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Abstract 

Spotted knapweed (CeNaurea maculosa Lam.) is a noxious 
plant that has invaded many native ranges in the Northern Inter- 
mountain Region. Although the use of livestock to control knap- 
weed is intuitively appealing, feasibility of the strategy has received 
little attention. This greenhouse study was conducted to evaluate 
response of spotted knapweed to defoliation, tight, and competi- 
tion. Although total knapweed biomass (g/plant) was not altered 
by defoliation treatments, several of the more severe treatments 
adversely affected root, crown, and final harvest foliage. Root and 
crown growth were also adversely affected by increasing competi- 
tion from bluebunch wheatgrass (Pseudbroegneriaspicata). Foliage, 
root, and crown growth of spotted knapweed increased signifi- 
cantly when plants received full, rather than half light. Spotted 
knapweed was less sensitive to defoliation than was bluebunch 
wheatgrass. Although the feasibility of using livestock to control 
spotted knapweed cannot be completely disregarded, data suggest 
that the knapweed would have to be selectively and repeatedly 
grazed during the growing season. 

Key Words: Centaurea maculosa, controlled environment, Pseu- 
doroegneria spicata, grazing management strategy 

Spotted knapweed (Centuureu maculosa Lam.) was introduced 
to the Pacific Northwest from Eurasia around 1900 (Strang et al. 
1979). It grows on an estimated 1.9 million ha of range and pasture 
in Montana (Lacey 1987) and is recognized as an aggressive 
invader throughout the Northern Intermountain Region (Harris 
and Cranston 1979, Schirman 1981, Morris and Bedunah 1984, 
Lacey et al. 1986, Kelsey and Bedunah 1989). 

Spotted knapweed control requires an integrated approach 
using biological, chemical, and cultural tools (Rochi: et al. 1986, 
Story 1989). As the wide-spread use of chemical and mechanical 
treatments become more of an environmental concern, biological 
control increases in importance. Biological control is the deliberate 
use of insects, plant pathogens, livestock, and other organisms to 
control the target plant. Defoliation alters a plant’s competitive 
ability and influences its role in community succession (Maschinski 
and Whitman 1989). 

Observations that spotted knapweed is not utilized as forage 
(Watson and Renney 1974) have been refuted (Kelsey and Mihalo- 
vich 1987, Robbins 1990, Cox 1990). Use by livestock is highest 
during spring and early summer when plants are in the rosette and 
bolt stages. Use declines as knapweed matures, and protein and 
digestibility decreases (Kelsey and Mihalovich 1987). 
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The feasibility of using livestock to control dyers woad (Zsotis 
tinctoriu L.) (West and Farah 1989) and leafy spurge (Euphorbiu 
esulu L.) (Johnston and Peake 1960, Landgraf et al. 1984) have 
been reported. Feasibility of using livestock to control spotted 
knapweed has not been evaluated. This research quantified the 
response of spotted knapweed to defoliation (via clipping), light, 
and competition. Results will be useful in developing integrated 
weed control strategies. 

Methods and Materials 

Spotted knapweed response to a combination of competition 
(inter- and intra-specific), defoliation, and light intensity treat- 
ments was quantified in a greenhouse at Montana State University. 
A total of 2,520 spotted knapweed and bluebunch wheatgrass 
[ Pseudoroegneriu spicata (Pursh) Love] plants were excavated 
with 10 cm of main roots from loam soils (fine-loamy, mixed frigid, 
Typic Ustochrepts, and loamy-skeletal, mixed, Aridic Haplobo- 
rolls) near Garrison, Mont., in May 1988. Knapweed and wheat- 
grass plants were in the rosette stage and vegetative growth stages, 
respectively. However, each of the plants produced flowering 
stalks the previous year. Combinations of 6 plants per pot were 
transplanted into 420,18.9-liter pots (28-cm deep and 29-cm wide) 
containing a pasteurized potting mixture. All bluebunch wheat- 
grass plants were clipped at a 15-cm stubble height to remove 
previous year growth. 

