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Abstract:

Causes of poor utricle fill were studied in fourwing saltbush (Atriplex canescens (Pursh) Nutt).
Experiments were conducted to determine if differences in chromosome numbers were causing fertility
problems in fourwing saltbush accession PI-15585 and nutall's saltbush (Atriplex nutalli Watson). The
percentage of viable pollen, flowering period for female and male plants and optimum temperature for
pollen shed were determined for accession PI-15585 in relation to utricle fill. The fertility of
monoecious plants and the morphology of native saltbush plants were also studied. Southwestern
accessions of fourwing saltbush were evaluated for seed production in Montana.

The chromosome number of fourwing saltbush accession PI-15585 was 2n=36 and nutall's saltbush
appears to have a chromosome number of 2n=18. If these two species were to cross, the progeny could
be semi-sterile. Morphological characteristics of native plants near Circle and Bridger, suggests that
these two species could cross and result in the low utricle fill associated with Montana Accession
PI-15585. Approximately 95 percent of the pollen shed by fourwing saltbush was viable.

The male and female plants flower for about 24 days and they flower during the same period. Optimum
temperature for peak pollen shed was between 16 and 19C. There appears to be no association between
pollen factors and poor utricle fill. Irrigation appears to improve utricle fill based on three years of
study at Bridger, Montana. The one monoecious plant which produced seed in isolation was self-fertile
and had above average utricle fill. Native fourwing saltbush plants in Montana could be hybrids
between A. canescens and A. nutallii. This may account for the low utricle fill in native populations.
According to one year's data, accessions from the southwestern United States did not mature at Bridger,
Montana, and would not be suitable for seed production in Montana.
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ABSTRACT

Causes of poor utricle fill were studied in fourwing saltbush
(Atriplex canescens (Pursh) Nutt). Experiments were conducted to deter-.
mine if differences in chromosome numbers were causing fertility ptro-
blems in fourwing saltbush accession PI-15585 and nutall's saltbush
(Atriplex nutalli Watson). The percentage of viable pollen, flowering
period for female and male plants and optimum temperature.for pollen
shed were determined for accession PI-15585 in relation to utricle
"fill. The fertility of monoecious plants and the morphology of native
saltbush plants were also studied. Southwestern accessions of four-
wing saltbush were evaluated for seed production in Montana. -’

The chromosome number of fourwing saltbush accession PI-15585

was 2n=36 and nutall's saltbush appears to have a chromosome number of
2n=18. If these two species were to cross, the progeny could be semi-
"sterile. Morphological characteristics of native plants near Circle and
Bridger, suggests that these two species could cross and ‘result in the
low utricle fill associated with Montana accession PI-15585. - Approxi-
mately 95 percent of the pollen shed by fourwing saltbush was viable.
The male and female plants flower for about 24 days and they flower
during the same period. Optimum  temperature for peak pollen shed was
between 16 and 19C. There appears to be no association between pollen
factors and poor utricle fill. Irrigation appears to improve utricle
fill based on three years of study at Bridger, Montana. The one mono- .
ecious plant which produced seed in isolation was self-fertile and had
above average utricle fill. Native fourwing saltbush plants in Montana
could be hybrids between A. canescens and A. nutallii. This may account
for the low utricle fill in native populations. According to one year's
data, accessions from the southwestern United States did not mature at
Bridger, Montana, and would not be suitable for seed production in
Montana.
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INTRODUCTION

Fourwing saltbush (Atripléx caneécens (Pursﬁ)'Nutt),is.a val-
uable shrub for revegefaéion of ranges aﬂd strip—miﬁed areas iﬁ aiiq
and'semi-aria climates. IE has good-d;ought_tpleranée and“is.adépted
to a.widg spectrum' of climafic conditions. Fourwiﬁg saltbush is one
of the mﬁst palatable southweétern shrubs‘ana its leaves, étem33 ana
utricleéare readily eaten by 1i§eétock and wildiife; Profein;pér»
centages have been repqrtéd as high as 15'peréent in #he 1ea§es auriﬁg

;he‘winter.

Many plantings of fourwing saltbush from seed have been unsuccess-

ful because of poor utricle £i11, dormancy and low germination..»UtricleA_' i

" £fill has been impréved by removing imfilled utriéiesiby'a mechanical’
process. Utric¢le £fill is.probably cqntrolled‘genetically and may‘be‘
inflﬁenced‘by climatic conditions. - | |

Utricle fill must be improved if.fourwihg saltbuéh is to becoﬁe
easily established from seed on ranges and strip;mined areas. The
main objective of this study was to determine causes 6f 1ow.ﬁtric1é
fill and if utricle fill cogld be improved. .The folloﬁing stq&ies
were conducted to accémplish that objectivé. L - |

1. Determine if infertility was due fo inéoﬁpétible chromosqﬁe'

pairing. |
2. Determine the percéntage.of viab1e bo11éﬁ.
3; Determine the requireﬁents for magimum pollen shéd.

