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Sommary. Eighteen hybrid onion and
23 open-pollinated (OP) varieties
were tested in southern New Mexico
for plant characteristics, disease
resistance, and bulb yield in order to
determine if hybrid varieties outper-
formed OP varieties. Varieties were
short- to intermediate-day in their
bulbing response and were planted in
the fall seasons of 1997 and 1998 and
harvested the following May or June.
Varieties were grouped based upon
their relative maturity for fall-planted
onions grown in southern New
Mexico (early, intermediate, late).
They were planted two (1998) or four
(1997) rows per plot with plots being
8 ft (2.5 m) long and 22 inches (56
cm) wide. Plant stand per plot, plant
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height of seven plants, and leaf
number of seven plants were mea-
sured 164 d after planting. Plots were
harvested when 80% of the plant tops
had fallen across all four replications
of a single population. At harvest,
number of seedstalks, number of
bulbs, pink root incidence, and total
bulb weight per plot were recorded.
After removing culls, the percentage
of marketable bulbs, marketable bulb
yield, and average bulb size were
determined. Hybrid varieties outper-
formed OP varieties for plant height,
and leaf number but not for percent-
age of seedstalks, pink root incidence,
percentage marketable yield, bulb size,
and marketable bulb yield. In this
study, most OP varieties perform as
well or better than most of the hybrid
varieties.

toplasmic male sterility in the

onion variety Italian Red by Jones
and Emsweller (1936) led to the com-
mercial production of hybrids (Havey,
1993). Before this time, all onion vari-
cties were open-pollinated (OP) vari-
eties. OP varieties offered little genetic
and marketing protection for seed com-
panies since these varieties could be
maintained by the grower or sold by
another seed company under another
name. The development of hybrid va-
rieties offered protection to the seed
company developing the hybrid, be-
cause the identity of the inbred lines
used to develop the hybrid was pro-
tected. In addition, the hybrid could
not be reproduced without the origi-
nal inbred parents. Another benefit of
hybrid varieties was the heterosis or
hybrid vigor for many important hor-
ticultural traits when compared to the
inbred lines used to develop the hybrid
(Aghora and Pathak, 1991;
Doruchowski, 1986; Dowker and
Gordon, 1983; Hosfield et al., 1977;
Hosfield etal., 1977; Jones and Davis,
1944; Joshi and Tandon, 1976). On-
ion suffers severe inbreeding depres-
sion with drastic decreases in growth,
bulb size, and seed production after
only two cycles of self-pollination
(Jones and Davis, 1944). An addi-
tional benefit of hybrid varieties was
their uniformity in plant and bulb char-
acteristics between plants (Jones and
Davis, 1944; Joshiand Tandon, 1976).
If the parents used to develop the
hybrid variety were uniform for plant
and bulb characteristics, then each plant
of the hybrid variety should be identi-

I n 1925, the discovery of cy-

cal genetically and the only variation
observed would result from environ-
mental effects. Therefore, onion hy-
brid varieties offered many benefits to
seed companies and growers.

The development of hybrid vari-
cties also presents disadvantages. The
development of inbred parents used
for hybrid production required more
time than the development of OP va-
rieties (Pike, 1986; van der Meer,
1994). Inaddition, hybrid seed is more
expensive to produce than seed from
OP varieties (van der Meer, 1994). As
aresult, the price of hybrid seed is two
to three times higher than the price of
OP variety seed. Hybrid varieties were
shown to exceed their inbred parents
in terms of plant growth, bulb yield,
and bulb quality (Jones and Davis,
1944;Joshiand Tandon, 1976). How-
ever, the plant and bulb characteristics
of hybrid varieties did not exceed the
same characteristics of OP varieties
(Binkley and Jones, 1945; Sypien et
al., 1978; Dowker and Fennell, 1981;
Dowker and Gordon, 1983). As a
result of these disadvantages, hybrid
onion varieties have not been grown in
many parts of the world because of
their prohibitive cost to local growers,
and lack of superior plant and bulb
benefits as compared to OP varieties
(Dowker and Gordon, 1983; van der
Meer, 1994).