Competition Treatments 
Species combinations were varied to simulate 2 kinds of intra- 

specific competition: 6 spotted knapweed and 0 bluebunch wheat- 
grass plants (6:0), and 0 spotted knapweed and 6 bluebunch wheat- 
grass plants (0:6); and 2 levels of interspecific competition: 4 
spotted knapweed and 2 bluebunch wheatgrass plants (4:2), and 2 
spotted knapweed and 4 bluebunch wheatgrass plants (2:4). Thus, 
each species could be evaluated at 3 levels of competition. For 
reading ease, the planting mixes are referred to as 6:0,0:6,4:2, and 
2:4 levels of competition. Each planting combination was sub- 
jected to 7 defoliation and 3 light treatments. Each treatment was 
replicated 5 times. 

Light Treatments 
Three levels of light (full, 2/3, and l/ 2) were used in the study. 

Because it was impractical to shade each pot individually, the 
greenhouse was subdivided into 3 parts, with each part receiving a 
distinct level of light. The full light treatment was represented by 
normal greenhouse conditions. The 2/ 3 and 1 / 2 light treatments 
were created by suspending a single and a double shade cloth 
(black mesh screen) 70 cm above the pots, respectively. A Licor 
light meter was used to verify that the photosynthetic radiation was 
reduced, in comparison to full light, by 33% and 50% in the 2/ 3 and 
l/ 2 light treatments, respectively. 
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Table 1. Frequency, timing, level of defoliation, and a descriptive code to identify 7 clipping treatments applied to 2 plant species during the defoliation 
study conducted at Montana State University. 

Treatment 

Number 
of Defo- 
liationr 

Spotted knapweed Bluebunch wheatgrass Code 
Stage Intensity Number Stage 

of of Defo- of Defo- of 
growth2 liatiod liationr growth2 cm4 CEMA; PSSPS 

1 0 __ 0 0 
2 1 B 25% I V 
3 1 R 75% 1 V 
4 I B 75% I V 

1 B 75% 0 
2 B,F 7550% 2 V,F 

7 4 R,B,B,F 50% 4 V 

‘0, I, 2, and 4 refers to total number of times that the plants were clipped during the season. 
*R, 8, F, and V refers to growth stage (rosette, bolt, flower, vegetative) when plants were clipped. 
‘0.25, 50, and 75 refers to percentage of knapweed foliage (by weight) removed during each clipping. 
*O, 5, and 10 refers to stubble height of wheatgrass following defoliation. 
‘Symbols on left and right side of semicolon refer to spotted knapweed and bluebunch wheatgrass, respectively. 

0 0;o-o 
10 1 B-25; 1 V-50 
5 IR-75;1V-75 

10 I B-75; 1 V-50 
0 1 B-75;O-O 
10 2B,F-75,50;2V,F-75,25 
5 4R,B,B,F-50;4V-50,50,25,25 

Length of daylight was not altered. Each pot was rotated 90 
degrees and relocated weekly (systematically) to minimize the 
effect of environmental variation within the greenhouse. 

An equal amount of water was added to each pot when the plants 
under full light began to wilt. Therefore, plants under partial shade 
had a more moist environment. Greenhouse temperatures were 
adjusted to simulate a day and night condition near Garrison. 

Defoliation Treatments 
Seven defoliation treatments, varying in frequency and severity, 

were applied at specific stages of growth (Table 1). The treatments 
were designed to simulate different types of grazing management. 
An index was derived to rate treatments for potential severity to 
spotted knapweed (Table 2). Use of the index enabled us to quan- 
titatively evaluate the defoliation treatments relative to light and 
competition, thus facilitating projections regarding the feasibility 
of controlling knapweed with livestock. 