4, Determine if male and female plants flower at the same'time;
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and for what length of time.

. Determiﬁe if irrigation would increase utricle fill.

Determine if morphologieal_charécteristics of native salt-.

~bush populations indicate that crossing between species is a
" cause of low utricle fill,

" Determine if accessions from the southwestern United States

can produce seed in Montana. =




LITERATﬁRE REVIEW

Fourwing séltbush is one of thé mosthpalétable and_prdauctiye
browse plants known to man and is adapfed t6 a wide variety of qlima%ic
conditionsi' Its large range of adéptation.extéﬁds from the Greét Plains
on the east, to the shores of the Pacific on the west, and from below sea
level on the Mojave desert.to the high mountain afeas‘in the western
United States 613, 14).

Fourwiﬁg saltbush ié important_in the revegetatién of strip-mined
areas and ranges throughout the western United States (16). Livestock
readily eat the stems, leaves and utricles (1, 3; 4; 5, 6? 11, 21) .-
Protein levels have'been reported to remain high -throughout the year in
thenleaves and stems (13). However, Gamrath (8)-found that protein

levels dropped drastically in Montana in late August.

General Description of Fourwing Saltbush

Hall and Clements (9) divide Atriplex canescens (Pursh) Nutt into
five sub-species on the basis of morphoiogical characteristics. A. .
canescens typica is a shrub 4 to 15 dm high and is located throughout
North America. It is the most common sub-species‘and is distingdished
by lanceolate shaped leaves, éefinite fourwiﬁéed appen@ages on the
fruiting bracts, and fruiting bracts which are exfeﬁded on pgdicels.

A. canescens ssp. aptera Nelson is a woéd éhrub 2 to 4 dm‘higﬁ.
This type is commonly found in Mentana, ﬁashington,‘and Wybming. Hall
andICIements‘(9).indicate it may be a-cross between nutall's saltbﬁsh~
. and fourwing saltbush because of its low growth form, fruiting bracts

. which lack fourwinged appéndages, and sessile fruiting bracts.
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The other sub-species'are difficult to distinguish morphologically
and are only located in isolated areas. The main difference among sub-
'. spécies is in plant heights.

Fourwing saltbush ‘is primarily dioecious, with the distribution

‘of the sexes about equal (9, 13, 14). Gamrath (8), however, reports

" about 20 percent of the plants being monoecious in accession number

PI-15585 grown at thg Bridger'Plant Materials Center, Bridger, Montana.
Withiﬁ.the dioecioué group male and female plants were distributed
equally. ‘

Male -plants produce small yellowish staminate flowers on ‘the end
of stems on the current year's growth (8). TFemale plants'p;oduce cﬁﬁ-_
spicﬁous clustefs of fourwinged, one-celled pods known as'utriéles;
which contain the seeds (5).

Seed and leaf 'size vary greatly from area to area, plant_ﬁo plant,
.and within a plant (165.. The number of utricles per pound averages
55,000 and the seed itself is about one-half the size of alfalfa seed
(13). Utricle fill in Montana is somewhat lower than that found in .
Utah by Plummer (13).

Variation in growth form has been.reported by a number of people
(8, 13, 16). The fourwing saltbﬁsh'found in Montana has many differen;
1eaf.sﬁgpes‘and sizes;:plant heigh; varies from 3 td 12 dm, and utricle
sh;pe and size show gfeat~variation‘(8). Stutz (205 reported that |

Gigas A. canescens may reach a height of 30 dm. This species is located

on the sand dqnes in Utah.
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Fourwing saltbush has high drought télerapce; Its root system
-penetrates to great depths for water, and it ﬁas the ability fo store
water in its woody sfélks and leaves (52). | |

‘Fourwing saltbush will hybridize with a number of other salt-
_bush species and will produce fertile progeny. Femaile fourwing saltbush
plants were bagged and hand pollinated with pollén from the foliowing
species; A. garrettii, A. gardmeri, A. coﬁfertifélia, A. éuneafa, and

A. falcata. Limited fertility resulted from these crosses (7). No

exact statements were made as to peréentages of fertile crosses. Four-

wing saltbush will also hybridize with greasewood (Sarcobatus vermiculatus)
(11).