Each year, New Mexico grows
7,000 to 8,000 acres (2,834 to 3,239
ha) of onions with a total of 160,000
to 180,000 tons (145,455 t0 163,636
t) produced and a value of $43 to $53
million (U.S. Dept. Agr.,2000). New
Mexico has a long history of growing
OP Grano onion varieties that were
selected from ‘New Mexico Early
Grano’and ‘New Mexico White Grano’
(Corgan et al., 1997). Recently, hy-
brid varieties from commercial seed
companiesare being sold and grown in
New Mexico for onion bulb produc-
tion. OP and hybrid varieties have not
been compared for their plant and
bulb characteristics in this area. A
multiyear, fall-planted study was con-
ducted to compare the number of
leaves per plant, average plant height,
bolting percentage, pink root disease
incidence (Phoma tevrvestris E.M.
Hans.), percentage of marketable
bulbs, bulb weight, and marketable
yield of hybrid and OP onion varieties
grown in southern New Mexico. The
objective of the study was to deter-
mine if hybrid varieties outperform



Table 1. Mean values for initial plant stand, plant height, leaf number, days to plant maturity, final plant stand, percent-
age of seedstalks, pink root rating, percentage marketable yield, marketable yield per acre, and bulb weight for open-

pollinated and hybrid varieties.

Initial plant Plant Leaf Maturity Final plant
Source stand (%)”* height (in)" number (d) stand (%)*
Open-pollinated 89.7 13.0 52 151 83.3
Hybrid 88.7 14.8 5.5 144 84.6
F ratio NS 122.5™ 38.9™ 1027 NS

Marketable
Seedstalks Pink Marketable yield/acre Bulb weight

Source (%) root yield (%) (no. 50-1b sacks)" (oz)"
Open-pollinated 9.8 3.1 87.6 1182 13.3
Hybrid 385 3.1 79.9 837 14.1
F ratio 198.0"" NS 379 68.6™" NS

“Initial plant stand per plot at 164 d after planting.
¥1.0 inch = 2.54 cm.

*Final plant stand per plot at harvest.

%0.056 (no. 50-1b sacks/acre) = t-hal.

V1.0 0z =28.35 g.

" Nonsiginficant or significant at P = 0.001, respectively.

OP varieties in terms of plant and bulb
traits when grown in southern New
Mexico.

Materials and methods

Forty-one onion open-pollinated
(OP) (23) and hybrid (18) varieties
(Table 1) were seeded on 16 Sept.
1997 and 15 Sept. 1998 at the Fabian
Garcia Agricultural Science Center in
Las Cruces, NM. Companies contrib-
uting varieties included New Mexico
State University (NMSU), Petoseed
Company (Peto) (Woodland, Calif.),
Rio Colorado Seeds (RCS) (Bakers-
field, Calif.),and Shamrock Seed Com-
pany (SSC) (Salinas, Calit.). The early
planting date was chosen to evaluate
entries for bolting resistance. Plots were
8 ft (2.5 m) long and 22 inches (56
cm) wide with four (1997) or two
(1998) rows equally spaced apart on a
raised, shaped, standard vegetable bed.
Plots were separated by 2 ft (0.6 m)
alleys within the bed and 2 ft furrows
between beds. Seedlings within the
plot were thinned on 25 Nov. 1997
and 18 Nov. 1998 to 4 inches (10 cm)
between plants. Plants were grown
using standard cultural practices for
growing fall-planted onions in south-
ern New Mexico (Corgan and Hol-
land, 1990; Corgan et al., 2000;
Cramer et al., 1998a, 2000). Plots
were irrigated as needed using drip
irrigation. They were fertilized with
30 ppm (mg-kg!) of URAN (urea and
ammonium nitrate) 32 (32N-0P-0K)
as needed. Before planting,
diammonium phosphate (18N-20.1P-
0K) was applied at a rate of 250 Ib/
acre (46 kg-ha'). Immediately after