Stems, leaves, buds, flowers, and seeds harvested during the 
defoliations were combined, weighed, and analyzed as foliage. 
Material harvested during the study was combined with final har- 
vest on 29-31 October 1988 to yield total above-ground foliage. 
Spotted knapweed crown (12 mm above and 12 mm below the soil 
surface) and roots were also collected, dried, and weighed at the 
end of the study. Roots and crowns of bluebunch wheatgrass were 
not collected. Material from individual plants within a pot was 
combined and divided by the number of plants to provide compos- 
ite weights by species. All material was oven-dried for 15 minutes at 
100° C then overnight at 65” C. 

Statistical Design and Analyses 
The study was designed as a randomized block. Seven levels of 

defoliation and 4 levels of competition were randomly arranged 
within 3 levels of light. Each treatment combination (defoliation by 
competition) was replicated in 5 pots at each level of light. 
Response of spotted knapweed and bluebunch wheatgrass to defo- 
liation and competition were evaluated using 2-way analysis of 
variance (SAS 1985). Since the light treatments were not repli- 
cated, the effect of light was not evaluated using analyses of var- 
iance. Block means were calculated from 5 pots in each competi- 
tion by defoliation treatment. Thus n equaled 63. Separate ana- 
lyses were run for root, crown, final foliage, total foliage, and total 
biomass of spotted knapweed, and final foliage and total foliage of 
bluebunch wheatgrass. Analyses were conducted on a “per pot” 
and on an “average plant” per pot basis. Least square (LS) means 
were used in the analyses. Means were separated using LSD tests 
when ANOVA showed a significant treatment effect, and orthogo- 
nal contrasts were used when significant defoliation by competi- 
tion interaction occurred. Tests were considered significant if 
pso. 10. 

Similar analyses were used to analyze the “community”, or 
combined, response of the 2 species for final harvest and total 
foliage, on a “per pot” basis. Four levels of competition, 2 mono- 
cultures, and 2 mixtures, were included. Thus n equaled 84. 

Step-wise multiple regression analyses were used to evaluate the 
effects of light in relation to bluebunch wheatgrass competition, 
and severity of defoliation on yields of roots, crown, final harvest 
and total foliage, and total biomass of spotted knapweed. Similar 

Table 2. Rating 7 deseriptive clipping treatments in terms of frequency, intensity, and timing of defoliation to derive a defoliation index (D-index). Study 
was conducted in a greenhouse at Montana State University. 

Treatment F’ 
Spotted knapweed 

12 T3 
Bluebunch wheatgrass 

FX I4 Difference D-Index5 

CEMA,PSSP 
0;O-O 

1 B-25; l V-50 
lR-75;1V-75 
1 B-75; IV-50 

1 B-75:04 
2B,F-75,50;2V,F-?5,25 

4R,B,B,F-50;4V-50,50,25,25 

0 X 0 X 0 - (0 X 0) q  0 0.00 
1 X 1 X 2 - (1 x .50) = 1.50 0.09 
1 X 3 X 1 - (1 x .75) = 2.25 0.14 
1 X 3 X 2 - (I x .50) = 5.5 0.33 
I X 3 X 2 - (0 X 0) = 6 0.36 
2 X 2.5 X 3 - [(1X.75)+(1X.25)] q  0.85 
4 X 2.25 X 2 - [2(1X.50)+2(1X.25)] = I:.: 1.00 

‘Frequency (F): Number of defoliations during season: 
*Intensity (I): O=O%, 1=25%, 2=50%, 3=75% (2.5 and 2.25 are averages of 2 and 4 defoliations, respectively). 
‘Timing (T): O=no defoliation, I=rosette, Z=bolt, 3=flower. 
4Frequency X Intensity: Number of defoliations X percent biomass removed (O-no use, .25=25%, .50=50%, .75=75%). 
5Index calculated by dividing the difference between the product of frequency, intensity, and timing of spotted knapweed defoliation and the product of the frequency and 
intensity of bluebunch wheatgrass defoliations by 16.5. 
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Table 3. Effect of 7 defoliation treatments and 3 levels of competition on biomass of spotted knapweed in a 1988 greenhouse study. Competition levels 
were created by growing combinations (6:0,4:2,2:4) of 6 spotted knapweed and bluebunch wheatgrass plants, respectively, in pots at Montana State 
University.’ 