Causes of Poor Establishment

Fourwing saltbﬁsh has been a difficult plant to establish from
seed (17). foor utricle £ill, seed dormancyAin newly harvested seed
(10 to 12 months after harvest) and slow germination are 511 causes of
poof establishment (16). The=utridle or outer covefing surrounding the
seed is-extremely.hard-and slows germination (16). Gamrath (8) showed
that dewinging of the utricles increased speed of germination (8).f
After dewinging, the utricles were placed on a gravity table to éeparate
1fght from heavy utricles. Heayy utricles héd 95 percent seed fill and
light utricles had 23 percent seed fill. Smaller but not the lightest
utricles had the highest percent of fill (8). Foﬁfwing saltbush can
" be germinated at 15, 20 or 15-25C (2,°8). |

Date of harvest affects utricle fill and germination percentages
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(8). Utricle fill was highest when utricles were harvested on August
17 and declined after that date (8). Highest germination however, was
obtained when utricles were harvested on October 1 (8). Springfield
(16) reports that utricle fill is possibly under genetic control. He
showed that the largest utricles on a plant had the highest percent
fi11l., Soaking seeds for eight hours in water did not affect germination.
He concluded thaf germination inhibitors were not removed by soaking in
water. He was unable to correlate utricle fill with elevation, annual
precipitation, or latitude of collection site. Storage of seed near
12C will improve speed of germination as will dewinging of utricle;
however, total germination wés not increased (16). Other factors which
may affect the germination of fourwing saltbush are embryo dormancy,

temperature, moisture, and age of seed (16).

Morphology of Nutall's Saltbush (A. nutallii) and Fourwing Saltbush (A.
canescené)

Hall and Clements (9) describe fourwing saitbush as an erect shrub,
woody throughout, with numerous scurfy leaves alternate or sessile,
linear to spatulate or oblong in shape. Flowers are geherally one-
nerved and dioecious (rarely monoecious), staminate flowers are found in
dense spikes on long terminal panicles. Female flowers are non-showy,
dense leafy~bracted spikes and panicles; perianth &4 or 5 cleft in stam-
inate flowers., Utricles are subsessile or stalked and free tips project
as wings. The utricle face is smooth or with small projections between

wings.
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Nutall's saltbush is described as an erect or slightly spreading
sub-shrub, woody at the base, with ascending stems mainly herbaceous.
Leaves are scﬁrfy in appearance and spatulate or ovate in shape. Flowers
mostly dioecious (rarely monoecious), staminate flowers appear in term-
ihal spikes. Pistillate flgwers on long, compact terminal spikes and
spike=~like ﬁanicles. Utricles are generally sessile but one sub-species
has been known to have stalked utriéles (9).

The Genetics of Atriplex sp.

Fourwing saltbush_apparently has a broad geﬁetic base which makes
it adaptable to many climatic condigions. Cytological studies are being
completed on many Atriplex species. The basic chromosome number for
Atriplex is 9. Stutz (19) found that Gigas A, canescens has a chromo-
some number of 2n=18 and that the typical A. canescens has a chromosome

number of 2n=36 (10, 11).




MATERIALS AND METHODS

Chromosome Number Déterminatibn of Atriplex sp.

Attempts were ﬁade.to determiﬁe:the chromosome number for the fdiidw-
ing types: .Accession PIr15585 ffom Bridggp, Montana; nutall's séltbush,
a selection from a native_sténd”nearABridger; and from'plan#s ha&iﬁé‘mor-
phological characteristics of both species which were coliected near
Circle, Montaﬁa, Seeds were germinated at 15-25C. Root tips were cut to
1 cm in length and pldced in oxyquinaline (21) for 4 fo 6 hours, aﬁd then-
placed in 5 percent aceto-carmine stain for 24 to 36 hours (15). Aféef
staining, root tips were placed in farﬁeré solution for one hour to set
the stain and to preservé them for later examination., Root tips were
placed in 10 percént HCL for eight minutes to break up the outsidé'iayer'
of cells. They were macerated using'a razor blade and dissecting needles.
The material was then transferred onto a microscopic slide and a"céver.
slip placed over the.ﬁaterial. Aceto-carmine was diffused under the
cover slip to keep the macerated tips ;oist and the cover slips were
sealed in pléce'with clear fingernail polish.

Cells containing chromosomes were located using 10 x magnification

and then viewed more carefully under high power and phase contrast.