planting, DCPA was applied at a rate
of 8 Ib/acre (1.5 kg-ha'). During the
growth of the crop, permethrin was
applied at a rate (a.i.) of 0.7 oz/acre
(42.7 mL-ha) to control onion thrips
(Thripstabacilindeman) populations.
To facilitate harvest and to main-
tain plot to plot competition effects,
varieties were grouped based on ap-
proximate bulb maturity for fall-
planted onions grown in southern New
Mexico (early, intermediate, late).
Within each grouping, varieties were
arranged in a randomized complete
block design with four replications.
Eleven OP and 14 hybrid varieties
were included in the early-maturing
group, while eight OP and three hy-
brid varieties were included in the in-
termediate-maturing group. One hy-
brid and four OP varieties were in-
cluded in the late-maturing group.
On 28 Feb. 1998 and 26 Feb.
1999 (164 to 165 d after planting),
the total number of plants was counted
for each plot. In addition, five plants
were randomly selected from each plot,
and the number of leaves and plant
height (from soil line to end of tallest
leaf) were measured for each plant.
The tallest and shortest plants in each
plot were selected also, and the num-
ber of leaves and plant height were
measured for those plants. An average
plant height and number of leaves per
plant was calculated for each plot.
Before harvest, the approximate
date of maturity (80% of tops down)
was calculated for each plot. All four
replications of a particular variety were
harvested when all of the plots exhib-
ited 80% of the plants with their tops

down. In addition to bulb maturity,
the number of plants with flower scapes
was counted. The percentage of flower
scapes, a measure of bolting, was cal-
culated by dividing the number of
plants with scapes by the total number
of plants per plot.

Varieties in the early-maturing
group were harvested on 19 and 26
May 1998, and 14 and 25 May, and 3
June 1999, while varieties in the inter-
mediate-maturing group were har-
vested on 27 May and 4 June 1998,
and 25 May, 3, 8, and 15 June 1999.
Allvarieties in the late-maturing group
were harvested on 22 June 1998, and
22 and 25 June 1999. Before harvest,
plots were undercut with arod-weeder
to disrupt the root system and facili-
tate harvesting. Once bulbs were re-
moved from the ground, the total
number was counted. Twenty-five ran-
domly selected bulbs per plot were
rated for pink root incidence using a
subjective rating of 1 (no pink roots)
to 9 (all roots infected). After the pink
root reading, bulb tops and roots were
clipped, and bulbs were placed in brown
burlap sacks for field curing. Bulbs
were cured at field conditions for 4 d.
After curing, the total bulb fresh weight
was measured for each plot. After-
wards, bulbs were graded to remove
culls (diseased bulbs, bulbs under 1
inch (3.8 cm) in diameter, split bulbs,
double bulbs). The number of culls
was subtracted from the total number
of bulbs to yield the number of mar-
ketable bulbs per plot. The marketable
bulbs per plot were weighed to mea-
sure the marketable fresh weight per
plot. The percentage of marketable



yield was calculated by dividing the
marketable weight per plot by the total
weight per plot. The average bulb
weight was calculated by dividing total
marketable bulb weight by total mar-
ketable bulb number per plot.

The means for each trait over four
replications were calculated for each

variety and for the sum of varieties
within each variety type (OP or hy-
brid) using the Proc Means statement
of the SAS statistical software (SAS
Institute, Cary, N.C.). Within each
variety type, differences between vari-
cties were calculated for each trait us-
ing the Proc Anova statement of SAS.

In addition, a protected Fisher’s least
significant difference (£sp) mean sepa-
ration test was calculated at the 5%
level for each trait using SAS.

Results and discussion

Hybrid varieties were taller [ 14.8
inches (37.6 cm)] and plants had more

Table 2. Source, maturity group, plant stand, plant height, leaf number, and maturity date for open-pollinated and
hybrid onion varieties tested during 1998 and 1999.