Defoliation index2 Root Crown Final Foliage Total Foliage3 Total Biomass4 
CEMA,PSSP 81 plant 81 pot 81 plant 81 pot 81 Plant 81 PotJ g/plant g/pot 8lplant 81 pot 

0.00 - 0;o-o 1.2*b 4.6* 0.23’ 0.92” lJb 5.6 l.?f 5.6bd* 2.8ab” 1l.l.b 
0.09 - IB-25;lV-50 0.7h 3.1” 0.25” 0.96” l.4b 5.0 bedsrp 6.3”bcd 2.7”’ 10.4”b” 
0.14 - IR-75;IV-75 3 9” 
0.33 - IB-75;lV-75 ;$I 3’2” 0.25’ 0.92” 1.8* 5.9 ;$& 6.4”k 3.2”b Il.& 

l:l’” 413” 
0.23” 0.86’ 1.0’ 3.7 1 ‘pa 6.9”” 2.9”& 

0.36 - lR75;O-O 0.22” 0.86’ 0.7d 2.8 l:43bf 5.6Me 
I I .O”b 

2.7”& 10.8”b 
0.85 - 2B,F-75;50;2V,F-75,25 0.7” 3.3” O.lgb 0.68b 0.5” 1.8 l.6bcd” 5.5” 2.5= 9.5”k 
1.00 - 4R,B,B,F-50;4V-50,50,25,25 0.3d l.4b 0.17b 0.6gb 0.6” 2.0 1.9”*’ 6.9”be 2.4” 8.9” 

Competition 
6 CEMA, 0 PSSP I.Oab 5.6” 0.24” 1.38’ l.Ob 5.8 1.7”’ 9.6” 2.9 16.7n 
4 CEMA, 2 PSSP 0.8’bC 3.2b 0.21b 0.77b l.ob 3.5 1.5” 5.7b 2.6 9.6b 
2 CEMA, 4 PSSP o.7ti 1.4’ 0.2ob 0.37c 1.2” 2.2 l.8’be 3.2’ 2.8 5.0’ 

‘Means within a column followed by the same letter are not significantly different (JW.10) as determined by LSD test. 
2Treatments rated for potential severity to spotted knapweed. 
‘Includes material defoliated during study and final foliage harvest. 
41ncludes root, crown, and final foliage harvest. 
‘Significant competition by defoliation interaction. 

regressions were used to evaluate the effects of light, in relation to 
knapweed competition and defoliation on final harvest and total 
foliage of bluebunch wheatgrass. Because the 3 levels of light 
(loo’?& 66%, 50%) are discreet and nonlinear, light was treated as a 
qualitative, rather than a quantitative, treatment (Kmenta 1971). 
Dummy variables were established for each level of light, taking 1 
for that light treatment and 0 for all others. For example, the model 
to evaluate the influence of light on mean spotted knapweed 
crown/plant is shown (Eq. 1): 

Mean CEMA Crown/Plant = f(a + B (D-index) + B(PSSP) + 
S4L.T + &LF) (1) 

where a, 8~~ and & are the estimates of the intercept of plants 
receiving l/ 2 light, and the differences between the intercept for tlie 
l/2 light and the intercepts for 2/3 and full light, respectively. 
D-index and PSSP are the defoliation index and above-ground 
biomass of bluebunch wheatgrass, respectively. Dependent vari- 
able represented a mean of 5 pots in each competition by defolia- 
tion treatment. Thus, n equaled 63. 

Results 
Defoliation, light, and competition influenced growth of spotted 

knapweed and bluebunch wheatgrass. Roots, crowns, and foliage 
did not respond similarly to the treatments. 

