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ABSTRACT

Autecological and Grazing Control Studies of Dyers Woad 

( I s a t i s  t i n c t o r i a  L.) on Northern Utah Rangelands

by

Kassim 0. Fdrah, Doctor of Philosophy 

Utah State Un ivers i ty ,  1987

Major Professor: Dr. Neil E. West
Department: Range Science

Dyers  woad ( I s a t i  s t i n c t o r i a  L.) i s  a nox ious  weed on northern  

Utah range lands .  Chemical and mechanical means o f  c on t ro l  are 

u n s u i t a b l e  fo r  r ange lands .  A p o t e n t i a l  a l t e r n a t i v e ,  b i o l o g i c a l  

contro l ,  i s  d i f f i c u l t  due to a lack of basic eco log ica l  information. 

To remedy th is , some aspects of the population b io logy  and autecology 

of dyers woad were studied. The f e a s i b i l i t y  of c o n t r o l l i n g  dyers woad 

by e a r l y  spring grazing was a lso  invest igated  via  c l ip p in g  experiments.

A population study followed the s u r v i v o r s h i p  of e x p e r im e n t a l l y  

e s tab l i shed  populations  over two years. F a l l  germinating in d iv id u a l s  

(1984) ove rw in te red  as r o s e t t e s  twice  and a l l  s u r v i v o r s  reproduced 

s u c c e s s f u l l y .  Sp r in g  germ inat ing  i n d i v i d u a l s  (1985) overwintered as 

r o s e t t e s  on ly  once and 87% seeded the subsequent sp r in g .  Thus, on a 

good c o n d i t i o n  (h igh s e r a i )  f o o t h i l l  range land ,  dye r s  woad behaved 

predominantly as a b ienn ia l .  Peak morta l i t y  in both f a l l  and spring 

p o p u la t i o n s  co in c ided  with  summer drought.  The p o p u la t i o n  s i z e  of 

dye rs  woad was c o n s t r i c t e d  at two s tage s :  ( i )  ge rm inat ion  and

e s tab l i s hm en t ,  and ( i i )  young r o se t te .  The r i s k  of  m o r t a l i t y
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morta l i ty  in young rosettes  was 77S. Dyers woad should be targeted for 

b io lo g i c a l  control at t h i s  vu lnerab le  stage of growth.

The seed d i spe rsa l  pattern of dyers woad was best described by a 

n e g a t i v e  exponen t ia l  model of  the type log  y = a + bx; (r = .78, a = 

1.92, and b = -0.02). N inety -f ive  percent of a l l  f r u i t s  were deposited 

w i t h in  54cm of mother p la n t s .  The roo t  system of dyers  woad was 

p redom inant ly  a t a p ro o t  with some l a t e r a l s  in  the upper 30cm of  the 

s o i l .  There was l i t t l e  di f ference  between mapped t ap roo t  and to ta l  

mapped root lengths of rosette and mature plants.

S i g n i f i c a n t  m o r t a l i t y  and reduct ion  in reproduct ive performance 

occurred  on ly  by c l i p p i n g ,  on or a f t e r  23 May 1984, at 60S or 90S 

intens ity. C l ipping twice, at e ither  intens ity ,  before 23 May had no 

e f f e c t  on dyers  woad. Sheep u t i l i z a t i o n  of  dyers  woad ceased a f t e r  

mid-May, and had no s i g n i f i c a n t  e f f e c t  on i t s  m o r t a l i t y ,  percent 

f lowering, and f r u i t  production. Sheep grazing on dyers woad did not 

occur  when much impact on m o r t a l i t y  or seed p roduc t ion  cou ld  be 

expected. The stocking required to r e s t r i c t  dyers woad w i l l  r e s u l t  in 

range d e te r i o r a t i o n .  More h o s t - s p e c i f i c  b i o l o g i c a l  c on t ro l  agents 

should be tried.

(126 pages)



CHAPTER I

INTRODUCTION

Dyers woad ( I sa t i  s t inctor ia  L.), a member of the mustard family, 

i s  an aggress ive  weed that has been r a p id l y  spreading in croplands and 

r a n g e la n d s  of no r the rn  Utah and su r round ing  s ta te s .  Chemical and 

mechanical controls  have been developed for croplands. However, due to 

d e s t r u c t i o n  of  n o n - t a rge t ,  d e s i r a b l e  forage p l a n t s ,  steepness  and 

rock iness  of most range s i tes,  and questionable economic returns, these 

methods are unsuitable for most rangelands. A potential a l te rna t ive  i s  

b i o l o g i c a l  c o n t r o l ,  a method rendered d i f f i c u l t  due to a pauc i ty  of  

basic ecological information on dyers woad. Despite the lack of th i s  

information, observation by graz iers  suggests that where ear ly  spring 

graz ing by l ive stock  had taken place, there are apparently  less  dense 

populations of dyers woad. This ra i se s  the p o s s i b i l i t y  of approaching 

dyers woad control by b io log i ca l  means through l i v e s to ck  grazing.

This research attempts to f u r t h e r  the unde r s tand ing  of p o s s i b l e  

g r a z i n g  con t ro l  of d ye r s  woad on no r the rn  Utah r ange land s  in two 

respects: (i) e luc idate  some autecolog ica l  features of dyers woad that 

are l i k e l y  to a s s i s t  in i t s  control , and ( i i )  determine combinations of 

i n t e n s i t y ,  frequency and t im ing  of s im u la ted  g r a z in g  that causes  

s i g n i f i c a n t  mortality,  and reduction in f lowering and seed production 

of dyers woad. Autecolog ical i n v e s t i g a t i o n s  inc luded  d e s c r i p t i o n  of 

seed dispersal  pattern, rooting patterns, and su r v i v o r sh ip  trends of 

experimentally e s tab l i shed  populations.
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Objectives

The spec i f ic  ob ject ive s  of th i s  study were to:

1. D e s c r i b e  the  s u r v i v o r s h i p  t r e n d s  of e x p e r i m e n t a l l y

establ ished populations of dyers woad over a two year period.

2. Determine the l i f e  c y c le  of  dyers  woad under natura l

rangeland conditions.

3. Describe patterns  of dyers woad seed d ispersa l  by wind.

4. Determine the depth and pa t te rn  of spread o f  the roo t s  of

dyers  woad.

5. Determine the combined effect  of intens ity  and frequency of 

c l i p p i n g  on the m o r t a l i t y ,  percent f l o w e r i n g ,  and seed 

production of dyers woad.

6. Determine the e f f e c t  of time of c l i p p i n g  (w ith  re spect  to 

seasonal progress ion) on the m o r t a l i t y ,  percent  f low e r in g ,  

and seed production of dyers woad.

7. Assess the degree of u t i l i z a t i o n  of dyers woad by sheep in a 

grazed pasture over a growing period.

8. Determine the e f f e c t  o f  sheep g r a z i n g  on the m o r t a l i t y ,  

percent f lowering, and seed production of  dyers woad.
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Hypotheses

O b j e c t i v e s  1, 2, 4, and 7 are l a r g e l y  d e s c r i p t i v e  whereas the 

others lead to the fo l low ing  testable  hypotheses:

H yp o the s i s  1 : Seed d i s p e r s a l  p a t te rn  of dyers  woad around a

mother plant w i l l  not conform to a negative exponential model.

Hypothesis 2 : C l ipp ing ,  at several combinations of in tens i ty  and

frequency, w i l l  have no effect on the morta l i ty,  percent flowering, and 

seed production of dyers woad.

Hypothesis 3 : There w i l l  be no dif ference in morta l i ty,  percent

f l o w e r i n g ,  and seed p roduct ion  between dyers  woad p l a n t s  c l i p p e d  

e a r l i e r  and those c l ipped later  in the growing season.

Hypothesis 4 : Sheep grazing w i l l  have no ef fect  on the morta li ty,

percent flowering, and seed production of dyers woad.
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CHAPTER I I

REVIEW OF LITERATURE 

Dyers Woad

Dyers  woad ( I s a t i  s t i n c t o r i a  L.) be lo ng s  to the B ra s s i c a ceae  or 

mustard fam i ly .  I t  may be a w inter  annua l ,  b i e n n ia l  or  s h o r t - l i v e d  

p e re n n ia l  (Hurry 1930, G i l  key 1957, K ing  1966, 1967, Varga and Evans  

1978). Germination and v e g e t a t i v e  growth occur both in  the f a l l  and 

spring. Root development and rosette formation occur during the f i r s t  

growing season. During the second year, the rosettes  "bo l t " ,  forming 

erect stems which produce ye l low  flowers borne on short racemes (Hurry 

1930, Varga and Evans 1978). In 1983, p lan t s  flowered during ea r ly  May 

while  seed set was completed by ea r ly  June at f o o t h i l l  rangeland s i te s  

in no r the rn  Utah (Ful l e r  1985). In sou thea s te rn  Idaho, time of  peak 

bloom fo r  dyers woad was c o r r e l a t e d  w ith  e l e v a t i o n  (p robab ly  as a 

f u n c t i o n  of  temperature). I t  ranged from 23 May to 7 June in 1983, 

depending on a l t i tude  (Ca l l ihan  et al. 1984). On occasion, crown buds 

on p lan t s  that have flowered w i l l  su rv ive ,  a l lowing p lan t s  to pe rs i s t  

for  th ree  or more sea son s  ( C a l l i h a n  e t  a l .  1984). Dyers  woad has two 

dormancy periods: during summer and again during winter ( F u l le r  1985).

Dyers  woad p o s s e s s e s  two d i s t i n c t  m orp ho log ic a l  forms: (1) a 

v e g e t a t i v e  form c o n s i s t i n g  of r o s e t t e s ,  and (2) a r e p r o d u c t i v e  form 

comprised of f lowering s t a l k s  in addition to the basal rosette (King 

1966, F u l l e r  1985). The r o se t te  l e a v e s  are b l u i s h - g r e e n ,  s l i g h t l y  

pubescent and have d i s t i n c t  white m id ve in s  (Varga and Evans 1978, 

C a l l ih an  et al. 1984). Rosette diameter u su a l l y  ranges between 3.5 and
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18cm. Basal leaves  are e l l i p t i c  and succu lent  (Welsh and Reveal 1977). 

The stem leaves are s e s s i l e  and sag i t ta te  (Hurry 1930). The flowering 

s t a lk s ,  which may be s i n g le  or mult ip le ,  range between 30 and 150cm in 

height (Hurry 1930, Varga and Evans 1978, Ca l l ihan  et a l .  1984). The 

i n f l o r e s c e n c e  c o n s i s t s  of s e v e ra l  racemose branches  arranged in 

corymbose panicles.  Both sepals and pe ta l s  are yel low and are commonly 

v i s i t e d  by bees. Dyers  woad has, however, the c a p a c i t y  to s e l f ­

p o l l  i nate (Hurry  1930). F r u i t s  of  d ye r s  woad are pendu lous ,  winged, 

s i n g l e  seeded, and i nd eh i s cen t .  The f r u i t s  are g l a b r o u s  and green, 

turn ing dark brown to pu rp l i sh  when ripe. Fru it  s ize v a r ie s  between 10 

to 18mm in le ng th  and 5 to 9mm in width (Hurry  1930, Wei sh and Reveal 

1977, Varga and Evans 1978, Ca l l ihan  et al. 1984). There are no known 

reports of f r u i t  weights of dyers woad.

Dyers  woad i s  con s ide red  a n a t i v e  of sou thea s te rn  USSR (Hurry 

1930, K ing  1966, 1967) but c u r r e n t l y  o ccu r s  in  A s ia ,  North A f r i c a ,  

Europe, North and South America, and A u s t r a l i a .  Around the 13th 

century and as recent as 1900, dyers woad was cu l t i va ted  in Europe for 

the b lu e  dye, i n d i g o t i n e ,  ex t rac ted  from i t s  le ave s .  Th i s  substance  

was e v e n t u a l l y  r e p la c e d  by in d i g o  and a r t i f i c i a l  dyes (Hurry 1930, 

King 1967, Varga and Evans 1973). The woad plant a lso  has been widely 

used in medical and surg ica l  therapeut ics (Hurry 1930, King 1967).

In  the U.S.A., d y e r s  woad i s  found  in  West V i r g i n i a  and 

surrounding states where i t  was f i r s t  cu l t i v a ted  for  i t s  blue dye or as 

an ornamental du r in g  the c o l o n i a l  pe r iod.  (Corbett  1973, Varga and 

Evans 1978, K ing  and Evans  1983). A l f a l f a  seeds contaminated with 

dyers  woad seeds, imported in to  S i s k i y o u  County, C a l i f o r n i a  from 

I r e l a n d  in the e a r l y  1900 's ,  are b e l i e v e d  to be the source of the
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present populations of dyers woad in northern Ca l i fo rn ia  and southern 

Oregon (Young and Evans 1977). An int roduct ion near 3righam City, Utah 

(about 1910), p robab ly  a l s o  from contaminated a l f a l f a  seed, i s  

r e s p o n s i b l e  for  the cu r ren t ,  dense p o p u la t i o n s  in no rthern  Utah, 

southeastern Idaho, and western Wyoming (King 1967).

In the past few decades, dyers  woad has o f f i c i a l l y  entered tne 

ranks of  nox ious  weeds in  northern  Utah (Varga and Evans  1978) and 

sou theaste rn  Idaho (Cal l i h a n  et a l .  1984). Dyers woad has become an 

a g g r e s s i v e  weed and occu rs  in dense i n f e s t a t i o n s  that s u b s t a n t i a l  l y  

reduce forage production (Young and Evans 1977, Evans and Chase 1981). 

The ways in which dyers woad colonizes and dominates are not clear, but 

p robab ly  in c lude  a l l e l o p a t h i c  p r o p e r t i e s  of f r u i t s ,  p r o l i f i c  seed 

production (Young and Evans 1971) and rapid growth rates (Ca l l ihan  et 

a l .  1984).

Dyers woad can be con t ro l led  mechanical ly  or by herbicides. The 

plant can be destroyed by digging, hoeing or plowing during the f i r s t  

year  of  growth (Varga and Evans  1978, Evans  and Chase 1981). These 

i n v e s t i g a t o r s  have a l s o  shown tha t  2,4-D at a rate  of 1.5 Lb/A, i s  

e f f e c t i v e  on ran ge lan d s ,  i f  repeated and fo l lowed  by rogue ing.  

Appl ication of t h i s  herbicide after p lants  have started to set seed i s  

not o n l y  i n e f f e c t i v e ,  but i s  l i k e l y  to reduce the l a n d ' s  o v e r a l l  

product iv i ty  (Varga and Evans 1978). Recently, King and Evans (1983) 

reported lowered seed p roduct ion  and seed pod formation when woad 

plants were treated during the late flowering stage with a mixture of 

ch io rsu l fu ron  and DPX-T6367.
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A p r im a r y  aim o f  p o p u l a t i o n  b i o l o g y  i s  to  enhance the 

unde r s tand ing  o f  how and why p o p u l a t i o n s  change ( S i l v e r t o w n  1982). 

This d i s c i p l i n e  e n t a i l s  comprehension of processes that regulate the 

size and composition of popu la t ions  and the causes of  e s tab l i s h m e n t ,  

g row th  and d e c l i n e  ( S a g a r  and M o r t im e r  1975, Te r  Borg  1979).  

P o p u la t i o n  b i o l o g y  d e a l s  with the l i f e  c y c l e  of  o rgan ism s,  w ithout  

which the descr ipt ion of  a population i s  inadequate. This  d i s c ip l i n e  

a l so  attempts to discern the d irect  e f fec t s  of the phys ical environment 

and the inf luence of b io t i c  s t ress  attending the growth of populations 

(Harper 1977).

Demography  i s  a component o f  p o p u l a t i o n  b i o l o g y  that  has 

h i s t o r i c a l l y  been r e s t r i c t e d  to d e s c r i p t i v e  a spect s  o f  po p u la t io n  

f luc tuat ions .  I t  may be defined as the science of v i t a l  s t a t i s t i c s  of 

b i r t h s ,  deaths ,  r e p ro d u c t i v e  r a te s ,  and age of i n d i v i d u a l s  in 

popula tions (Barbour et al.  1980). Demography has c l a s s i c a l l y  been the 

province of z oo lo g i s t s  (Harper 1984) and constituted the framework for 

s t u d i e s  on mechanisms of  p o pu la t ion  r e g u l a t i o n .  In  recent  yea rs ,  

however, demographic techniques have been used by p lant  e co lo g i s t s  to 

a s s i s t  in b io log i ca l  control of weedy species (Sarukhan 1974, Mortimer 

1983).

D e t a i l e d  p o p u l a t i o n  s t u d i e s  may prov ide  i n s i g h t  in to  how 

popul a t i o n s  of  weedy sp e c ie s  are regu l  ated. Such s t u d i e s  al so hel p 

expose weak points in the sequence of demographic events during which 

con t ro l  o f  p o p u l a t i o n s  i s  l i k e l y  to be e f f e c t i v e  (Cussans  1974, 

Sarukhan 1974). Q ue s t ion s  of how and when weed p o p u l a t i o n s  are

Population Biology and Weed Control
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r e g u l a t e d  shou ld  be answered. To a ch ie ve  t h i s  g o a l ,  q u a n t i t a t i v e  

in fo rm at ion  about the s i z e  and dynamics of p o p u la t i o n s  must be 

accumulated o ve r  an ap p ro p r i a t e  pe r iod  of time. I f  such data are 

r e l a t e d  to the r e l e v a n t  un i t  of  the p o p u la t i o n  (e.g., genets  and/or 

ramets) and d e t a i 1ed 1 i f e - t a b l e s  are con s t ruc ted ,  i t  i s  p o s s i b l e  to 

iden t i f y  phases when control  may be best effected (Harper 1967, Sagar 

1970, Cussans 1974).

Demographic studies a l s o  y i e l d  information that a l low s  computation 

of the magnitude of redu c t ion  in  r e p r o d u c t i v e  output requ i red  to 

p reven t  in c rea se  in p o p u la t i o n  s ize .  L a sh le y  1969 (_I_n: Sagar 1974) 

found that 982 seed l o s s  was required to control populations of Carduus 

nutans. Consequently, studies of m orta l i t y  and fecundity in natural 

popula tions should be benef ic ia l  in de v i s in g  weed control strateg ies. 

For example, Cussans  (1968) recorded l o s s  of seed of Avena fatua in 

excess of 952, of which a very high proportion occurred in the i n i t i a l  

3-4 months a f t e r  shedding  from the pa ren t  p lan t .  I d e n t i f y i n g  and 

q u a n t i f y i n g  the r e l a t i v e  p r o p o r t i o n s  o f  sou rces  of m o r t a l i t y  can be 

l a r g e l y  a ch ieved  v i a  demographic s t u d i e s  (Sagar 1974). Seve ra l  

i n v e s t i g a t o r s  have employed demographic  approaches to understand 

p o p u la t i o n  f l u x e s  in weeds (Putwain 1970, Sagar 1970, Sarukhan 1974, 

Sagar and Mortimer 1976).

Surv ivorship  Trends in Populations of Herbaceous Plants

P a t te rn s  o f  m o r t a l i t y  observed in  p l a n t  p o p u la t i o n s  can be 

c o r r e l a t e d  with  two f a c t o r s :  ( i )  l i f e  c y c le  and l i f e  form of the 

species, and (11) p r e v a i l i n g  c i r cum stance s  in  the d i f f e r e n t  h a b i t a t s  

which populations occupy (S i lvertown 1982).
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E c o l o g i s t s  w i s h in g  to e x p l a i n  c o r r e l a t i o n s  between hab ita t ,  

abundance, and d i s t r ib u t ion  of species have stressed the c r i t i c a l  ro le  

of the seed and/or seedl ing environment in determining the subsequent 

dynamics of adult popula tions (Sagar and Harper 1961, Harper and White 

1974, Grubb 1977). Sagar (1970) reported that for PIantago 1 anceolata, 

c o n s t r i c t i o n  of  p o p u la t i o n  s i z e  occu rred  at most s t a g e s  of the l i f e  

cycle ,  with substant ia l  l o s s  through germination f a i l u r e  and morta l ity  

of seedlings.  Palmblad (1968) concluded that con t ro l led  germination, 

and m orta l i t y  at var ious  stages, were major constra ints  to population 

growth in several annual and perennial weedy species.

Demographic approaches to s t u d i e s  of p l a n t  p o p u l a t i o n s  have 

r e c e i v e d  a t t e n t io n  o n l y  r e c e n t l y .  Harper  and White (1974) reviewed 

studies  of su rv i vo r sh ip  of Ranunculus spp. (Sarukhan and Harper 1973); 

Anthoxanthum odoratum (An ton ov ic s  1972); and a number of other 

pe re n n ia l  herbs. A c t u a r i a l  data have a l s o  been used to p rov ide  

i n fo rm a t ion  requ i red  f o r  model l i n g  p o p u la t i o n  growth (Sarukhan and 

Gadgil 1974, Werner and Caswell 1977, Begon and Mortimer 1981).

Several  studies of su rv i vo r sh ip  described low ju ven i le  morta l ity  

for  annual  spec ie s  (B a sk in  and Bask in  1972, 1974, L e v e r i c h  and Lev in  

1979, J e f f r i e s  e t  a l .  1981). A c o n t r a s t i n g  o b se r v a t i o n  was made by 

S h a r i t z  and McCormick (1973) who found h igh j u v e n i l e  m o r t a l i t y  for  

Minuarta uni f lo ra.  This annual species grows on rock outcrops where 

the s e e d l i n g s  can e a s i l y  be washed away by ra in .  In a study of  the 

sand dune annual Cerastium a t ro v i r e n s , Mack (1976) determined that the 

p robab i l i t y  of a seedl ing becoming a reproductive ind iv idua l  was low. 