Maturity Plant Plant Leaf Maturity
Entry Source” group stand (%)” height (in)* number ()"~
Open-pollinated
NMSU 97-7 NMSU Inter. 89.2 11.9 49 145
NMSU 97-9 NMSU Early 89.6 12.3 5.3 144
NMSU 97-12 NMSU Late 88.2 13.1 52 168
NMSU 97-19 NMSU Late 85.0 12.5 55 166
NMSU 97-27 NMSU Late 83.6 11.8 5.7 173
NMSU 98-12 NMSU Early 88.7 15.4 5.4 134
NMSU 98-13-1 NMSU Early 86.8 13.6 5.5 143
NMSU 98-15-1 NMSU Early 88.2 13.5 5.3 141
NMSU 98-20 NMSU Inter. 84.4 12.0 48 156
NuMex BR1 NMSU Early 89.2 12.6 5.2 145
NuMex Crispy NMSU Inter. 96.5 12.5 4.6 154
NuMex Dulce NMSU Inter. 90.1 12.9 4.8 157
NuMex Luna NMSU Late 83.1 14.0 5.3 171
NuMex Mesa NMSU Early 85.5 12.9 5.0 143
NuMex Starlite NMSU Inter. 81.6 12.1 5.1 150
NuMex Sunlite NMSU Early 96.2 13.0 5.4 143
NuMex Sweetpak NMSU Early 87.5 14.0 5.2 144
NuMex Vado NMSU Inter. 91.1 13.3 4.9 157
Texas Early White Peto Early 96.4 13.9 5.1 147
Cardinal SSC Inter. 90.2 11.3 49 149
Caribou SSC Inter. 92.1 12.6 5.2 149
Daybreak SSC Early 97.7 13.1 5.2 145
Ibex SSC Early 100.0 13.5 5.4 143
Hybrid
Chula Vista Peto Early 94.0 13.8 5.4 147
Lexus Peto Early 91.9 14.9 5.6 149
Linda Vista Peto Early 94.4 14.1 5.7 147
Don Victor RCS Early 81.5 16.3 5.7 139
Excalibur RCS Early 87.1 16.3 5.5 143
RCS 1908 RCS Early 935 15.6 5.6 137
RCS 1006 RCS Early 77.7 13.7 5.2 142
RCS 5721 RCS Early 79.2 16.8 5.8 135
RCX 3069-E RCS Early 94.1 16.9 54 132
RCX 5758 RCS Early 98.6 16.1 55 143
RCX 5763 RCS Early 86.5 14.1 5.6 135
RCX 5797-2 RCS Inter. 84.9 14.4 5.3 152
RCX 5799 RCS Early 934 15.8 5.5 145
RCX 6783 RCS Inter. 90.8 14.3 5.3 146
Buffalo SSC Early 85.3 12.3 5.6 138
SSC 6094 SSC Inter. 77.2 13.9 5.6 151
SSC 6095 SSC Late 91.9 14.3 5.3 165
SSC 6200 SSC Early 95.3 14.1 5.1 142
Overall mean 89.3 13.8 5.3 148
Overall £sB 11.6™ 3.1 04" 3

(5%)

“NMSU = New Mexico State University, Peto = Petoseed Company, RCS = Rio Colorado Seed Company, SSC = Shamrock Seed Company.

VInitial plant stand at 164 d after planting.

*1.0 inch = 2.54 cm.

“Number of days from 1 Jan.

**"**Significant at P= 0.01 or 0.001, respectively.



leaves (5.5) than OP varieties [13.0
inches (33.0cm)and 5.2, respectively |
4 months before harvest (Table 1).
However, this difference in height and
leat number did not correlate with a
difference in marketable yield or bulb
size (Table 1). OP varieties possessed

a greater percent marketable yield
(87.6%) and total marketable yield
[1182 50-Ib sacks/acre (66.2 t-ha')]
than hybrid varieties [79.9% and 837
50-1b sacks/acre (46.9 t-ha), respec-
tively] (Table 1). Hybrid varieties had
taller plants and greater leaf numbers,

but did not produce greater yields.
The difference in marketable yield be-
tween the two groups was partially
attributed to the difference in seedstalk
production (Table 1). OP varieties
used in this study were adapted to the
growing conditions in southern New

Table 3. Plant stand, percentage of seedstalks, pink root rating, percentage marketable yield, marketable yield per acre,
and bulb weight means for open-pollinated and hybrid onion varieties tested during 1998 and 1999.