Roots 
Root growth was not significantly affected by a defoliation by 

competition interaction. Final root size of spotted knapweed 
plants defoliated 4 times during the growing season was smaller 
than the roots of control plants or those defoliated once or twice 
(Table 3). Frequent defoliations reduced roots more than 3-fold. 
Root growth was not significantly affected by defoliating once or 
twice. 

Spotted knapweed root weight per pot followed the same pat- 
tern (Table 3). Root growth was detrimentally affected by 4 defoli- 
ations, but not by the less-frequent clippings. Knapweed root 
weight was similar when grown with bluebunch wheatgrass plants 
that were either defoliated once or undefoliated (Table 3). This 
indicates that knapweed root growth did not increase in response 
to the potential reduction in wheatgrass competition. 

Increasing levels of competition from bluebunch wheatgrass 
adversely affected root growth of spotted knapweed on a g/pot 
basis (Table 3). These differences were expected since the number 
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of knapweed plants per pot increased from 2 to 6 in the 2:4 to 6:0 
levels of competition. Knapweed plants grown with wheatgrass 
plants were not aggressive enough to grow any larger than the 
knapweed plants grown in a monoculture. Average root size of 
plants growing in the spotted knapweed monoculture (60) were 
37% larger than those grown in a bluebunch wheatgrassdominated 
pot (2:4) (Table 3). 

Severity of defoliation as estimated by the defoliation index 
(D-index), total above-ground biomass (AGB) of bluebunch 
wheatgrass, and light explained 54% of the variation in spotted 
knapweed root growth (Eq. 2). 

Mean CEMA Root/ Plant q  4. I. - 2.1 (D-index) - 0.55 (AGB of PSSP) + 
1.68(G) + 4.69 L;) (2) 

(P=0.ooo1) (P=o.o09) (P=.oool) (P=O.Ol) (P=.oool) 

Thus, root growth decreased with severity of defoliation and 
interspecific competition. Root mass increased with each incre- 
ment of light. 

Crown 
Crown growth was not significantly affected by a defoliation by 

competition interaction. Mean crown size of spotted knapweed 
(g/plant and g/pot) was significantly reduced by the multi- 
defoliation treatments (Table 3). Single defoliation treatments did 
not affect crown size. 

Weight of knapweed crowns (g/pot) decreased as the number of 
wheatgrass plants in the pot combinations increased (Table 3). 
Although this was influenced by plant numbers, crown weight on a 
per plant basis was largest in pots containing spotted knapweed 
monocultures. 

Severity of defoliation, total above-ground wheatgrass produc- 
tion, and light explained 79% of the variation in crown size of 
spotted knapweed plants (Eq. 3). 

MeanCEMACrown/plant q  1.26-0.30(D-index)-O.l4(AGBofPSSP)+ 
0.15 (L$) + 0.39 (L;) (3) 

(P=O.OOOl) (P=O.c@04) (P=O.O3) (P=O.oool) 

Thus, crown size was adversely affected by defoliation and blue- 
bunch wheatgrass competition. Crown size increased with in- 
creasing light. 

Final Harvest Foliage 
Foliage collected at final harvest of spotted knapweed (g/plant) 

increased with a single defoliation in the rosette stage (D-index 
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- (2 CEMA:4 PSSP) kt88 (4 CEMA:P PSSP) = (0 CEMA:O PSSP) 

0.09 0.14 0.33 0.36 0.85 1.00 

Defoliation Index (D-index) 
Fig. 1. Spotted knapweed (CEMA) final harvest foliage as a function of interaction between 7 defoliation treatments and 3 levels of competition. 

Competition levels were created by growing combinations (2:4,4:2, or 6:0) of 6 spotted knapweed and bluebunch wheatgrass plants, respectively, in pots 
at Montana State University. Means within a defoliation treatment followed by the same letter are not significantly different (p>O.lO) as determined by 
a t-test. 

