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Abstract:

The alternate crop-fallow system used in Eastern Montana is not an effective means of moisture
conservation. The technique of frost seeding shows promise as an alternative cropping practice to the
crop-fallow system. Three experiments were conducted in this study to determine the effects of frost
seeding on emergence, stand, and yield of small grain and various alternate crops on fallow and
recropped land.

In Experiment I, yields of "CC-XXX-F" barley, winter barley, winter-graze hybrid, and "Rinal"
fababean were 1,006, 2,220, 2,230, and 376 kg/ ha, respectively, greater when frost seeded than when
planted at a normal seeding date. Except for crambe, "Hector" barley, "Norana" spring wheat,
safflower, and cow cockle also exhibited a trend toward higher yield when frost seeded than when
normally seeded. All crops emerged slower when frost seeded than seeded at the normal date. The
slowest emerging frost seeded crop, cow cockle, completed emergence 12 days prior to the fastest
emerging normal seeded crop, CC-XXX-F barley. CC-XXX-F barley, Norana spring wheat,
wintergraze hybrid, and Rinal fababean required 0.5, 0.6, 1.2, and 1.5-more days, respectively, to
emerge on recropped land than on fallowed land. Only frost seeded safflower and cow cockle showed
significant stand reduction as compared to the normal dated seeding treatment.

Under dryland conditions of Experiment I, frost seeded spring barley yields on fallow and spring grain
stubble were 1,128 and 660 kg/ha, respectively, greater than yields obtained on fallow and spring grain
stubble planted on the normal seeding date. Spring wheat frost seeded on fallow and spring grain
stubble yields were 431 and 401 kg/ha, respectively, greater than comparable normal seeded spring
wheat yields.

No difference occurred between barley and wheat yields frost seeded on winter wheat stubble as
compared to the normal dated seeding.

Experiment I1I was conducted at six locations along a chinook belt transect. Spring barley and spring
wheat were frost and normally seeded on fallow and recropped land. Application of 66 kg N/ha
increased yields of barley and wheat by 670 and 419 kg/ha, respectively, compared to no application of
nitrogen. Nitrogen increased yields uniformly, regardless of seeding method or seedbed. No difference
in yield was observed between frost seeded and normally seeded crops.
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ABSTRACT

The alternate crop-fallow system used in Eastern Montana is not an
effective means of moisture conservation. The technique of frost seed-
ing shows promise as an alternative cropping practice to the crop-fallow
system. Three experiments were conducted in this study to determine the
effects of frost seeding on emergence, stand, and yield of small graln
and various alternate crops on fallow and recropped land.

In Experiment I, yields of "CC-XXX~F" barley, winter barley, winter—
graze hybrid, and "Rinal" fababean were 1,006, 2,220, 2,230, and 376 kg/
ha, respectively, greater when frost seeded than when planted at a nor-
mal seeding date. Except for crambe, "Hector" barley, '"Norana" spring
wheat, safflower, and cow cockle also ‘exhibited a trend toward higher
yield when frost seeded than when normally seeded. All crops emerged
slower when frost seeded than seeded at the normal date. The slowest
emerging frost seeded crop, cow cockle, completed emergence. 12 days prior
to the fastest emerging normal seeded crop, CC-XXX-F barley. CC-XXX-F
barley, Norana spring wheat, wintergraze hybrid, and Rinal fababean re-
quired 0.5, 0.6, 1.2, and 1.5.more days, respectively, to emerge on re—
cropped land than on fallowed land. Only frost seeded .safflower and cow
cockle showed significant stand reduction as compared tc the normal dated
seedlng treatment.

Under dryland conditions of Experiment II, frost seeded spring bar-
ley yields on fallow and spring grain stubble were 1,128 and 660 kg/ha,
respectively, greater than yields obtained on fallow and spring grain
stubble planted on the normal seeding date. Spring wheat frost seeded
on fallow and spring grain stubble yields were 431 and 401 kg/ha, re-
spectively, greater than comparable normal seeded spring wheat yields.
No difference occurred between barley and wheat yields frost seeded on
winter wheat stubble as compared to the normal dated seeding.

Experiment III was conducted at six locations along a chinook belt
transect. Spring barley and spring wheat were frost and normally seeded
on fallow and recropped land. Application of .66 kg N/ha increased yields
of barley and wheat by 670 and 419 kg/ha, respectively, compared to. no
application of nitrogen. Nitrogen increased yields uniformly, regard-
less of seeding method or seedbed. No difference in.yield was observed
between frost seeded and normally seeded crops.




INTRODUCTION

The alternate crop-fallow cropping system common throughoup the
eastern portion of Montana is not an efficieﬁt.means of moisture conser-
vation (5). Approximately 80%-of moisture received during the fallow
period is lost to evaporation, percolation, and runoff (5) with moisture
accumulation becoming sufficient for development of saline seeps in.
soils overlaying crustated shale formations commonly occurring in eastern
Montana (6). Cropping procedures which improve water use would subse-
quently be advantageous .in development of alternatives to crop~fallow
farming. Frost seeding would be helpful in the-development of alterna-
tive cropping practices. Frost seeding is' the planting of spring crops
with an ordinary drill. in early spring when the soi} is thawed;but.with
sufficient surface frost.to support the equipment and maintain traction
(23). The principle advantages of this farming practice are: early
emergence, use of early spring moisture, éarlier crop maturity, escape
from mid-summer droughts, and spreading of- seasonal. labor requiréments.