Marketable
Plant Seedstalks Pink Marketable yield/acre Bulb wt
Entry stand (%)” (%) root yield (%) (no. 50-1b sacks)’ (oz)*
Open-pollinated
NMSU 97-7 94.0 1.1 4.3 88.5 1038 8.8
NMSU 97-9 83.5 1.6 2.7 82.9 1062 10.5
NMSU 97-12 65.0 10.7 31 89.3 940 12.1
NMSU 97-19 65.2 26.8 4.0 83.1 1079 17.9
NMSU 97-27 67.2 12.6 38 88.8 1285 17.3
NMSU 98-12 91.9 54 1.4 84.4 1017 9.6
NMSU 98-13-1 89.1 0.8 2.8 89.5 1498 134
NMSU 98-15-1 86.5 1.8 2.8 91.5 1485 14.0
NMSU 98-20 82.7 6.5 1.7 90.9 1581 15.8
NuMex BR1 93.8 1.5 2.9 89.2 1468 12.4
NuMex Crispy 90.1 13.2 1.9 85.8 1200 12.1
NuMex Dulce 78.8 8.8 35 84.9 1379 15.5
NuMex Luna 59.8 15.0 37 84.1 1028 16.6
NuMex Mesa 84.1 1.9 2.5 88.3 1447 14.0
NuMex Starlite 82.6 0.3 2.7 91.5 1659 15.8
NuMex Sunlite 95.3 0.1 3.0 91.7 1742 14.2
NuMex Sweetpak 80.9 239 29 78.8 951 13.1
NuMex Vado 81.1 18.3 3.3 86.8 1157 139
Texas Early White 89.2 43.9 2.4 85.5 753 11.9
Cardinal 75.0 0.4 6.2 86.3 853 8.7
Caribou 79.9 11.1 2.7 92.5 1187 13.1
Daybreak 98.0 16.2 2.5 89.6 1344 12.8
Ibex 100.0 31 3.6 89.9 1581 12.3
Hybrid
Chula Vista 88.3 48.7 2.4 74.6 670 13.0
Lexus 84.2 59.8 2.2 75.1 587 15.8
Linda Vista 82.6 54.3 2.7 81.4 649 14.2
Don Victor 81.4 52.7 2.8 84.7 944 16.7
Excalibur 91.3 59.1 2.5 90.3 774 15.2
RCS 1006 89.2 40.0 2.7 56.7 430 9.3
RCS 1908 83.5 36.1 37 91.6 1123 15.0
RCS 5721 81.9 22.0 39 74.0 849 12.2
RCX 3069-E 94.0 12.1 1.7 74.0 1168 12.5
RCX 5758 97.1 329 3.0 87.6 1328 16.0
RCX 5763 89.6 19.2 1.9 88.7 1110 11.9
RCX 5797-2 79.2 56.6 3.0 71.7 691 16.8
RCX 5799 93.0 21.3 2.3 82.9 1251 14.0
RCX 6783 924 325 1.9 88.4 1391 15.8
Buftalo 71.2 1.0 7.3 87.2 849 10.4
SSC 6094 76.2 51.9 35 75.7 625 12.3
SSC 6095 55.7 65.9 38 69.0 366 19.5
SSC 6200 91.9 27.3 4.7 84.5 1087 12.9
Overall mean 83.9 224 3.1 84.2 1031 13.6
Overall £sb 15.6™" 11.4™ 0.9 9.3 262" 24"

(5%)

“Final plant stand per plot at harvest.
¥0.056 (no. 50-1b sacks/acre) = t-ha'l.

1.0 0z =28.35g.

“*Significant at P = 0.001.



Mexico and as a result produced fewer
seedstalks (9.8%) than hybrid varieties
(38.5%) that were not adapted. The
greater adaptation of the OP varieties
may have also resulted in the greater
percentage of marketable yield than
the hybrid varieties. Hybrid varieties
on average did produce larger bulbs
than OP varieties (Table 1).

