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Abstract:

Many farmers, ranchers, chemical dealers and chemical distributors don't know how to identify weed
seedlings or stage small grains properly. If seedlings are not identified correctly and in a timely
manner, correct herbicide selection is difficult. Correct staging of small grain crops is also extremely
important since many of the herbicides available for use today require application at the proper crop
growth stage to prevent crop damage.

An educational program was designed for both weed seedling identification and crop staging. Each
educational program was designed to be easily transportable. The weed seedling identification and crop
staging workshops each included "hands-on" learning experiences which help adults learn difficult
concepts.

Weed seedling identification workshops were conduct in 23 locations around Montana during April
and May, 1991. Crop staging workshops were also conducted in several locations around Montana
during the fall of 1991 and the spring of 1992.

The success and popularity of the weed seedling identification and crop staging workshops indicates
the need for more "hands-on" type workshops that relate to weed science as well as other areas.
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) ABSTRACT

Many farmers, ranchers, chemical dealers and chemical distributors:
don’t know how to identify weed seedlings or stage small grains properly. If
seedlings are not identified correctly and in a timely manner, correct
herbicide selection is difficult. Correct staging of small grain crgps is also
extremely important since many of the herbicides available for use today
require application at the proper crop growth stage to prevent crop damage.

An educational program was designed for both weed seedling
identification and crop staging. Each educational program was designed to
be easily transportable.. The weed seedling identification and crop staging
workshops each included "hands-on" learning experlences WhICh help adults
learn difficult concepts.

Weed seedling identification workshops were conduct in 23 locations
around Montana during April and May, 1991. Crop staging workshops were
also conducted in several locations-around Montana durlng the fall of 1991
and the spring of 1992 -

The success and popularity of the weed seedling identification and
crop staging workshops indicates the need for more "hands-on" type -
- workshops that relate to weed science as well as other areas. .
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" CHAPTER 1

LITERATURE REVIEW

Weed Seedling Identification

THe cost of weed control is a significant annual expenditlure for small
grain producers. Proper and timely identification of weed seedlings is needed
to obtain efficient weed control. Unfortunately, far-rﬁers in Montana, and
elsewhere, are often not proficient at identifying weed seedlings. Effective
techniques for teaching weed identification need to be developed.

Most plant identification keys are ineffective for seedling identification
since they require flowering plants. Once weeds reach the flowering stage, -it
is too late for weed control to providevbenefi.t. However, it is useful to identify
weeds at maturity since the weeds that are present one year will most likely be
a problem the next cropping season (Cramer, 1980).

ldentification of weeds when they are small insures that the proper
herbicides can be selected for application (Lindquist, 1989). Also, chemjicai
control of weeds is usually more effective when seedlings are small (Stucky,
1984).

It can be very diffic'ult to identify weeds Whille in the cotyledon stage
since plant morphology changes profoundly as plant development occurs
(Stucky, 1984). Agricultural producers often have difficulty making the

connection between seedling and adult plants.
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Crop Staging

. Staging of small grain crops is important si\nce ft permits farmers and
rénchers to apply herbicides, inéecticides, and fungicides at the proper time.
Correct timing of application insures the chemical will be most effective and
cause the least amount of crop damage. Unfortunately losses are all too
common in Montana from crop injury resulting from improper applicati,on timing.

Growth is defined as an incfease in plant dry matter production (Kirby,
1986). The rate of growth of.a cereal plant is partially dependent upon growing> .
conditions so the higher the temperature or the longer the daylength, the more
quickly development occurs. As the plant accumulafes biomass, development
becomes complex. "However( the life cycle of a smal'l grain plant can be divided
into distinct phaées which are easily recognized upon inspection (Kirby, 1986).

Resting small grain seed contains a fully developed shoot with threé or
four leaf _inifcials, and an apical dome enclosed within the coleobtile (Kirby,
1977). After imbibition, root development occurs followed by cheoptile cell
elongation (Kirby, 1 986). Coleoptile elongation continues un-ﬁl emergence frorﬁ_
tﬁe‘ soil. Leaf primo}dia production continues.and the in'itiéls formed may
develop into leaves, tillers or ears depending on ;/vhere they aré formed (Kirby,
1986; Nerson, 1980). Tﬁe first three to ten primordia form leavesy,' while the
remaining primordia differentiate into elongated internodes or aiillary (tiller)
buds (Kirby, 1977). During early growth, 'exc'elss ear and tiller primordia are

produced which die if resources become limiting (Kirby, 1977; Rawson, 1969).
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The first true leaf of the seedling plant emerges from the tip of the
coleoptile soon after-it emerges from soil. If the seed is .sown deeply, the
- internode between tHe coleoptile aqd the first.leaf elongates which places ,tl'»1e‘

crown of the plant just below the soil surface. This elongation does not occur

if the seed is planted close to the soil surface (kirby, 1986; Martin, 1990).

Emergence of the first leaf from the co'I-eoptiIe marks the transition from

the germination phase to the vegetat.ive phase. The v.egetativekplllase lasts until
three to six. leaves have emerged on the main shoo_t,.and all Iéaves and
spikélets have been produced (Kirby, 1986). The primordia dévelop rapidly and
“accumulate in the shoot apex during the initiai growth phases. When the shoot
apex h.as reached approximately 0.5 mm in length, ear or floral initiation takes
place. | This represents the transition period between the .vegetative and the
floral initiation phase. Even though there may be several days to several weeks
between the first floral initiation (main tiller development} and the last floral
i_niti'afi,on (secondary tiller development), plant development isl somehow‘
synchronized so that all fertile florets develop and ripen within two ;to three |
days of each other. |
| Tﬁe initiation and developmént of tillers also takes blace during thisﬁmé. '
The shoot apex o—f each tiller has the pqténtial to produce an ear. The yield

potential of the plant is detérmined by the development of the main shoot and
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tillers (Kirby, 1977). When a small grain plant is in the tillelring stage, herbicide
application must be made at the correct time since improper or untimely
appliéation often results in crop aamage and éubsequent yield loss (Rawson,
1969). |

Tiller initiation begins with growth of meristematic tissue located ét the
axil of a basal ‘Ieaf.. As growth of lthe meristematic tissue occurs, a prophyll
develbps. Its function is similér to the coleopfile since it protects the newly
emerging grdwing point until it emerges from the leaf sheath. The tiller then
develops in a manner similar to the main shoot (Kirby, 19886).

The pattern of t'illervdevelopment in wheat and barley is simiia_r. Tillering
normally be’gins' when a plant reaéhes the three leaf stage. A tiller bud
develops in the axil of the coleoptile. Additional buds develop in the axil of each
basal leaf (Kirby,' ‘i986). Tiller bud initiation on the main stem ceases'when
culm elongation begins. Tillers will then begih developmént at the base of
pri'mary tillers, producing secondary and tertiary tillers.

‘ A barley hlant with 9 leaves 'wi/ll contain a maximum of five primary tillers
consisﬁng of a colebptile tiller and four primary tillers yv'hich‘ emerge from each
of ;che four basal Iga‘ves.' Nume.rous‘ secohdary and tertiary tillers may emerge
frorﬁ the primary tillers depending upon groWin‘g, conditions.

The first prirﬁafy tiller p(oduéed may become almost as large as the main
shoot tiller. The primary, secondary, and tertiary- tillers produce fewer leaves

than the main shoot which is partially responsible for the synchronized




5

develop’me‘nt of shoots which permits ear emergencé, flower fertilization; aﬁd
seed ripening fo take place almost simult'aneousAIy (Kirby, 1986). St-resév caused
by drought, shading, temperature e.xt'remes, or nutrient deficiency will cause
some .o‘f the secondary 'and tertiary tillers t6 abort (5avidson, 1990). While
small grain plant developrﬁent is complicated anq not eaéily understc;od, staging

of small grain crops is routine and easi!y taught. Still, few producers stage

" their small grain crops prior to herbicide application.

There are several methpds- used to stage small grain plants including the
Haun metho'd, the _Feeke’s scale, ‘and more recently, the’ Z\adok’s._ scale
(Davidson, 1990; Martin, 1990'), which is an efoansion of the Feeke’s séale
(Zadoks, 1974). The Zadok sc_ale was developed in an attempt to stand_ardize

an internationally recognized scale for recording cereal growth stage (Table 1).

The Zadok scale divides the life cycle of a small grain plant into ten growth

- stages which are further broken down into ten secondary growth stages

(Tottman, 1977; Zadoks, 1974).

-This scale can be used for wheat (Tritiéum éestivurh), barley (Hordeumn

- vulgare) and oat (Avena sativa) plants, and has beer_1 adopted for use with rice -

(Oryza sativa) (Zadoks, 1974). Adaptation was necessary because rice is a

transplanted crop in' some parts of the world, and transplanting alters
. 3 ’
development slightly.
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Table 1. The principal and éecondiary growth stages of the Zadok scale

(Zadoks, 1974).

o] Germination

00  Dry Seed

01  Start of imbibition

02

03 Imbibition complete

04

05 Radicle emerged from caryopsis

08,
07 Coleoptile emerged from caryopsis
08 )
.09 Leaf just at coleoptile tip

1 Seedling growth
- 10  First leaf through coleoptile
11 First leaf unfolded
12 2 leaves unfolded
13 3 leaves unfolded
14 4 leaves unfolded
15 5 leaves unfolded
18 6 leaves unfolded
17 7 leaves unfolded
18 8 jeaves unfolded
19 9 or more leaves unfoided

2 Tillering
20  Main shoot only
21 Main shoot and 1 tiller
22. Main shoot and 2 tillers
23  Main shoot and 3 tillers
24  Main shoot and 4 tillers
25 Main shoot and b5 tillers
26  Main shoot and 6 tillers
27 Main shoot and 7 tillers
28 Main shoot and 8 tillers
29 Main shoot and 9 or more tillers

3 Stem elongation ’

30 Earaticm

31  First node detectable
32 2nd node detectable
33  3rd node detectable
34  4th node detectable
35 5th node detectable .
38 6th node detectable
37  Flag leaf just visible

39  Flag leaf ligule just visible |

4 - Booting
40
41 Flag leaf sheath extending
42 .
43  Boots just visibly swollen
44 : .
45  Boots swoilen
48
47  Flag leaf sheath opening.
48 :

49  First awns visible

80
81
82
83
84

86
87
88

90
91
92
93
94
95

97
98
99

-

Inflorescence

First inflorescence just visible .
% of inflorescence. emerged

% of inflorescence emerged

% of inflorescence emerged
Inflorescence fully emerged

Anthesic (flowering)

Beginning of anthesis

Anthesis half-way

Mitkc developn;em
Caryo;asis water ripe
Early milk

Medium milk

Hard dough

Dough developmont

Earl-y dough
Soft dough

Hard dough

Riponing

Caryopsis hard (hard to divide)
Caryopsis hard (not dented)
Caryopsis loosening in daytime.
Over-ripe, straw dead, decaying
Seed dormant

Viable seed 50% germination
Seed not dormant

Secondary dormancy induced
Secondary dormancy lost
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The secondary growth stage codes are helpful for dete.rminiﬁg the exact
timing for correct herbicide applications. Thé number of leaves .(codes 11-19)
and the num‘ber of tillers (codes 21-29) per plant are especially useful.

Thié scale is also useful for describing the plant stage when a certain
operation was performed (Perry, 1986; Zadoks, 1974). By using a complete
Zadok p'Iant degcription, the exa'ct plant stége is described (Perry, 1986). For
example, a small grain plant with five leaves dnfolded, a main shoot and three
tillers, with the first node detectable would be | classified Z=15,23,33.
Normally, only the highest -number-is i.mportaht for a herbicide applicafion
(Nelson, 1990) however the'otlher numbers could prove useful in explaining
crop damage if it occurs. |

Landes and Porter (Landes, 1990) modified the Zadok scale fpr sfaging ,
wild oat (Avena fatua L.) growth. The pat’tern of growth of this weed differs .
slightly from wheat (winter and spring), bariey, an‘d rye (Table 2).

When sampling a field to determine growth stage, pro‘duce.rs are urged
to use the "M" or zig-zag pattern to collect pIant‘;; _(Ma_rtin, 1990; Sanders,
| 1987). This method insures that collection points represent the entire fielq sb
differences in plant develloprﬁent from o-ne area to ';he next will be recorded.
.When a collection boint is reached, thg "Point Method_" should be used for. plant .
selection (Nelsbn et-al, 1990). The per‘son'staging' should drop to oné knee and
place an index finger on the sbil surface. Stage the plant nearest to your finger

r

to ensure a random sample.
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Proposed decimal code of development for wild oats (Avena fatua.L.)
(Landes, 1990).
[o] Germination - 5 Floret differentiation
. 00  Dry seed ‘ 50 ‘ :
01 Start of imbibitiqn 51 Floret primordium stage: round meristem-
02 atic dome above lemma initials visible
03 Imbibition complete 52
04 . 53  Stamen primordium étaqe: three bulges
05  Radicle emerged from seed _ on the floret meristem visible
06 54
07 Coleoptile emerged from seed 65  Stamen division stage: four compartments
08 ) ’ clearly distinctive
09 Leaf at tip of coleoptile 56
57
58
59 !
1 Veg ive develop 6 Anthaesis
10 First leaf through coleoptile ‘60
11 Apex with 1 leaf primordium 61 Beginning of anthesis
; 12 "Apex with 2 leaf primordium 62
13 Apex with 3 leaf primordium 63
14 Apex with 4 leaf primordium 64
15 Apex with S leaf primordium 65 50% anthesis
16  Apex with 6 leaf primordium 66
17 Apex with 7 leaf primordium 67
18 Apex with 8 leaf primordium 68
19  Apex with 9 or more leaf primordium 69  Anthesis complete
2 Branch formation (1st-ordor branches anly) 7 Mitk development
20 Main axis only 70
21 1 branch initial detectable 7 Seed watery ripe
22 2 branch initials detectable 72 -
23 3 branch initials detectable 73  Early milk
24 4 branch initials detectable 74
25 5 branch initials detectable 75  Medium milk
26 6 branch initials detectable 76
27 7 branch initials detectable 77  Late milk
28 8 branch initials detectable 78
29 9 or more branch initials detectable 79
3 Transition pariod 8 Dough development
30 Earat1cm 80
31 81
32  2nd-order branches initiated 82
33  3rd-order branches Initiated 83  Early dough
34  4th-order branches initiated 84
35 Sth-order branches initiated 85. Soft dough
36  6th-order branches initiated 86
37  7th-order branches initiated 87  Hard dough
38  8th-order branches initiated 88
39  9th-order branches initiated' 89
4 Spikelet differantation 9 Ripening
40  Tip of main axis unditferentiated 80 .
41 Spikelet primordium just visible on main axis 91 Seed hard (difficult to divide)
42 92 Seed hard (dented by thumbnail)
‘43 93  Seed loosening .
44 94  Over-ripe, straw dead and collapsing
45 Glume primordium stage: two ridges appear at - 95 Seed dormant L
) right angles to the plane of 1st-order branches 96 Viable seed giving 50% germination
46 97  Seed not dormant
47 98 Secondary dormancy induced
48 99 Secondary dormancy lost
49  Lemma primordium stage: prominent ridges

between glumes visible
o}
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Once the growth stage has been determined, the proper herbicide can be
selected. For example, wheat is susceptible to phenoxy herb'icide injury from
emergence to the four-leaf stage, and from jointing to the soft dough stage of '
growth,(2=j 0-14 and 31-85) (Kirby, 1986). Phenoxy herbiciAde,appIication at
these stages can reduce plant height, delay maturity, deform plants, reduce

_ yield, increase séed protein, reduce.ger.mination and reduce test weight (Nelso_n
et al, 1990).
Use of these scales has simpliﬁed the process of plant staging. It is now

possible to teach chemical distributors, chemical dealers, farmers, and ranchers

v
—a—

to stage small grain crops accurately which permits accurate communication

when staging small grain crops. -

Peppermint Production

,Pepberlmint has been cultivated as a crop in Montana for_ 23 years. In |
the past ten years, the number of ‘acres in .prod‘uction has increased
dramatically. Peppermintis a high value cash.crép‘that is grown and harvested
for the oil the plant contains. This oil is used for.human consumption in
candies, toothpaste, and other food stuffs.