The purpose of this study is.to determine the effects of frost

seeding on emergence, stand, and yield on recropped and fallow land.




LITERATURE REVIEW

Frost seeding involves establishing spring crops under environmental
conditions assumed too adverse to pe?mit adequate germination and emer-
gence. Seeds of frost seeded érops must imbibé water, germinate, and
emerge during a period when the soil is frozen and nighttime air temper-
ature .is frequently subfreezing. Survival factors are similar to the‘
cold hardiness and desiccation resist;nce found in winter hardy peren~
nials and winter amnnuals (46). However, frost seeded spring crops are
not subject to the extreme conditions of overwintering. |

Over 3,000 cold hardiness studies have been conducted (1).  Most
studies have dealt with winter hardiness of perenniéls'and winter annuals,
and cold hardiness of annual species susceptible tq early fall frost.
Theée have been summarized by Alden and Herman, Maylaﬁd and Cary, and
Steponkus (1,31,46).- Many greenhouse studies have also imvolved seedling
survival at freezing temperatures (2,3,4,13,21,25,29,31,34,41,46,50).
However, only three authors (16,22,23,47,48) have reported-on‘figld
studies of frost seeding methods.

Late sown spring oats and barley are vulnerable to high temperature
an@ disease (16). Grafius and Wolfe (16) @lantea these small grains in
frozen soil in late February to early March when‘approximately 2;5 cm of
the surface frost had thawed. No difficulty was experienced with exces—
sive mud adhering to either the tractor or convéntional grain driil.

Three year average yield increases of frost seeded grains over normal.
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seeded grains were 205 percent and 90 percent for barley and oats, re-
"spectively (16).

Stoskopf et ala-k47,48) conducted frost seeding experiments with
barley, spring wheat, and oats at the Ontario Agricultural College,
Guelph, Ontario. Conventional seeding drills.performed satisfactofy but
increased soil compaction. Seed placement 2.5 to 3 cm deep in a frozen
loam soil delayed germination and ré&uce&'emergence because the soil
failed to warm quickly at these depths. Frost seeding with a broadcast
seeder provided satisfactory stands. Seed remaining on the surface
germinated and the primary roots- penetrated the surface and pfovidgd
anchorage. Subsequent advantitious root growth provided an ample root
system.

In an attempt.to double crop barley in.the Yellowstone valley of
southcentral Montan;, frost seeding barley studies were initiated in
1969 (22). The double cropping system did not prove feasible with barley
due to dwarf yellows éf the. second crop. The frost seeding methods were
unknowingly similar to those previously investigated (16?47). Seeds
left uncovered in shallow furrows germinated. Some see&s sank into the
soil surface during warmer daytime temperatures. The furrow afforded
some wind proteétion to the young seedlings. Under dryland and irrigated
conditions, no crop failures occurred over a 6 year period when using

the technique, even though temperatures occasionally dropped to -9 C (23).
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Stoskopf et al. (47) reported frost seeded barley outyielded normal
seeded barley by 18 percent and 53 percent in 1965 and 1967, respective-
ly. Successful eétablishment was obtained in 1966, but severe weed in~
festations prevented harvestiné. Krall. (23) reported frost seeded dry-
land barley outyielded normal seeded -barley by 12 percent ‘and 13 percent
on fecropped and fallow lgnd, respectively, over a 4-year period. Under -
irrigation, yields increased 30 to 40 percent (22). All frost seeded
gréins had higher test weights than normal seeded grain. The high yield
increases reported by Grafius and Wolfe (16) is probably due to their
using much higher frost seeding rates.

Cooler temperatures dufing plant development enhanced tillering of
short stemmed plants (23,47,48). Shorter plants have 1ess‘lodging prob-
lems when high rates of nitrogen fertilizers ére used' (47,48). Stoskopf
et al. (47) stated "slow early growth of frost -seeded cereals does not
permit adequate competitian with weeds" and advocated a chemical weed
control program. Conversely, Krall (23) observed reduced weed infesta-—
tion. This was attributed to shallow .planted érain emerging sooner than
most common weeds, particularly wild oats. Frost seeded crops métured
10 to 14 days earlier than normal seeded crops (22). Soil moisture use
efficiency was also increased as cooler'soiis decrease moisture evapora-
tion during plant development (23?47,48).

Soil moisture, low temperature imbibition, seed moisture content,

resistance to freezing temperatures, photosynthesis, level of reserve
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food supplies and other factors affect the seedling surviyal (1,2,3,4,
13,31,34,46). These factors also contribute to the cold hardiness of
annuai species suéceptible to early fall frost.

Imbibing seeds must attaiﬁ-a specific moisture content in order to
germinate (19). ‘Species and cultivar diffefences exist for the ability
to germinate over the entire range of soil moisture from field capacity
to wilting point (19,42). A given specie cannot imbibe water beyond a
specific soil moisture tension 1§vel. “Formation of ice crystals in the
soil water increases the soil moisture tension. Frost seeded small
grains have been observed to survive soil freezing temperatures (16,23,
47,48), however, the plant-soil-water reiationships which exist under
these conditions have not been réported.

