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Abstract 

An observed increase in winterfat (Ceratoides Ianata (Pursh) 
J.T. Howell) on ungrazed rangeland suggests that this shrub may 
potentially be an important forage resource in the Northern 
Mi..ed Prairie under improved grazing management. The objec- 
tives of this study were to: 1) compare density, frequency, and 
cover of winterfat in a grazed pasture and site that had been pro- 
tected from grazing for about 30 years; and 2) evaluate regrowth 
of winterfat following defoliation during the growing season on a 
clayey range site in Saskatchewan. Density, frequency, canopy 
cover, and basal cover were significantly greater in the protected 
range than the grazed pasture. Density (1.1 SE&O.01 plants m-2) 
and frequency (70% SEk3.6) were about 2-fold greater, while 
canopy cover (7.0 % SEk1.4) and basal cover (1.7 % SEk1.5) were 
7- to S-fold greater, in the protected versus grazed range. When 
defoliated to a 5cm stubble in May, June, or July plants pro- 
duced significant amounts of regrowth but not when herbage was 
removed in August. When defoliated in late July or August cur- 
rent year production the following year was significantly lower 
than control and earlier defoliations. Current year production 
peaked in late July and August. Total standing crop was 2- to 4- 
fold greater in the control than the defoliation treatments 
because the biomass produced in previous years was removed 
from clipped plants. Because winterfat produces substantial 
amounts of new growth following defoliation in May, June, or 
July it is recommended that this shrub be grazed only once dur- 
ing the growing season to prevent grazing of this regrowth. 
Plants defoliated in May can potentially produce biomass equal 
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to control the following year whereas plants defoliated in June, 
July, or August will likely require more than 1 year of rest to 
recover their annual productivity. 

Key Words: Ceratoides lanata (Pursh) J.T. Howell, defoliation, 
grazing management, productivity, standing crop 

The Northern Mixed Prairie in Canada is generally described as 
being dominated by perennial grasses and forbs (Clarke et al. 
1943, Coupland 1950, 1961) with shrubs viewed as minor com- 
ponents. As a result of this perception, and because grasses gen- 
erally produce more biomass than shrubs, most decisions in graz- 
ing management are based on grasses. Winterfat (Ceratoides 
lanata (Pursh) J.T. Howell) is readily grazed by livestock and 
declines under grazing (Smoliak 1965). Clarke and Tisdale 
(1936, 1945) and Smoliak and Bezeau (1967) recognized the 
superior forage quality of this shrub and its decline under improp- 
er grazing management on the Canadian Prairies where it is most 
abundant in the Agropyron-Koeleria and Boutelouadgropyron 
faciations (Coupland 1950). 

Although winterfat has been the subject of intensive study else- 
where (e.g. Coyne and Cook 1970, Cook and Child 1971, Moore 
et al. 1972, Femandez and Caldwell 1975) it has received limited 
attention in the Northern Mixed Prairie. At the Matador Research 
Station in southern Saskatchewan, winterfat has increased dra- 
matically since the Station was established as an International 
Biological Program research site in 1967 (R.E. Redmann pers. 
obs.). Since 1963 the Research Station has been protected from 
livestock grazing. The observed increase in winterfat suggests 
that it may potentially be more abundant in the Northern Mixed 
Prairie than previously recognized, and that through improved 
grazing management it may become a more important constituent 
of this rangeland. 

The studies reported here were initiated to: 1) compare density, 
frequency and ground cover of winterfat in a grazed and protect- 
ed range; and 2) determine the growth and productivity of winter- 
fat following a single defoliation event on various dates through- 
out the growing season. This information will assist in develop- 
ing grazing management strategies for maintaining or improving 
the productivity of winterfat on Northern Mixed Prairie. 
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Materials and Methods was dried and separated as above. 