However, those i n d i v i d u a l s  that  s u r v i v e d  to maturity possessed high
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reproductive output. Watkinson (1978) found an opposite s ituat ion  for 

the a n n u a l  dune g r a s s  V u 1 p i a f a s c i c u l a t a . B e a t l e y  (1967 ), 

in ve s t iga t in g  a va r ie ty  of autumn germinating winter annuals of Mojave 

Dese rt ,  found that  m o r t a l i t y  ranged between 37 and 90% du r in g  one 

growing season. Klemow and Raynal (1981) reported that  s u r v i v o r s h i p  

p a t te rn s  of Mel i 1o tu s  al ba v a r ie d  depending on date o f  emergence, 

temperature, and r a i n f a l l  during the f i r s t  year of growth. They found 

that  under r e l a t i v e l y  cool and moist  c o n d i t i o n s ,  s u r v i v o r s h i p  was 

exp onen t ia l  ( con s tan t  m o r t a l i t y ) ,  w h i l e  du r in g  hot d ry  yea rs ,  the 

s u r v i v o r sh ip  trend was concave (nigh ju ven i le  morta li ty) .

Sarukhan and Harper (1973), in a deta i led  study of the demography 

of th ree  bu t te rcup s ,  ( Ranuncu lus  b u l b o s u s ; R. re p e n s ; and R. a c r i  s ), 

conc luded  that  s e e d l i n g s  su f fe red  a ve ry  high r i s k  o f  m o r t a l i t y  

r e l a t i v e  to mature  p l a n t s .  West e t  a l .  (1979)  r e p o r t e d  t h a t  

s u r v i v o r s h i p  f l u x e s  o f  a v a r i e t y  of pe ren n ia l  p l a n t s  in  a sem i -a r id  

env i ronment,  i n c l u d i n g  Agropyron spicatum, Oryzopsis hymenoides, and 

Stipa comata, among others, could not be f i t ted  by a s i n g le  model. The 

appropriate model changed with the age c l a s s  considered. O ve ra l l ,  i t  

appears d i f f i c u l t  to genera l ize  on s u r v i v o r sh ip  patterns of annuals and 

s h o r t - l i v e d  perennia ls  (Ter Borg 1979).

Dispersal of Seeds

Attempts to understand the d i s t r i b u t i o n  of a p l a n t  spec ie s  over  

i t s  range of habitats and the dynamics of i t s  populations must include 

the p roce s s  of seed d i s p e r s a l .  Seed d i s p e r s a l  i s  important  in the 

dynamics of  a p o p u la t i o n  in two r e s p e c t s :  ( i )  that  o f  augmenting or 

depleting local populations,  thus a l t e r in g  population size, and ( i i )
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expans ion of  the range o f  haD ita t  occupied by a spec ie s ,  i.e., the 

founder effect  (Harper 1977, Si 1vertown 1982J.

The p ro b a b i1 i t y  of a seed fa 1 1 ing on a un i t  area o f  1 and might 

depend on several va r iab le s :  (i) the height and distance of the seed 

source ( i i )  the number o f  seeds at the source ( i i i )  d i s p e r s a l  

c h a r a c t e r i s t i c s  of  tne seed, e.g., i t s  weight, presence o f  wings etc.,  

and ( i v )  a c t i v i t y  of d i s p e r s a l  agents  e.g., wind speed and wind 

d irect ion (Cremer 1965, Burrows 1973, Harper 1977). Seeds dispersed by 

wind, whether f a c i l i t a ted  by dispersal appendages (e.g., wings) or not, 

do not gene ra l ly  move very far from mother plants  (Sheldon and Burrows 

1973, Ter Borg 1979, Marchand and Roach 1980). In the case of wind 

d i spe r sa l ,  a functional re la t ion sh ip  may be expected to e x i s t  between 

seed d e n s i t y  at a g i ven  l o c a t i o n  and d i s t ance  from source.  Harper 

(1977) e v a lu a t e d  pa t te rn s  of  d i s p e r s a l  fo r  e leven  p l a n t  spec ie s  and 

hypothes ized  that,  in g e n e ra l ,  d i s p e r s a l  tended to d e c l i n e  w ith  

i n c r e a s i n g  d i s t ance  from the source and that  these pa t te rn s  cou ld  be 

quant i t a t ive ly  described by a negative exponential model.

Most of the data to support the negative exponential model comes 

from studies of weedy species and forest trees. Studies on both kinds 

o f  p l a n t s  were conducted e i t h e r  on i s o l a t e d  i n d i v i d u a l s  or from the 

edge of  dense s tands  (Harper 1977). The d i s p e r s a l  of seeds w ith in  a 

more or le s s  continuous population i s  d i f f i c u l t  to study Decause seeds 

have to be labe l led  to d i s t in gu i sh  them from those of the same species 

in neighboring areas. Radioact ive tracers  (Colwell 1951, Lawrence and 

Rediske 1962, Watkinson 1978), f l o u r e s c e n t  dyes and p a in t s  (N ay lo r
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1972, Werner 1975a, M o rt im e r  _l£: Harper 1977, W atkinson 1978) have 

s u c c e s s f u l l y  been used to mark in d iv id u a l  seeds and fo l lo w  tne ir  fate.

The re la t io n sh ip  between seed number and distance from a stand of 

S e n e c io  jacobaea was s tu d ie d  by P o o le  and C a irn s  (1940) in a New 

Zealand pasture. These in v e s t ig a to r s  found that of a l l  seeds shed, 60% 

were deposited around the base of the p la n ts  w h i l e  39% were d istr ibuted  

f u r t h e r  than 4.6m from the edge of the p la n t s ;  o n l y  .005% were 

d is t r ib u te d  more than 36m. Bakker (1960), in a study of d ispersa l of 

seeds o f  T u ss i la go  fa r fa ra  over a much greater distance (> 4 km), found 

a s im i l a r  type of d i s t r ib u t io n  around seed sources.

Yocom (1968) demonstrated that, of the total seeds of short leaf 

pine (P inus echinata) trapped in 1963 and 1964, 50% f e l l  le s s  than 20m 

from the forest edges w h ile  85% f e l l  w ith in  50m. Roe (1967), studying 

seed d i s p e r s a l  o f  Englemann spruce (P icea  enge1m a n n i i ) in  a f o re s t  

c le a r in g ,  found a s t r i k i n g l y  regu la r  r e la t io n sh ip  between the logarithm 

of the seed d epos ited  and the d i s t a n c e  from the f o r e s t  edge. Boyer 

(1958), w ork ing  w ith  lo n g  l e a f  p ine  (P in u s  p a l u s t r i  s ), reported  that 

66% of a l l  v iab le  seeds trapped f e l l  under the forest canopy and 23% 

were dropped w ith in  20m o f  the f o r e s t  edge. He contended that seed 

d i s p e r s a l  o f  t h i s  s p e c ie s  g e n e r a l l y  fo llowed a negative exponential 

model.

W erner  (1 9 7 5 a ) ,  i n v e s t i g a t i n g  te a se l  (P ip sa c u s  f u 11onum), 

conc luded  that seed d e p o s i t i o n  around mother p la n t s  was r e la t e d  to 

distance, and d ispe rsa l  of  seeds for t h i s  species fo llowed a negative 

exponential function. Watkinson (1978), studying Vu lp ia  fa sc icu la ta  (a 

w inter annual g r a s s  in B r i t a i n ) ,  dem onstrated that d i s t r i b u t i o n  of
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d ispersa l  un its  (caryopses) around parent p lants  was in accordance with 

Werner's (1975a) negative exponential model.

Rooting Studies

The f r a c t i o n  of s o i l  moisture  and n u t r i e n t s  ex t rac ted  by an 

i n d i v i d u a l  p l a n t  i s  l a r g e l y  dependent on the depth, den s i t y ,  and 

r e l a t i v e  a c t i v i t y  per root length of i t s  rooting system (Nye and Tinker 

1977, F i t t e r  and Hay 1981). The t im in g  and pattern  o f  root growth 

culminat ing in a given root form i s  l a r g e l y  contro l led  by the spatial 

and temporal  v a r i  abi 1 i ty  in moi s tu re  a n d m a c r o n u t r i e n t s  in the s o i l  

p r o f i l e ,  though genetic factors have some ro le  (Richards 1986).

Root growth i s  important in determining the competitive a b i l i t y  of 

p l a n t s  (Weaver 1958, D a v ie s  et a l .  1965). A l th oug h  Pav lychenko  

(1937:62) s tated  that  " com pet i t io n  commences under the s o i l  su r face  

wnen ro o t  systems o v e r l a p " ,  i t  i s  now known that  belowground 

com pet i t ion  for  re so u rce s  s t a r t s  as soon as t h e i r  d e p le t i o n  zones 

over lap  (F i t ter  and Hay 1981). Deep-rooted p lants  gene ra l ly  su rv ive  

drought  be t te r  than s h a l l o w - r o o t e d  ones because more water i s  

access ib le  to deep-rooted systems. However, shallow rooted p lants  may 

intercept surface moisture to the e x c l u s i o n  of the deep-rooted types 

(Kramer 1969).

Belowground i n t e r f e re n c e  between p l a n t s  has r e ce i v e d  l i t t l e  

research attention. The main reasons that l i t t l e  f i e ld  root research 

has been conducted are attributed to methodological d i f f i c u l t i e s .  Bohm 

(1979), r e v ie w in g  methods o f  s tudy ing  r o o t  systems, po inted  out that  

root  s t u d ie s  are te d iou s  and time consuming. The importance of 

belowground in t e r f e r e n c e  has been im p l ie d  by some exper iments. For
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example, Watt and Fraser (1933) demonstrated that removal of Scots pine 

(Pinus sy l  v e s t r i s ) roots  by trenching stimulated the root lengths of 

two understory species: wavy ha irgrass  (Deschampsia f lexuo sa ) and wood 

sorrel (Oxa l i s  acetosel 1 a ).

Bohm et a l .  ( 1 9 7 7 ) ,  in  a c o m p a r i s o n  o f  f i v e  methods fo r  

character iz ing soybean root ing density, found that the trench p ro f i le  

method provided a good estimate of root ing  density and was a l so  f a i r l y  

time e f f i c i e n t .

Effects  of  Herbivory on Indiv idual Plants 

and Plant Community Structure

The po p u la t io n  dynamics of a p l a n t  spec ie s  are r e gu la ted  by 

numerous ecosystem factors  that could broadly be categorized as b io t ic  

and a b i o t i c .  The major b i o t i c  f a c t o r s  that  act on a spec ies  are 

com pet i t ion ,  h e r b i v o r y ,  p redat ion ,  and p a ra s i t i sm .  Many e c o l o g i s t s  

be l ieve  that herbivory  p lay s  an important ro le  in structur ing  present 

p l a n t  communit ies and in  the e v o l u t i o n  o f  t h e i r  c o n s t i t u e n t  spec ie s  

(McNaughton 1979, Crawley 1983). Herbivory may a l so  inf luence plant 

d i s t r ib u t ion  (Harper 1977). The impact of herbivory on the structure 

and sp e c ie s  d i v e r s i t y  of  a p l a n t  community can be dramatic.  For 

example, browsing by v e r te b ra t e s  on woody s pec ie s  can prevent  

s u c c e s s i o n a l  change o f  g r a s s l a n d s  i n t o  sh rub land s  or  woodlands. 

Conversely, prolonged heavy grazing by domestic l i v e s t o c k  can convert 

semi-arid grass lands  into  barren scrub (Crawley 1983).

S e l e c t i v e  feed ing  by h e r b i v o r e s  may modify the com pet i t i ve  

r e l a t i o n s h i p s  among the component p l a n t  spec ie s  of  a community.
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D iv e r s i t y  w i l l  u s u a l l y  increase when s e l e c t i v e  feeding on a p rev ious ly  

dominant spec ie s  reduces  i t s  v i g o r  and a l l o w s  the spread of l e s s  

c o m p e t i t i v e ,  but more g r a z i n g  t o l e r a n t  p l a n t s  (Harper 1969, Crawley

1983). On the other  hand, s e l e c t i v e  feed ing  w i l l  usua 1 1 y decrease 

sp e c ie s  d i v e r s i t y  when a p l a n t  s pec ie s  tha t  i s  uncom pet i t i ve  in the 

absence of  g r a z in g  a c h ie v e s  v i g o ro u s  growth because c o m p e t i t i v e l y  

superior  p lants  are eaten and i t  i s  avoided (Tansley and Adamson 1925, 

Chadwick 1960).

L i v e s t o c k  d i s p l a y  a wide v a r i e t y  o f  feeding preferences. Sheep 

tend to se lect  broadleaf herbaceous p lants ,  while ca tt le  prefer grasses 

(Cook 1983). Brush species are important in the d ie t  of goats (Sc i f res  

1981). Such v a r i a t i o n  in  g r a z in g  h a b i t s  and d ie t a r y  requ i rem ents  of 

d i f f e r e n t  l i v e s t o c k  sp e c ie s  f a c i l i t a t e  t h e i r  use as  agents  of 

vegetation manipulation (Stoddart et al.  1975). S e le c t i ve  grazing i s  

e f f e c t i v e  for  weed c o n t r o l  o n l y  when the r i g h t  combinat ion  of p la n t  

species, c l a s s  of animal, season of grazing, and stocking rate r e su l t  

in heavy grazing of undesirable p lants  to the advantage of desirable  

p l a n t s  ( V a l e n t i n e  1979). Sheep may s u c c e s s f u l l y  be used to remove 

certain p lant  species not desi rab le  for catt le .  For instance, Johnson 

and Peake (1960) found th a t  sheep g r a z i n g  can reduce i n f e s t a t i o n s  of 

le a f y  spurge (Eu rphob ia  e s u l a ). S c i f r e s  et a l .  (1971) reported 

suppression of common broomweed (Xanthocepha 1 urn dracuncu l  o i d e s ) with 

sheep grazing. More recent ly ,  Sharrow and Mosher (1982) demonstrated 

control of tansy ragwort (Senecio jacobaea) with sheep grazing.

I n s e c t  h e r b i v o r e s  f o r  weed c o n t r o l  have r e c e n t l y  become 

inc reas ing ly  popular, and in a number of cases successful. A c l a s s i c a l  

case i s  the con t ro l  of  p r i c k l y  pear c ac tu s  (Opuntia spp.) by the moth
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Cactob la s t i s  cactorum in Au s t ra l i a  (Cussans 1974). Another example of 

e f f e c t i v e  b i o l o g i c a l  c o n t r o l  o f  a weed i s  that of St. John 's  Wort 

(Hypericum perforatum) in  C a l i f o r n i a  u s i n g  C h r y s o l i n a  quadrigemmina 

(Hu f faker  and Kennet 1959). R e c e n t l y ,  Maddox et  a l .  (1986) have 

reported a great control potential of y e l low  star t h i s t l e  (Centaurea 

s o l s t i t i a  1 i s ) by the seed-head weevil Bangasternus o r ienta l  is.

At the i n d i v i d u a l  p l a n t  l e v e l ,  h e r b i v o r y  can, depending on 

sever i ty ,  timing, and species, s e r io u s l y  impair the growth, v igor,  and 

r e p r o d u c t i v e  cap ac i t y  o f  p l a n t s  ( J u l a n d e r  1968, Heady 1975, Crawley 

1983). Much range re sea rch  e f f o r t  has gone in t o  i n v e s t i g a t i o n  of 

impacts  of  i n t e n s i t y ,  f requency, and season of d e f o l i a t i o n  on the 

performance of ind iv idua l  plant species. Most of these in ve s t iga t ion s  

i n v o l v e d  use o f  c l i p p i n g  techn iques  to  s im u la te  g ra z in g .  Desp ite  

v a r i o u s  l i m i t a t i o n s ,  c l i p p i n g  s t u d i e s  can generate u s e fu l  b a se l i n e  

in fo rm a t io n  about c r i t i c a l  pe r iod s  of d e f o l i a t i o n  in p l a n t  spec ie s  

(Jameson 1963). Furthermore, Caldwell (1984) suggested that c l ipp ing  

s t u d ie s  p o s se s s  d i r e c t  management u t i l i t y  i f  three c r i t e r i a  are 

s a t i s f i e d :  ( i )  c l i p p i n g s  are conducted with  p l a n t s  in  a r e a l i s t i c  

env i ronment,  ( i i )  measured v a r i a b l e s  o f  p l a n t  performance are t r u l y  

i n d i c a t i v e  of p r o d u c t i v e  p o te n t ia l  and com pet i t i ve  s t a t u s  in the 

community, and ( i i i )  c l i p p in g  methods approximate patterns and timing 

of de fo l ia t ion  of ind iv idua l  p lants  by graz ing  animals.

The impact of de fo l i a t ion  on p lants  i s  c r i t i c a l l y  dependent on the 

s e v e r i t y  and t im ing  of  a t tack  r e l a t i v e  to the p l a n t ' s  p h eno lo g ic a l  

stage (Heady 1975, S c i f r e s  1981, C raw ley  1983) and on the h i s t o r y  of 

de fo l ia t ion  experienced by the plant  (Crawley 1983). T r l i c a  and Cook
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(1971) found that s a l t  dese rt  p lants  de fo l ia ted  late  in the spring and 

at near m a tu r i t y  made l i t t l e  regrowth.  Cook (1971) stated that 

d e fo l i a t io n  was more i n ju r iou s  in the la te  spring or mid-summer than in 

the f a l l ,  winter or e a r l y  spring for  severa l  desert species. B la i s d e l l  

and Pechanec (1949), s t u d y in g  a r r o w l e a f  ba lsamroot  ( B a1 samorhi za 

s a g i t t a t a ), reported  t h a t  to ta l  removal of herbage reduced the 

subsequent year 's  vegetat ive  and flower s t a l k  production. C l ipp ing  in 

May and e a r l y  June (p e r iod  of fu l  1 bloom) was most harmful for  t h i s  

spec ie s .  Complete d e f o l i a t i o n  was most de tr imenta l  f o r  bluebunch 

wheatgrass (Agropyron spicatum) during the period of reduced regrowth 

before reproductive maturity ( B la i s d e l l  and Pechanec 1949). Stoddart 

(1946), s tu d y in g  the same spec ie s ,  a l s o  reported c o n s i d e r a b l y  l e s s  

herbage y i e 1d when d e f o l i a t i o n  occu rred  l a t e r  in  the s p r in g .  Baker 

(1967), i n v e s t i g a t i n g  two spec ie s  each of  g r a s s ,  fo rb ,  and browse 

growth forms, showed th a t  d e f o l i a t i o n  was most damaging du r ing  

f l o w e r i n g  and f r u i t i n g  s tages .  Laycock  and Conrad (1969) found that 

four years of success ive c l ipp ing  reduced herbage y ie ld ,  stem height, 

and number of stems, and a l s o  delayed the development and flowering of 

t a l l  b lu ebe l l  (Mertensia a r i zon ica ). Cl ipp ing effects  on t a l l  b luebe l l  

were more severe at f lower ing and f r u i t i n g  than at vegetat ive  stages of 

growth (Laycock and Conrad 1969). F u l l e r  (1985) found that aboveground 

c l i p p i n g  of dyers  woad ( I s a t i s  t i n c t o r i a l du r in g  l a t e  June caused 

greater morta l i ty  and reduced flowering than c l ipp ing  in e a r l y  May.

D e f o l i a t i o n  has a l s o  been shown to depress  tne re p ro d u c t i v e  

cap ac i t y  of p la n t s .  Stechman and Laude (1962), i n v e s t i g a t i n g  four  

annual g r a s s e s  common on C a l i f o r n i a  r a n g e la n d s ,  demonstrated that  

he ight  of  the t a l  1 e s t  head per p l a n t ,  number of heads per p lan t ,  and
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mean seed weight a l l  decreased  with  i n c rea sed  frequency  and l a t e r  

t im ing  of d e f o l i a t i o n .  Sackston  (1959) reported that  c l i p p i n g  

sunflower (He!ianthus annuus) reduced seed production and seed weight 

on ly  at higher i n t e n s i t i e s  (50% and 100% c l ipp ing  by l e a f  area). The 

magnitude of response var ied with the stage of growth at which plants  

were de fo l ia ted ,  being most severe at f lowering (Sackston 1959). Other 

s t u d i e s  of  d e f o l i a t i o n  e f f e c t s  have shown that  reduc t ion  of seed 

production occurs over a s ing le  growing season (Jameson 1963, Maun and 

Cavers 1971, Reed and Stephenson 1972, Buwai and T r l i c a  1977, Lee and 

Bazzaz 1980).

Not much study has been devoted to root  r e spon se s  to g raz ing .  

Schuster (1964), working with Arizona fescue (Festuca a r i z o n ic a ), blue 

grama (Boute1oua g r a c i 1 i s ), fr inged sagebrush (Artemisia f r i g i d a ), and 

rocky  mountain p u s s y t o e s  (Antennar ia  a p r i c a ), repo rted  s u b s t a n t i a l  

impact on root  p a t te rn s  ( roo t  penetrat ion,  la tera l  spread) fo l lowing 

three g r a z i n g  t reatments.  V a r io u s  o the r  i n v e s t i g a t o r s  have shown 

reduced roo t  growth f o l l o w i n g  d e f o l i a t i o n  (Biswell  and Weaver 1933, 

A lbertson et al. 1953, Crider 1955, Jameson 1963).

D e sp i te  an ove r -em pha s i s  in the l i t e r a t u r e  upon the nega t ive  

im pa c t  o f  h e r b i v o r y  ( M a t t s o n  and Addy 1975),  i t  i s  becoming 

i n c r e a s i n g l y  e v id e n t  t h a t  p o s i t i v e  a sp e c t s  e x i s t  (Chew 1974, H a r r i s  

1974). McNaughton (1979),  working in the Serenget i  o f  East  A f r i c a ,  

showed that  p l a n t  p r o d u c t i v i t y  in c rea sed  with l e v e l  o f  he rb ivo ry .  