Pollen-Study

The first study was to determine if sunlight and high‘temperatures.
would affect pollen viability. Microscope slides, with glycérine used
as an adhesive substance to catch pollen,:were placed at four random
'areas in a seed production field at Bridger, Montana, at 10:00 A.M., and

left until 4:00 P.M. Slides used as checks were set out and collected
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every hour to determine the percentage of viable pollen. Each slide was
"divided into three sections with a grease péncil for Eounting purposes.
A small drop of aceto-caimine stain was then applied to each slide and
one minute allowed before counting viable pollen grainé with the aid of
10 x magnification. Tﬁree areas were counted on each slide. Pollen
grains were considered viable if they stéiﬁed deep pink (15);

The second part of this study was to detérmine peak pollen shed
Quring the day. Three glycerine coated slides were placed in the field
at random and collected af two-hour intervals. Slides were set out in
two hour -intervals from 8-10, 10-12 AM,  12-2 and 2-4 PM.. Temperatures
were recorded at the beginning and end of each time period. Slides‘were
examined and stained as previously explainéd.

The third study was to determine the period of pollen shed and if
period of pollen shed coincided with the bloom of the'femaie f10Wef.
Glycerine coated slides were placed in the field from 11 AM to 5 FM at.
four randomly selected areas. The slides were collected and stained as
previously described. Female flowers were also selected at random in
the field during this time period and examined under the microscope. If
female flowers were extruding feathery stigmas without signs df‘deter-
joration, they were considered able to accept pollen.

The pollen experiments were analyzed as: 1) a factorial analysis,
2) a regressipﬁaanalysis‘where the number of pollen grains dispersed were
regressed on temperature, and 3) analysis of variénce using a Duncan's

Multiple range test for mean separation.
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Iryigation Study

This study was designed to determine the effect of irrigaéion
practices upon utricle fill and waé conducted at the B?idger Plaﬁt
Materials Center. IrrigatibnS'were applied.as.folloWSt none in 1972;.
twice in 1973, once on June iS,.just béfore flowering took place, and
again on July 20 after flowering was completed, twice. in 1974, during
flowefing on July 1 and after flowering on Jﬁly 24, - Envirommental con=-
ditions did not Vvary greatly during-the three years. .Three groups»of
75 utricles from each years seed harvest were cut and evaluated for seed .
£111 by cutting. |

Bisexual Plant Study

Self-fertility of bisexual plants waé studied. 1In the fall of
1972, a bisexual plant was selected from the seed production field at
Bridger, Montana, for its ability to produce a large number of utricles
and for its leafy éppearance. Male and female dioecious plants were also
selected. from the same field, using the same selection criteria. The
plants were carefully removed froﬁ the field by digging, and top growth.
was pruned back and the roots packed in moist vermiculite to keep them
moist. The plants were then taken to the Méntana-Staﬁe Uhiversity green-
house where the crown area of each plant was split into four equal farts..
These parts were put in a mist bench to allow thé root system to develop.
After three months, they'we¥e transplanted to pots and watered spafingly
until spring. On May 15, 1973; the clones were tranéplanted in the Cotton-

-wood Creek drainage, located approximately 15 miles southeast of Bridger.
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This area was chosen because of the absence of other saltbush plants.
Tﬁe plants were spaced one;fourth mile apart and randoﬁly arranged.
Plants were‘caged't0 protect them from livestock and rodénts; and the
plaﬁts were watered once a week until established. Séeds were collected
in the fall of 1974 and percent utricle fill determine&.-
Plant Mérphologz'Study

This study was conducted on native plants at Circle, Mbﬁtan;, and .
near Bridger, Montana. Both areas have plants with morphological charact~n
eristics of A, nutallii and A. canescens. | |

Seeds were collected and percent utricle fill was determined for
plants from both areas. Morphological characteristics studied to describe
_each plant included plant height, utricle shape and size, fruit ped-~
' ice}led or sessile, leaf shape, woody or herbaceous stems. The plants
ip this study were classified intoithree groups:

1. Type T which.closely resembled A. canescens.

2. Type IL which showed characteristics of both species.

3. Type III which élosely resembled A, nutallii.

Evaluation of Southwest Accessions of Fourwing Saltbush foir Seed Pro-

duction in Montana

The main objective of this sfudy was to determiﬁe if acczssions
from other areas could bg grown for seed production in Montana and to
determine if they could be combine harvested. Seeds of nine accessioﬁs
were obtained from piant material centers in the Southwest. Accessions

evaluated included, Utah’621,'Texas'104l, New Mexico 155, Utah 8871,
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Ar;zona 17279, California 32461, California 17364, and Arizona 15644.
Accession PL-15585 was used as the check.
.'A completely'fandomized block design with three replications was
“used. Plots were l.6 x 3.5 meters. The accessions were planted in

the spring of 1973 and harvested in the fall of 1974.




RESULTS

Chromosome Study

The chromosome number for fourwing saltbush accession PI-15585
‘was determined to be 2n=36 (Plates 1 and 2). Ch?omosome numbers of
native collections at Circle, Montana, were not obtained.