Study Site and Experimental Design 
Research was conducted at the 778 ha-Matador Research 

Station (50*42’N, 107”43’W, elev. 685 m) approximately 40 km 
southeast of Kyle and 70 km north of Swift Current, 
Saskatchewan. The area is a clayey range site (Abouguendia 
1990) and soils are Rego Brown and Calcareous Brown Series in 
the Sceptre Association of the Chernozemic Brown Subgroup 
~Arirlic Borolls) (Coupland et al. 1974). This grassland is classi- 
fied as the Agropyron-Koelerict Faciation of Mixed Prairie 
(Coupland 1950). Annual temperatures average 3.3”C with 
January the coldest month at -l-WC and July the warmest. aver- 
aging lS.S”C. Annual precipitation averages 327 mm with 
approsimately two-thirds being received as rain during the sum- 
mer. 

Density and cover for winterfat were compared on the Matador 
Research Station and the adjacent 2,203-ha pasture that is grazed 
by cattle annually in May and June and again in September and 
mid-October, or is continuousI} r grazed from May through mid- 
October. Zhang and Romo (1994) estimated that the ecological 
condition of the pasture was fair. Soils of the pasture are the same 
as those of the Research Station. In 1987,4-100-m transects were 
established and at 25 randomly selected points on each transect 
the density and frequency of winterfat were determined in a cir- 
cular 1 rn2 quadrat. In 1987, 1989, 1990 and 1991, 2 transects 
were randomly placed in the Research Station and pasture about 
50 m from the fence that separates the 2 sites. Canopy cover of 
winterfat was estimated on the transects using line intercept 
(Kinsinger et al. 1960). Basal cover of winterfat was estimated 
with point intercept (Coupland 1950) in 1991, 1992, and 1993 in 
each of 4 transects. 

The second study conducted was expanded to esamine the 
effects of 9 different dates of defoliation on the regrowth of indi- 
vidual plants. A randomized-complete-block design with 10 
replicates of 5 x 10 m plots was used with separate blocks estab- 
lished in 1990, 199 1, and 1992. Separate blocks were established 
because we were interested in the effects of a single defoliation 
event on winterfat. Plots were mowed only once with a Jari 
mower to a stubble height of about 5 cm and all the cut material 
was removed. The first date of defoliation was in early May and 
additional plots were defoliated at approsimately 2-week inter- 
vals until late August in each year. On 12 September 199 1 and 26 
September 1992 biomass was determined for individual plants 
that were defoliated the current year by randomly locating and 
clipping 1 plant per replicate at ground level. The year after 
imposing the defoliation treatment, growth was determined at 
about 2-week intervals from May or June through August by clip- 
ping at ground level 1 randomly selected plant per replicate; 
plants were never re-clipped. All samples were oven dried at least 
4s hours at 80°C. separated into shoots and leaves of the current 
year, and woody material, and then weighed. 

The defoliation studies mere conducted on the Matador 
Research Station with the first study in 1986 and 1987 in a ran- 
domized-complete-block design with 3 replicates of plots that 
were 3 x 3 m. On 15 June or 15 July 1986 these plots were defo- 
liated with a Jxi mower to a stubble height of about 5 cm and 
winterfat was collected from the entire plot. Even though the 
shortcomings of clipping studies were discussed by Caldwell 
(19S4) this intensity of defoliation was similar to that which win- 
terfat plants esperienced in the adjacent range that is grazed by 
cattle (J.T. Romo pers. obs.). The%e samples were dried at SO”C 
and separated into woody growth and production of the current 
year. On 10 August 19S7 these same plots, and a control that had 
not been defoliated, were revisited and all winterfat plants were 
clipped at ground level to determine regrowth. This plant material 

Means and their standard errors for density, frequency and 
cover were calculated and used for comparisons between the 
Research Station and the pasture. Data of the first defoliation 
study were analyzed with analysis of variance in randomized- 
complete-block design with 3 replicates and 2 defoliation dates. 
In the second study, standing crop produced in the current year 
and total standing crop were analyzed within years with a split- 
plot analysis of variance in a randomized-complete-block design 
with 10 replicates (Petersen 1985). Dates of defoliation were the 
main plots and dates of sampling were subplots. Means among 
defoliation treatments were separated with Fisher’s protected LSD 
(Petersen 1985). Data of regrowth in the year of defoliation were 
analyzed with analysis of variance, and best-fit polynomial 
regression equations for standing crop versus date of defoliation 
were developed (Petersen 19S5). Statistical significance was 
assumed at PsO.05. 