Moisture conteﬁt level of the soil-indiréctly affects plant survival
under freezing conditions (1,21). The high specific heat property of
water, compared to soil particles, increases Fhe conductivity and storage
of heat. Water releases 80 calories. of heat per gram upoq‘freézing. At
temperatures to -20 C, piant death occurs éooner but p?ogresses at a
slower rate on soilé having high moisture contents (21); Below -20 C’,
soil moisture does not contributé to plant survival. Low oxygen content
of the soil suﬁstrate increased low temperature sensitivity (36);

. Seed imbibition at subfreezing temperatures have not been reported.
Coffman (8), in 1923, reported on the imbibit;on and germination of four

small grains at the temperature of melting ice. Temperature could be
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maintained only, because of antiquated procedures, within +6 C. The de-
clining order of germination was: 1) barley, 2) rye, 3) wheat, and 4)
oats. Within a spécies, starchy type seeds were less resistant to low
temperature imbibition than flint or oily types (8). Subsequent research
has assumed 5 C as a_minimal cardinal temper#ture for imbibition and
germination-(7,9,10,11,12,lA,l7,18,32,33,35,36,37,40,43,45).

Imbibition at moderately low temperatures is greatly retarded (1.5,
18). Workiné with small legumes, Fayemi (Fayemi) observed it required
120 and 72 hours for all viabie seedé to germinate at 5 C aﬁd 25 G, re-
speétively. The réte of swelling of viable seed decreased with.low
temperature. Seeds iﬁbibing within the initial 6 hours failed to germi-
nate at either  temperature. Close examination revealed these seeds were
damaged, diseaéed, or nonviable (15), and that low temperature did not
affect this rafe.of'imbibition. Only crimson clover showad'reducéd ger—
mination as a result of the low imbibitionéd tempera;ure:(15,18).

Powell and Mathews (38) observed imbibitional uptake rates of pea
seeds with and without the testa intact. Rapid imbibition in seeds.minus
the testa reduced germination 30 percent and decreased respiration'and
relative growth rates. Imbibitional uptake was reduced in both seed lots
by low (7-10 C) temperatures, but damage to seeds minus the tests was in-
creased. Rapid water uptake displaced cell contents and caused cell
death on the abaxial side of the cétyledons. Increagsing initial seed

moisture content prior to imbibition decreased rapid imbibitional injury
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but increased susceptibility to possible ensuing subfreezing tempera-
tures (43).

Rapid.imbibitional injury at loﬁ (2 to 7 C) temperatures or chill-
ing injury has also been reporfed in cotton (Gossypium hirsutum L. and
G. barbadense L.) (11), corn (Zea mays-L.) (7,9,10), soybeans (Glycine
max L.) (17,33),‘lima beans'(PhdseOZus lunatus L.) (35,37), crimson .
clover (Trifolium incarnatum L.) (18,45), fababeans-(Vicfa faba) (40),
cacoa (Theobroma cacao L.) (20), and sorghum (Sorghum bicolor Moenchi)
.

Imbibitiongl chilling damage in cotton, corn, and.crimson clover .
induces tissue separation in the radicle. Cohn and Obendoff.(loy ob-
served that nonuniform absorption during low temperature imbibition
created sufficient mechanical stress to form stellar lesioms. Reduction
of tissue ATP contené also occurs.

Chilling damage in 1afge seeded légumes is.isolated to the cotyle—u
dons. Uneven absorption dqring.imbibiﬁion.creates‘adequate mechanical
stress to cause transverse crécking of. the cotyledons (17,33,37,40).
Reduced seedling growth and Qigor was associated with a decreased capa-
city to use.cotyledoh food reserves. The cotyledons afforded some pro-
tection to the embryonic axis. E#cised axes display chilling injﬁries
to the radicle and plumule similar to cotton-and corn_(l7,37) upon Tow
temperature imbibition.

All previously mentioned crops exhibited maximum imbibitional"chill; -

ing injury at low (5 to 8 percent) initial seed moisture content.
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Increased seed moisture content (13 to 20 percent) decreased or alievi~
ated damage symptoms following. imbibition. In some instances, injury
reveréal was observed when affected seedlings Wére transferred to non-
chilling temperatures (12,20).5 Pollock and Toole (37) suggested that
intact seeds avoid injury by not imbibing water and that this avoidance
mechanism is itself temperature ‘sensitive. Scott and Hanson (41) suggest
that maximum survival to chilling injury may not be avoidance of it but
rather the ability to overcome it.

Reported observations of seedling survival to freézing.tempe;atures
at various stages of growth associate frost resistance with the level of
‘'stored carbohydrate reserves. Winter and spring wheat ‘seedlings exhibit
two levels of frost resistance during early development (2,13,24,34,49).
Cold resistance drops rapidly upon imbibition; The first-level of re-
sistance occurs shor£ly following imbibition and -remains until exhaus-
tion of endosperm foo& reéerves. The second ;evel occurs at the 4 to 5
leaf stage of growth where resistance remains low until photosynthetic
reserve levels build up. Andfews (3) reported a third intermediate level
of frost resistance in winter wheat at the one and a half to two leaf
stage. Subsequent studies failed to reproduce this phenomenon.