The nutall's saltbush seed collected near Bridger, Montana, appears
to have'a chromosoﬁe number of 2n=18. Several counts were made showing
2n=16 and 17. However, a photograph of- those éhromosomeswwas:not
oBtained._ |
Pollen Study

Eprsure to sunlight for one to five hours did not affect polien
viablility. The average viable pollen grain percentage was 96.0% for
the hourly checks and 95.5% for those slides left in the field for five
hours. Plate 3 shows a viable and a non-viable ﬁollen grain.

Optimum temperature for pollen shed ranged from 16 to 19C (Figure
15 and with an increase in temperature abovg this range, pollen shed
decreased. Pollen shed was associated with temperature but not with time
of day. A significant negative correlation coefficient for pollen shed
and temperature was found to be a -.77%. The correlation coefficient
forpollenghgd'and time of day was .34.

Few pollen grains were collected the first day because of low pollen
shed. On the second and third day pollen pro&ucfion peaked at the opti~-
mum temperature of 19C and decreased as temperature increased. On the
fourth day, thetemperatu&ewas close to pptimum for pollen shed during

the entire day, however; a rain shower stopped pollen shed.
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Plate 1. A phase contrast photomicrograph of mitotic metaphase in a
root tip cell of fourwing saltbush. The chromosome number
is 2n = 36 (magnification 3111 x).
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Plate 2. A schematic drawing of the cell in Plate 1. The two white
chromosomes cannot be seen on the photomicrograph because
they were on a different plane of focus.
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Plate 3. Fourwing pollen grains. A) Viable pollen grain and B) Non-
viable pollen grain.
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Pollen was Shéd from June 26 through July 16 (Table 1) and pollen
production was about the same for all dates except on July 16 when pollen
production was reduced. Pollen grains were not detected after.July 1a.

Female flowers selected at r#ndom throughout the field had recep-
tive stigmas from June 26 through July 16. Flowering distribution was
similar for both male and fémale plants. Plate 4 shows a stigma which
is receptive to pollen.
_ Irrigation Study

Timely irrigation of fourwiqg saltbush was necessary for utricle
.fill. In 1§72, when piants Were'ﬁot.irrigated, only 3% of the'utriéle
were filled. 1In 1973, when water was applied on June 15, before flowering
occurred, and July 20, when flowering was completed, 59% of the utricles
were filled (Table 2). With a somewhat similar irrigation regime in
1974, 50%-0f the utricles weré filled. Climatic conditions during the
three years of this study at Bfidger did not vary greatly.

Bisexual Plant Study

The one bisexual plant which produced seed in the Cottonwood Creek
area had a utricle fill of 50.6% compared to 32.0% for unprocessed
utricles for accession PI~15585 from the seed production field at_Bridger,
and 53.6% for the same utricles which were not processed (Table 3);
P1ates)5, 6, 7, and 8 show a sequence of flower morpholégy from bisexual
plants.

The bisexual plant appears to be fertile. The Cottonwood area is

extremely dry with an average annual precipitation of 15 cm. Other
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Table 1., Seasonal amount of fourwing saltbush pollen shed at three
random -areas on six dates in the seed production field
at Bridger, Montana in 1973.

Sampling - Area showing number of .pollen grains/slide

date I II III Means .
6/26 7.2 6.3 5.0 5.8a"
6/28 4.3 5.6 8.3 5.4
7/16 1.6 1.3 1.6 1.5b
7/18 0.0 0.0 0.0 0-c
7/23 0.0 0.0 0.0 0 c
8/1 0.0 0.0 0.0 0 ¢
Means 4.44 4,48 4 ,9a

Means with a letter in common are not significantly differenf at p=.05,
Duncan's Multiple range test. (Means for columns can not be compared
in those for rows). '

Table 2, Effect of irrigation on percent utricle fill of fourwing salt-
bush being grown at the Bridger Plant Materials Center, Bridger,

Montana.
Year - Irrigation q§tés % utricle £i1l
1972 '~ None 3.3
1973 ‘ June 15, July 20 59.3
1974 July 1, July 18 50.6

Table 3. Percent utricle fill of bisexual and diocescious plants sel-
ected from PI-15585,

Plant type_ % utricle fill
PI-15585
" Bisexual _ . _ 50.6

~ Unprocessed dioecious » , 32.0

Processed dioecious: (empty utricles removed) 53.6
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Plate 4. A stigma from a female fourwing saltbush flower which has a
feathery appearance indicating that it is receptive to pollen.
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Plate 5. A monecious fourwing saltbush plant showing (a) anthers of
a male flower and (b) exposed stigmas of a female flower.