Results and Discussion 

Climatic Conditions 
Precipitation totaled 496 mm in 1990-9 1, the wettest year, and 

315 mm in the driest year of 1991-92 (Table 1). Of the total pre- 
cipitation from September through March contributed 15% in 
1990-91 to 3S% in 19S6-87 while averaging about 30% in the 

Table 1. Precipitation received during the ainterfat defoliation studies. Data are for Beeehy, Saskatchewan about 40 hm northeast of the study site. 

Year 

19S5-S6 
19S6-S7 
1989-90 
19YO-91 
1991-92 
1992-93 

Long-term 
mean (1961-90) 

Month 

Sep.-Mar. Apr. hlay Jun. Jul. Aug. Total 
------------------------------------mnl------------------------------------ 
96 6 72 41 96 29 330 

164 12 39 31 112 59 423 
132 19 43 77 120 27 41s 
72 59 65 224 40 36 496 
94 S 4s 33 so 52 315 

145 20 1.5 50 69 124 423 

115 16 40 63 60 33 327 
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other years. Julv was the wettest month in all years except 1991 
when June received the most precipitation. Except in 1991 and 
1993 when August and June received the least precipitation, 
respectively, April was the driest month. 

Density, Frequency and Cover for Winterfat 
Density, frequency, and cover mere significantly greater in the 

Research Station than the pasture. Density of winterfat averaged 
I.1 plants n$ (SE&O.Ol) in the Research Station. The 0.5 plants 
m-2 (SEkO. 13) in the grazed pasture is closer to the 0.0-0.4 plants 
n-r-2 reported for this region by Coupland (1950). In southeastern 
Alberta density of winterfat increased 68% over a 10 year period 
when grazing was removed (Clarke et al. 1943). Frequency aver- 
aged 70% (SEk3.6) and 39% (SEk9.2) in the protected and 
grazed area, respectively, This frequency is considerably higher 
than the O-24% reported by Coupland (1950). Canopy cover 
averaged 7.0% (SEk1.4) in the Research Station and 0.8% 
(SEk0.3) in the grazed pasture. Basal cover averaged 1.7% 
(SEk1.5) in the Research Station and 0.2% (SEkO.2) on the 
grazed range. When working in the same area as the present 
study, in the 1940’s. Coupland (1950) reported that winterfat had 
a basal cover of 0.04%. In southern Alberta basal area for winter- 
fat ranged from 0.06 to O.Sl% depending on the grazing history 
(Smoliak 1965). 

Growth of Plants Defoliated in 1986 
In August 19S7 current year production (7.2 g m-2 SEk1.1) and 

total biomass (16.2 g m-2 SEc2.5) were not significantly different 
after defoliation on 15 June or 15 July 1986. In August 1987, 
when biomass was redetermined, that of the current year (6.3 g 
m-3 SEk1.5) and total (16.5 g m-2 SEk3.4) were statistically simi- 
lar among the control and defoliation treatments. This total stand- 
ing crop was nearly 7-fold greater than the 2.5 g m-2 produced by 
winterfat in southeastern Alberta (Clarke et al. 1943). 

Growth Following Defoliation in 1991 and 1992 
Regrowth decreased as the date of defoliation was delayed 

(Fig. 1). Growth in 1991, the wettest year, was greater than in 
1992, the driest year of study. Current year growth was essential- 
ly nil when plants were defoliated in August 1991 or in late July 
or August 1992. Reduced regrowth after the early May versus 
late May defoliations was observed in 1991. but not in the drier 

Date of Defoliation (days past 1 May) 

Fig. 1. Regrowth of minterfat harvested on 12 Sept. 1991 and 26 
Sept. 1992 following defoliation on 9 dates in 1991 or 1992. Lines 
are from fitted regression equations and each symbol is the mean 
of 10 replicates. 