Similar 1évels of frost resistance have been observed in barley (13;
34), small seeded legumes (4,50), and grasses (4,13,25,34,41,50). Ara-
keri and Schmid (4) reported cotyledons of smgll seeded legumes provide

additional protection to the growing point prior to emergence. Crops
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possessing larger carbohydrate reserves usually. possess greafer initial
frost resistance (4,50). Larger seeded crops tend to be more adaptable
to frost seeding..
Cellular physiological aspects regarding frost resistance and
changes due to freezing exposure are summarized in the review articles

by Alden and Herman (1), Ma&land and Cary (31), and Stép&nkué (46).




METHODS AND MATERIALS

This study involves information ‘collected within three experiments.
Experiment I was conducted during the 1977 growing season at the Agron-
omic Field Research Laboratory (R5E, T2S, S7) 11 kilometeré west of
Bozeman, Montana. Experiment II was cénductéd during the 1975, 1976,
and 1977 growing seasons at-the .Southern Agricultural Research Center
(SArRC) (R28EF, T2N, S16), ﬁuntley, Montana. The third expgriment was con—
ducted along a chinook transect involving sig harvested locétions in

northcentral Montana during the 1977 growing season (Figure l).

Experiment I

This experiment compared the effects of frost and normal seeding
operations on emergence, stand, and yield of cereal grains, oilseed, and
aﬁnual fo?age crops (Table 1).

A split-split plot completely random designed with four replications
was used. Fallow versus récrop were Qhole plots; frost seeding versus
normal seeding Qgré sub-plots; and species.were sub-sub plots. Whole
plots were not adjacent to each other and each replidation consisted. of
two tiers, due. to land availability.

Two weeks prior to planting the experiment was sprayed.with 1.1 kg
active ingredient (AI) per hectare of glyphosate CRounduﬁ) herbicidel/.

Frost seeded subplots.were planted on both recrop and fallow whole plots

1/

— Monsanto Chemical Company, St. Louis, Missouri.
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Figure 1. Location of chinook belt transect and planting sites of Experiment III in north
central Montana, 1977.
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Table 1. ,Scientific name, common name, and germination test of species
used to evaluate frost seeding techniques on recrop and fallow
land at Bozeman, Montana, in 1977.

Species Name Common Name Tested Z Germ. .
Hordeum disticum L;l/. Spring barley 88.3
Hbrdeuh disticum L. var. Hector ° Spring barley 90.8
Triticum gestivum L. var. Nérana Spring wheat - 99.0
Vieia faba L. var. Rinal Fababean : 80.0
Pisum sativum L. Austrian winter peas 85.0
Vaccaria segetalis (Neck.) Garcke. Cow cockle 37.5
Carthanus tinctorius L. Safflower 92.8
Crambe abyssinica Hochst. Crambe . ' 17.0
Hordeum vulgare L;g( Winter barley - 89.3
Agropyron triticum Wintergraze hybrid 91.8

l'-/Composite cross XXX-F (39);

g-/Sam.plecl from the winter barley world collection.
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on April 18, 1977. Individual plots, 4.6 .x 1.2 m, were seeded with.an
experimental no-till drill utilizing rolling coulters and John Deere
M-71 unit planterég/. Alamco fluted seed éoneséj replaced the standard
seed boxes. The seeds were pléce& at 5 cm.deep in rows 35 cm apart.
Except for fababeans, seeding rates were adjusted to provide 20 live
seeds per 30 cm length of row. Fababeans were seeded at the rate of 10
live seeds per 30 cm row. The plots were 1a£et trimmed to 3.6 m in.
length:to provide for 1.0 m alleys between replications and tieré within
reﬁlications. Normal seeded subplots were established using the same
procedures on May 9, 1977.

Visual observation was used to determine the number -of days each
specie required to emerge after planting. Hand counting of established
plants in 1.8 m of row determined an emergence number. Forage species
were harvested with a flail~type forage harvésteré/. An.area of 1.5 m?
was harvested with yiélds weighed from each:plot; and -a éubsample taken
for moisture content. Total dry matter for éach plot was latetr calculated
and cuttings totaled for seasonal yield. |

With the exception of safflower, 1.5 mz of the grain and..oil crops -

5/

were hand harvested and thresﬁed with a gravity-type Vogel thresher— .

-Q/John Deere Equipment Company, Moline, Illinois.
§/Allen Machine Company, Ames, Iowa.

é-/Rem Ltd., Swift Current, Saskatchewan, Canada.
5/

='Bill's Welding, Pullman, Washington.
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Saffloﬁer plots were trimmed to 1.2 X 2.4 m and harvested with a Chain
plot combinegl. Grain samples .were weighed for yield and bulk dersity
was determined wiéh an Ohaus test wéight apparatusZ/. 0il percentages
of safflower and crambe were oﬁtained by nuclear magneﬁic resonance (NMR)
Spectroscopy analysisg/.

The percenf change of frost yieids over normal seeded yields were
indexed fér comparison of all species on both cropping regimes. All data
was anal&zed by an analysis-.of variance of the split plot design.. Where
applicable, mean separation was conducted by testing for thé least sig-~

nificant difference (L.S.D.) among treatment means or by using Duncan's

multirange test (DMRT) (28,44).

Experiment II.