McNaughton (1979) found that protecting the grass lands  of Serengeti for 

about 10 years reduced the r e l a t i v e  proportion of the dominant grass 

Andropogon greenwayii from 56% to near zero. McNaughton's conclusion
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of  graz ing  optimization has, however, been se r i o u s l y  questioned (Bel sky 

1986). More r e c e n t l y ,  Pa ige  (1986) found that  very  n i g h  l e v e l s  of 

mammalian herbivory  on s c a r le t  g i l i a  Ipomopsis aggregata (95% removal 

of  aboveground biomass) produced more flowering and subsequently higher 

seed output.
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CHAPTER I I I  

MATERIALS AND METHODS 

Population Study

Study S ite

A f o o th i l l  s i te  on the west slope of the W e l l s v i l l e  Mountains (Box 

E ld e r  County, Utah, T12N, R2W, center  of Sect ion  32) between 1480 and 

1525m e l e v a t i o n  was s e l e c t e d  to conduct po pu la t ion  s t u d i e s  of dyers  

woad. The study s i te  comprised a landscape broken into several narrow 

s t r i p s  of rangeland running north-south, separated by wheat f i e l d s  that 

were c u l t i v a ted  on a l ternate  years. The s lopes  of the rangeland s t r ip s  

ranged between 6 and 204. The so i l  was composed e n t i r e l y  of S te r l in g  

ser ie s,  a loamy-ske leta l ,  mixed, mesic Typic C a l c i x e r o l l ,  that was well 

drained. The study area was located on a mountain sha l low  loam range 

s i t e  in  "good c o n d i t i o n "  for  l i v e s t o c k  (h igh s e r a i  e c o l o g i c a l  

condition)  (Soi l  Conservation Service 1967, 1975).

The major spec ie s  o f  p l a n t s  c om pr i s in g  the v e ge ta t io n  of these 

s i te s  were -̂Artemisia tr identata Nutt, Agropyron spicatum (Pursh) Scrib- 

and Smith, Bromus tectorum l., Poa secunda Presl .,  A1 lyssum a ly s so ides

L., Balsamorhiza sag i t ta ta  (Pursh) Nutt., and other forbs. This study 

si te  had areas l o c a l l y  devoid of I s a t i s  t in c to r ia  L.

The estimated average prec ip itat ion  on th is  s i te  i s  40cm per year 

(Soi l  Conservation Serv ice  1975). Average annual a i r  temperature i s

^■ Nomenclature of p lants  observed on study s i te s  fo l low  Welsh and Moore 
(1973).
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9°C ( S o i l  C o n s e r v a t i o n  S e r v i c e  1975). The study s i t e  has not been 

grazed by l i v e s t o c k  for about 20 years.

Procedure

An area measuring 20 x 20m, and devoid of dyers woad was selected 

for  t h i s  study. An area l a c k i n g  in d ye r s  woad was r e q u i re d  to avo id  

problems of  o v e r l a p p i n g  ge n e ra t io n s  ( S i l v e r t o w n  1982) and age 

determination of b ie n n ia l s  (Werner 1975b). The c lo se s t  natural stand 

of d ye r s  woad in  any d i r e c t i o n  was 35m. I n f l u x  o f  dyers  woad 

p rop agu le s  in t o  the s tudy  s i t e  was m in imal.  Th i s  was v e r i f i e d  by 

a n a l y s i s  o f  s o i l  seed r e s e r v e s  ob ta ined  in 30 randomly  located  s o i l  

cores.  The s o i l  co re s  were obta ined by a s o i l  auger  measur ing  6cm in 

diameter and dr iven  to a depth of 15cm. Ana ly s i s  of so i l  seed reserves 

was conducted during the l a s t  week of August 1984.

The 20 x 20m macroplot was gridded into twenty, 4 x 5m microplots 

permanently marked by stakes. F ive  of the 4 x 5m p lo t s  were randomly 

selected. These 4 x 5m microp lots  were further subdivided into twenty, 

1 x lm quadrats which served as sampling units. These un i t s  were a lso  

p e r m a n e n t l y  marked a t  the f o u r  c o r n e r s  w i t h  s t e e l  c o n c re t e  

re in fo rcement  rods.  The 4 x 5m m ic rop l  o t s  had a 0.5m wide wal kway in 

the middle to f a c i l i t a t e  censusing. In t o ta l ,  there were one hundred 1 

x lm sam p l in g  u n i t s .  On 8 September 1984, 1000 d ye r s  woad seeds 

contained in the ir  f r u i t s  were hand sown by surface broadcast on each 1 

x lm sam pl ing  un i t .  Seeds were c o l l e c t e d  in J u l y  1984 from stands 

within 3km of the study site.

Dur ing  fa 1 1 1984, dye r s  woad s e e d l i n g s  were marked w ith in  each 

sampling  u n i t  as soon as they cou ld  be p o s i t i v e l y  i d e n t i f i e d .



22

I den t i f i c a t ion  was u s u a l l y  po s s ib le  at the four lea f  stage. Seedlings  

were marked with c o l o r e d  t o o th p i c k s  on a b iw eek ly  b a s i s  (Fig.  1). 

T o o th p ic k s  were removed as p l a n t s  d ied,  to a l l o w  de te rm ina t ion  of 

s u r v i v o r s h ip  through time. The same process was repeated for seedlings 

tha t  germinated d u r in g  the sp r in g  of 1985. S i m i l a r  p rocedures  were 

used by L e v e r i c h  and L e v i n  (19/9) and recommended by Werner (1975b). 

Separate  s e t s  of  c o l o r - c o d e d  t o o th p i c k s  were used for  f a l  1 1984 and 

s p r i n g  1985 p o p u l a t i o n s  (F ig .  1). P e r i o d i c  censuses  were conducted 

un t i l  the end of the experiment (Table 1).

F igu re  1. I d e n t i f i c a t i o n  of  e s t a b l i s h e d  s e e d l i n g s  of  d ye r s  woad by 
color-coded toothpicks. For example, i n d i v i d u a l s  germinating during 
spring 1985 were marked using red and blue combinations.
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Table 1. Census dates  
dyers  woad.

fo r f a l  1 1984 and sp r in g  1985 p o p u l a t i o n s  of

Seasonal 
Condi t ions Date Counts Made

Number of Weeks 
a f te r  Sowing

22 Oct. 1984 6
18 Nov. 1984 10

Snow cover and 
winter dormancy

8 Apri 1 1985 30
15 Apri 1 1985* 31

22 Apri 1 1985 32
4 May 1985 34

13 May 1985 36
1 June 1985 38

15 June 1985 40
Summer
dormancy

16 Sept. 1985 53
5 Oct. 1985 56

19 Oct. 1985 58
Snow cover and 
winter dormancy

30 March 1986 81

20 Apri 1 1986 84
18 May 1986 88

1 June 1986 90

i n d i c a t e s  date when censuslng started for  the spring 1985 population.
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In  a d d i t i o n  to de te rm in ing  s u r v i v o r s h i p ,  r o se t t e  diameter  and s t a l k  

he igh t  were measured p e r i o d i c a l l y  fo r  each p o p u la t i o n  by randomly 

se le c t in g  30 p lants  w ith in  each category. On 19 June 1986, f r u i t s  were 

harvested from h a l f  of tne s u r v i v in g  spr ing  population. Fru i t  harvest 

was done for a l l  i n d i v i d u a l s  that germinated during the f a l l  of 1984. 

The number of f r u i t s  per plant and f r u i t  weights were then determined.

D u r i n g  the s t u d y ,  i t  was o b s e r v e d  t h a t  g e r m i n a t i o n  and 

establi shment of dyers woad was higher near sagebrush p lan ts  than in 

the interspaces between the shrubs. Because of inadequate sample size, 

i t  was not poss ib le  to do pairwise comparison of p lants  near sagebrush 

and in the interspaces for  the f a l l  1984 population. A comparison of 

popula tion responses to the two m icros i tes  was, however, poss ib le  for 

the c o h o r t  which began growing d u r in g  the s p r in g  o f  1985. The 

expe r im enta l  procedure used to d i s c e r n  the e f f e c t  o f  sagebrush 

microenvironment on the growth, development, and reproduct ive output of 

dyers woad was not robust. Consequently, the re su l t s  can on ly  serve to 

generate hypotheses about the influence o f  sagebrush microenvironments 

on population dynamics of  dyers woad.

A 192hr U n i v e r s a l  ra ingauge  and a CR21 M i c r o l o g g e r  (Campbell 

S c i e n t i f i c  Inc., Logan, Utah) were set up on the study s i t e  in 1982 to 

c o l l e c t  data on p rec ip i ta t ion  and a i r  temperature. P rec ip itat ion  was 

monitored every  10 days  du r in g  the snow free  period and on a monthly 

b a s i s  d u r in g  the w inter.  Due to t e c h n i c a l  problems, the temperature 

data were la rge ly  incomplete. To compensate for th i s  problem and a lso  

obtain more long-term data, average p rec ip ita t ion  and a i r  temperatures 

were extrapolated from records obtained over  the past 30 years at the
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Corinne weather s t a t i o n .  Th i s  s t a t i o n  was loca ted  about 17km to the 

south of the study s i te  at an e leva t ion  of  1410m.

Data Ana ly s i s

S u r v i v o r s h i p  data were ana ly zed  as s u r v i v o r s h i p  cu rve s  on a 

logar ithmic scale to depict  the stage(s) of growth at which p lants  were 

most suscept ib le  to morta l i ty.  Due to uncontro l led v a r i a b i l i t y  under 

natural f i e l d  conditions,  an alpha of 0.1 was considered adequate for 

d iscern ing  b io log ica l  d ifferences. A l l  s t a t i s t i c a l  ana lyses  for the 

populat ion study were, therefore, conducted at a ^ 0 . 1 .  Mean rosette 

d iameter  and mean s t a l k  he ign t  of the f a l l  1984 and sp r in g  1985 

p o p u l a t i o n s  were d i s t i n g u i s h e d  u s in g  n ine ty  pe rcent  conf idence 

i n t e r v a l s .  With in  the s p r in g  p o p u la t i o n ,  a s i m i l a r  a n a l y s i s  was 

performed to test for d i f ferences  between plants  near sagebrush and in 

the i n t e r sp a c e s .  Mean f r u i t  p roduc t ion  of f a l l  1984, sagebrush 

a s s o c i a t e d  ( s p r in g  1985 p o p u la t i o n ) ,  and in te rspace  ( s p r in g  1985 

p o p u la t i o n )  i n d i v i d u a l s  were separated using Duncan's mult ip le  range 

t e s t  (Montgomery 1984). N inety  percent  conf idence i n t e r v a l s  were 

c o n s t ru c te d  for  the mean of  each ca tegory .  F r u i t  p roduct ion  was 

expressed on a per p lant  basis. A square root transformation was used 

to achieve equa l i ty  of variances. A l i f e - t a b l e  a n a l y s i s  was performed 

for the combined populations by recogniz ing the fo l low ing  categories:

1. Seed bank.

2. Establ ished seed l ings  (rosette diameter < 4cm).

For f a l l  population < two growing
3. Young rosettes periods.

For spring population < one growing
period.

For fal 1 population > two growi ng
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4. Mature rosettes  periods.
For spr ing population > one growing

period.

5. Flowering ind iv idua l s .

6. Mature i n d i v i d u a l s  (produced seeds).

T r a n s i t i o n  p r o b a b i l i t i e s  were computed as the p r o p o r t i o n  of  one 

category su r v i v in g  to the next.

Seed Dispersal Study

Study S i te

A f o o th i l l  s i te  on the west slope of the W e l l s v i l l e  Mountains (Box 

E l d e r  County, Utah T12N, R2W, NE qua r te r  of Sect ion  32) between 1480m 

and 1525m e l e v a t i o n  was se le c te d  as the study s i t e .  The n a t i v e  

v e g e ta t io n  i s  broken i n t o  narrow s t r i p s  of  land runn ing  no r th - so u th  

between wheat f i e l d s  that were u su a l l y  cu l t i va ted  on a l te rnate  years. 

The nat ive  areas were l e f t  uncult ivated due to the ir  steepness. The 

average slope of these west-facing s lopes  i s  between 15 and 202. The 

chosen s i te  was in "good" range c o n d i t i o n  ( S o i l  C o n se r v a t io n  S e r v i c e  

1975), h av in g  been ungrazed by l i v e s t o c k  fo r  about two decades. The 

dominant p lants  in th i s  vegetation c o n s i s t e d  of A r t e m i s i a  t r i d e n t a t a  

Nutt., Agropyron sp icatum (Pursh)  S c r ibn .  and Smith, Bromus tectorum 

L., I s a t i  s t i  nc tor  i a L., Poa secunda P re s  1., A l l y s s u m  a l y s s o i d e s  L., 

Balsamorhiza sagit tata (Pursh) Nutt., and other s h o r t - l i v e d  forbs. The 

p o te n t i a l  na tu ra l  v e g e ta t io n  of  the area i s  Agropyron spicatum 

dominated (Soi l  Conservation Service  1975).

The so i l  of the s i t e  was composed e n t i r e ly  of S t e r l i n g  g r a v e l l y  

loam, a well -dra ined loamy-ske leta l ,  mixed, mesic Typic C a lc ix e ro l l  

( S o i l  C o n se r v a t io n  S e r v i c e  1975). The est imated ave rage  annual



n

p r e c i p i t a t i o n  and ave rage  annual a i r  temperature were 40cm and 90C, 

r e sp ec t i v e ly  (So i l  Conservation Serv ice  1975). An area measuring 120m 

by 1500m (18ha) on the eastern portion of the native s t r i p  was selected 

for conducting both the d ispersa l and c l i p p in g  studies. The dispersal 

unit of dyers woad i s  the ent ire f ru it .  In the text, seeds and f r u i t s  

are used interchangeably.

Procedure

An area measuring 30 x 40m was located within the study site. The 

area was s e le c te d  on the b a s i s  of  l o c a l i z e d  d e n s i t y  o f  dyers  woad. 

E f fo r t s  were made to work on i so la ted  plants.

Nine f u l l y  mature p l a n t s  with adequate seed p roduc t ion  were 

randomly  loca ted  w i th in  the "patchy "  r e g io n  of  the macrop lot .  A l l  

attached f r u i t s  of these p lants  were sprayed with aerosol f lourescent 

pa ints (0AZ-L green and orange paints). The paints served as markers 

so tha t  detached f r u i t s  cou ld  be t raced  back to t h e i r  r e s p e c t i v e  

s o u r c e s .  The s e l e c t e d  p l a n t s  were p a in t e d  on 18 June 1985. 

N e ighbo r ing  p l a n t s  were sprayed with d i f f e r e n t  c o l o r s  in order to 

d i s t i n g u i s h  seeds of v a r i o u s  p l a n t s .  The minimum d i s t a n c e  between 

neighboring p lants  was 3 meters.

The seed trap used was a modificat ion of that described by Werner 

(1975a) and consisted of a 25 x 25cm masonite board. Four such boards 

were n a i l e d  on a wooden s take (approx. 1.5m long)  l e a v i n g  6cm between 

each t r ap  (Fig.  2). Four of  these s t a k e s  were a rranged  around each 

p l a n t  so that  they would rad ia te  in  each of the fou r  ca rd in a l  

d i r e c t i o n s  (North,  South,  East,  and West) at d i s t a n c e s  o f  23, 54, 85, 

and 116cm from the p la n t .  In t o t a l ,  there  were s i x te e n  (25 x 25cm)
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boards next to each plant. A central area beneath the p lant  (average 

r a d i u s  = 10cm) was covered  with a white f l a n n e l  c l o t h  to trap seeds 

that f e l l  next to the mother plant (Fig. 2).

F i g u re  2. Layout of seed t rap s  around a mother p la n t .  Note that 
a t tached  f r u i t s  are pa inted.  P a i n t i n g  o f  f r u i t s  a l  1 owed them to be 
traced to their sources.

The m a so n i te  b o a r d s  were smeared with Stikem® (Seabr igh t  

Enterpr ises,  Ca l i fo rn ia ) ,  a non-drying adhesive material mainly used to 

trap insects. This mater ia l, contrary to manufacturer spec i f ica t ions,  

had to  be r e - a p p l i e d  e v e r y  6 da y s  to  m a in t a i n  i t s  t r a p p i n g  

c ap ab i l i t i e s .  The number of seeds trapped on each 25 x 25cm board was 

counted and recorded on a d a i l y  b a s i s  at  5p.m. A f t e r  the counts were 

completed, the seeds were removed from the boards to s t a r t  a f re sh  

count the next day. The d i spersa l  study began on 25 June 1985 and data
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were gathered  d a i l y  u n t i l  8 August 1985. Therea fte r ,  p l a n t s  were 

monitored le s s  f requent ly  unt i l  27 August 1985.

A wind monitoring s tat ion,  cons i s t ing  of an anemometer and a wind 

vane, was set up at the study si te  on 23 June 1985 to record wind speed 

and d i r e c t i o n .  A d a ta p o d ,  Model  214 wind r e c o r d e r  (Omnidata 

In te rna t iona l ,  Logan, Utah), was used as a sensor to read average wind 

speed, maximum wind speed, and t h e i r  co r re spond in g  d i r e c t i o n s .  The 

anemometer and wind vane were located  one meter above the ground to 

r e f l e c t  e x i s t i n g  c o n d i t i o n s  at the he igh t  of  the ta l  l e s t  dyers  woad 

p lants .  Wind data c o l l e c t i o n  was terminated after 20 days since there 

was l i t t l e  dissemination a c t i v i t y  after  t h i s  period.

Data Ana ly s i s

Seed d e n s i t y  (number of  s e e d s / f r u i t s  per  u n i t  a rea )  was 

t ran s fo rm ed  in to  l o g a r i t h m i c  (base 10) v a l u e s  and p l o t t e d  a ga in s t  

d is tance  from mother p lants ,  to test  the f i t  of a negative exponential 

model. S e ve ra l  other  eq ua t io n s  were a l s o  f i t t e d  to the data. These 

included l inear, quadratic, and power functions.

Root Study

Study S i te

The roo t  study was conducted in a sheep pasture  3km to the north 

o f  the d i s p e r s a l ,  p o p u la t i o n ,  and c l i p p i n g  study s i t e s .  The pasture  

was a l s o  used for determining the degree of sheep u t i l i z a t i o n  of dyers 

woad (U t i l i z a t i o n  Study). For descr ipt ion of the study s i te  see page

35.
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Procedure

Nine each of  two c a t e g o r i e s  of d ye r s  woad p l a n t s  were randomly 

se lected in the middle section of the pasture in the l a s t  week of June

1985. The two c a t e g o r i e s  were: r o s e t t e  p l a n t s  (ave rage  ro se t te  

diameter = 8.98cm) and mature in d i v id u a l s  (produced seeds).

The root  systems of  these p l a n t s  were stud ied  u s in g  the trench 

p r o f i l e  method de sc r ib ed  by Bohm (1976, 1979). A t rench ,  50cm wide, 

100cm long, and 150cm deep, was dug next to each plant us ing a backhoe 

on 14 J u l y  1985. On average, the edge of the trench was 10cm away from 

the plant. The d irect ion  of each trench was randomly assigned to run 

e ither  p a r a l l e l  or perpendicular to the slope, in order to determine 

any pronounced e f f e c t  tha t  s lope  may have on r o o t in g  pattern.  The 

roots  were exposed using small  rakes, knives, screw-drivers, and garden 

t rowels  while working on the 10cm s l i c e  of  so i l  towards the plants. A 

100 x 100cm gr idded frame was f ixed  to the p r o f i l e  w a l l  to a id in 

mapping the root  system. Exposed roo t s  were mapped in t h e i r  natura l  

pos i t ion ,  often simultaneously  with the excavation, on a gridded paper 

at  a sca le  of 1:5. About four hours were required to excavate and map 

each r o o t  system. In a d d i t i o n  to the mapping which was done in s i t u , 

the roo t  systems were photographed in t h e i r  na tu ra l  p o s i t i o n s  to 

provide any d e ta i l s  overlooked while drawing the sketches in the f ie ld .

The roo t  l e n g th s  were determined from dra f ted  d raw ing s  of the 

f i e l d  ske tche s  u s in g  a Hipad d i g i t i z e r  (Houston In s t rument,  Au s t in ,  

Texas). Total  mapped r o o t  length  and mapped taproot  l e n g th  w ith in  a 

100cm s o i l  p ro f i l e  were computed for each plant. The so i l  p ro f i le  was 

d i v i d e d  in to  5 s e c t i o n s ,  each 20cm deep. Total  mapped roo t  leng th s  

were then determined for each so i l  section.
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The s o i l  of  the s tudy  s i t e  was S t e r l i n g  l o a m y - s k e l e t a l ,  mixed, 

mesic Typ ic  C a l c i x e r o l  1 with  a s lop e  of  6 to 20 percent. Both runo f f  

and the hazard of e r o s i o n  were moderate. A v a i l a b l e  w a te r -h o ld i n g  

capac ity  before moisture depletion was estimated to be between 20 and 

23cm (So i l  Conservation Serv ice  1975).

Data Ana ly s i s

The roo t  data were ana ly sed  as a s p l i t  p l o t  de s ig n ,  with s o i l  

depth s p l i t  on p l a n t  category .  A two way a n a l y s i s  of v a r i a n ce  was 

performed to te s t  d i f f e r e n c e s  in root  l e n g th s ,  per m3 s o i l  laye r ,  

between p lant  categories and a l so  between the var ious depths (Steel and 

Torr ie  1980). The root data were a l s o  analyzed g rap h ic a l l y  by re la t ing  

mapped root lengths to s o i l  depth.

Cl ipping Study

Study S i t e

T h i s  study was conducted next to the d i s p e r s a l  s tudy  (see s i t e  

de sc r ip t ion  on page 26).

Procedure

A 30 x 50m m acrop lo t  with  adequate p o p u l a t i o n s  of d ye r s  woad in 

good c o n d i t i o n  n a t i v e  s a g e b r u sh - g r a s s  dominated v e ge ta t io n  was 

selected. The p lo t  was d iv ided  into 30 rows, each lm by 30m. The rows 

ran p e rp e n d i c u l a r  to the s lope  and were separated by h a l f  meter 

walkways for  ease of movement during data acquis it ion.