0.14), decreased with the more severe defoliations (D-indices 0.36- 
1 .O), and was not affected at D-index 0.09 (Table 3). A significant 
competition by defoliation interaction indicates that final harvest 
foliage per pot responded differently to defoliation at some levels 
of competition. Final foliage (per pot) of knapweed increased 
significantly, with increasing intra-specific competition, for the 
control 0.09,O. 14, and 0.33 D-indices (Fig. 1). However, responses 
were similar for the 2:4 and 4:2 levels of competition for the 0.36, 
0.85, and 1 .O D-indices. 

Table 4. Effect of 7 defoliation treatments and 3 levels of competition on 
foliage of bluebunch wheatgrass in a 1988 greenhouse study. Competi- 
tion levels were created by growing combinations (4:2, 2:4, 0:6) of 6 
spotted knapweed and bluebunch wheatgrass plants, respectively, in pots 
at Montana State University.’ 

Severity of defoliation, wheatgrass competition, and light 
explained 7 1% of the variability in final harvest foliage of spotted 
knapweed (Eq. 4). 

Mean CEMA Final Foliage/plant = 6.8 5.16 (D-index) - 0.59 
(AGB of PSSP) + 0.65 (L;) (4) 

(P=O.OOOl) (P=O.OOOl) (P=0.0001) (P=O.O78) 

Thus, final foliage was adversely affected by defoliation and 
wheatgrass competition. Although foliage did not increase as level 
of light increased to two-thirds, it increased under full light. 

Defoliation index2 Final foliage Total foliage3 
CEMA;PSSP g/plant 81 Pot 81 plant 81 Pot 

0.0 o;o-0 2.0” 7.6’ 2.0”’ 7.6”” 
0.09 - 1 B-25; 1 V-50 0.6b 2.3b I .4b’d 5.1bCd 
0.14 IR-75;lV-75 O.gb 2.gb I .gbcd 5.6bcde 
0.33 - I B-75; I V-50 0.7b 2.7b 1.5b’d 5.6bcd” 
0.36 - I B-75;0-0 1.8’ 6.8” 1.8 abed 6.8*bde 
0.85 - 2B,F-75,50;2V,F-75,25 0.6b 2. lb I ,gabcd 6.3 bcde 

1 .OO 4R,B,B,F-50; 0.2’ 0.8’ I .gbcd 5.7 bcde 

4V-50,50,25,25 

In contrast, each of the defoliation treatments reduced final 
foliage of bluebunch wheatgrass (g/plant and g/pot) (Table 4). 
Sensitivity to defoliation was most marked in plants defoliated 4 
times during the study. By end of season, plants defoliated 4 times 
produced less than 10% of control plant foliage. Defoliation treat- 
ment and light explained 29% of the variation in the final foliage of 
bluebunch wheatgrass (Eq. 5). 

Competition 
4 CEMA; 2PSSP 1.2” 2.4’ 2.2” 4.4c 
2 CEMA; 4 PSSP O.gb 3.4b 1.5b 6.1b 
0 CEMA; 6 PSSP O.gb 5.0” l.3b 7.8* 

‘Means within a column followed by the same letter are not significantly different 
(DO. IO) as determined by LSD test. 
‘Treatments rated for potential severity to spotted knapweed. 
3Includes material defoliated during study and final foliage harvest. 

Mean PSSP Final Foliage/ Plant q 1.18 - 0.98 (D-index) + 0.48 (Lk) (5) 
(P=0.0001) (P=0.0001) (P=O.O09) 

more foliage (g/plant) than the control plants. Total foliage pro- 
duced at other D-indices (g/plant) and all (g/pot) was similar to 
the control (Table 3). 

Thus, final foliage decreased with severity of defoliation and 
increased in full light. Aboveground production of spotted knap- 
weed and the two-third light treatments did not meet the signifi- 
cance level for entry into the model. 

Total Harvest Foliage 
Total foliage harvested was not significantly affected by a defoli- 

ation by competition interaction. Spotted knapweed plants which 
were clipped once in the rosette stage (D-index 0.14) produced 

Effect of competition on total foliage of spotted knapweed 
(g/pot) indicates decreasing foliage with increasing wheatgrass 
competition (Table 3). However, on a per plant basis, there were no 
differences among levels of competition. 