General

The purpose of this experiment was to compare: 1) the.effects of
frost and normal spring seeding operations on the yield éf barley (1975,
1976, and 1977) and spring Whéat (1976 and 1977); and. 2) to determine if
different sﬁubble types had an effect on the yield of barley and wheat
when frost and norﬁal spring seeding operations were used. A split plot

completely random design with three replications was used. Whole plots

éjChain Manufacturing Company, Ames, Iowa.
Z-/Ohaus‘Scale Corporation, Union, New Jersey.
8/

— NMR spectroscopy procedure performed at Eastern Agricultural Research
Center, Sidney, Montana.
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were stubble types (spring wheat, winter wheat, barley, fallow) and sub-
plots were frost versus normal spring seeding operations. Fertilization .
was based on the yearly soil ‘test results. The data were analyzed by
analysis of wvariance for split.plot design, . and, when épplicable,L.S.D.'s
or Duncan's multirahge rest (DMRT)‘Were used to separate means (28,44).
Barley and spring Whéat were analyzed separatély. As in Experiment I,
yield means were indexed to compare all crops With.the four cropping re-
gimes.

In 1975, frost and normal seeded. plots of VUnitanﬁ barley were es-—

- ~tablished in the four cropping régimes on March 25 and April 12, respec-
tively. Plots were 1.4 % 6 m with four. rows 36°cm apart. The drill used
in Experiment I, with a standard drill:box instead of fluted cones, was
used for planting. Roundup (1.1 kg AI/ha) was applied. the previous fall,
and post-emergence béoadleaf weed control was obtained with 0.55 kg/ha

of dimethylamine salt-of 2,4—dichloroﬁheno§yacetic acid (2,4-D amine).

All flots were post-emergence broadcast fertilized with 33 kg/ha.of nitro—
gen (N). At maturity plots Wefe trimmed an area of 0.72'% 4.9 m and hand
harvested to obtain grain yields.

In 1976 "Hector" barley and "Lew" spring wheat were frost:and normal
seeded into the fbur cropping regimes on March 26 and April 10, respec-
tively. The same planting procedure and equipment that were used in 1975,
except that no Roundup was used and 101 kg N/hg fertilizer was broadcast

applied. Plots were 2.2 X 6 m with six rows spaced 36 cm apart. The
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plots were trimmed to 1.4 X 4.9 m, then harvested with a Hagegj plot
combine at maturity.

In 1977 Hector barley and "Norana" spring wheat were frost and nor-=
mal seeded into four cropping regimes on March 14 and April 13, respec-
tively. An experimental no-till drill developed with a grant from the
01d West Regional Commission (24) was used. Plot; were 2.9°%x 6 m Witﬁ
eight rows spaced 36 cm apart. Weed control was obtaiqed with 0.55 kg/ha
2,4-D applied post-emergenee. Sixty-six kg N/ha was'applied to all

plots. Plots were harvested as in 1976.

Experiment IIT

This experiment was conducted on .six separaté sites- along a chinook
belt across northcentral Montana (Figure 1) in'coﬁjunction with another
study monitoring weather conditions along the chinook -belt. The purpose
of this experiment was to .compare frost and normal -seeded yields of bar-
ley and spring wheat planted on fallowed and recropped land at varying
locations. | ‘

Frost and nofmal seeded plots werexplanted on March 15 and 16 and.
April 13 and 15, 1977, respectively. Plots were 4.3 x 18.3 m with 12
rows spaced 36 cm apart. All plots were sprayed pre-plant with 1.1 ké
2,4~D amine/ha post—emergént to control.subseqﬁent broadleaf weed growth.

The entire area was later split to allow post-emergence broadcast

9/

—~ Hage, A.G., Munich, Germany.
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fertilization of half the area atithe rate of 88 kg N/ha and.88 kg PZOS/
ha. Each location was harvested by cutting 1.5 mz of grain by hand and
threshed with a gfavity type~Vogél thresher.

Fach selected transect siée\contained only a single replication of
each treatment. Therefore, each site w;svconsidéred as a replication
variance source in the analysis of variance of a split-split plot design
(28,44). To compare the effort of fros£ seeding at different locations
with fertility and cropping regimes; yields were indexed as previously

mentioned.
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RESULTS AND DISCUSSION

Experiment I

Selection criteria of aﬁ April 15th target date for frost seeding

at Bozeman, Montana, was based on trends of average miﬁimum air tgmpera—
‘ tures for the five previous_séasﬁns (Table 2). Nighttime soil surface

-temperatufes were assumed to approximate the minimum air gemperatures.
The five year average indicated that fourteen nights wi#h subfreezing
temperatures follow April.15th. Actual planting date was April 18th,
followed by only three nights with subfreezing temperatures. ' Therefore,
the frost seeded crops were not exposed to the degree of subfreezing
temperaturés desired. -

Days to emergence were observéd to determine the effect of cooler
temperatures on development. ‘All ten crops required significantly more
days to emerge under frost seeding conditions (Table 3). Hector barley,
Norana spring wheat, and winter barley required 0.8, 1;8, and 1.0 more
days, respectively, tq emerge oﬁ frost seeded recropped land compared to
the frost seeded fallow. The "CC-XXX;F" barley, Norana, wintergraze
hybrid, and "Rinal" fababean required 0.5, 0.6, i.Z, and 1.5 more days,
respectively, to eﬁerge on recropped land than on fallowed land. Shade
and reduced air movement in standing stubble may have kept the soil

cooler which resulted in the longer emergance time. The standing stubble

did not prolong the emergence of the normal seeded Hector and winter bar-

ley.
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Table 2. Minimum air temperatures and departure from previous five year
average during period of frost and normal seeding dates, 1977,
Bozeman, Montana.