'The Mentha species has Been cultivated for Cen’turies by many cultures.
_\It is bélieved that the word I\./Ienth‘a was d‘erivéd from Menthe, a nymph who
was loved by Piuto. Plutq’s jealoﬁs wife, F"roserpiné, transformed Menthe into

the green herb mint (Macleod, 1968).
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The Egyptians mentioned tﬁe use of mint for medicinal p.urposes as early -
as 2800 B.C. The Ancient Greeks used 'mint for scenting their bathwater, while
the Arabs .(')ffered a cup of strong mint tea as a cﬁstomary gesture of
hospitélity, In more rece.nf times, Theodore Roosevelt. cultiva;céd a mint patch
at the W_hite Hodse for use in beverages. During prohibition, mint-patc‘hes were
-destroyed because the herb is used as a flavoring in an alcoholic drink
' commonly served in.the South - the mint julep (Bubel, 1985). |

‘The genus Mentha is a member of the very large Labiatae family, which
includes other herbs such as s.age', thyme, marjoram, rosemary,‘ basil, and
Iavendef. There are app.roxi'mately 25 species of mint in the world, many of
which grow wild. Only eight species are commonly grown under cultivation.
The three most qommoﬁ culti.vated; species are spearmin.t (Mentha viridis),
peppermint (Meritha pipérita), and pennyroyal (Mentha pulegium)(Macleod,
1968). Wild populations are common thr‘oughout the temperate regions of the.
world. Mint is cultivated in Argentina, Australia, France, Germany, Great
Britain, India, Italy, Japan, Yugoslavia, and the United States. ‘The United |
States is the ~Iarg§st commercial source of bebpérrﬁint oil in the world, and
most is producéd'in the Pacific Northweést (Farrell, 1985).

Mints are easily recognized by their perennial growth hébit, square stem
“and baired,.shallowly toothed leaves. Stems grow to a height of 45 to 90 cm
"with flowers appearing as spikes at the terminal ends of étems or in clusters

rising from the leaf axils. Flower color may be white, pink, or lavender.” Due
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to the shallow root system, mint plantings thrive under moist, ’hurﬁid

conditions. While most mint species tolerate some shading, they thrive when

grown in full sunlight. Plants grown in shade contain less aromatic oil (Bube‘l,_

1985).

After establishment, mints produce rhizomes which éggressively invade
~ the area surrounding each pla;'nt. Mentha species are‘ normally propagated by
duttings. Mints hybridize readily and plants true to species ére diffiéult'to
obtain from éeed (Busel, 1985).

 Ofthe thrée mint species, | will discuss peppermint (Mentha piperita), the
specie grown in Montana for the remainder of this chapter. Pebpermint is
tﬁought to be a cross' between spearminf (Mentha :spicata)\ and water mint
(Mentha aquatica). Peppermint has Iance-'shaped leaves on short stems and
exists as two distinct s‘ltrains. The first recognized stra?n is referred to as black
rint, and has purple-tinged stems. The se-cond strain, is white mint, has lighter
green Ieayes, a more slender stem and a milder aroma and flavor (Bubel, 19855.
The volatile oil prod_uced is.uéed to flavor foods, medicines, tooth pasie,
chewing gums, cordials, tobacco products; and liqueurs (Farrell, 1985,
“Williams, 1977). |

Roots-are normally dug and plant'ed’in the fall in rows 60 to 90 cm apart,
on 30 cm cgnters. . After emergence in_t_hé sprihg, the rows appear sparse. A

solid stand is obtained in 2 to 3 years. Fields méy need to be renovated by
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lightly discing, corrugating, or shallow plowing to disrupt the root system which

prevents the crop from choking itself out.

Peppermint is vulnerable to insects, nematodes and diseases. Aninsect

that causes problems for pe‘ppermint producers is the two spotted spider mite
(Ac_ari: Tetranychidae). The major n,ematodg problems in the Flathead valley
of Montana include root-lesion nemétode (Praty/enchuspenetrané Cobb, 1917;
Filipjev and Stekhoven, 1941), pin nematode (Paratylenchus spp.), stubby root
nematode ( Trichodorus spp.), and ring nematode (Criconemella spp.). Diseases
include Verticillium wilt (Verticillium dahliae Kleb.) and rusts.

Insects:

The two spotted spider mite is the most widely distributed pest of

)

peppermint (HoIIing'sworth,' 1982). The major _damage caused by the two

spotted spider mitg is injur_y to the cuticle and epidermal cglls on leaves, which
disrupts leaf surface layers and destroys thel underlying mesophyll celis.
Mesophyll damage affects the ultrastructure of the _reméining mesophyli cells,
reduces gas exchange from the leaf, and reduces plant growth. Spider mite
populations are influenced by many factors incldding climate, iptraspecific
éompetition, host plant condition, predators, and agriculturél practices

(Hollingsworth, 1982).

Feeding injury leads to increased water loss -at night, which results in ‘

water stress during the daytime (DeAngelis, 1983). Outbreaks of two spotted

sbider mites usually occur during hot, dry periods (Hollingsworth, 1982') when
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daytime water demand is high. The resulting stress reduces production of
secondary plant products, including the essential oil monoterp'inés. The
epidermal disruption reduces essential oil production which is syhthes_ized

’

~primarily in glandular structures Iocafed on the epidermis. (DeAngelis, 1983).

. Nématodes:

: Nematodes, commonly referred to as roundworms, are microscopic in
_ size (DeAngelis, 1983; Leonard, 199‘i; Hollingsworth, 1982). Nematodes are
appendageless, nonsegmented, wormlikg invertebrates pdssessing a body
‘cavity and a complefe digestive tract (mouth., an alimentary canal, and an
anus). Nematodes vary greatly from 82 um to over 1nm in length.

There are about 2,200 nematode species that attack plénts whfch cause
approximately $5 billion in losses in the United States i.n 1991 (DeAngelis,
1983). Plant parasitic nematodes can be broken down into two basic grons -
ecto- or endoparasites. Ectoparasités feed on the outside of the root by forcing
their stylet (mouth-spear) into the root tissue. Theée -ne_matodes remain on'th>e
outer root surface throughqut their life cycle. Endoparasites tunnel through thg'
root struét‘ures, spending all or part of their life cycle inside the plant .ti'ssue |
leaving holes or lesions where pathogen‘ invasion leads to further damage
(Clark, 1980; Macleod, 1968; Williams, 1977). So.me nématodes can travel

through plant tissue to attack leaves and blossoms (Clark, 1980). -
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"Nematodes when unaided, can only spread 30 to 90 cm per year. They
are widely spread by movement in infested soil on shoes, tools and transplants.
Wind and water erosion can also spread nematode infestations to new locatibns

(Clark, 1980; Kimpinski, 1984; Poinar, 1983).

Diseases:
Verticillium wilt (Verticillium dahliae Kleb;ahn‘), a éoil borne fungus, is also
a serious problem in peppermint production (Brandt, 1984). This disease‘has
caused abandonmeﬁt of t'housands ‘of acres of highly productive land in the
midwest dQ‘ring the 1940s and 1950s. The disease was later spread to the
peppermint acreages in the Willamette River valley in Oregon and the
Columbian basin in Washington due rﬁainly to the fact_ that new peppermint
plantings are started by using stolons from previoué ‘plantin.,gs. This forces
growers to constantly move to "new land” to prevent crop losses after the .
disease Had built up in the soil (Green, 1975).
| . Effective contro.l' of verticillium wilt is difficult and e.xpg'nsive.’ Chemical
soil fumigatidn provides effective, but short term control. A more effective and
more cost conscious control p’r\ogram.can be obtained through the use of crop
rotations to alternate crops that are reéistant to the disease. This helps reduce
the amount of inoculum in the soil so peppermint can be plantéd back into once

highly infected fields.
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CHAPTER 2

WEED SEEDLING IDENTIFICATION

Introduction

The ability to identify weed seedlings is an important tooi in crop
production. 1f weed seedlings are not identified correctly and in a'timely
manner, correct herbicide selection is difficult. Correct herbicide selection is

becoming more complicated with the increase in herbicide resistance which

often requires that two or more herbicides be applied in a tankmix for optimal

weed control.

Correct identification of weed seedlings is routine and is best peiformed
by scouting fields early when weed seedlings are small. Mény prociucers and
' agribusiness personnel in Montana canndt ideritify weed seedlings partially
‘because there hasn’t been an effectivs learning method.
| ‘The purpose of this project was to deveiop a "hands-on", portable
V\iorkshob to teach farmers, county agents, goye’rnment employees, and

agricultural business professionals to identify weed seealihgs using a simple key

and live plant material.
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Methods and Materials

A broadleaf_weed' seedling key (Figure 1) was developed by Nelson
(1986) which featureé twenty-two of the most common broadlieaf weed
species found in cultivated crop Iand in Montana (Table 3). A workshop was
developed whicH combined use of the key with field Aquality, weetijl s‘éedlings.
The first objective was to devel,op a planting calender which V\’/ould al‘iow
enough time for weed seedlings to develop to the two leaf stage of.growth
when presented to an audience. |

Plastic flats 30 by GO'by 10 cm deep Were filled with moist‘ greenhouse

~ soil [1/3 Bozeman Silt Loam, 1/3 spagnum peat moss, 1/3 washed concrete

.sand (v/v/v)] that was mixed, steam pasteurized at 90° C for one hour—prior to

use. Seed of twenty-two species was planted in separate rows, 2.5 cm apart
and 1.25 cm. deep. The\plants were groWn 90 cm under 1000 watt metal
halide lights under a 24 hou_f bhotoperiod'to‘prevent flowering. The gfeenhbuse
was maintained at a d_aytime temperature of 21 £ 2° C and a nighttime
temperature of 65 :tv 2° C. Flats were watered in the morning to discourage
de-velopment of powdery mildeW (Erysiphe spp.). After emergence, seedlings
were watered ‘spér'ingly in the morning, to co"ntrql dev_elopment of damping off

(Pythium spp.).
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The number of days after planting to emergence, full cotyledon stage,

and first -and second true leaf stages was recorded fbr each species. The
experiment was repeéted twice. |

A planting calendar (Table 4) was developed and maintained so that eacH _

species was planted on the’appropriate day befc_)re a workshop.l Individual

seedlin_gs in the two true leaf stage were transplanted into blésﬁc "cell.p.acks"',

each containing éi‘x 4 by 4 by 6 cm deep cells approximately one week before

each workshop to permit recovery from transplant shock.

Results and Discussion

After the plantiﬁg calender was .de\:/eloped, a letter was sent to each
county extension agent in Montana offering a weed seedling idehtification
workshop to the first fi.fteen égents to respond.'. The initial intent was to
present workshops during._/-\pril and May, 1991, however, workshops were
taught around the étate for almost two years due ;co popularity.

Eighteén of the twenty-two weed species on the key wére-used for the
Wbrkéhops. The four species not included were wéterpod, henbit, and haify
nightshade due to a shortage of seéd, and cutleaf nightshade which did not

germinate consistently.
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The broadleaf weed seedling key (Nelson, 1986).

Figure 1.

SR

Broadleaf Weed Seedling Key

Extenslon Service Montana State University, Bozeman EB 7 Reprinted June 1989

(Continued)
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Figure 1. The broadleaf weed seedling key (Nelson, 1986). (Continued)

BROADLEAF WEED SEEDLING KEY

All true leaves are f\
alternate ri é\/i}

BEGIN HERE [ | o e )

Cotyledon and first First two leaves are &
leaf are illustrated.
i [—4 Pinnately lobed leaves :&P:l,l::;\alll:" Jesves
Pinnate tansymustard
7 »'.3!,7
All true leaves are ( (‘?fl'(g
Linear, lanceolate to oblong- nr] L ;
shaped cotyledons Waterpod

Leaves sparsely hairy
or without hair

Leaves are very hairy
Kochia

‘———{ Leaves NOT pinnately lobed

Round leaves with /7:>

palmate venation

Common maliow
Leaves densely hairy %
Hairy nightshade

p—vt Ovate-shaped cotyledons

Ovalte-shaped leaves with
pinnate venation

Eastern black nightshade

Leaves sparsely hairy
or without hair

The stem Is square
above the cotyledons

Oval, spatulate to
round cotyledons

The stem is round or
It absent the seedling consists
of a basal rosette of leaves

S 5. e

by James E. Nelson
Extension Weed Specialist

The programs of the Montana Stale University Extension Service are available 10 all
Kidney-shaped ("‘) J people regardiess of race, creed, color, sex, handicap of national origin. Issued in
L cotyledons A& b furtherance of cooperalive extension work in agricullure and home economics, acls
—— N W of May 8 and June 30, 1914, in cooperation with the U.S. Depariment of Agriculture,
Wild mustard . ] James R. Weish, Dwector, Extension Service. Montana Stale University, Bozeman,
- Montana S9717.