year of 1992. Cook and Child (197 1) also reported that vigor of 
winter-fat was severely reduced by defoliation in May. Because 
winterfat was initiating its growth when defoliated in May, its 
carbohydrate reserves were likely near their seasonal low (Coyne 
and Cook 1973) and plants relied on current photosynthate for 
regrowth (Caldwell 1984). Alternatively meristematic and photo- 
synthetic limitations (Wandera et al. 1992, Bilbrough and 
Richards 1993) may have limited regrowth in 1991, whereas in 
1992 environmental conditions (Richards and Caldwell 1985) 
may have placed greater restrictions on carbon gain and growth. 

Production of Plants Defoliated in 1990 
In 1991 the current year production for plants was affected by 

the date of defoliation x date of sampling interaction (Table 2). 
Control plants had the most production, and plants defoliated in 
July or August the least. Depending on the date of defoliation, 
peak production was observed in mid-July to August. 

Date of defoliation and date of sampling independently affected 

Table 2. Current year production for winterfat defoliated in 1990 and sampled in 1991. 

Date of -hlay-- 
drfolirction 22 

Samnliw Date in 1991 
______ J”” .____ __ --__--_-_-__ J”l____________ --__-- Aug ._---__ 

4 17 4 16 30 13 27 Mean 

Control 
9 May 1990 

22 May 1990 
5 Jun. 1990 

20 Jun. 1990 
9 Jul. 1990 

19 Jul. 1990 
31 Jul. 1990 
15 Aug. 1990 

3s Aug. 1990 

-----___- -_**___-_- ____ _--_____---_ ____--______ 
5.0' 5-l 9.3 12.6 
2.0 5.1 6.3 9.1 
3.2 3.9 9.7 9.1 
3.6 7.1 7.2 6.5 
3.3 5.4 5.5 7.8 
2.2 5.8 4.5 7.5 
2.4 4.0 4.6 6.S 
1.5 24 5.1 4.3 
I9 3.1 4.2 6.0 
1.3 2.7 4.3 6.6 

g plant-*- _ _ _ _ _ _ _ --______-____ __._____-____. 
s.3 10.3 26.3 

11.3 10.7 I0.S 
7.3 13.4 s.5 

10.2 6.0 12.4 
4.3 12.1 9.7 
4.6 s.7 5.5 
6.0 s.9 6.0 
s.0 9.2 8.4 
3.2 3.1 9.2 
7.1 10.5 9.2 

.--___-----__ 
16.2 11.7 

9.5 8.1 
15.9 x.9 
I0.S x.0 

s.9 7.1 
7.2 5.S 

11.6 6.3 
7.6 5s 
7.7 4.s 

12.7 6.S 

hlcnn 2.6 4.5 6.1 7.6 7.0 9.3 10.6 1o.s 7.3 
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E p5 
04 I 

May June July August 

Time of Sampling (Month) 

Fig. 2. Total biomass averaged across control and defoliation treat- 
ments for winterfat defoliated in 1990 and sampled in 1991. S.E. is 
standard error for the means. 

total biomass. Total biomass of plants in the control was about 2- 
to 4-fold greater than those that had been defoliated (Table 3). 
Plants that were defoliated on 14 August 1990 were smallest 
among those in the defoliation treatments. The seasonal pattern of 
growth was similar among treatments, peaking in August (Fig. 2). 

Growth of Plants Defoliated in 1991 
Current year production and total biomass in 1992 were affect- 

ed by the date of defoliation and date of biomass sampling. 
Current year production peaked in late July while total biomass 
was greatest in late June to early July (Fig. 3). Current year pro- 
duction was not significantly different among plants in control 
and those defoliated in May to mid-July (Table 4). Plants that 
were defoliated in August produced the least biomass. Production 
of the current year was significantly correlated (1=0.87, PsO.05) 
with regrowth m 1991, suggesting that the plants which regrew 
more biomass in the year of defoliation also produced more the 
nest year. 