5 Year 5 Year
1977 Ave. 1977 Ave.
| April Temp. C Depart. May Temp. C Depart.
\
\ 15 -2.8 -2.8 0.0 1 228 -1.4 5% 2
\ 16 -0.8 -2.9 251 2 2.8 -1.6 5.4
| 17 1.3 -1.8 2.9 3 5.0 0.9 4.1
| 18%/ R A T 4 0.0 O RO
g 19 -2.2 -2.8 0.6 5 -1.7 1Y) -3.4
20 -3.3 -1.4 -1.9 6 0.0 1.8 -1.8
21 0.0 ~2,0 2.0 7 4.9 0.3 4.6
22 358 -0.9 4.7 8 4.4 246 1.8
23 6 . 5l e Sn0aly 6.1 92/ 2.9 0.6 263
24 4.4 05:2 4.2 10 590 1.0 4.5
25 0.6 1.4 -0.8 31 5.0 0.9 4.1
26 58 -0.9 4.2 12 1L 1% 3 -0.2
27 4.3 -1.0 538 13 3.9 230 1.9
28 3.3 -0.8 4.1 14 6.6 238 300
29 2.9 =0.2 i L 15 0.0 269 -2.9
30 6.5 -1.8 8.3 16 -0.6 3.4 -4.0
l-/Frost: seeded planting date.
E/Normal seeded planting date.
[




Table 3. Days to emergence for all crops comparing frost and normal seeding methods on fal-
low and recropped land, 1977, Bozeman, Montana.

Fallow

Recrop

Seeding Method

Cropping Method

Frost Normal

Frost Normal

Frost Normal

Fallow Recrop

1. CC-XXX-F barley 9.0 6.8 10.3 6.5 9.72j 6.7b 7.9b 8.4a
2. Hector barley BBl 00, M S BER . B0a-L ABLON . TiB 8.1
3. Norana spring wheat 9.0bl/ 7.3c - 10:8a 6.8c 9.9a {5 1D 8.2b 8.8a
4. Rinal fababean 13.0 1233 15.0 33,3 14.0a 12.8b ¥257b 14.2a
5. Cow cockle 14.8 12,3 14.3 10,3 14.6a 11.3b 13.6a 12.3b
6. Safflower 10.5 853 10.5 8.5 10.5a 8.4b 9.4 9.5
7. Crambe 1225 10.0 118 19x3 12.2a 10.2b 113 Lol
8. Winter barley 9.0bl/ T50c = Gs0a 7506 9.5a 7.0b 8.0 8.5
9. Wintergraze hybrid 953 7.8 1750 8:5 10.2a 8.2b 8.6b 9.8a
10. Austrian winter pea 1150 10.0 11:69 10.3 11.23 10.2b 10:5 0.8
1/

—' Treatment means within a row accompanied
at P = .05 (DMRT).

by different letters are significantly different

g-/Seed:i.ng method means and cropping method means within a row accompanied by different let-

ters are significantly different at P =

057k 8:D7) .

0¢
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Emergence counts (Tablé 4) show that, except for safflower and cow
‘cockle, no significant différences occﬁr between sténds of frost and
normal seeded crops. TFrost seedgd safflower.stands-were significantly
reduced. Normal seeded cow cockle stands had 18.3% feﬁer plants than
frost seeded stands.. The lack qf significance between frost and normal
seeding for -the remaining eight crops show no detrimental effect from
frost seeding.

Crambe had better stands on normal seeded fallow and frost seeded
recropped land. . These differences should probably be discounted. The
coefficients of wvariance (CVa ar;d'GVb for emergence of crambe - are 26.9
and 29.8, respectively) express more variation from treatment effecﬁs
than anticipatgd.- This was pfobabiy'due to the poor germinating.of
crambe. | -

Yield. of CC-XXX-F barley, Hector barley,  the wintergraze hybrid,
and Rinal fababeans oﬁ failowed land was“sigﬁificantly,greater.thén on
recropped land (Table 5). CC-XXX-F barley, winter barley, wintergfazé
hybrid, and Rinal fababean’frost seeded- yields were 1,006, 2,220, 2,320;.
and 376 kg/ha, respectifely,~greater'than normal seeded yiéldsp Except
for crambe, the-reﬁaining four harvested crops exhibited higher frost
seeding yields than normal seeding yields. Yields of Hector barley, in

declining order, were frost fallow, normal fallow, normal recrop, and

frost recrop.




Table 4. Emergence of all crops comparing frost and normal seeding methods on fallow and
recropped land, 1977, Bozeman, Montana.

Fallow

Recrop

Seeding Method

Cropping Method

Frost Normal

Frost

Normal Frost Normal
plants per 1.8 m of row

Fallow Recrop

1. CC-XXX-F barley

2. Hector barley

3. Norana spring wheat
4. Rinal fababean

5. Cow cockle

6. Safflower

7. Crambe

8. Winter barley

9. Wintergraze hybrid

10. Austrian winter pea

121.5  123.0
127.8° 1358
135.3  136.5
77.8 77.0
38.0 34.3
111.5  125.8
50.8b=' 94.3a
130.5  136.0
112.3 L AR R

119.3 121.3

1255

133.3

140.5

76.0

41.0

118 57 fres

86.8a

139.5

120.0

1173

122,

127,

135.