Plate 6. Close-up view of a stigma from a female flower of a monoecious
fourwing saltbush plant.




Plate 7.
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Close-up view of the anthers of an unopened male flower of a
monoecious fourwing saltbush plant.
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Plate 8. Male flowers of a monoecious fourwing saltbush plant with
extruded anthers.
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plants transplamted to the Cottonwood Canyon did not set seed, were
injured by rodents or livestock, or died. Seed was not obtained from
any of the other bisexual or dioecious plénts.

Plant Morphology Study

Three categories or plant types were identified at Bridger aﬁd
Circle, Montang. These plant types had similar mofphological chafacter-
iséics regardless'qf the area in which they were grown. Plate 2 shows
the siteiwhere the three piant types were discovered at Circle. The
first type closely resembled nutall's salkbush (Pléfe 10). This type
had small to medium sessile'utricles (Plates 11 and 12). TUtricle fill
ranged from 17 to 24 percent (Table 4). Wing formation was not distinct
and all plants had'an elongated type of inf10¥escehce. Upright stems
were herbaceous with leaves ovate in shape.

The second group of plant types exhibited morphological character-
istics similar to those of both fourwing and nﬁtall's saltbush (Plate 13).
Utricles were small or medium with wings present which varied from dis-
tinct to minute (Plates 14 and 15). TUtricle fill ranged from O to 40
percent (Table 4). - Some plants had many pedicelled utricles but others
had sessile or minutély pedicelled utricles similar to type 1. All
plants had an elongated raceme type of inflorescence with herbaceous
stems. Leaves were ovate to spatulate.

The third type ciosely resembled.the fourwing accession PI-15585,
grown at Bridger, Montana (Plate 16). Utricles Were‘large witﬁ definite

wings with finger-1like projectioﬁs and were usually pedicillate. Utricles
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Plate 9.. The collection area near Circle, Montana, where the three
types of fourwing saltbuish were located; (a) Type III,
(b) Type II, and (c) Type I.




Plate 10. A Type I plant from the Circle collection which resembles
nutall's saltbush. It is low growing and herbaceous.
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Plate 11. The leaves and utricles from a Type I plant from a native
collection of fourwing saltbush at Circle, Montana.
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Plate 12. The leaves and utricles from a Type I plant from a native
collection of fourwing saltbush at Bridger, Montana.




Table 4. Morphological characteristics of three types of Atriplex
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species growing near Circle and Bridger, Montana.

Plant Types

1T IIT
Plant
characteristics Bridger Circle Bridger Circle Bridger Circle
Plants observed 2 4 3 3 2 4
Stems 2 4 3 3 2 4
Woody
Herbaceous 2 4 3 3
Inflorescence
Raceme 2 4 3 3
Elongate 2 4 2 3
Cluster 1
Utricle
Size
Large
Medium 2 2 3
Small 2 3
Wings
Lacking 4
Present 2 3 3
Large 3
Medium 2 4 3
Small 3
Serrated 2 4 3 3
Smooth
Utricle Attachment
Pedicled 1 2 3
Non-pedicled 2 3 1
Utricle Fill % 157 24 40 0




Plate 13.
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A Type II plant from the Circle collection which resembles
both A. canescens and A. nutallii. It is a more robust
plant with semi-woody stems.
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Plate 14. The leaves and utricles from a Type II plant from a native
collection of fourwing saltbush at Circle, Montana.
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Plate 15. The leaves and utricles from a Type II plant from a native
collection of fourwing saltbush at Bridger, Montana.




Plate 16. A Type III plant from Circle collection which closely
resembles accession PI-15585. It has woody stems and
greater plant height than Type II.
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Plate 17. The leaves and utricles from a Type III plant from a native
collection of fourwing saltbush at Circle, Montana.




Plate 18.
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The leaves and utricles from a Type III plant from a native
collection of fourwing saltbush at Bridger, Montana.
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had 0 to 48 percent fill (Table 4).‘ These plants had a raceme type of
inflorescence with clustered utricles, ubrightiwoody stems, and ovate
to spatulate shaped leaves.

Evaluatioh of Southwestern Fourwing Saltbush Accessions for'Seed-Pro-

7

duction in Maontana.