The c l i p p i n g  regime co n s i s t e d  of two i n t e n s i t i e s  i.e., 60?

c l i p p i n g  and 90? c l i p p i n g  p l u s  a c o n t r o l .  The percent aboveground
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phytomass removed was based on r o se t t e  r a d iu s ,  c o l l e c t i v e  m id - r ib  

l e n g t h s ,  and s t a l k  he igh t .  The p l a n t s  were subjected to va ry in g  

frequency of c l ipp ing :  (1) p lants  cl ipped on ly  once (on 16 Apr i l  1986); 

(2) p l a n t s  c l i p p e d  twice (on 16 A p r i l  and again on 7 May 1984); (3) 

p lan t s  c l ipped three times (on 16 A p r i l ,  7 May, and 23 May 1984); and 

(4) p lan t s  c l ipped four times (on 16 A p r i l ,  7 May, 23 May, and 11 June

1984) (F ig .  3). Each f r e q u e n c y - i n t e n s i t y  treatment combinat ion  was 

r e p l i c a t e d  30 t imes, so that  in t o t a l  270 p l a n t s  were used for  t h i s  

study. P lan t s  were randomly selected within the ent ire matrix of the 

30 x 50m macroplot.

At each c l i p p i n g  date, a separate se t  of p r e v i o u s l y  unc l ipped  

p lants ,  intermingled with the other mu l t ip le  c l ipp ing  set, was cl ipped 

a t  90£ i n t e n s i t y  o n l y  once. This  was to see i f  there was a time at 

which d ye r s  woad was s u s c e p t i b l e  to a s i n g l e ,  severe  c l i p p i n g .  Th is  

treatment a l so  y ie lded data to help in separating the interact ions  of 

frequency of c l ipp ing  with time of c l ipp ing .

Data taken ju s t  Defore c l ipp ing  ( i f  app l icab le )  for both sets of 

treatments included phenophase (Table 2), rosette diameter, number of 

r o s e t t e  l e a v e s ,  and ba sa l  diameter j u s t  beneath the r o s e t t e  leaves .  

Other data co l lec ted  at l a t e r  dates were s t a l k  height, number of s t a lk s  

bearing flowers, and f r u i t  number per plant.

Data Ana ly s i s

The s t a t i s t i c a l  d e s i g n  c on s i s ted  o f  a (2 x 4) + 1 modif ied 

f a c t o r i a l  with exper imenta l  u n i t s  ( i n d i v i d u a l  p l a n t s )  arranged 

c o m p le te l y  at random (a CRD). The t reatments  were a s s i g n e d  to the 

experimental un its  completely at random.



C U P P IN G  D ATES
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Figure 3. Number of times that dyers woad was 
the corresponding dates of c l ipp ing  during the

clipped (frequency) and 
spring of 1984.
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Table 2. Phenological stages of I s a t i s  t i n c t o r l a  and corresponding 
numbers assigned to thenu TOapted from F u l l e r  1935).

Stages Number

Dormancy 0

Leaf growth 1

Stem growth 2

Flowering 3

Seed development 4

Death 5
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A binomial chi -square was used to te s t  the effect of  c l ipp ing  on 

morta l i t y  and percent flowering of dyers woad (Cochran and Cox 1957). 

N i n e t y - f i v e  percent c o n f i d e n c e  i n t e r v a l s  were u sed  to  d e t e c t  

d i f ferences  Detween treatments in terms of seed production. A square 

root  t r a n s fo rm a t io n  was requ i red  to homogenize v a r i a n c e s  among 

t reatments.  For purposes  of p r e s e n t a t i o n ,  means and conf idence 

i n t e r v a l s  were back-transformed to the o r i g i n a l  scale (Sokal and Rohlf  

1981). The m u l t i p l e  and s i n g l e  time c l i p p i n g  t reatments  were a l s o  

a n a l y ze d  together.  Such a n a l y s i s  a l l o w e d  de te rm ina t ion  of the 

p r o p o r t i o n  of  the to t a l  e f f e c t  accounted for  by a s i n g l e  c l i p  at a 

given time.

U t i l i z a t ion  Study

Study S i te

A f o o t h i l l  r ange land  pasture  on the west s lope  o f  W e l l s v i l l e  

Mountains (Box Elder County, Utah T12N, R2W, SW quarter of  Section 9), 

about 3km to the north  o f  the p o p u la t i o n  study s i t e  and at s i m i l a r  

e leva t ion ,  was selected for monitoring the u t i l i z a t i o n  of dyers woad by 

sheep. Th is  pasture  was chosen because of  a combinat ion of p r i v a t e  

land-owner  c o -op e ra t ion ,  t r a c t a b l e  s i z e ,  moderate t e r r a i n ,  moderate 

dens ity  of dyers woad, and because sheep had con t inua l ly  grazed there 

for the past decade.

The pasture was rec tangu la r ly  shaped and en t i re ly  fenced except at 

the north end where the on ly  watering source was located. The pasture 

measured approximately 450 X 1300m with a var iety  of topographic r e l i e f  

from steep h i l l s i d e  to f l a t  ground and o l d  roadbeds. The s i t e  was
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dominated by A r tem is ia  t r i d e n t a t a  Nutt., I s a t i s  t i n c t o r i a  L., Bromus 

tectorum L., Poa bu lbo sa  L., G u t i e r r e z i a  s a ro th rae  (Pursh)  B r i t ,  and 

Rusby, and G r i n d e l i a  squa rro sa  (Pursh)  Dunal.  The d e s c r i p t i o n s  of 

range s i  te a s s o c ia t e d  w ith  the S t e r l i n g  s o i l  s e r i e s  al 1 in d ica te  a 

potential natural vegetation comprised m o s t l y  of  Agropyron spicatum 

(Pursh) Scibn. and Smith (So i l  Conservation Serv ice 1975). Thus, most 

of the pasture was in poor condition r e l a t i v e  to both i t s  ecologica l 

and l i v e s t o c k  grazing potential  (low sera i ) .

The pasture  was grazed by an unherded f l o c k  of about 150 sheep 

during the spring of 1984. The evidence of sheep usage was heaviest on 

the no r the rn  po r t ion  where sheep t r a i l s  were most d i s t i n c t .  A 

piospheric study conducted on the pasture (West 1983a) indicated that 

there was a grazing gradient with u t i l i z a t i o n  dec l in ing  southwards on a 

no rtn -south  axis.

Procedure

A 30 x 50m macrop lo t  was located near the center  o f  the pasture. 

U t i l i z a t i o n  on dyers woad in th is  section was 752 (ocu lar  estimate by 

grazed p l a n t  method, S todda rt  et a l .  1975) du r in g  s p r i n g  1983. Ten 

t r a n s e c t s  were randomly located  and permanent ly  marked u s in g  s tee l  

concrete  re in forcement  rod s  d r i v e n  i n t o  the ground at 5m i n t e r v a l s .  

Only 20cm of the rods appeared aboveground in order to minimize effects  

on animal grazing behavior. The transects  were chosen so that they ran 

pa ra l l e l  to the sheep t r a i l s  which were gene ra l l y  oriented north-south. 

Six hundred p lants  (rosette diameter > 6cm) were randomly chosen using 

random d i s t a n c e s  a lon g  and away from the t r a n se c t s .  The p l a n t s  were 

further ident i f ied  by colored toothpicks. Half  of the selected plants
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were protected from graz ing  by lm3 wire exc lu s ion  cages. These p lants  

served as controls.

Beg inn in g  27 A p r i l ,  1984 the f o l l o w i n g  o b s e r v a t i o n s  were made 

biweekly ( i f  appl icable):

1. Whether the p lan t  was grazed.

2. Remaining l e a f  leng th  and w id th s  on the grazed  le a v e s  
( i n c l  uding pet io les ) .

3. Rosette diameter.

4. Basal diameter.

5. Number of rosette leaves.

6. Number of f lowering sta lks.

7. Number of leaves on the flowering sta lk s.

8. Number of f r u i t s  per plant.

9. F ru i t  weight per 100 f r u i t s .

10. Morta l i ty  on ind iv idua ls .

11. P heno lo g ic a l  stage of growth (Tab le  2).

With the exception of phenology, morta l i t y ,  and reproduct ive var iab les  

(6 through 11), measurements on a l l  other v a r iab le s  were discontinued 

after 20 May 1984 due to cessation of graz ing  on dyers woad by sheep.

A random set of  30 control p lants  were de s t ru c t ive ly  sampled on 18 

May 1984 to e s tab l i sh  regress ion re la t io n sh ip s  between lea f  area and 

leaf  weight, and s ta lk  height to s t a lk  weight. The period between 27 

A p r i l  1984 and 18 May 1984 represented maximum u t i l i z a t i o n  on dyers  

woad.

Data Ana ly s i s

R eg re s s ion  a n a l y s i s  was used to e v a l u a t e  the degree of sheep 

u t i l i z a t i o n  on dyers woad. A chi-square test  of independence was used
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to determine the effect of grazing on mortality and percent flowering 
of dyers woad (Steel and Torrle 1980).
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CHAPTER IV

RESULTS AND DISCUSSION 

Population Study

F ie ld  Establishment and L i fe  Cycle

From 100,000 f r u i t s  co l lected  during the summer of 1984 and sown 

on 3 September 1984, 285 i n d i v i d u a l s  were e s t a b l i s h e d  by October of 

1984. Establishment was defined as the fou r - lea f  stage when pos i t ive  

ide n t i f i c a t i o n  was poss ib le .  These p lan t s  overwintered as rosettes and 

remained vegetat ive during the spring of 1985. P lants  that surv ived 

the subsequent summer drought numbered 36. These overwintered again as 

ro se t te s  and a l l  f lowered and set seed in the spring of 1986 (Fig. 4).

During the spring of  1985, 2,664 p lan t s  estab l ished,  none of which 

f l o w e re d  tne same year.  Dur ing the s p r i n g  of 1986, 872 of the 371 

s u r v i v i n g  in d iv id u a l s  f lowered and produced seeds, while 132 remained 

vegetat ive  (Fig. 4). Further monitoring of f i e ld  establishment showed 

that germination from the or ig ina l  seed input (8 September 1984) ceased 

a fte r  the f a l l  of 1985.

These data demonstrate  that,  f o r  f r e s h l y  shed seeds, lower 

estab lishment rates (0.32) occur in the f a l l  than during the following 

s p r i n g  (2.72). On a no r the rn  Utah range land  in good c o n d i t i o n ,  dyers  

woad behaved predominantly as a b ienn ia l ,  with the potent ia l to l i v e  

l o n g e r  tnan two yea r s .  The lack  of  germ inat ion  a f t e r  f a l l  1985 

s u g g e s t s  that  seeds o f  dye rs  woad may have l im i t e d  endurance in the 

s o i l ,  undergo induced dormancy with time, or exper ience  s i g n i f i c a n t  

predation and/or pathogen attack. Some p lants  e s tab l i shed  outside the
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G ro w in g  Pop u lC f 'C n

and probably 1987

Figure 4. Popu la t ion  f l u x  and l i f e  c y c le  of  dyers  woad on a good 
condit ion northern Utah range land  (d iagramat ic  model adapted from 
Sarukhan 1974).
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experimental p lots,  suggesting that f r u i t s  may have been blown by wind. 

A l t e rn a t i v e l y ,  these p lan t s  may have re su l ted  from transport of f ru i t s  

by ants, a phenomenon o c ca s io n a l l y  observed on the study site.

In th i s  study, dyers woad s u c c e s s f u l l y  completed i t s  l i f e  cycle 

and produced l a r g e  amounts of f r u i t s  ( F i g .  4). Dyers woad w i11 thus, 

in accordance with  t h e o r e t i c a l  p r e d i c t i o n s  of Cohen (1966, 1967), be 

expected to d i s p l a y  minimal tendency to  remain dormant in the s o i l .  

Linder c i rcumstances  o f  r e l a t i v e l y  hi gh establ i shment, s u r v i v a l ,  and 

r e p r o d u c t i v e  output, s e l e c t i o n  a c t s  to inc rea se  the germ inat ing  

f ract ion  and reduce the dormant so i l  seed reserves (Cohen 1966, 1967). 

Furthermore, high so i l  seed longev ity  in weedy species i s  associated 

with  i n a b i l i t y  to comp 1 ete l i f e  eye le  in  the absence o f  di sturbance 

(Baker 1974, Harper 1977).

The re la t ionsh ip  between seed dormancy and reproduct ive success of 

a p lan t  species was ev ident  in Gross and Werner's (1982) study of four 

" b ie n n ia l "  plants. Verbascum thapsus and Oenothera b ienn is  could not 

e s t a b l i s h  or surv ive  in a 15-year old successional  f i e l d  in southwest 

Michigan. These p lants  possessed seeds that could remain v iab le  in the 

s o i l  f o r  80 to 100 yea r s .  On the o the r  hand, Caucus carota  and 

Tragopogon dubi us c o u ld  s u r v i v e  and reproduce in a s i  mi 1a r 1y aged 

successional f ie ld.  Their seeds, however, had l imited dormancy ( < 2 

y e a r s ) .

Periodic  damage to the herbaceous vegetation by summer drought and 

cold winter conditions creates areas of sparse vegetation with s i te s  

s u i t a b l e  for  r e c o l o n i z a t i o n  at the beg inn ing  of  f a l l  and sp r ing .  

Germination both in f a l l  and spring a l low s  dyers woad to take maximum 

advantage of these "windows of op p o r tu n i t y " .  F a l l  germ inat ing
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i n d i v i d u a l s  overwintered as rosettes and remained green despite some 

l o s s  o f  t u r g i d i t y .  The re te n t io n  of  l e a v e s  means th a t  p l a n t s  are 

p r o b a b l y  ab le  to e x p l o i t  mi ld  p e r io d s  w i th in  w inter  and ca r ry  out 

p h o t o s y n th e s i s  and p o s s i b l y  c a r r y  on belowground growth. These 

overwintering p lants  and spring germinating in d iv id u a l s  probably embark 

on e x t r a c t i o n  o f  s o i l  moisture  and n u t r i e n t s  e a r l i e r  than the 

e s t a b l i s h e d  p e r e n n i a l s ,  the growth o f  which comes much l a te r .  As 

argued by Harper (1977) t im ing  of growth determines success  of a 

species in a competitive s i tu a t ion ,  un d e r s co r in g  the s i g n i f i c a n c e  of 

temporal control of germination. This notion i s  supported by the work 

of Saga r  and Harper (1961) on m ix tu re s  of  P Ian tago  spp. and Loliurn 

perenne. They showed tha t  the r e l a t i v e  success  of  these  two spec ie s  

was e a s i l y  and c o m p le te l y  re ve r sed  by chang ing  the r e l a t i v e  time at 

which the components germinated and began growth.

A d d i t i o n a l  l y ,  i t  can be sa id  that  by sp read ing  ge rm ina t ion  over  

f a l l  and spring seasons, dyers woad i s  buffered aga inst  environmental 

u n c e r t a i n t i e s  and consequent severe  r e d u c t i o n s  in p o p u la t i o n s .  For 

example, an extremely harsh spring can probably be compensated for by 

popula t ions  from the f a l l  season.

Germinat ion d u r in g  the sp r in g  of 1985 was an order  of magnitude 

g r e a t e r  than du r in g  the f a l l  o f  1984 (F ig .  4). Casual o b s e r v a t i o n s  

ind icated that germination rate during the f a l l  of 1985 was s im i la r  to 

that  o f  the sp r in g  of  1985. The lower germ inat ion  r a t e s  du r in g  the 

f a l l  of 1984 were not correlated with e ither  prec ip i ta t ion  amounts or 

mean monthly temperatures, s ince s i m i l a r i t i e s  occurred  between f a l l  

1984 and f a l l  1985 (Table 3). The seed source for the population study
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Table 3. P r e c i p i t a t i o n  (mm) and mean month ly  temperatures  (oC)
recorded at or 
autumns of 1984

e s t i  mated 
and 1985.

fo r  the study s i t e dur ing  the

Year

1984 1985

Month Ppt. Temp. * Ppt. Temp.*

August 17 21 0 20

September 55 15 57 14

October 32 7 40 8

November 65 3 87 0

♦ Extrapolated from Corinne Weather Station
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had some damaged f r u i t s ,  although these were selected against  during 

seed co l lec t ion .  Seed germination may have been eas ier  from cracxed 

f r u i t s .  The marked d i f f e r e n c e  between f a l l  1984 and sp r in g  1985 

ge rm ina t ion  ra te s  sup po r t  f i n d i n g s  o f  Young and Evans  (1971), who 

demonstrated the existence of germination inh ib i t in g  substances in the 

f r u i t s  of dyers  woad. A l though  tne f u l l  cha ra c te r  and mode of 

operation of these substances are unknown, they have been determined to 

be autotoxic, water so lub le ,  and therefore leachable (Young and Evans 

1971). By remain ing in  the s o i l ,  the f r u i t s  cou ld  be exposed to 

vary ing  degrees of soaking. By spr ing 1985, i t  i s  l i k e l y  that enough 

l e a c h i n g  of the ge rm ina t ion  i nhi bi to r  would have occurred,  en a b l i n g  

seeds to germinate in greater quant it ies. These germination inh ib i to r s  

may c o n t r ib u te  to the spread o f  ge rm ina t ion  over  f a l l  and s p r in g  

seasons.

Plant Size and Reproductive Capacity 
for Fa l l  and Spring Populations

Mean rosette diameter of f a l l  germinating i n d i v i d u a l s  was greater 

than tha t  of s p r in g  ge rm ina t ing  i n d i v i d u a l s  on 23 May 1985 (F ig .  5). 

For both populations, rosette size increased during the remaining part 

o f  s p r i n g  1985 and were i n d i s t i n g u i s h a b l e  by 7 June 1985 (F ig  5). A 

substant ia l  increase in rosette diameter occurred during the fal 1 of 

1985. The f a l l  germinating popu la t ion  mainta ined n o m in a l l y  g rea te r  

r o s e t t e  s i z e s  du r in g  most of the s tudy  period.  The d i f f e r e n c e  in 

r o s e t t e  s i ze  between the two p o p u l a t i o n s  was most pronounced at the 

s t a r t  of  the sp r in g  1986 growing season (30 March and 20 A p r i l ;  

Fig. 5).
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' 1 985  ' ' * 9 8 6

F igu re  5. Mean ro se t te  growth, 23 May 1985 to 1 June 1986, of dyers  
woad p l a n t s  e s t a b l i s h e d  du r ing  the f a l l  o f  1984 (•— — •) and the
sp r in g  of 1985 (*------- *) . Va lue s  are means of 30 p la n t s .  V e r t i c a l
l i n e s  represent 90% con f idence  i n t e r v a l s .
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1986

F igu re  6. Mean he ight  growth of f low e r in g  s t a l k s ,  30 March 1986 to 
19 June 1986, of dyers woad p lants  e stab l i shed during the f a l l  of 1984 
(•— — •) and the sp r in g  o f  1985 (*■  ■ *). n = 30 p lan t s .  V e r t i c a l
l i n e s  represent 901 confidence in terva ls .
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In both p o p u l a t i o n s ,  stem growth was i n i t i a t e d  d u r i n g  the l a s t  

week of  March 1986. Rapid stem growth occurred up to 18 May 1986 

during which time peak bloom was attained. Flowering s t a l k  heights in 

the two populations d iverged after 20 Apr i l  with the f a l l  population 

becoming t a l l e r  (Fig. 6).

The f a l l  p o p u la t i o n  had s i g n i f i c a n t l y  ( a <_0.1) g rea te r  f r u i t  

production per plant than the spring population, whereas f r u i t  weights 

were very s im i la r  (Table 4). The f a l l  germinating i n d i v i d u a l s  thus did 

not a t ta in  higher f r u i t  production at the cost of reduced f r u i t  weight. 

These r e s u l t s  i n d i c a t e  that  f a l l  germination favors  both vegetative 

growth and reproductive output v ia  seeds.

W ith in  the s p r i n g  p o p u la t ion ,  r o s e t t e  s i z e ,  f l o w e r i n g  s t a l k  

he ights, and f r u i t  production were s im i l a r  between p lants  growing near 

sagebru sh  and in  the i n t e r s p a c e s  ( F i g s .  7 and 8; Tab le  5) desp i te  

i n i t i a l  d i f f e r e n c e s  in  s e e d l i n g  d e n s i t y  (170 and 26 plants/m2, 

re spect ive ly ) .  Dens ity -re lated st ress  may have acted to reverse the 

apparent  b e n e f i c i a l  e f f e c t s  o f  sagebrush  m icroenv ironment  e.g., 

e levated  nitrogen status, better so i l  moisture re la t ion s ,  and improved 

so i l  structure (Robertson 1947, K l ine  1973).

The greater rosette size of the f a l l  i n d i v id u a l s  almost two years 

after  germination may have come about as a consequence of compounding 

of s ize  through time, a character i s t ic  feature of exponent ia l ly  growing 

systems (Cook 1980a). In th i s  manner, a small temporal separation in 

growth due to d i f fe ren t ia l  germination dates leads to la rge  differences 

in s i z e  even when growth ra te s  are s i m i l a r .  Because of  low f a l l  

germination and lower estab l i shed dens i t ie s ,  in t ra sp ec i f i c  competition 

was probably reduced. The f a l l  germinating i n d i v id u a l s  start  spring
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Table 4. Mean f r u i t  production per p l a n t  and f r u i t  w e ig h t / lO O f r u i t s  
(grams) of  f a l l  1984 (n = 34) and sp r in g  1985 (n = 60) 
populations of  dyers woad. Ninety percent confidence l im i t s  
are shown in parentheses.

Fall  1984 Spring 1985

Fru i t number 563 (426, 681) 345 (281, 416)

F ru i t weight .390 (.380, .400) .392 (.362, .442)

Table 5. Mean f r u i t  production per p lan t  and f r u i t  weight/lOOfruits 
(grams) of  p l a n t s  ge rm ina t ing  du r in g  s p r i n g  of  1985 and 
growing in d i f f e r e n t  m i c r o s i t e s ,  n = 30. N inety  percent 
confidence l im i t s  are shown in parentheses.