69.

30.

121

335

135.

21

118

8- 4122, 5 122.9
F#.130.6 126.6
3% 113759 135.9
8 76.9 73.4
3 39.5a 32.3b
3. 114.5b +123.6a
5b 68.8 63.9
g3 13540 135.9

0 5116.2 118.8

& 118.3 15 el

12253 1232
126.8 130.3
135.9 137.:9
77 .4 72.9
86-2 3501
118.7 119.4

1250 60.2
13323 137
114.4 120.5
120.3 1172

1/

—~'Treatment means within a row accompanied by different

at P = .05 (DMRT).

letters are significantly

different

Z/Seeding method means within a row accompanied by different letters are significantly dif-
ferentiat P =709 (1L.5.D:i)x

44




Table 5.

Yield of all crops comparing frost and normal seeding methods on fallow and re-

cropped land, 1977, Bozeman, Montana.

Fallow Recrop Seeding Method Cropping Method
Frost Normal Frost Normal Frost Normal Fallow Recrop
kg/ha
1. CC-XXX-F barley 4,713 3,%37 7 3,643 25575 4,162&2/ 3,156b -1 4.225a.:3,093b
2. Hector barley 6,86632/ 5,5975 &§y277d" 4 ,602ce55572 5,100 6,232a 4,440b
3. Norana spring wheat 5,554 4,454 4,545 4,481 5,050 4,468 5,004 42513
4. Rinal fababean i s ¢ 1,063 881 576 1,196a 820b 1:287a 729b
5. Cow cockle 2,760 24,2885 1719 250258225240 2,157. 2,524 51,872
6. Safflower 6,762 4,917 5,508 Bl 2. 765135 54022 558605 75,318
7. Crambe 6,195 6,681 5,125 4,870 5,660 5,776 6,438 4,998
8. Winter barleyl/ 5,483 2,766 5,493 Q50694 -5,488a " 3.268b" " 4,125 4,631
9. Wintergraze hybridl/ 6,070 35136 ¢ 4,329 2,6130.%5,200a - :2,880b | 4,608a ; 3,471b

ljForage yield.
2/

—'Treatment means within a row accompanied by different letters are significantly different

at P =
3/

.05 (DMRT).

—' Seeding method means and cropping method means within a row accompanied by different let-

ters are significantly different at P =

+05 :(L.S: D).

€¢
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The percent yield change by frost seeding over normal seeding,ﬁas A
indexed to comﬁare ffost seeding effect on yield between spéciés and
cropping regimes (Table 6). ‘Index values greater than 100. indicate the
frost seeded treatments yielded more ?han the normal seeded treatments.
All indexed values for species are greater than 100. Frost seeded crop
yieids average 50.2 and 41.0 percent greater ﬁhan normal seeded crop
yields on fallowed -and recropped land, respectively.- In spite of the
fact that frost seeded safflower stands are significantly less than nor--
mal seeded stands, frost seeded safflower-yields were 66 percen£ greater.
It is evidént that frost seeding crops shows no detrimental effect on
yield.

Reduced vegetation growth from development under cooler temperatures
may result from frost seeding Withoutiaffectiﬁg yield. Reduced.straw to
grain ratios would be expected under frost seeding. Norana sprinngheat
frost seeded straw totgrain ratio was -0.17.less than the normal seeded
straw to grain ratio (Table 7). As ﬁorana seeding method yields are not
different, the straw to grain ratio reduction from frost seeding must
represent a reduction of vegetative growth. Straw to grain ratio for
frost seeded CC-XXX-F barley on recrop is significantly less than the
straw to grain ratio for normal seeded recropﬁed'CC—XXX—F barley. No
difference Was:observed among Fhe seeding method straw to érain ratio of

the fallow planted CC-XXX~F barley.
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Table 6. Indexed yield values for all crops comparing frost and normal
seeding methods on fallow and recropped .land, 1977, Bozeman,

Montana. -
Fallow - Recrop - Means

1. CC-XXX~-F barley 128.5 - 138.6 133.6ci/
2. Hector barley : ©122.8 - . 85.2 " 109.0c
3. Norana spring wheat - 131.0 103.2 117.1c
4. Rinal fababean 180.7 209.7 195.2a
5. Cow cockle _ Lo 125.3 : 87.8 106.6c
6. Safflower . 138.4 193.5 o 166.0ébc
7. Crambe 102.2 ' 108.1 : 105.2¢
8. Winter barley o 218.5 147.6 - -~ 183.1ab
9. Wintergraze hybrid 204.5 185.3 . 194.%a
Means | ] | 150;2 - 141.0

1/

= Crop avefage means accompanied by different letters are. significantly
different at P = .05 (DMRT).




Table 7. Straw to grain ratios for all small grains comparing frost and normal seeding
methods on fallow and recropped land, 1977, Bozeman, Montana.

Fallow : Recrop Seeding Method Cropping Method
Frost Normal Frost “Normal Frost Normal Fallow Recrop
‘ 1/ 2/
1. CC-XXX-F barley 1.47a~ 1.38a 1.19b 1.50a 1.33~ 1.44 1.43 1.35
2. Hector barley 1.07 . 1.00 . 0.98 0.95 1.03 0.98 1.04 ' 0.97
3. Norana spring wheat 1.25 . 1.31 1.13 . 1.40 1.19b 1.36a 1.28 1.27
1/

='Treatment means within a row accompanied by different letters are significantly different
-at P = .05 (DMRT).

g/Seeding means with a row accompanied by different letters are significantly'different at

P = .05 (L.S.D.).