(Continued)
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The broadleaf weed seedling key (Nelson, 1986). (Continued)

True leaves are alternate

Arrowhead-shaped
leaves 0

Wid buckwheal

>

Ovate-shaped leaves

B

Leaves NOT arrowhead shaped

&

Redroot pigweed

True leaves are opposite

Leaves are needie- e |
like

Russian thistle

leaves

Prostrate pigweed

Spatulate-shaped @ \r/

Leaves mealy ’I\

Leaves NOT needle-like

Common lambsquariers |/ ‘T/

Leaves are opposite
with 2 leaves per
nodo

Henbvl

2

i

Leaves are whorled
with 4 10 8 leaves
per node

Catchweed bedstraw

Lesves NOT mealy

Leaf margin teeth

have soft spines at
the "pl (

Pncldy leftuce

Margin of second and
later leaves is unevenly
toothed or lobed

Leaf margin teeth
are NOT spine tipped

Margin of second and
later leaves Is entire
or evenly toothed

Leaves without hair
Field pennycress

Leaves hairy

Cowcockle { ] ! i, J
™
Leaves hairy F) (')
Shepherdspurse ‘
U
Tumble mustard
Leaves without halr “'v»
Field pennycress
~
Cotyledons densely L I
hairy s 2
Corn gromwel ] |
."\
Cotyledons sparsely {1
halry or without hair W
Common sunflower i

(Continued)




21

Figure 1. The broadleaf weed seedling key (Nelson, 1986). (Continued)

Identificalion of broadleal weed seedlings I
is critical to their control. Weed species vary COTXLERTN AND RRRESHARES

in their responsa 1o herbicides; therefore 1t H

is necessary lo select the right herbicide to !

control a paricular species. Controlling A
weeds in the early stages of growth not only

increases (he effecliveness of control mea-

sures, but also reduces crop losses due 1o
weed compelition.

This key provides an easy and reliable Linear Oblong Lanceolate
means for identifying broadlieal weed seed-

lings. To use the key you need lo understand

how the key is organized and be able o re-

cognize a lew simple characleristics used 10

identify broadleal weeds. !
Broadleal seedlings must be examined

with great care. One characleristic seldom

is sufficient to identify the weed. The follow-
ing steps will help you use the identification
key and insure correct seedling identification,

1. Collect several samples of the plant to
be identified.

2. Use a hand lens when available lo make
plant characleristics easier 1o see.

3 Begin on the left side of the key and pro- Round Kidney
ceed step by step lo the right. Do not skip

any sleps. g f : g

Palmately Lobed Pinnately Lobed

TERMINOLOGY

PLANT PARTS Alternate Leaves—One leal attached per

node. Newest leal is of smaller size.

Second  Terminal Bud Cotyledon—Seed leaves: the first pair of
Lant ey iaer leaika structures, usually paired, appear-

ing above ground in most dicotyledonous

plants,

Pinnate Entire Leaf Margins—Leal margins that are

Venation smooth without sawtoothed or irregularly

nolched edges.

Entire Lobe—A division or segment of a leal.

Margin Margin—The border or edge of any plant

part.

Mealy—Covered with a small, white bran-ike
bloom.

Midvein—The central vein of a leal.

Node—That part of the stem from which
leaves or branches arise.

Opposite Leaves—Leaves attached al the
same node on opposite sides of the stem.
Newest leal pair are of similar size.

Palmate—Three or more lobes or veins aris-.

LEAF ARRANGEMENT ON STEM ing from one point.
Petlole—The stalk of a leal,

Pinnate—Lobes or veins arranged on two
sides of the midvein.

Rosette—A basal cluster of leaves in a cir-
cular form without discernible upright

slem.

Palmate
Venation

Toothed Margin
Slem

Petiole

Midvein Cotyledon

Alternale Leaves Oppolllc Leaves ir

One leal per node. Altached sl same node 'l’oolh:'lc'll Leaf Mnmlr;:mo:m of ir
New leal is smallec.  on opposite sides of stem. regularly nolched

Leaves al the same node Whorled—Three or more leaves attached at

are of similar size. the same node, often arranged in a whorl

around the stem.
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Table 3. Weed species included in the broadleaf weed
seedling key (Nelson, 1986).

Common Name

Latin Name

~wild mustard
common mallow '
cutleaf nightshade .
pinnate tansymu§tard
waterpod i
kochia

hairy nightshade

Eastern black nightshade-

henbit

catchweed bedstraw
wild buckwheat
Russian thistle
prickly lettuce

field pennycress’
redroot pigweed

prostrate pigweed

‘common lambsquarters

cowcockle

corn gromwell .
sheperdspurse
common sunflower

tumble mustard

Brassica kaber (D.C.) Wheeler
Malva neglecta Wailr.

Solanum triflorum Nutt.
Descurainia pihnata (Walt;) Britt
Ellisia nyctelea L.

kochia scoparia (L.) Schrad.

Solanum sarrachoides Sendt.

- Solanum nigrum L.

Lamium amplexicaule L.

Galium aparine L.

Polygonum convolvulus L.

. Salsola iberica Sennen

Lactuca serriola L.

Thlaspi arvense L.
Amaranthus retroflexus L.
Amaranthus b/itoidés S.Wats.
Chenopodium album L.
Vaccaria pyramidata Medic.

Lithospermum arvense L.

' Capse//a bursa-pastoris (L.) Medic.

_ Helianthus annuus L.

Sisymbrium altissimum L.
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Table 4. A planting date calendar for eighteen ‘weed species.

Weed Days after
Seedling planting to reach Weed Species .
Group 2 |eaf stage _
i 33 . sheperdspurse
prostrate pigweed
o 28 tumble mustard
field pennycress
redroot pigweed
Eastern black nightshade
- m 25 pinnate tansy mustard

catchweed bedstraw
wild buckwheat

v 22 Russian thistle
‘ prickly lettuce.
common lambsquarters
cowcockle
corn gromwell
wild sunflower

Vv .18 ‘common mallow

VI 14 kochia
wild mustard
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At each workshop, the instructor taught the pérti'cip~ants how to use tHe
key withvthe aid of a slide set which illustrated the differences in cotyledon
shape., leaf shape, and leaf arrangement on .the stem. After a fifteen minute

slide presentation, the first cell pack of seedlings and a key were distributed to

" each participant. The first cell paékcontained the six easiest weed s'eedli.ngs

to identify. The seedlings, in order of ease of identification were wild mustard,
kochia, redroot pigweed, cowcockle, eastern black nightshade, and catchWeed

bedstraw.

>

The instructor gui.ded barticipants through the key to idéntify each weéd
séedling. After successful iaentification of each seedling, a slide of the adult
plant was shown _;c,o producers could visually associas.te the séed!in_g with the
mature, flowering plant. Mahy producers who aidn’t recognize the seedling
were surprised when the familiar ma'ture"plant was shown. After the first sik
wged seedlings were correctly identified, the second cell pack was distributed.

The second cell pack included Russian thistle, dommon rﬁallow, wild'
buckWheat, tumble mustard, corn gr;)mwell, and fié'ld penhycress. f’articipants
identified‘ eac’h.weed seedling without help. The instructor helped only upon
request. After giving participants a few minutes to identify each plant, the "
instruéfé)r went through the key to help those th incorreétly identiﬁed

seedlings. " This helped participants determine where errors had occurred as

' they used the key, and to answer any queéfcions that arose. A slide of the adult

plant was shown again. This systematic process of identifying weeds of
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mcreasmg dlfﬂculty helped build participant’s confidence. After successfully
identifying the six seedlings in each of the flrst two cell packs, they were
prepared for the six most difficult seedlings.

The third cell pack contéin.éd common Iambsquarters, prostrate'pigweed,
common sEanower, pinnate tansy mustard, prickly lettuce, and sheperdspurse.
These seedlings were used as a test to measure the competence of the
workshop presenter. Each participant had to ideﬁtify-e'ach weed seedling
without help hfrom the instructor. After all identificatioﬁs weré made, the
instructor measured the |dent|f|cat|on success rate for each species. A slide
showing the adult plant was again shown after each weed seedling was
;dentifiéd.

Cell’ packs sufficient for five meetings Were. placed in a six-shelf réc‘k'
which fit the bed of a pickup truck covered with a fiberglass shell. Plants could
be used for more than one meeting, and as many as four participants could use
a single cell pa_ck, so the number of plants needed for s'everal-meetings was

lower than first expected. Plants were placed inéide the crew céb pickup truck
‘when temperatures fell below freezing..

The weed seedling identification workshop was conducted |n 34
locations in Montana (Table 5). A slide set was developed in.the event that
plant material was accidently lost to freezing. The slide set contained a slide
of each ‘Seedling in the cot.yfledon to :cwo true Iéaf stage along with a slide of

the mature plant. -It seemed that participants were able to use the key
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SUCCGSS‘fl:l”y with slides, however participants seemed to learn more when live
plant material was used because plant characIeriétics including hairs, spines,
and charéctéristic fragranceéﬁwergﬁ ,_‘r)ot‘.dlemonstrated.

| A teaching guide (Appendix A) that included tips ab_but each seedling
was developed for the slide set. It contained hints and impo'ftant facts needed
for suqceésfully teaching wéed seedling identification. The teaching guide was
especially useful for. instruétérg who were not initially familiar ‘wit-rh the

seedlings.
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. Location/Conducted by ~Date # of Attendants
Willow Creék/Card_ei, Fay Jan. 22, 1991 30 ]
Circle/Carda ' April 3, 1991 68
Denton/Carda . April 5, 1991 10
Lewistown/Carda April 5, 1991 8
‘Moccasin/Carda April 4, 1991 4
V\)/ilsall, afternoon/Carda " April 8, 1991 20
Wilsall, evening/Carda April 8, 1991 23
Belgrade/Carda April 11, 1991 22.
R\)egate/Carda Aprii 16, 1991 | 7
Roundup/Carda ~ April 16, 1991 2
Hysham/Carda " April 17, 1991 8
Forsyth/Carda April 17, 1991 4
Broadus/Carda April 18, 1991 18
Noxon/Carda : HApril 24, 1991 3
Hot Springs/Carda April 24, 1991 3
Scobey/Carda May 7,. 1991 5
Sidney/Carda May 8, 1991 8
Great Falls/Carda May 13, 1991 17
Chester/Carda May 14, 1991 15
"Cutbank/Carda May 15, 1991 2

~ Shelby/Carda May 15, 1991 10

 Conrad/Carda May 16, 1991 9
Dutton/Carda ~ May 16, 1991 i 6
Bozeman/Wright July 14, 1991 30
Bozeman/Carda Nov. 2 1991 22

(Continued)
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Table 5. Dates and locations of weed seedling iden

(Continued)

tification workshops.

Location/Conducted by-

Bozéman, ICPM/Carda .
Roundup/Orville Moore

Kalispell, Equity
Supply/Carda -

Bozéman, .Alfafla/Carda
"Conrad, Cenex/Carda
. Bozeman, Aviation/Carda

Dutton High Schoot/Brent
Hitchcock ° '

Poplar/DaIIés O’Connor

' Bozeman, Master
Gardners/Carda

Date - # of Atté'ndants
- Jan 13, 1992 | 35
Feb. 11, 1992 25
Feb 12, 1992 58
Feb. 18, 1992 40
' Feb. 24, 1992 45
Feb. 26, 1992 21
March 14, 1992 15
March 19,' 1992 30
May 7, 1992 5
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CHAPTER 3

CROP STAGING

Introduction

Correct‘staging of small grain cro_bs is extre'mely -important since many
of the herbicides available for use require applicatién at the proper crop growth
stage to prevent cr.op daha_ge. P‘roducérs who do not properly stage small
grain crops will often Ibse crop yfeld to herbicide injury.

When choosing the herbicide(s) to use, the weed s'peéies present in a
fie_lq aﬁd their growtﬁ stage ﬁljs't also be considered (Chapter 2). Identification
of these two factors, weed identiﬁcatioq, and crop staging, enables producers
' to match the best herbicide for both the croﬁ and weed spectrum V\{hiCh can
change both from field to field and from year to year.

Many producers in Montana and elsewhere do not sta.ge their small grain
crops tcj determine when to spray. While it i§ diffic\ult to estiméte the income
lost due to crop da"mage or uncontrolled weeds_, it ié certainly a _significan'.clloss.

The purpose of this project was 'to develop a mobile, interactive
wbrkshop to teach crop staging to pro'ducé‘rs,, chemical dealers, county agents}

and others.involved in cereal grain production.
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_ Methods and Materials

Barley, spring wheat and winter wheat seed was planted 2.5 cm deep
every 12 cm in7royvs 7.5'cm apart in 45- by 90- by. 7.5-cm deep flats filled
with moist soil [1/3 Bozeman Silt Loam, 1/3 _sphagnum peat moss and 1/3
washed concrete sand (v/v/v)], that. was steam pasteurized at 90° C for one
hodr before using. ;l'he greenhouse was maintained at a daytime temperatﬁre
. of 21 £ 2° C and a fo;theén hour light photopeériod; ni,ghttime temperature
- was maintained at 18 + 2° C with a ten Hodf dark period. QbserQatibns from
other temperature regimes and varying, photoperiods indicated this to be the
proper growing conditions. Other growing conditions resulted in plants that
were spindly and lacked general vigor. . |

Plants were grown to the desired stage (Table 6) and carefully pulled
from the soil. The sonl was rinsed from the roots, plants were wrapped in wet
paper towels, covered with plastic garbage bags and placed in cardboard boxes

for shipping by air express or UPS for delivery the next day.

Table 6. Planting dates for growmg small
grains in the greenhouse.

Crop Stage ' Planting Date .

Desired (Weeks Before Workshop)
- 2-3 leaf . - 3-4

3-4 leaf 4-5

4-5 leaf 5-6

5-6 leaf . 8-7
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Results and Discussion

Twenty-one‘ dégrees centigrade proved to be the opt.imum temperature
for germination and plant deyelopment. If tempergtures exceeded 21°~C.,.
plants grew tall and spindly and did not ti]ler wgall.

If four-, five-, ‘and six-Ieaf or larger plants. were needed,_'supplementall
nitro‘gen' fértiAlizer' wés reqﬁired. A solution containing Peter’s fertilizer
formulation 20-10-20 \(vith.trace elements (W.R. Gra.ce Company, Fogelsville,
= .PA) was applied to soil at a réte'of 100 ppm njtrogen at the three- to four;leaf '
stage. Plants:lin later stages of dévelopment required weekly fertilization to
remai~n healthy. |

Only fifteen seeds were planted per flat since small grain blants would
not tiller under cr0\-Nded conditions. For bé/sfdevelopment after émerggnce,
subplemental light was necessary. Flats were located on greenhduse benches .
90 cm under 1000-watt metal halide lights with a fourteen-hour photoperiod.
The lights were raised as the planis grew to méintain the 90-cm distance
between the plants and the light source. After see‘d‘ing, flats were watered
every other day until emergence. When emergénée occurred, flats were
watered daily_, but care was takén to avoid both ovérwatéring ana drouth
~stress. Water requirements increased significantly after the piants begén to

tiller.