Aboveground production of bluebunch wheatgrass explained 
81% of the variation in total foliage of spotted knapweed (Eq. 6). 

Mean CEMA Total Foliage/ Plant = 8.9 - 0.89 (AGB of PSSP) + 1.24 (LF~) 
(P=O.OOOl) (P=O.OOOl) (P=O.OOOS) (6) 

Total foliage decreased with increasing wheatgrass competition, 
but increased with full light. The defoliation and the two-third light 
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- (0 CEMA:6 PSSP) 

a (4 CEMA:P PSSP) 

m (2 CEMA:4 PSSP) 

@% (6 CEMA:O PSSP) 

'*l a 

0.09 0.14 0.33 0.36 0.85 1.00 

Defoliation Index (D-Index) 

Fig. 2. Spotted knapweed (CEMA) plus bluebunch wbeatgrass (PSSP) final harvest foliage as a function of interaction between 7 defoliation treatments 
and 4 levels of competition. Competition levels were created by growing combinations (0:6, 2:4,4:2, and 6:0) of 6 spotted knapweed and bluebunch 
wheatgrass plants, respectively, in pots at Montana State University. Means within a defoliation treatment followed by the same letter are not 
significantly different (BO.10) as determined by a t-test. 

treatments did not meet the significance level for entry into the Final and Total Aboveground Biomass of Spotted Knapweed and 
model. Bluebunch Wheatgrass 

Defoliation treatments did not significantly affect total foliage 
of bluebunch wheatgrass (g/plant) (Table 4). However, the data 
suggest an adverse impact. The anomalies in forage production at 
D-index 0.85, relative to D-indices 0.09 through 0.36, could not be 
explained by reviewing field notes. 

Final foliage of the 2 species varied from 5.0 to 5.9 g/pot at the 
0:6 and 4:2 levels of competition, respectively (Table 5). A signifi- 
cant competition by defoliation interaction indicates that level of 

Total foliage production of bluebunch wheatgrass (g/pot) was 
significantly reduced by single and multiple defoliations (Table 4). 
Bluebunch wheatgrass growth at D-index 0.36, when it was not 
clipped but knapweed was clipped, did not differ from the control. 
This indicates that undefoliated wheatgrass plants were unable to 
increase growth in response to the single defoliation of the 
knapweed. 

Table 5. Effect of 7 defoliation treatments and 4 levels of competition on 
final and total cumulative foliage of spotted knapweed and bluebunch 
wheatgrass in the 1988 greenhouse study. Competition levels were 
created by growing combinations (0:6, 2:4, 4:2, 6:0) of 6 spotted knap- 
weed and bluebunch wheatgrass plants, respectively, in pots at Montana 
State University. 

Individual wheatgrass plants produced more foliage when 
grown at the 4:2, rather than the 2:4 or 0:6 levels of competition 
(Table 4). Because of plant number, the least amount of bluebunch 
wheatgrass foliage (g/pot) was produced at the 4:2 level of compe- 
tition (Table 4). 

Defoliation index’ 

CEMA;PSSP 

Final2 

g/pot 

Total’ 

gi Pot 

Total aboveground foliage of spotted knapweed and light 
explained 35% of the variation in total foliage per bluebunch 
wheatgrass (Eq. 7). 

0.0 o;o-0 
0.09 1 B-25; I V-50 
0.14- lR-75;lV-75 
0.33 - IB-75;1V-50 
0.36 I B-75;0-0 
0.85 - 2B,F-75,50;2V,F-75,25 
1.00 4R,B,B,F-50;4V-50,50,25,25 

Comuetition 

10.0 10.0 
5.5 8.6 
6.5 9.0 
4.8 9.4 
7.2 9.3 
2.9 8.8 
2.0 9.5 

Mean PSSP Total Foliage/ Plant q I. I5 + O.O9(AGB of CEMA) + 0.74 (Lk) 
(P=O.OOOl) (P=O.O021) (P=O.OOOl) (7) 

Thus, bluebunch wheatgrass produced more foliage when grown 
with spotted knapweed than when grown in a monoculture. Under 
the greenhouse conditions prescribed in this study spotted knap- 
weed was not a strong competitor. Additional wheatgrass foliage 
was produced under full light, but not at two-thirds light. 