9¢
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Small grain crop quality was measured by test weight iﬁ kg/hl (Table
8). Nofana spring wheat test weight from frost seeded recrop (81.2 kg/
hl) is significantly greater - than normai-seeded recrop (79.4 kg/hl) which
is significantly greater thanltes; weigﬂts.for bofh seeding methods on
fallow (78.5 kg/hl). Test weights for frost seeded Hector barley and
Norana spring wheat are 2.3 and 0.8 kg/hl, respectively, greater than
test weights for normal seeded Hector barley and Norana spfing wheat.
Test weight for Hector on fallow is greater than that on recrop, 68.2
and 66.5 kg/hl, respectively, whereas the .reverse is true of Norana test
weights on falloﬁ and recrop, 79.8 and 79.0 kg/hl, respectively. Al~
though not significant, all other test weights were greater under frosf
seeding conditions.

0il seed crop .quality was measure& as tést weight in kg/hl and per-
cent o0il content (Table 9). 'Percent oil:content of frost seeded safflower
on fallow and recrop was éreate; than normal seeded falloﬁ. -Erost seeded
test weight and oil content for safflower is 6.3 kg/hl -and 0.9% greater
than normal seeded test weight -and oil content. vSafflower quality is
highest witﬁ frost seeded treatments. . Safflower oil coﬁtent is 1.0%
greater on recropped land. Crambe exhibits no significant differences
in crop quality from frost seeding, howgver, variability among c;ambé
treatment means was greater than the variability among.safflowér treat~

ment means.




Table 8. Test weights for all small grains coﬁparing frost and normal seeding methods on "
fallow and recropped land, 1977, Bozeman, Montana.

Fallow Recrop " Seeding Method Cropping Method
Frost Normal. Frost Normal TFrost Normal TFallow Recrop
‘ kg/hl
1. CC-XXX-F barley " 70.4  66.9 66.4  64.8 - 68.42 5.9 8.7 . 65.6
2. Hector barley 68.9  67.4  68.0 64.9 68.5a 66.2b 68.2a 66.5b

3. Norana spring wheat . 78.4c%/-78.5c - 81.2a 79.4b. 79.8a 79.0b.. 78.5b 80.3a

1/

= Treatment means within a row accompanied by different letters are significantly different
at P = .05 (DMRT). :

ZJSeeding method means and croppingrmethod means .within a row accompanied by different let-
ters are significantly different at P = .05 (L.S.D.).




Table 9. Test weights and oil content for safflower and crambe comparing frost and normal
seeding methods on fallow and recropped land, 1977, Bozeman, Montana.

Fallow Recrop Seeding Method Cropping Method
Frost Normal Frost  Normal Frost Normal TFallow Recrop.

Test Weights kg/hl

- 1. Safflower | 58.7  49.4 . 57.4  s4.1  58.1a% s51.8p 541 558
2. Crambe 35.1  32.2  34.2  46.8 34.7  39.5 33.7 40.5
0il Content ‘ . percent of weight .

1. Safflower 29. 42/ 27.9b  29.8a 29.5a 29.6a3/ 28.76 . 28.7b 29.7a
2. Crambe . 38.4 36,9 46,5 . 36.4 41.5  36.7 - 37.7 40.5
1/

.— Treatment means within a row accompanied by different letters are significantly different
at P = .05 (DMRT). ' :

E/Test weight seeding method means or cropping method means within a row accompanied by dif-
ferent letters are significantly different at P =-.05 (L.S.D.).

§/Oil content seeding method means or cropping method means within a row accompanied by dif-
ferent letters are significantly different at P = .05 (L.S.D.).

1

6¢C
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Experiment II

In 1975, frost seeded barley outyielded normal seeded barley, but
significant differences only -occurred -on the bérléy-and spring wheat
stubble (Table 11). Fallow and recropped winter wheat stubble probably
provide more uniform_moisture content thréughout the soil profile with
different absolutéhmoisture content -accounting for the high and low yield
comparison. Spring crops do not deplete -soil water to the extent of
winter wheat and recropping reduces the accumulation of ‘soil water be-
tween seasons. The soil moisture content was probably most variable
under the épring wheat and barley stubbles between the .two seeding dates.
As Unitan frost seeded on spring wheat°stﬁbble‘outyielded the frost seed-
ing on fallow, the opposite was true for the normal seeding (Table 11).
This supports varyiﬁg éoil moisture content-  on the spring éfugble types
between seeding datés. Over all cropping regimes frost seeded Unitan
barley significantly outyielded the normal.seeded-Ey'593 kg/ha (Table
12). TUnitan seeded on barley stubble and fallow significantly Qutyielded
the Unitan seeded on winter wheat stubble by 1,570 and 1,191 kg/ha, re-
spectively (Table 13). Although not significant, yield on spring wheat
stubble outyieldgd those on wintef wheat .stubble by 868 kg/ha.

In 1976, Hector barley yields also ;howed a significant intéraction
among éropping regimes and seeding methods (Table 11). With-the excep-
tion of the frost.seeded barle§ stubble and- fallow treatments, yields on

all other treatment combinations were not significant. Precipitation


















































