32

Aftelf the planting calendar Was developed, a pamphlet was.developed
that included a description of the ZadoR scale (Zadok et al, 1974), a list of
definitions relating to the Zadok scale, and a chart containing the‘t'hi‘rteen most
commonly'usgd herbicides in Montana (Figure 2). The chart matched the
Zadok numbers with the proper time of application for egdh herbicide in wintér
wheat, spring wheat and barley. |

Barley plants were superior to whéaf for teaching purposes because the
leaves are wider and less spindly than wheat leaves when produced under
greenhouse conditions. Barley tillered Imore readily than whéat, reéulting ina
compact plant identical to field grown plénts. The plants developed
approxima'tely one leaf per week. Node elongation occurred When plant
developmenf reached five to six leaves.

Workshops were held at several Ioc_atio'ns in the state. After evaluating
the success of the workshops, modification; were made and a training session
was held for people interested in teaching crop staging. 'I:hose in attendance
were eligibleé to receive plants from the author to teach crop staging workshops
in 1992‘. The cost of plants was $35.00 per ,100' plants in _tﬁe three- to four-
leaf stage, and $50.00 .pér 100 plants in t.he five- to six-leaf stage. Plants in.

the latter stage were useful for demonstrating tiller production and teaching

node elongation.
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Figure 2. Small grain staging pamphlet used for proper herbicide application
using the Zadok scale.

Staging Small Grains
for Proper
Herbicide Application

Using the Zadok Scale

(Continued)
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Figure 2. Small graln staging pamphlet used for proper herbicide application
using the’ Zadok scale. (Continued)

Anthesis - Flowering.
‘Boot - Area inside sheath where seed head begins to swell before
emergence from the sheath.
Caryopsis - Grain kernel. -
Coleoptile - Protective covering over shoot. Shoot breaks through after
emerging from soil.
Coleoptile tiller - Tiller that arises from the seed (below the crown area).
Early dough - The grain contents are soft and cheesy.
Early milk - The grain contains white, watery liquid.
Flag leaf - Last leaf to emerge before head appears.
Hard dough - The grain contents are dry and cannot be squeezed out.
Imbibition - The process when the seed absorbs water for seed
germination. '
Inflorescence - The seed head.
Internode - The space between nodes.

. Jointing = stem elongation - The growth process when the nodes begrn
to separate, resulting in the head emerging from the stem.
Late milk - The grain contents are wet and sticky when crushed.
Ligule - Membranous structure located at the base of a leaf, behind the
stem. '
Main shoot - Largest tiller; gives rise to primary tillers.
Medium milk - The grain is nearly full |ength and contains a soft, wet
center in'a watery liquid.
Node - Area on the tiller where stem elongation occurs.
Primary tiller - Tillers that arise in the axils of the main shoot leaves.
Radicle - The root as it emerges from the seed.
-Sheath - Central part of stem where leaves are attached.
Spikelet - Individual floret group on the seed head. ]
Unfloded leaf - A leaf is considered to be unfolded when the ||gu|e has
emerged from the sheath of the proceeding leaf.

(Continued)
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Figure 2. Small grain staglng pamphlet used for proper herbicide apphcatlon

. using the Zadok scale. (Continued)

0 Germination 5 Inflorescence (ear/panicle) emergence
00 Dry seed 50 First spikelet of inflorescence visible
01 Start of imbibilion 51 First spikelet of inflorescence visible
02 Imbibition 52 Firs! spikele! emerging
03 Imbibition complete 53 1/4 of inflorescence emerged
04 Radicle emerging from seed’ 54 1/3 of inflorescence emerged
05 Radicle emerged from seed 55 172 ol inflorescence emerged
06 Coleoplile emerging from seed 56 2/3 of inflorescence emerged
07 Coleoplile emerged from seed 57 3/4 of inflorescence emerged
08 Leaf elongating thru coleoptile 58 Inflorescence emerged
09 Leal just at coleoplile tip 59 Pre-anthesis

1 Seedling Growth 6 Anthesls (Flowering)

10 First leaf through coleopme 60 Beginning anthesis
* 11 First leafl unfolded 61

12 2 leaves unfolded 62

13 3 leaves unfolded 63

14 4 leaves unfolded 64

15 5 leaves unfolded 65 Anthesis half;way

16 6 leaves unfolded 66

17 7 leaves unfolded 67

18 8 leaves unfolded . 68

19 9 or more leaves unfolded 69 Anthesis complete

2 Tillerlng ' 7 Milk Development
20 Main shoot only 70 Kernel shell developed
21 Main shoot and 1 tiller 71 Kernel contenls very walery
22 Main shoot and 2 tillers " 72 Kernel conlents turning while )
23 Main shoot and 3 fillers 73 Early milk
24 Main shoot and 4 tillers 74 Kernel contents begmmng to solidify
25 Main shoot and 5 tillers 75 Medium miik
26 Main shoot and 6 tillers 76 Kernel contenls are wet and sticky
27 Main shoot and 7 tillers 77 Lale milk .
28 Main shoot and 8 liflers 78 Kernel contenls are slicky ¥ !

29 Main shoot and 9 or more tillers 79 Kernel contents are soft and sticky

3 Stem Elongetion 8 Dough Development
30 Ear at 1em (pseudostem erect) 80
31 First node detectable 81
32 2nd node detectable 82
33 3rd node detectable 83 Early dough
34 4th node delectable 84
35 5th node delectable 85 Soft dough
36 6th node detectable 86
37 Flag leal just visible 87 Hard dough -
38 Flag leaf partly emerged 88 ’
39 Flag leaf ligule just visible 89
4 Booting 9 Ripening -
40 Fiag leal fully emerged 90 Seed hard (thumbnail dent remains)
41 Flag leaf sheath extending 91 Seed hard (dilficult to divide)
42 Boot beginning to swell - 92 Seed hard (not dented by thumbnail)
43 Boot just visibly swollen 93 Seed loosening in daytime
44 Boot are swelling 94 Over-ripe, straw dead and collapsmg
45 Boot swollen 95 Seed dormant
46 Head ready lo emerge from boot 96 Viable seed giving 50% germination
47 Flag leal sheath opening 97 Seed not dormant
48 Flag leal sheath open : 98 Secondary dormancy induced
49 First awns visible 99 Secondary dormancy lost

- . _ {Continued)
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using the Zadok scale. (Contmued)

— - -
Herbiclde Winter Wheat Spring Wheat and Barley
==
Same as winter wheat.

Ally 2 leaf to just before boot stage
| Z=12-38

Z=12-39

Banvel SGF | Apply in spring after resumption’
" of growth prior. to jointing.

Apply 10 spring wheat belore it exceeds
the 5 leaf stage. (Z=12-15)

before boot stage. Z=13-38

Z=13-30 " Apply to barley before in exceeds the 4
leaf stage. (Z=12-14) |
Bronate Apply atier 3 leaf stage but Same as winter wheat.

Z=13-39

Same as winter wheat.

emergence of lag leaf, Z=12-36

Buctril From emergence up to boot
stage. Z=10-39
Z=10-39

Cuntail - . Fron; 4 leaf up 1o jointng. Samé as winter wheat.
Z=14-29 . Z=14-29

Curtail M From_ 3 leaf up to jointing. Same as winter wheal.
Z=13-28 Z=13-28

Express - | From 2 leaf stage but prior 10 Same as winter wheat,

Z=12-36

From 2 leaf slage prior lo appearance

Harmony From 2 leal stage but prior to 3rd

Extra node stage. Z=12-33 : of 1st node slage. Z=12-31
MCPA From 4 leaf stage prior to jointing. ; Same as winter wheal.
Amine | Z=14-29 Z=14-29

MCPA 3 10 4 leaf fully tilered up to boot Same as winter wheat.
Ester . stage. Z=14-42 / Z=14-42

Tordon 22K | Apply in spring afier resumption

3 leaf 10 early. jointing.

of growth until early jointing. Z=13-30

-Z=13-31
24-D Spray after tillering but before Same as winter wheat.
Amine ° jointing. Z=14-29 - Z=14-29

2,4-D Ester After grain is fully tillered but
LV-4 before jointing. .Z=15-29
Lv-6

‘Same as winter wheat.
Z=15-29
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Once plants were removed from soil and placed in boxes for- shipping,
they would remain fresh for seven to téﬁ days if kept moist in a refrigerator
(6 to 8° C). One shipment of plants could be used for workshobs for one
week. |

Sales represeﬁtatives from the Sandoz Crop Protection Corporation rﬁade _
éxcellen’g use of the plants. They conddcted.65 workshops over a four mo,nthl
period in 1992 using plants in t_he three- to four; and five- to six-leaf stage,
growth stages that are critical when using Banvel® (d.icamba), a Sandoz
'pr(;duct.

) Producers believe that. staging is corhplicated and ‘difﬁcult_so it |s :
important to remember that producers have this preconceived, deeply ingrained
belief. When teaching crop staging it is importan‘t to emphasize that staging
small grain crops is simple, once a few skills are mastered.

Worl"<s‘hop participants Were introduced to crop staging through the use
of a slide set. The first slide illustrated a plant with two leaves which was used
to discuss the purpose of the coleoptile and the physiqal differences between
the first and later leaves. When staging it is important to determ}ne if‘the leaf
at the basé' of the plant is actually the first leaf when cbunting leaves on the
main tiller. If the. first leaf is missing, which is often the case unde{ field
conditidns, improper herbicid’e application can occur if the plants have not -

begun to tiller.
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As use of the slide set progressed, staging became more complicated,
since the plants had three., then four leaves. Participants could easily é;)unt the
number of leaves so a plant was shown that héd begun to till.er. Af this point,
emphasis must be pléced on tﬁe fact that you on!y count Ieav.és on the main
tiller, not the leaves on secondary and tertiary tillers. This is done by finqing
the prophyll of each tiller. The prophyll,:like the cdleqptile protects the |
emerging growing point. -Once the prophyllis located, tl.w'e participants should
remove an.y secondary and tertiary tiller tissue enclosed within the probh‘yll.
The remaining plant parts emanate from the main tiller and can be easily
counted.
| When plant development reaches the five- to six-leaf stage, the node
el'ohgates, and the seed head emerges. Most of -the ‘par'ticipants did not realize
that seed head development begaﬁ at such an early stage. This stage_‘ of
'developmeﬁt is critical for herbicide application. Later applications of herbicides |
Aoften effect the developing seed head and sighificantly reduce yields.

At this point in the workshop, participants were giveﬁ the pamphlet
(Figure 4) and the Zadok scale was'explained. fhe Zadok scale permits'
: Whéevér is staging their crop to record a precise description of plant
devél'opment at the time of herbicide appli‘catioﬁ. When using the Zadok scale,

only the highest number is used when determining which herbicide to apply .-
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Participants weré especially apr;reciative of the herbi.cide list on the back page
of the pamphlet which provided tHe proper crop stage of application for each
he'rbicide listed.

Plants were given to each participaht. Normall'y, prants in the three- to
four- and the five- to six-leaf stages were used. This limited the amount of
plant material needed but was sufficient to demonstrate plant developrhent.'
The first plant, in the three- to four-leaf stage, was used ;co' familiarize
participant$s with both .cou:nting leaves, and to observe fhe rounded tip of the
firsf leaf. Later leaves h;dve a more pointed Ieaf‘ tip.

" The second plant, in the' five- to six-leaf stage, was used to demonstrate
tillering,‘and node elongation. Plaﬁts in this stage usually have one to three
tillers and at least one node. Once the main tiller was located and the number
of leaves counted, the number of nodes was determined. Participants would
run their f.ingers along the main tiller feelihg for "bumps™ which are the nodés
or.joints.. After locating nodes, tr;e; main tiller was cut Iongitudinally. with a
razor blade to facilitatelloca'tion of the developing -seed head. Often what felt
iike one ﬁode'was actually two since nodé separation had already taken place.
A node wasn’t counted as a separate node until it was 1 cm or more above the

node below it.

The staging workshops were popular. Participénts 'fepeatedly stated they "

had been trying unsuccessfully to stage plénts for many years. They were

especially impressed that small grain head development was easily obs_erVed at
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the five- to six-leaf stage.” This observation made it ea'sy to teach the
relationship between improper.herbicide application timing and crop injury. The
success and popularity of the staging workshops indicates the need for moré_

"hands on" workshops related to weed science.




41
'CHAPTER 4

A WEED SURVEY -OF PEPPERMINT FIELDS IN THE FLATHEAD VALLEY,
. MONTANA ~ _ :

Introduction

Peppermint has been grown in the Flathead valley of Montana since
1968. The oil is sold primarily for human consu'mption,'. so the crop mtjsfc be
grown weed-free for flavor and color purposes. Few‘ herbicides ére registered
‘for weed co:nt-rol, in plep'pe~rmint. Although n'umerous.cultural and chemical
control practices exist, weeds' continue to be a problem for the pebpermint
producer.. |

A weed survey, was conducted in 34 out of a total ;)f 58 mint fields
during June of 1991. The purpose of this survey was to identify the wéed‘
species in peppermint fields, to determine which weed control practices were
being used, and to determine the effectiveness of the various control practices.
In addition, producers completed a questiohnairé ‘for each field to proyide
background information on the weed—co'ntrol bracfices used including cultural.
practices, herbicide use, and crop rotations in the cr'opping seasons before and
after peppermint prbduction. Produceré were askeq to identify the.weed they

felt most troublesome in each peppermint field.
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Methods and Materials

Thirty-four of the .58 peppérminf fields I'isted with the Wes'ter-n Montana

Mint Growers Association of Kalis'pell,‘ MT were surveyed; in Jurie, 1991.
Pebpermint is commonly.g.rown in a field for five to six years, so an effort was
made to select ﬁeldé of each age in an attempt to record Weed‘ species shift
over time. Pe'rr’hission to survey )‘ieldé was obtained from each producer. The
survey method used was developed.b'y Thomas (1 585). Twenty locations were
sémpled'in each field. The locations were select‘ed using an "M" pattern
(Figﬁre 3).. At-eaéh loéation, weed species per m? were éounted in a wire
.frame, using common names accepted by the Weed Science Society of
America. Unknbwn species were idénﬁﬁed by Todd Keener, Research

Specialist [I, Northwestern Agricultural Research Center, Kalispéll, MT.

N

F:gure 3. The "M" surveying pattern used ensured each fleld was
uniformly and randomly sampled. :
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Weed populations were quantified using the seven measurements

described -below:

Frequency méasu_red the number of fields in which a given species

occurred at least once. Frequency is expressed as a pe'rcentage of the fields

containing the weed out of 34 surveyed fields. The equation used was:

n
> Y

F, = F;: x 100

Where F, = frequency value for species k
presence (1) or abscence (0) of species k in field i
n = number of fields surveyed ‘

<
[

 Field Uniformity measured the number of individual sampling locations

in which a species occurred. It was expressed as a percentage of the total

‘number of sampling locations for all fields {34 fields x 20 sampling Iocationé).’