Fourwing séltbﬁsh accessions from the southwestern states did not

" produce seed the first vear after establishment (Table 5). The Montana

accession PI-15585 had gooa étaﬁds ana plaﬁts pfoduced an abundance of
male and female.flowers. HoWéver, only 5 percent of‘the_utricles were
filled. Accession 621 New Mexico established well, but plants produced
only 4 few male and female flowers.. Accassion 2086 Texas had poor
stands and ésfablished‘plants did not flower. Accession 155 New Mexico
had good stands and plants préduced a few malg and‘female flowers, but
none of the utricles contained seeds. .Many of the accessions eva}uated
were late maturing, difficult to-establish, and several failed to pro-
duce male and female flowers. Accession 8871 Utah and 17229 Arizona
had good stands and plants produced a few male but no female flowers.
Accessions 15644 Arizona, 324-61 California, and 173-64 California
féiled to éstablish; Many .of the‘accessibns from the soﬁthwestern states

were wogdy and difficult to cut back after seed harvest.
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Evaluation of Southwestern fourwing saltbush accessions for

Table 5.
percent utricle f£ill.
. . Percent
Accesgion : . utricle
Origin ' Number ' fill
New Mexico - 621 B 0o
- Texas 2086 ' . ‘ -0
Texas 1041 o | 0]
New Mexico 155 : ) 0
Montana 15585 . : . - 5%
Utah ° 8871 - ' 0
Arizona 17279. ' ' 0.
California 32461 ' _ 0
Arizona 15644 . A : 0
California 17364 . ‘ 0




DISCUSSION
Chromosome Study

The chromosome number 2n=36, identified for fourwing saltbush,
accession PI-15585, ié similar to the chromosome number reported by
Melby (10) in Utah. However, morphological characteristics such as
sessile and/or pedicillate fruiting bracté,:WOody or herba;eous stalks,
and utriéleg which sometimes iacked fourwinged appendages, suggest that
PI-15585 may be a hybrid cross between A. canescens and A. putallii.
Plummer (7) has shown that one can cross many Atriplex species. The -
success of these crosses depends upon the pairing of the chromosomes.
Our étudies suggest that A, canescens is 2n=36 and A, nutallii is 2n=18.
In fﬁis case, semi-sterility may result from this cross and account for
the low percentage ut¥ic1e £ill iﬁ PI-15585. .Morphological variations
- suggest that more cytological work is needed to aetérmine if chromosome
mismaiching could be a possiblé cause of low utricle fill. Cytological
studies using root tips are difficulf due té their tough, fibrous layer
of cells which makes mace¥ation of tissue &ifficult. It is also diff-
icult to find - cells at the right stage of division for making accurate
chromosome counts.

Utricle fill was poor in the collections made near Circle, Mont-
ana. However, the Type I, which ;esembled nutall's saltbush' contained
24 percent utricle fill. Utricles‘of Types II and III, which had mor-
phological characteristics of both fourwing and nutall's saltbush were
not filled. The absence of filléd utricles in the Type II and III

plants of the collection near Circle, may -suggest that infertility is a
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result gflcrossing between épecigs. A combination of low utricle fill
and donmahéy;made‘it impossible té obtain suitable nﬁmbé¥s of root tips
for éyéological'étudy of this matéfiél;_ |

Pollen}Studv

Ninety-fivevperceqt of ;he fourwing saltbush pollen cgllected was
viable.'-Tﬁis doés not mean that 95 percent of all the.pbllen grains
shed were capable of gefmination; Germination .is depenaent on many
lcbnditions sﬁch as'moisture,'temperéture, nutrients; énd humidity. My
:research indicates that‘law utricle'fill is progably not associated‘with
polleﬁ.viability. Pollen grains were ﬁo; éffected"by high temperatures
and_high'intensities of éuﬂlight. One woﬁla.expect-this to be true
coﬁsidéring Ehat fourwing sgltbush is a desert piant. Pollen viability
was also ﬁot‘affected by exposure to gunlight-for.up to five hours.
However, other conditions such as male and femgle incémpatability mech- -
. anisms may limit fertilizatfon.,

| Peak pollen release occurred wﬁén temperatures ‘reached 16’to 19C.
Temperature was the major factor in controlling the release of fourwing
saltbush pollen., Pollen release was not controlled by a biological
clo;kAas-there was no reIationship between time of day and pollen
release. |

Fourwing saltbush f;owered for apﬁr@ximately 24 days and male and

-female plants both bégan to flower approximately near June 20,




GENERAL DISCUSSION :.-

Fourwfgé éaltbﬁsh is potentia%liAuéeéul for ;evegefation of stripf
mined areas,'réplaﬁting ranges in“arid climates, and for erbéioﬁ control-
under dry conditi;n;; if may become ;n important specieg if it can be
established froﬁ seed,

The fourwing saltbush found in Montana appeafs to be going‘tﬁrough
'1 evolutionary changes;‘ It is unlike the fourwiﬁg'saltbuéh found in the
southwest because.it has-a considerable number of monoecious plants,
sessile fruiting b;acts, fruiting bracts Q#ich some times lack the form-
.ation of fburwings,‘hefbaceous and/or'woody upright stems, and leaves
which may have an-dﬁate rather than spatulate ghape.