Total biomass was about 2- to j-fold greater in the control than 
plants that had been defoliated (Table 4). Among the defoliation 
treatments, total biomass tended to be greatest when herbage was 
removed in May or June and least in August, respectively. Total 
biomass was greater because plants defoliated earlier had more 
biomass production in 1991 and this biomass was classified as 
woody material in 1992. 

Growth of Plants Defoliated in 1992 
In 1993 current year growth and total biomass were not signifi- 

cantly different among treatments on dates of sampling (Fig. 4). 
Biomass in both categories was greatest in August. 

3 15- 

il;: >pz 

01 

May June July August 

Time of Sampling (Month) 

Fig. 3. Total biomass and current year production averaged across 
control and defoliation treatments for winterfat defoliated in 1991 
and sampled in 1992. SE. is standard error for the means. 

Current year production was significantly different among 
treatments with plants defoliated in early May producing most 
and control was intermediate in its production (Table 5). When 
defoliated in mid-May to early June, or late July to August, plants 
had the least production. Total biomass was greatest in control 
and the early May defoliation; it was statistically similar among 
plants that had been defoliated. Production of the current year 
was positively correlated +0.X9, &O.OS) with regrowth biomass 
in 1992. 

Management Implications 

Cover, frequency, density, and production of winterfat were 
substantially greater than previously reported in the Northern 
Mixed Prairie of Canada (Clarke et al. 1943, Clarke and Tisdale 
1936, 1945, Coupland 1950, Smoliak 1965). It is possible that 
these earlier studies underestimated the importance of this shrub 
on Northern Mixed Prairie because it declines substantially under 
grazing, and study sites might not have been fully recovered from 
previous grazing. 

The decline of winterfat under grazing can be attributed to its 
pattern of growth in relation to grazing during the growing sea- 
son. As evidenced by production of current year, the growth peri- 
od for winterfat extends from May into August with standing 
crop peaking in late July or August. Some growth may occur ear- 
lier in the season than reported here, but our sampling did not 
include this period. Photosynthetic carbon fixation for winterfat is 
greatest from April through July, being limited by moisture 
deficits in late summer (Caldwell et al. 1977). 

Table 3. Total biomass averaged across sampling dates for winterfat defoliated in 1990 and sampled in 1991. 

Date of Defoliation in 1990 
Control _ - - - - - hfay- - _ _ - _ _ _ _ _ _ -Jun.- _ _ - - - _ _ _ _ _ - _ _ _ -J”l*- - _ - - - _ _ _ _ _ _ _ _ _ _ -Aug.- _ _ _ _ _ 

9 22 5 20 9 19 31 14 29 

----------;;;bc--------..-.------------------(gp]nnl-l)--------------------------------------------- 
38.9&2 ILOb 11.3bc 12.0bc 1 ISbc 11.2bc 1 l.Sbc 10.2c 12Sbc 
thlem folloned by the mme le~trr are no1 bigntliwnrly different (P ~0.05). 
?Stmdxd error is 1.7. 
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Fig. 4. Total biomass and current year production averaged across 
control and defoliation treatments for uinterfat defoliated in 1992 
and sampled in 1993. S.E. is standard error for the means. 

Because winterfat grows throughout the summer, and substan- 
tial amounts of new growth are produced following defoliation, it 
is vulnerable to having regrowth grazed if livestock are not 
removed after the initial defoliation. The possible exception to 
this is in August or later when regrowth is minimal following 
defoliation. Late season use will minimize opportunities for 
growth of new biomass and its removal if the grazing period is 
protracted. In contrast, regrowth will likely be consumed under 
continuous grazing, in grazing systems that include more than 1 

grazing period during the growing season, or in those with pro- 
longed periods of grazing. 