Field uniformity is a valuable measurement in that it measures the distribution
of a weed species in all of the fields surveyed. High uniformity indicates that

fa weed species occurs frequently throughout all of the fields surveyed. The

equation was: .
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- n=1 n=1
U, = 2L X x 100

where U = field uniformity value for species k

x; = presence (1) or absence (0) of specnes in quadrant j

in a given field

Occurreﬁce Field Uniformity‘ measures the number 6f sampling
locations in which a species occurred in a given field. It was -ex'pressed as a
percentage of the total number of sampling locations of those fields where
the speciés occurred. Occurrence field uniformity measures the di.stribution
.of a weed specieé throughout those fields where that spgcies occurs. A
high occurrence field uniforhity indicates that a weed sp‘ecie's occu,rs'
frequently throughout the field _whére that wéed species was found. This
value is especially useful for farmers who do not have the weed so they can
provide the management needed to prevent its introduction into a given

~ field. The eqda-tion used was:

'n 20

UA, = 2L 1 _ X,.x 100

26 (n-a)

where UAk = occurrence field umformlty value for species k
a = the number of fields in Wthh the species lS absent
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Mean Field Density was calculated by totalling each field density for a
species and dividing by the total number of fields survéyed. Mean field density
measures the average density of a weed species throughout all of the fields

surveyed. The equation used to calculate density (D;,) was:

where D, = density (expressed as number/m?) value of species in
field i : .
Z.j = nur;nber‘of plants in quadrant j (a quadrant is 1.0 m?)

Mean field density (MFD,) was calculated by:

iMe

MFD, = D

s}

Miean Occurrence Field Deﬁsitv was calculated by totalling each field.
density for a given spedies and divid“in‘g only by thbse fields where the species -
océurred. Mean océur,rence field densi;cy measures the average density of é
weed species in only those fields where it occurred. The equétion used was:

>

MOFD, = n"=_1a D,

i

where a = the number of fields in which a species is absent
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The Relative Abundance (RA) is a composite value of the frequency, -

occurrence, and density for a species. Relative abundanc‘e has no units and is
used to corhpare the _relative abundance of one species to another. For
example, a species wi;ch an RA of 36 would be twice aé abundant as a species
with an RA of 18.

The eq.uation to calculate RA was:

RA = RF, + RU, + RD,

where

frequency of species k % 100

RF, = : , :
k sum of frequencies for all species

RU, = field uniformity of specilies k % 100

sum of uniformities for all species

| | ‘ . RD, = mean field de_ns:.ty of spec:J.es k % 100
sum of MFD for all species .

A questionnaire was completed for each field surveyed to obtain
_background information on the field and. weed control practices. used.
Information collected included ownership, location of the field (section,

township and range), soil type, row spacing, variety, expected yiéld, perception
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of major weed problem(s), crop rotations before and after mint production,
seedbed preparation, cultural practices before, during and after peppermint

production, herbicides used, fertilizer rates, and irrigation dates and amounts.

Results and Discussion

The questionnaire filled out by each producer interviewed, included 10
guestions about their farm, the problems encountered in peppermint production,
the producers perception of the worst weed problem, crop rotations used,
seedbed preparation, and cultural practices used during and after peppermint
production. A total of 19 peppermint producers were interviewed, but only 16
producers had fields surveyed. Producers ranged in years of production from
first-year production to one farmer who had produced peppermint for 23 years

(Figure 4).

w o

=000~V —Oo H

12 or more

I Years of Production

Figure 4. The number of years farmers have been in peppermint
production.
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Of the 19 farmers interviewed, 17 liked érbwing peppermint. Two

prqducers said they weren’t sure if they liked growing peppermint, that "time

~would tell".

Producers were asked.to 'rank the three most importént production
problems they faced in order of imbqrtance. The first problem listed by each
producher was given-a score of three, the second a score of_ two and the fl%,ird
a score of one. The scores were totalled and ranked iﬁ order of importance
(Table 7).

Table 7. The thirteen major production

problems as perceived by pepper-
mint producers in the Flathead valley.

Problem Cumulati\)e ‘Score
Weeds N 41 |
Insects | 27

Weather

-
~

Water

Labor and management
Spray timing.

Poor stand establishment
Diseases "
Cultural practices
Nematodes

Money

Lack of good chemicals

- e = =2 N W W o

Mint processing -

N0
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Weeds were the most irﬁportant problem followed by insects. Wéather was
tﬁird, and pfoblems 4 through 13 were shared by Very few of the growers.

Producers were then asked to list‘ thg two weeds they fe!t were .moslt
troublesome. The iﬁost troublesome weed listed by each pr'qducer was given
a score of two, the second most troublesome weed listed by each producer
was given a score of one. The scores were totallgd and ranked.in order of
importance (Table 8). TWo of the seventeen producers reported they had no
"troubleéomé" weeds; -They felt their control practices were workring~
adequately, or that the "most troublesome” weed did not reduce 6i| yield.

It is worth n.oting thét all of the "most troublesome™ weeds are q.uite
visible in a field. Short-statured plants such as Ker{tucky bluegrass (Poa
pratensis. L.) and scouringrush (Equisetum hyemale L.), which are Iesé visible
ére ﬁot usually perceived as troublesome, even though thé’y were oﬁen found
in very high dénsities. Common groundsel and catchweed bedstraw were the
numﬁer‘ one and nur,ﬁber two weéds, ‘respective'ly, iisted by produéers.

' Producers were asked to list their.crqp rota;ti(')ns for a fhree-year period
before peppermint was planted and what crops they planr)ed tq plant after~ _
pepperrﬁiht was taken out of production. The results show clearly that the pre-

and post-peppermint rotations vary greatly (Table 9).
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Table 8. The thirteen weed species perceived to be the most troublesome by
peppermlnt producers in the Flathead valley.

' Cumulative-
Number Weed Species Latin Name Score
1 common groundsel Senecio vulgaris L. 12
2 catchweed bedstraw Galium aparine L. .10
3 Canada thistle Cirsium arvense L. 7 |
4 o annual and perennial Agrop'yron"and Poa spp. 6
grasses
5 wild oat Avena fatua L. 5
6 wild buckwheat Polygonum convolvulus L. 5
7 pigweed spp. Amaranthus spp. - -3
8 Russian thistle Salsola iberica S&P -2
9 field bindweed Convolvulus arvensis L. 2
-10 "~ common mullein " Verbascum thapsus L. -. 2
11 blue mustard Chorispora tenella (I5all.) .DC. 2
12 pansy Viola pedatifida G. Don. 2
Lamium amplexicaule L. 1

13 henbit
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Producers were tﬁen asked to describe the cultural practices used in eadh
field during peppermint production (Table 10). Similar answers were grouped
together and summed. Prodﬁcers implemented cultural practices, if used, after
the peppermint rows began to fill in, either in late fall or ea.rly spring, after the
second year of production: five of the producers used a -combinatio_n of the
cultural practices Iisted," depending on the age of the s;cand. The oldér the
stand, the more la_ggressiv‘e was the treatment.

The final question asked was: how was your seedbed pre.pa‘r(\ed before
planting peppermint root pieces? Similar answers were grouped and summed
(Table 11). The resuits indicate that most of the growers thoroughly prepare
their seedbeds prior to planting.

After each peppérmint producer was interviewed, fields were surveyed
as described previously. Forty weed species were found in 34 pepper‘.mintt
fields in 1991 with an avérage of 7 weed species per field and a density of 6.6
weeds per m2. The heaviest infesfation recorde_d i_n a<n individual fiéld was b1
weeds per m?, The lowest’ infestétion reAcorded in an individual field ’was 2.9
weed species per mz;

All producers used herbicides. All but one producer hand-rogued his
fields at least once during_the. gering éeason. Mo‘st ‘hand-roguingv occurred
R after the peppefmint was too tall to get spray equipment into the field without

sustaining crop damage from wheels.




52

The five most common weed species occ_u'rring in all 34 pepperrhint fields
were, in order of frequency, wild' oat, quaékgrass, common groundsel,
catchweed bedstrav;/ and Canada' thistle ('i'a.ble‘ 12). - Wild o:at'and common
groundsel each occurred with a frequency of 5‘5.9%.. } Wild oat had_ a field
uniformity of 1'8.8%'and common g'roundseI. héd a field uniformity of 10.1%.
Wild oat and common groundsel occurred in 42.7% and 23.0% of all sampling
locations, reépectively.

The: five most common weed species occmhjrring‘ in the ni>ne first year
peppermint fields sur\}eyed were, in order of 'frequency,..wild oat, barley,
quackgrass, Canada thistle, and wheat (Table 1 3). Wild oat, barley and Canada
thiétle each occurred with a frequency of 67.0%, 78.0'%, and 67.0%,
respectively. Wild oat had a field q\niformity of 36.7%, barley had a field
uniformit;/ of 19.4%, and Canéda thistle had a"field uniformity of 13.3%. Wild -
oat, barley, and Canada thistle each‘haéi an oc;:urrence field uniformity of
61.2%, 48.5%, and 22.2% respecfively, in-peppermint ﬁélds in their firét 'yea_r
of production. |

In the eight second year peppermint fields surveyed, wild oat, catchweed
bedétraw, Russian thistle, common groundsel, and meadow salsify were the
most frequently occurring weed species (Ta‘ble 14).. ‘W‘ild oat and catchweed
bedstraw e:éch occurred v.v'ith a frequency of 75.0%. Wild oat had a field

uniformity of 21.9%, catchweed bedstraw had a field uniformity of 13.7%.




Table 9. Crop rotations before and after peppermint production.

_Years. Before Peppermint Production Years in Years After Peppermint Production
Respondent 5 4 3 2 1 Peppermint 1 2 3 4 5
1 Barley Barley Barley Fallow 7 Small Srﬁall Small Small Small
Grains~ Grains Grains Grains Grains
2 Barley Winter Alfalfa  Alfalfa Winter 5 Small Small Mint
Wheat ' Wheat Grains Grains
Barley - Alfalfa Alfalfa  Alfalfa  Alfalfa 6 Alfalfa Alfalfa  Alfalfa Alfalfa  Barley
4 Barley Barley Alfalfa  Alfalfa  Alfalfa 5-6 Small Small ‘Small Alfalfa  Alfalfa
- . Grains Grains Grains
5 Winter Fallow Barley 4-5 Barley Barley Barley Barley Mint
Wheat . : )
6 Barley Barley Barley 5-6 Barley Barley Barley Barley
7 " Pasture Pasture Barley Barley Barley 7 Unknown
8 Small Small Small 5-6 Small Small Small Small Fallow:
Grains Grains Grains Grains Grains Grains .Grains a
9 Fallow Winter Barley 5-6 Barley Barley Legume Mint
T Wheat . or Wheat
10 Spring Spring Spring 7 Winter Barley Fallow Mint
Wheat.  Wheat Wheat Wheat
1 Barley Spring Fallow 5-6 Small Small Small " Small
Wheat : Grgins Grains Grains Grains
12 Barley Barley 5 ~Barley Barley Mint

(Continued)




Table 9. Crop rotations before and after peppermint production.(Continued)

: Years Before Peppermint Production Years in Years After Peppermint Production _
Respondent 5 -4 3 2 1 Peppermint 1 2 "3 4 5
13 . Afalfa Alfalfa  Alfalfa. 15 Mint
.1 4 ) Spring - Lentils Spring 4-5 Alfalfa Alfalfa Alfalfa Alfalfa Alfalfa
Wheat Wheat : i
15 Spring  Spring”  Spring 6-8 Small - Small  Small
Wheat Wheat Wheat ' Grains _ Grains Grains
16 - . Barley Barley Barley 6 - Alfalfa Alfalfa  Alfalfa Alfalfa
17 - . ’ . Barley Barléy Barley 6 Spring Spring Spring )
~Wheat

Wheat

Wheat

v
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Table 10. Cultural practices used during peppermint

production.
Cultural Practices Used During Numbér of
Peppermint Production Producers
Disced lightly- _ 9
No cultural practices usgg 5
Harrowing or field cultivation 3
Fall corrugation ' 3
Shallow moldboard plowing 1

Table 11. Seedbed preparation practices used before planting

peppermint.

Number of
Seedbed Preparation Practice , Producers
Plow, cultivate, pack, plant, harrow, cultipack | 11
Chisel plow, disc, harrow i 3
Plow, pack', 'spray with glyphosate, planf, _ 2
pack " '
Burn, cultivate, p'lan'ci harrow 2
Plant into fallow, pack 1
Disc stubble, plant 1

Field uniformity of wild oat and catchweed bedstraw was 54.7%, and 34.3%
respectively, in peppermint fields in their second. year of prodhc'gion.

The five most common weed species in five'third year peppermint fields
were, in order of frequency, quackgréss, .wild .'oat, Canada thistle, meadow

sals;ify', and catchweed bedstraw (Table 15). Quackgrass, C‘anada t_histle, and
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meadow salsify each occurred with a freduency of 60.0%, hewever, the
relative abundance ratings varied greatly. Even though each specie had the
same frequency of occurrence, the densities varied greatly as indicated by field
uniformities of 3.2%, 2.0%, and 1.4%,‘ respectively.

'i__'he most abundant five weed species in seven fourth year peppermint
fields were, in order of frequency, eommon groundsel, wild oat, quackgrass,
meadow salsify, and eatchweed bedstraw (Table.16). Common grodndsel and
meadow salsify each occiirred with a frequency of 71.4%, but meadow salsify
had a relative abundance a.pproximately_ one-half that of common groundsel.
The field uniformity for comindn grou_ndsel was 15.0% while meadow salsify
only had a field uniformity of 5.7%.

| In five peppermint fields that weie six years old or older, ‘common
groundsel, meadow salsify, dandelion, Kentucky bluegrass and’ p‘r:)strate
pigweed, were the most frequent weeds found (Table 17). Common gro.undeel
.and meadow salsify-each‘ had a frequency of occurrence of 100i0% and
86.0%, respectively. Common groundsel was found in all sampling locations.

Four herbicides were used in the fields surveyedin 1991 (Table 18). The
most frequently used herbicides were, in order, Sinbar (terbaeil), Gramoxone
(paraquat), Basagran (bentazon), and Stinger (clopyr_alid). A'I_I peppermint fields
were irrigated frequently to maintain soil moisture in the top 14 cm of soil. Soil

types where pebpermint was grown ranged from sandy loams to heavy clay
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loams. All fields were planted to the same variety, 'Black Mitcham’, originally
blanted in‘rows 49-53 cm-apart.