P lants  near sagebrush Interspace plants

Fru i t number 293 (234, 359) 317 (225, 409)

Frui t weight .391 (.361, .421) .393 (.363, .423)
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F igu re  7. Mean ro se t te  growth,  23 May 1985 to 1 June 1986, of dyers
woad p lants  established near sagebrush (x------ *) or in the interspaces
(•------ •). n = 30 p lan t s .  V e r t i c a l  l i n e s  represent  90* conf idence
i nterva ls.
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F igu re  3. Mean he ight  growth of f l o w e r i n g  s t a l k s ,  30 March 1986 to
19 June 1986, of dyers woad plants e s tab l i shed near sagebrush (x------ *)
or in the i n te r sp ace s  (•------•). n = 30 p la n t s .  V e r t i c a l  l i n e s
represent 902 confidence in te rva l s .
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growth early, and thus may obtain a head start in extract ing moisture 

and n u t r i e n t  re so u rce s .  F a l l  ge rm ina t in g  i n d i v i d u a l s  would a l so  be 

expected to be superior  in resource extract ion since the i r  root systems 

are a l r e a d y  deve loped .  However, u n u s u a l l y  severe  f a l l  growing 

cond it ions  could erase the advantages of f a l l  i n d i v i d u a l s  that u su a l l y  

a l l o w  tnem to gain greater vegetative s izes.

The h igher  s p r i n g  germinat ion  (F ig .  4) produces l o c a l l y  dense 

s t a n d s  of dyers  woad that  cou ld  r e s u l t  in g rea te r  i n t r a s p e c i f i c  

competition. Spring o f fe r s  f avo rab le  c o n d i t i o n s  for  germ inat ion  and 

growth of most companion species, r e su l t i n g  in the development of dense 

v e g e t a t i o n  cover.  T h i s  p robab ly  i n t ro d u c e s  b i o t i c  s t r e s s  a c t in g  

th rough  both i n t e r s p e c i f i c  and i n t r a s p e c i f i c  i n t e r a c t i o n s .  These 

in te rac t ion s  probably e l i c i t  phenotypic p l a s t i c i t y  in dyers woad which 

i s  expressed in reduced ind iv idua l  s izes.

The h igher  r e p r o d u c t i v e  output o f  the f a l l  i n d i v i d u a l s  may be 

r e l a t e d  to thei r l a r g e r  vege ta t i  ve s i z e  which was mai nta i  ned in the 

major pa r t  of the s tudy  period (F ig .  5). S i m i l a r  c o r r e l a t i o n  between 

r o s e t t e  s i ze  and fe c u n d i t y  was found fo r  Senecio  jacobaea (Van der 

Meijden and Van der Waals-Kooi 1979) and i s  reported to be widespread 

in s h o r t - l i v e d  perenn ia l s  and b ienn ia l s  (Lacey 1986). A l te rna t ive ly ,  

i f  fecundity of dyers woad i s  density-dependent, and i t  i s  during the 

s e e d l i n g  s tage  when d e n s i t y  e f f e c t s  are exp re ssed,  then f a l l  

ge rm ina t ion  would be expected to f a v o r  high r e p ro d u c t i v e  output. 

Reduced fecund ity  under s t r e s s f u l  env i ronm ents  (e.g. under dense 

vegetation) has been reported for several  f acu l t a t ive  b ienn ia l s  (Holt 

1972, Werner 1975b, Harper 1977).
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Desp i te  h ighe r  f e c u n d i t y  per p l a n t  in the f a l l  ge rm inat ing  

i n d i v i d u a l s ,  in t h i s  s tudy  sp r in g  ge rm ina t ion  was more important  in 

terms of o ve ra l l  population growth. Due to higher germination rates, 

the spr ing population was larger in s i ze  and thus contributed most to 

t o t a l  f r u i t  p roduc t ion  at the end o f  the l i f e  c y c l e  (Fig. 4). 

Se lect ion  may have operated to favor greater germinabi1 i t y  and spread 

of germination across seasons rather than increased f a l l  germination.

Su rv ivo rsh ip  Trend of Fal l  
and Spring Populations

The f a l l  ge rm ina t in g  p o pu la t ion  exper ienced  l i t t l e  m o r t a l i t y  

d u r i n g  the f o l l o w i n g  w inter.  S l i g h t  m o r t a l i t y  occu rred  in e a r l y  

s p r i n g ,  but peak m o r t a l i t y  was ob se rved  du r in g  the summer. The 

populat ion s tab i l i zed  in the succeeding f a l l  and winter (Figs. 9a and 

10). The s u r v i v o r s h i p  pattern  fo r  the spring germinating population 

was comparable to th a t  of the f a l l  p o p u la t i o n ,  w ith  the h ighe s t  

m or ta l i t y  a lso  occurr ing during the summer (Figs. 9a and 10).

A dramatic  d e c l i n e  in p o p u l a t i o n  o c c u r r e d  f o r  the s p r i n g  

p o p u l a t i o n  when p l a n t s  were 10 weeks o ld .  For the f a l  1 germ inat ing  

p o p u l a t i o n ,  t h i s  came a f t e r  30 weeks (F i g .  9a). At t h i s  time (15 June 

1935), both p o p u la t i o n s  had s i m i l a r  r o s e t t e  s i z e s .  The mean ro se t te  

d iameter  was 8.9cm for  the sp r in g  p o p u la t i o n  and 9.3cm fo r  the f a l l  

p o p u la t i o n .  M o r t a l i t y  trends of  d ye r s  woad may be more r e la te d  to 

r o s e t t e  s i z e  ra the r  than age. Th i s  would conform to the not ion  that  

size i s  a better predictor  of fates of f a cu l t a t i v e  b ienn ia l s  than age 

(Werner 1975b, Werner and Caswel l  1977, Van der Me ijden and Van der 

Waals-Kooi 1979, Gross 1981).



Figure 9. Su rv i vo r sh ip  of dyers woad p lants  established during the 
f a l l  of 1984 and the spring of 1985 (a) and monthly precipitat ion (mrj 
and est imated mean monthly  temperatures  (°C) recorded for the study 
s i t e  betwen the f a l l  of 1984 and the f a l l  of 1985 (b). The horizontal 
l i n e s  between a and b in d ic a te  c a le n d a r  dates  at which p l a n t s  were 
censused.
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Staton

Figure 10. Cumulative seasonal morta lity  of dyers woad (X of i n i t i a l  
numbers) fo r  unc1 ipped p l a n t s  ( c l i p p i n g  study; •  t; n * 30), f a l l
1384 population (*— —*; n *  279), and spring 1985 population ( ■ ------■ ;
n = 2264).
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The period of sharpest reduction in both populat ions  was between 

15 June 1985 and 16 September 1985. T h i s  per iod  was c h a ra c t e r i z e d  by 

n e g l i g i b l e  prec ip i ta t ion  during August and high temperatures (Fig. 9b) 

probably g iv in g  r i se  to desiccating condit ions.  Between 1 June 1985 

and 15 June 1985, leaves  of p lants  in both populations became wilted, 

ind icat ing  signs of water stress.

Most of the p rec ip ita t ion  on the study s i te  during 1984 and 1985 

f e l l  in the cold season (September to May; Fig. 11). An exception was 

the h igh  r a i n f a l l  in J u l y  that  came as c o n ve c t io n a l  storms. Such 

storms are l a r g e l y  i n e f f e c t i v e  for  p l a n t  growth in t h i s  environment 

(West 1983b). The prec ip i ta t ion  pattern during the study period i s  in 

agreement with the c l im at ic  descr iption of the Intermountain sagebrush 

steppe ecosystem by West (1983b). This region includes northern Utah 

f o o t h i l l s .  Maximum s o i l  moisture accumulation in th i s  region occurs 

d u r in g  the w inte r  and e a r l y  s p r in g  w h i 1e minimum moi s t u re  occurs  in 

Ju ly  and August (Rawls et al.  1973). Growing season prec ip i ta t ion  i s  

l e s s  r e l i a b l e  for recharging so i l  moisture than s low ly  melting snow. 

F u r t h e r m o r e ,  h i g h e r  t e m p e r a t u r e s  c o n t r i b u t e  to  g r e a t e r  

e v a p o t r a n s p i r a t i  on d u r in g  the l a te  s p r i n g  and summer (West 1983b). 

These two t rend s  combine to make summer a per iod  when moisture  

a v a i l a b i l i t y  becomes l im i t i n g  to plant development.

As so i l  moisture recedes to deeper layers ,  i t  probably becomes out 

of reach of the d e v e l o p i n g  root s  of  the young r o s e t t e s  o f  dyers  woad. 

P re v a i l i n g  dry and hot conditions  aboveground w i l l  tend to accentuate 

the degree of water s t re s s  experienced by the plants  and thus make them 

suscept ib le  to morta l i ty.  The s h r i v e l l e d  appearence of the rosettes  in 

mid-June 1985 and v i r tu a l  lack of herb ivory  and pathogen attack provide
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temperatures during 1983-1984, 1984-1985, and their corresponding long 
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ind i re c t  evidence that drought and des iccat ing  condit ions  are probably 

tne most s i g n i f i c a n t  source  of m o r t a l i t y  for  s e e d l i n g s  and young 

r o s e t t e s  of  dye rs  woad. Lower m o r t a l i t y  r a te s  were e x h ib i t e d  by 

c o n t r o l  p l a n t s  of  the c l i p p i n g  study (F ig .  10). These p l a n t s  were 

most ly mature i n d i v i d u a l s  and presumably had well developed taproots 

capable of tapping deeper so i l  layers. However, to e s t a b l i s h  a causal 

r e la t i o n sh ip  between seed l ing  morta l i t y  and so i l  moisture de f ic i t ,  so i l  

water content should be varied under con t ro l led  condit ions.  Increased 

seed l ing  s u r v i v a l  must r e s u l t  from improved so i l  water re la t ions .  Such 

experimentation could a l s o  explore the hypothesis that mature rosettes 

are more drought res i s tant .

Lack of s o i l  mo i s tu re  has been repo rted  to be a major source of 

m o r t a l i t y  for  s e e d l i n g s  in Cerastiurn a t r o v i r e n s  (Mack 1976), Sedum 

sma1 1 i i and Minuarta uni f 1 ora (Shar itz  and McCormick 1973), M e l i 1otus 

alba (Klemow and Raynal 1981), and Lithospermum caro l in iense  (Weller

1985). In dyers woad and some of these other species, i t  appears that 

an im p o r t a n t  c h a r a c t e r i s t i c  o f  j u v e n i l e s  i n f l u e n c i n g  t h e i r  

s u r v i v a b i l i t y  i s  t h e i r  s i z e  at the time s o i l  m o is tu re  d e f i c i t s  are 

imposed upon them. Reports in the l i t e ra tu re  (Harper 1977, Werner and 

C a sw e l l  1977, Cook 1979, Gross  1981, Si  1 vertown 1982) in d ic a te  that 

e f fec t s  of the sources of morta l i ty  are s t rong ly  size dependent, with 

the sma l le r  i n d i v i d u a l s  suffer ing  greater hazards.

M o r t a l i t y  t rend s  f o r  dyers  woad c o n t r a s t s  with those found in 

P 1 antago spp. (Hawthorne and Cavers 1976) and Ranunculus spp. (Sarukhan 

and Harper 1973) where death r i s k s  were r e l a t i v e l y  con s tan t ,  though 

showing seasonal  o s c i l l a t i o n .  For these  herbaceous spec ie s ,  i t  was
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found that the greatest r i s k  of death occurred during the period when 

s u r v i v o r s  were growing most r a p i d l y .  B i o t i c  s t r e s s  r e s u l t i n g  from 

in t ra sp ec i f i c  and in te r sp e c i f i c  competition for resources was suggested 

as the source o f  m o r t a l i t y  in the s e e d l i n g s  of  these spec ie s .  Such 

s t u d i e s  were, however, conducted in more mesic env ironments.  In 

contrast,  the physical  environment apparently  p lays  a major ro le  in the 

population dynamics of p lant  species in the more arid portions of the 

Intermountain region of tne western U.S.

M o r t a l i t i e s  for dyers woad p lants  growing near sagebrush and those 

in the interspaces were s im i la r  (73% and 742 re spec t ive ly )  in spite of 

a s e v e n - f o l d  d i f f e r e n c e  in s e e d l i n g  d e n s i t y  (170 and 26 p lan t s/m 2 ). 

Thus d e n s i t y  e f f e c t  in  dyers  woad does not appear to be manifested  

through increased morta l it y.  The more favorab le  microenvironment near 

sagebrush  ( K l i n e  1973) d id  not t r a n s l a t e  in to  be t te r  v e g e t a t i v e  and 

r e p r o d u c t i v e  performance (F ig s .  7 and 8; Table  5). I t  i s  l i k e l y  that  

dens ity  regu la t ion  in populations of dyers woad occurs by a combination 

of density-independent morta l i t y  and density-dependent fecundity. Such 

a p r o p o s i t i o n  presumes tha t  d e n s i t y  s t r e s s  i s  absorbed and expressed 

through phenotypic p l a s t i c i t y  and reduced fecundity. Although a survey 

of d ye r s  woad i n f e s t a t i o n  in s ou thea s te rn  Idaho showed a nega t ive  

c o r r e l a t i o n  between p l a n t  d e n s i t y  and he ight  of  f l o w e r i n g  s t a l k s  

( C a l l i h a n  et a l .  1984), the p re c i se  r o l e  of d e n s i t y  in popu la t ion  

r e g u l a t i o n  of dye rs  woad needs to be i n v e s t i g a t e d  v i a  m a n ip u la t i v e  

experimentation.

P l a s t i c  response  to p la n t  d e n s i t y  has been demonstrated in some 

weedy spec ie s .  A good example i s  Agrostemma g i t h a go  (Harper 1960). 

When densi ty  of th is  species was increased, ind iv idua l  p lan ts  responded
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by branching more pro fu se ly  and producing fewer seeds whi le  morta l it y  

remained constant. As Harper (1960) pointed out, a weed that regulates 

i t s  seed output as a function of populat ion density possesses enormous 

r e s i l i e n c e .  In  the c a se  o f  A. g i t h a g o , i t  was found  t h a t  i f  

p o p u l a t i o n s  were reduced by 90S, subsequent dec rea se s  in seed 

p rod uc t ion  were l e s s  than 10%. Dens i ty -dependent  f e cund i ty  nas 

important  i m p l i c a t i o n s  for  c on t ro l  o f  weeds. For example, in dyers  

woad, reduction of populat ions  would be more successful i f  undertaken 

during the ea r ly  phase of spread, not when i t  has become a large scale 

in fe s ta t ion .

A l i f e - t a b l e  a n a l y s i s  fo r  dyers  woad showed c o n s t r i c t i o n  of 

p o p u l a t i o n  g row th  a t  two t r a n s i t i o n s ;  ( i )  seed to  s e e d l i n g  

( e s t a b l i s h m e n t )  and ( i i )  young r o s e t t e s  to mature r o s e t t e s .  Tne 

combined e s t a b l i s h m e n t  ra te  fo r  the two p o p u la t i o n s  was 32. The 

t r a n s i t i o n  p r o b a b i l i t y  fo r  young r o s e t t e s  was .23, i.e., o n l y  232 of 

the young rosettes  su rv ived  to mature rosettes  (Fig. 12). Once plants  

became mature rosettes,  the p robab i l i t y  of s u r v i v in g  to a reproductive 

ind iv idua l  was .81. A l l  f lowering i n d i v i d u a l s  set seed (Fig. 12). The 

l i f e - t a b l e  a l so  re ve a l s  that the populat ion of dyers woad, in terms of 

f r u i t s ,  i n c rea sed  by 782 by the end o f  the l i f e  c y c le .  The weakest 

l i n k  in  the chain  of demographic e ve n t s  i d e n t i f i e d  in t h i s  study was 

the young rosette (morta l ity  = 772).

Several  studies have reported establishment and m orta l i t y  patterns 

s im i l a r  to that of dyers woad. Sagar (1970) noted that re s t r i c t io n  of 

population size of PIantago 1anceolata occurred at several stages of

the l i f e  c y c le ,  with major l o s s e s  th rough  f a i l u r e  to germinate and
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m o r t a l i t y  of s e e d l i n g s  (> 65 i  died when l e s s  than 1 year o ld ) .  

S im i l a r l y ,  Foster (1964, _IH: Harper 1977), studying B e i l i s  perennis and 

Palmbald (1968), working on Bromus inermis and Si 1ene a n g l i c a , showed 

t h a t  c o n s t r i c t e d  g e r m i n a t i o n  combined with s e e d l i n g  m o r t a l i t y  

contributed most to population regu la t ion.

The l i f e - t a b l e  (F ig .  12) c o n s t ru c te d  fo r  dyers  woad nas se ve ra l  

l i m i t a t i o n s  that  make i t  inadequate to p re d i c t  p o p u la t i o n  growth. 

F i r s t ,  i t  does not account for the fate of most of the seeds o r i g i n a l l y  

sown (100,000 f ru i t s ) .  So i l  seed pools  are cruc ia l components of the 

p o p u la t i o n  b i o l o g y  o f  p la n t  sp e c ie s  (Harper 1977, Cook 1980b, 

S i lve r town 1982) and hence should be considered in attempts to predict 

population changes over time.

Secondly, the l i f e - t a b l e  does not consider clonal  growth. Dyers 

woad growing in other kinds of env i ronm ents  propagates  v e g e t a t i v e l y  

from crown buds (K ing  1966) and root  buds (G i l  key 1957, J. 0. Evans, 

pers. comm.). The l i f e - t a b l e  presented (Fig. 12) does not take account 

of demography of dyers woad at th i s  l e v e l .  Vegetative propagation did 

not occur  in e i t h e r  p o p u la t i o n  du r in g  the two year study period.  

Vegetat ive propagation occurs with greater l i ke l ihood  in rosettes older 

than two growing p e r io d s  (i.e. mature r o s e t t e s ) .  G raz ing  or other 

mechan ica l  damage s t im u l a t e s  v e g e t a t i v e  p ropagat ion  (Table  6; J. 0. 

Evans ,  pers. comm.). The fa te s  of  mature r o s e t t e s  (42 out  of  the 2543 

e stab l i shed  p lants ) were not followed in th i s  study.

Observations of both mature rosettes  and reproduct ive in d i v id u a l s  

from the c l ipp ing  study showed that where p lants  were subjected to some 

damage (e.g., c l i p p i n g ) ,  the chance of  produc ing  v e g e t a t i v e  daughter 

rosettes,  and subsequently f lowering s t a l k s  was enhanced (Table 6). A
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F igu re  12. L i f e - t a b l e  fo r  a hand sown po pu la t ion  of dyers woad 
estab l i shed on a f o o t h i l l  rangeland s i te  in eastern Box Elder County, 
Utah; 1984-1986.
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Table 6. Number o f  f low e r in g  s t a l k s  produced by unc l ipped and 
c l ipped* dyers woad plants  (c l ipp ing  study; n = 21).

Plant Unclipped Clipped

1 3 3
2 2 2
3 1 2
4 1 2
5 2 3
6 1 2
7 3 2
8 1 3
9 1 2

10 2 2
11 1 2
12 1 3
13 1 2
14 1 2
15 2 2
16 1 2
17 1 1
18 1 4
19 1 1
20 1 1
21 1 1

X 1.4 2 . 1
s.e . 1 . 2

♦ plants were clipped at 602 or 902 of aboveground biomass,
once or twice, within spri ng 1984.
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s im i l a r  response was reported for Senecio jacobaea fo l low ing  herbivore 

damage (Van der Me ijden  and Van der W aa ls -Koo i  1979). Vege ta t ive  

propagules possess greater l i f e  expectancy than those derived from seed 

(Sarukhan 1974, Harper 1977, Grime 1979, Abrahamsom 1980). This a l te r s  

the s u r v i v o r s h i p  pa t te rn  of dye rs  woad in a manner which tends to 

a m e l io ra t e  r e s t r i c t i o n  of i t s  p o p u la t i o n  at the young ro se t te  stage 

(F ig .  12).

Th i rd ly ,  the l i f e - t a b l e  ana ly s i s  (Fig. 12) represents changes in 

two p o p u l a t i o n s  of  d ye r s  woad at one s i t e  and for  o n l y  two years.  

D u r in g  these two y e a r s  (1984 and 1985), t o t a l  p r e c i p i t a t i o n  was 18% 

above the estimated long term average, whereas e f fe c t ive  precip itation 

i.e. th a t  fa 1 l i n g  between September and May (West 1983b) was o n l y  11% 

above normal. Mean monthly temperatures were s l i g h t l y  below the long 

term average (Fig. 11). Although the study period can be described as 

,,t y p i c a l “, the data neverthe less  lacks the var iat ion  inherent in year- 

to-year events. Recruitment, s u rv i vo r sh ip ,  and fecundity are l i k e l y  to 

be governed by c l i m a t i c  v a r i a b i l i t y  (Jordan and Nobel 1979, 1981, 

Klemow and Raynal 1981, Mack and Pyke 1983, Reader 1985, Weller 1985) 

and h a b i t a t  c h a r a c t e r i s t i c s  (H o l t  1972, Hawthorne and Cavers  1976, 

Wel ler  1985). Therefore, th i s  type of study should be replicated both 

in time and space to inc lude the re levan t  range of ab io t ic  conditions. 

T rans i t ion  p r o b a b i l i t i e s  derived from such studies could form the basis 

for matrix modell ing of population growth of dyers woad.

Establishment of the populations in an area devoid of dyers woad 

c l o s e l y  resembled an invas ion  into new te r r i to ry .  I f  conditions  on the 

new h a b i t a t  are s u i t a b l e ,  i t  may be expected that  h igh  ra te s  of
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p o p u la t i o n  inc rea se  w i l l  be a t ta ined .  Th i s  seemed to  have been the 

case in  t h i s  s tudy  because the p o p u la t i o n  of f r u i t s  inc reased  732 by 

the second genera t ion .  I t  would be i n s t r u c t i v e  to sp e cu la te  on what 

might happen to t h i s  p o p u la t i o n  some gen e ra t ion s  l a t e r .  Dens i ty  

e f fects  are l i k e l y  to appear. These e f fe c t s  w i l l  probably be expressed 

th rough  phenotyp ic  p l a s t i c i t y  and reduced fecund ity .  However, such 

mechanisms of population control may be mitigated by two forces: (i) 

chemical  c on t ro l  of ge rm ina t ion ,  and ( i i )  v e g e t a t i v e  reproduct ion.  

