaron (5) observed se-
vere injury to squash and other cucurbits from
preplant soil-incorporation of trifluralin.

There is no satisfactory herbicide treatment
to control weeds in Butternut squash (Cucur-
bita moschata Poir) at present (R. D. Sweet,
Cornell Univ., personal communication).
Several researchers (2, 3) have reported that
squash was tolerant to amiben, but LeBaron
(5) reported that amiben gave poor weed con-
trol in cucurbits. Butternut squash cultivars
resistant to trifluralin would permit the use of
this dependable herbicide. In this paper we re-
port a serendipitous finding of resistance and
inheritance of resistance to trifluralin injury in
progeny derived from crosses of susceptible
C. moschata parents. The crosses were made
to study the inheritance of resistance to pow-
dery mildew (1).

Three C. moschata parents, susceptible to
trifluralin injury, were Butternut squash culti-
vars, ‘Ponca’ and ‘Waltham’ and a calabaza
cultivar ‘La Primera’. ‘La Primera’ was
crossed to each of the 2 Butternut cultivars in
1978. The F,s were grown in the field in 1979

and selfed. The F;s were also backcrossed to
each Butternut cultivar.

Seeds of the parents, F,, F,, and BC, gen-
erations of each cross were planted in Jiffy 7°s
pellets (1 seed per pellet) in the greenhouse
under 30°C (day)/22° (night) on May 9, 1980
and transplanted in the field, Lincoln, Neb-
raska, May 22, 1980. Progenies from the ‘La
Primera’ X ‘Ponca’ cross (Expt. 1) were trans-
planted in one field (2.2% organic matter,
38.2% clay, pH 7.3). Those from the ‘La
Primera’ X ‘Waltham’ cross (Expt. 2) were
transplanted in an adjacent field (2.63% or-
ganic matter, 40.8% clay, pH 6.4). The soil
type in each field was a Sharpsburg silty clay
loam (Typic Arguidoll). Butternut squash
was grown in each field the previous year and
amiben was used for weed control (trans-
plants covered with milk cartons during appli-
cation). A randomized complete block design
with 3 replications was used in each experi-
ment. Four single-row plots of the F, popula-
tion and 1 single row plot of the other popula-
tions were used in each replicate. Each row
contained 8 single-plant hills spaced 1.8 m
apart in rows spaced 2.4 m apart. The plots
were irrigated by means of overhead
sprinklers about every 2 weeks from date of
planting until mid-September. Trifluralin at
the rate of 1.12 kg/ha was soil-incorporated a
day before transplanting the squash seed-
lings.

All parents and F, progenies were injured
by trifluralin and exhibited restricted root
growth, severe wilting on hot days, and
stunted growth (Table 1). Many of these in-
jured plants died later. ‘La Primera’ was
slightly less susceptible than the Butternut
cultivars. Plant injury was slightly less severe
in the field (Expt. 2) containing the ‘La Prim-
era’ X ‘Waltham’ progeny than in the other
field (Expt. 1). This may have been due to the
slightly higher organic matter content in this
field.

Clear bimodal distributions of susceptible
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Table 1.
Cucurbita moschata cultivars.

Frequency distributions of response to trifluralin herbicide in parents, F,, F, and BC, generations of crosses of

No. of plants in injury classes”

Generation 1 2 3 4 5 6 7 8 9 10
Expt. ]
LaPrimera (P,) 10 6
Butternut Ponca (P,) 15
F, (P, xP5) 2 21
F, (P, xP;) 12 1 7 2 20 54
BC, (P, xP,)x P, 2 2 1 19
Expt.2
La Primera (P,) 1 1 I 7 1
Butternut Waitham (P;) 1 13 5
F (P, xP;) 1 5 11 4
F, (P, xPy) 9 1 1 1 3 57 20
BC, (P, xP;)xP; 4 2 1 2 3 8 3
“Plant injury rating scale: 1 = no injury; 2, 3. 4 = slight; 5, 6 = moderate; 7, 8, 9 = severe; 10 = complete kill.

and resistant plants occurred in the F, and
BC, generation of each cross (Table 1). A
considerable number of plants in these F, and
BC, progenies showed either no injury, or
were only slightly injured by the herbicide,
indicating resistance to trifluralin. A satisfac-
tory fit to a 13:3 ratio of herbicide-susceptible
and herbicide-resistant plants was observed in
each F, of the 2 crosses (Table 2). The BC,
progeny of both crosses and the combined
progeny, showed a satisfactory fit to a 3:1
ratio of the herbicide susceptible and her-
bicide-resistant plants (x> = 0.56, P. 0.3-
0.5) (Table 2). There was no evidence of het-
erogeneity in either the F, families (x* = .08,
P. 0.7-0.8) or the BC families (x> = 2.29, P.
0.1-0.2). However, the combined F, data did
not satisfactorily fit a 13:3 ratio due to a slight
deficiency of resistant plants.

These results suggest that a dominant gene,
designated T, was primarily responsible for
resistance to trifluralin toxicity, but was not
expressed in the presence of a dominant in-
hibitor gene symbolized as I-T. It is
hypothesized that resistant plants are
homozygous recessive i-¢ i-t in the presence
of dominant 7. Any other state of the alleles at
these 2 loci would determine susceptibility. It
is hypothesized that the genotype of ‘La Prim-
era’ is/-TI-T T T and 2 Butternut cultivars are
i-t i-t t t. The Butternut cultivars would have
to be homozygous recessive at both loci in

order to obtain a 3:1 ratio of susceptible and
resistant plants in the backcross progeny de-
rived from the backcross of the F, to these
cultivars.

These results suggest that the major gene T,
present in ‘La Primera’, and determining re-
sistance to trifluralin injury could be transfer-
red to susceptible Butternut cultivars by
means of a backcross program. We did not
detect any unfavorable association of traits in

the segregating generations. In order for this
resistance to be more generally useful, it
would need to be expressed in direct field-
seeded-plantings. The introduction of trif-
luralin resistant Butternut cultivars, either
grown from transplants or from field-sown
seeds, would permit the use of this herbicide
to overcome some of our present grass weed
control problems in squashes.
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Table 2.  Segregation for response to trifluralin in progenies derived from crosses of Cucurbita moschata cultivars.
No. plants observed Expected
Generation Susceptible Resistant ratio” N P

Expt. 1

LaPrimera (P,) 16

Butternut Ponca (P) 15

F (P, xP;) 23

F, (P, xP;) 83 13 13:3 1.40 .10~-.20

BC, (P, xP;)x P, 22 2 3:1 2.72 .05-.10
Expt. 2

LaPrimera(P,) 11

Butternut Waltham (P5) 19

F, (P, xP3) 21

F, (P, xP3) 81 1 13:3 2.36 .05-.10

BC, (P, xP;)xP; 16 7 3:1 0.13 7-.8

“Assuming the following genotypes, where the dominant gene T confers resistance to trifluralin and /-T is a dominant in-

hibitor.
LaPrimera [-TI-TTT
Butternut Ponca i-ti-r 1t
Butternut Waltham /-7 i-t t 1

YCorrected chi-square obtained by subtracting 0.5 from the absolute value of each deviation prior to squaring the devia-

tion.
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