Plants evéntually grew and filled in between plants and rows so a solid
stand was obtained by the fourth year of produ‘ction. Solid stands required
mechénical re‘n’ovatidn to dis‘rupt rhizomes to provide rejuvenation. Expécted_ :
' yieldélranged from 50 pounds of oil per acre from first Year peppermint fields,

to 120 pounds of oil per acre from two to three year old stan’ds.
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CHAPTER 5

SUMMARY

Since many égric;ﬂtural producers in Montana have difficulty identifying
weed seedlings and .staging émall grains for herbicide application, portable
workshops wére developed to teach these concepts. Thé Workshops were
highly portable using a standard pick-up truck and contained live plant material
that allowed for hands-on activitiés that ofte\n help adulté learn. Many
participants expressed that they felt they had learned a Qreat d_eal from these
workshops and would feel more confident fdentifying weed seedlings and
. staginé small grain crops in their own fields.

Peppermint producers in the Flathead valley of Monta.na were interestéd
in identifying what weed species weré, occurring in peppermint fields
throughopt the valley. Producers were asked to fill out a simple survey about
their production practices. 'After the surQey was completed, 34 of the 58

peppermint fields were surveyed to determine weed species ahd density perm?2.




Table 12. Frequency, occurrence, density, and relative abundance of 40 weed spemes common to peppermint
flelds surveyed in 1991.

N

Mea’n
Occurrence  Mean  Occurrence
. Field Field Field Field - Relative
"Plant Species Frequency Uniformity Uniformity Density Density Abundance
| (%) (%) (%) (c—-NUMBER/m?--—--)
Wild Oat , 55.9 "18.8 42.7 24 4.4 . 47.5
. (Avena fatua L.) : :
Quackgrass 441 11.9 - 21.3 0.5 1.2 28.3
(Agropyron repens L.) . ~ . ' :
Common Groundsel 55.9 10.1 © °23.0 05 . - 0.9 29.3
(Senecio vulgaris L.) _ ©
Catchweed Bedstraw 47.1 . 8.1 15.3 0.4 0.9 22.1
. (Galium aparine L.) : '
Dandelion . , 35.3 6.5 10,0 . 0.1 0.3 19.9
(Taraxacum officinale W .) _ : ‘ ‘
Meadow Salsify = 50.0 6.0 121 0.1 0.2 18.9
(Tragopogon pratensis L.) . : -
Canada Thistle - 44 1 6.5 1 1_.6 , 0.4 ' 1.0 18.3

-(Cirsium arvense L.)

(Continued)




Table 12. Frequency, occurrence, density, and relative abundance ‘of 40 weed species common to peppermint
fields surveyed in 1991.(Continued)

Mean
: Occurrence  Mean Occurrence .
_ Field . Field Field Field . Relative
Plant Species ' Frequency Uniformity Uniformity Density. Density Abundance
(%) (%) (%) (-----NUMBER/m?-—-)
Barley | | 35.3 6.8 10.5 0.2 0.5 16.7
(Hordeum vulgare L.) : '
. Wild Buckwheat ' "32.4 41 6.1 0.1 0.3 11.5
(Polygonum convolvulus L.) _ '
Russian Thistle , . 23.5 . 4.1 5.4 0.4 1.6 9.9 4
(Salsola iberica S&P) ‘ ' _— ' ‘ o
Prostrate Knotweed ' ' 26.5 3.7 5.0 0.1 0.3 9.8
. (Polygonum aviculare L.) , '
Henbit ‘ 8.8 0.6 0.6 0.01 0.1 9.6
(Lamium amplexicaule L.) ' o ' -
Scouringrush : 20.6 2.2 2.8 0.1 0.4 6.4
(Equisetum hyemale L.) ‘ : - :
Prickly Lettuce - 23.5 1.3 1.7 0.1 03 5.5

(Lactuca scariola L.)

(Continued)




Table 12. Frequency, occurrence, density, and relative abundance of 40 weed species common to peppefmint

fields surveyed in 1991.(Continued)

. Mean
Occurrence  Mean  Occurrence
S . . Field Field Field Field Relative
Plant Species : ‘ Frequency .Uniformity Uniformity- -Density . Density Abundance
(%) (%) (%) (--—NUMBER/m*—) =
Kentucky Bluegrass : 14.7 2.1 24 0.2 15 5.3
(Poa pratensis L.) ' ,
Wheat ) - 14.7 ‘ 1.9 _ 2.2 0.02 0.2 5.0
(Triticum aestivum L..) ‘ -
Field Bindweedl - 17.6 1.5 — 1.8 0.1 0.5 4.8
(Convolvulus arvensis L.) o : ' ‘ e
Green Foxtail L 5.9 2.4 2.5 02 = 32 4.3
(Setaria viridis L.) _ ‘ ' : ' . .
Mouse-ear Chickweed 14.7 1.2 - 14 0.05 - 0.4 3.9
(Stellaria media (L.) Vill.) ' ‘ : o
Blue-eyed Mary ' . 11.8 1.3 1.5 0.1 0.6. 3.7
(Collinsia parwf/ora Lindl. ) : '
Blue Mustard ‘ 147 1.0 1.2 003 0.2 3.6

(Chorispora tenella (Pall.) DC.)

(Continued)




Table 12. Frequency, occurrence, density, and relative abundance of 40 weed species common to peppermint
' fields surveyed in 1991. (Contlnued)

. _ : Mean
_ Occurrence Mean - Occurrence
. Field - Field Field Field " Relative
Plant Species _ - Frequency Uniformity Uniformity Density Density Abundance
| _ (%) (%) (%) (~---NUMBER/m?-----)
Prostrate Pigweed - : 8.8 1.3 1.5 - 0.3 .37 33
(Amaranthus blitoides L.) .
Small Seeded Falseflax - 11.8 06 . 07 0.01 0.05 2.6
(Camelina microcarpa Andrz. ex
DC.) . . ,
Night Flowering Catchfly - 8.8 0.6 0.6 0.04 04 21
(Silene noctiflora L.) ' : : :
' Field Pennycress 8.8 0.5 - 0.6 0.01 . 0.1 20
(Thlaspi arvense L.) o
Pineapple Weed 2.9 1.0 : 1.1 0.05 . 1.8 1.9
(Matricaria matricarioides (Less.) ' -
Porter _
Wild Mustard - , 5.9 0.6 0.6  0.01 0.1 1.6
(Brassica kaber (DC) Wheeler) ' ‘ ,
Kochia 5.9 0.3 0.3 0.01 0.1 . 1.6

(Kochia scoparia (L.) Schrad)

(Continued)'




Table 12. Frequency, occurrence, density, and relative abundance of 40 weed species common to peppermint

fields surveyed in 1991.(Continued)

(Verbascum thapsus L‘. )

: Mean
Occurrence  Mean Occurrence
, Field Field Field Field Relative |,
Plant Species  Frequency Uniformity  Uniformity  Density Density Abundance
' (%) (%) (%)  (--—--NUMBER/m?----)
Alfalfa R 5.9 0.4 0.5 <0.01 0.1 1.5
(Medicago sativa L.) _ _ . '
Corn Gromwell ' 2.9 0.7 0.8  0.01 0.4 1.4
(Lithospermum arvense L.) _ : -
Pinnate Tansy Mustard 5.9 0.3 0.3 <0.01 0.05 1.3
(Descurainia pinnata (Walt.) Britt) _ ' w
Cowcockle ‘ 5.9 0.3 0.3  <0.01 . 0.05 1.3
' (Vaccaria pyramidata M.) ‘
' Tumble Mustard 5.9 0.3 . 0.3  <0.01 0.1 1.3
~ (Sisymbrium altissimum L.)
Pansy . 5.9 0.3 0.3 <0.01 0.05 1.3
(Viola pedatifida G. Don.) . : '
Common Mullein - 2.9 0.3 0.3 <0.01 0.1 0.9

(Continued)




Table 12. Frequency, occurrence, density, and relative abundance of 40 weed species common to peppermlnt .

fields surveyed in 1991.(Continued)

Mean- .
Occurrence Mean Occurrence
: _ Field Field " Field Field Relative
Plant Species Frequency Uniformity Uniformity  Density Density Abundance
(%) (%) (%)  (~--~NUMBER/m?-) -
Common Lambsquarters 29 0.1 0.2 <0.01 0.5 0.6
(Chenopodium album L.) ' . ' '
Broadleaf Plantain 2.9 0.1 0.2  <0.01 0.1 0.6
(Plantago major L.) o
Cone Catchfly 2.9 \ 0.1 0.2 <0.01 0.05 0.6
(Silene conoidea L.) ' -~
Cheatgrass {Downy Brome) 2.9 0.1 0.2 <0.01 0.05 0.6
(Bromus tectorum L.) ' _ '
Yellow Toadflax 2.9 0.1 ‘ 0.2 <0.01 0.05 0.6

(Linaria vulgaris Mill.)




Table 13. Frequency, occurrence, density, and relative abundance of 40 weed species common to flrst year
peppermlnt fields surveyed in 1991.

. Mean
Occurrence  Mean Occurrence -
Field Field Field Field . - Relative
Plant Species Frequency Uniformity Uniformity Density, - Density Abundance
| | (%) (%) (%) (-—---NUMBER/m?-—).
Wild Oat - - . | 67.0 36.7 61.2 8.1 0.9 55.4
{Avena fatua L.) o ' _
Barley . S 780 . 19.4 485 05 56 . 420
(Hordeum vulgare L.) : . ‘
Quackgrass 56.0 22.8 - 285 0.9 10,0 = °324
(Agropyron repens L.) . ‘ ‘ : _ o
Canada Thistle . o 67.0 13.3 22.2 1.0 1.1 26.0
(Cirsium arvense L..) ' : . - |
Wheat 44.0 -13.9 - 13.9 - 0.1 1.1 19.6
(Triticum aestivum L.) 7 . ‘
Prostrate Knotweed I 44.0 10.0 10.0 - 0.3 0.3 15.8
(Polygonum aviculare L..) ‘
Wild Buckwheat 44.0 8.9 8.9 03 = 3.3 14.8

{(Polygonum convolvulus L.)

(Continued)




Table 13. Frequency, occurrence, density, and relative abundance of 40 wéed species common to first-year
peppermint fields surveyed in 1991.(Continued)

, Mean
Occurrence Mean:  Occurrence .
! . Field Field Field Field Relative
Planfc Species Frequency Uniformity Uniformity Density Density Abundance
_ (%) (%) (%) (~-—--NUMBER/m?-----)
Dandelion 33.0 8.9 ‘ 7.4 = 0.1 1.1 - 13.3
(Taraxacum officinale W.) _ : : . :
Catchweed Bedstraw 33.0 8.3 6.9 0.4 4.4 12.1
(Galium aparine L.) ’ '
Russian Thistle ~ 33.0 6.7 56 1.1 12.2 10.7
(Salsola iberica S&P) : : ' ‘ o
Green Foxtail . 11.0 7.8 4.9 ‘0.5 " 5.6 7.9
(Setaria viridis L.) - .
- Mouse-ear Chickweed - 33.0 33 - 28 0.2 - 2.2 7.6
(Stell_aria media (L.) Vill.) _ : . .
Prickly Lettuce : ‘ 22.0 4.4 3.1 0.1 1.1 6.8
(Lactuca scariola L.) . R
Wild Mustard | 220 2.2 16 002 02 - 50

(Brassica kaber (DC) Wheeler)

{Continued)




Table 13. Frequency, occurrence, density, and relative abundance of 40 weed specnes common to first-year

peppermint fields surveyed in 1991.(Continued)

Mean

» Occurrence  Mean Occurrence
Field Field Field Field Relative
Plant Species ‘ o Frequency Uniformity Uniformity Density Density Abundance
| (%) 2 (%) (%) (----~-NUMBER/m?----) |
Pineapple Weed 11.0 39 24 - 0.2 . 2.2 4.6
- (Matricaria matr/car/OIdes (Less.) :
Porter ' » ' .

Field Bindweed . = - o 22.0 - 1.1 - 0.8 0.02 0.2 4.0
(Convolvulus arvensis L.} N ' ' o _
Common Groundsel ' 11.0 2.8 1.8 0.01 0.07 3.8 J

(Senecio vulgaris L.) ' Co _ -
Corn Gromwell \ 11.0 2.8 1.8 0.04 - 0.4 3.8
(Lithospermum arvense L.) '
Alfalfa | ; S 11.0 1.1 . 07 01 0.1 2.4
(Medicago sativa L.) ' o : '
Night Flowering Catchfly 11.0 1.1 0.7 . 0.01 0.1 . 2.4
(Silene noctiflora L.) S . -
Henbit ' ' ' 11.0 0.6 - 0.4 0.01 0.07

(Lamium amplexicaule L.)

2.0

(Continued)




Table 13. Frequency, occurrence density, and relative abundance of 40 weed species common to first-year

peppermlnt fields surveyed in 1991.(Continued)

Mean
Occurrence  Mean  Occurrence
: Field Field Field - Field Relative
Plant Species : Frequency Uniformity Uniformity Density ~ Density Abundance
B (%) (%) (%) (-----NUMBER/m?-----)
_ Kochia | 1.0 0.5 - 0.3 0.01 0.07 1.9
{Kochia scoparia (L.) Schrad) - _
Pinnate Tansy Mustard " 11.0 . 06 04 - 0.01 0.07 2.0
(Descurainia pinnata (Walt.) Britt) , . . : o
Kentucky Bluegrass - 11.0 0.6 0.4 0.01 0.1 2.0
(Poa pratensis L.) C s _ _ *©
Cowcockle " 11.0 0.6 0.4 0.01 0.1 2.0

(Vaccaria pyramidata M.)




Table 14. Frequency, occurrence, density, and relative abundance of 40 weed species common to second-year

peppermint fields surveyed in 1991.

Mean
Occurrence  Mean  Occurrence
Field Field Field Field - Relative
Plant Species ~ Frequency Uniformity Uniformity  Density Density Abundance
, (%) (%) (%) (~--=-NUMBER/m?2-----)
wild Oat 75.0 21.9 547" 0.7 0.1 74.5
(Avena fatua L.) . :
Catchweed Bedstraw B 75.0 13.7 343 1.1 0.1 ' 50.7
(Galium aparine L.) : : '
Common Groundsel ’ 62.5 . 8.1 13.5 0.1 0.01 27.9 .,
(Senecio vulgaris L.) - ©
Meadow Salsify 50.0 5.0 6.2 0.07 0.01 17.4
(Tragopogon pratensis L.) . : : -
Russian Thistle _ . 25.0 7.5 6.2 02 0.03 16.9
‘(Salsola iberica S&P) . - o
Canada Thistle 50.0 3.7 4.6 0.2 0.03 14.7
(Cirsium arvense L.) . ' 5
Wild Buckwheat P 37.5 4.4 4.4 0.1. ' 0.01 13.7

(Polygonum convolvulus L.)