Chemical ly  contro l led  reductions of germinating seeds serves to l im i t  

population density of e s tab l i s h in g  p lan ts ,  thus probably a l l e v i a t i n g  

severe competition for resources. Ind iv idua l  p lants  w i l l ,  in addition 

to sexual reproduction, be u t i l i z i n g  vegetat ive  reproduction in order 

to m u l t i p l y  as the p o p u la t i o n  grows and de ve lop s .  Th is  w i l l  be 

e s p e c i a l l y  true under rangeland condit ions  where p lants  are exposed to 

h ig h e r  r i s k s  o f  damage through h e r b i v o r y  and t r am p l in g  e f fe c t s .  

Vege ta t ive ly  produced rosettes  may combine low morta l i t y  r i s k  with the 

c a p a b i l i t y  to reproduce sexual ly.

Attempts to f u r t h e r  q u a n t i f y  p o p u la t i o n  changes in dyers  woad 

w i l l ,  th e re fo re ,  r e q u i r e  c o n s i d e r a t i o n  of  two t h in g s .  F i r s t ,  the 

propert ie s  of germination inh ib i to r s  in dyers woad f r u i t s  w i l l  have to 

be discerned. Secondly, the r e l a t i v e  contr ibut ion of vegetative and 

sexual reproduction to recruitment in a s t ab i l i z e d  population w i l l  have 

to be ascertained.

The l i f e - t a b le  (Fig. 12), even with i t s  l im ita t ions ,  provides some 

in s i g h t  into the l i f e - h i s t o r y  of dyers woad. Most mature rosettes had 

a high t ran s i t ion  p robab i l i t y  to the reproduct ive stage and produced 

la rge  amounts o f  f r u i t s  (x = 496 Per  P lan t ) .  E s tab l i s hm en t  was
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moderate and s u r v i v a l  o f  ju ven i le s  ( seed l ing s  and young rosettes) in 

1985 averaged 17i. This value i s  in excess of those achieved by many 

l o n g - l i v e d  herbaceous p e r e n n i a l s  (Harper 1977, W e l l e r  1985). Under 

more favorable spring conditions, ju ven i le  su r v i v a l  for dyers woad was 

higher and estimated to be 35X ( F u l l e r  1985). I t  thus appears, that on 

good condition (high s e ra i )  f o o t h i l l  rangelands in northern Utah, dyers 

woad would be fa vo red  to behave as a b i e n n i a l  with l i t t l e  be n e f i t  

ga ined  from long  l i f e - s p a n  (Harper and White 1974, Hart  1977, Cook 

1979, W e l l e r  1985). R e s u l t s  from the exper imenta l  p o p u la t i o n  show 

that, dyers woad i s  capable of invading a well vegetated s i te  that has 

not been grazed by l i v e s t o c k  for several decades. This i s  contrary to 

the conventional wisdom that weedy species are l o c a l l y  'doomed1 in the 

absence of disturbance (Baker 1974, Harper 1977).

The in va s ive  nature of dyers woad and i t s  rapid spread in northern 

Utah may be due to more e f f i c i e n t  u t i l i z a t i o n  of env i ronmenta l  

r e so u rce s .  Dyers  woad germinates  both in the f a l l  and the sp r in g ,  

o v e r w in t e r s  as a r o s e t t e ,  i n i t i a t e s  e a r l y  s p r i n g  growth, has deep 

t a p r o o t s  (Table  10, page 82), p o s se s se s  summer dormancy mechanisms 

( F u l l e r  1985), and has the a b i l i t y  to chemical ly  i n h ib i t  germination 

and root elongation of some competing species (Young and Evans 1971). 

These c h a r a c t e r i s t i c s  p robab ly  a l l o w  dyers  woad to escape from 

r e s t r i c t i o n s  under which the native species are regulated.

Population Study: Implication
for B io log ica l  Control

Seeds of dyers woad populations in North America have ne g l i g ib le  

dormancy (Young and Evans  1971, Evans  and Gunnel 1 1982). Seed
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l o n g e v i t y  beyond 10 months i s  unknown (Fu l l e r  1985). In t h i s  study, 

seeds sown in September 1984 did not germinate beyond f a l l  1985. This 

observation and theoret ica l  cons iderat ions  would suggest l imited seed 

endurance under n a t u r a l  c o n d i t i o n s .  Because f i e l d  ge rm inat ion  and 

e s t a b l i s h m e n t  r a t e s  o f  dyers  woad are on the o rde r  of  32, i t s  

p o p u la t i o n  growth would most l i k e l y  be curbed by d im i n i s h i n g  the 

a b i l i t y  to produce seeds. I f  seed p roduc t ion  can be prevented  for  a 

few years, reduction in dyers woad populations i s  anticipated through 

e xh au s t io n  of s o i l  seed re se r v e s .  To a ch ie ve  t h i s  g o a l ,  however, a 

method of depleting e x i s t i n g  vegetat ive  ind i v id u a l s  w i l l  nave to be 

found.

Under c o n d i t i o n s  of con t inua l  d i s tu rbance,  sucn as de fo l ia t ion,  

f lower ing  of dyers woad can be delayed (Fig. 27a and b, page 96). This 

i s  typ ica l  of many b ie n n ia l s  and s h o r t - l i v e d  perennia ls  (Harper 1977, 

S i l v e r t o w n  1982). Dye r s  woad can sw i tch  to v e g e t a t i v e  propagat ion  

through act ivat ion  of buds located on the root crown and sometimes even 

the r o o t s  them se lve s  (G i l  key 1957, K ing  1966, Varga and Evans 1978, 

C a l l i h a n  et a l .  1984). Th is  mode o f  p ropagat ion  i s  l i k e l y  to be 

i n t e n s i f i e d  by damage to i n d i v i d u a l  p l a n t s .  I t  i s ,  the re fo re ,  

d i f f i c u l t  to decimate the v e g e t a t i v e  po r t ion  of the po pu la t ion  

d i r e c t l y ,  e s p e c i a l l y  when they are in  the mature s t a g e s  of growth. 

Mature rosettes have an 812 chance of s u r v i v a l  and great potential for 

vegetat ive  propagation.

L i f e - t a b l e  a n a l y s i s  (Fig. 12) showed that the h i g h e s t  r i s k  of 

m o r t a l i t y  for  dyers  woad occurs  at the young r o s e t t e  stage. The 

natural  morta l i ty  of i n d i v id u a l s  at t h i s  stage was 772. Shoot damage 

w i l l  l i k e l y  increase the r i s k  of m orta l i t y  of p lants  at th i s  stage of
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development. Such a response may r e s u l t  from reduced development of 

the roo t  system of the young r o se t te .  Young r o s e t t e s ,  thus, become 

more suscept ib le  to drought mortality. Dyers woad should be targeted 

for b io log ica l  control at th i s  vulnerable stage of development.

Seed Dispersal Study

The selected p lan t s  varied in s t a l k  height, number of seeds at the 

s t a r t  o f  sam p l in g  (Tab le  7), and percent  seed f a l l  at  the end of the 

s tudy  (Table  8). Most of  the seeds were shed in the f i r s t  10 days of 

the s tudy;  t h e re a f t e r  the rate  o f  seed f a l  1 de c l ined  s u b s t a n t i a l l y ,  

f i n a l l y  l e v e l l i n g  o f f  af ter  4 1/2 weeks (Fig. 13).

The seed d i s p e r s a l  pattern  of  d ye r s  woad was f i t t e d  to se ve ra l  

equations: l inear,  quadratic, two forms of exponential

( l o g  y = a + bi x + b2 x2 and 1 og y = a + bx), 

and a power func t ion .  Seed d i s p e r s a l  pa ttern  of  dyers  woad was best 

d e sc r ib e d  by a n e g a t i v e  exponent ia l  model of the type 1 og y = a + bx; 

(F ig .  14). R-square v a l u e s  were used as the b a s i s  fo r  s e l e c t i n g  the 

best model.

N inety - f ive  percent of a l l  the trapped seeds f e l l  within 54cm of 

the mother p l a n t s .  The g re a te s t  recorded d i s tance  th a t  seeds moved 

from the source was 2.4m. The majority of the seeds were co l lec ted  on 

seed traps located to the north and west of the p lants  (Fig. 15). This 

would indicate that wind influenced the landing locat ion of seeds once 

they become detached from the p lan t .  The r e l a t i o n s h i p  between wind 

speed and number of seeds  sca tte red  was poor on a day to day b a s i s  

(Table 9). However, the effect of wind i s  l i k e l y  to be expressed in a 

cumulative and ind i rec t  manner. This i s  supported by the fact that the
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Table 7. I n i t i a l  s t a l k  height (cm) and number of f r u i t s  of dyers woad 
p lan ts  se lected for the seed d i spersa l  study.

Plant Number Stalk Height (cm) Number of f r u i t s

1 71 2985
2 75 2160
3 69 2680
4 63 1863
5 60 1340
6 62 2110
7 59 1262
8 78 2396
9 82 3184

z 2220 
s.e 210

Table 8. Percent f r u i t  f a l l  and the number of f r u i t s  remaining at the 
end of the seed dispersal study.

Percent Number of f r u i t s
Plant Number f r u i t  f a l l  remaining

1 89 328
2 95 115
3 80 540
4 94 149
5 94 82
6 80 418
7 83 210
8 89 258
9 96 128

x
s.e

248
49

x 89



Figure 13. Dispersal of dyers woad seeds through time, showing number 
of seeds shed on a per week and cumulative basis, between 25 June 1985 
and 8 August 1985. cn
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Figure 14. Re la t ion sh ip  between logarithm (base 10) of f r u i t  number ^
and distance from mother p lants . o

i t



71

Figure 15. Directional pattern of dyers woad f ru i t  deposition. Bars 
are mean seed d e n s i t y  obta ined from nine mother p la n t s  with marked 
seeds. The p la n t s  were monitored from 25 June 1985 to 8 August 1985 
at a good cond it ion  f o o t h i l l  range land s i t e  in eastern  Box E lde r  
County, Utah.
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Table 9. Wind speed (kph) and wind d i r e c t i o n  at the d i s p e r s a l  study 
s i te  between 24 June 1985 and 13 Ju ly  1985 and corresponding 
number of f r u i t s  scattered.

Wind speed 
(km per hr)

Direction of 
average and maximum 

wind speeds
Number of 
frui  ts 

scattered
Date Average Maximum Average Maximum

June 24 8.0 17.9 181 128 0
1985 25 11.7 25.6 135 97 164

26 35.8 115.2 160 120 2449
27 6.6 19.2 92 178 0
28 0.8 7.7 242 210 190
39 0.2 11.5 225 159 153
30 3.0 8.6 258 215 74

July 1 1.1 5.8 90 172 98
1985 2 0.2 9.3 180 176 0

3 0.0 2.1 172 228 77
4 0.2 6.6 196 224 0
5 0.5 11.4 192 148 0
6 0.8 17.0 184 148 129
7 0.2 12.5 224 123 62
8 0.6 34.4 160 0 0
9 0.5 8.3 212 248 0

10 1.0 14.6 160 184 0
11 1.6 17.3 232 236 103
12 0.5 16.5 220 220 150
13 0.2 34.4 204 0 122

*Wind direction:  0 or 360 means wi nd coming from the North
90 u M M M ll East

180 it II U II II South
270 u H II M H West
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p r e v a i l i n g  wind d i r e c t i o n  was m a in ly  toward the north  and northwest  

over the 20 day recording period (Table 9). A lso, since the f r u i t s  of 

dyers woad are f i rm ly  attached to the p lan ts ,  some abras ive  force such 

as wind and/or rain i s  required before they can be detached. Thus, the 

k ind o f  t i g h t  r e l a t i o n s h i p  between r a te  of  seed f a l l  and wind speed 

observed in p lants  such as orchids (Howe and Smallwood 1982) would not 

be expected to apply to dyers woad.

The mean d i s p e r s a l  d i s t ance  of seeds was p o s i t i v e l y  c o r r e l a t e d  

with the height at which they were released (Fig. 16). The tremendous 

growth of the f l o w e r i n g  s t a l k  a f t e r  b o l t i n g ,  which im p l i e s  a high 

resource a l lo ca t ion ,  may a s s i s t  dyers woad to attain greater height and 

thus increase i t s  d ispersa l  distance.

The steep d i s p e r s a l  curve  of d ye r s  woad (F ig .  14) i s  s i m i l a r  to 

that found in other species where wind i s  the main agency of d ispersal  

(Werner 1975a, Harper 1977, Cook 1980b). This study demonstrates that 

dyers woad i s  not commonly spread very far  by wind. The rapid invasion 

and spread of dyers woad in northern Utah appears to be aided by other 

forces. For example, man may disperse the f r u i t s  of dyers woad on his  

shoes,  t ruck  t i r e s  or even in hay or st raw b a le s  that  are c a r r i e d  to 

the mountains during hunting seasons. L ivestock  a lso  could carry the 

f r u i t s  in mud on their  hooves and help d ispersa l from spr ing to summer 

ranges.

The f r u i t  ped ice l  of dyers  woad f u n c t io n s  l i k e  a hook and can 

s t i c k  to moving ob je c t s  and thus  f a c i 1 i t a t e  animal d i s p e r s a l .  Some 

p l a n t s  r e t a in  f r u i t s  pa st  the f i r s t  s n o w fa l l .  The l i k e l i h o o d  that  

herds of  deer cou ld  encounter  and d i s p e r s e  them in c r e a se s  du r in g  the



HEIGHT AT WHICH SEED RELEASED (CM)
Figure 16. Re lat ionsh ip  between mean d ispersa l distance and height at 
which f r u i t s  were re lea sed .  Mean number of  seeds per p l a n t  were
2 ,220.
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winter when they use the f o o t h i l l s  the most. Evidence of frequent deer 

movement was present  on the study s i t e .  The occurrence  of h igher  

incidences of recent in fe s ta t ion s  on south facing s lopes,  where deer 

and e l k  herds feed d u r i n g  the day and bed du r in g  the winter  n i g h t s  

would further corroborate the poss ib le  ro le  of big game in ef fect ing 

d i s p e r s a l .  B i r d s  and rodents  cou ld  a l s o  c o n t r ib u te  to long range 

d i spe r sa l  of dyers woad. During tne winter, f r u i t s  could be blown for 

greater distances over packed or crusted snow.

Once i n f e s t a t i o n  of  dyers  woad o ccu r s  on the mountain s l o p e s ,  

d i spe r sa l  downhill  i s  l i k e l y  to be aided by water. Dyers woad f r u i t s  

possess  f lattened wings which can be moved read i ly  downhil l  by flowing 

water in  d ra inage  channe l s .  Preponderance of  dyers  woad a long  the 

banks  of  these d ra in age  systems may be, at l e a s t  p a r t i a l l y ,  a 

consequence of th is  type of d ispersa l .  Water d ispersa l  of dyers woad 

can a l s o  occur on the f o o t h i l l s  and benches as a r e s u l t  of summer 

convectional  storms and associated f l a s h  floods. I t  appears therefore, 

that water and animals could effect long range d ispersa l  of dyers woad, 

the reby  e s t a b l i s h i n g  an i n f e c t i o n  cen te r  in new h a b i t a t s  from which 

subsequent local  spread can occur through wind action.

In a n a l y s i n g  the genera l  d i s p e r s a l  c h a r a c t e r ! ' s t i e s  of p la n t  

species Harper (1977), drawing on Van der P lank 's  (1960) work on spread 

of epidemics in crops, has found i t  useful to re late  the logarithm of 

seed d e n s i t y  to the l o g a r i t h m  of d i s t a n c e  from parent  p lan t .  He 

proposed that  those s p e c i e s  whose s e e d - d i s p e r s a l  c u rve  has a s lope  

equal  to or steeper than an i n v e r s e  square law w i l l  spread in t o  

c o l o n i z a b l e  areas  as an advanc ing  f ron t .  On the o ther  hand, i f  the 

slope of the seed-dispersal  curve i s  l e s s  than the inverse  square law
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( l e s s  steep) i t  w i l l  lead to d if fused patterns of i s o la ted  co lon i s t s  

which may subsequently act as foci for new infect ions. This procedure 

was performed for dyers woad. Figure 17 shows that i t  has a di spersal  

curve le s s  steep than the inverse square line. This i s  an indication 

that dyers woad has the capacity to spread as an i so la ted  colon ist.

Watkinson (1973) us ing the same approach for the sand dune annual 

Vul pia  fa sc icu la ta  found that, depending on the height o f  inflorescence 

and percent ground vegetat ion cover, t h i s  species could spread e ither  

as an advancing front or iso la ted  co lon i s t .  S im i l a r l y ,  species with 

s p e c i a l  mechanisms o f  wind d i s p e r s a l  e.g., Senec io  jacobaea and 

T u s s i 1 ago f a r f a r a  were found to po s se s s  d i s p e r s a l  c u r v e s  l e s s  steep 

than the i n v e r s e  square l i n e .  They were, the re fo re ,  con s ide red  to 

c o l o n i z e  not as advanc ing  f r o n t s  but as i s o l a t e d  c o l o n i s t s  over  

r e l a t i v e l y  large d istances (Harper 1977).

The escape h y p o th e s i s  of  d i s p e r s a l  (Howe and Smallwood 1982) 

d e r i v e s  from tne premise that d i sp roport ionate  m orta l i t y  e x i s t s  near 

p a r e n t  p l a n t s  due to  p r e d a t i o n ,  p a th o g e n  a t t a c k  or  s e e d l i n g  

compet i t ion .  The s e e d - d i s p e r s a l  c u r ve  of dyers  woad, l i k e  those 

species for which d i spersa l  curves have been documented (Beattie and 

Lyson 1975, Werner 1975a, Marchand and Roach 1980), indicated that most 

of the seeds are dropped near the mother plant. F ie ld  populations  of 

d ye r s  woad d i s p l a y  c o n ta g io u s  d i s p e r s i o n  p a t te rn s  (Kirmse 1983), 

suggest ing that adult d i s t r ib u t ion  c l o s e l y  p a r a l l e l s  seed d is t r ibut ion.  

No e v i d e n c e  o f  p r e d a t i o n  or  pa thogen  a t t a c k  was o b s e r v e d  on 

exper imenta l  p o p u l a t i o n s  of  dyers  woad and m o r t a l i t y  seemed to be 

densi ty-independent.
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The dispersal  method of dyers woad i s  l i k e l y  to be one where the 

majority  of propagules are deposited in a d i f fuse  fashion within a few 

meters of parent p lants, while a small proportion i s  carr ied for long 

d is tances  presumably with the aid of man, w i l d l i f e ,  and water. These 

cha rac te r i s t i c s  al low maintenance of loca l  populations within a habitat 

wnose s u i t a b i l i t y  has a lready been determined. The d ispersa l  scheme of 

dyers woad is in agreement with the conclus ion of Gadgil  (1971), that 

long range dispersa l  i s  favored on ly  i f  the chance of reaching a better 

s i te  i s  greater than expected lo s se s  attending the d ispersa l  process or 

the chance of a r r i v i n g  in a poorer  hab i t a t .  Th i s  d i s p e r s a l  method 

would tend to support the co lon izat ion  hypothesis of d ispersal (Howe 

and Smallwood 1982), in which case loca l  spatial heterogeneity would 

probably be the main determinant in the co lon izat ion  process.

Root Study

Fol lowing the c l a s s i f i c a t i o n s  of Spence (1937) and Weaver (1958), 

the root system of dyers woad can be described as con s i s t ing  pr imar i ly  

of  a t a p ro o t  (F ig s .  18a and 19a) with some l a t e r a l s  in  the upper 30cm 

of  the s o i l  ( F ig s .  18b, 19b, and 20). L i t t l e  d i f f e r e n c e  was found 

between rosette and mature p lants  in terms of the mean mapped length of 

the t a p ro o t  or t o t a l  mapped root  le ng th s .  For mature p l a n t s ,  mapped 

t a p r o o t  length  was 99.6cm and to t a l  mapped root  l e n g th  was 257.9cm. 

The co r re spo nd in g  v a l u e s  for  r o se t t e  p l a n t s  were 89.7cm and 216.9cm 

(T ab le  10). I t  shou ld  be po inted out tha t  the trench p r o f i l e  method 

underestimates total root length since most of the fine roots are lost.



F i g u r e  13. S e l e c t e d  pho tog raph  (a) and 
representative root system (b) of dyers woad 1 

growth.

pi c t o r a 1i zat i  on of a 
n the rosette stage of
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F i g u r e  19. S e l e c t e d  pho tog raph  (a) and p lc to ra l  i zation of a 
representa t i  ve root system (b) of dyers woad In the mature stage c 
growth.





Mean Mapped Root Length (cm) / 20cm Soil Layer

_  —  —  ro r\3O  cn o  cn o  a i

Figure 20. Histogram of mean mapped root length (cm)/20cm so i l  layer 
of mature and rosette p lan t s  of dyers woad in a s o i l  p ro f i l e .  Va lues  
are means of nine p lan t s  in each age c la s s .
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Table 10. Mean mapped taproot and tota l  mapped root lengths  (cm) of 
r o se t te  and mature dyers  woad p l a n t s  (m id - J u l y  1985). 
Nine p lants  were used in each age c la s s .