| Stutz (20) states that Gigas A. canegcens fourwing saltbush found
in Utah is a diploid, has good utricle fill and may have 85% germination.
The fourwing saltbush in Montana may be going through ploidy stabilization.
This-is possibly one reason for the low utricle fill asssciate& with the
Montana foﬁrwing saitbqsh. | |
| An e&olut;onal‘study ﬁas Béeﬁ conducted in Utah on two shrubs;'

cliffrose (Cowanla stamgburyana Torr) and bitter bush (Purshia trid-

. eutata, Pursh) which have #ybridized. This hybridization scheme could’
possibly be similar to the sequence of events which lead to the four-
wing saltbush found'ig‘Montéﬁa; These shrubs belong ;o‘différent geﬁera
an& differ morphologically in at least 23 tralts. Cliffrose does mot
grow nofth of Utah and bitterbrusﬁ.does not grow south of Ufgﬁ. Some
plant populations in Utah are hybrids of bitterbrush and cliffrose and

show characteristics of each. Stutz (19) states that as a rule these
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two species flower at different periods, but if bitterbrush was growing

on a north slope and cliffrose oh the adjacent south facing slope,

bitterbrush could be retarded 'in flowéfing and cliffrose advanced to

permit. overlap of theirﬁflowaring periqu and fesult in hybiridization.
Fourwing saltbush in Montana could well be a hybrid between A,

canescens and A. nutallii. Hall and Clements (9) refer to Montana four-

- wing saltbush as A. canescens aptera. This sub-species is distributed

throughout Mohtanawand in barts of Wyoming, Idaho, and Washington. It
is ppééible that nutéli's éaltbush.grﬁwing.iﬁ Idaho near the Utah border,
may have crossed with.fourwing saltbpsh and the»plants spread north and
west because”of.their'wide adaptétion. ‘This may be the reaéon why no
trué fbdrwing saltbush has been found in Méntaﬁg, Our sﬁudy of south-
western agdessions at Bridger,lentana, sﬁowéd that they will not mature
un&er Montaﬁa's growing conditions. Nutali's saltbush grows abundantly
throughout eastern Montana, parts of Idaho, and in some areas of Wyoming.
If fourwing salﬁbush plants in Montana are hybrids, they may be going
through genetic_stabilization'whicﬁ may explain the poor utriﬁle £fi11
bbservedlin PI;15585.

Springfield (16) could not correlate high moisﬁure levels with
utricle fill.- Studies at Bridger, Montana, indicate that moisture
enhanced utricle'fill but more work should be done on cultural practicés,

such ag nutrient requirements to imbrove utricle fill.




SUMMARY AND CONCLUSION
The major objectives of this_study were to determine probable
causes of poér utricle £fill and to evaluate methods of improving utricle

fill.

To accqmplish'these'objectiyes I studied fourwing saltbush access- .

b

‘fon PI-15585 and nutéllfs.saltbush to determine pollen viability, peak
pollen shed in relation to temperature %nd time of day, flpwéring dur-~
ation for female and ﬁale‘plaﬁts, fertility of bisexual plants, the
effect of irrigation practices on utricle £ill, morphological traits of
various native:plant-cdilections'to determine if crossing between s;écies
was occurring, ana southwestern ac;esSion seed production potential.
From thesé studieé I conclude:
1) .The chromosome number of fourWing Saltbush.acceSsion PI-
15585 is 25?36 and appears to be 2n=18 for nutall's saltbush.
If crossing.occurs betwéen thesé species it may causé poor
utricle £ill, fesulting from semi-sterility.
2) a. Pollen viability was 95 percent and was not affected by
expoéure to sunlight and high tempe?atures for five hours.
b. Highest pollen shed occurred.at témperatures ranging from
16 to 19C. |
c. Female and male plants flowered simultaneously for approx-
imately 24 days.
d. Low utricle fill was not associated with pollen viability,

amount of pollen produced, or time of flowering of male and

female plants in accession PI-15585.




3)
4)

'5)

)
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A bisexual plant selected from‘accéssion PI-15585 had a
ufricle £i11l of 50.6 percent when grown in isoldtion. -
frrigation just before flowering and after flowering appears
to enhance utriéle £i11 in accession PI-15585.
Mqrphological‘traits indicate thétvnative saltbush plants in
Montana may bé h&rbids whicﬁ ﬁa& contribute to poor.utriclé
£111.
Oﬁe year's data inéicéte that éouthweétern accessions will not

mature or produce seed in Montana.
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