(Continued)




. Table 14. Frequency, occurrence, -density, and relative abundance of 40 weed species common to second-year
peppermint fields surveyed in 1991.(Continued) ' '

Plant Species

F‘fequency Uniformity  Uniformity 'Density.

Field

Occurrence

Field

Meari
Field

Mean
Occurrence

Field Relative
Density Abundance

(Hordeum vulgare L.)

(%) (%) (%) (-----NUMBER/m?-----).

Quackgrass 37.5 4.4 4.4 0.1 0.01 13.7

(Agropyron repens L.) _
. Scouringrush 37.5 3.1 3.1 0.08 0.01 11.2

(Equiseturn hyemale L.)

Dandelion 25.0 3.7 3.1 0.05 0.01 10.1
(Taraxacum officinale W.) A o

Field Bindweed 25.0 3.1 2.6 0.3 0.04 9.1
(Convolvulus arvensis L.)

Prickly Lettuce ' 37.5 1.9 1.9 0.06 - 0.01 9.0
(Lactuca scariola L.) - - . '

Prostrate Knotweed 25.0 1.2 1.0 0.01 <0.01" 5.7
(Polygonum aviculare L..)

Barley - 25.0° 1.2 1.0 0.01 <0.01 5.7

(Continued)




Table 14. Frequency, occurrence, density, and relative abundance of 40 weed species common to second-year

peppermint flelds surveyed in 1991.(Continued)

- . Mean -
Occurrence  Mean - Occurrence
7 Field Field . Field Field Relative’
Plant Species Frequency Uniformity Uniformity Density = Density Abundance
, - (%) (%) (%) (-----NUMBER/m?-----)
Kentucky Bluegrass 12.5 1.2 0.9 0.03 <0.01 3.8
(Poa pratensis L.) ' , - : . '
Green Foxtail h 12.5 1.2 _ 0.8 0.2 0.03 3.7
(Setaria viridis L.) '
Kochia 125 - 0.6 . 0.4 0.01 <0.01 2.8 _,
(Kochia scoparia (L.) Schrad - ‘ ' S ' =
Alfalfa | 126 0.6 04  001.  <0.01 2.8
(Medicago sativa L.) L ‘
Common Lambsquarters ° © 125 0.6 . 04 - 0.01 <0.01 2.8
(Chenopodium album L.) ' ' ' S
" Broadleaf Plantain ' - 12.5 0.6 0.4 0.01 <0.01 2.8
(Plantage major L.) ' _ ~
Smiall Seeded Falseflax | 12,5 06 0.4 001  <0.01 2.8
(Camelina microcarpa Andrz. ex - , o .
DC.) ‘ -

(Continued)




Table 14. Frequency, occurrence, density, and relative abundance of 40 weed species common to second-yeaf
peppermint fields surveyed in 1991.(Continued)

Mean

, o ' ~ Occurrence  Mean  Occurrence
: —_— Field : Field Field Field Relative
Plant Species . ' - Frequency Uniformity Uniformity Density Density Abundance
‘ ' 7 (%) - (%) . (%) - (---NUMBER/m?----)
Blue Mustard D 12,5 - 0.6 _ 0.4 - 0.01 . <0.01 2.8
(Chorispora tenella (Pall.) DC.) ‘ : :
Cone Catchfly . ] 12.5 0.6 0.4 0.01  <0.01 2.8

"(Silene conoidea L.)

2!




Table 15. Frequency, occurrence, density, and relative abundance of 40 weed species common to third- -year
peppermlnt fields surveyed in 1991.

(Senecio vulgaris L.) -

: Mean
> Occurrence  Mean Occurrence -
_ Field Field Field - Field Relative
Plant Species Frequency Uniformity Uniformity Density - Density Abundance
(%) (%) - (%) (-----NUMBER/m?-----)
Quackgrass: .60.0 3.2 8.0 0.9 0.2 56.7
(Agropyron repens L.) ' '
- Wild Oat 40.0 2.2 3.7 0.2 0.04 . 32.8
(Avena fatua L.)
Canada Thistle 60.0 2.0 5.0 0.7 .0.14 39.1
~ (Cirsium arvense L.) . w
Meadow Salsify 60.0 1.4 1.5 0.1 0.02 23.6
(Tragopogon pratensis L. ) f . : _
Catchweed Bedstraw 40.0 1.2 2.0 * 0.1 0.02 20.8
(Galium aparine L.) "~ ‘ : .
Barley  40.0 1.2 2.0 0.1 0.02 20.8
(Hordeum vulgare L.) oo ) .
Common Groundsel 60.0 0.8 1.5 0.3 0.06 19.8

(Continued)




Table 15. Frequency, occurrence, density, and relative abundance of 46 weed species common to third-year
peppermint fields surveyed in 1991.(Continued) .

Mean
Occurrence  Mean Occurrence .
_ , Field Field Field - Field * Relative
Plant Species Frequency Uniformity Uniformity Density Density Abundance
(%) (%) (%) (-—---NUMBER/m?2-----)
Dandelion : 40.0 0.6 1.0 0.03 <0.01 13.7
(Taraxacum officinale W.) : :
Henbit 400 06 . 1.0 0.04 <0.01  13.7
(Lamium amplexicaule L.) ' ' . : '
Blue-eyed Mary , -20.0 0.8 1.0 - 0.08 0.02 11.6-
(Collinsia parvifilora Lindl.) ' . ) N
Field Pennycress . 20.0 - 0.6 0.8 0.03 <0.01 9.7
(Thlaspi arvense L.) o
Prickly Lettuce - 20.0 0.2 0.3 0.01 <0.01 5.5
(Lactuca scariola L.) - '
Scouringrush | 20.0 0.2 0.3 - 0.03 <0.01 5.5
(Equisetum hyemale L.) : : .

Kentucky Bluegrass _ ' 20.0 0.2 0.3 0.01 - <0.01 . 5.5
(Poa pratensis L.) ,

(Continued)




Table 15. Frequency, occurrence, density, and relative abundance of 40 weed species common to third-year

peppermint fields surveyed in 1991 .{Continued)

Mean
Occurrence Mean Occurrence
Field Field " Field Field Relative
Plant Species ~ Frequency Uniformity Uniformity Density. Density Abundance
| (%) (%) (%) (-----NUMBER/m?--—--)
Mouse-ear Chickweed 20.0 0.2 0.3 0.01 <0.01 . 5.5
(Stellaria media (L.) Vill.) A
. Prostrate Pigweed ' 20.0 ; 0.2 0.3 -~ 0.01 <0.01 ‘5.5
(Amaranthus blitoides L.) : _ : '
Cheatgrass (Downy Brome) 20.0 0.2 0.3 0.01 <0.01 5.5 _,
(Bromus tectorum L.) . ‘ . o
Tumble Mustard - 20.0° 0.2 0.3 0,01 <0.01 5.5

(Sisymbrium altissimum L.) -




Table 16. Frequency, occurrence, density, and relative abundance of 40 weed species common to fourth-year

peppermint fields surveyed in 1991. .

Mean
Occurrence  Mean Occurrence
: Field Field Field Field Relative
Plant Species Frequency Uniformity Uniformity Density Density Abundance
(%) (%) (%) (-----NUMBER/m?----- ) 7
Common Groundsel - AW 15.0 . 37.5 1.1 02 . 645
(Senecio vulgaris L.) ' , : N
Wild Oat 57.1 10.0 . E 16.7 0.5 _ 0.1 ' 37.4
(Avena. fatua L.) ) _ o :
Meadow_SaIsify ' 71.4 - b.7 A 14.3 0.06 0.01 32.2
(Tragopogon pratensis L.) : ' &
Quackgrass 12.8 11.4 14.3 0.3. 0.05 29.7
(Agropyron repens L.) o _ o : . g
Catchweed Bedstraw 428 6.4 8.0 0.2 0.03 22.7
(Galium aparine L.) - ‘ o )
Scouringrush 28.6 5.0 5.0 . 0.2 003 . 15.8
(Equisetum hyemale L.) ' . ' '
Wild Buckwheat ’ 42.8 2.1 - 2.6 0.05 0.01 12.3

(Polygonum convolvulus L.)

. (Continued)




Table 16. Frequency, occurrence;dehsity, and relative abundance of 40 .weed species common to fourth-year
peppermint fields surveyed in 1991.(Continued)

- Mean
Occurrence  Mean Occurrence
Field Field " Field Field . Relative
Plant Species Frequency Uniformity Uniformity Density ~ Density Abundance
‘ (%) (%) (%) (-----NUMBER/m2-----)
Kentucky Bluegrass 14.3 4.3 3.6 0.2 . 0.02 11.2
(Poa pratensis L.) ’
Dandelion - 28.6 2.1 2.1 0.06 0.01 9.5
(Taraxacum officinale W.) - ‘
Blue Mustard 28.6 1.4 1.4 0.01 <0.01 8.0
(Chorispora tenella (Pall.) DC.) , X
Barley B 14.3 2.1 1.8 0.04 0.01 6.8 .
(Hordeum vulgare L.) ' o ‘
Prostrate Pigweed 14.3 2.1. 1.8 - 0.14 0.02 6.8
(Amaranthus blitoides L.) ' ' . : :
Field Bindweed | 14.3 1.4 1.2 0.05 0.01 5.3
(Convolvulus arvensis L.) ' »
Common Mullein 14.3 1.2 0.01 <0.01 5.3

(Verbascum thapsus L.)

1.4

( Conti-nued)




Table 16. Frequency, occurrence, density, and relative abundance of 40 weed species common to fourth-year .

peppermint fields surveyed in 1991.(Continued)

(Stellaria media (L.) Vill.)

: ‘Mean
"Occurrence Mean  Occurrence
: Field Field Field -  Field Relative
Plant Species N Frequency Uniformity = Uniformity  Density Density Abundance
(%) (%) " (%) (~-—--NUMBER/m?2-----)
Canada Thistle 14.3 0.7 0.6 . 0.06 0.01 3.8
(Circsium arvense L.)
Prostrate Knotweed 14.3 0.7 0.6 0.01 <0.01 3.8
(Polygonum aviculare L.) ‘ _
Russian Thistle 14.3 0.7 0.6 -  0.01 <0.01 3.8 _
(Salsola iberica S&P) ‘ ™
* Field Pennycress 14.3 0.7 0.6 0.01 <0.01 3.8
(Thilaspi arvense L.) -
Pinnate Tansy Mustard 14.3 0.7 0.6 0.01 <0.01 3.8
(Descurainia pinnata (Walt.) Britt) _ _
Small Seeded Falseflax - 14.3. 0.7 0.6 0.01 <0.01 3.8
(Camelina microcarpa Andrz. ex .
DC.) ' .
Mouse-ear Chickweed - 14.3 0.7 0.6 0.01 <0.01 3.8




Table 17. Frequency, occurrence, density, and relative abundance of 40 weed species common to six-year and .

~ older peppermint fields surveyed in 1991.

.P.Iant Species

Mean
Occurrence Mean  Occurrence .
Field Field Field Field Relative

Frequency Uniformity "Uniformity Density Density Abundance
(%) (%) (%) (-----NUMBER/m?-----)

Common Groundsel
(Senecio vulgaris L.)

Meadow Salsify
(Tragopogon pratensis L.)

Dandelion , g
(Taraxacum officinale W.)

Kentucky Bluegrass
(Poa pratensis L.)

Prickly Lettuce
(Lactuca scariola L.)

Catchweed Bedstraw
(Galium aparine L.)

Blue-eyed Mary

(Collinsia parviflora Lindl.)

100.0 . 30.0 150.0 i.2 0.2 777
80.0 18.0 _ 90.0 0.3 0.1 - 49.2
00 160 400 0.3 10.1 313 g
40.0 100 - 167 1.3 0.3. 17.7
40.0 5.0 83 . 0.1 0.03 11.3
40.‘0. 40 67 . 01 0.02 10.0
40.0 4.0 6.7 04 0.1 10.0

(Continued)




\

. Table 17. Frequency, occurrence, density, and relative abundance of 40 weed species common to six year and

older peppermint fields surveyed in 1991 (Contlnued)

Mean
Occurrence Mean Occurrence
: Field Field Field Field Relative
Plant Species Frequency Uniformity Uniformity Density. Density Abundance
N o (%) (%) (%) (~----NUMBER/m>2-----)
Blue Mustard : 40.0 4.0 6.7- 0.2 0.04 10.0 .
(Chorispora tenella (Pall.) DC.) _ o
" Russian Thistle ' 40.0 3.0 . 5.0 041 0.02 8.8
(Salsola iberica S&P) - .
Prostrate Pigweed . 20.0 5.0 6.3 2.0 04 8.2 o
(Amaranthus blitoides L.) , A . <
Prostrate Knotweed ~ . 20.0 50 6.3 0.01 0.00 8.2
‘(Polygonum aviculare-L.) ;o ' : :
Quackgrass 40.0 2.0 3.3 0.2 0.04 7.4
(Agropyron repens L.) , . . .
Wild Buckwheat Co 20.0 20 2.5 0.02 0.00 ‘ 4.7
(Polygonum convolvulus L.) S : ' i
4.7

Wild Oat | 120.0 2.0 25 . 005  0.01

(Avena fatua L.)

(Continued)




Table 17. Frequency, occurrence, density, and relative abundance of 40 weed species common to six-year and

older peppermint fields surveyed in 1991.(Continued)

. Mean
Occurrence Mean Occurrence
. . Field Field Field - Field Relative
Ple_mt S‘pecies Frequency Unjformity Uniformity  Density Density Abundance
(%) (%) (%)~ (—-NUMBER/m*——)
Canada Thistle | 200 2.0 25 0.04 0.01 4.7
(Cirsium arvense L.) ' :
Scouringrush | 20.0 1.0 1.3 0.03 0.01° 3.6
(Equisetum hyemale L.) ' '
Wheat - ' 20.0 1.0 1.3 0.01 <0.01 3.6 o
(Triticum aestivum L.) : =
Field Bindweed 20.0 1.0 - 1.3 0.1 | 0.02 3.6
(Convolvulus arvensis L.) . - '
Small Seeded Falseflax . 20.0 1.0 . 1.3 0.01  <0.01 3.6
(Camelina microcarpa Andrz. ex .
‘DC.) ) ] .
Night Flowering Cafchfly ‘ 20.0 1.0 1.3 0.05 _ " 0.01 3.6 .
(Silene noctiflora L.) ' o : S ‘
Mouse-ear Chickweed 200 10 . 13 0.05 0.01 3.6

(Stellaria media (L.) Vill.).