Plant Taproot length (cm) Total root length (cm)

Number Rosette Mature Rosette Mature

1 96.5 93.9 177.4 247.9

2 73.0 106.0 159.0 455.9

3 83.8 93.8 218.3 278.6

4 110.8 110.8 132.5 169.7

5 69.2 97.6 204.3 264.7

6 86.0 89.3 349.0 148.7

7 83.8 105.9 285.7 278.4

8 177.3 89.0 257.0 198.8

9 86.1 110.3 169.3 278.1

X
= 89.7 - = 99.6 ;  -  216-9 x = 257.9

s*e = 5.1 s-e = 2.7 s-e = 21.7 s.e = 28.1
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Tota l  mapped r o o t  l e n g t h s  d id  not d i f f e r  between the two 

categor ies, although there was a s i g n i f i c a n t  interaction effect between 

p lant  category and s o i l  depth (Table 11). This ind icates  that rooting 

pa t te rn  in r e l a t i o n  to s o i l  depth d i f f e r e d  between the two p lan t  

c a t e g o r i e s .  The mature p l a n t s  had g r e a t e r  root  l e n g t h s  in the upper 

20cm o f  the s o i l ,  w itn  43% o c c u r r i n g  in t h i s  s o i l  l a y e r .  For the 

rosette plants, 31% of the mapped root length was found in th i s  horizon 

(F ig. 20). Therefore,  l a t e r a l  b ranch ing  near the s o i l  su r face  may 

occur in the second year of growth because i t  i s  the mature in d iv id u a l s  

that  showed the most marked l a t e r a l  b ranch ing .  Dyers  woad seems to 

p o s s e s s  a r o o t in g  pa t te rn  s i m i l a r  to that  of  sagebrush,  a pattern  

postulated to confer a strong competitive a b i l i t y  in the semi-desert 

steppe of the Intermountain West (Sturges 1977).

Davies et al.  (1965) determined that moisture extract ion p ro f i le s ,  

and therefore depletion zones, of some annual crops c l o s e l y  pa ra l le led  

the la te ra l  spread of the roots. With a lateral root spread of about 

40cm, dyers woad may create substant ia l water and nutr ient  depletion 

zones around i t s e l f  that may depress the growth of neighboring plants. 

Furthermore,  fo rb s  w ith  tap roo t s  and l a t e r a l  spread near the s o i l  

surface are expected to present the greatest  competition with grasses 

in dry cl imates (Weaver 1958). The r e l a t i v e l y  small tota l  length of 

d ye r s  woad roo t s  compared to those of  a s so c ia te d  spec ie s  e.g., 

b luebunch  wheatgrass,  does not n e c e s s a r i l y  mean th a t  i t  has lower 

c o m p e t i t i v e  a b i l i t y .  S m a l l e r  root  systems do not exc lude  the 

p o s s i b i l i t y  of higher root a c t i v i t y  per un it  length.

A l th oug h  there appears  to be a temporal s ep a ra t ion  between the 

aboveground growth of dyers woad and b luebunch wheatgrass  (Agropyron
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Table 11. A n a l y s i s  o f  va r iance  t a b le  fo r  mapped ro o t  length  (m/m3 
s o i l  volume) v a r i a t i o n  w ith  s o i l  depth of  two p l a n t  
categories (mature and rosette i n d iv idua l s )  of dyers woad 
in Ju ly  1985.

Source of Variation df SS MS Fcal

Plant category 1 2572.60 2752.60 1.41 ns

Error  A 16 31228.16 1951.76

Depth 4 77648.60 19412.15 34.14**

Category x Depth 4 10552.52 2638.13 4.64* *

E rror  B 64 36385.87 568.53

a = 0.05.
ns = not s i g n i f i c a n t .
*  = s i g n i f i c a n t .

* *  = h igh ly  s i g n i f i c an t .
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spicatum, a desirab le nat ive  forage g rass  on northern Utah rangelands) 

du r in g  the sp r in g  and summer growing season, there was an o v e r l a p  

between the period of rapid growth of dyers woad ( F u l l e r  1985) and that 

of  peak water e x t r a c t i o n  of b luebunch  wheatgrass (Thorgeirsson 1985) 

during the 1982 growing season. Whereas tne calendar dates for these 

events are subject to y e a r l y  v a r i a b i l i t y ,  i t  ra i se s  the p o s s i b i l i t y  of 

belowground interference between these two spec ies.  More important, 

however, i s  the potent ia l  for dyers woad to suppress seed l ings  of more 

de s i rab le  forage species.

An important  a spec t  of the r a p id  expans ion  of  dye rs  woad may 

re la te  to i t s  a b i l i t y  to i n i t i a t e  growth ear ly  in the spring, well  in 

advance of associated perennial herbs. I f  th i s  ea r ly  growth proceeds 

con com itan t ly  with  r o o t  a c t i v i t y ,  then dyers  woad may a t t a in  the 

advantage  of re source  a c q u i s i t i o n  in a r e l a t i v e l y  compet i t ion  free 

environment. Thorgeirsson (1985), for example, demonstrated that the 

a b i l i t y  of crested wheatgrass (Agropyron desertorum) to extract water 

from deeper layers on ly  two weeks e a r l i e r  than bluebunch wheatgrass (A^ 

sp ica tum ) enhanced the a b i l i t y  of the former to compete a g a in s t  b ig  

sagebrush (Artemisia t r i d e n t a t a ).

C l ipp ing and U t i l i z a t i o n  Studies

On the s i t e  where the c l i p p i n g  s tudy  was conducted, unc l ipped  

dyers woad plants  started vegetat ive growth by 16 Apr i l  1984, le s s  than 

one week a f te r  snow me 1 1. Stem growth was i n i t i a t e d  d u r in g  the l a s t  

week of Apr i l  while f lower ing  began in the second week of  May, reaching 

i t s  peak about 23 May 1984. Seed formation occurred between 9 June and
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15 June. By the end o f  June, most o f  the seeds had r ipened  (F ig .  21). 

In the grazed pa s tu re ,  where sheep u t i l i z a t i o n  of  dye rs  woad was 

monitored,  the p h e n o lo g i c a l  p r o g r e s s i o n  of the c o n t r o l  p l a n t s  was 

s im i l a r  to those on the c l ipp ing  study s i te  (Fig. 22).

In the c l i p p i n g  s tudy,  the growth of c on t ro l  p l a n t s  was a l s o  

followed. Basal diameter increased during the period between 16 Apr i l  

and 7 May and thereafter  remained f a i r l y  constant (Fig. 23). Likewise, 

r o s e t t e  diameter in c re a se d  du r in g  the per iod  between 16 A p r i l  and 7 

May, l e v e l l i n g  o f f  by 23 May, a f t e r  which i t  d e c l i n e d  (F ig .  23). The 

d e c l i n e  in r o se t t e  diameter  was due to w i the r in g  o f  l e ave s  whicn 

accompanied the growth and development of f lowering stems. Stem growth 

s t a r t e d  in the l a s t  week of A p r i l .  Height  of  f l o w e r i n g  s t a l k s  

increased at a phenomenal rate during the period between 7 May and 11 

June 1984 (Fig. 23). Thus, dyers woad was characterized by very rapid 

vegetat ive  growth during spring that enabled i t  to produce seeds within 

two months after  snow melt.

E f fects  of Mult ip le  C l ipp ing

E f f e c t s  of  m u l t i p l e  c l i p p i n g  on m o r t a l i t y ,  pe rcent  f l o w e r in g ,  

f r u i t  p roduct ion ,  and f r u i t  we ights  o f  dyers  woad were i n v e s t i g a t e d .  

D u r in g  the f i r s t  year  (1984), p l a n t s  c l i p p e d  at 60% i n t e n s i t y  ( low 

in ten s i ty )  showed s i g n i f i c a n t  morta l i t y  over contro l s  when cl ipped at 

l e a s t  three times (F ig .  24a). For p l a n t s  c l i p p e d  at 90% i n t e n s i t y  

(high in tens ity ) ,  s i g n i f i c a n t  m orta l i t y  over con tro l s  occurred in the 

f i r s t  year  when c l i p p e d  at l e a s t  two times (F ig .  24a). Over 1984 and 

1985, at least  three sequential c l i p p in g s  at e ither  60% in tens i ty  or 

90% in ten s i ty  carr ied out during the rapid growth season were required
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Dm . ■  D o r m a n c y  L d  ■  La«f Growth S.Q. “  St * m  Gr ow th 
R. ■  W o  w ring S.D. ■  So od D*v#4op D. "  Dooth

F igu re  21. Percentages of uncl ipped dyers  woad p l a n t s  in va r iou s  
phenological stages during spring, summer, and f a l l  of 1984 (cl ipping 
study), n = 30 p 1 ants.
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DATE (1M 4)

Dm. ■  Dormancy L d  •  LMf Qrowth S O. ■  Stam Growth 
n. -  fiowaring S.O. “  Saad Davaiop D. -  Daath

F igu re  22. Percentages of ungrazed dyers  woad p la n t s  in va r ious  
pheno log ica l  stages  dur ing  spr ing ,  summer, and f a l l  of 1934 
(u t i l i z a t io n  study), n = 30 plants.
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F igu re  23. Mean growth of  basa l diameter, ro se t te  diameter, and 
flowering s ta lk  of unclipped dyers woad p lan t s  during spr ing and ea r ly  
summer o f  1984 ( c l i p p i n g  study), n = 30 pi ants. V e r t i c a l  l i n e s  are 
95i confidence in te rva l s .
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to s i g n i f i c a n t l y  increase morta l it y  rates  over those of the con t ro l s  

(F ig. 24b).

To reduce f l o w e r i n g  a b i l i t y  o f  d ye r s  woad o v e r  those of the 

con tro l s ,  a minimum of three sequential c l ip p in g s  at e i ther  60% or 90% 

i n t e n s i t i e s  were required (Fig. 25a and b). I t  was apparent that la ter  

c l i p p in g s  delayed f lowering (Fig. 25a and b).

The mean f r u i t  p roduc t ion  on a per p l a n t  b a s i s  d id  not d i f f e r  

between the var ious c l i p p in g  treatments (Table 12). In other words, i f  

a p l a n t  c l i p p e d  at 60% i n t e n s i t y  four  t imes w i th in  s p r i n g  managed to 

f low e r ,  i t  would produce numbers of f r u i t s  s i m i l a r  to the con t ro l  

plants.  However, when tota l  f r u i t  production was expressed as percent 

of the control, treatment effects  on f r u i t  production were more evident. 

F ru i t  production of p lan t s  cl ipped two times at 60% in tens i ty  was 49% 

of the contro l,  while those cl ipped two times at 90% in ten s i ty  produced 

only  38% of the control (Table 12). Mean ind iv idua l  f r u i t  weights were 

s im i l a r  under a l l  treatments (Table 13).

Effects  of Time of  C l ipping

A set of p re v io u s ly  unclipped p lan t s  was cl ipped at 90% in tens i ty  

only once in order to determine i f  there was a time at which dyers woad 

was suscept ib le  to a s i n g le ,  severe c l ipp ing .  This study showed that 

to achieve substant ia l morta l i ty  over those of the contro l s ,  p lants  had 

to be c l i p p e d  at 90% i n t e n s i t y  not e a r l i e r  than 23 May (F ig. 26a and 

b). S i n g le  time c l ip p in g  at 90% in ten s i t y  pr ior  to t h i s  period had no 

effect  on the m orta l i t y  of dyers woad (Fig. 26a and b). This c l ipp ing  

treatment resu lted  in substant ia l reduction in percent flowering only 

when p l a n t s  were c l i p p e d  on or a f t e r  23 May (F ig. 27a and b). A
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Figure 24. Effect of mult ip le  c l ipp ing  at two in tens i t ie s  (60S = low; 
90S 3 high) on percent m o r t a l i t y  of dyers  woad dur ing  1984 (a) and 
du r ing  1934 and 1935 combined (d ). n = 30 p lan t s .  Bars with 
d if ferent letters  are s i g n i f i c an t l y  d i f ferent  at the 0.05 level .
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1994

Numtoar a t frnaa cipced

Figure 25. Effect of mult ip le  c l ipp ing  on percent flowering of dyers 
woad d u r i n g  1984 (a) and d u r i n g  1984 and 1985 combined (b). 
I n t e n s i t i e s  of c l i p p i n g  and sample s i z e  are the same as in Fig. 24. 
3ars with d i f f e r e n t  l e t t e r s  are s i g n i f i c a n t l y  d i f f e r e n t  at the 0.05 
l e ve l .
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contrast  between Fig. 26a and b shows tnat c l ipp ing  a fter  7 May delayed 

f lower ing  by one year.

Date of c l i p p i n g  a f fec ted  to t a l  f r u i t  p roduc t ion  of t reated 

p lants.  Fru it  production of p lants  c l ipped on 7 May and those c l ipped 

on 23 May were, r e s p e c t i v e l y ,  422 and 232 of that  in the c o n t r o l .  As 

in the mult ip le  c l i p p in g  treatment, f r u i t  production did not decline on 

a per p lant  basis (Table 14) and f r u i t  weights were not affected by the 

time of  c l i p p i n g  (Tab le  15). A combined a n a l y s i s  o f  m u l t i p l e  and 

s i n g l e  c l i p p i n g  snowed that  a s i n g l e  c l i p p i n g  at 902 i n t e n s i t y ,  

r e s u l t e d  in  s i m i l a r  m o r t a l i t y  and f l o w e r i n g  r e spon se s  as m u l t i p l e  

c l i p p i n g  (F ig s .  28 and 29). For example, a l l  the e f f e c t  a s so c ia ted  

with a four time c l i p p in g  could be expla ined by a one time c l i p  in mid- 

June (F i gs. 28 and 29).

U t i l i z a t i o n  Study

To a s se s s  how r e a l i s t i c  the t im in g  and i n t e n s i t y  of c l i p p i n g s  

were, p lant  development (phenology; Fig. 22) and u t i l i z a t i o n  of dyers 

woad by sheep were monitored in a nearby pasture.  Sheep switched to 

o the r  fo rage s  by 18 May, three weeks a f t e r  g r a z in g  began on the 

pa s tu re .  Dur ing t n i s  pe r iod ,  48 out of  300 marked d ye r s  woad p l a n t s  

(162) had some u t i l i z a t i o n .  U t i l i z a t i o n  on grazed p lan t s  ranged from 

182 to 922 with an ave rage  of 392 of the aboveground t i s s u e  removed. 

The degree of u t i l i z a t i o n  was based on l e a f  area and s t a l k  weight 

removed. This  l e v e l  of  u t i l i z a t i o n  d id  not have any e f f e c t  on 

m orta l i t y ,  percent f lowering, and mean f r u i t  production (Table 16). As 

had occurred in the c l i p p in g  treatment, f r u i t  weights were not affected 

by g r a z i n g  (Table  16). The basa l d iameter  and r o s e t t e  diameter of



Table 12. Fru it  production of dyers woad p lants  cl ipped at varying in ten s i t ie s  and 
frequencies during the spring of 1984.

Treatment*
Orig inal

Sample
Size

Number 
that 

Frui ted

Mean
Fru i t

Production

951
Confidence 

Limlts

Total
Fruit

Produced
1 of 

Control

0 0 30 20 237 175, 318 4740 100

1 1 31 22 223 167, 286 4906 104

1 2 31 18 128 83, 184 2304 49

1 3 31 9 97 40, 179 873 18

1 4 30 5 139 39, 301 695 15

2 1 30 20 174 123, 234 3480 73

2 2 30 15 121 72. 181 1815 38

2 3 30 3 94 2. 436 282 6

2 4 30 1 164 — 162 3

* F i r s t  d i g i t  r e f e r s  to i n t e n s i t y  of c l i p p i n g  (0 = c o n t r o l ;  1 = 601; 2 = 901), 
while the second d i g i t  ind icates number of times a plant was clipped.



95

1984

D M  of Clpping

1M4 ♦ HM

(b)
c

Data of Clppatg

Figure 26. Effect of time of c l ipp ing  on percent mortality  of dyers 
woad du r ing  1984 (a) and dur ing  1984 and 1985 combined (b). P l a n t s  
were cl ipped at 90X of  aboveground phytomass, n = 30 p lan t s .  Bars 
with di fferent letters  are s i g n i f i c an t l y  dif ferent at the 0.05 level.
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1964

(0-

D«t* o< CJppng

1M4/19M

Dai* of dpping

Figure 27. Effect of time of c l ipp ing  on percent flowering of dyers 
wodd during 1984 (a) and during 1984 and 1985 combined (b). Intensity 
of c l i p p i n g  and sample s i z e  are the same as in Fig. 26. Bars with 
different letters  are s i g n i f i c a n t l y  d i fferent at the 0.05 level.
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Table 13. Fru i t  weight/lOOfruits (grams) of dyers woad plants clipped 
at varying in tens i t ie s  and frequencies during the spring of 
1984.

Treatment*
Sample
Size

Mean
Fruit
Weight

95S
Confidence
Limits

0 0 20 .379 .343, .415

1 1 22 .354 .313, .395

1 2 18 .332 .288, .376

1 3 9 .358 .289, .427

1 4 5 .332 .218, .446

2 1 20 .382 .340, .424

2 2 15 .341 .292, .390

2 3 3 .304 .080, .528

2 4 1 .439

* F i r s t  d ig i t  refers  to in tens ity  of c l ipp ing  (0 * Control; 1 = 60S; 
2 = 90S), while the second d i g i t  indicates number of times a plant 
was clipped.



Table 14. Fru i t  production of dyers woad p lants  c l ipped* at d i f ferent  dates during 
the spring of 1984.

Date
Clipped

Orig inal
Sample
Size

Number
that

Fruited

Mean
Fru it

Production

95X
Confidence 

Llmlts

Total
Fru it

Produced
X of 

Control

Unclipped 30 20 237 175, 318 4740 100

16 Apr il  1984 30 20 174 123, 234 3480 73

7 May 1984 31 20 100 63, 146 2000 42

23 May 1984 29 7 154 69, 272 1078 23

11 June 1984 30 5 122 31, 272 610 13

‘ Plants were clipped at 90X of aboveground phytomass
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Table 15. F r u i t  w e i g h t / lO O f r u i t s  ( g ram s )  o f  d y e r s  woad p l a n t s  
c l ipped* at d i f fe rent  dates during the spr ing of 1984.

Date
Clipped*

Sample Size 
Size

Mean F ru i t  
Wei ght

95*
Confidence 

Li mits

Unciipped 20 .379 .343, .415

16 April  1984 20 .382 .340, .424

7 May 1984 20 .331 .263, .394

23 May 1984 7 .330 .206, .454

11 June 1984 5 .229 .063, .395

★
P lants  were cl ipped at 90% of aboveground phytomass.
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Plants clipped repeatedly

F ig u re  28. Comparison o f  e f f e c t  of m u l t i p l e  c l i p p i n g  and time of 
c l i p p i n g  on percent morta l i t y  of dyers woad during spr ing/ear ly  summer 
o f  1984-1985. P l a n t s  were c l i p p e d  at 90% of  aboveground phytomass 
e i the r  repeatedly, on the success ive  dates, or only once on each date, 
n = 30 plants. Bars with d i f fe rent  l e t t e r s  are s i g n i f i c a n t l y  d i f fe rent  
at  the 0.05 level.
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Plants clipped repeatedly

Plants clipped once

Control

F igu re  29. Comparison of  e f f e c t  of m u l t i p l e  c l i p p i n g  and time of 
c l i p p in g  on percent f lowering of dyers woad during spr ing/ear ly  summer 
of 1984-1985. C l ipp ing treatments and sample size are the same as in 
Fig. 29. Bars with d i f fe ren t  le t te r s  are s i g n i f i c a n t l y  d ifferent at 
tne 0.05 leve l .



Table 16. M o r t a l i t y ,  pe rcent  f l o w e r i n g ,  mean f r u i t  p roduc t ion ,  and f r u i t  
welght/ lOOfrults  (grams) of grazed (G)* and ungrazed (UG) dyers woad 
p l a n t s ,  n = 30 p l a n t s .  N i n e t y - f i v e  pe rcen t  con f idence  l i m i t s  are 
shown 1n parentheses.

Percent
Morta l i t y

Percent
Flowering F ru i t  Number F ru i t  Weight

UG G UG G UG G UG G

25 19 49 51 215 240 .334 .351

95% Confidence Limits (143, 311) (172, 323) (.274, .394) (.311, .391)

*The two treatments are not s i g n i f i c a n t l y  d i f fe ren t  ( a = .05) for any of the 
four v a r i a b le s  considered.
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Table 17. Basal diameter (cm) and rosette diameter (cm) of grazed and 
ungrazed dyers woad p lants  on 18 May 1984.

Grazed Ungrazed

Basal Rosette Basal Rosette
Plant Number Di ameter Diameter Diameter Diameter

1 .22 10.7 .43 10.5
2 .45 12.9 .33 10.7
3 .30 8.4 .40 9.0
4 .31 10.9 .25 6.4
5 .45 13.0 .23 7.6
6 .47 13.1 .22 8.1
7 .40 8.0 .35 7.1
8 .80 12.0 .32 7.2
9 .60 12.5 .20 6.1

10 .60 10.5 .35 9.6
11 .30 9.0 .21 6.3
12 .70 14.0 .25 7.5
13 .20 6.0 .40 9.4
14 .30 8.0 .31 9.5
15 .65 14.5 .36 11.1
16 .20 8.0 .20 7.7
17 .60 16.0 .31 8.4
18 .40 11.5 .60 13.4
19 .50 10.0 .60 13.0
20 .70 13.1 .40 3.0
21 .53 9.6 .31 7.0
22 .55 10.9 .40 8.0

X .47 11.03 .34 8.71
s.e .04 .52 .02 .42

I.
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grazed p l a n t s  were g r e a te r  than those o f  ungrazed p l a n t s  (Table  17) 

suggest ing that animals were se lect ing  la rge r  plants. The u t i l i z a t i o n  

study was truncated be fo re  the end o f  the growing season s ince  sheep 

g r a z i n g  on dyers  woad was in co n se q u e n t ia l  a f te r  13 May 1934. The 

re a son s  for  the marked sw itch  from g r a z i n g  on dyers  woad can o n l y  be 

speculated upon. The switch could be re lated to unpa la tab i1 ity, a n t i ­

herbivore chemical defenses developed by dyers woad during flowering, 

and/or may simply be due to a v a i l a b i l i t y  of otner de s i rab le  forage at 

th i s  time of the year.