On average, hybrid varieties ma-
tured carlier (144 d) than OP varicties
(151 d) (Table 1). This difference is
partially due to the efforts of the NMSU
onion breeding program to develop
later-maturing varieties that are fall
planted (Corgan et al., 1997; Cramer
et al., 1998b). More of the later-ma-
turing varieties were OP rather than
hybrid varieties. Several of the hybrid
varieties (e.g., ‘Chula Vista’, ‘Lexus’,
‘Linda Vista’) grown in this study were
developed for areas that harvest before
New Mexico.

The pink root ratings between
the two groups were similar (Table 1).
The rating for OP and hybrid varieties
averaged 3.1 (Table 1). Most of the
hybrid varieties possess good pink root
resistance (Table 3), because other
onion production areas besides New
Mexico have pink root disease prob-
lems so commercial seed companies
are developing varieties with high lev-
els of pink root resistance. One of the
breeding objectives of the NMSU on-
ion breeding program has been to
release OP varieties that possess good
to excellent pink root resistance
(Corgan et al., 1997; Cramer et al.,
1998b).

Although trait differences existed
between OP and hybrid varieties, trait
means within each group varied con-
siderably such that trait values over-
lapped between the two variety types.
For example, plant height of the OP
varieties ranged from 11.3 inches (28.7
cm) (‘Cardinal’) to 15.4 inches (39.1
cm) (NMSU 98-12) while the height
range of the hybrid varieties was 12.3
inches (31.2 cm) (‘Buffalo’) to 16.9
inches (42.9 cm) (RCX 3069-E) (Table
2). In addition, leaf number per plant
of the OP varieties ranged from 4.6
(‘NuMex Crispy’) to 5.7 leaves
(NMSU 97-19) while the leaf number
ofthe hybrid varieties ranged from 5.1
(SSC 6200) to 5.8 leaves (RCS 5721)
(Table 2).

Several OP and hybrid varieties
performed well in this study and could
be recommended for production in
southern New Mexico. For the OP

varieties, ‘Ibex’, NMSU 98-13-1,
NMSU 98-15-1, NMSU 98-20,
‘NuMex BR1’, ‘NuMex Dulce’,
‘NuMex Mesa’, ‘NuMex Starlite’, and
‘NuMex Sunlite’ produced high yields
of marketable bulbs, a high percentage
of marketable bulbs, large bulb size,
good bolting resistance, and a low
incidence of pink root disease (Table
3). For the hybrid varieties, RCX 5758,
RCX 5799, and RCX 6783 produced
high yields of marketable bulbs, large
bulbs, and alow incidence of pink root
disease (Table 3). The bulb yield per
plot would have been greater if the
percentage of seedstalks was lower.
The percentage of seedstalks for the
hybrid varieties might have been lower
if the populations were planted later.
However, a later planting may also
result in decreased bulb size as com-
pared to earlier plantings.

From previous studies, hybrid
onion varieties have exhibited hybrid
vigor and have outperformed inbred
lines used in the hybrid development
process (Jones and Davis, 1944; Joshi
and Tandon, 1976; Hostfield et al.,
1977; Dowker and Gordon, 1983;
Doruchowski, 1986; Aghora and
Pathak, 1991). However, hybrid vari-
eties have not consistently outper-
formed locally adapted OP varieties
(Binkley and Jones, 1945; Sypien et
al., 1978; Dowker and Fennell, 1981;
Dowker and Gordon, 1983). OP vari-
cties, unlike inbred lines, do not suffer
inbreeding depression for yield and
vigor, because genetic variation is main-
tained through cross-pollination
among individuals within the variety.
However, OP varieties may lack the
uniformity for maturity, pink root re-
sistance, firmness, and bulb shape that
hybrid varieties possess. In our study,
hybrid varieties expressed vigor for
plant characteristics and bulb size but
did not outperform OP varieties for
bolting resistance, pink root resistance,
and bulb yield. Most of the OP variet-
ies were developed in this area and are
particularly well adapted to this area
while the hybrid varieties were gener-
ally developed in other areas. For on-
ion production in southern New
Mexico, OP varieties generally per-
formed as well as, if not better, than
hybrid varieties.
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