0 CEMA; 6 PSSP 5.0 7.8b 
2 CEMA; 4 PSSP 5.5 9.3” 
4 CEMA; 2 PSSP 5.9 10.1” 
6 CEMA; 0 PSSP 5.8 9.6” 

‘Treatments rated for potential severity to spotted knapweed. 
‘Significant competition by defoliation interaction. 
‘Means within same column followed by the same letter are not significantly different 
(p>O.IO) as determined by LSD test. 

Total Biomass 
Total biomass harvested at a given level of light was not signifi- 

cantly affected by a competition by defoliation interaction. Defoli- 
ation did not significantly affect total biomass (g/plant or g/ pot) of 
spotted knapweed (Table 3). Although biomass production per 
plant was not affected by bluebunch wheatgrass competition, total 
biomass per pot was related to number of plants (Table 3). 

competition influenced the response of final harvest foliage 
(CEMA + PSSP) to defoliation treatments (Fig. 2). Final foliage 
did not vary by competition within the control, 0.33,0.85, and 1.0 
defoliation treatments. However, total biomass was greatest at the 
6:0,6:0, and 0:6 levels of competition within the 0.09,O. 14, and 0.36 
defoliation treatments, respectively. The favorable response of 
bluebunch wheatgrass at D-index 0.36 was expected at the 0:6 and 
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- Wheatgrass m Knapweed 
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b 

0.09 0.14 0.33 0.36 0.85 1.00 

Defoliation Index (D-Index) 
Fig. 3. Final harvest foliage of bluebunch wheatgrnss and spotted knapweed as a function of defoliation treatments. The monocultures were created by 

growing either 6 spotted knapweed and 0 bluebunch wheatgrass plants, or 0 spotted knapweed and 6 bluebunch wheatgrass plants respectively, in pots at 
Montana State Universitv. Means within a defoliation treatment (D-index) followed by the same letter are not significantly different (mO.10) as 

_ determined by a t-test. 

2:4 planting mixes because the wheatgrass was not defoliated in 
these treatments. 

and Trlica 198 1). 

Final foliage was expected to be lower in defoliation treatments 
0.85 and 1.00 in comparison to treatments where plants were 
defoliated earlier in the season and had more opportunity to 
regrow. Relative sensitivity of wheatgrass and tolerance of knap- 
weed to defoliation is also apparent (Fig. 3). Although production 
between the monocultures of the 2 species did not differ when 
plants were not defoliated, wheatgrass produced less foliage under 
defoliation (Fig. 3). Additional studies are needed to determine if 
subsequent plant mortality is affected by amount of foliage remain- 
ing at the end of the season. 

Total foliage of wheatgrass and spotted knapweed was not 
affected by defoliation treatment (Table 5). However, production 
was affected by level of competition (Table 5). Less foliage was 
produced in the wheatgrass monoculture. 

Greenhouse studies indicated that spotted knapweed may not be 
impacted by clipping unless plants are defoliated at monthly inter- 
vals. In contrast, bluebunch wheatgrass was less tolerant of defoli- 
ation. Although intensive rotation systems allowing animals to 
graze and regraze knapweed have been recommended (Thomsen et 
al. 1989, Kelsey and Mihalovich 1987) and appear logical, desira- 
ble forage plants are likely to be adversely impacted. Impact of 
livestock grazing on spotted knapweed communities needs to be 
evaluated in terms of shading, competition from associated vegeta- 
tion, influence of repeated defoliation, and selectivity by animals. 
Based on current knowledge, the feasibility of controlling spotted 
knapweed with livestock is doubtful. 
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