D iscuss ion  of the Grazing Results

As for many other range plant species, c l ipp ing  damaged dyers woad 

more s e v e r e l y  when i t  occurred l a t e r  in the sp r in g .  In a s i n g l e  

aboveground c l ipp ing  of dyers woad, F u l l e r  (1985) found that greater 

m orta l i t y  and reduced f lowering was attained when c l i p p in g  occurred on 

25 June than on 1 May in  1982. R e s u l t s  from tne m u l t i p l e  c l i p p i n g  

study, and s ing le  d i f f e r e n t i a l l y  timed c l ipp ing  indicate that i f  p lan ts  

were c l ipped on or after  23 Hay (time of peak bloom), greater morta l it y  

and l e s s  f l o w e r in g  occurred.  Before t h i s  date, c l i p p i n g  at 90% of 

aboveground phytomass twice at two week i n t e r v a l s  d id  not a f f e c t  

s u r v i v o r s h ip  and reproductive capac ity  o f  dyers  woad. F u l l e r  (1985) 

demonstrated that to s u b s t a n t i a l l y  reduce flowering capacity and cause 

adequate m o r t a l i t y  be fo re  23 May, d ye r s  woad had to be c l i p p e d  5cm 

below the ground. T h i s  s u g ge s t s  that  regenera t ion  of  dyers  woad, 

f o l lo w in g  c l ipp ing  damage, r e su l t s  from act ivat ion  of crown buds and 

those located on the roots  just beneath the ground le ve l .
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The response  of d ye r s  woad to c l i p p i n g  over  the sp r in g  growing 

season may be re lated to the a v a i l a b i l t y  of s o i l  moisture. Ear ly  in 

the spr ing growing season, tnere i s  probably abundant s o i l  moisture and 

n u t r i e n t s  w ith in  tne p r i n c i p a l  r o o t i n g  zones a l l o w i n g  regrowth to 

occur. As the season progresses, so i l  moisture i s  depleted and becomes 

l im i t in g  to plant growth (Rawls et al. 1973, West 1983b). Presumably a 

combination of diminished root absorbing capacity and in su f f icent  s o i l  

water impeded regrowth of  dyers  woad from basa l  meris tems fo l  lowing 

c l ipp ing .  This would exp la in  the minimal impact of c l ipp in g  on dyers 

woad before 23 May, as wel 1 as the dramatic ef fect  of a s ing le  c l ipp in g  

treatment  on or a f t e r  t h i s  date. The r o l e  of s o i l  water in p l a n t  

re sponse  to d e f o l i a t i o n  was demonstrated by B l a i s d e l l  and Pechanec 

(1949) who were ab le  to r e v e r se  the adve rse  e f f e c t s  o f  c l i p p i n g  on 

bluebunch wheatgrass (Agropyron spicatum) during the most susceptible  

period (mid-May to end of June) by watering the plants.

R ep roduc t ive  l o s s  of  dyers  woad cou ld  come from d i r e c t  l o s s  of  

f l o w e r i n g  s t a l k s  th rough c l i p p i n g  or  may r e s u l t  i n d i r e c t l y  from 

depletion of stored nutr ients  and carbohydrate reserves  or meristematic 

l im i ta t ion s  that are associated with severe de fo l ia t ion  (T r l ica  1977, 

Richards and Caldwell 1985, Archer and Tieszen 1986). The diminished 

a b i l i t y  of a s e v e r e l y  s t r e s s e d  parent  p la n t  to support  i t s e l f  or 

daughter rosettes means that smaller  s ize s  are achieved. This would 

make reproduct ive attempts risky.
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Livestock grazing, the b io log ica l  control agency invest igated in 

t h i s  study, does not seem to be a fea s ib le  method for c o n t r o l l i n g  dyers 

woad. The i n t e n s i t y  and t iming of g r a z i n g  needed to s i g n i f i c a n t l y  

a f f e c t  i t s  m o r ta l i  ty and reproduct i  ve capac i t y  w i l l  r e s u l t  in range 

d e t e r i o r a t i o n .  The i n f o r m a t i o n  p r o v i d e d  by the  a s s o c i a t e d  

autecolog ica l  and population studies of dyers woad w i l l  hopeful ly  lead 

to a more informed approach to i t s  po s s ib le  control, however.

Population Study

Dyers woad seeds sown in the f a l l  of 1984 germinated both during 

the f a l l  of 1984 and spr ing  of 1985. Germination from th i s  sowing did 

not extend past the f a l  1 o f  1985, however. The rate  of germ inat ion  

during the f a l l  of 1984 was less  than that observed during spring 1985 

and f a l l  1985. The difference in germination rates  between the f a l l  of 

1984 and the f a l l  o f  1985 cou ld  not be c o r r e l a t e d  with e i t h e r  

prec ip i ta t ion  amounts or p reva i l in g  temperatures. A few of the f r u i t s  

used to e s tab l i s h  the populations  were damaged. Seed germination may 

have been e a s i e r  from cracked f r u i t s .  D i f f e re n c e s  in  germ inat ion  of  

f r e s h l y  sown seeds between f a l l  and spr ing seasons i s  consistent with 

f i n d i n g s  of Young and Evans  (1971) th a t  dyers  woad f r u i t s  con ta in  

substances capable of inh ib i t in g  germination of i t s  own seeds. These 

as y e t  u n id e n t i f i e d  sub s tance s  are water s o l u b l e  and the re fo re  

l e a c h a b le .  H igher  s p r i n g  germ inat ion  i s  thus p rob ab ly  due to more 

washout of the ge rm ina t ion  i n h i b i t o r .  I d e n t i f i c a t i o n  of these

I
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substances could provide in s igh t  into the manner in which dyers woad 

invades natural communities. Further studies of the ecology of dyers 

woad should address t h i s  problem.

In the e x p e r im e n t a l l y  e s t a b l i s h e d  p o p u l a t i o n s ,  i n d i v i d u a l s  

germinating during the f a l l  of 1984 overwintered as rosettes  twice and 

then reproduced du r in g  the sp r in g  of 1986. I n d i v i d u a l s  ge rm inat ing  

d u r in g  the s p r i n g  of 1985 ove rw in te red  as r o s e t t e s  o n l y  once and the 

m a jo r i t y  of them (87£) f lowered  and reproduced in the s p r in g  of  1986. 

Thus, on good c o n d i t i o n  f o o t h i l l  r a n ge la n d s  o f  no r the rn  Utah, dyers  

woad behaved p redom inan t ly  as a b i e n n i a l .  However, i t  has been 

observed in the c l ipp in g  study that when mature rosettes  and flowering 

dyers woad p lants  were subjected to some damage, they were capable of 

propagating vege ta t ive ly ,  presumably from crown buds.

S im i l a r  morta l i ty  trends were d isp layed by f a l l  germinating and 

sp r i n g  ge rm inat ing  p o p u la t i o n s .  The h ig h e s t  m o r t a l i t y  in both 

p o p u l a t i o n s  co in c ided  with summer drought.  The main source of 

m o r t a l i t y  was p robab1y water s t r e s s .  Th i s  c ou ld  have r e s u l t e d  from 

inabi 1 i t y  of the deve 1 op ing  roo t  system of the young r o s e t t e s  to tap 

the receding so i l  water during late  spr ing  and summer. At the s ta r t  of 

the dramatic decline in the two populations (15 June 1985), p lants  were 

showing signs of water s t ress  with s h r i v e l l e d  leaves. No evidence of 

predation or pathogen-induced damage was found on e ither  population.

The f a l l  ge rm ina t ing  i n d i v i d u a l s  had b ig ge r  r o s e t t e s ,  t a l l e r  

f l o w e r i n g  s t a l k s ,  and more r e p r o d u c t i v e  output than the sp r in g  

germinating i n d i v i d u a l s .  F a l l  ge rm inat ion  favored  both v e g e t a t i v e



growth and r e p r o d u c t i v e  capac i ty  measured by f r u i t  p roduct ion .  

However, g rea te r  ge rm ina t ion  occurred in the spring.

Dyers  woad a t t a in e d  h igher  ge rm inat ion  and e s t a b l i s h m e n t  r a t e s  

near sagebrush plants. P lants  growing near sagebrush and those in the 

interspaces, however, did not d i f fe r  in morta li ty,  vegetative growth 

and r e p r o d u c t i v e  c a p a c i t y .  The more f a v o r a b l e  s a g e b r u s h  

microenvironment (K l ine  1973) fa i led  to t rans la te  into  more v igorous  

vegetative and reproductive performance of dyers woad. M o r ta l i t y  rates 

between p lants  near sagebrush and in the interspaces were comparable 

de sp i te  a s e v e n - f o l d  d i f f e r e n c e  in s e e d l i n g  de n s i t y .  These r e s u l t s  

have imp l icat ion s  for dens ity  regu la t ion  of dyers woad populations. I t  

can be surmised that dens ity  effects  were expressed through phenotyptic 

p l a s t i c i t y  and reduced fecund i ty  r a th e r  than i n c rea sed  m o r t a l i t y .  

Manipulat ive  experimentation, where va r iab le  dens i t ie s  are estab l i shed 

under un iform c o n d i t i o n s ,  would be requ i red  to g i v e  a be t te r  

unders tand ing  of  the r o l e  of d e n s i t y  in r e g u l a t i o n  of dyers  woad 

populations.

The population s ize  of dyers woad was constr icted at two stages;

(i)  ge rm ina t ion  and e s t a b l i s h m e n t ,  and ( i 1) young ro se tte .  The 

t ran s i t ion  from seed to seedling for the f a l l  germinating and spring 

ge rm ina t ing  p o p u l a t i o n s ,  when combined, was o n l y  .03. The r i s k  of  

morta l i t y  in young rosettes  was .77. Mature rosettes had a .81 chance 

of s u r v i v a l  while a l l  bolted i n d i v i d u a l s  reproduced succe s s fu l l y .  The 

p o p u la t i o n  of dyers  woad, in terms of f r u i t s ,  i n c rea sed  by 78$ by the 

end of the l i f e  cycle. Within the growing population, young rosettes  

had the highest r i s k  of mortality. I t  i s  suggested tnat dyers woad be 

targeted for b io log i c a l  control at th i s  vu lnerab le  stage of growth.
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The l i f e - t a b l e  a n a l y s i s  presented  for  dyers  woad has s e v e r a l  

l im i ta t ion s  that make i t  inadequate to form the basis  of a pred ic t ive  

population growth model. Three crucia l elements unaccounted for by the 

1i f e - t ab le  are:

( i )  The fate of seeds f a i l i n g  to germinate. Some of these seeds 

may have undergone enforced dormancy. For purposes of contro l,  i t  w i l l  

be imperat i  ve to determine seed l o n g e v i t y  in the s o i l  under n a tu ra l  

f i e ld  conditions.

( i i )  Vegetative reproduction. When damaged, mature rosettes and 

f l o w e r in g  i n d i v i d u a l s  are known to  be c a p a b l e  o f  r e p r o d u c i n g  

v e g e t a t i v e l y  from crown buds (King 1966) and roo t  buds (G i l  key 1957 , 

J. 0. Evans 1985, pers. comm.).

( i i i )  C l im a t i c  and h ab i ta t  v a r i a b i l i t y .  In t h i s  study, dyers  

woad populations were fol lowed for only  two years at one site. Because 

recruitment, su rv i vo r sh ip ,  and fecundity are l i k e l y  to be governed by 

year to  year weather p a t te rn s  (e.g., Klemow and Raynal  1981) and 

habitat cha rac te r i s t i c s  (e.g., Weller 1985), th i s  type of study should 

be rep l icated  both in time and space to include the re levan t  range of 

ab iotic  conditions. T rans it ion  p r o b a b i l i t i e s  derived from such studies 

can form the ba s i s  for matrix modell ing of population growth of dyers 

woad.

Seed Dispersal Study

The seed d ispersa l  pattern of dyers woad was best described by a 

n e g a t i v e  exponent ia l  model of the type log  y = a + bx; (r = .73, a = 

1.92, b = -0.02). N i n e t y - f i v e  percent of  the trapped seeds were
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d e p o s i t ed  w i th in  54cm of  the parent p l a n t s .  The g r e a t e s t  recorded 

distance that seeds moved from their  source was 2.4m. The majority of 

seeds landed on seed traps located to the north and west of the p lants,  

i n d i c a t i n g  i n f l u e n c e  of wind d i r e c t i o n  on l o c a l  d i s p e r s a l  of dyers  

woad. These r e su l t s  demonstrate that dyers woad i s  not commonly spread 

very far  by wind.

The rapid invas ion  and spread of dyers woad in northern Utah seems 

to be aided by other  forces.  The ped ice l  of  d ye r s  woad f r u i t s  

f u n c t i o n s  l i k e  a hook and can s t i c k  to moving o b je c t s  (e.g., man, 

l i v e s t o c k  and/or w i l d l i f e )  and thus f a c i l i t a t e  animal d ispersa l .  Some 

p lan t s  retain f r u i t s  past snowfall.  These f r u i t s  could be blown over 

nard packed snow for greater distances. Retention of some f ru i t s  a l s o  

tends to increase the l i k e l ihood  of deer or b i rd s  encountering them and 

contr ibut ing  to d i sp e r sa l .  Long range d ispersa l  of dyers woad may a l s o  

be effected by the act ion of f lowing water. F ru i t s  of dyers woad have 

f la ttened wings that would f a c i l i t a t e  t h i s  mode of d i spe rsa l .

The d ispersa l  curve of dyers woad was le s s  steep than that of an 

inverse  square function, ind icating that i t  has the capacity  to spread 

as an iso lated c o l o n i s t  (Harper 1977, Watkinson 1978). The d ispersa l 

c h a r a c t e r i s t i c s  of d y e r s  woad i s  hypothes ized  to be one where the 

m a jo r i t y  of p r o p a g u le s  are depos i ted  by wind in a d i f f u s e d  f a sh io n  

w i t h in  a few meters o f  parent p l a n t s ,  w h i le  a sma l l  p ropo r t ion  i s  

carr ied  for long distance with the aid of man, w i l d l i f e ,  and water.

Root Study

The root  system o f  dyers woad was p redom inant ly  a taproot  with 

some l a t e r a l s  in  the upper 30cm of the s o i l .  L i t t l e  d i f f e r e n c e  was
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found between the mapped taproot length and total mapped root length of 

mature p l a n t s  and r o s e t t e  p lan t s .  A s i g n i f i c a n t  i n t e r a c t i o n  e f f e c t  

between plant category and so i l  root ing depth indicated that rooting 

pa t te rn  va r ied  with  p l a n t  category. Mature p l a n t s  had g rea te r  root  

l e n g t h  i n the upper 20cm of  the soi 1, wi th 43 i  o ccu r r  i ng in t h i s  soi 1 

la ye r .  In cne r o s e t t e  p l a n t s  31% was found in t h i s  layer.  L a te ra l  

b ranch ing  near the s o i l  su r face  may occur  du r in g  the second year  of  

growth since mature i n d i v id u a l s  showed the most marked branching in the 

upper 20cm of the s o i l .

The r o o t i n g  p a t t e r n  of  d y e r s  woad i s  p r o b a b l y  s u i t e d  to  

Intermountain environments. Maximum so i l  moisture accumulation in mid- 

w inter/ear ly  spr ing i s  t y p i c a l l y  fo llowed by a warm growing season with 

l i t t l e  p r e c i p i t a t i o n  (West 1983b). The l a t e r a l  r o o t s  near the s o i l  

s u r f a ce  can e x p l o i t  m o is tu re  from s l o w l y  m e l t in g  snow du r ing  e a r l y  

spr ing while taking advantage of any summer prec ip itat ion.  The deeper 

t a p ro o t s  may, in tu rn ,  a l l o w  u t i l i z a t i o n  of water l y i n g  below the 

p r inc ipa l  rooting zones of associated herbaceous species. Dyers woad 

seems to have a root ing pattern s im i l a r  to that of sagebrush, a pattern 

postulated to confer a strong competitive a b i l i t y  in the semi-desert 

steppe of the Intermountain West (Sturges 1977).

I t  i s  suggested th a t  fu r the r  work on r oo t in g  c h a r a c t e r i s t i c s  o f  

d ye r s  woad focus  on phenology  as i t  r e l a t e s  to the timing of root  

growth over  w inte r  and e a r l y  sp r in g .  I f  as in c h e a t g r a s s  (Bromus 

tectorum), dyers woad i s  capable of root growth under low temperatures

d u r in g  w inter  and e a r l y  sp r in g  ( H a r r i s  1967, 1977), then i t  would be



expected to e x t ra c t  s o i l  mo isture  and n u t r i e n t s  at h ig h e r  ra te s  than 

nat ive grasses during the e a r l i e r  part of the spring growing season.

C l ipp ing  and U t i l i z a t i o n  Studies

The response of d ye r s  woad to cl  ip p in g  i n d i c a te d  that  a s i n g l e ,  

l a t e  s p r i n g  c l i p p i n g ,  at 90S i n t e n s i t y ,  caused s i m i l a r  impacts on 

m o r t a l i t y  and f l o w e r i n g  as m u l t i p l e  c l i p p i n g  at the same i n t e n s i t y .  

S i g n i f i c a n t  morta l ity  and reduction in percent f lowering was achieved 

o n l y  wnen c l i p p i n g  occu rred  on or a f t e r  23 May 1984. I t  can be 

conc luded  that,  in r e s t r i c t i n g  dyers  woad, time of c l i p p i n g  i s  more 

c r u c i a l  than number o f  t imes c l i p p i n g  occurs  du r in g  sp r ing .  Tnese 

r e s u l t s  were interpreted to mean that c l ipp ing  response of dyers woad 

may be dependent on d e c l i n i n g  s o i l  m o is tu re  a v a i l a b i l i t y  ove r  the 

growing season.

A study of  dyers  woad u t i l i z a t i o n  by sheep showed that these 

animals switched to other forages by 18 May, three weeks after  grazing 

began on the pasture. Dur ing  t h i s  pe r iod ,  o n l y  16% o f  the monitored 

p l a n t s  had some u t i l i z a t i o n .  The ave rage  degree of  u t i l i z a t i o n  on 

grazed p l a n t s  was 39% of  aboveground t i s s u e  removed. Th is  l e v e l  of 

u t i l i z a t i o n  did not have any s i g n i f i c a n t  effect on morta l i ty,  percent 

flowering, and f r u i t  production of dyers woad. The basal diameter and 

rosette diameter of grazed p lants  were greater than those of ungrazed 

p lants  suggesting that animals were se lec t in g  larger ind iv idua l s .

G raz ing  on dyers  woad does not come at a time d u r in g  which much 

impact on m o r t a l i t y  or seed p roduc t ion  can be a t ta ined .  S i g n i f i c a n t  

m orta l i t y  and reduction in seed production of dyers woad occurs only by 

g r a z i n g  la te  in sp r in g  (on or a f te r  23 May in 1984). Th i s  i s  the time

112
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of the year  when o the r  fo rage s  are a v a i l a b l e .  Sheep w i l l  not 

v o l u n t a r i l y  u t i l i z e  g rea t  amounts of dyers  woad. Furthermore, 

d e s i r a b l e  pe renn ia l  g r a s s e s  and f o r b s  (e.g., Agropyron  spicatum and 

Ba1 samorhiza s a g i t t a t a ) that  are a s s o c i a t e d  with  t h i s  weed are 

suscept ible  to heavy grazing at th i s  time of the year (Stoddart 1946, 

B l a i s d e l l  and Pechanec 1949). Therefo re ,  the s t o c k i n g  requ i red  to 

r e s t r i c t  dyers woad w i l l  r e su l t  in range deter ioration. Sheep grazing 

concentrates on larger  dyers woad plants.  Su rv i vo r sh ip  of these p lants  

is  high. They are a l s o  capable of vegetat ive  reproduction. L ivestock  

g r a z i n g  i s ,  t h e r e f o r e ,  an i n a p p r o p r i a t e  b i o l o g i c a l  means fo r  

contro  1 1 ing  dyers  woad i f  management g o a l s  i n c 1ude s u s ta ined  range 

condition. The r e s u l t s  of the c l i p p in g  and u t i l i z a t i o n  studies do not 

c o r rob o ra te  o b s e r v a t i o n s  by some g r a z i e r s  and Pa rke r  (1980), that  

g r a z in g  reduces dyers  woad p o p u la t i o n s .  This apparent contradiction 

may be due to: (i) the c l ipp ing  and u t i l i z a t i o n  experiments occurred 

w ith in  one sp r in g  season and, th e re fo re ,  did not s im u la te  repeated 

grazing over several years and, ( i i )  de fo l i a t ion  de lays  f lowering of 

dyers woad (F ig . 27a and b; F u l l e r  1985). S ince d ye r s  woad i s  most 

conspicuous at the f lowering stage, lack of f lowering may be mistaken 

for absence of the woad plant.

More  h o s t - s p e c i f i c  b i o l o g i c a l  agents  sho u ld  be t r i e d  fo r  

c on t ro l  l i n g  dyers  woad on Utah r a n g e la n d s  and those of  su r round ing  

s ta te s .  I t  i s  im pe ra t ive  that  such b i o l o g i c a l  c o n t ro l  agents cause 

maximum damage on young r o s e t t e s  s ince  i t  i s  at t h i s  stage that dyers  

woad i s  most s u s c e p t i b l e  to morta 1 i t y .  Greater o ve ra  1 1 con tro l  o f  

dyers woad might be r e a l i z e d  th rough  an i n t e g r a te d  approach by
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combining b io lo g i c a l  control  e f fo r t s  with the use of h i g h l y  se le c t i ve  

herbic ides,  e.g., those which would prevent formation of v iab le  seeds. 

U n le s s  there  are some u n an t ic ip a ted  deve lopments,  d ye r s  woad w i l l  

probably continue to increase in density where i t  now occurs and spread 

more w ide ly  in the Intermountain West.
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