N S (Continued)




Table 17. Frequency, occurrence, density, and relative abundance of 40 weed species common to six-year and

older -peppermint fields surveyed in 1991.(Continued)

<0.01

, Mean .
Occurrence Mean Occurrence
Field Field Field Field "Relative
Plant Species Frequency Uniformity Uniformity Density. Density Abundance
(%) (%) (%) (-----NUMBER/m?-----)
Cheatgrass (Downy Brome) 20.0 1.0 1.3 0.01 . <0.01 3.6
(Bromus tectorum L.) ,
Tumble Mustard 20.0 1.0 1.3 0.02 <0.01 3.6
© (Sisymbrium altissimum L.)
Yellow Toadflax 20.0 1.0 1.3 0.01 <O.(').1 _ 3.6
(Linaria vulgaris Mill.) _ m
Pansy 20.0 1.0 1.3 0.03 3.6

(Viola pedatifida G. Don.)




Table 18. Field age, weed density, number of species, and weed control
' practices used in 34 peppermmt flelds surveyed in 1991.

Field- Number of .
Field  Age Weeds/  Weed : Application
Number Years  20m? Species Herbicides Rate
1 2 59 7 ‘Sinbar 1 Ib/A
2 1 82 4 Sinbar + 1 Ib/A +
Gramoxone 1-1.5 pt/A -
Extra
Stinger 0.3 pt/A
Basagran 1-2 pt/A
3 88 4 Same as field #2
89. 5 Same as field #2
5 4 140 11 Sinbar + 2/3 Ib/A +
Paraquat 1 qt/A
Basagran 1 pt/A
, Stinger 2/3 pt/A
37 5 Same as field #5 '
165 10 Sinbar - 0.8 Ib/A
- Stinger 0.5 oz/A
"Basagran 1 pt/A.
8 1 176 13 Sinbar 1 Ib/A
' Basagran Not Avail_able
Stinger 1 pt/A
9 2 47 8 "~ Sinbar 0.7 Ib/A
Gramoxone 2 oz/A
Basagran Not Available
Stinger 1 pt/A

('Continu.ed)
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Table 18. Field age, weed density, number of species, and weed control

practices used in 34 peppermint fields surveyed in 1991.(Continued)

Field - Number of : ‘
Field Age Weeds/ Weed Application
Number Years 20m? Species  Herbicides Rate
f 10 2 52 10 Sinbar 0.25 1b/A
: Gramoxone 8-12 oz/A
Stinger 1 pt/A
11 3 32 53 Same as field #10
12 2 .28 6 Same as field #10
13 1 111 8 Same as field #10
14 1 276 Sinbar + 1 Ib/A +
Gramoxone 1 pt/A
Stinger 0.5-0.7 pt/A
Sinbar + 1 Ib/A
Basagran 1 pt/A
15 226 Same as field #14
16 6 70 Same as field #14
17 79 Sinbar 0.25-0.5 Ib/A
Gramoxone 1 qt/A.
Basagran 2 pt/A
Stinger 0.25-0.5 pt/A _'.
18 1 52 7 Same as field #17
19 1 80 Same as field #17
20 4 75 . 6 Sinbar 1 Ib/A
Paraquat 1 pt/A
Basagran 2 pt/A .
o Stinger 0.25-0.5 pt/A
21 2 113 9 Same as field #20
22 1 7 Same as field #20

1274

~

(Continued)
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Table 18. Field age, weed density, number of species, and weed control
practices used in 34 peppermint fields surveyed in 1991.(Continued)

Field Number of . )
Field Age Weeds/: Weed Application
Number Years 20m? Species Herbicides Rate
23 4 33 6 Sinbar 11b/A
-Gramoxone < 0.25 pt/A
Basagran < 2 pt/A
Stinger 1 pt/A
24 . 31 10 Same as field #23
25 32 6 Sinbar . < 11b/A
: Gramoxone < 1pt/A
 Basagran Not Available
Stinger Not Available
26 4 65 Same as field #25 ’
27 55 6 Same as field #25
28 2 8 Sinbar ' 0.5-1 Ib/A
Basagran Not Available
Stinger Not Available
29 8 107 11 ~ Same as field #28
30 4 25 . Sinbar 1 Ib/A
31 6 279 Sinbar I Ib/A
32 4 11 Sinbar 0.25 Ib/A
- Paraquat 8-12 oz/A
Stinger < 1 qt/A
_ Basagran 2 pt/A
33 15 177 12 Same as field #32
34 1 300 Sinbar 1 Ib/A
‘Basagran

1 qt/A
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APPENDIX

A Teaching Guide for Weed Seedling ldentificati_qn

Slide 1: Basic plant parts - Cotyledons are the ,fi(st to emerge from the
soi_l.' They are always opposite from each other on the stem, 'aﬁd ~may or may '
not be similar in form and shape to the later leaves. The first leaves ;:an either
have an entire (smoofh,) or toothed (Iobéd) leaf mar"gin. The petiole is the plant
structure tﬁat attaches leaves or‘cotyle'dons to the main sterﬁ. Leéves- Will
either have pinnate (feather like) or palmate venation.

Slide 2: C>oty‘ledon shape.

Slide 3: Linear, oBIong, and lanceolate cotyledons. These _cotyledons"
can be differen_"ciated from others by thei.r Iinéar shape. They are approximately
the same width the entire length of the cotyledon, and may or may not come
to a point at _the. tip. The cotyledon begins abruptly at the petiole.

Slide 4: Ovate cotyledons. The cotyledon is Wider at the base and
always comes to a point at the tip. The cotyledon also begins abruptly at the
petiole.

Slide 5: Oval, rouhd, and spatdlate cloty‘ledons. These. cotyledons are
. round. "Oval cotyledons are vsl.ightly longer than Wide, and never come to a
point at the t‘ip. Round coty‘led_ons do not come to a point at the tip. Both:

begin abruptly at the petiole. Spatulate cotyledons are longer than they are. '
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wide, but do not begin abruptly at the petiole. They never come to a p6int at
the tip. 'I"Hesg cotyledons may have. a slight indentation at the tip, similar to
a kidney shaped cotyledon. - )

Slide 6: Kidn‘ey shaped c_:oty.ledo‘nsj. These cofyled‘ons have a kidney -
bean shape. The cotyled'ons begin abruptly at the petiol'_e with a large dip at the
tip which gives the appearance of a kidney bean o.r alfalfa seed.

Slide 7: Leaf. |

Sl.ide 8: Leaf arrangement on ster.n. Leaf arrangement can either be
opposite or alternate. |f 'they are opposite, leaves emerge from the g.rowing
" point of the plant as a pair. 'tr.ﬂs‘means there will be two leaves at thé top of
the blant that are the same size 186° apart from each other on the stem. If the
leaves are a.lternate, leaves will emerge from the growing po'int of the plant one
at a time. There will always be one leaf that is smaller than the previous leaf
. at the top 6f the. ‘plant. .‘Often‘_they are 90° apart from each other on the steh.

Slide 9: Leaf shape. Plants can e.i.ther have lobed o.r unlobed leaves. If
plants have a lobed leaves, the lobing can eithe( be pinnate 6r palmate. Pinnate
lobing is similar to a feather, with one main vein and the l(;bes deep!y cut' intq
the leaf, sometimes almost to fhe véin. Palmate lobing ié similar to: the palm
of your hand, with lobes radiating from a central point. If leaves are not lobed,
. the leaf rriargin can either be entiré (smooth) or toothed. A toothed leaf margin—

‘need not have lots of teeth (serrations). Often, there are only a few teeth.

Lambsquarters serves as a good example.

/-
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Slide 10: Stem shape. S"cgms can eéither be square or round. Roll ;che
seédling between your fingers. If it rolls easily, the stem is rou’nd, if it bumps
or jerks aé it rblls, the stem is square. You cén also cut the stem and look at
it in cross-section. If you seé corners, the stem is square. If not, it’s round.

After looking at the slides which describe how to use the key, pass out
. the keys 'so the participants can examine the key with you. If ydu pass out the
keys prior to-showing the slide set, tﬁe participants wiﬁxamine the key and
ignore you. After participants héve a key, point out that aIllof the information
presented in thetsl‘ide set is found on the inner flaps of the key. Additional
information including definitions and Suggesti.ohs for coliecting seedlings for
identification are also.found on the inner flaps of the key. Open the key ahd
show the participants how to use it. identify the cotyledon shape, and‘ move
across the key until a.‘plant is identified. If the descr.iptions are not closelt

matching the specimen, the wrong cotyledon group may have been selected, -

~a common mistake for participants.

H
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Seedling Slides:

Wild Mt;stard: The only plant on key with kidney shaped cbtyle(/ions. Easiest
fo key out. Do this plant first so participants havé an initial success. -
Cowco_ckl-ef:. Linear cotyledons, leaves not pinnately lbbed, leaves sparse:ly hairy
or without hair, leaves opposite, leaves ndt need!e-like, leaves not mealy.

Catchweed Bedstraw: Oval cotyled‘ons, stem is square above the cdtyledons,

leaves are whorled with 4 to 8 per node. Plant is sticky like velcro.

‘Russian Thistle: Linear cotyledons, leaves not pinnately lobed, leaves sparée|y

hairy or without hair, leaves are opposite, leaves are needle-like. .

Henbit: Round cotyledons, stem is.square above the cotyledons, leaves are
opposite with two leaves per node. Mature plant has small purble flowers that
occur in a whorl around the stem at the base of each set of leaves.

Eastern Black Nightshade: Ovate cotyledons, ovate-shaped leaves with pinnate

venation, leaves sparsely hairy or without hair. Itis important to notice where
the hair is located. This nightshade has most of the hair on the stem, petiole,
and leaf margins. There is a small amount of hair on the leaf surface, but most

of the hair is located on the stem.

| . Redroot Pigweed: Linear cotyledons, leaves not pinnately lobed, leaves

sparsely hairy or without hair, leaves are alternate, leaves are not arrowhead

shaped, ovate-shaped leaves. Has an erect grthh habit and also has a red

stem. '
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Pinnate Tansy Mustard: .Linéaf cotyledons, leaves are pinnately lobed, first two
leaves are opposite, later leaves are altérnate. Ver;/ difficult to tell when plants
are'sma'll.' It is easie.r to match the picture to the.end. of a leaflet. All these
drawings are very close to wl';at thé actual plant looks like. This weed is often
confused with flixweed. |
Field Pennycress: Ovallcotyledons, stem is'round or absent (forms a basal .
rosette), Margin of sgcond and I'afer leaves is ‘ur.m;;/enly toothed or lobed, leaf
marg\in teeth are not spiné ti‘p;)-ed, leaves without hair. This seedling is on the
key twice 'dUe to thé wide variation between sgedlings. If the. choice of mérgin
o.f second and later leaves is entire or 'even'ly' todthed was mxade, continue
through the key making the following choice - Ieaves. without hair. A gbdd
diagnostic tool to use for fhié one |s to rub a leaf and smell trle unpleasant odBr
p_rodu'c_ed. This is a v.ery distinét cﬁaracteristic of field pe'nnycreés whick is
.called stink weed in some areas. !
NOTE: If the margin of second and"l‘ater leaves is to be evenly 'tc;othed’ or
iobed, then the leaf margi_n teéth must be mirror images of the other side of the‘
leaf. Teeth must occur at the same‘location on the leaf and be the séfne sizé .
and shape. o -
Wild Buckwheat: Linearcotyledons, Ieayeé not pinnétely Io‘bed, leaves sparsely
hairy or without hair, Ieaveé are a.lternat‘é, Iea‘ves are arrowhead shaped. This
weed is often confused with field bindweed. T-here are _sofné important . |

differences: Wild buckwheat has linear cotyledons, is an annual with a single
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root, grows scatteted around the field, flowers are small and green, and the
seeds are black and triangular shaped. Field bindweed has i<idney shaped
cotyledons, is a perenmal with a rhizomatous root system grows in large
patches, flowers are large trumpet shaped and can be different colors ranging

from white, pink, and lavendar, seeds are round and grey.

Kochia: Linear cotyledons, leaves not pinnately lobed, leaves are very hairy.

This weed tumbles and frequently gets caught in fence rows.

Corn_Gromwell: Spatulate cotyledons. (may 'have small dimple in end of

-cotyledon, but is not large enough to fit into the kidney shaped cotyledon

category), stem is round, margln of second and later leaves is entire or evenly
toothed leaves are halry, cotyledons are densely halry Many people will not
read the key carefully and mistakenly call this one common sunflower. This
mistake is made because of the hairiness of the cotyledons.‘

Common Lambsquarters: Ltnear cotyledons, leaves are not pinnately Iobed
(there may oe leaf margin teeth, but leaves are not lobed), leaves are sparsely
hairy or without haikr, leaves are opposite, leaves are not needle:Iike, leaves are

mealy. Mealy is listed in the definition list. May also be defined as having a

. frosty appearance, like a frosty window pane.

Common_(Wild) Sunflower: Spatulate ootyﬁledons, stem is. round, margin of
second and later leaves is entire or evenly toothed (leaf is hairy, but leaf margin

is entire), leaves are hairy,.cotyledons are sparsely hairy or without hair. Often
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confused with corn gromwell. Make sure pérticipants read key carefully. May

also rub. a leaf and detect an odor characteristic of sunflowers.

Prickly Lettuce: Oval cbtyledons, sté.m is round or absént (forms a basal
rosette), margin of second and later leaves is- unevenly toothed or lobed (leaf
margins are not mirror images of each other), leaf margin teeth have soft spines
at the tips. Spine.s are slightly Iargér than hairs and if they were stiff, would

' poke when topched (like a cactus).

Sheperdspurse: Oval cotyledons, stem is round or absent (forms a basal

rosette), margin of 'second and later leaves is unevenly toothed or lobed, Iééf
margin teethﬂ are ndt'spi.ne' t.ipped,,‘ Ieéves are hairy. This weed, like tumble
must»ard {Jim Hill mustard, tall mustard) is very dif'fic\ult to identify at this stage.
Sheperdspurse leaves h_ave a narrower shape than tumble mustard. Tumble
mustard has longer, mor.e' obvious hairs on the leaf s_urface. The leaves also
* have a wider shape.

Prostrate .Pigweed: Linear c_otyiledons, leaves not pinnately lobed, leaves -
sparsely hvairy or without hair, leaves are alternate', leaves are not arrowhead
shaped, leaves are spatulate-shaped.(no abrupt beginning ’a"t the petiole).
Prostrate growth habit, often ‘confused with common‘_lpurselane which has

fleshy leaves, similar to jade plants.
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