The length of time winterfat had to regrow following defolia- 
tion impacted productivity the nest year. More than 1 growing 
season may be required to regain productivity if winterfat is 
grazed during June, July, or August. Plants that were defoliated in 
late July or August tended to produce the least biomass the fol- 
lowing year, while those defoliated earlier produced more. Cook 
and Child (197 1) found defoliation in late spring was more harm- 
ful to winterfat than early spring defoliation. It is possible that 
plants were weakened by defoliation in late summer because car- 
bohydrates reserves may have been low as noted by Coyne and 
Cook (1970). Longer periods of growth that were associated with 
earlier defoliation may also expose plants to favorable environ- 
mental conditions for activation of meristems, production of new 
leaves. and high rates of photosynthesis (Caldwell et al. 1981, 
Richards and Caldwell 19X5). In contrast, because there was 
essentially no regrowth in the year of defoliation for plants defo- 
liated in late July or August, the lack of active meristems 
(Wandera et al. 1992) may have limited production the following 
year. We observed that growth originated primarily from crowns 
on plants that were defoliated late the previous year, while those 
in the early defoliation treatments produced most new growth 
from shoots produced the year before. 

Winterfat represents a potential late season forage in the 
Northern Mixed Prairie. In fall and winter it’s nutritive value is 
high relative to most grasses (Clarke and Tisdale 1945, Smoliak 
and Bezeau 1967). To realize the benefits of winterfat, however, 
not only must productivity and forage quality be taken into 
account, but allowances must also be made for its regeneration. 
Winterfat flowers in June, seeds develop through the summer and 

Table 4. Current year production and total biomass averaged across sampling dates for winterfat defoliated in 1991 and sampled in 1992. 

Control - - - - _ -n,jqL - - - _ - 
6 21 

Date of Defoliation in 1991 
_ _ _ _ _ -Jun.- _ _ _ _ _ _ _ _ _ _ _ _ _ _ -J,,l.- _ _ _ _ __ _ _ _ 
4 17 4 16 30 

_ _ _ _ _ -Aug.- _ _ _ _ _ 

12 27 
---------------------------------------------(~p]~nrl)--------------------------------------------- 

Current year production 
7.3al.Z 6.lacde 7.1x 6Sacd 6Sacd 5.6bdef 6.2acd 5.6bdef 4.Sbefg 4.0bg 

Total biomass 
30.la3 16.9b 15.5bc 11 .Scde 13.3bcd 10.4deg 11.4def 9.2efg 7.7g 7.lg 

i Mean> folloi~ed by lhe s3me letter 3re oar ~igm!icanlly drfferenr WI.05). 
2 Srandxd error for wren! year production ih 0 4Y. 
3 Srclndard error for IOIA biomass is 1.3. 

Table 5. Current year production and total biomass averaged across sampling dates for winterfat defoliated in 1992 and sampled in 1993. 

Date of Defoliation in 1991 
Control _ _ _ _ _ -May- _ _ - _ _- _ _ _ _ _ -Jun.- _ _ _ _ - _ _ _ _ _ _ _ _ _ -Jul.- _ _ _ _ __ _ _ _ _ - - - - -Aug.- - - _ _ - 

6 21 4 17 4 16 30 12 27 
---------------------------------------------(gplant‘l)--------------------------------------------- 

?67,~1 year production 
10.9a 6.Sdrf 7.6bdef S.Obde S.Zbcde S.6bcd 6Scdef 5.Sf 6.0ef 

Total biomass 
36.4~3 20.lab 12.5b 13.4b 13.6b 13.9b 14.lb 12.5b 10.4b lO.Sb 

- 
I Mean> followed by the sme letter are not sigmticantly different (P&OS). 
2 Standard error tar current year production i% 0 8 
3 Skmdard error for to!al biomass is I .S. 
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most are shed in mid-September through October (J.T. Romo 
pers. obs). Therefore to maintain or increase populations of win- 
terfat, grazing must be deferred periodically until at least late 
October to allow seeds to be produced and dispersed. The 
requirements for seedling recruitment have yet to be determined. 
Although the impacts of grazing winterfat while it is dormant in 
the Northern Great Plains are not known, use during this period is 
least harmful to this shrub elsewhere (Cook and Child 1971). 
Deferring use will also enable winterfat to reach peak standing 
crop. 
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